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Name: Pete Nischt
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Arthritis
Information from experts who specialize in the disease or condition.
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Relevant medical or scientific evidence pertaining to the disease or condition.
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Consideration of whether conventional medical therapies are insufficient to treat or alleviate
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Evidence supporting the use of medical marijuana to treat or alleviate the disease or condition,
including journal articles, peer-reviewed studies, and other types of medical or scientific
documentation.
See attached. References, including journal articles, studies, and other sources, have been
footnoted in hyperlinks.
Arthritis - Section 4.pdf
Letters of support provided by physicians with knowledge of the disease or condition. This

may include a letter provided by the physician treating the petitioner, if applicable.
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1) Information from experts who specialize in the disease or condition
(References, including journal articles, studies, and other sources, have been footnoted in hyperlinks)
Arthritis is characterized by inflammation, pain, stiffness, tenderness, and decreased range of motion of
the joints.1 There are more than 100 types of arthritis that effect people of all ages, sexes, and races, but
all are characterized by the above criteria/symptoms.2 The most common forms of arthritis are
osteoarthritis and rheumatoid arthritis.3 Osteoarthritis is a degenerative joint disease that usually occurs
with age and tends to affect fingers, knees, and hips, while rheumatoid arthritis usually affects the
hands and feet.4 Other types of arthritis include gout and psoriatic arthritis.5
Arthritis is the leading cause of disability in America today, with more than 50 million adults and 300,000
children having some form of arthritis.6 The disease is generally more common among women7 and
occurs more frequently as people get older.8 In its most severe forms, arthritis can cause chronic pain,
severely limit mobility, and can cause permanent joint changes, damage, and deformities.9 The Centers
for Disease Control estimate that between 25.6% and 30.1% of adults with arthritis suffer from severe
joint pain.10
Many of the most common forms of arthritis, like rheumatoid arthritis and osteoarthritis, cannot be
cured, so those living with these conditions end up having to take medications to manage symptoms for
the duration of their lives, with those suffering from permanent joint changes and deformities often
having to rely heavily on pain-relieving and anti-inflammatory medications.

1

Arthritis - Mayo Clinic.
What is Arthritis? - Arthritis Foundation
3
Arthritis - National Institute of Health
4
Arthritis - National Institute of Health
5
Arthritis - National Institute of Health
6
What is Arthritis? - Arthritis Foundation
7
State-Specific 2015 BRFSS Arthritis Prevalence Estimates - CDC
8
Arthritis - National Institute of Health
9
Arthritis - National Institute of Health
10
State-Specific 2015 BRFSS Arthritis Prevalence Estimates - CDC
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2) Relevant medical or scientific evidence pertaining to the disease or condition
(References, including journal articles, studies, and other sources, have been footnoted in hyperlinks)
It is currently estimated that between 23.1% to 25.7% of adults in Ohio have some form of arthritis. 1
Among working-age adults in Ohio with arthritis, 38.67% to 42.86% report arthritis-attributable work
limitations and 40.4% to 46.7% report arthritis-attributable activity limitations.2 Studies have shown
that, in some cases, arthritis can affect almost every aspect of a patient’s life due to the pain and
mobility issues it can cause, and point to a need for increased support of symptom management. 34 It is
well-documented that arthritis “increases risk of sleep disturbance, and that both pain and sleep
problems may trigger functional disability and depression” in patients. 5 Sleep disturbance is mediated by
joint pain and limitation due to pain.6
Because the pain and inflammation caused by arthritis are often permanent increasing or reoccurring
fixtures in a patient’s life, the management of this pain is complex and often requires a combination of
lifestyle changes, physical therapy, and a variety of medications. Unchecked or poorly managed arthritic
pain can cause a cascade of ancillary negative impacts in a patient’s life. Most of us will be affected by
some form of arthritis in our lifetimes, “many to the point where a knee joint or hip requires
replacement with a costly and difficult surgery after enduring years of disability and pain.”7 The need for
more and better treatment options driving research into arthritis, with a focus on drugs that have the
ability to decrease both pain and inflammation while repairing some of the damage the disease has
already done.

1

State-Specific 2015 BRFSS Arthritis Prevalence Estimates - CDC
State-Specific 2015 BRFSS Arthritis Prevalence Estimates - CDC
3
Musculoskeletal Care. “Everyday life with rheumatoid arthritis and implications for patient education and clinical
practice: a focus group study.” 2012
4
Disability and Rehabilitation. “Pain and daily activities in rheumatoid arthritis.” 2012
5
Arthritis Care & Research - "Sleep Disturbance in Osteoarthritis: Linkages with Pain, Disability and Depressive
Symptoms" - 2016
6
Arthritis Care & Research - "Sleep Disturbances in Adults With Arthritis: Prevalence, Mediators, and Subgroups at
Greatest Risk. Data From the 2007 National Health Interview Survey" - 2011
7
Science Daily - "Study paves way to better understanding, treatment of arthritis" - 2019
2
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3) Consideration of whether conventional medical therapies are insufficient to treat or alleviate the
disease or condition
(References, including journal articles, studies, and other sources, have been footnoted in hyperlinks)
Arthritis treatment is generally comprised of medications to relieve pain, slow the condition, reduce
inflammation, and prevent further damage.1 Physical interventions like surgery are also employed to
repair damage or relieve pain.2
The drugs used to treat arthritis symptoms vary based upon the type of arthritis and the severity of the
disease. Treatment for mild osteoarthritis pain usually begins with acetaminophen, and treatment for
mild inflammatory arthritis usually begins with non-steroidal anti-inflammatory drugs (NSAIDs) like
ibuprofen.3 When high doses of these drugs fail to alleviate pain, opioids are often used.45 While drugs
like acetaminophen have very good safety profiles, they have the smallest effect on overall pain. Opioids
are more effective, but like NSAIDs, they are more dangerous to use long-term.6 Concerns over the
toxicity of NSAIDs have become more prominent in recent years due to gastrointestinal events, including
perforation, ulceration and bleeding.7 Long-term opioid use also remains controversial due to toxicity
issues8 and the heightened risk for abuse and addiction associated with opiates.9
Corticosteroid injections are also used to temporarily relieve pain and stiffness due to inflammation.10
Those with rheumatoid arthritis may also be proscribed biologic drugs like adalimumab (Humira) or
infliximab (Remicade) to reduce inflammation. Generally, as arthritis progresses, patients graduate from
over the counter pain killers to steroids, opiates, and biologic drugs to continue managing symptoms,
and these drugs come with more serious side effects. As mentioned, opioids are highly addictive,
especially when taken for long durations, present toxicity issues, and can be lethal. Adalimumab and
infliximab require regular injections, can have serious side effects typical of immunosuppressants, and
adalimumab can pose a cancer risk.1112 These drugs also place patients at a higher risk of transmission
1

How is Arthritis Treated? - National Institute of Health
How is Arthritis Treated? - National Institute of Health
3
The American Journal of Nursing - "What Do We Know about Pharmacologic Management of OsteoarthritisRelated Pain?" - 2013
4
The American Journal of Nursing - "What Do We Know about Pharmacologic Management of OsteoarthritisRelated Pain?" - 2013
5
The Journal of Pain Symptom Management - "Efficacy and safety of a once-daily morphine formulation in chronic,
moderate-to-severe osteoarthritis pain: results from a randomized, placebo-controlled, double-blind trial and an
open-label extension trial." 2002
6
The American Journal of Nursing - "What Do We Know about Pharmacologic Management of OsteoarthritisRelated Pain?" - 2013
7
Journal of Pain Symptom Management - "Gastrointestinal effects of NSAIDs and coxibs." 2003
8
Pain - "Opioids in chronic non-cancer pain: systematic review of efficacy and safety." 2004
9
Current Pain and Headache Reports - "The use of opioids in the treatment of osteoarthritis: when, why, and
how?" - 2005
10
Primary Care: Clinics in Office Practice - "Diagnosis and Treatment of Osteoarthritis." - 2013
11
Adalimumab - NHS
12
Remicade - RX List
2
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for communicable diseases like COVID-19 because they weaken the immune system and cannot be
taken while a patient is recovering from surgery, meaning that surgery to relieve arthritic pain or repair
damage caused by arthritis may actually place a patient at a higher risk for an arthritic flare up.13
The cost, risk factors, and invasiveness associated with long-term opioid use, injectable steroids and
biologic drugs, and surgery may make patients with severe arthritis feel that they are increasingly
presented with worse and worse options for treatment. This has led to patients opting to try alternative
forms of medicine, including dietary supplements, acupuncture, and even ayurvedic medicine.14
However, another form of alternative medicine commonly used by arthritis patients is cannabis. A 2019
Gallup poll found that 14% of Americans report using CBD products, and that the number one reason
they gave for using these products was pain. 15 The Arthritis Foundation conducted its own poll and
found that 29% of respondents reported current use of CBD and nearly 80% of respondents were either
using it, had used it in the past, or were considering it.16 Of those using CBD, most reported
improvement in physical function, sleep, and well-being, and some reported improvement in pain or
stiffness.17
Similarly, researchers in Canada recently found that as many as 1 in 5 patients who consulted an
orthopedic surgeon for chronic musculoskeletal pain were using a cannabis product to treat their
symptoms.18 Of those individuals, nine out of 10 said cannabis was effective in managing their pain, four
in 10 said it decreased their reliance on other pain medications, and six in 10 said cannabis products
were more effective than other drugs.19 A 2009 study in the Journal of Opioid Management discovered
that 80% of medical marijuana users in an American pain clinic used cannabis to treat muscle and tissue
pain.20
Research was also presented at the 2019 Annual European Congress of Rheumatology that showed that,
of 1,059 arthritic patients surveyed, 57% had used marijuana or CBD for arthritis, and 97% of those who
tried medical marijuana said that it improved their symptoms.21
While this research is largely comprised of anecdotal reports and patient surveys, every time arthritic
patients are surveyed, we find that many are relying on cannabis for relief, and that an overwhelming
number of those who have tried marijuana for symptom management find it helpful. For many,
marijuana provides a relatively benign, natural alternative to the prospect of long-term opioid or
biologic drug use, injections, and surgery.

13

Surgery in the Patient with Inflammatory Arthritis - HSS
Understanding Arthritis - Diangosis & Treatment - WebMD.
15
Does CBD Help with arthritis pain? - Harvard Health Blog
16
Patients Tell Us About CBD Use - Arthritis Foundation
17
Patients Tell Us About CBD Use - Arthritis Foundation
18
More Patients Turning to Medical Marijuana for Arthritis Pain - WebMD
19
More Patients Turning to Medical Marijuana for Arthritis Pain - WebMD
20
Journal of Opioid Management - "Characteristics of patients with chronic pain accessing treatment with medical
cannabis in Washington State" - 2009
21
57% of Arthritis Patients Have Tried Marijuana or CBD for Medical Reasons (and More than 90% Say It Helped) Creaky Joints
14
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4) Evidence supporting the use of medical marijuana to treat or alleviate the disease or condition,
including journal articles, peer-reviewed studies, and other types of medical or scientific
documentation
(References, including journal articles, studies, and other sources, have been footnoted in hyperlinks)
While the Ohio Medical Marijuana Control Program has already approved the use of marijuana for the
treatment of chronic and intractable pain, marijuana provides a unique treatment option for arthritis
because it has the potential to act as a strong anti-inflammatory and analgesic with relatively low
toxicity and potential for abuse when compared to drugs like opioids. This is due to the human body’s
innate endocannabinoid system having been shown to ameliorate inflammatory, nociceptive and
neuropathic pain, which otherwise each require modality-specific analgesics.1 It also does not require
injections and is relatively non-invasive. We believe this makes arthritis a unique candidate for addition
to Ohio’s Medical Marijuana Control Program as a standalone Qualifying Condition.
In addition to the research and patient surveys mentioned in Section 3, there is a growing body of
evidence that specifically supports the treatment of arthritis with marijuana. In 2005, the first ever
controlled trial of a cannabis-based medicine in patients with rheumatoid arthritis took place.
Researchers found that cannabis produced statistically significant improvements in pain on movement,
pain at rest, quality of sleep, inflammation, and intensity of pain along with a suppression of overall
disease activity over a five-week period of treatment.23 Ten years later, the Canadian Arthritis Society
funded a three-year research grant to determine if marijuana could relieve pain or repair arthritic joints.
The study revealed that cannabinoid-mediated antinociception was enhanced in rat osteoarthritic
knees.4
In further evaluations of cannabis-based medicines, “numerous Phase I-III studies in 2000 subjects with
1000 patient years of exposure demonstrate marked improvement in subjective sleep parameters in
patients with a wide variety of pain conditions including… rheumatoid arthritis, with an acceptable
adverse event profile.”5 Similar to studies involving THC, CBD has also been found to be a safe, useful
therapeutic for treating joint neuropathic pain and preventing nerve damage in patients with

1

Current opinion in pharmacology - "Cannabis and joints: scientific evidence for the alleviation of osteoarthritis
pain by cannabinoids." - 2018
2
Rheumatology - "Preliminary assessment of the efficacy, tolerability and safety of a cannabis-based medicine
(Sativex) in the treatment of pain caused by rheumatoid arthritis." - 2006
3
Drugs in R&D - "Cannabis-based medicines--GW pharmaceuticals: high CBD, high THC, medicinal cannabis--GW
pharmaceuticals, THC:CBD" - 2003
4
Arthritis and Rheumatism - "Cannabinoid‐mediated antinociception is enhanced in rat osteoarthritic knees." 2007
5
Chemistry and Biodiversity - "Cannabis, pain, and sleep: lessons from therapeutic clinical trials of Sativex, a
cannabis-based medicine." - 2007
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osteoarthritis.6 CBD has also been found to have the ability to suppress the progression of arthritis in
vitro and in animals.7
While many of the above referenced studies primarily focused on the potential of cannabis to reduce
pain relating to arthritis, other studies have focused specifically on the unique properties of cannabis as
an anti-inflammatory agent. “Currently, evidence supports cannabis and its active ingredients as
immune-modulating agents… causing an overall reduction in pro-inflammatory cytokine expression and
an increase in anti-inflammatory cytokines.”8 In mice models, cannabinoids have proven effective in
reducing inflammation in arthritis while at the same time reducing neuropathic pain. 9 In rat models, THC
specifically was able to alleviate arthritic clinical signs as well as arthritis-induced liver injury after just 21
days of well-tolerated treatment.10 Overall, cannabis has the potential to provide both symptomatic
relief of joint paint and swelling as well as the potential to suppress joint destruction and disease
progression.11
In conclusion, it is worth mentioning that there are currently seven other states that list some form of
arthritis as a qualifying condition for the use of medical marijuana: Arkansas12, California13,
Connecticut14, Hawaii15, Illinois16, Michigan17, and New Mexico18. Additionally, numerous other states
allow for the treatment of arthritis with cannabis through “catchall” language in their lists of qualifying
conditions. Alabama also lists arthritis as a qualifying condition in pending statutory language.19
Given the wealth of evidence in support of cannabis as a unique, safe, and holistic treatment option for
patients suffering from arthritis, we are petitioning to add “arthritis” as a standalone qualifying
condition to Ohio’s Medical Marijuana Control Program.

6

Pain - "Attenuation of early phase inflammation by cannabidiol prevents pain and nerve damage in rat
osteoarthritis." - 2017
7
PNAS - "The nonpsychoactive cannabis constituent cannabidiol is an oral anti-arthritic therapeutic in murine
collagen-induced arthritis." - 2000
8
Clinical Pharmacology and Therapeutics - "Medical cannabis: Another piece in the mosaic of autoimmunity?" 2017
9
Autoimmunity Reviews - "Cannabinoids and autoimmune diseases: A systematic review." - 2016
10
Evidence-based Complementary and Alternative Medicine : eCAM. "Anti-Inflammatory, Antioxidative, and
Hepatoprotective Effects of Trans Δ9-Tetrahydrocannabinol/Sesame Oil on Adjuvant-Induced Arthritis in Rats." 2018
11
Journal of Neurolimmunology - "Cannabinoids and the immune system: potential for the treatment of
inflammatory diseases?" - 2005
12
Arkansas Department of Health - Medical Marijuana FAQs
13
State of California Health and Human Services Agency - Form CDPH 9044 (4/18)
14
Connecticut State Department of Consumer Protection - Qualification Requirements
15
State of Hawaii Medical Cannabis Registry - Eligible Debilitating Medical Conditions
16
Illinois Department of Public Health - Debilitating Conditions
17
Michigan Marijuana Regulatory Agency - What medical conditions are eligible?
18
New Mexico Department of Health - Information for Healthcare Providers & Practitioners
19
AL.com - "Alabama Senate committee approves medical marijuana"
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Suite 250
Beachwood, OH. 44122
Phone: 216.965.9303
Fax: 216.342.4252

w_vuw.inspirewellnessmd,com_
12/30#0

To whom lt may concern,
My riame is Dr. Daniel Neides and I am the CEO of Inspire Wellness. I have been evaluating and treating
patients for the Ohio Medical Marijuana program since April, 2018. I have seen the benefits of medical
cannabis in a variety of patients, including those with life-debilitating arthritis (including inflammatory

arthritis such as F]A and lupu8 and non-inflammatory arthritis like osteoartmtis) It has been my

experience that cannabis has significant benofit in reducing severe pain.
IstronglysupporttheproposaltoaddArthritisasastandalonequalifyingconditionformedicalmarijuana

under Ohlo's Medical Marijuana Control Program. The main symptoms of Arthritis are joint pain and
stiffness, which typically worsen with age. Arthritis symptoms often Interfere with daily activities and are

incurable. Arthritis may cause a person to be severely impalred in all aspects of daily life such as work,
sleep, socializing. and recreation.

Treatments vary depending on the type Of Arthritis, but the most common treatment method i§ with the
use of pain relievers including opioids. This general treatment practice can create unnecessary risks to
patients seeking relief on a daily basis. Further, tolerance and addiction (depending on the medication)

can develop, and intense withdrawal symptoms can occur upon abrupt discontinuation.

Fumer treatment options include the injection of biologic drugs and steroids that some patients find

invasive with too many side effects. If these drugs are not enough to keep symptoms and halt disease
progressioli, painful and risky surgery to replace or repair joints is also often needed,

2
1stronglybelievemedicalmarijuanashouldbeavailablea§analtemativemedicinetotrcatapatientwith
Arthritis.MedicalmariiuanaforthetreatmentofAthritiscanentirelyrep!acetheuseoftheaddictive
medications generally prescribed.

i:-:-.==-:;==-:--:=-¥,
CEO, Inspire Wellness

To whom it may concern,
My name is Dr. Rostocki. I have 40 years of experience as a medical professional.
I strongly support the proposal to add Arthritis as a qualifying condition for medical marijuana
under Ohio’s Medical Marijuana Control Program.
The main symptoms of Arthritis are joint pain and stiffness, which typically worsen with age.
Arthritis symptoms often interfere with daily activities, and can last a long time. Arthritis may
cause a person to be severely impaired in activities of daily life such as work, socializing, and
recreation.
Treatments vary depending on the type of Arthritis, but the most common treatment method is
with use of painkillers. This general treatment practice creates unnecessary risk to patients
simply seeking relief as common side effects include confusion, nausea, unsteadiness, and
blurred or double vision. Further, tolerance to painkillers develops quickly, and intense
withdrawal symptoms can occur upon abrupt discontinuation.
I believe medical marijuana should be available as an alternative medicine to treat a patient
with Arthritis. Medical marijuana for the treatment of Arthritis can entirely replace the use of
the addictive chemical substances generally prescribed.
Should you have any questions regarding my support please feel free to contact me.
Best,
Lukasz A. Rostocki, MD

RESEARCH ARTICLE

Everyday Life with Rheumatoid Arthritis and
Implications for Patient Education and Clinical Practice:
A Focus Group Study
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Abstract
Objectives. This study aimed to explore how everyday life is affected by rheumatoid arthritis (RA), in order to
inform patient education and clinical practice and generate further research.
Methods. Six focus group interviews were conducted with, in total, 32 participants. Interview data were analysed
using content analysis methods.
Results. The study showed that RA affected almost every aspect of participants’ everyday lives, particularly selfidentity, social relationships, work and relationships with health and social care professionals. A small number of
the participants did not have these experiences, due to receiving fast diagnosis and effective medical treatment.
Conclusion. The ﬁndings point to a need to increase knowledge about RA, support symptom management and
reduce the physical, social and psychological challenges posed by RA in everyday life. An individualized and engaged
approach to patient education, taking the individual experiences as the point of departure, is suggested. The results
indicate directions for further research. The general implications for patient education that emerge from this study
might not address the support needs of those who did not experience signiﬁcant changes in everyday life. A more
detailed and in-depth understanding about living with RA in the ﬁrst years after diagnosis would provide a valuable
supplement to the many retrospective studies, and useful knowledge in the design of patient education tailored to
those who are newly diagnosed with RA. Copyright © 2011 John Wiley & Sons, Ltd.
Keywords
Patient education; everyday life; focus group method
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Introduction
Background
Rheumatoid arthritis (RA) is a ﬂuctuating, chronic
autoimmune disease associated with pain, fatigue, joint
Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.

stiffness and joint destruction that eventually leads to
functional disability.
Within recent years, both sociological and clinical
international research have focused on RA as it is
experienced by the individual living with this
29
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condition and have aimed to explore how RA affects
everyday life. These studies have shown that RA has
an important impact on everyday life, with not only
physical consequences, but also important social and
psychological implications for the individuals and
their families (Bury, 1982; Charmaz, 1983, 1995;
Gettings, 2010; Laquinta and Larrabee, 2004; Lempp
et al., 2006; Lütze and Archenholtz, 2007; McPhersson
et al., 2001; Read et al., 2001; Ryan, 1996; Stevens,
1999). The studies that have drawn implications
concerning patient education suggest that the social
and psychological implications of RA, as well as
the biomedical and disease-speciﬁc focus, should
be a central concern for health professionals
(Laquinta and Larrabee, 2004; Lempp et al., 2006;
Lütze and Archenholtz, 2007; Read et al., 2001;
Ryan, 1996).
Most of the existing literature on patients´ experiences are either retrospective, including persons
who have lived with RA for some years, or are
relatively old studies (Bury, 1982; Dildy, 1996;
Radford et al., 2008; Strauss, 1975; Wiener, 1975).
A few studies have included people recently diagnosed with RA (Haymond and Adams, 2011; Lütze
and Archenholtz, 2007; Radford et al., 2008;
Samuelsson et al., 1993). However, these studies all
have a limited sample size, so this area needs further
investigation.
Although patient education has been developed
and offered to people with RA since the 1990s, in
Denmark there is only scarce knowledge about how
everyday life is affected by RA and about the educational and support needs of people with RA in a
Danish context.

Methods
Study design
A focus group methodology was selected to provide a
collaborative research environment in which participants
could freely raise and discuss issues of importance to
them, thus ensuring the collection of rich and multifaceted data grounded in the participants’ own experiences
(Bloor et al., 2001; Morgan, 1997).
The study took inspiration from a social-phenomenological framework, situated within everyday life
sociology, aiming to explore the subjective experiences
of the participants (Bech-Jørgensen, 2004; Schutz,
2005). Subjective experiences are understood in the
speciﬁc context of time, space and social relationships
(Schutz, 2005). The subject is understood as a fundamentally social being, created by society and social
interactions, but at the same time is an active cocreator of society and social structures (Berger and
Luckmann, 1966).

Central concept
The concept of everyday life was the lens through
which the data were understood and interpreted.
Everyday life is deﬁned as ‘life as it is lived, maintained,
renewed and recreated every day by the participants’
(Bech-Jørgensen 2004, 2002). This deﬁnition opens
up the possibility of a dual focus on the way that RA
might pose certain constraints and challenges on the
individual and at the same time the way the individual
handles these challenges based on former life experiences and their own resources.

Participants
Aim
Primarily, this study aimed to integrate a sociological
focus on chronic illness and everyday life with an
empirical exploration of how everyday life is affected
by RA in a Danish population, and sought to explore
the implications for patient education and clinical
practice.
Secondly, the study aimed to explore whether RA
affects individuals in different ways in the ﬁrst years after
diagnoses compared with later in the disease trajectory,
and whether this might have any implications for patient
education.
30

The participants were recruited from outpatient clinics
at two Danish hospitals and selected from the medical
records by clinical staff according to purposeful
sampling criteria, to span the greatest possible variation
in age, educational background, gender and disease
duration. The focus groups were segmented according
to disease duration; three groups consisted of participants with recently diagnosed RA (maximum 1.5 years)
and three groups were made up of those who had been
diagnosed more than 1.5 years earlier. The Sociodemographic characteristics of the participants are shown in
Table 1.
Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.
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Table 1. Sociodemographic characteristics of the participants
Focus group

Participant

Gender

1

P1
P1
P3
P4
P5
P6
P1
P2
P3
P4
P5
P6
P1
P2
P3
P4
P5
P1
P2
P3
P4
P5
P1
P2
P3
P4
P1
P2
P3
P4
P5
P6

F
M
F
F
F
F
M
F
M
F
M
F
F
F
M
F
F
F
M
M
M
M
Fe
M
F
F
M
F
F
M
F
M

2

3

4

5

6

Age
63 years
55 years
73 years
35 years
44 years
48 years
69 years
43 years
72 years
49 years
56 years
66 years
33 years
72 years
55 years
78 years
67 years
81 years
58 years
72 years
78 years
66 years
31 years
44 years
53 years
53 years
46 years
73 years
41 years
54 years
66 years
69 years

Disease duration
15 years
6 years
20 years
11 years
15 years
4.5 years
22 years
2 years
10 years
3 years
3 years
6 years
3 years
8 years
27 years
12 years
12 years
2 months
6 months
1 year
9 months
9 months
4 months
6 months
5 months
4 months
2 months
14 months
3 months
3 months
6 months
1.5 years

Education
Vocational
Undergraduate
Vocational
Undergraduate
Undergraduate
Vocational
Vocational
Graduate
Vocational
Vocational
Vocational
Unskilled
Vocational
Vocational
Vocational
Unskilled
Vocational
Vocational
Vocational
Graduate
Undergraduate
Undergraduate
Undergraduate
Vocational
Vocational
Vocational
Graduate
Unskilled
Vocational
Vocational
Graduate
Graduate

Work status
Retired
Full time
Retired
Subsidized job †
Subsidized job
Full time
Retired
Part time
Retired
Sick leave
Full time
Retired
Subsidized job
Retired
Early retirement
Retired
Early retirement
Retired
Full time
Retired
Retired
Retired
Full time
Full time
Sick leave
Full time
Full time
Retired
Sick leave
Full time
Retired
Retired

{

F, female; M, male
†

A subsidized job is a job with special conditions. To obtain approval to undertake a subsidized job, it must be documented that a person suffers
from a permanent reduction in his or her capacity to work. The employer gets a part of the wage, according to the agreed rates to be refunded.

{

Early retirement can be approved if it is documented that a person suffers from a permanent and considerably reduced capacity to work – for

example, due to chronic illness.

Procedures
The interviews were conducted in a community health
care centre, separate from the clinical setting, and were
facilitated by the ﬁrst author. A nurse from the research
unit made observational ﬁeld notes. At the ﬁrst interview, a senior researcher participated as a supervisor.
The duration of each interview was two hours.
During the interviews, an explorative approach was
taken, with the use of a single open-ended question,
‘How has RA affected everyday life’, and one debrieﬁng
question, ‘What has been the most important experience
for you in living with RA’. The interviews were inspired
by theoretical and empirical studies about everyday life,
Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.

RA, chronic illness and patient education (Ahlmén et al.,
2005; Bech-Jørgensen, 2002,2004, Dildy, 1996; Lempp
et al., 2006; Lütze and Archenholtz, 2007; McPhersson
et al., 2001; Morris et al., 2006; Neville et al., 1999; Ryan,
1996; Schutz, 2005, Sundhedsstyrelsen, 2009).
Data analysis
The analysis was conducted as a qualitative content
analysis (Coffey and Atkinson, 1996).
The interviews were recorded and transcribed verbatim, including pauses, overlaps in speech and emotional
expressions (Bloor et al., 2001). NVivo Version 9 software
was used to facilitate systematic structuring of the data, to
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check that the emerged categories held across the interviews and to explore the relationships between disease
duration and the evolving categories. Finally, analytical
memos were used to inspire the analysis and to reﬂect
on the researchers’ role during the process of the analysis
(Kristiansen, 2005; Richards, 2005).
Although not a linear process, the analysis involved the ﬁve phases described in Table 2 (Coffey
and Atkinson, 1996).
Table 2. Process of analysis
StepProcess of analysis
1
2

3
4

5.

The interviews were read and re-read to create a sense of the
whole and the meanings expressed by the participants
Open coding of all interviews, creating codes close to the
participants’ own descriptions, using their own words and
phrases in the labelling process
Reﬁning and focusing the initial codes, ending up with distinct
categories describing how everyday life is affected by RA
The preliminary results of the analysis were related to the
literature on chronic illness, everyday life and patient education,
to inform further analysis of the data
Drawing on relevant analytical and theoretical concepts, the
analysis was reﬁned and condensed, using the concepts as
heuristic devices in order to conceptualize the results of this study
and strengthen its analytical generalizability.

as a dynamic concept where body, mind and individual
biography form dynamic and interrelated parts of a
personal identity (Nettleton and Watson, 1998). Social
relations are also part of this identity process (Berger
and Luckmann, 1967; Bury 2005; Schutz, 2005).
Physical functions : Bodily dimension
Most participants described how symptoms such as
pain, fatigue and joint stiffness reduced their physical
capability, had practical consequences in everyday life
and directly affected their identity and self-perception.
Participants described the process of adjusting to physical
limitations as a ﬁght between mind and body.
Some participants told of how they had adjusted and
created new routines and new ways of handling the
practical limitations that the disease had imposed upon
them. Others described how they deﬁed disease symptoms
and physical limitations while being conscious about the
price they might pay in the short and the long term.
One male participant described it in this way:
‘The person with this old body of mine hasn´t recognized that he has to adjust, he hasn’t got time for
it. . .’ (FG 4, P2).
Psychological reactions to RA

Ethical concerns
The regional ethics committee was informed, but decided
that the study required no formal ethical approval. The
study was reported to the Danish Data Protection Agency.
Although oral and written consent to participate was
obtained, there were potential ethical concerns linked
to the inclusion of recently diagnosed participants.
Therefore, all participants were offered a talk with the
nurse after the interview, if required.

Results
The analysis resulted in four interrelated categories:
self-identity, social relationships, work and relationships
with health and social care professionals, to describe how
everyday life was affected by RA.
Self-identity and RA
The participants described how their self-identity and
self-perception were affected by RA. The analysis of this
category was inspired by theories of chronic illness (Bury,
1982; Charmaz, 1983; Williams, 2000). Self is understood
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Many participants also expressed their psychological
and emotional reactions to RA and how RA had affected
their self-perception. Most participants described their
initial reaction as experiencing a disruption to their lives.
Former life assumptions and expectations had been
broken and replaced by a fundamental ontological
uncertainty of ‘being in the world’. The reactions differed
from person to person and over time, and varied from
expressions of hope to feelings of powerlessness, and in
some cases depression. One female participant said:
‘Everything should be as perfect as possible, so
that you couldn’t see that I was sick. . . this meant
that I almost cracked up and got depressed. . .’
(FG 1, P5).
Participants reacted by either integrating RA into their
identity or by neglecting RA as a part of their identity
and considering RA to be something external to, and
distinct from, the self. The relationship between self
and RA was associated with the assessment of normality.
The people who saw RA as separate from their selves
described this separation in two different ways. On the
Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.
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one hand, some participants minimized and rejected the
impact of RA. One female participant stated:
‘I´m not sick, I just have a chronic illness’ (FG2, P3).
Another male participant commented:
‘. . . it´s just disabilities ’ (FG 3, P3).
Others neglected RA as part of their identity because it
made them feel different and ‘wrong’, thus imposing a
stigma upon them.
Those who saw RA as a part of their identity described
it as being a very tough adjustment process, with both
physical and mental dimensions. Some participants
expressed the wish to receive help from a psychologist
in coming to terms with the disease.
Seeing oneself through others
Related to the process of seeing RA as a part of the
self, many participants described the need to meet
others with RA. This was especially expressed by many
of the recently diagnosed participants, but also by some
of those who had been diagnosed for several years.
There were three aspects of signiﬁcance in meeting
others with RA: ﬁrstly, being able to mirror themselves
and their own experiences, and thereby reinterpret RA;
secondly, being able to legitimize their own personal
experiences with symptoms that cannot be objectively
measured; thirdly, ﬁnding role models to show that it
is possible to maintain a close-to-normal everyday life.
A small proportion of the participants did not report
these disruptions and challenges to their identity, as RA
did not affect their everyday lives signiﬁcantly. They all
explained this phenomenon as being a consequence of
early and effective medical treatment.
Affecting social relationships:
Roles under pressure
For most of the participants, RA had affected their social
relationships with family and friends. The analysis of this
category was inspired by socialization theory (Berger and
Luckmann, 1966).
Partnership
Most participants were aware of how RA affected their
spouses, in both practical and psychological ways. They
described how their spouses helped them to get up and
Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.
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get dressed and took over more responsibility in the
household. At the same time, spouses were psychologically
burdened by feelings of powerlessness and bad conscience.
For the participants themselves, feeling dependent
and needing special consideration in everyday life led
to feelings of both gratitude and guilt. A female
participant described it like this:
‘It´s very hard. My husband and my son are very
understanding, and they always say: “Stop, don’t
do that, don’t pretend not to be ill”, but the bad
conscience is there anyway’ (FG 5, P3).
In particular, the younger women told of how their
relationships with their partners had changed, primarily
because of fatigue that limited their energy levels. They
reacted by either overstretching their limits or withdrawing from joint activities.
Changes in roles and to the division of labour required
that both the spouse and the person living with RA
adjusted. Some participants told that their spouse
had not understood the impact of RA and that the
relationship had ﬁnally broken down. Others told of
how they had neglected to alter their roles, either because
of bad conscience or because their gender identity had
been threatened.
Parenthood
Parents came under pressure, depending on the ages
of the children. Younger women with infants described
the feeling of powerlessness in not being able to lift or
actively play with their children. One mother described
it in the following way:
‘When I got diagnosed, my youngest son was a year
old and the oldest three years old. It was quite hard
that I couldn’t lift my kids (tears). . . You want to
play with your kids. That’s the worst thing; I had
to say no, and I still have to, and then to expect
that they understand. . . The older one sometimes
says: “Mum, do you remember when you were still
strong?” That hurts, but then we do other things
together. . .’ (FG 2, P2).
Relationships with older children also changed, as the
children became caregivers and took a greater part in
daily household tasks.
Participants with grown-up children described their
ambivalence in being both grateful for practical help
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from their children and having difﬁculty in accepting
help, because the roles had totally reversed.
Friends and the wider social environment
Many participants experienced a lack of understanding from friends and the wider social environment and
had experienced friends withdrawing from them. They
felt that they had to justify both why they suffered from
RA and why they were not able to do the same things as
they could before.
Some participants described feeling that they were
viewed as ‘chronically ill’. It was hard to accept because
they wanted to be recognized as the individuals they
used to be. A female participant described this stigma:
‘I am someone else in their eyes; I´m the one who is
disabled. . . I get a little sad about it, but mostly I
get upset’ (FG2, P2).
Some reacted by withdrawing from social activities;
others avoided talking about RA or minimized its impact:
‘Why don´t you work in the profession you are
qualiﬁed for? Oh, that’s because I have a joint
disease. I really don´t bother to explain. They
don´t understand anyway. . . ’ (FG1, P4).
Maintaining or losing work relationships
Work turned out to be of importance to all participants,
including those who had retired. Hydén (1997) regarded
work as an important social arena; as a spatial and timebased structuring of life, for social relationships and as a
meaning relationship (Hydén, 1997). In the interviews,
work emerged as being essential in three different ways,
all of which documented the importance of maintaining
work and described the losses encountered when participants eventually had to give up work.
Maintenance or loss of identity
The participants described work as important to
their personal, social and professional identity and related the ability to work with self-esteem. In a dialogue
between two female participants, the ﬁrst of whom was
on sick leave and the other had retired early, it was
expressed in the following way:
‘Well, one feels one is worth less compared to
before, I suppose’ (FG2,P4).‘Yes, self-esteem gets
threatened; it has to be built up again’ (FG2, P6).
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Work is also related to personal autonomy, and loss of
work to loss of orientation in life, feelings of powerlessness, frustration and fear of the economic consequences
for their families if the individual cannot maintain work.
For the ones who had to give up work due to RA, it was
described as both a loss and a relief. This ambivalence
points to the dilemma between the personal and social
beneﬁts of maintaining work and the consequences for
health if such individuals overstretch their work capacity.
Maintenance or loss of social relationships
The participants described work as meaningful to
social relationships, creating kinship and the feeling of
belonging. For some participants, colleagues were an
important part of their personal network. Some colleagues were described as important in supporting participants to remain in work:
‘I have this colleague; he is sort of my “paid support
person”. . . We know each other. . . He´s been really
good at saying: “Stop lifting those heavy things. . .”
Then you don´t and then your pain isn´t quite that
bad after work’ (FG4, P2).
Maintenance or loss of everyday normality
Work was of central importance for the maintenance
or loss of everyday normality. This was apparent in
maintaining normal routines of everyday life, with
weekends being of special signiﬁcance, and was also
related to usefulness and worth to society. The participants
described how keeping their work – with either normal or
special conditions – contributed to the maintenance of a
normal everyday life, and thereby to a fundamental sense
of normality. It was expressed in the following way in a
dialogue between two female participants:
‘Oh, I think it is a fantastic gift that the system helps
you to maintain work . . . so that you can cope on your
own and earn your own money and live a family life
that seems normal. . . If this possibility wasn´t available, well, then you would be on early retirement, or,
I think I would really feel. . .’ (FG1, P5).
‘Disabled. . .’ (FG1, P4).
Dealing with the health system
Because of RA, the participants had to develop new
relationships with professionals in the healthcare
Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.
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system, and in some cases in the social systems. The
analysis of this category was inspired by Bury´s dual
perspective on medical systems as both facilitating
and limiting the individual (Bury, 1982).

Meeting health professionals
Participants perceived medical treatment as a precondition for keeping up with normal activities in everyday
life and maintaining functional capability, although they
had ambiguous feelings towards the medication, being
concerned about long-term side effects.
A small number of the participants, who had been
diagnosed early, had experienced effective treatment,
and normal life had not been signiﬁcantly affected, as
they had been able to go on with most activities as they
had before.
Participants described pharmacological treatment
as a process of trial and error. Waiting for a possible
effect affected their quality of life, as they suffered
from feelings of powerlessness and helplessness. This
waiting situation was experienced as a psychological
burden:
‘It’s a very slow process because it takes time before
they know if the medication has had any effect. . . I
sort of felt like a guinea-pig the whole time. . .’
(FG3, P5).
Self-determination was also affected by medical regimes.
Younger women described feeling that they needed to get
the doctor’s permission if they wanted to embark on a
pregnancy. Alcohol was also mentioned by many
participants, as they had been advised to reduce alcohol
consumption because of their medical treatment. This
could also have social consequences; a participant told
of how friends had reacted on his refusal of alcohol, with
this comment:
‘. . . are you on an antabuse treatment?’ (FG5, P2).

Everyday Life with Rheumatoid Arthritis

‘I still lean on my doctor telling me it´s going to be
alright’ (FG6, P1).‘Oh yes, someone you trust and
who knows how you feel’ (FG6, P2).
Health professionals were described as both empathetic
and listening, and as objectifying, treating their patients
like objects that can be measured, rather than as individual human beings. This was linked to a narrow medical
focus and primarily related to physicians. One participant explained:
‘I don’t really understand that they can sit there
only focusing on measures. Measures aren’t
objective. . . I mean, what is pain like, and what
isn’t pain. I think that they are objectifying something subjective. They might as well ask: “how are
you doing?”’ (FG1, P2).
Parallel to this objectiﬁcation, participants also said
that they had missed psychological support to handle
their emotional reactions.
Dealing with the social system
Some participants needed support from different parts
of the social care system to clarify their work capacity, set
up personal and practical support in the household and
receive aid. They told stories about a social care system
that was not directed toward the support of the individual, but was rule- and control orientated. Social workers
treated them like ‘cases’ instead of human beings with
individual needs and resources. It left participants feeling
humiliated and powerless, which was explained by one
female participant in the following way:
‘It´s in the hands of someone else, right, my social
worker, that I met once. I´m not the type of person
who ever before had contact with the system. I
always worked, since I was 17, and then, just all
of a sudden, you are totally dependent on those
people. . . That’s hard’ (FG5, P4).

Relationships with health professionals

Does disease duration matter?

Most participants expressed conﬁdence in the professional competence of health professionals, primarily
experienced in meetings with physicians and nurses.
Some linked this to conﬁdence in health professionals
as positive authorities, creating trust and hope for the
future, formulated in the following dialogue:

It seemed to be the same areas that were affected,
and the same themes that were important, independent
of disease duration. The way that the participants handled these challenges differed over time and from individual to individual. However, in all the categories that
emerged, RA seemed to have a greater impact on life in

Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.
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the early years after diagnosis, as almost every aspect of
everyday life was put under pressure and individuals
were introduced to the medical system or to the social
care system.
Self-identity, in particular, was disrupted in the early
years, as individuals had to come to terms with both
physical and psychological challenges. The changes in
social relationships seemed to affect participants more
in the beginning of the disease trajectory, as these
changes were experienced as disrupting their normal
roles. The newly diagnosed participants were in a phase
of renegotiating roles and division of labour, a phase
with strong emotional and identity pressures. Those
who had had RA for a longer time described this
process retrospectively, recalling how it had affected
them and their families.
Work relationships especially seemed to come under
pressure in the early years of the disease trajectory.
Many of those with newly diagnosed RA had problems
working under normal conditions and were frightened
that they might have to give up work.
In relation to support from the health system, the
recently diagnosed participants in particular said that
they needed psychological support to help them come
to terms with RA; knowledge about RA and how to
manage the symptoms; and support to ﬁnd the right
balance between physical activity and rest.

Discussion
This study on a Danish population supports international studies that have shown that RA affects almost
every aspect of everyday life (Bury, 1982; Charmaz,
1983, 1995; Gettings, 2010; Lempp et al., 2006; Lütze
and Archenholtz, 2007; McPhersson et al., 2001; Read
et al., 2001; Ryan, 1996; Stevens, 1999).
The most important implications for everyday life
identiﬁed in this study relate to self-identity, social
relationships, work and relationships with the professional systems. A smaller number of the participants
had not experienced those changes, due to a quick
diagnosis and early and effective medical treatment.

Implications for patient education and
clinical practice
The ﬁndings may inform future patient education and
clinical practice, as they describe what is important to
people living with RA from their own perspective. It
36

Kristiansen et al.

documents a need for enhanced knowledge about RA
and support to manage symptoms and reduce the
physical, social and psychological challenges that RA
poses to everyday life.
As with other studies, this study identiﬁed that
psychological reactions such as hopelessness and
powerlessness may be consequences of living with RA
(Charmaz, 1983; Gettings, 2010; Lempp et al., 2006;
Radford et al., 2008; Read et al., 2001). Many participants experienced a lack of acknowledgement of their
psychological reactions among health professionals,
and expressed a wish for more psychological support.
Meeting others with RA seems to make it possible
for the individual to recognize RA as an integrated part
of life and self. Meeting others reﬂects a need to
legitimize symptoms, to mirror and reinterpret individual experiences and to ﬁnd role models. This was a
wish among many of the participants and has been
conﬁrmed in other studies (Lütze and Archenholtz,
2007; Primdahl et al., 2011; Radford et al., 2008).
The study also shows the importance of social relationships and how they affect the way that participants
manage living with RA. For some participants, RA had
become a stigma imposed on them by former friends
and acquaintances because they were no longer able
to fulﬁl their normal social roles. These results correspond to the ﬁndings of classic normalization theory
(Goffman, 1963: Sanderson et al., 2011; Wiener, 1975).
The social consequences of RA should be acknowledged, and health professionals should support individuals in creating new strategies. Furthermore, the study
indicates a need to support the whole family, as RA
affects family life and the roles and relationships of all
family members. Other studies also point to the importance of involving the family, although results in this ﬁeld
are divergent (Lütze and Archenholtz, 2007; Radford
et al., 2008).
In this study, work appeared to be a social arena of
special importance. It is an identity marker and gives
the individual a sense of belonging to society, and a sense
of normality and self-identity. Health professionals – and
social workers – have an important role to play in
investigating possible ways for the individual to maintain
their employment.
The importance of psychological and social support
may not be disease speciﬁc, but rather relate to living
with a chronic condition in general. It is also documented in studies relating to other chronic illnesses (Morris
et al., 2006).
Musculoskelet. Care 10 (2012) 29–38 © 2011 John Wiley & Sons, Ltd.
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Consistent with other studies, this study also shows a
need for knowledge and new management strategies
(Meesters et al., 2009; Neville et al., 1999). It also shows
how the management of symptoms is associated with
handling everyday life. The participants described how
symptoms challenged signiﬁcant routines and activities
and at the same time affected their self-perception and
social relationships. Participants who had lived with RA
for a longer time described how they had learned to
manage symptoms creatively and how they still struggled
to integrate RA into their everyday life.
Health professionals can support this learning
process by directing their professional advice and
consultation to the personal experiences of actual
problems and challenges expressed by their patients
and by paying attention to individual and network
resources. The results of the present study indicate
the need for an individualized and engaged approach
to patient education, taking individual experiences as
the point of departure.
In the interviews, participants deﬁned health professionals as primarily doctors and nurses. This might not
be surprising, as they are the professionals with whom
participants have continuous contact. However, participants expressed support needs corresponding to the
specialized knowledge of a wider interdisciplinary team,
such as psychologists, social workers, physiotherapists
and occupational therapists.

were respected. This limitation might be a consequence
of choosing the focus group method because it cannot
produce the same detailed and nuanced knowledge of individual experiences, as can, for example, individual
interviews or ﬁeldwork (Bloor et al., 2001).

Does disease duration matter?
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Implications for Rehabilitation

Aim: The aim of this study was to describe experiences of
pain and its relationship to daily activities in people with
rheumatoid arthritis (RA). Method: Seven semi-structured
focus group discussions were conducted with 33 men and
women of different ages with RA. Data were analysed with
content analysis. Results: Pain affected everyday life and may
be a barrier to perform valued activities. Regarding the impact
of pain on participation and independence, personal factors
and the social environment were found to be important. It
could be a struggle to find the right activity balance, since it
was easy to be overactive, triggering subsequent elevation of
pain levels. However, the participants also described activities
as a mediator of pain and a distraction from it. Conclusion:
The relationship between pain and daily activities in RA was
complex. Pain as an impairment was expressed to be related
to activity limitations and participation restrictions, as well
as to contextual factors. These findings highlight the clinical
importance of paying attention to the complexity of pain and
its relation to daily activities and participation.

• Pain in RA needs to be comprehensively analyzed and
treated in the context of the patients’ perspective and
needs.
• The relation between pain and performance of activities in RA highlights the importance of rehabilitative
interventions to reduce pain in order to facilitate daily
activity.
• The complexity of pain implies the need for multimodal approach in rehabilitation.
restrictions [11,12]. People with RA have identified pain as
the predominant health status impairment, and it is one of the
most important symptoms to reduce [13,14].
The International Classification of Functioning, Disability
and Health (ICF [15]) describes aspects of health through
a detailed classification system. ICF is an over all conceptual model in, in which individual functioning in everyday
activities is viewed from multiple perspectives: biological,
individual and social, and where disability and functioning are viewed as outcomes of interactions between health
conditions and contextual factors. This model comprise the
components “Activities and participation”, “Personal factors”, “Environmental factors”, “Body Functions” and “Body
structures”. Activity is defined in ICF as the execution of a
task or an action by an individual. Participation is defined
as the involvement in a life situation. A person’s functioning can only be understood in the context of his/her health
conditions, personal factors and the environmental factors. Personal factors includes gender, age, coping styles,
social background, education, profession, past and current
experiences, overall behaviour pattern, character and other
factors that influence how disability is experienced by the
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease
often associated to disability [1]. The prevalence is about
0.5–0.7% and the incidence 25/100,000 in the adult Swedish
population [2,3]. RA affects more women than men and disability is more pronounced in women [1,4–8]. Current strategies of early diagnosis and instituted Disease Modifying Anti
Rheumatic Drugs (DMARDs) decrease the disease activity
and reduce disability [9,10]. Despite early interventions, pain
intensity is still moderate to high in the majority of those
affected, leading to activity limitations and participation
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individual. Environmental factors consist of the physical,
social and attitudinal environment in which people live and
conduct their lives.
While activities positively affect health, activity limitations
lead to poorer health [16]. Hence, pain associated with RA may
lead to poor health, due to individually perceived occupational
imbalance in life [17]. Environmental aspects, such as others’
attitudes, play a significant role for activity and participation.
Attitudes, for example sharing an understanding of how pain
leads to activity limitations, and adaptations of the physical
environment may facilitate activity and participation [18].
The extent of support from the environment might affect the
persons’ self-esteem and feeling of autonomy [18,19], and
environmental adaptation may take different forms, depending on the activity to be performed, i.e., the adaptations need
to be individualized [18].
Pain is multi-factorial and needs to be assessed from a
multidimensional perspective [20]. The bio-psychosocial
model [21] identifies pain as the result of the dynamic interaction between physiological, psychological and social factors
in the experience of a disease such as RA. Within this model,
each person’s pain experience is unique, and the relationship
between pain and daily activities is influenced by psychological and socio-economic factors [21]. RA needs to be considered from a bio-psychosocial approach to achieve better
health outcomes [22].
Based on the bio-psychosocial model of pain [21] and the
fact that the gap between the health care recipients’ and the
healthcare providers’ views on what should be treated [23],
pain assessments should preferably rely on the recipients’
perspectives [11,24], since the psychological part of pain
affects individual behaviour [25]. Traditionally, pain in RA
is reported as pain intensity in millimetres on a visual analogue scale (VAS) [26], which some claim does not provide a
good understanding of the pain phenomenon [27]. Moreover,
current knowledge about the experiences of living with RA
and the relationship between pain and daily activities in RA
is limited. Thus, the aim of the present study was to describe
experiences of pain and its relationship with daily activities in
people with RA.

Methods
Data were obtained through seven semi-structured group
discussions [28] (Table I), focusing on pain, activity,
occupational balance and consequences of pain on activity and participation. The interview guide was developed
in cooperation with a research associate from the Swedish
Table I. Overview of the seven focus groups (FGs).

FG no.
FG 1
FG 2
FG 3
FG 4
FG 5
FG 6
FG 7

No. of participants

Ages

Gender

4
6
7
4
5
3
4

34–37
50–63
50–65
66–68
68–71
59–62
68–73

Women
Women
Women
Women
Women
Men
Men

		

Rheumatism Association: Patient Participation in Research.
The social interaction in the groups and the participants’
discussions and questions to each other provided opportunities to express individual thoughts and shared experiences
of the pain phenomenon [28,29].

Participants
The participants were recruited from three Rheumatology
Units in South East Sweden. The inclusion criteria were seropositive RA, ≥4 years duration and pain intensity >40 mm as
reported by VAS over the last two clinical visits. Participants
with co-morbid pain, cognitive impairments and limited
Swedish were excluded. The selection process was based on
data in the Swedish Rheumatoid Arthritis Registry, where
details were entered by the individual clients’, physicians during their visits to the Rheumatology Units. Stratified sampling
was used, in order to select potential participants based on
their age and gender. The rationale for this procedure was to
cover possible variation across these strata, further described
in Table I. Initially, 77 persons were informed by mail about
the aim of the study, that The Regional Ethical Committee had
approved it, the voluntariness of it, that they could withdraw
at any moment without explanation, and that this would not
affect their medical treatment. In addition, the participants
were informed that all data collected in the study would be
treated confidentially and only used for the present study.
Subsequent to this, prospective participants were contacted
by phone to confirm their participation.
In total, 33 persons agreed to participate. The focus groups
(FGs) were homogeneously formed with regards to gender
and age (younger, middle aged and recently retired). The
groups comprised three to seven participants. Both men and
women from the different age groups were included in FGs,
in order to detect possible variations in their experiences.
Seven FGs yielded a range of data substantial enough to reach
saturation.
Procedures
The interview guide included questions about consequences
of pain in activity and participation, occupational balance,
environmental factors and strategies to manage pain in daily
activities. The questions were open-ended and formulated to
encourage discussions, for example: “How does the pain affect
your activities of daily living?”
The FGs were led by a moderator (the first author) with
the assistance of second moderator. The moderator’s role was
to lead the discussions and create an atmosphere that allowed
the participants to express their personal and shared experiences of the phenomena at hand. At the end of the discussion,
the assistant moderator presented a brief summary of the discussions and gave the participants an opportunity to confirm
or clarify it [28]. Typically, the group sessions lasted some 80
minutes. The focus group interviews were digitally recorded
and transcribed verbatim.
Data analyses
Based on the aim of the study, the transcribed texts were
analysed with respect to content [30]. This approach is
Disability & Rehabilitation
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appropriate to use for poorly explored multi-faceted phenomena in healthcare research [31]. Meaning units were identified, condensed, abstracted and coded. The coded meaning
units were compared based on differences and similarities and
sorted into sub-categories and exhaustive and mutually exclusive categories [32] as shown in Appendix 1. The tentative
categories were reviewed by co-authors and revised until consensus was reached. An independent research associate from
the Swedish Rheumatism Association Patient: Participation
in Research examined the findings and confirmed that the
categories were credible. Quotations were identified to illustrate the categories and presented with a link to the FGs from
which they were originated.

Results
The focus group discussions resulted in five categories:
-Activity as a mediator of pain;
-Moderating activity levels;
-Pain causing activity limitations;
-Attitudes as a mediator of participation restriction; and
-Dependence on others.
The five categories were supported by ten sub-categories, as
shown in Table II. No overarching themes emerged through
the analysis.

Activity as a mediator of pain
Activities had both positive and negative impacts on the perceived pain.
Distraction through activities
In different ways, activities were perceived to enhance wellbeing by shifting the focus away from the pain. Professional
work, as well as activities with friends and children, were
mentioned to accomplish this.
“If you have fun and enjoy life, pain becomes less prominent…playing with the grand children makes me forget the pain…distraction
from the pain is important.” (FG 6)
“I decided to go to work instead, just to focus on something
else [than pain].” (FG 6)

Activities also helped to maintain functional capacity and
thereby improved the well-being of the participants. Walking at
Table II. Categories and subcategories of relation between pain and daily
activities in RA.

Categories
Activity as a mediator
of pain

Subcategories

Distraction through activities
Pain was related to fatigue, stress and mood
Moderating activity
Difficulty in finding a suitable level in activity
levels
Imbalance in daily activities
Pain causing activity
Barriers
limitations
Adapted performance and environments
Attitudes as a mediator Support participation through understanding
for participation
Lack of support causing participation restrictions
restrictions
Dependence on others Altered allocation of activities in the home
Negative feelings of being dependent
© 2012 Informa UK, Ltd.

your own pace was perceived to provide good exercise. Creative
activities, like gardening or baking cakes, provided older women
with pleasure and relaxation from pain. In contrast, male participants engaged in more physically demanding activities to
achieve their well-being and distraction from the pain.
“[I]…need to have some physical activity outside work. In the summer I’m in my workshop...renovating old cars. In the winter, I’m
hunting in the forest.” (FG 6)
“…I love being in the garden doing stuff. Then, I feel really good.”
(FG 3)

Pain was related to fatigue, stress and mood.
The pain was described to be increase with fatigue, stress and
depressed mood of the participants. The participants’ activities were, in turn, negatively affected, since the experience of
pain increased with fatigue.
“… after eight hours of work, I may not be able to go to the movies
because of the pain and I just can’t stand yet another activity. I get
so extremely tired from this disease [RA]. Constantly, so, so tired.”
(FG 3)

Pain was related to mood. “Irritated when it hurts…”
(FG 1) and “…pain makes me sad.”(FG 6) were descriptions
from the participants. Depressed mood states were perceived
to further increase the pain.
“When I’m down my joints are affected, as well.”(FG 6).

High stress levels also increased the perception of pain,
since it elevated muscle tension that lead to further pain.
“When I’m stressed...shoulders are up to the level of my ears...and
then it [pain] presents in my shoulders and hands…and I hammer
harder on my keyboard and run around with seven folders instead
of one in the corridor.” (FG 1)
“Coming home from work and I just want to scream, because it
has been too stressful. I mean, people come knocking on my door
and want me to do this and that all the time. Then I feel pain everywhere [in my body].” (FG 2)

Pain was also experienced as a stressor.
“If I’m in pain, I get stressed out, because then I know that what I’ve
planned to do gets so much harder.” (FG 1)

Moderating activity levels
The second category that emerged was moderating activity
levels. The participants had difficulties to find a suitable level
of activity and this affected the balance in daily activities.
Difficulty in finding a suitable level in activity
Participants experienced difficulties in moderating activity levels according to pain. Overactivity led to subsequent
increased pain and exhaustion. Despite this, certain activities were carried out anyway, for example, playing golf and
gardening. The participants described these activities as so
important that to carry them out was worth the pain and
exhaustion that followed.
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“I have to reduce my activity the day after but I’ll do it anyway” (FG 4)

Mainly by the younger women a repetitive pattern of overdoing was described:
“On days when I’m feeling better, I am good and I do activities that
I will have to pay for with increased pain the next day and perhaps
several weeks after.” (FG 1)

For some, however, enjoyable activities had to be totally
ceased.
“…if I do that [activity] I won’t feel fine in weeks. And then…I will
become grumpy at home…and that’s not fun…” (FG 1)

Imbalance in daily activities
Not being able to do everything the participants wanted or
needed to do caused imbalance in their daily life activities.
In some participants, participation in vocational activities led
to the imbalance of not being able to engage in other valued
activities after work was finished. For them, work was prioritized over household chores and leisure activities. Energyintensive activities, such as work and shopping, required
subsequent rest, which implied that sports and recreational
activities may have to be ignored.
“Yes, it is difficult. I think that I should prioritize....work…must
come first. I know I can cope with it. [but]...then there is much I
can’t care about at home.” (FG 3)

Pain causing activity limitation
The inability to do what the participants wanted and needed
due to the pain caused activity limitations. Adaptations of
activities and the environment were required to overcome
barriers.
Barriers
Pain was perceived as a barrier for the participants’ daily activities. The pain per se, or in combination with poorly adapted
environments, prevented the participants from engaging
in desired activities, for example, going to dinner parties.
Prolonged sitting and excessive walking were mentioned as
barriers to participation in meaningful activities.
Pain in the feet limited many activities and restricted
social participation, such as walking or shopping with friends.
Activities with friends and grand children were modified by
participants to be less physically demanding.
“I feel sad that I cannot enjoy going to the theatre because I experience difficulties sitting down for the entire act.” (FG 4)
“…if I were to go on a holiday, then it is a long day of travel that
may take several days to recover from.” (FG 3)

Some older women and men had ceased driving because
of the pain. For some, public transport was impossible to use
for the same reason. Household chores took a longer time to
complete and pain affected participants’ gripping ability. Pain
may be triggered unexpectedly and thus created difficulties
in managing social activities. To cope with it, good planning
was required.
		

“If I’m having guests for dinner, then I need to start preparing in the
morning, because I don’t know when I’m about to run out of power.
When the pain sets in….” (FG 5)
“I always have to be cautious, I mean, if I’m invited to some event,
I always have to consider what they are planning to do and if I can
join that [activity].” (FG 1)

Due to the pain, frustration over the inability to do what
the participants wanted and needed to do was expressed.
“…it hurts to be frustrated and mad, and I want to do much more
than I can manage.” (FG 1)

Adapted performance and environments
Due to pain, adaptations of activities and environments
were required in activities of daily living. Clothes and
shoes needed to be chosen based on the experienced pain
on a particular day. Leisure and recreational activities were
adapted to personal ability on a daily basis. During periods
of severe pain, everyday life activity was negatively affected.
Participants inevitably reduced performance levels in cleaning or gardening. Use of accessibility and assistive devices
compensated for loss of body functions and facilitated performance of meaningful activities. Some participants stated
that they had sold their house and moved to a complex with
an elevator and ramp to improve mobility, which they considered as a prerequisite for independent living.
“[regarding clothing]…today was a sweater day, but some days it
may actually be worth it dealing with those darn [shirt] buttons, to
be honest.” (FG 1)
“I really cannot see why no one has told me to try a crutch before,
because it gives me incredible support.” (FG 5)

Changes in participants’ choice of career, adaptations of the
work environment and adjustments of working hours were
required to stay in the labor force. Modified work conditions
made that possible, for example, by ergonomic adjustments of
computer workstations.
“I’ve got individualised work hours…I start at 9.30 am because it
takes me so long to get ready in the mornings, to get up and going,
you know…” (FG 1)

A lack of knowledge about work place adaptation, including technical aids that could be offered by the employer in
connection with these adjustments, was revealed in some
focus groups. There was also an unfamiliarity about supported
opportunities to adapt shoes and orthotics.

Attitudes as a mediator of participation restrictions
Attitudes of employers, colleagues, friends and relatives were
perceived to affect the consequences of pain in everyday
activities, both positively and negatively.
Support participation through understanding
Support from family and friends created opportunities for
participation. Family and friends were perceived by the participants to be supportive. They understood that any activity
must be adapted according to the variations of the participants’
Disability & Rehabilitation
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pain and abilities. Other people’s thoughtfulness contributed
to well-being at times with severe pain.

Participants felt it was important to be autonomous and
independent.

“It feels so much better to have someone beside you that understands
and knows how it is… you don’t have to tell them. Yeah, what I want
to do is clear to them.” (FG 3)

“Oh dear, I have to ask for assistance all the time with such things,
when I’m used to being independent...” (FG 5) “It took me many
years to dare to ask the cashier to help me open the bottle.” (FG 2)

Colleagues’ understanding meant that heavier tasks could
be avoided and work pace adjusted according to the participant’s ability. Colleagues’ support was perceived as important.
“I’ve got good colleagues, so the tasks I cannot manage I simply tell
them that I cannot do. Then there are tasks that are far beyond my
ability, and I just have to set them aside. Someone else has to help me
out, that’s the way it is.” (FG 2)

Lack of support causing participation restrictions
If the employer was not supportive of the employed participant, managing work was difficult. Lack of support and
understanding from colleagues meant that participants
concealed pain at work, resulting in a lack of relief from the
heavier tasks. Colleagues’ unsympathetic comments about
adapted working hours created a sense of alienation. Some
relatives displayed poor understanding of the pain, maybe
due to lack of own pain experiences. Some friends were also
reported to ignore the pain and thus obstructed participation in social contexts. Friends were therefore lost, since the
participants were not able to match their friends’ everyday
activity pace.
“...but my mates...like...they have not really understood what it
means [to be in pain], like, …no, I don’t think so…you know, I’ve
sort of made light of it, because I don’t want that help based on compassion all the time.” (FG 1)
“Yeah, there are a lot of old friends that I used to call that I’ve cut
off now, or maybe they cut me off... but I cannot do it anymore. I
don’t have the strength to be up and running and doing things all
the time.” (FG 3)

Dependence on others
Participants described having to ask for help or to hand over
activities at home, which created a feeling of dependence.
Altered allocation of activities in the home
The participants became dependent on others, e.g., spouses or
children, particularly with respect to performing household
chores. With elevated pain levels, heavier household chores
were completed by someone else, usually the spouse. Shopping
was an example of an activity that was strenuous and usually
carried out with the assistance of a spouse or cohabitant.
“I notice that my children have to help me much more at home…”
(FG 1)
“The garden needs constant maintenance, which worries me, but
now we have a guy who comes and deals with it.” (FG 7)

Negative feelings of being dependent
To passively watch someone else taking over chores previously done independently by the participants induced
guilt. Having to ask for help was perceived as annoying and
inconvenient, especially since many used to be independent.
© 2012 Informa UK, Ltd.

Discussion
Pain in RA affected everyday activities. Our results show
that the participants were frustrated with not being able to
do what they wanted or needed to do, reduced opportunities
for participation in the social context and being dependent
on family and friends for everyday functioning. However,
the participants also described activities as a mediator of
pain. Activities were also used as a distraction from the pain.
Pain as an impairment was related to activity limitations and
participation restrictions, as well as to contextual factors. The
complexity of pain in RA has previously been described [20],
and this highlights the importance of considering pain in a
bio-psychosocial context [21]. Moreover, the complexity of
the pain makes it difficult to comprehensively measure and
describe its impact on activity and participation.
There was a complex relationship between pain and
fatigue, stress and mood. Previous research has highlighted
that it is, in fact, easy to become irritated and extra sensitive
during times when the pain is at its worst [33]. Problems with
performing daily activities due to RA did indeed affect the
mood [12], a finding in accordance with the bio-psychosocial
model of pain [21], that describes how emotional states often
accompany the experience of pain.
Modifying the level of activity to adapt to individuals’ functional ability was difficult. It caused a pattern of overdoing
on “good days”, i.e., days when the pain levels were reduced,
which often was followed by periods of increased pain and a
feeling of inadequacy, due to the subsequent inability in carrying out normal daily activities [34]. This finding indicates lack
of coping and awareness of functional limitations, although
some felt that “...it is worth it”. The participants’ descriptions
of coping with pain in everyday activities show the importance
in investigating the psychological aspects of pain, described as
personal factors in ICF. Personal factors, such as self-efficacy
and coping, are strongly related to pain and mood in people
with RA, and therefore influence their disability [35]. Selfefficacy has been reported to be related to ratings of pain,
mood and coping in RA [36]. Self-efficacy is thus important
to take into consideration, in order to understand RA related
pain [37]. Over activity can be compared with over commitment, which is a personal pattern of coping with demands in
daily activities [38]. To understand the mechanisms behind it,
it might be useful to emphasize that the experience of mastering demands is rewarding. Therefore, it is easy to overestimate
the coping resources and underestimate the efforts required to
master daily challenges. While some participants in the present study needed challenges as an essential aspect of mastering the disease [12], others needed relaxation, no challenges
or adaptations of the environment and/or the activities [39],
further indicating the complexity of the impact of pain in RA.
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A driving force to be active was described by the participants
which promoted well-being through participation in meaningful activities. However, further research is needed to investigate
what it actually is that creates the incentive to be active and to
participate despite consequential pain. Future research should
also focus on information as to why some individuals transcend
the limits of their abilities. Interestingly, and contrary to findings in other pain conditions [40], pain-avoidance behaviour
was only reported to a limited degree in the present study.
To be able to work was described as challenging but
important. To work is to be needed and a major social part
of life [41]. Balancing work and leisure activities to avoid
occupational imbalance is important [16], but it was found
to be difficult to get the right balance, since for many work
took too much time and energy [42]. However, those who
were not working experienced positive aspects of being able
to perform activities at their own pace in the mornings, in
order to reduce the pain. As mentioned, activities were also
used as a distraction from pain. Being able to reduce pain
through self-management strategies is a key component of
wellness [43]. Attention from pleasant activities, such as playing with grand children, may moderate pain levels so it is perceived as less intense [44]. Some activities provided physical
well-being, which was described as a need to move the body
to reduce the pain. For example, walking was considered as a
moderately demanding activity that provided physical exercise and well-being, since it was perceived as easy to adapt to
personal ability. However, physical health with lessening of
symptoms was not necessarily a prerequisite for well-being in
RA. Instead psychological, adaptation and contextual factors
were considered as important sources of well-being [43].
The pain actually affected the entire life situation, which is
a well-established fact in other chronic pain conditions [45].
Valued activities performed before the disease were no longer
possible to carry out unless the activity was adapted according
to individuals’ functional limitations due to RA. Disability in
valued activities has been found to be common among persons with RA [12]. Performance of valued activities appears
to be more strongly linked to well-being than limitations in
general function [46], further adding support to the complex
impact of pain in RA.
Some of the quotes in the present study indicated that
the pain was specifically located to particular body parts,
such as the hands and the feet. However, the aim was not
to link the pain to specific body parts and, hence, the data
did not warrant such analyses. Instead, this aspect of pain
should be studied in future analyses, in which ICF-coding
of the data to connect to the activity levels would be a suitable approach.
Environmental factors could be barriers for participation, but also supportive [15]. The physical barriers were
described as possible to over come by adaptation of the
activity or the physical environment. Assistive devices and
functional equipment were also important to enable daily
activities and participation. However, the rehabilitation
process must be adapted to the ever changing needs of persons with RA [39], for example, by providing information
on how to access assistive devices and adaptations. Lack of
		

familiarity with these procedures became apparent in some
FGs with respect to adaptation of shoes, orthotics and work
places. This is an alarming finding, since adjustments of, for
example, work places are necessary to avoid negative consequences, such as increased pain [41].
ICF defines disability as arising from the interaction
between the individual’s reduced functioning and activity
limitation. The present study described the participants’
everyday experience of barriers to activity and restricted
participation. Furthermore, it highlighted the social-environmental factors that potentially serve to restrict participation in society. Social support and attitudes were revealed
as important for the experience of participation in social
contexts, which confirms findings of a previous study using
ICF [11]. That the attitudes of employers, colleagues, friends
and relatives influenced participation is, however, not a
novel finding [18]. During periods of pain, the participants
reported that they could not participate in certain activities they were invited to. Being unable to perform what is
considered to be a meaningful activity can, as previously
discussed, cause occupational imbalance [16].In line with
the findings of the present study, loss of independence may
be quite problematic [47] and, as for most people, troublesome. To accept assistance and help from others in daily
activities may take years to accept.
The findings of the present study visualized the complexity
of pain. Health professionals, and in particular occupational
therapists, are competent in dealing with this complexity
regarding treatment and by facilitating self-management of
the pain.

Methodological considerations
Focus group discussions were appropriate to gather information about the relatively unexplored area of pain and
daily activities in RA [30] and they provided a broad
description on how pain affects daily activities [28,31].To
increase the credibility, both men and women of different
age segments were included to shed light on the phenomenon from various aspects [48]. Loss of participants due to
acute illness symptoms meant that certain groups were on
the verge of being too small to provide a creative environment for discussions [49]. However, smaller groups are
preferable as it is more comfortable for participants when
they have comprehensive experience to share and the topic
is complex [28]. With respect to young men with RA, lack
of time and energy were identified as the main reasons for
not participating in the focus groups, which may limit the
transferability of the results.
Member checking was used to further enhance the credibility of the present study [50] by the assistant moderator,
who presented a summary of the discussions and provided
an opportunity for the participants to complement or adjust
the information gathered at the end of the FGs. However, the
assistant moderator was a different person in different groups,
which could have introduced an uncertainty in roles and, in
turn, influenced the discussions. The confirmability of the
study was strengthened by external audit of the questions
used in FGs through the research partners from the Swedish
Disability & Rehabilitation
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Rheumatism Association Patient Participation in Research,
who were also examining the findings and confirmed the
identified categories.
Through the analysis it was necessary to keep the research
question in mind and to go back to the data to check the
dependability of the categories [31]. The first author did the
first steps in the analysis. Later on, the categories were checked
by others in the research group to increase the dependability.
Persons who were familiar with the study and content analysis
reviewed that the codes and categories were consistent with
the content of the transcribed verbatim text [30]. The credibility was further strengthened by means of quotations from
the focus groups.

Conclusions
The relationship between pain and daily activities in RA was
complex. Pain affected everyday life and may be a barrier to
perform valued activities. Personal factors were found to be
important, as well as the social environment for the impact
of the pain, for example on the experience of participation
and being independent. It could be a struggle to find the right
activity balance, since it was easy to be over active followed
by subsequent increased pain. To be able to work was of great
importance and the participants were not willing to let the
pain hinder them from work in the same sense as pain had
stopped them from doing other valued activities. However,
the participants also described activities to be a mediator of
pain. Activities were also used as a distraction from the pain.
These findings highlight the clinical importance of paying
attention to the complexity of pain and its relation to daily
activities and participation.
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Appendix 1
Example of meaning units, condensed meaning units, codes, subcategories and categories.

Meaning units

Condensed meaning units

Codes

Subcategories

Categories

I sit down, as I said, and knit, when
it is at its worst. The feet and…
you know. But then I think of other
things all the time.
When I’m in pain I’ll get stressed.
Because then I know that it’s going
to be much harder to do what I
intended to do.
Yeah, there are fun events that I
choose to participate in. Then I
know that I’ll suffer later on, but it
may be worth it. Because it’s so fun.
…when I’m home after work, I have
to rest.
Because of the pain I cannot be in
my garden as much as I want to.
Yes, we meet but not for a walk, or
so.
Well, I have nice colleagues, so those
things I cannot manage, I talk to
them about. But then there are things
that I possibly cannot manage and
then I simply have to set those tasks
aside and let someone else help me.
There are those friends who really
understand and can value what I’m
going through and they know that I
cannot participate in everything, but
then there are those friends who do
not understand or even care.
Well, I have my old man and then
I’ve to say to him: make me coffee.
Peel the potatoes, and then I’ll cook
the meat or fish.
I try to refrain from certain chores,
but then again it is hard to let others
do it. I’d rather do it all by myself.

Knit when the pain in the feet
is at its worst. Think of other
things all the time.
Feelings of stress come with
pain because activities will be
harder to carry out.

Disregards the pain
through activity.
Pain creates stress.

Distraction through
activities.
Pain was related to
fatigue, stress and
mood.

Activity as a mediator
of pain

Participation in fun events may
be worth it despite suffering
afterwards.
Rest after work.

Prioritisation of
meaningful activities
despite increased risk of
subsequent pain.
Work is demanding.

Difficulty in finding a
suitable activity level.
Imbalance in daily
activities.

Moderating activity
levels

Pain preventing being in the
garden.
Meeting but not doing the
same activities as before.
Nice colleagues assist when
needed.
There are friends who do not
understand or even care.

Have to decline.
Altered activities with
old friends.

Barriers.
Adapted performance
and environments.

Pain causing activity
limitations

Support of colleagues.
Friends who do not
understand or care.

Support participation
through understanding.
Lack of support
causing participation
restrictions.

Attitudes as a mediator
for participation
restrictions

When I’m in pain my husband
has to help.
Rather do it all by themselves.

Need assistance with
household chores.
Need for independence.

Altered allocation of
activities in the home.
Negative feelings of
being dependent.

Dependence on others
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Appendix 2: Focus group interview guide
Opening Question: Briefly tell us who you are and shortly summarize your life situation.

Introductory question
What is pain to you?
Key questions
How does the pain affect your activities of daily living?
•
•
•
•
•
•
•
•

Do you refrain from activities in daily life because of your pain?
If you have professional work, what impact has the pain on your working capacity?
Does your pain affect participation in social contexts?
How is your occupational balance?
Do you find a balance between daily activities; for example between work, household chores and relaxation?
How do you balance your work and leisure activities against each other?
Can you share with us how your time use is affected by your pain?
How do you experience pain affecting your roles across different contexts?

Which environmental factors facilitate or hinder your daily activities?
What are your strategies to manage pain in daily activities?
• Do you avoid activities in order not to increase your pain?
• When and how do you employ strategies to reduce the pain?
• How does your pain impact on your choices of daily activity?

Short summary by the assistant moderator
Concluding question
Is there anything you would like to add?

© 2012 Informa UK, Ltd.
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Sleep Disturbance in Osteoarthritis: Linkages With
Pain, Disability, and Depressive Symptoms
PATRICIA A. PARMELEE, CAITLAN A. TIGHE,

AND

NATALIE D. DAUTOVICH

Objective. It is known that osteoarthritis (OA) increases the risk of sleep disturbance, and that both pain and sleep
problems may trigger functional disability and depression. However, studies examining all 4 variables simultaneously are
rare. The aim of this study was to examine cross-sectional and longitudinal associations of self-reported sleep disturbance
with OA-related pain and disability and depressive symptoms.
Methods. At baseline, 367 persons with physician-diagnosed knee OA reported sleep disturbances, pain, functional
limitations, and depressive symptoms. At 1-year followup, all measures were repeated in 288 of the subjects. Baseline
analyses examined the independent and interactive associations of sleep disturbance with pain, disability, and depression, net of demographics and general health. Longitudinal analyses used baseline sleep disturbance to predict the 1-year
change in pain, disability, and depression.
Results. At baseline, sleep was independently associated with pain and depression but not disability. The sleep–pain
relationship was mediated by depressive symptoms; sleep interacted with pain to exacerbate depression among persons
with high levels of pain. Baseline sleep disturbance predicted increased depression and disability, but not pain, at
followup.
Conclusion. These data conﬁrm known cross-sectional relationships between sleep disturbance and pain and depression
and provide new insights regarding longitudinal associations among those variables. Depression appears to play a strong
role in the sleep–pain linkage, particularly when pain is severe. The unique predictive role of sleep in the progression of
disability requires further study but may be an important point of intervention to prevent OA-related functional decline
among persons whose sleep is disrupted by OA-related pain.

INTRODUCTION
In the US, arthritis ranks among the top 3 health conditions causing disability (1). Osteoarthritis (OA), the most
common form of arthritis, is pervasive and costly, affecting
at least 26.9 million Americans and fueling a $185.5 billion increase in health care expenditures between 1996
and 2005 (2,3). Among the joints commonly affected by
OA, the knee ranks high, with prevalence rates for symptomatic knee OA reaching 16.7% (4). The multifaceted,
hyperalgesic nature of OA creates potentially debilitating
physical and psychologic burdens, making individuals
particularly susceptible to comorbid disorders that may
exacerbate OA-associated symptoms. Sleep disturbance is
one such comorbidity. Among persons with knee OA, up
Dr. Parmelee’s work was supported by The National Institute of Mental Health (R01-MH51800).
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to 31% report signiﬁcant disturbances initiating sleep,
81% have difﬁculties maintaining nighttime sleep, and up
to 77% report any sleep problem (5,6). Sleep disruption
and pain frequently co-occur; both have uniquely been
linked with depressed mood (7–9) and various forms of
functional disability (10 –12). The aim of the current study
was therefore to disentangle the complex relationships
among these conditions by examining cross-sectional and
longitudinal associations of sleep disturbances with pain,
depression, and disability among adults with knee OA.
The relationship between sleep and pain is robust and
likely bidirectional (6,9,13). According to the model of
chronic insomnia described by Spielman et al (14), pain
may serve as a precipitating factor that interacts with certain predisposing factors (e.g., tendency toward physiologic hyperarousal) to fuel the onset and maintenance of
insomnia. Sleep problems such as sleep fragmentation or
difﬁculty initiating sleep may disrupt various physiologic
processes that inﬂuence pain perception. A similar cyclical relationship was proposed by Smith and colleagues (9),
whereby disrupted sleep may contribute directly to increased central pain processing, exacerbating daily pain,
which may then perpetuate sleep disturbances.
An evidence-based review of the general literature on

Osteoarthritis and Problems With Sleep Disturbance

Signiﬁcance & Innovations
●

Although osteoarthritis (OA) is known to produce
sleep problems, investigation of the dynamics of
that association is in its early stages. This research
uniquely examines the association of sleep with
OA-related pain, disability and depressed mood
simultaneously in a single study.

●

In particular, there has previously been very little
longitudinal analysis of how sleep disturbance
may fuel changes in pain, disability and depressive symptoms among persons with OA.

chronic pain and sleep concluded that pain may be etiologically related to disordered sleep (15). Analyses from a
cross-sectional, nationally representative survey of adults
supported this conclusion, indicating that self-reported
insomnia symptoms and dissatisfaction with sleep were
correlated with pain severity in individuals with and without arthritis (16). Furthermore, pain partially mediated
the relationship between an arthritis diagnosis and sleep
outcomes, even when accounting for sociodemographic
and lifestyle factors, other chronic conditions, and mental
health. Sleep quantity predicted the presence of painful
conditions in a cross-sectional, national survey in Spain:
persons who reported fewer than 6 hours of sleep per day
were at increased risk of experiencing a painful condition
(17). Wilcox and colleagues (6) similarly demonstrated
that OA-related knee pain was associated with sleep disturbance. Interestingly, the unique variance in sleep disturbance explained by knee pain was rather small (IR2 ⫽
0.01); this contrasts with other ﬁndings that suggest a
stronger relationship between sleep and pain (for example,
see refs. 16 and 18).
Sleep difﬁculties are also closely linked with depressed
mood. Using 14 days of subjective (daily diaries) and objective (actigraph) sleep measures, McCrae and colleagues
(19) examined the sleep–affect association in healthy older
adults. Subjective sleep measures were linked with both
positive and negative affect, such that lower reported sleep
quality or greater wake time was associated with less positive and greater negative affect the next day. In persons
with OA, Hawker et al (20) similarly identiﬁed a negative
correlation between sleep quality and depressed mood.
Interestingly, in contrast to subjective measures, the actigraphic measures used by McCrae et al were not signiﬁcantly associated with affect, reﬂecting the strong inﬂuence of perceptions of sleep on mood outcomes. In fact,
objective and subjective sleep measures have often been
observed to be discordant (for example, see ref. 21), suggesting that these measures may be assessing different
components of the sleep experience.
In patients with OA, sleep problems may also be associated with a decline in function. Conceptually, sleep difﬁculties may serve as a predisposing risk factor for developing impairments or, alternatively, as an intraindividual
intervening factor that increases the extent and pace of
functional decline (22). This relationship may be based in
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part on linkages among sleep, pain, and depression as
discussed above and particularly on the mediating role of
depression and pain in the sleep– disability association
(23). Empirically, poor sleep and diagnosed OA are separately associated with functional impairment in otherwise
healthy adults (10 –12). However, the inﬂuence of poor
sleep on functional limitations in individuals with OA has
not been extensively explored.
In contract with these cross-sectional ﬁndings, far fewer
studies have examined longitudinal associations among
sleep disturbances, pain, depression, and disability in persons with OA, and the existing evidence is contradictory.
For example, in a 1-year, longitudinal examination in the
general adult population, baseline insomnia predicted persistence of pain already present at baseline, but not incident pain (24). Pain also predicted development of insomnia over the 1-year interval. In contrast, Morphy and
colleagues (25) observed that in individuals with knee OA,
insomnia symptoms increased the risk of developing pain
over a 1-year period but not the persistence of baseline
pain.
A number of longitudinal analyses have identiﬁed insomnia as a risk factor for the onset of depression net of
the diagnostic association of the 2 disorders (for example,
see ref. 26). A recent prospective study of communitydwelling older women indicated that shorter total sleep
time and lower sleep efﬁciency (measured actigraphically)
increased the risk of self-reported instrumental activities
of daily living impairment at 5-year followup (27). Although ⬃27% of the sample reported having OA, generalizability to osteoarthritic and male populations is limited.
Although intriguing, extant literature underscores the
need for further investigation. The current research therefore examined cross-sectional and 1-year longitudinal relationships of sleep disturbances with pain, depression,
and functional disability in older adults with physiciandiagnosed knee OA. Because variables of interest are
known to vary with both demographic characteristics (28 –
30) and health status (31), those factors were examined as
covariates, and their effects were controlled as needed in
all analyses.

PARTICIPANTS AND METHODS
Sample and procedure. The sample comprised 367 individuals with physician-diagnosed knee OA. We purposely aimed to recruit a broad general sample of persons
with OA, including those who do and those who do not
seek specialty care. We therefore recruited through diverse
sources, including university (n ⫽ 53; 14.6% of the total
sample) and Veterans Affairs Medical Center (n ⫽ 44;
12.2% of the total sample) rheumatology clinics, a general
geriatric outpatient clinic (n ⫽ 44; 12.2% of the total
sample), a previous psychoeducational study of OA (n ⫽
47; 13.0% of the total sample) and public service announcements in local news media (n ⫽ 174; 48.1% of the
total sample). Recruitment information was missing for 5
participants. All of the participants were able to respond to
questions in English, had no other life-threatening or severely disabling medical condition, and provided signed
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consent for physician conﬁrmation of the diagnosis of
knee OA. Persons for whom physician conﬁrmation was
unavailable were excluded from the sample.
The route of initial contact with the participants varied
according to the site of recruitment. Persons with knee OA
who attended investigator-afﬁliated clinics and those who
were previously research subjects were sent introductory
letters from attending physicians; a followup telephone
call from project staff ascertained interest and eligibility.
Respondents to public service announcements telephoned
the research ofﬁce directly. Regardless of the recruitment
method, all persons who assented during the screening
call were mailed questionnaires and consent forms for
independent completion. These were retrieved 1–2 weeks
later during an in-person interview to collect additional
data. All respondents received $25 at baseline (T1) and
1-year followup (T2). All methods were approved by the
institutional review boards of the Philadelphia Geriatric
Center and the University of Pennsylvania.
Measures. Demographic characteristics include age, sex,
race (white versus other; 94% of nonwhite respondents
were African American), relationship status (married/
cohabiting versus not), education (8-point scale; less than
high school to completed graduate degree), and income
(7-point scale coded in $10,000 increments). For the 22%
of cases missing income information, values were imputed
using SPSS version 22. Because data were assumed to be
missing at random, we used stochastic regression methods
with all T1 variables as predictors and a random residual
term (32). Comparison of analyses using these imputed
values with ﬁndings for only the subset of participants
who provided full data yielded no differential patterns of
signiﬁcance for primary variables of interest (results available on request from the ﬁrst author).
Health was measured objectively by a count of health
conditions endorsed on a 31-item checklist adapted from
the measure by Lawton et al (33). Subjective health was
represented by a 3-item composite: health overall (4-point
scale; excellent to poor), now versus 5 years ago, and
versus others the same age (both rated better, the same, or
worse). Higher scores indicate poorer perceived health.
Sleep disturbance was evaluated during a research diagnostic interview designed to capture signiﬁcant mood
disorders and other psychiatric symptomatology. Responses to a semistructured question regarding trouble
sleeping were coded to indicate insomnia as follows: 1 ⫽
not present, 2 ⫽ possibly present but doubtful clinical
signiﬁcance, 3 ⫽ present and probably signiﬁcant, and 4 ⫽
deﬁnitely present and signiﬁcant for at least 2 weeks.
Followup probes captured the presence/absence of initial
(“trouble falling asleep”), middle (“waking up in the middle of the night”), and terminal insomnia (“waking up
early in the morning before you want to get up”).
Depressive symptoms were assessed with the Center for
Epidemiologic Studies Depression scale (34). To avoid
confounding, the sleep disturbance item was omitted; the
remaining 19 items were summed (possible range 0 –57).
Pain was measured with the 6-item Philadelphia Geriatric Center Pain Scale (35) (␣ ⫽ 0.84 [possible range
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0.71–5.71]), with higher scores denoting greater pain severity. Although this measure did not tap OA pain specifically, it correlated (r ⫽ 0.897) with a parallel measure of
OA pain and yielded ﬁndings identical to those using the
OA-speciﬁc measure. We therefore used the validated general measure for current analyses.
Functional disability was represented by Arthritis Impact Measurement Scales, 2nd edition (34) subscales tapping mobility, walking and bending, hand and ﬁnger function, arm function, self care, and household tasks. The
5-point items (n ⫽ 28) were averaged to yield a single
composite (␣ ⫽ 0.78).
Statistical analysis. Sample characteristics were examined using analysis of variance and chi-square statistics.
Ordinary least squares (OLS) regression analyses identiﬁed demographic and health characteristics associated
with primary variables (sleep, disability, depression) for
statistical control in primary analyses. In those primary
analyses, OLS regression equations used sleep disturbance
to predict depression, disability, and pain at T1. Block
entry of other primary variables pinpointed independent
associations of sleep disturbance with each outcome and
interactions of sleep with other key predictors (e.g., does
the interaction of sleep with pain signiﬁcantly improve
prediction of depression?). Longitudinal analyses examined the change in depression, pain, and disability from
T1 to T2 as a function of T1 sleep disturbance. Again,
block entry of other outcome variables elucidated direct
and indirect effects.

RESULTS
Sample characteristics. Table 1 shows the baseline (T1)
characteristics of the 367 participants initially evaluated
and the 288 participants who were also evaluated at followup (T2). Persons who failed to complete the 1-year
followup were disproportionately nonwhite and more
poorly educated; they also reported poorer subjective
health, greater disability, and slightly greater pain at T1.
Although there were no differences in overall prevalence
of sleep disturbance, T2 completers were slightly more
likely to report terminal insomnia. Because of these differences, we reran all T1 analyses using only the 288 T2
completers (results available from the ﬁrst author). Minimal differences reﬂected minor shifts in coefﬁcients for
covariates (e.g., from signiﬁcance to marginal signiﬁcance,
or from marginal signiﬁcance to nonsigniﬁcance) but not
for primary variables. We therefore used the full sample in
T1 analyses.
Demographic and health covariates. Separate OLS regression analyses identiﬁed demographic and general
health correlates of sleep, pain, disability, and depressive
symptoms, with block entry of demographics and then
health status variables. The results (available from the ﬁrst
author) closely parallel those reported below for primary
analyses and, hence, are not described in detail here.
Brieﬂy, sex, race, education, and subjective and objective
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Table 1. Baseline characteristics of T1 and T2 participants*
Variable

T1 (n ⴝ 367)

T2 (n ⴝ 288)

F or 2

P

Age, mean ⫾ SD years (48–91)
Female sex
Nonwhite race
Married/cohabiting
Some college
Income (1, 7)†
Health problems, mean ⫾ SD (0–11)
Subjective health, mean ⫾ SD (1–3.63)
Any sleep disturbance§
Initial insomnia
Middle insomnia
Terminal insomnia
Pain (0.83–5.33)
Disability (6–25.3)
Depressive symptoms (0–46)

67.9 ⫾ 9.7
234 (63.8)
99 (27.0)
196 (53.4)
185 (50.4)
3.11 ⫾ 2
2.65 ⫾ 2.08
1.92 ⫾ 0.41
255 (69.5)
114 (31.1)
183 (50.0)
145 (39.7)
2.77 ⫾ 1.03
9.93 ⫾ 3.17
9.70 ⫾ 9.28

68.3 ⫾ 9.5
190 (66.0)
68 (23.6)
149 (51.7)
157 (54.5)
3.16 ⫾ 2
2.56 ⫾ 1.95
1.89 ⫾ 0.39
205 (71.2)
88 (30.6)
149 (51.9)
122 (42.7)
2.70 ⫾ 1.01
9.68 ⫾ 3.05
9.31 ⫾ 9.01

2.46
2.83
7.69
1.50
9.02
2.32
2.68
7.20‡
1.82
⬍1
1.95
4.74
5.11
8.45
2.47

0.117
0.092
0.006
0.221
0.003
0.128
0.103
0.008
0.177
0.689
0.162
0.029
0.024
0.004
0.117

* Except where indicated otherwise, values are the number (%). Numbers in parentheses following variable names indicate observed range of scores
on that scale or variable. All signiﬁcance tests compared T1 subjects who completed T2 (N ⫽ 288) against those who dropped out of the project (N ⫽
79). For all 2 values, df ⫽ 1. For all F values, df ⫽ 1, 365 except as noted.
† Median and interquartile range
‡ F ⫽ 1, 364
§ Rated 2 or higher on a 4-point scale; see text for details.

health were each associated with 1 or more of the 4 key
variables; they were used as covariates in all primary analyses. Because age, income, and marital status did not
uniquely predict any primary variables, they were
dropped from the analysis.
Cross-sectional associations of sleep disturbance with
pain, disability, and depression. Separate OLS regression
analyses examined how sleep disturbance is associated
with pain, disability, and depressive symptoms. For each
outcome, demographics (sex, education, race) and objective and subjective health were entered at step 1, followed
by sleep disturbance (step 2) (Table 2). Where sleep disturbance was a signiﬁcant predictor, we reanalyzed substituting initial, middle, and terminal insomnia for the
global sleep disturbance variable.
For pain, a signiﬁcant step 1 equation (adjusted R2 ⫽

0.178, F[5,360] ⫽ 16.82, P ⬍ 0.001) was attributable to
the effects of sex and subjective health. The addition of
sleep disturbance at step 2 signiﬁcantly improved prediction (⌬ F[1,359] ⫽ 5.44, P ⬍ 0.02), reﬂecting a positive
association of sleep disturbance with pain (Table 2). However, when step 2 was repeated using the 3 types of insomnia, the effect was not signiﬁcant (⌬ F[3,354] ⫽ 1.73).
For disability, a signiﬁcant step 1 equation (adjusted R2 ⫽
0.388, F[5,360] ⫽ 47.28, P ⬍ 0.001) was driven by sex,
education, and objective and subjective health. Sleep disturbance did not increase the explained variance (⌬ F ⬍ 1).
Depressive symptoms were signiﬁcantly predicted by
sex, education, and subjective health and marginally by
race (F[5,360] ⫽ 8.68, P ⬍ 0.001). Sleep disturbance signiﬁcantly improved prediction of depression (⌬ F[1,359] ⫽
17.71, P ⬍ 0.001). Here, reanalysis using the 3 types of
insomnia yielded a signiﬁcant effect (⌬ F[3,354] ⫽ 4.18,

Table 2. Pain, disability, and depressive symptoms as a function of demographic characteristics, health status,
and sleep disturbance*
Pain

Demographics
Sex
Race
Education
Health status
Health conditions
Perceived health
Sleep disturbance

Disability

Depressive symptoms

r

␤

95% CI

r

␤

95% CI

r

␤

95% CI

0.153
⫺0.018
–0.154

0.195†
0.056
⫺0.073

0.101, 0.289
⫺0.039, 0.151
⫺0.169, 0.023

0.173
0.135
⫺0.201

0.198†
0.026
⫺0.096‡

0.116, 0.279
⫺0.057, 0.108
⫺0.179, ⫺0.013

0.099
⫺0.047
⫺0.145

0.114‡
⫺0.083§
⫺0.095§

0.018, 0.209
0.180, 0.013
⫺0.193, 0.002

0.185
0.373
0.182

⫺0.028
0.375†
0.112‡

0.136, 0.080
0.266, 0.484
0.018, 0.206

0.443
0.557
0.106

0.207†
0.463†
⫺0.015

0.114, 0.301
0.368, 0.557
⫺0.098, 0.067

0.214
0.313
0.271

0.057
0.259†
0.206†

⫺0.052, 0.165
0.149, 0.370
0.110, 0.302

* All coefﬁcients represent the ﬁnal step of the hierarchical regression model. The coefﬁcients reported as “r” are Pearson’s product-moment
coefﬁcients. Beta values are standardized coefﬁcients. For pain, adjusted R2 ⫽ 0.188, F[6,359] ⫽ 15.10, P ⬍ 0.001; for disability, adjusted R2 ⫽ 0.397,
F[6,359] ⫽ 39.33, P ⬍ 0.001; for depressive symptoms, adjusted R2 ⫽ 0.164, F[6,359] ⫽ 1.2.95 P ⬍ 0.001. 95% CI ⫽ 95% conﬁdence interval.
† P ⬍ 0.001.
‡ P ⬍ 0.05.
§ 0.05 ⬍ P ⬍ 0.10.
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the equation already containing sleep disturbance similarly increased the explained variance (⌬ F[1,358] ⫽ 15.56,
P ⬍ 0.001). Here, both pain (␤ ⫽ 0.207) and sleep disturbance (␤ ⫽ 0.183) were independently associated with
depression (both P ⬍ 0.001). The sleep–pain interaction
further improved prediction (⌬ F[1,357] ⫽ 5.86, P ⬍ 0.02).
To elucidate this effect, we dichotomized sleep disturbance (presence/absence of clinically signiﬁcant disturbance: 1,2 versus 3,4) and pain (median split). Means for
the interaction of these variables, adjusted for covariates,
indicated that sleep disturbance exacerbates the known
association of pain with depression (Figure 1). For the
low-pain group, sleep disturbance was unrelated to depression; but at high levels of pain, depression was greater
among those who also reported sleep problems.

Figure 1. Interactive effects of sleep disturbance and pain on
depressive symptoms.

P ⬍ 0.006), driven solely by initial insomnia (␤ ⫽ 0.106,
P ⬍ 0.04).
To explore interrelationships of sleep problems, pain,
and depression, we expanded the pain and depression
analyses, adding the other outcome (step 3) and the interaction of sleep disturbance with that outcome (step 4),
using centered cross-products as interaction terms. Thus,
for pain we added depressive symptoms at step 3, and the
depression–sleep disturbance interaction at step 4. Pain
and sleep were similarly examined, singly and interactively, as predictors of depression. Because disability was
not independently associated with sleep disturbance, it
was not examined further.
For pain, the addition of depression to the step 2 equation increased the explained variance (␤ ⫽ 0.201, P ⬍
0.001; ⌬ F[1,358] ⫽ 15.56, P ⬍ 0.001) and reduced the beta
value for sleep disturbance to nonsigniﬁcance (␤ ⫽ 0.063,
P ⬎ 0.19). The sleep– depression interaction did not improve prediction (⌬ F ⬍ 1). For depression, adding pain to

Longitudinal associations of sleep disturbance with
pain, disability, and depression. Sleep disturbance at T1
was used to predict 1-year change in pain, disability, and
depression by residualizing the T2 outcome on its T1
counterpart (step 1) before entering covariates (step 2) and
then T1 sleep disturbance (step 3) (see Table 3). When a
signiﬁcant effect of T1 sleep disturbance emerged, we then
added the other well-being indicators, e.g., for T2 pain, we
entered T1 depression and disability (step 4). For 1-year
change in pain, a signiﬁcant step 2 effect (⌬ F[5,280] ⫽
6.06, P ⬍ 001) was attributable entirely to objective health
(␤ ⫽ 0.203, P ⬍ 0.001). Adding T1 sleep disturbance did
not improve prediction (⌬ F[1,279] ⫽ 1.57, P ⬎ 0.21).
For disability, a signiﬁcant step 2 effect (⌬ F[5,280] ⫽
6.83, P ⬍ 0.001) was driven by sex (␤ ⫽ 0.088, P ⬍ 0.03),
education (␤ ⫽ ⫺0.150, P ⬍ 0.001), and objective health
(␤ ⫽ 0.109, P ⬍ 0.02); perceived health was marginal (␤ ⫽
0.087, P ⬍ 0.07). The addition of T1 sleep disturbance
increased the explained variance (␤ ⫽ 0.114, ⌬ F[1,279] ⫽
9.34, P ⬍ 0.002) (Table 3). The effect of T1 sleep disturbance remained signiﬁcant even after entry of both T1 and
T2 pain and depressive symptoms, step 5 sleep disturbance (␤ ⫽ 0.088, P ⬍ 0.02; overall F[9,277] ⫽ 61.14, P ⬍

Table 3. One-year change in pain, disability, and depressive symptoms as a function of demographic characteristics,
health status, and sleep disturbance*
Pain

Time 1 status
Demographics
Sex
Race
Education
Health status
Health conditions
Perceived health
Sleep disturbance

Disability

Depressive symptoms

r

␤

95% CI

r

␤

95% CI

r

␤

95% CI

0.664

0.603†

0.510, 0.696

0.768

0.633†

0.541, 0.724

0.682

0.611†

0.521, 0.701

0.151
0.007
⫺0.136

0.029
⫺0.048
⫺0.042

⫺0.056, 0.114
0.133, 0.037
⫺0.128, 0.044

0.005, 0.152
⫺0.109, 0.032
⫺0.216, 0.072

0.082
⫺0.022
⫺0.177

0.028
⫺0.012
⫺0.065

⫺0.055, 0.112
⫺0.096, 0.072
⫺0.149, 0.020

0.318
0.369
0.179

0.198†
0.042
0.054

0.102, 0.294
⫺0.060, 0.144
⫺0.031, 0.139

0.015, 0.182
0.017, 0.165
0.043, 0.185

0.207
0.297
0.315

0.052
0.043
0.158†

⫺0.043, 0.148
⫺0.056, 0.143
0.072, 0.243

0.216
0.079§
0.029
⫺0.038
⫺0.286 ⫺0.144‡
0.448
0.501
0.203

0.098§
0.074
0.114‡

* All coefﬁcients represent step 3 of the hierarchical regression model. The coefﬁcients reported as “r” are Pearson’s product-moment coefﬁcients. Beta
values are standardized coefﬁcients. For pain, adjusted R2 ⫽ 0.485, F[7,279] ⫽ 39.50, P ⬍ 0.001; for disability, adjusted R2 ⫽ 0.639, F[7,279] ⫽ 73.20,
P ⬍ 0.001; for depressive symptoms, adjusted R2 ⫽ 0.492, F[7,279] ⫽ 40.54, P ⬍ 0.001. 95% CI ⫽ 95% conﬁdence interval.
† P ⬍ 0.001.
‡ P ⬍ 0.005.
§ P ⬍ 0.05.
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0.001). In addition, change in disability was signiﬁcantly
associated with T1 depressive symptoms (␤ ⫽ 0.092, P ⬍
0.02) and T1 pain (␤ ⫽ 0.114, P ⬍ 0.01).
Change in depression was not signiﬁcantly associated
with T1 demographic and health covariates (⌬ F[5,280] ⫽
1.66, P ⬎ 0.14). Baseline sleep disturbance signiﬁcantly
increased the explained variance (⌬ F[1,279] ⫽ 13.01, P ⬍
0.001) (Table 3). The addition of T1 pain and disability
variables neither further improved prediction nor reduced
the effect of sleep disturbance (ﬁnal ␤ ⫽ 0.154, P ⬍ 0.001).

DISCUSSION
The data reported here illustrate the complex interrelationships among OA-related pain and disability, sleep
disturbances, and depressive symptoms. Cross-sectional
analyses revealed a signiﬁcant association of sleep disturbance with pain and depression but not functional disability. The sleep–pain relationship was wholly explained by
depressive symptoms; in contrast, depression was signiﬁcantly independently associated with both pain and sleep
problems. Furthermore, sleep disturbance exacerbated the
effects of pain on depression, such that depressive symptoms were greatest among those with both signiﬁcant sleep
problems and higher-than-average pain. In 1-year longitudinal analyses, sleep problems predicted increases in depression and disability but not pain.
Before these ﬁndings are discussed in depth, it is important to note that our sample differed from that used in
many previous studies. We purposely cast a broad net to
attract a demographically and clinically diverse sample.
Therefore, although all participants had diagnosed knee
OA, they reported a broad range of symptoms, and not all
participants had sought treatment speciﬁcally for OA.
While this may have introduced some noise into the analyses, it enhances generalizability and depicts associations
as they may occur in a broader cross-section of persons
with OA than is typical for purely clinical samples.
We should also point out some limitations of this research. Most notable is our very global and inexact measure of sleep disturbance. Use of a single, semistructured
probe did capture the nature and extent of subjective sleep
problems. However, it does not provide the rigor of standardized sleep quality measures and certainly not of objective monitoring techniques such as actigraphy and
polysomnography. Although it is heartening that even our
relatively gross measure of sleep quality produced clearly
interpretable effects, further work with more sensitive
measures is in order. This is especially important given
known discrepancies among objective and subjective measures of sleep (21).
Limitations of the sleep measure, in turn, drove our
decision to treat sleep as a predictor and not an outcome.
Existing evidence implies that the associations of sleep
with both pain (6,9,13) and depression (35,36) are bidirectional; although fewer hard data are available, it is also
likely that the 3 variables interact complexly over time.
Patterns of longitudinal associations in the current data
illustrate this complexity as well as the added role of
disability in the mix. However, both our rudimentary mea-
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surement of sleep quality and the single-followup design
preclude addressing deﬁnitively the long-range, possibly
cyclical linkages among sleep, OA-related pain and disability, and emotional well-being.
The current ﬁndings nonetheless conﬁrm the previously documented associations of sleep with depression
(20,37,38) and pain (7,13,17,20,39,40). In our sample,
however, depressive symptoms entirely accounted for the
association of sleep with pain; nor was there any association of baseline sleep disturbance with 1-year change in
pain. This contradicts current thinking about the mutual
inﬂuence of pain and sleep disturbance and adds yet another layer of complexity to the existing, conﬂicting research on long-term associations of pain and sleep. In
contrast to previous population-based studies examining
the incidence and persistence of pain (24,25), the current
analyses addressed changes in the severity of OA-related
pain. The chronic nature of OA-related pain, as well as its
close linkage with disability, is likely to shape its association with both sleep and emotional well-being beyond the
dynamics seen in the general population.
Interestingly, the current sample of older persons with
OA showed no cross-sectional association of sleep with
functional disability. However, baseline sleep disturbance
did predict functional decline over a 1-year period of time.
Furthermore, the effect of sleep problems was independent of the contributions of baseline depressive symptoms
and increased pain from T1 to T2 (assessed as the T1–T2
residual). Thus, it appears that sleep problems are a robust
risk factor for functional decline net of pain or mood. Of
course, causal mechanisms underlying this association remain unclear, and potential inﬂuences of some unmeasured third factor must be considered. One intriguing possibility on which further research is needed is fatigue,
which recent work suggests is a symptom that frequently
occurs concomitantly with both chronic pain and sleep
disturbance (20,41,42). A recent intervention conducted
with older adults with comorbid OA and insomnia
showed that short-term improvements in sleep predicted
long-term (18 months) improvements in chronic pain and
fatigue (43). Given the important role of daytime activity in
managing chronic pain, further research is needed to investigate the associations among sleep, fatigue, and pain in
OA.
Our ﬁndings also enhance understanding of the linkage
between sleep disturbance and depression among persons
with OA. Of particular interest here is the observed interaction of sleep and pain on depressive symptoms at baseline. At low levels of pain, sleep disturbance is unrelated
to mood; but when pain is more severe, sleep problems
exacerbate depression. This has important implications for
treatment, suggesting that the documented efﬁcacy of analgesic treatment of OA-related pain in reducing sleep
disturbance (44,45) may help relieve pain-related emotional distress as well. At the same time, our analyses
suggest that the effects of sleep disturbance on depression
may be independent of pain and disability, inasmuch as
only sleep was independently associated with increased
depression over time. Similarly, changes in pain and disability did not track with changes in depression. This
suggests that sleep may be an important mediator of
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known relationships among pain, disability, and depression.
This analysis sheds new light on the interrelationships
among sleep, pain, disability, and depressive symptoms
among older adults with OA. Our ﬁndings highlight the
unique role of sleep problems as immediate drivers of pain
and depression and as long-range inﬂuences on functional
disability and depressed mood. In particular, it appears
that poor sleep may interact with severe OA-related pain
to increase the risk of depression and, long range, the risk
of functional limitations. Further, depression represents
an important possible mediator of the pain–sleep linkage,
highlighting the importance of assessing and treating emotional distress in this very common chronic disorder. Future research should continue examining these linkages,
with an eye toward pinpointing speciﬁc mechanisms and,
hence, the types of clinical interventions most likely to
interrupt the cycle of OA-related distress.
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Objective. To examine the prevalence of sleep disturbances in adults with arthritis in a nationally representative sample,
mediators of sleep difﬁculties, and subgroups of individuals with arthritis at greatest risk.
Methods. Using data on US adults ages >18 years participating in the 2007 National Health Interview Survey, we
computed the prevalence of 3 measures of sleep disturbance (insomnia, excessive daytime sleepiness, and sleep duration
<6 hours) among persons with arthritis. We used logistic regression analysis to examine if the association of arthritis and
sleep disturbances was independent of sociodemographic characteristics and comorbidities, and to identify potential
mediators. We used classiﬁcation trees to identify subgroups at higher risk.
Results. The adjusted prevalence of insomnia was higher among adults with arthritis than those without arthritis (23.1%
versus 16.4%; P < 0.0001), but was similar to those with other chronic diseases. Adults with arthritis were more likely
than those without arthritis to report insomnia (unadjusted odds ratio 2.92, 95% conﬁdence interval 2.68 –3.17), but
adjustment for sociodemographic characteristics and comorbidities attenuated this association. Joint pain and limitation
due to pain mediated the association between arthritis and insomnia. Among adults with arthritis, those with depression
and anxiety were at highest risk for sleep disturbance. Results for excessive daytime sleepiness and sleep duration <6
hours were similar.
Conclusion. Sleep disturbance affects up to 10.2 million US adults with arthritis, and is mediated by joint pain and
limitation due to pain. Among individuals with arthritis, those with depression and anxiety are at greatest risk.

INTRODUCTION
Sleep disturbance is a common condition that has major
inﬂuences on quality of life, vocational performance, morbidity, and health care use (1–3). Health conditions, and
especially pain and psychological distress, are important
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contributors to sleep difﬁculties (4,5). Given the high prevalence of pain in patients with arthritis, we might anticipate that the risk of sleep disturbance would be high in
patients with arthritis. Indeed, in the few studies conducted to date, patients with arthritis were found to report
sleep disturbances more frequently than those without
arthritis (6 –10). However, most of these studies were
small, used different methods to assess sleep disturbance,
or focused mainly on patients with inﬂammatory arthritis
and especially rheumatoid arthritis (RA). Because inﬂammatory arthritis affects only a minority of the population,
and may have different effects on sleep than noninﬂammatory arthritis, these studies do not inform us about the
extent of sleep disturbances in most individuals with arthritis in the general population.
With the exception of a study using the 2000/2001 Canadian Community Health Survey (11), which reported an
increased prevalence of sleep difﬁculties in adults with
arthritis, no information about how arthritis may affect
sleep quality in the general population has been published. In addition, it is not known if the prevalence of
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Study sample. Among the 29,266 households sampled,
29,875 adults ages ⱖ18 years were eligible for interview.
Blacks, Hispanics, and Asians were oversampled, as were
adults ages ⱖ65 years. Of those eligible in the sample adult
core, 23,393 adults were interviewed, yielding a conditional response rate of 78.3% and a ﬁnal response rate of
67.8% (13). We excluded persons with self-reported physician-diagnosed ﬁbromyalgia (n ⫽ 259) because ﬁbromyalgia is a generalized pain syndrome rather than arthritis,
and including persons with ﬁbromyalgia may have resulted in an overestimation of sleep disturbance in persons
with arthritis, given its strong association with sleep abnormalities (14). The ﬁnal sample consisted of 23,134
adults.

Arthritis and other independent variables. Arthritis,
along with the other health conditions assessed in the
NHIS, was based on the participants’ self-report of having
ever been told by a doctor that they have the condition.
Self-reports of arthritis have been reported to have sufﬁcient validity for surveillance purposes (17).
Included as sociodemographic characteristics were age,
sex, race/ethnicity, education, employment status, and
marital status. Age was grouped into 7 levels: 18 –29, 30 –
39, 40 – 49, 50 –59, 60 – 69, 70 –79, and ⱖ80 years. Selfreported race/ethnicity consisted of non-Hispanic white,
non-Hispanic black, Hispanic, non-Hispanic Asian, and
non-Hispanic other race. Education was represented as the
highest level of school completed: less than high school
diploma, high school diploma, some college without degree, or college degree or higher. Employment status was
categorized as currently working, retired, formerly
worked, or never worked. Marital status was represented
as married or living with a partner, widowed, divorced or
separated, or never married.
Health behaviors were represented by smoking status
(current, former, or never smoker) and alcohol use (current, former, or never drinker). Self-reported exercise
(which we expressed as total minutes per week of vigorous
or light to moderate leisure-time physical activity) was
weakly correlated with insomnia (r ⫽ ⫺0.03), excessive
daytime sleepiness (r ⫽ ⫺0.04), and short sleep duration
(r ⫽ ⫺0.01), and not included in the analyses. We included
as comorbid conditions hypertension, cardiac disease (coronary heart disease, myocardial infarction, or heart condition/disease), stroke, chronic obstructive pulmonary disease (COPD; chronic bronchitis or emphysema), asthma,
upper gastrointestinal (GI) tract disease (ulcer or acid reﬂux/heartburn), urinary or prostate problems, diabetes
mellitus, cancer, depression (during the past 12 months),
or anxiety (during the past 12 months) because they have
been reported to be associated with sleep disturbance
(18,19). Body mass index (BMI) was categorized according
to the World Health Organization classiﬁcation of underweight, normal weight, overweight, and obese: ⬍18.5,
18.5–24.9, 25.0 –29.9, and ⱖ30.0 kg/m2, respectively (20).
We also included two variables denoting arthritis symptoms: joint symptoms (presence of pain, aching, or stiffness in or around a joint during the past 30 days) and
current physical limitations due to joint symptoms. Joint
symptoms hereafter are termed “joint pain,” and current
physical limitations due to joint symptoms are termed
“limitations due to joint pain.”

Dependent variables. Sleep disturbance was assessed
by the following 3 questions: 1) “During the past 12
months, have you regularly had insomnia or trouble sleeping?” 2) “During the past 12 months, have you regularly
had excessive sleepiness during the day?” and 3) “On
average, how many hours of sleep do you get in a 24-hour
period?” Insomnia and excessive daytime sleepiness were
coded as present or absent, while sleep duration was categorized as either ⬍6 hours or ⱖ6 hours. Less than 6 hours
of sleep was chosen as the outcome because it is associated
with increased morbidity and mortality (15,16).

Statistical analysis. All of the analyses used sampling
weights and procedures to account for the multistage clustered sample design of the NHIS. Since 2003, weights for
the NHIS to generate national estimates are based on the
2000 Census projected population for each year. For 2007,
the civilian, noninstitutionalized population of adults ages
ⱖ18 years was estimated to be 223,181,000 (13). We used
unpaired t-tests to compare continuous variables by arthritis status, and used the chi-square statistic to compare
categorical variables. Crude and age-, sex-, race-, and disease-adjusted prevalences of the 3 types of sleep distur-

sleep disturbance among adults with arthritis differs from
that of persons with other chronic diseases, and if the risk
of sleep disturbances varies among subgroups of individuals with arthritis. To address these questions, we used
data from the National Health Interview Survey (NHIS) for
2007, which is the largest US survey that included questions about both sleep disturbances and arthritis. The measures of sleep disturbance examined included insomnia,
short sleep duration (less than 6 hours per night), and
excessive daytime sleepiness.
The goals of this study were to examine the prevalence
of these 3 sleep disturbances in adults with arthritis in a
nationally representative sample and to compare these
prevalences with those of persons with other chronic diseases, to evaluate if the associations between arthritis and
sleep disturbances are independent of sociodemographic
characteristics and other chronic health conditions, to examine mediators of the association between arthritis and
sleep difﬁculties, and to identify subgroups of adults with
arthritis most at risk for sleep disturbances.

MATERIALS AND METHODS
Data source. We used data from the 2007 NHIS, a national population-based survey of the health of civilian,
noninstitutionalized US residents (12). Interviews were
conducted in person in English and Spanish. In the family
core component, information was collected on sociodemographic characteristics, health status, and conditions for
all members of the household. In the sample adult core
component, one adult household member was randomly
selected to provide more detailed personal health information.
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bance were estimated for persons with arthritis. Prevalences were standardized to the age, sex, and race
distribution of the overall study population. Prevalences
of sleep disturbance for persons with arthritis were also
disease adjusted, taking into consideration the comorbid
conditions assessed in the logistic regression models. To
determine if the adjusted prevalences among persons with
arthritis differed from those of persons with other chronic
diseases, we also computed adjusted prevalences for persons with diabetes mellitus, asthma, hypertension, cardiac
disease, and upper GI tract disease.
We used logistic regression models to test the association between arthritis (independent variable) and the presence of sleep disturbance (insomnia, excessive daytime
sleepiness, and short sleep duration as separate dependent
variables). In the ﬁrst model, we assessed the association
of arthritis and insomnia in a univariate analysis. To test if
this association was independent of other factors, we initially adjusted for sociodemographic characteristics and
health behaviors (age, sex, race/ethnicity, marital status,
education, employment status, smoking status, and alcohol status) in the second model. In the third model, we
added comorbid conditions (BMI, hypertension, cardiac
disease, stroke, COPD, asthma, upper GI tract disease,
urinary/prostate problems, diabetes mellitus, cancer, depression, and anxiety). In the fourth model, we additionally adjusted for joint pain and limitations due to joint
pain. We repeated this analysis for the other two measures
of sleep disturbance (excessive daytime sleepiness and
sleep duration ⬍6 hours). Odds ratios (ORs) and 95%
conﬁdence intervals (95% CIs) were computed for each of
the covariates in the regression models. All of the analyses
were 2-tailed, with a signiﬁcance level set at P values less
than or equal to 0.05. SAS, version 9.2 (SAS Institute), was
used for the analyses.
We used classiﬁcation tree analysis, a recursive partitioning statistical technique, to identify subgroups of individuals with arthritis at highest and lowest risk for sleep
disturbances (21). This procedure iteratively tests independent variables to identify subgroups that are increasingly pure with respect to the outcome (e.g., insomnia).
The independent variables tested were sociodemographic
characteristics and comorbid conditions, as were used in
the regression analyses. R, version 2.11.0, was used for the
analysis.

RESULTS
Characteristics of the sample. The mean ⫾ SEM age of
the sample was 45.7 ⫾ 0.2 years (range 18 – 85 years), with
the age group of 18 –29 years comprising the largest proportion (22.3%) (Table 1). The sample included more
women (51.2%), non-Hispanic whites (69.1%), and those
who had attended at least some college (55.4%).
In the sample of 23,134 persons ages ⱖ18 years, 19.9%
(representing 44.3 million civilian, noninstitutionalized
US adults) reported having physician-diagnosed arthritis.
Persons with arthritis were older than those without arthritis (mean ⫾ SEM age 59.6 ⫾ 0.3 years versus 42.2 ⫾ 0.2
years; P ⬍ 0.0001); were more likely women (58.0% versus
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49.5%), non-Hispanic white (79.1% versus 66.7%), overweight or obese (71.8% versus 58.7%), and current or
former smokers (52.8% versus 38.3%); had a comorbid
condition such as hypertension (53.7% versus 20.3%); had
joint pain (69.8% versus 16.3%); and had limitations due
to joint pain (42.8% versus 3.7%).
Prevalence of sleep disturbance in arthritis and other
chronic health conditions. Crude prevalences of sleep
disturbance were higher among persons with arthritis than
those without arthritis for insomnia (32.1% versus 13.9%;
P ⬍ 0.0001), excessive daytime sleepiness (17.5% versus
7.9%), and sleep duration ⬍6 hours (10.7% versus 6.3%).
Among persons with arthritis reporting insomnia, 35.6%
reported also having excessive daytime sleepiness, 21.0%
reported also having sleep duration ⬍6 hours, and 8.0%
reported having all 3 types of sleep disturbance.
Age-, sex-, race-, and disease-adjusted prevalences of
sleep disturbance among adults with arthritis were 23.1%
(10.2 million) for insomnia, 11.0% (4.9 million) for excessive daytime sleepiness, and 7.3% (3.5 million) for sleep
duration ⬍6 hours. Adjusted prevalences of sleep disturbance in persons with other health conditions such as
diabetes mellitus and cardiac disease were generally similar to those of persons with arthritis (Figure 1).
Association of arthritis and sleep disturbance. In univariate logistic regression analysis, persons with arthritis
were signiﬁcantly more likely to report insomnia than
persons without arthritis (unadjusted OR 2.92, 95% CI
2.68 –3.17) (Table 2). Adjustment for sociodemographic
characteristics and health behaviors attenuated the association between arthritis and insomnia. Adjustment for comorbid conditions further attenuated this association, but
arthritis remained associated with insomnia (adjusted OR
1.53, 95% CI 1.36 –1.71). In the ﬁnal model, addition of the
covariates joint pain and limitation due to joint pain attenuated the association between arthritis and insomnia,
such that the association was no longer signiﬁcant (adjusted OR 1.06, 95% CI 0.93–1.21). Persons with joint pain
were more likely than those without joint pain to report
insomnia, and persons with limitations due to joint pain
were more likely than those without limitations due to
joint pain to report insomnia. These ﬁndings suggest that
joint pain largely mediates the association between arthritis and insomnia.
In addition to joint pain and limitations due to joint
pain, insomnia was associated with increasing age, attaining a peak among persons ages 40 – 49 years. Women were
more likely than men to report insomnia, and non-Hispanic blacks were less likely than non-Hispanic whites to
report insomnia. Persons who were either divorced/separated or never married were more likely than those who
were married to report insomnia. The likelihood of reporting insomnia was inversely associated with education
level. Current cigarette smoking, current alcohol use, and
former alcohol use were signiﬁcantly associated with insomnia. Among the comorbid conditions, depression and
anxiety were most strongly associated with insomnia (adjusted OR 2.94, 95% CI 2.55–3.39 and adjusted OR 2.90,
95% CI 2.51–3.36, respectively).
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Table 1. Characteristics of adult participants in the 2007 National Health Interview Survey*

Insomnia, past 12 months
Present
Absent
Excessive daytime sleepiness, past 12 months
Present
Absent
Average hours of sleep in a 24-hour period
⬍6
ⱖ6
Age, years
18–29
30–39
40–49
50–59
60–69
70–79
ⱖ80
Sex
Men
Women
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian, non-Hispanic
Other, non-Hispanic
Education
No high school degree
High school degree
Attended college
College degree or higher
Employment status
Currently working
Retired
Formerly worked
Never worked
Marital status
Married or living with a partner
Widowed
Divorced or separated
Never married
Body mass index
Underweight
Normal weight
Overweight
Obese
Smoking status
Current smoker
Former smoker
Never smoker
Alcohol status
Current drinker
Former drinker
Never drinker
Hypertension
Present
Absent
Cardiac disease‡
Present
Absent

Total

Arthritis
present†

Arthritis
absent

17.6
82.4

32.1
67.9

13.9
86.1

9.8
90.2

17.5
82.5

7.9
92.1

7.1
92.9

10.7
89.3

6.3
93.7

22.3
18.0
19.7
16.9
11.8
7.0
4.3

3.3
6.9
15.4
22.1
23.7
17.3
11.1

27.0
20.8
20.8
15.5
8.9
4.4
2.6

48.8
51.2

42.0
58.0

50.5
49.5

69.1
11.8
13.5
4.7
0.9

79.1
10.5
7.4
1.9
1.1

66.7
12.1
15.0
5.3
0.9

15.7
28.9
28.4
27.0

19.7
31.5
26.7
22.1

14.7
28.3
28.8
28.2

62.3
14.9
12.9
9.9

41.2
34.0
19.7
5.1

67.6
10.1
11.2
11.1

62.4
6.3
10.7
20.6

64.6
15.1
13.6
6.7

61.8
4.1
10.0
24.1

1.9
36.9
35.3
25.9

1.2
27.0
34.9
36.9

2.0
39.3
35.5
23.2

19.6
21.5
58.9

18.6
34.2
47.2

19.9
18.4
61.7

61.6
14.6
23.8

54.1
24.0
21.9

63.5
12.3
24.2

27.0
73.0

53.7
46.3

20.3
79.7

10.6
89.4

23.0
77.0

7.5
92.5
(continued)
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Table 1. (Cont’d)

Stroke
Present
Absent
COPD§
Present
Absent
Asthma
Present
Absent
Upper GI tract disease¶
Present
Absent
Urinary/prostate problems
Present
Absent
Diabetes mellitus
Present
Absent
Cancer
Present
Absent
Depression, past 12 months
Present
Absent
Anxiety, past 12 months
Present
Absent
Symptoms of joint pain, aching, stiffness in past 30 days
Present
Absent
Limited currently due to arthritis or joint symptoms
Present
Absent

Total

Arthritis
present†

Arthritis
absent

2.4
97.6

6.9
93.1

1.3
98.7

4.4
95.6

11.1
88.9

2.8
97.2

10.8
89.2

16.0
84.0

9.5
90.5

24.3
75.7

42.6
57.4

19.7
80.3

11.2
88.8

24.4
75.6

7.9
92.1

7.6
92.4

15.8
84.2

5.6
94.4

7.3
92.7

14.9
85.1

5.4
94.6

10.4
89.6

19.0
81.0

8.2
91.8

10.5
89.5

18.3
81.7

8.5
91.5

26.9
73.1

69.8
30.2

16.3
83.7

11.5
88.5

42.8
57.2

3.7
96.3

* Values are the percentage and may not sum to 100 due to rounding. COPD ⫽ chronic obstructive pulmonary disease; GI ⫽ gastrointestinal.
† Comparison of all variables between participants with arthritis and those without arthritis had a P value of ⬍0.0001.
‡ Coronary heart disease, myocardial infarction, or heart condition/disease.
§ Emphysema or chronic bronchitis.
¶ Ulcer or acid reﬂux/heartburn.

Similar associations were present between arthritis and
excessive daytime sleepiness (Table 3). In univariate analysis, arthritis was strongly associated with excessive daytime sleepiness, and this association was attenuated but
remained signiﬁcant after adjustment for sociodemographic characteristics, health behaviors, and comorbid
conditions. However, adjustment for joint pain and limitation due to joint pain resulted in a nonsigniﬁcant association between arthritis and excessive daytime sleepiness. Depression, anxiety, joint pain, and limitation due to
joint pain were all strongly associated with excessive daytime sleepiness.
Associations between arthritis and sleep duration ⬍6
hours were also closely similar to those for insomnia and
excessive daytime sleepiness (Table 4). In univariate regression analysis, arthritis was signiﬁcantly associated
with a short sleep duration, but was no longer signiﬁcantly
associated after adjustment for joint pain and limitation
due to joint pain in the ﬁnal model. Depression and anx-

iety were again associated with risk of short sleep duration.
Subgroups of persons with arthritis at high risk for
sleep disturbance. Among persons with arthritis, the
prevalence of insomnia varied most by the presence or
absence of depression, anxiety, employment status, upper
GI tract disease, limitation due to joint pain, and smoking
status in the classiﬁcation tree analysis (Figure 2A).
Among persons with both depression and anxiety and who
formerly worked or never worked, 80.1% reported insomnia. Persons with depression, without anxiety, with limitation due to joint pain, and currently smoking also had a
high prevalence of insomnia (76.8%). In contrast, the subgroup without depression had a much lower prevalence of
insomnia (24.9%).
For excessive daytime sleepiness, depression, anxiety,
and upper GI tract disease were most predictive of sleep
disturbance (Figure 2B). The subgroup with the highest
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Figure 1. Age-, sex-, race-, and disease-adjusted prevalences of sleep disturbances in persons with arthritis compared with other chronic health conditions
in the 2007 National Health Interview Survey. Bars show the SEM. Cardiac ⫽
coronary heart disease, myocardial infarction, or heart condition/disease; GI ⫽
gastrointestinal; upper GI ⫽ ulcer or acid reﬂux/heartburn.

risk was persons with both depression and upper GI tract
disease (48.1%).
Only depression was found to differentiate subgroups
with different prevalences of sleep duration ⬍6 hours.
Approximately 20% of persons with depression reported a
sleep duration ⬍6 hours, compared to 8.5% of those without depression.

DISCUSSION
In this study, 1 in 5 participants, representing 44.3 million
civilian, noninstitutionalized US adults, has arthritis diagnosed by a doctor, and by 2030, the number of people
affected is projected to increase by 40% (22). Arthritis may
substantially reduce the quality of sleep with multiple
consequences. Our study of a recent nationally representative sample demonstrated that adults with arthritis have
a higher prevalence of sleep disturbances than individuals
without arthritis, with insomnia affecting 10.2 million
adults with arthritis. Joint pain and physical limitation
due to pain were identiﬁed as important mediators, indicating that the presence of symptoms was a more important correlate of sleep disturbance than the diagnostic label
of arthritis.
Our results are consistent with previous studies that
reported that sleep disturbances are prevalent among patients with arthritis (6 –11,23). Most studies included
small samples and were focused on inﬂammatory arthritis,
which represents a small proportion of the population
with arthritis. Studies of patients with osteoarthritis
showed that sleep problems were also common among
these patients and correlated with pain, poor physical
functioning, depression, or less social support (24,25). In

the Johnston County Osteoarthritis project, patients with
hip or knee osteoarthritis were 3 times more likely to
report sleep problems than people without osteoarthritis
(26). We used an epidemiologic approach to extend these
observations to the national population level. Because our
survey-based sample was representative of the US population, the majority of participants with arthritis in our
study likely had noninﬂammatory arthritis (19,27). A signiﬁcant association was found between arthritis and all 3
types of sleep disturbance.
Several sociodemographic characteristics and health behaviors were independently associated with sleep disturbance, including age, female sex, white race, less social
support (divorced or never married), lower education
level, employment status (formerly or never worked), current smoking, and alcohol use. In addition, chronic diseases such as hypertension, heart and lung disease, and
upper GI problems were associated with one or more sleep
quality problems. These ﬁndings are consistent with other
epidemiologic studies on representative communitydwelling populations, which also reported that sleep disturbances are more common in women, older people, and
persons of lower socioeconomic status (11,28,29). Furthermore, previous studies have reported that patients with
COPD or cardiovascular or cerebrovascular diseases have
an increased risk of sleep disorders (19,30). We examined
not only the relative odds of sleep disturbances associated
with comorbid conditions, but also adjusted prevalences
of sleep disturbances in adults with chronic diseases other
than arthritis. These adjusted prevalences were generally
similar to those of persons with arthritis, indicating that
although arthritis is associated with an increased risk of
sleep disturbances relative to those without arthritis (in-
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Table 2. Association between arthritis and the presence of insomnia during the past 12 months among adults participating in
the 2007 National Health Interview Survey using logistic regression models*

Arthritis
Absent
Present
Age, years
18–29
30–39
40–49
50–59
60–69
70–79
ⱖ80
Sex
Men
Women
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian, non-Hispanic
Other, non-Hispanic
Marital status
Married or living with a partner
Widowed
Divorced or separated
Never married
Education
College degree or higher
Attended college
High school degree
No high school degree
Employment status
Currently working
Retired
Formerly worked
Never worked
Smoking status
Never smoker
Former smoker
Current smoker
Alcohol status
Never drinker
Former drinker
Current drinker
Body mass index
Normal weight
Underweight
Overweight
Obese
Hypertension
Absent
Present
Cardiac disease
Absent
Present
Stroke
Absent
Present
COPD
Absent
Present

Model 1,
OR (95% CI)†

Model 2,
OR (95% CI)‡

Model 3,
OR (95% CI)§

Model 4,
OR (95% CI)¶

1.00
2.92 (2.68–3.17)

1.00
2.27 (2.06–2.50)

1.00
1.53 (1.36–1.71)

1.00
1.06 (0.93–1.21)

1.00
1.35 (1.13–1.61)
1.45 (1.21–1.74)
1.48 (1.24–1.78)
1.11 (0.90–1.36)
1.23 (0.94–1.59)
1.37 (1.02–1.85)

1.00
1.35 (1.11–1.63)
1.40 (1.15–1.71)
1.36 (1.11–1.66)
1.01 (0.80–1.28)
1.06 (0.79–1.43)
1.14 (0.79–1.62)

1.00
1.29 (1.07–1.56)
1.30 (1.07–1.58)
1.22 (1.00–1.49)
0.92 (0.73–1.17)
0.97 (0.72–1.30)
1.02 (0.71–1.48)

1.00
1.40 (1.27–1.54)

1.00
1.26 (1.13–1.41)

1.00
1.26 (1.12–1.41)

1.00
0.75 (0.65–0.86)
0.92 (0.80–1.06)
0.73 (0.58–0.92)
1.17 (0.78–1.76)

1.00
0.82 (0.71–0.96)
0.98 (0.83–1.14)
0.83 (0.63–1.10)
1.13 (0.75–1.70)

1.00
0.82 (0.71–0.96)
1.00 (0.86–1.17)
0.84 (0.64–1.11)
1.08 (0.70–1.66)

1.00
1.13 (0.96–1.34)
1.60 (1.43–1.79)
1.36 (1.19–1.55)

1.00
1.07 (0.89–1.29)
1.35 (1.18–1.54)
1.33 (1.15–1.55)

1.00
1.05 (0.87–1.28)
1.33 (1.16–1.52)
1.32 (1.13–1.53)

1.00
1.50 (1.33–1.70)
1.24 (1.10–1.40)
1.32 (1.12–1.54)

1.00
1.39 (1.23–1.57)
1.13 (0.99–1.29)
1.12 (0.93–1.34)

1.00
1.35 (1.19–1.53)
1.13 (0.99–1.28)
1.09 (0.91–1.31)

1.00
1.53 (1.30–1.82)
2.56 (2.26–2.89)
1.30 (1.11–1.51)

1.00
1.38 (1.14–1.67)
1.52 (1.31–1.77)
1.12 (0.95–1.33)

1.00
1.38 (1.14–1.68)
1.45 (1.25–1.69)
1.13 (0.95–1.33)

1.00
1.28 (1.14–1.43)
1.60 (1.42–1.79)

1.00
1.09 (0.96–1.24)
1.24 (1.08–1.42)

1.00
1.09 (0.96–1.25)
1.22 (1.06–1.39)

1.00
1.37 (1.19–1.58)
1.40 (1.23–1.58)

1.00
1.21 (1.03–1.42)
1.39 (1.22–1.59)

1.00
1.18 (1.01–1.39)
1.37 (1.20–1.57)

1.00
0.83 (0.56–1.23)
0.96 (0.85–1.09)
1.04 (0.92–1.18)

1.00
0.82 (0.55–1.21)
0.95 (0.84–1.08)
1.00 (0.88–1.13)

1.00
1.26 (1.12–1.41)

1.00
1.24 (1.11–1.39)

1.00
1.37 (1.18–1.59)

1.00
1.34 (1.15–1.56)

1.00
1.06 (0.81–1.40)

1.00
1.00 (0.76–1.31)

1.00
1.28 (1.05–1.57)

1.00
1.26 (1.04–1.54)
(continued)
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Table 2. (Cont’d)
Model 1,
OR (95% CI)†
Asthma
Absent
Present
Upper GI tract disease
Absent
Present
Urinary/prostate problems
Absent
Present
Diabetes mellitus
Absent
Present
Cancer
Absent
Present
Depression, past 12 months
Absent
Present
Anxiety, past 12 months
Absent
Present
Joint pain, past 30 days
Absent
Present
Limitations due to joint pain
Absent
Present

Model 2,
OR (95% CI)‡

Model 3,
OR (95% CI)§

Model 4,
OR (95% CI)¶

1.00
1.39 (1.20–1.61)

1.00
1.37 (1.19–1.59)

1.00
1.97 (1.75–2.22)

1.00
1.85 (1.64–2.09)

1.00
1.45 (1.27–1.66)

1.00
1.37 (1.20–1.56)

1.00
1.16 (0.97–1.38)

1.00
1.13 (0.94–1.35)

1.00
1.40 (1.20–1.64)

1.00
1.41 (1.20–1.66)

1.00
3.07 (2.67–3.53)

1.00
2.94 (2.55–3.39)

1.00
3.09 (2.67–3.58)

1.00
2.90 (2.51–3.36)
1.00
1.80 (1.59–2.04)
1.00
1.45 (1.22–1.72)

* OR ⫽ odds ratio; 95% CI ⫽ 95% conﬁdence interval; COPD ⫽ chronic obstructive pulmonary disease; GI ⫽ gastrointestinal.
† Arthritis status as the sole independent variable.
‡ Model 1, adjusted for sociodemographic variables and health behaviors.
§ Model 2, adjusted for comorbid conditions.
¶ Model 3, adjusted for joint pain and limitations due to joint pain.

cluding those with no chronic diseases), many chronic
diseases are associated with an increased risk of sleep
disturbances. This comparison places the arthritis associations in context and provides a clearer understanding of
the role of chronic diseases in sleep disturbances.
Depression and anxiety were strongly associated with
sleep disturbances. Adults with depression or anxiety
were 3 times more likely to report sleep problems than
those without depression or anxiety. Similar associations
of mood disorders with sleep quality have been previously
demonstrated in patients with inﬂammatory arthritis or
osteoarthritis (11,24,26,31), in patients with psychiatric
and other chronic diseases (32,33), and in the general
population (34). Although the cross-sectional nature of our
study precludes making causal inferences, a bidirectional
relationship likely exists between sleep disturbance and
depression (35,36). In addition, our study provides new
information about subgroups of adults with arthritis most
at risk for sleep problems. Depression and anxiety were the
most important factors identifying subsets of individuals
with arthritis affected with all 3 sleep disturbances.
Among adults with arthritis but without anxiety or depression, those with upper GI problems had a higher risk of
sleep difﬁculties. This ﬁnding has clinical importance,
since many medications used for arthritis pain relief can
have upper GI symptoms as adverse effects (37). Appro-

priate use of these medications may limit secondary consequences of worsening sleep.
We found that joint pain and limitation due to joint pain
were important mediators of sleep disturbance. Signiﬁcant
associations between sleep disturbance and pain or limitation due to pain have been described in inﬂammatory
arthritis or osteoarthritis (7–11), as well as in patients with
chronic pain but without arthritis (38,39). A recent survey
demonstrated that sleep disturbance in patients with RA
was linked to pain, mood, and disease activity (8). The
2000/2001 Canadian Community Health Survey reported
that a substantial amount of the relationship between arthritis and sleep problems was mediated by pain (11). In
addition, pain was a signiﬁcant predictor of insomnia in a
large survey of the Canadian population (40). Pain can
disrupt sleep, and poor sleep may increase pain intensity
(41). Elevation of plasma proinﬂammatory cytokine levels,
especially tumor necrosis factor ␣ (TNF␣) and interleukin-6, has been detected in patients with disorders of
excessive daytime sleepiness (42). Sleep problems have
received increased attention with the recent observation
that anti-TNF␣ treatment may improve sleep and alertness
disturbances (43). This increased attention is manifested
by inclusion of measures of sleep quality as outcome measures in clinical trials of patients with arthritis (44).
The causes of sleep difﬁculties in patients with arthritis
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Table 3. Association between arthritis and presence of excessive daytime sleepiness during the past 12 months among adults
participating in the 2007 National Health Interview Survey using logistic regression models*

Arthritis
Absent
Present
Age, years
18–29
30–39
40–49
50–59
60–69
70–79
ⱖ80
Sex
Men
Women
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian, non-Hispanic
Other, non-Hispanic
Marital status
Married or living with a partner
Widowed
Divorced or separated
Never married
Education
College degree or higher
Attended college
High school degree
No high school degree
Employment status
Currently working
Retired
Formerly worked
Never worked
Smoking status
Never smoker
Former smoker
Current smoker
Alcohol status
Never drinker
Former drinker
Current drinker
Body mass index
Normal weight
Underweight
Overweight
Obese
Hypertension
Absent
Present
Cardiac disease
Absent
Present
Stroke
Absent
Present
COPD
Absent
Present

Model 1,
OR (95% CI)†

Model 2,
OR (95% CI)‡

Model 3,
OR (95% CI)§

Model 4,
OR (95% CI)¶

1.00
2.48 (2.23–2.76)

1.00
2.18 (1.90–2.50)

1.00
1.37 (1.16–1.61)

1.00
0.96 (0.80–1.16)

1.00
0.94 (0.78–1.14)
0.79 (0.64–0.97)
0.69 (0.56–0.86)
0.53 (0.42–0.69)
0.64 (0.47–0.89)
0.96 (0.67–1.36)

1.00
0.89 (0.73–1.09)
0.68 (0.54–0.85)
0.55 (0.43–0.71)
0.44 (0.33–0.59)
0.53 (0.37–0.76)
0.80 (0.52–1.23)

1.00
0.85 (0.70–1.03)
0.62 (0.50–0.78)
0.49 (0.38–0.63)
0.40 (0.29–0.53)
0.49 (0.33–0.71)
0.73 (0.47–1.13)

1.00
1.23 (1.09–1.39)

1.00
1.06 (0.92–1.21)

1.00
1.05 (0.91–1.21)

1.00
0.76 (0.64–0.91)
0.85 (0.72–1.00)
0.86 (0.64–1.14)
1.11 (0.56–2.19)

1.00
0.81 (0.67–0.98)
0.86 (0.72–1.03)
0.98 (0.71–1.34)
0.94 (0.49–1.79)

1.00
0.81 (0.67–0.98)
0.88 (0.73–1.05)
0.99 (0.71–1.37)
0.89 (0.45–1.75)

1.00
0.86 (0.70–1.07)
1.28 (1.09–1.50)
1.10 (0.94–1.29)

1.00
0.79 (0.63–1.00)
1.05 (0.88–1.25)
1.06 (0.89–1.26)

1.00
0.78 (0.61–0.98)
1.01 (0.85–1.21)
1.04 (0.88–1.24)

1.00
1.61 (1.37–1.90)
1.51 (1.27–1.79)
1.76 (1.44–2.14)

1.00
1.42 (1.20–1.68)
1.29 (1.08–1.54)
1.45 (1.17–1.81)

1.00
1.37 (1.15–1.63)
1.29 (1.08–1.54)
1.43 (1.15–1.78)

1.00
1.51 (1.20–1.89)
2.83 (2.47–3.23)
1.45 (1.20–1.76)

1.00
1.26 (0.96–1.64)
1.54 (1.31–1.81)
1.16 (0.93–1.44)

1.00
1.24 (0.95–1.62)
1.47 (1.25–1.74)
1.16 (0.94–1.44)

1.00
1.41 (1.21–1.63)
1.47 (1.28–1.69)

1.00
1.19 (1.01–1.40)
1.11 (0.94–1.30)

1.00
1.19 (1.01–1.41)
1.09 (0.93–1.28)

1.00
1.54 (1.29–1.83)
1.21 (1.05–1.40)

1.00
1.34 (1.10–1.63)
1.17 (1.00–1.36)

1.00
1.31 (1.07–1.60)
1.14 (0.98–1.34)

1.00
1.26 (0.81–1.95)
1.03 (0.88–1.20)
1.34 (1.10–1.63)

1.00
1.25 (0.81–1.93)
1.01 (0.86–1.18)
1.29 (1.09–1.52)

1.00
1.18 (1.02–1.37)

1.00
1.16 (1.00–1.35)

1.00
1.27 (1.08–1.49)

1.00
1.24 (1.05–1.46)

1.00
1.41 (1.00–1.98)

1.00
1.34 (0.95–1.90)

1.00
1.26 (1.01–1.59)

1.00
1.25 (0.99–1.57)
(continued)
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Table 3. (Cont’d)
Model 1,
OR (95% CI)†
Asthma
Absent
Present
Upper GI tract disease
Absent
Present
Urinary/prostate problems
Absent
Present
Diabetes mellitus
Absent
Present
Cancer
Absent
Present
Depression, past 12 months
Absent
Present
Anxiety, past 12 months
Absent
Present
Joint pain, past 30 days
Absent
Present
Limitations due to joint pain
Absent
Present

Model 2,
OR (95% CI)‡

Model 3,
OR (95% CI)§

Model 4,
OR (95% CI)¶

1.00
1.22 (1.03–1.44)

1.00
1.20 (1.01–1.42)

1.00
1.78 (1.55–2.05)

1.00
1.68 (1.46–1.94)

1.00
1.69 (1.44–1.98)

1.00
1.59 (1.36–1.87)

1.00
1.53 (1.26–1.85)

1.00
1.49 (1.22–1.82)

1.00
0.98 (0.80–1.21)

1.00
0.99 (0.81–1.22)

1.00
3.31 (2.74–3.98)

1.00
3.17 (2.63–3.82)

1.00
2.44 (2.04–2.92)

1.00
2.29 (1.91–2.75)
1.00
1.78 (1.53–2.07)
1.00
1.39 (1.16–1.66)

* OR ⫽ odds ratio; 95% CI ⫽ 95% conﬁdence interval; COPD ⫽ chronic obstructive pulmonary disease; GI ⫽ gastrointestinal.
† Arthritis status as the sole independent variable.
‡ Model 1, adjusted for sociodemographic variables and health behaviors.
§ Model 2, adjusted for comorbid conditions.
¶ Model 3, adjusted for joint pain and limitations due to joint pain.

are likely multifactorial, and treatment may require a multidisciplinary approach. However, only 30% of older
Americans with sleep disturbance seek medical care for
this problem, relying instead on various self-care strategies
(3,45). Patients with arthritis should be encouraged to
report sleep quality problems. In the 2005 Sleep in America Poll, only 29% of participants had ever been asked by
their doctors about their sleep problems (12,46). Treatment, including cognitive– behavioral therapy, exercise, or
complementary methods, may improve both joint pain and
sleep quality (47,48).
The strengths of this study include the large nationally
representative sample, with a response rate of 78%. We
examined 3 different sleep disturbances to have a broad
representation of sleep problems. In contrast to other studies where the cause of pain was not described, we included data focused on joint pain, as well as limitations
due to joint pain. We also provided new information about
the prevalence of sleep disturbances in persons with arthritis in comparison to those with other chronic diseases,
and identiﬁed subgroups of individuals with arthritis most
at risk for sleep disturbances. There are some limitations
in this study. The assessment of sleep disturbances was
based on symptoms, rather than using methods such as
polysomnography, because diaries or questionnaires are
the only feasible way to assess sleep quality in large na-

tional samples. Survey data did not allow us to classify
insomnia using diagnostic criteria (49,50). Data were also
not available to evaluate the duration or severity of insomnia or to differentiate primary and secondary causes of
insomnia. Reports of sleep duration may not be accurate,
but differential reporting would not be expected between
persons with and without arthritis. Data on physiciandiagnosed arthritis were also self-reported, but self-reports
have been validated previously for surveillance purposes
(17). Although certain medications, notably opioid analgesics, which may be used by persons with severe arthritis,
can affect sleep, information on medication use was not
included in the survey. Finally, because the study was
cross-sectional, we could not ascertain the direction of
causality between sleep difﬁculties and pain or depression.
Our results suggest that adults with arthritis are signiﬁcantly more likely to develop insomnia, excessive daytime
sleepiness, or short sleep duration than those without arthritis, and that this difference is mainly related to joint pain and
limitation due to pain. These ﬁndings suggest that improvement in joint pain may decrease sleep problems. Among
individuals with arthritis, those with anxiety and depression
are mostly affected by sleep disturbances. Physicians and
other health care providers should be aware of these often
neglected symptoms. Patients with arthritis, especially
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Table 4. Association between arthritis and <6 hours of sleep in a 24-hour period among adults participating in the 2007
National Health Interview Survey using logistic regression models*

Arthritis
Absent
Present
Age, years
18–29
30–39
40–49
50–59
60–69
70–79
ⱖ80
Sex
Men
Women
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian, non-Hispanic
Other, non-Hispanic
Marital status
Married or living with a partner
Widowed
Divorced or separated
Never married
Education
College degree or higher
Attended college
High school degree
No high school degree
Employment status
Currently working
Retired
Formerly worked
Never worked
Smoking status
Never smoker
Former smoker
Current smoker
Alcohol status
Never drinker
Former drinker
Current drinker
Body mass index
Normal weight
Underweight
Overweight
Obese
Hypertension
Absent
Present
Cardiac disease
Absent
Present
Stroke
Absent
Present
COPD
Absent
Present

Model 1,
OR (95% CI)†

Model 2,
OR (95% CI)‡

Model 3,
OR (95% CI)§

Model 4,
OR (95% CI)¶

1.00
1.79 (1.58–2.03)

1.00
1.84 (1.60–2.12)

1.00
1.38 (1.18–1.62)

1.00
1.09 (0.91–1.29)

1.00
1.20 (0.95–1.51)
1.39 (1.11–1.74)
1.06 (0.79–1.43)
0.87 (0.64–1.18)
0.74 (0.50–1.08)
0.81 (0.53–1.24)

1.00
1.10 (0.87–1.40)
1.26 (1.01–1.57)
0.88 (0.66–1.18)
0.74 (0.54–1.03)
0.63 (0.42–0.95)
0.76 (0.50–1.15)

1.00
1.08 (0.85–1.37)
1.21 (0.97–1.51)
0.83 (0.62–1.11)
0.71 (0.51–0.98)
0.60 (0.40–0.90)
0.71 (0.46–1.08)

1.00
0.92 (0.80–1.06)

1.00
0.86 (0.74–1.01)

1.00
0.87 (0.74–1.02)

1.00
1.54 (1.30–1.82)
1.05 (0.86–1.28)
1.17 (0.87–1.57)
1.02 (0.52–2.00)

1.00
1.61 (1.35–1.93)
1.06 (0.86–1.30)
1.23 (0.90–1.69)
0.91 (0.47–1.77)

1.00
1.62 (1.35–1.93)
1.06 (0.87–1.31)
1.25 (0.91–1.71)
0.90 (0.47–1.71)

1.00
1.34 (1.06–1.71)
1.64 (1.40–1.93)
1.04 (0.86–1.27)

1.00
1.26 (0.99–1.61)
1.50 (1.26–1.79)
1.00 (0.81–1.23)

1.00
1.26 (0.98–1.61)
1.48 (1.24–1.77)
0.99 (0.81–1.22)

1.00
1.66 (1.25–2.20)
1.55 (1.16–2.06)
1.63 (1.20–2.21)

1.00
1.52 (1.14–2.02)
1.41 (1.05–1.88)
1.41 (1.04–1.92)

1.00
1.49 (1.12–1.98)
1.41 (1.06–1.88)
1.40 (1.02–1.90)

1.00
0.99 (0.77–1.28)
1.51 (1.27–1.80)
0.97 (0.77–1.22)

1.00
0.86 (0.66–1.12)
1.06 (0.87–1.29)
0.91 (0.72–1.15)

1.00
0.84 (0.64–1.10)
1.00 (0.81–1.22)
0.90 (0.71–1.13)

1.00
0.94 (0.80–1.10)
1.52 (1.29–1.78)

1.00
0.85 (0.72–1.01)
1.35 (1.14–1.59)

1.00
0.85 (0.72–1.01)
1.33 (1.13–1.58)

1.00
1.37 (1.12–1.68)
1.32 (1.12–1.56)

1.00
1.23 (0.99–1.53)
1.30 (1.09–1.56)

1.00
1.22 (0.98–1.52)
1.30 (1.09–1.56)

1.00
1.07 (0.64–1.77)
1.24 (1.05–1.46)
1.34 (1.13–1.59)

1.00
1.05 (0.63–1.75)
1.23 (1.04–1.45)
1.31 (1.10–1.55)

1.00
1.29 (1.10–1.51)

1.00
1.28 (1.09–1.49)

1.00
1.04 (0.84–1.28)

1.00
1.01 (0.82–1.25)

1.00
1.22 (0.90–1.66)

1.00
1.17 (0.86–1.60)

1.00
1.09 (0.85–1.39)

1.00
1.07 (0.84–1.37)
(continued)
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Table 4. (Cont’d)
Model 1,
OR (95% CI)†
Asthma
Absent
Present
Upper GI tract disease
Absent
Present
Urinary/prostate problems
Absent
Present
Diabetes mellitus
Absent
Present
Cancer
Absent
Present
Depression, past 12 months
Absent
Present
Anxiety, past 12 months
Absent
Present
Joint pain, past 30 days
Absent
Present
Limitations due to joint pain
Absent
Present

Model 2,
OR (95% CI)‡

Model 3,
OR (95% CI)§

Model 4,
OR (95% CI)¶

1.00
1.21 (1.01–1.46)

1.00
1.20 (0.99–1.44)

1.00
1.25 (1.07–1.47)

1.00
1.21 (1.03–1.42)

1.00
1.19 (0.98–1.44)

1.00
1.14 (0.94–1.38)

1.00
1.33 (1.02–1.72)

1.00
1.30 (0.99–1.69)

1.00
1.28 (0.98–1.67)

1.00
1.29 (0.98–1.69)

1.00
1.92 (1.59–2.32)

1.00
1.83 (1.51–2.22)

1.00
1.57 (1.30–1.91)

1.00
1.50 (1.24–1.82)
1.00
1.28 (1.08–1.51)
1.00
1.52 (1.20–1.91)

* OR ⫽ odds ratio; 95% CI ⫽ 95% conﬁdence interval; COPD ⫽ chronic obstructive pulmonary disease; GI ⫽ gastrointestinal.
† Arthritis status as the sole independent variable.
‡ Model 1, adjusted for sociodemographic variables and health behaviors.
§ Model 2, adjusted for comorbid conditions.
¶ Model 3, adjusted for joint pain and limitations due to joint pain.

those reporting pain or with depression or anxiety, should
be regularly screened for sleep quality problems and have
the causes of sleep problems treated appropriately.
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Abstract
A randomized, 4-week, double-blind trial followed by an open-label extension trial assessed the
efficacy and safety of a once-daily, extended-release morphine formulation (Avinza™
(previously referred to as Morphelan™)) in 295 patients with chronic, moderate-to-severe
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controlled-release, randomized clinical trial

Introduction
Osteoarthritis (OA), the most common form
of arthritis, causes considerable disability and
morbidity in an estimated 16 million individuals
affected by the disease in the United States.1-4
Currently, no curative treatments for OA exist;
therefore, goals of therapy focus on reducing
symptoms such as pain and stiffness, and minimizing functional limitation and disability.5 OArelated pain is often undertreated.6 It intensifies with age, leading to physical and psychosocial
disability, sleep problems, decreased quality of
life, and greater degrees of helplessness in patients 65 and older.6-9
Pharmacologic management of OA includes
use of acetaminophen and nonsteroidal antiinflammatory drugs (NSAIDs), including the
selective cyclooxygenase-2 (COX-2) inhibitors.10 Adverse events associated with NSAIDs
include gastrointestinal injury and renal compromise.10–14 The potential toxicities of these
therapies or their lack of efficacy may limit or
contraindicate their use.5,10,15 Therefore, the
use of opioid analgesics is the logical next step
in the treatment of OA.
The role of opioids in the treatment of cancer
pain is well established, and indications for their
use in chronic, nonmalignant pain are growing.
Results of recent trials (placebo-controlled and
open-label) support the efficacy of opioid therapy for chronic, nonmalignant pain.16-20 Controlled-release, long-acting opioids provide effective analgesia and also improve quality of life
measures, such as physical functioning.21,22
Avinza™ (morphine sulfate extended-release capsules (previously referred to as Morphelan™); Elan Pharmaceuticals Research
Corp., Gainesville, GA) is a new, dual-release
morphine formulation designed specifically
for once-daily administration. Avinza contains
both immediate- and extended-release components. At steady-state, a single daily dose provides 24-hr therapeutic morphine levels that are
comparable to those obtained by administering
immediate-release morphine solution 10 mg every four hr for a 24-hr period with fewer peakto-trough fluctuations.23 In addition, a steadystate pharmacokinetic study that compared
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once-daily doses of Avinza to twice-daily MS
Contin® (MSC; morphine sulfate controlledrelease; Purdue Frederick, Norwalk, CT) found
that Avinza produced lower maximum and
higher minimum trough morphine concentrations resulting in a reduction in the peak-totrough fluctuation throughout a 24-hr period
than MSC.24 These results indicate that Avinza
is a true once-daily morphine formulation.
Based upon these findings, two clinical trials
of Avinza were conducted: a double-blind trial
and an open-label extension trial. The doubleblind trial compared efficacy and safety of Avinza
to MSC and placebo over a 4-week period in
patients with chronic moderate-to-severe OA
pain of the hip and/or knee. The open-label
extension trial examined the efficacy and tolerability of Avinza over an additional 26
weeks.

Methods
Subjects
Inclusion criteria: patients had to be at least
40 years of age and have both a clinical diagnosis
and grade II-IV radiographic evidence of OA of
the hip and/or knee; have had prior suboptimal
analgesic response to treatment with NSAIDs
and acetaminophen or had previously received
intermittent opioid analgesic therapy; and have
a baseline visual analog scale (VAS) pain intensity score of 40 mm in the index joint.
Exclusion criteria: patients with serious concomitant disease, chronic condition(s) that might
interfere with the assessment of pain and other
symptoms of OA, prior disease at the index
joint, surgery or the likelihood of requiring a
surgical procedure of the index joint(s) during
the trial; diseases other than OA not well managed with treatment; weight 100 lbs; oral, intramuscular, intravenous, intra-articular, or softtissue administration of steroids within 1 month
of study drug administration (two months, if at
index knee or hip joint); intra-articular viscosupplementation (in the index joint) within six
months of trial treatment; opioid therapy for
longer than three weeks prior to baseline; any
history of substance abuse within two years
prior to screening; and history of clinically significant intolerance to opioids or any known
hypersensitivity to morphine or other opioid
analgesics.
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Trial Design
Institutional review board approval and patient written informed consent were obtained
prior to screening. The trial was conducted in
accordance with the Declaration of Helsinki. The
double-blind trial was a 4-week, multicenter, randomized, double-blind, double-dummy, placebocontrolled, parallel trial. Eligible participants entered a washout period of up to seven days and
were subsequently randomized to one of four
treatments: Avinza 30 mg once daily in the
morning (Avinza QAM), Avinza 30 mg once
daily in the evening (Avinza QPM), MSC 15 mg
twice daily (MSC), or placebo twice daily. Placebo Avinza and placebo MSC matched the appearance of the respective active treatments.
Avinza capsules and encapsulated MSC tablets
did not look identical; therefore, to maintain
the study blind, all patients consumed two capsules (one each representing Avinza and MSC)
every morning and evening (Table 1). No dosage adjustments were permitted, and patients
unable to tolerate treatment medications were
dropped from the trial.
The primary objectives of the double-blind,
four-week trial were to: 1) determine the analgesic efficacy of Avinza administered once daily
in comparison to placebo, and 2) compare the
safety of once-daily Avinza and twice-daily MSC.
The effects of treatment on physical functioning,
stiffness, and several sleep measures were evaluated as secondary efficacy measures. Comparison of the analgesic efficacy of Avinza QAM,
Avinza QPM, and MSC was a secondary objective of the double-blind trial.
Patients who successfully completed the double-blind trial were eligible to participate in a
26-week, open-label extension trial. Eligible pa-
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tients who elected to participate in the openlabel trial were assigned to receive Avinza administered QAM or QPM; assignment was
based on the patient’s randomization number
in the double-blind trial (i.e., even number received Avinza QAM and odd number received
Avinza QPM). If optimal pain relief in the
open-label trial was not achieved, the Avinza
dose was allowed to be increased. Patients unable to tolerate Avinza 30 mg were discontinued from the trial. Although efficacy was assessed throughout the course of the open-label
trial, safety evaluation was the primary objective.

Efficacy Assessments
Efficacy assessments were performed throughout the course of both trials: at baseline and
weekly thereafter, up to Week 4 in the doubleblind trial and on Weeks 5, 8, 12, 18, 24, and 30
in the open-label trial. Patients visited the
clinic for their efficacy assessments. An effort
was made to have the patients complete their
assessments at the same time of day; however,
each patient chose the time of day to visit the
clinic. Week 4 efficacy data from the doubleblind trial were used as baseline for efficacy
comparisons in the open-label trial.
Analgesia was evaluated by the Western Ontario and McMaster Universities (WOMAC)
OA Index Pain Visual Analogue Scale (VAS)
subscale and Overall Arthritis Pain Intensity
scores. The WOMAC OA Index was also utilized to assess other OA-related symptoms such
as physical functioning and stiffness.25 The
WOMAC OA Index is a comprehensive, wellvalidated, self-administered questionnaire consisting of subsets of questions that are an-

Table 1
Treatment Administration: Double-Blind Trial
Treatment Group

Morning Dose

Evening Dose

Avinza QAM

30 mg Avinza
Placebo MSC
Placebo Avinza
Placebo MSC
15 mg MSC
Placebo Avinza
Placebo Avinza
Placebo MSC

Placebo Avinzaa
Placebo MSCb
30 mg Avinza
Placebo MSC
15 mg MSC
Placebo Avinza
Placebo Avinza
Placebo MSC

Avinza QPM
MSC
Placebo
aPlacebo
bPlacebo

Avinza was designed to match the appearance of active Avinza.
MSC was designed to match the appearance of active MSC.

Total Daily
Morphine Dose
30 mg
30 mg
30 mg
None
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swered by the patients using a 100-mm VAS.
The WOMAC OA Index Pain consists of five
questions (total score: 0–500 mm) relating to
overall OA pain and includes assessing pain at
rest, while walking on a flat surface, going up
or down stairs, at night in bed, and standing.
The WOMAC Physical Function Index is a series of 17 questions (total score: 0–1700 mm)
that assess an arthritic patient’s difficulties in
performing activities of daily living. The questions include, but are not limited to, walking
on a flat surface, standing or sitting, climbing
stairs, getting in and out of bed or bath, and
ability to perform domestic duties (i.e., heavy
and light). The WOMAC Stiffness Index evaluates morning and afternoon stiffness (total
score: 0–200 mm). The Overall Arthritis Pain
Intensity estimates the amount of pain that the
patient experienced, on average, in the study
joint since last visit (total score: 0–100 mm).
Effects of treatment on sleep were examined
by a questionnaire that addressed trouble falling
asleep, need for sleep medication, frequency
of awakening during the night or morning due
to pain, overall quality of sleep, and the number of hours (duration) of sleep each night. Assessments of sleep were recorded on a 100-mm
VAS, with the exception of duration of sleep,
which was recorded on a 12-point scale.

Safety Assessments
Safety was assessed throughout both trials by
recording the incidence, prevalence, severity,
and relatedness of adverse events (AEs), and
assessing changes from baseline in vital signs,
laboratory tests, and physical examinations.

Concomitant Medications
The use of analgesic preparations other than
cardiovascular prophylactic doses of aspirin
(up to 325 mg/day) and acetaminophen for
non-OA symptomatology (up to 2000 mg/day
for a maximum of 3 consecutive days) was prohibited in the double-blind trial. Acetaminophen
had to be stopped 24 hours prior to efficacy assessments. Acetaminophen for relief of OA
symptoms was allowed up to 4000 mg/day in
the open-label trial. Inhaled and topical steroids were permitted during the double-blind
and open-label trials for treatment of respiratory
and dermatological disorders, respectively. Topical analgesics and physical therapy for the treat-
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ment of OA were allowed during the open-label
trial.
Due to the allowance of concomitant NSAID
and acetaminophen use in the open-label extension trial, a subset analyses was conducted
to determine the impact of concomitant use of
NSAIDs and acetaminophen on efficacy by
comparing the following two groups: first, a
group that included all patient efficacy data
and, second, a group that excluded a patient’s
efficacy data when NSAIDs and/or acetaminophen were used concomitantly during the
time period that was being assessed. An efficacy
measurement was excluded if a patient received
an NSAID and/or acetaminophen for equal to
or greater than three or more days during any
interval between efficacy assessments. Descriptive statistics were reported.

Statistical Analyses
Efficacy and safety analyses for both trials
were performed on all patients who received at
least one dose of study medication. Primary efficacy measures in the double-blind trial were
analyzed using repeated measures analysis of
covariance (ANCOVA) to determine overall
differences among treatment groups throughout the duration of the double-blind trial. The
secondary efficacy measures in the doubleblind and open-label trials were analyzed using
an ANCOVA. In all ANCOVAs, the baseline
value of the variable analyzed was used as the
covariate. Analyses of primary efficacy measures were based on percent change from baseline values; secondary measures were based on
algebraic change from baseline values. A statistically significant difference was defined as the
two-sided p  0.05, and pair-wise comparisons
were only conducted if the overall ANCOVA
was significant. A series of post-hoc Chi-square
tests were conducted to identify differences in
the incidence of the most common AEs. This
was accomplished by using all possible pairwise comparisons among the three active treatments in the double-blind trial and the two active treatments in the open-label extension
trial. Shifts in laboratory test results from baseline, relative to the normal range, were analyzed with Stuart-Maxwell Chi-square.

282

Caldwell et al.

Results
Double-Blind Trial
A total of 295 patients was randomized and
received one of four treatments in the doubleblind trial: Avinza QAM (n  73), Avinza QPM
(n  73), MSC twice daily (n  76), or placebo
(n  73). There were no statistical differences
in patient demographics and baseline characteristics among treatment groups with respect
to age, gender, or race (Table 2). One hundred seventy-one patients (58%) were opioidnaive upon entering this trial, whereas 124 patients (42%) had been previously treated with
opioids. The most common concomitant medications administered during this trial were: antihypertensives (n  172, 58%), antidepressants (n  68, 23%), and aspirin (n  48,
16%). Acetaminophen was used by 15 patients
(5.1%) during the trial. No discernable differences in concomitant medications were observed among treatment groups. A total of 184
patients (62%) completed the double-blind trial
with rates of withdrawal among treatment groups
being similar (Figure 1).

Clinical Efficacy: Double-Blind Trial
WOMAC OA Index Pain. Overall, a statistically
significant reduction in pain from baseline was
demonstrated by Avinza QAM (17%), QPM
(20%), and MSC twice daily (18%), as com-
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pared to placebo (4%) (Table 3). Decreases in
pain intensity were apparent in all treatment
groups by Week 1 and further reductions in
pain throughout the 4-week period were observed as compared to baseline. (Table 3). Average maximum reductions in pain intensity
over the course of the trial ranged from 65 to
77 mm, based on a total score of 500 mm, in
patients treated with Avinza (QAM and QPM)
and MSC twice daily.
Overall Arthritis Pain Intensity. Avinza QAM (26%),
Avinza QPM (22%), and MSC twice daily (22%)
reduced overall arthritis pain intensity as compared with placebo (14%), but these differences were not statistically significant (Table 3).
Therefore, post-hoc, pair-wise comparisons were
not made. Pain intensity, as measured on a
100-mm scale, was reduced by approximately 20
to 23 mm in the Avinza (QAM and QPM) and
MSC treatment groups versus 14 mm in patients administered placebo. Decreases in pain
intensity were apparent in all treatment groups
by Week 1 and reductions in pain intensity
throughout the 4-week period were observed
as compared to baseline.
WOMAC Functional Assessments. Statistically significant differences in physical function were
not achieved among the treatment groups, but
strong trends (0.05  p  0.10) towards an improvement in physical function were observed

Table 2
Patient Demographics and Baseline Characteristics: Double-Blind Trial

Characteristic
Mean age  SD, y
Gender, n (%)
Male
Female
Race, n (%)
White
Black
Other
WOMAC OA Index Pain (0–500 mm)
Mean score  SD
Overall Arthritis Pain Intensity (0–100 mm)
Mean score  SD
WOMAC Physical Function (0–1700 mm)
Mean score  SD
WOMAC Stiffness (0–200 mm)
Mean score  SD

Placebo
(n  73)

Avinza
QAM
(n  73)

Avinza
QPM
(n  73)

MSC
(n  76)

61.9  10.7

62.6  9.5

63.1  11.1

61.9  10.4

22 (30%)
51 (70%)

30 (41%)
43 (59%)

31 (42%)
42 (58%)

28 (37%)
48 (63%)

58 (80%)
14 (19%)
1 (1%)

63 (86%)
7 (10%)
3 (4%)

60 (82%)
11 (15%)
2 (2%)

68 (90%)
8 (11%)
0 (0%)

317  102

313  107

326  99.7

322  109

78.3  13.9

76.5  18.5

79.3  15.5

78.8  15.7

1121  313

1102  328

1126  328

1112  343

141  37.9

141  44.0

142  38.9

142  45.0

Abbreviations: SD, standard deviation; WOMAC, Western Ontario and McMaster Universities; OA, osteoarthritis.
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Fig. 1. Patient disposition in the double-blind trial.

for the active treatments (Avinza and MSC) as
compared to placebo (Table 4). Mean improvements in physical function (total score: 0–1700
mm) at Week 4 were as follows: Avinza QAM
(207 mm, 18%), Avinza QPM (205 mm, 19%),
MSC (181 mm, 14%), and placebo (97 mm, 8%).
Reductions in stiffness were also observed for all
treatment groups, but the changes were not

large enough to achieve statistical significance
(Table 4).
Sleep Measures. Active treatment groups (Avinza
and MSC) provided greater improvements in
all sleep measures than did placebo (Figure 2).
Avinza QAM provided a statistically significant
improvement versus placebo for the following:
overall quality of sleep (Weeks 1, 2, 4), less need

Table 3
Analgesic Efficacy: Double-Blind Trial
Efficacy Measure
WOMAC OA Index Pain
Overall
Week 1
Week 2
Week 3
Week 4
Overall Arthritis Pain Intensity
Overall
Week 1
Week 2
Week 3
Week 4

Placebo

Avinza
QAM

Avinza
QPM

MSC

4.35  4.3
0.53  4.4
3.99  4.4
6.42  4.4
6.48  4.4

17.2  4.2a
13.3  4.3
16.8  4.3
19.2  4.3
19.3  4.3

20.1  4.2a
16.3  4.3
19.8  4.3
22.2  4.3
22.2  4.3

18.4  4.2a
14.5  4.3
18.0  4.3
20.4  4.3
20.5  4.3

13.7  3.4
11.0  3.5
12.8  3.5
16.5  3.5
14.6  3.5

25.8  3.4
23.1  3.5
24.9  3.5
28.6  3.5
26.7  3.5

21.9  3.4
19.2  3.5
21.0  3.5
24.7  3.5
22.8  3.5

22.3  3.3
19.5  3.5
21.3  3.5
25.0  3.5
23.1  3.5

Data are presented as % change from baseline (Least Squares Mean  SE). Abbreviations: WOMAC, Western Ontario and McMaster Universities;
OA, osteoarthritis. WOMAC OA Index Pain was scored on a 500-mm scale (0  no pain, 100  extreme pain). Overall Arthritis Pain Intensity was
assessed on a scale of 0–100 mm (0  no pain, 100  extreme pain). Statistical differences between treatment groups were determined for overall
results only, not the individual weeks. Negative values indicate a reduction in pain intensity.
aStatisitically significant difference over placebo (p  0.05).
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Table 4
Secondary Efficacy Measures: Double-Blind Trial
WOMAC OA
Scores
Stiffness
Week 1
Week 2
Week 3
Week 4
Physical Function
Week 1
Week 2
Week 3
Week 4

ANCOVA
P-Values

Placebo

Avinza
QAM

Avinza
QPM

MSC

0.298
0.250
0.377
0.751

6.13  5.70
11.0  5.37
13.0  6.02
15.7  6.05

19.4  5.26
22.8  5.32
22.6  5.49
23.6  5.58

16.4  4.65
25.5  5.34
27.0  5.61
23.5  5.87

15.2  5.39
21.5  5.73
20.8  5.8
20.5  5.56

0.070
0.100
0.085
0.178

44.1  35.7
73.4  37.8
88.3  44.7
96.7  43.0

164  43.3
192  41.9
223  42.8
207  40.7

148  35.3
189  39.6
216  42.4
204  42.6

146  33.0
166  39.0
187  41.5
181  40.1

Data are presented as change (mm) from baseline (Mean  SE). Abbreviations: WOMAC, Western Ontario and McMaster Universities; OA, osteoarthritis. WOMAC OA Stiffness (0–200 mm: 0  no stiffness and 200  extreme stiffness) and WOMAC OA Physical Function (0–1700 mm; 0 
no difficulty and 1700  extreme physical functioning difficulty). Negative values indicate a reduction in stiffness and improvement in physical
functioning. No statistically significant differences were observed between treatment groups.

for sleep medication (Weeks 1, 3, 4), increased
hours of sleep (Week 1), and less trouble falling asleep because of pain (Weeks 3, 4). Avinza
QPM demonstrated statistically significant improvements in sleep measures versus placebo
for the following: overall quality of sleep
(Weeks 1, 2, 4), and duration of sleep each
night (Week 1). Relative to placebo, MSC provided a statistically significant improvement in
overall quality of sleep (Week 2) and patients
had less trouble falling asleep because of pain
(Weeks 3, 4). Patients receiving Avinza QAM
demonstrated a statistically significant improvement in overall quality of sleep compared to
MSC (Weeks 1 and 4). No statistical differences
were observed between Avinza QAM and QPM.

Safety: Double-Blind Trial
A total of 197 patients (67%) experienced at
least one AE during this trial. Constipation and
nausea were reported most frequently (Table 5).
With the exception of diarrhea and headache,
the incidence of commonly reported (5% in
any treatment group) AEs was higher in all active treatment groups than in the placebo
group. Among the 33 pair-wise comparisons
the only significant differences observed were a
higher rate of constipation with Avinza QAM
(49%) versus MSC (29%), a higher rate of vomiting with Avinza QPM (16%) versus Avinza
QAM (6%), and a higher rate of asthenia with
MSC (9%) versus Avinza QAM (1%). Fifty-eight
(20%) patients discontinued the trial prematurely because of an AE: 17, 18, 18 and 5 patients
in the Avinza QAM, QPM, MSC and placebo

group, respectively. The primary AEs leading
to withdrawal in the active treatment groups
were nausea (7–14%) and constipation (7–10%).
Six patients experienced a serious AE but only
one (hospitalized for constipation) was thought
to be possibly related to study drug (Avinza
QPM); this patient withdrew from the trial due
to this event. No clinically relevant changes occurred in vital signs, ECGs, laboratory parameters, or physical examination.

Open-Label Extension Trial
Of the 184 patients who completed the double-blind trial, 181 patients entered the openlabel trial and received Avinza QAM (n  91)
or QPM (n  90). Of these patients, 50 (28%)
had taken placebo and 131 (72%) had taken
Avinza or MSC in the double-blind trial. Patient demographics and baseline characteristics were comparable between treatment groups
with respect to age, gender, and race. Antihypertensives (n  101, 56%), NSAIDs (n  46,
25%), antidepressants (n  44, 24%), antihistamines (n  34, 19%), and aspirin (n  32,
18%) were the most commonly used concomitant medications. Acetaminophen use was lower
(n  26, 14%). Eighty-six patients (48%) completed the 26-week open-label trial, with similar
rates of withdrawal between the Avinza QAM
and QPM groups (Figure 3). Of these completers, 42 (49%) remained on the initial 30 mg
Avinza dose throughout the open-label trial.
Seven patients increased their daily dose to 120
mg, the highest dose administered during the
trial.
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Fig. 2. Sleep measures in the double-blind trial. Data are presented as Mean  SE scored on a 100-mm VAS scale
(0–100mm), with the exception of duration of sleep each night which is scored on a 12-pt scale (1 to 12 hr). For
quality of sleep each night, positive values indicate an improvement. For trouble falling asleep due to Pain, Need
for Sleep Medication, and Awakenings During the Night and Morning due to Pain, negative values indicate an improvement. *Statistically significant (p  0.05) difference versus placebo. †Statistically significant (p  0.05) difference versus MSC twice daily.
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Table 5
AEs Reported in 5% of Patients in Any Treatment
Group: Double-Blind Trial

AE, n (%)

Avinza
QAM
(n  73)

Avinza
QPM
(n  73)

MSC
Placebo
(n  76) (n  73)
(29%)a

Constipation 36 (49%) 29 (40%) 22
3 (4%)
Nausea
15 (21%) 23 (32%) 20 (26%) 7 (10%)
Somnolence 12 (16%)
9 (12%) 9 (12%) 0 (0%)
Dizziness
7 (10%)
7 (10%) 9 (12%) 1 (1%)
1 (1%)
Vomiting
4 (6%) 12 (16%)a 6 (8%)
Headache
4 (6%)
3 (4%)
5 (7%)
4 (6%)
Pruritus
4 (6%)
7 (10%) 2 (3%)
0 (0%)
Asthenia
1 (1%)
4 (6%)
7 (9%)a 0 (0%)
Dry mouth
4 (6%)
3 (4%)
2 (3%)
1 (1%)
Pain
2 (3%)
3 (4%)
4 (5%)
1 (1%)
Diarrhea
0 (0%)
3 (4%)
1 (1%)
4 (6%)
aIndicates a significant difference from Avinza QAM by post hoc
Chi-square test.
Comparison only conducted among active treatment groups.

Of the 131 patients who were receiving morphine treatment (Avinza and MSC) in the double-blind trial, 125 (95%) patients did not increase their morphine dose during the first
week of the trial. In contrast, all patients who
received placebo during the double-blind trial
had to increase their daily Avinza dose to at least
30 mg in the first week. The mean dose at Week
30 was 49 mg (median: 30 mg). The mean duration of therapy during the open-label trial was
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113 days (range: 4–235, median: 121) for the
QAM group and 115 days (range: 2–217, median: 170) for the QPM group.

Clinical Efficacy: Open-Label Extension Trial
Statistically significant reductions in pain
intensity and stiffness and improvements in
physical functioning from Week 4 were observed
within the first week (Week 5) of the open-label
extension trial and at all subsequent weeks
(Figure 4). Mean clinical improvements through
Week 12 corresponded with an increase in the
mean daily Avinza dose. Subsequently (Weeks 12
through 30), pain intensity, physical function,
and stiffness remained stable, which was consistent with a stable average daily dose of Avinza
(approximately 50 mg/day) over this time period. Improvements were observed for all sleep
measures at Week 5 in comparison to Week 4;
however, statistically significant improvements
were not observed for all sleep measures at all
time points (Table 6).
The subset analysis conducted to determine
the effects of concomitant NSAID and acetaminophen use on analgesia demonstrated comparable pain intensity scores between the intentto-treat group and the subset group that excluded
efficacy assessments potentially confounded by
NSAID and/or acetaminophen use (Table 7). Of

Fig. 3. Patient disposition in the open-label trial.
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Fig. 4. Efficacy in the open-label trial. Efficacy data are presented as Mean changes  SE from baseline (Week 4).
Dose data presented as Mean  SE, which represents the dose at the time of the efficacy assessments. *Statistically
significant differences in efficacy assessments from baseline (Week 4) for both Avinza QAM and QPM (p  0.05).
WOMAC OA Index Pain (0–500 mm), Overall Arthritis Pain Intensity (0–100 mm) and WOMAC Physical Function (0–1,700 mm), WOMAC Stiffness (0–200 mm).

the 181 patients who entered the open-label
extension trial, 28 (15%) patients were excluded
entirely from the subset analysis due to concomitant NSAID and/or acetaminophen use.

Safety: Open-Label Extension Trial
Constipation and nausea were the most frequent AEs reported (Table 8). The incidence
of AEs was similar between Avinza QAM and
QPM. The total number of patients experiencing an AE in the Avinza QAM (n  75, 82%)
and QPM (n  72, 80%) groups was similar.
AEs reported were mild (n  33, 22%), moderate (n  78, 53%), and severe (n  24, 20%).
Of the 181 patients randomized, 56 (31%) discontinued prematurely due to AEs: 32 in the
Avinza QAM group and 24 in the Avinza QPM
group. The number of patients withdrawing
due to AEs was higher for those patients who
had previously received placebo (n  23, 13%)

and MSC (n16, 9%) than those that had received Avinza QAM (n  10, 6%) or QPM (n 
7, 4%) in the double-blind trial. Four patients
experienced serious AEs that were considered
possibly related to Avinza: 1) enteritis and gastritis, 2) dehydration, diarrhea, hyponatremia,
nausea and vomiting, 3) constipation, and 4)
dehydration, sweating, and vomiting. All four
patients recovered. No clinically meaningful
changes in vital signs, physical examination,
laboratory values, or ECGs were observed.

Discussion
The safety and efficacy of Avinza once daily
and MSC twice daily were assessed in patients
who previously had suboptimal analgesic response to treatment with NSAIDs and acetaminophen or had previously received intermittent opioid analgesic therapy. The analgesic
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Table 6
Sleep Measures: Open-Label Trial
Week
Sleep Measures

Avinza

5

8

12

18

24

30

Quality of Sleepb
(mm)
Trouble Falling
Asleepc (mm)
Need for Sleep
Medicationc (mm)
Awakening in the
Morning due to
Painc (mm)
Awakening in the
Night due to
Painc (mm)
Hours of Sleep Each
Nightb (hr)

QAM
QPM
QAM
QPM
QAM
QPM
QAM
QPM

6.1  2.4
5.7  2.5a
6.1  2.3a
9.7  2.3a
0.8  2.0
1.5  2.1
5.3  2.4a
8.4  2.5a

11.1  2.7a
9.9  2.7a
6.4  2.5a
8.7  2.5a
2.6  2.2
5.5  2.3a
5.4  2.6a
10.0  2.7a

7.7  2.8
6.5  2.9
9.6  2.6a
11.7  2.7a
4.7  2.4
4.0  2.4
5.4  2.7
12.2  2.9a

8.4  3.0a
2.9  3.1
10.8  2.7a
11.7  2.8a
0.5  2.5
4.0  2.5
6.4  2.9a
11.6  2.9a

13.9  3.3a
6.3  3.2
12.2  2.9a
12.6  2.9a
0.0  2.7
2.2  2.6
10.3  3.1a
10.2  3.0a

9.1  3.3
0.9  3.3
8.9  3.0a
8.8  2.9
1.0  2.7
2.9  2.7
8.7  3.1a
6.2  3.1

QAM
QPM

4.9  2.5a
8.3  2.5a

5.7  2.6a
9.8  2.7a

4.7  2.8
10.7  2.9a

5.0  2.9a
10.2  2.9a

7.3  3.1a
8.1  3.0

4.8  3.1
9.7  3.1

QAM
QPM

0.1  0.1
0.2  0.1a

0.3  0.1a
0.2  0.1a

0.3  0.1a
0.3  0.1a

0.2  0.1a
0.2  0.1

0.2  0.1a
0.1  0.1

0.2  0.1
0.2  0.1

Data are presented as change (mean  SE) from baseline (Week 4).
aStatistically significant difference from baseline (p  0.05).
Hours of sleep each night were assessed on a 12-point scale (1–12 hr), Quality of Sleep (0  very poor, 100  excellent) and all other sleep measures were scored on a VAS of 0–100 mm (0  never, 100  always).
bFor Quality of Sleep and Hours of Sleep Each Night positive values indicate an improvement.
cFor Trouble Falling Asleep due to Pain, Need for Sleep Medication, and Awakenings During the Night and Morning due to pain. Negative values
indicate an improvement.

effects of the active treatments were comparable, and demonstrated greater analgesic efficacy than placebo (as assessed by the WOMAC
OA Index Pain subscale). The WOMAC health
status instrument was designed specifically to
measure clinically important and patient-relevant outcomes in patients with osteoarthritis of
the hip or knee25 and is the preferred measure
of pain in clinical OA pain trials.26 The WOMAC
OA Index Pain subscale, which is comprised of
five different assessments of pain (pain while
walking on a flat surface, going up or down
stairs, at night in bed, at rest, and standing), is
a more sensitive scale to detect change in OA

pain than other instruments that measure single joint pain alone. It has recently been suggested that a 20% average reduction in pain
intensity is clinically meaningful in many analgesic trials.19 Generally, clinically meaningful
reductions in pain intensity were observed in
the Avinza and MSC groups despite the low
daily dose of morphine (30 mg daily) administered in the double-blind trial.
Patients who completed the double-blind
trial were given the opportunity to enter a 26week open-label extension trial to receive oncedaily Avinza (QAM or QPM). The open-label
trial was designed to mimic real-life treatment

Table 7
Subset Analysis: Effects of Concomitant NSAID and Acetaminophen Use in the Open-label Trial
Week
Pain Intensity

Group

4

5

8

12

18

24

30

WOMAC OA
Pain Intensity (mm)
Overall Arthritis
Intensity (mm)

ITT
Subset
ITT
Subset

240  133
235  130
57  28
55  28

203  132
208  131
47  29
48  29

178  126
172  126
42  28
39  27

172  125
161  119
42  29
39  25

170  124
173  119
38  26
39  25

158  124
157  125
40  28
40  27

157  123
158  121
38  29
40  28

Data are presented as mean  SD.
Abbreviations: WOMAC: Western Ontario and McMaster Universities; OA: osteoarthritis; ITT: Intent-to-treat
The ITT group includes data from patients who entered the open-label study. The subset group excludes efficacy assessments that were potentially
confounded by NSAIDs and/or acetaminophen use.
WOMAC OA Index Pain Intensity was assessed on a 500-mm VAS scale (0  no pain and 500  extreme pain). Overall Arthritis Pain Intensity was
assessed on a 100-mm scale (0  no pain, 100  extreme pain).
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Table 8
AEs Reported in  5% of Patients in Any Treatment
Group: Open-Label Trial

AE, n (%)
Constipation
Nausea
Diarrhea
Somnolence
Dizziness
Abdominal
pain
Pain
Headache
Infection
Insomnia
Peripheral
edema
Vomiting
Dry mouth
Accidental
injury

Avinza
QAM
(n  91)

Avinza
QPM
(n  90)

Overall
(n  181)

34 (37%)
11 (12%)
14 (15%)
14 (15%)
5 (6%)

29 (32%)
18 (20%)
9 (10%)
9 (10%)
11 (12%)

63 (35%)
29 (16%)
23 (13%)
23 (13%)
16 (9%)

7 (8%)
5 (6%)
9 (10%)
6 (7%)
5 (6%)

8 (9%)
10 (11%)
5 (6%)
7 (8%)
6 (7%)

15 (8%)
15 (8%)
14 (8%)
13 (7%)
11 (6%)

4 (4%)
4 (4%)
3 (3%)

7 (8%)
7 (8%)
5 (6%)

11 (6%)
11 (6%)
8 (4%)

2 (2%)

5 (6%)

7 (4%)

No statistical differences were observed between the active treatment groups.

conditions by permitting patients to increase
the daily opioid dose to optimize their pain
control. However, of the patients who completed the trial, nearly half (49%) remained
on the initial 30-mg once daily dose, which
suggests that this modest amount of morphine was adequate for many patients for
controlling OA pain throughout the 30-week
period.
Results from the open-label extension trial
suggest that upward dose titration can provide
additional analgesia in those patients that do
not optimally respond to a single daily 30 mg
dose. Stable analgesia was observed in the
open-label trial, which was consistent with the
relatively stable average daily Avinza dose following dose titration to optimal pain control,
suggesting that tolerance was not experienced
in the majority of patients. These results are
consistent with previously conducted long-term
controlled-release opioid trials, which have
shown analgesic maintenance for extended periods (up to 18 months) in patients on stable
daily doses.19,20
A potential confounding factor for efficacy
assessments in the open-label trial was the
allowance of concomitant administration of
NSAIDs and acetaminophen. However, the results from the subset analysis confirmed that
concomitant NSAID and acetaminophen use
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did not contribute to the improvement in efficacy observed during the open-label trial relative to baseline.
Effective analgesia often reduces disability
and potentially improves the patient’s quality
of life.15 Therefore, striving to improve physical functioning by reducing pain is an important aspect of therapy. During the double-blind
trial Avinza and MSC produced improvements
in physical function, although the improvements were not statistically significant in comparison to placebo. In contrast, statistically significant improvements in physical functioning
were observed in the open-label trial with Avinza,
which coincided with a reduction in pain intensity and stiffness, and is likely attributable to the
ability of patients to increase their daily dose to
optimal pain control.
Sleep disturbances appear in up to 50% to
70% of chronic pain patients.27,28 Poor sleep
may lead to increased pain, physical disability,
and psychological disturbances that accompany chronic pain.28 The double-blind trial
demonstrated that Avinza and MSC improved
all sleep measures assessed as compared to placebo; however, the greatest improvements in
sleep measures were experienced by patients
treated with Avinza QAM. There is no obvious pharmacological reason that can explain
the greater improvements in overall quality of
sleep observed in the Avinza QAM group in
comparison to the Avinza QPM and MSC groups.
Further studies assessing differences in sleep parameters between once-daily Avinza administered at various times and twice-daily administration of MSC are warranted.
In general, the active treatments had similar
safety profiles in the double-blind trial and a
higher incidence of typical opioid AEs than the
placebo-treated patients. Some AEs were reported at a significantly different incidence
among the active treatment groups; however, it
is unclear if these results are due to true treatment differences or if they are a reflection of
the large number of post-hoc statistical comparisons that were conducted. In theory, two
(5%) of the 33 post-hoc Chi-square tests are expected to show a statistical significance by
chance alone. Constipation was one of the primary reasons for AE-related patient withdrawals, but this was not surprising since prophylactic management of constipation was not
undertaken. While the incidence of patient
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withdrawals in both the Avinza double-blind
and open-label trials was similar to findings
in previous trials with oxycodone and codeine,19,29 it still indicates that some patients
who receive Avinza or MSC therapy may require treatment discontinuation due to AEs.
More proactive and prophylactic treatment of
constipation may result in a higher tolerability
of patients to Avinza or MSC and thus allow a
higher percentage of patients to obtain benefit
from the products.
The safety and efficacy profiles of Avinza and
MSC were generally similar in the double-blind
trial. This is consistent with the active ingredient of all active treatments being morphine,
However, some differences in the efficacy profile (sleep parameters) and in the frequency of
some AEs (constipation, vomiting and asthenia) were noted among the groups. Avinza and
MSC have been demonstrated in other studies
to provide similar overall systemic exposure to
morphine, with Avinza having a lower fluctuation in plasma morphine concentrations and
fewer peak-to-trough fluctuations than MSC.
However, because plasma morphine and metabolite concentrations were not collected during the current studies, no assessment of the
relationship between the differences in the
safety and efficacy profiles relative to any potential differences in the plasma morphine
concentration profiles of the three active treatments could be conducted.
As with all medications, the risks of AEs associated with Avinza once daily need to be
weighed versus the benefits of analgesia and
improvements in overall quality of sleep and
activities of daily living for each individual patient. These studies provide support to the
acceptable risk-benefit profile and clinical benefits of Avinza as a once-daily, extended-release morphine formulation for the treatment
of patients with chronic, moderate-to-severe
OA pain who are eligible for opioid therapy.
Avinza once daily should be an useful adjunct
to arthritis practice.

Acknowledgments
The authors would like to thank Greg Whiting, Jeff Lazar, Beth Vause, and Doreen Gousset for their assistance in data interpretation.
The following additional investigators participated in the trial: Kenneth Bahrt, MD, Ander-

Vol. 23 No. 4 April 2002

son & Collins Clinical Research, Inc., South
Plainfield, NJ; Howard M. Busch, DO, PA, Clinical Studies, Boynton Beach, FL; Ronald L.
Collins, MD, Columbia Arthritis Center, P.A.,
Columbia, SC; Julian A. Colton, MD, St. Petersburg, FL; John J. Condemi, MD, AAIR Research Center, Rochester, NY; Patricia Coleman, MD, Wood Clinical Practice Michigan
Corp., East Lansing, MI; John E. Ervin, MD,
The Center for Pharmaceutical Research, Kansas City, MO; Justus J. Fiechtner, MD, MPH,
East Lansing, MI; Edward Gillie, MD, Medical
Studies, Florida, Ft. Myers, FL; Alben G. Goldstein, MD, Metropolitan Clinical Research, Falls
Church, VA; Maria Gutierrez, MD, Clinical
Studies, Ft. Lauderdale, FL; Richard A. H. Jimenez, MD, Edmonds, WA; Jeffrey Kaine, MD, Sarasota Arthritis Research Center, Sarasota, FL;
Michael Lockwood, MD, Arnett Clinic, Lafayette, IN; David M. MacPeek, MD, Pleasant Plains
Mall, Toms River, NJ; William S. Makarowski,
MD, Rheumatology Associates of N.W. Pennsylvania, Erie, PA; David R. Mandel, MD, Mayfield Village, OH; Margaret Michalska, MD,
Rush-Presbyterian-St. Luke’s Medical Center,
Chicago, IL; Michael J. Miller, MD, Virginia Physicians, Richmond, VA; David H. Sikes, MD,
Florida Medical Clinic, PA, Zephyrhills, FL;
Robert G. Trapp, MD, Springfield, IL.

References
1. Verbrugge LM, Lepkowski JM, Konkol LL. Levels of disability among U.S. adults with arthritis. J
Gerontol 1991;46:S71–S83.
2. Hughes SL, Dunlop D. The prevalence and impact of arthritis in older persons. Arthritis Care Res
1995;8:257–264.
3. Creamer P, Hochberg MC. Osteoarthritis. Lancet 1997;350:503–509.
4. Lawrence RC, Helmick CG, Arnett FC, Deyo
RA, Felson DT, Giannini EH, et al. Estimates of the
prevalence of arthritis and selected musculoskeletal
disorders in the United States. Arthritis Rheum
1998;41:778–799.
5. Creamer P, Flores R, Hochberg MC. Management of osteoarthritis in older adults. Clin Geriatr
Med 1998;14:435–454.
6. Bellamy N, Bradley LA. Workshop on chronic
pain, pain control, and patient outcomes in rheumatoid arthritis and osteoarthritis. Arthritis Rheum
1996;39:357–362.
7. de Bock GH, Kaptein AA, Touw-Otten F, Mulder JD. Health-related quality of life in patients with

Vol. 23 No. 4 April 2002

Extended-Release Morphine Formulation in Osteoarthritis

291

osteoarthritis in a family practice setting. Arthritis
Care Res 1995;8:88–93.

related pain: placebo-controlled trial and long-term
evaluation. Arch Intern Med 2000;160:853–860.

8. Hopman-Rock M, Kraaimaat FW, Bijlsma JWJ.
Quality of life in elderly subjects with pain in the hip
or knee. Qual Life Res 1997;6:67–76.

20. Zenz M, Strumpf M, Tryba M. Long-term oral
opioid therapy in patients with chronic nonmalignant pain. J Pain Symptom Manage 1992;7:69–77.

9. Ferrell BA. Pain management in elderly people.
J Am Geriatr Soc 1991;39:64–73.

21. Portenoy RK, Foley KM. Chronic use of opioid
analgesics in non-malignant pain: report of 38 cases.
Pain 1986;25:171–186.

10. Anonymous. Recommendations for the medical
management of osteoarthritis of the hip and knee:
2000 update. American College of Rheumatology
Subcommittee on Osteoarthritis. Arthritis Rheum
2000;43:1905–1915.
11. Bradley JD, Brandt KD, Katz BP, Kalasinski LA,
Ryan SI. Comparison of an antiinflammatory dose
of ibuprofen, an analgesic dose of ibuprofen, and
acetaminophen in the treatment of patients with osteoarthritis of the knee. N Engl J Med 1991;325:87–91.
12. Clive DM, Stoff JS. Renal syndromes associated
with nonsteroidal antiinflammatory drugs. N Engl J
Med 1984;310:563–572.
13. Lanza FL. Endoscopic studies of gastric and
duodenal injury after use of ibuprofen, aspirin and
other nonsteroidal anti-inflammatory drugs. Am J
Med 1984;77(Suppl 1A):19–24.
14. Singh G, Ramey DR, Morfeld D, Shi H, Hatoum
HT, Fries JF. Gastrointestinal tract complications of
nonsteroidal anti-inflammatory drug treatment in
rheumatoid arthritis: a prospective observational cohort study. Arch Intern Med 1996;156:1530–1536.

22. McCarberg BH, Barkin RL. Long-acting opioids
for chronic pain: pharmacotherapeutic opportunities to enhance compliance, quality of life, and analgesia. Am J Ther 2001;8:181–186.23.
23. Eliot L, Loewen G, Butler J, Tembe E, Devane J.
Steady-state pharmacokinetic comparison of Morphelan™ ROER™ (morphine sulfate rapid onset
extended release) once-a-day and morphine oral solution administered q4h around-the-clock in healthy
volunteers [abstract 205]. Presented at American
Academy of Pain Medicine 17th Annual Meeting,
Miami, FL. February 15-18, 2001.
24. Portenoy RK, Sciberras A, Eliot L, Loewen G,
Butler J, Devane J. Steady-state pharmacokinetic
comparison of a new extended-release, once-daily
morphine sulfate formulation, Morphelan™, and a
twice-daily controlled-release morphine formulation
in patients with chronic moderate-to-severe pain. J
Pain Symptom Manage 2002;23:278–291.

15. Roth SH, Reder RF. The role of opioids in the
treatment of osteoarthritis. Resident Staff Physician
1998;44:31–36.

25. Bellamy N, Buchanan WW, Goldsmith CH,
Campbell J, Stitt LW. Validation study of WOMAC: a
health status instrument for measuring clinically important patient relevant outcomes to antirheumatic
drug therapy in patients with osteoarthritis of the
hip or knee. J Rheumatol 1988;15:1833–1840.

16. Arkinstall W, Sandler A, Goughnour B, Babul N,
Harasanyi Z, Drake AC. Efficacy of controlledrelease codeine in chronic non-malignant pain: a
randomized, placebo-controlled clinical trial. Pain
1995;62:169–178.

26. Creamer P, Lethbridge-Cejku M, Hochberg MC.
Determinants of pain severity in knee osteoarthritis:
effect of demographics and psychosocial measures
using 3 pain measures. J Rheumatol 1999;26:1785–
1792.

17. Moulin DE, Iezzi A, Amireh R, Sharpe WKJ, Boyd
D, Merskey H. Randomised trial of oral morphine for
chronic non-cancer pain. Lancet 1996;347:143–147.

27. Cohen MJM, Menefee LA, Doghramji K, Anderson WR, Frank ED. Sleep in chronic pain: problems
and treatments. Int Rev Psychiatry 2000;12:115–127.

18. Peloso PM, Bellamy N, Bensen W, Thomson
GTD, Harsanyi Z, Babul N, et al. Double blind randomized placebo control trial of controlled release
codeine in the treatment of osteoarthritis of the hip
or knee. J Rheumatol 2000;27:764–771.

28. Pilowsky I, Crettenden I, Townley M. Sleep disturbance in pain clinic patients. Pain 1985;23:27–33.

19. Roth SH, Fleischman RM, Burch FX, Dietz F,
Bockow B, Rapport RJ, et al. Around-the-clock, controlled-release oxycodone therapy for osteoarthritis-

29. Lacouture P, Roth S, Burch F, Fleishmann R,
Iwan T, Kaiko R. A short-term trial, placebo-controlled, repeated dose, dose-response evaluation of
controlled-release (CR) oxycodone in patients with
osteoarthritis [abstract PI-2]. Clin Pharmacol Ther
1996;59:129.

NIH Public Access
Author Manuscript
Am J Nurs. Author manuscript; available in PMC 2013 August 05.

NIH-PA Author Manuscript

Published in final edited form as:
Am J Nurs. 2012 March ; 112(3 0 1): S38–S43. doi:10.1097/01.NAJ.0000412650.02926.e3.

What Do We Know about Pharmacologic Management of
Osteoarthritis-Related Pain?
M.C. Reid, MD, PhD1, Rouzi Shengelia, MD1, Samantha J. Parker, AB1, and Mary C. Ballin,
GNP-BC, CDE2
1Department of Medicine, Weill Cornell Medical College, New York, NY
2New

York Presbyterian Hospital, New York, NY

Abstract
Background—Pain is a common and debilitating symptom associated with osteoarthritis (OA)
among adults, particularly in older adults.
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Objective—To review efficacy and safety data regarding commonly employed pharmacologic
treatments for OA to include oral (e.g., acetaminophen), topical (e.g., lidocaine) and intra-articular
(e.g., steroid) interventions.
Methods—We searched the Medline, PubMed, CINAHL, and Cochrane Review databases to
identify English-language articles that presented efficacy (e.g., pain, stiffness, function) or safety
(e.g., frequency and type of specific adverse events) data. Two authors independently abstracted
information from the retained studies/reviews.
Results—To date, most studies have focused on adults with knee OA and reported data on shortterm outcomes only. Treatment efficacy varies by analgesic class, with smallest effect sizes
observed for acetaminophen and largest effect sizes for opioids and viscosupplementation.
Treatment-related adverse event rates vary widely, with acetaminophen and topical agents having
the best safety profiles, while opioids and oral NSAIDs have the worst profiles. Few investigations
enrolled older individuals (e.g., those 75 years and up), those from diverse race/ethnicity groups or
reported results stratified by other potentially important predictors including age and gender.
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Conclusions—Available evidence indicates that most current pharmacologic agents provide
mild-to-moderate pain relief; some analgesics (e.g., topical agents and acetaminophen) have
substantially better safety profiles than others (e.g., oral NSAIDs and opioids). The long-term
safety and efficacy of these agents and their effects in diverse subpopulations of adults
(particularly older adults) with OA remain to be determined.
Keywords
Analgesia; osteoarthritis; pain

INTRODUCTION
Osteoarthritis (OA) constitutes a significant public health problem.1,2 Approximately 50
million adults in the U.S. have arthritis (with OA being the most common), including half of
all individuals over the age of 65.1 The prevalence of OA is greater among women than
men, increases with age, and affects all race/ethnicity groups.3 Because there are currently
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no disease-modifying therapies, treatment is directed at managing OA-related symptoms
(e.g., pain and joint swelling), with a goal of minimizing functional impairment and
preserving quality of life. Nonpharmacologic treatments in the form of patient education,
exercise, weight loss, and physical therapy can provide substantial benefit,4 but are
underutilized.5 Pharmacologic interventions constitute the most commonly prescribed
therapy by healthcare providers6 and commonly employed treatment by patients with OA.7
Joint replacement is routinely considered for individuals with severe symptomatic disease
who have failed to respond to customary therapies. Although joint replacement surgery can
be very effective,8 many adults (particularly older minorities) forego surgery which limits
the reach of this intervention.9
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This article synthesizes current knowledge regarding the pharmacologic management of
OA-related pain among adults, with a particular focus on older adults, i.e., those ages 65 and
above. A focus on older adults is appropriate for several reasons. First, the consequences of
inadequately treated pain are particularly significant in this age group, including poor selfrated health and decreased cognition and mobility.10,11 Pain is by far the most frequently
cited symptom causing activity of daily living disability in later life and can threaten an
older persons’ ability to remain independent in the community.12 Older adults have the
highest rates of chronic analgesic use of any age group and are the most susceptible to
adverse effects of analgesic treatment.13 Finally, the co-occurrence of other chronic
conditions, multiple sites and causes of pain, high prevalence of polypharmacy, and older
adults’ concerns about analgesic medications, e.g., fear of side effects and addiction, as well
as a lack of age-relevant studies to guide decision making challenge even seasoned
clinicians when attempting to manage OA-related pain using analgesics in older adults.13

METHODS
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Medline, PubMed, and the Cumulative Index to Nursing and Allied Health Literature
databases (01/95-06/11) as well as the Cochrane Reviews were searched to identify relevant
articles for review. The following search terms were selected based on the first author’s
experience managing pain in older patients with OA: Acetaminophen, non-steroidal antiinflammatory agents, opioid, intra-articular injections, corticosteroid, hyaluronic acid,
capaiscin, lidocaine, glucosamine, and chondroitin. These terms were linked with
osteoarthritis, degenerative joint disease, randomized controlled trials, systematic review
and meta-analysis. Identified abstracts were reviewed in detail by two investigators (MCR,
RS) who independently abstracted information (e.g., estimates of treatment effect and safety
data) from all relevant articles. Discrepancies in the abstraction process were resolved by
discussion. Effect sizes (to include standardized mean differences) are presented and allow
for comparison across analgesic classes. An effect size less than 0.2 is thought to be
negligble, 0.20-0.49 is small, 0.50-0.79 is moderate, while an effect size of 0.80 or above is
considered to be large.

RESULTS
Characteristics of Retained Studies
With few exceptions, studies examined analgesic safety and efficacy over brief periods of
time (12 weeks or less). Most investigations were sponsored by pharmaceutical companies,
and older age was often an exclusion criterion for study entry. Investigations enrolled
patients with osteoarthritis of the knee or hip for the most part and frequently excluded
individuals with other comorbidities. Few studies enrolled individuals from diverse race/
ethnicity groups or reported results stratified by other potentially important predictors
including age and gender.
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The following sections summarize efficacy and safety data with respect to oral, topical, and
intra-articular interventions and synthesize recommendations regarding their use from
various clinical practice guidelines.
Oral Treatments
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Acetaminophen—Acetaminophen is one of the most commonly employed analgesics for
the treatment of OA.11 Its mechanism of action remains unclear but is thought to be a weak
inhibitor of cyclooxygenase isoenzymes. In a recent meta-analysis of seven randomized
controlled trials (RCTs) comparing acetaminophen (up to 4 grams daily) to placebo,
acetaminophen was found to be modestly effective in reducing pain; standardized mean
difference (SMD) = −0.13; 95% CI −0.22 to −0.04.14 In 10 RCTs that compared
acetaminophen to non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen was less
effective at reducing pain or improving function.14 While the overall safety profile of the
medication is excellent,11 acetaminophen toxicity remains the leading cause of acute liver
failure in the U.S.15 Unintentional overdose is the leading cause of acetaminophen-induced
hepatotoxicity; the vast majority of persons experiencing this outcome report having taken
acetaminophen to treat their pain.15 In addition, a large population-based retrospective
cohort study found that concomitant use of NSAIDs and acetaminophen increased risk for
hospitalization due to gastrointestinal events when compared with individuals using
acetaminophen alone or an NSAID alone.16 An important limitation of this study, however,
was an inability to account for over-the-counter analgesic use. These (and other) data led the
Food and Drug Administration (FDA) to recommend that maximum amounts of
acetaminophen in prescription acetaminophen combination products be limited to 325
milligrams and implement public awareness campaigns about the problem in an effort to
reduce the risk of liver injury.17
Despite its modest impact on pain, acetaminophen is recommended as first-line therapy for
the treatment of mild-to-moderate pain given its low cost and overall safety profile.11
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Non-steroidal anti-inflammatory drugs (NSAIDs)—NSAIDs continue to be one of
the most commonly prescribed and consumed analgesic agents (as over-the-counter
products). Over 111 million NSAID prescriptions are written annually in the U.S.,18 while
approximately 70% of older adults report taking an NSAID at least once a week.19 A metaanalysis of 27 RCTs examining the efficacy of oral NSAIDs reported an effect size (es) of
0.29, 95% CI 0.22–0.35 for pain reduction.20 While oral NSAIDs are considered more
effective pain relievers than acetaminophen, this class of medications has significant
limitations in the form of cardiovascular, renal, and gastrointestinal toxicity. Use of selective
or non-selective NSAIDs is associated with increased risk for myocardial infarction, stroke
and mortality.21 It is estimated that over 100,000 hospitalizations occur annually on account
of NSAID-induced gastrointestinal and renal toxicity and that approximately 20% of all
congestive heart failure admissions can be attributed to NSAID use.22–24 In light of these
data, the American Geriatric Society’s clinical practice guidelines on the pharmacologic
management of pain recommends use of oral NSAIDs sparingly and only “with extreme
caution.”11
Opioids—Opioids are strong pain relievers that are typically initiated only when other
analgesic medications (and nonpharmalogic interventions) have been tried and failed.
Papaleontiou et al. recently examined the effects of opioid use among older adults. In this
meta-analysis of 40 treatment studies, most investigations examined outcomes among older
adults with OA of the hip or knee.25 Positive effect sizes were demonstrated for reductions
in pain (es = −0.56, p<0.001) and physical disability (es = −0.43, p<0.001), but not for
improvement in quality of life (es = 0.19, p = 0.171).25 Common adverse events included
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constipation, nausea, and dizziness, prompting opioid discontinuation in about 25% of cases.
Furthermore, Solomon and colleagues used Medicare claims data to examine the safety of
selective and nonselective NSAIDs versus opioids for non-malignant pain.26 Subjects
receiving selective NSAIDs or opioids were at increased risk for adverse cardiovascular
outcomes relative to nonselective NSAID users. NSAID and coxib users had similar fracture
risk, while opioid use was associated with significantly increased fracture risk, adverse
events requiring hospitalization, and all-cause mortality.26
Opioid use for OA-related pain remains controversial, principally due to concerns about the
potential for analgesic misuse/abuse and patient harm.27 Given concerns about an expanding
evidence base demonstrating NSAID-related toxicity, one recently published guideline for
managing persistent pain recommends that clinicians consider opioid therapy for individuals
who fail acetaminophen therapy and continue to experience moderate-to-severe pain or painrelated functional impairment despite non-opioid therapy.11
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Glucosamine and Chondroitin—Glucosamine is a major building block of
proteoglycans, which is a key component of cartilage, whereas chrondroiton is purported to
protect cartilage by providing joint lubrication and compressive resistance.28–30 Both
products require prescriptions in Europe, but are sold as over-the-counter formulations in the
U.S. A recent Cochrane Review reported no benefit from glucosamine use (in terms of pain
reduction or improvement in function) after analyzing data from the most rigorously
conducted randomized controlled trials.28 However, positive effects in the form of pain
reduction and improvement in function were found in studies that were not as rigorously
conducted and in trials that employed one particular type of glucosamine preparation
(Rotta).28 In studies lasting longer than 12 months, there is some evidence that long-term
use of glucosamine can reduce joint space loss, but the clinical significance of this finding
remains unclear.29 In a recent meta-analysis examining the effects of chondroitin, positive
treatment effects were found in small trials with reduced methodologic quality.30 When
examining outcomes of three large-scale, well conducted RCTs, beneficial effects were not
found. Both glucosamine and chondroitin appear to be safe for use.28–30 Because neither
supplement is considered to be a medication, production is not regulated in this country so
product quality and cost can vary widely.
Topical Treatments
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Nonsteroidals—Given the established risks associated with oral NSAIDs,21–24 increasing
attention has focused on development and testing of topical NSAIDs as a means of
mitigating NSAID-related risk. Two topical NSAIDs have been approved for use by the
FDA (both are diclofenac preparations), while a number of trials are currently testing other
topical NSAID formulations.31 In one meta-analysis of 13 RCTs, topical NSAIDs were
found to be superior to placebo in relieving osteoarthritis-related pain for up to 2 weeks, but
treatment effects did not persist beyond 2 weeks.32 Topical NSAIDs were less effective than
oral NSAIDs. Baraf and colleagues conducted a post-hoc analysis using data from 3
RCTs.33 This study found that topical diclofenac was superior to placebo (i.e., an inert gel
preparation) in both younger and older (≥65 and above) patients with knee osteoarthritis.
Relative to placebo, pain scores were reduced, on average, by 1 point (scale range = 20
points), whereas function scores improved, on average, by 3 points (range = 0–68). With
respect to safety, topical (vs. oral) preparations appear to be safer overall.31–33 However,
one systematic review found that approximately 20% of subjects receiving a topical NSAID
reported a systemic adverse event.34
Lidocaine—Lidocaine is an FDA approved drug for the treatment of neuropathic pain and
is thought to provide analgesic effects by blocking sodium channels in sensory nerves.
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Several small studies have been conducted in individuals with OA.35–37 In one post-hoc
analysis of data from an RCT comparing lidocaine patch 5% versus celecoxib for the
treatment of OA-related knee pain, both medications were equally effective in reducing pain
(approximate 30% reduction from baseline levels) and improving physical function
(approximate 35% improvement from baseline levels). The patch appears to be well
tolerated.35 However, cost issues may limit its use.
Capsaicin—Capsaicin is the active component of chili peppers. Mason et al. identified 3
RCTs that examined treatment effects in individuals with musculoskeletal pain and reported
that 38% of participants receiving active treatment reported an improvement of 50% or
greater in terms of pain relief relative to 25% of participants receiving placebo.38 In a recent
RCT, Kosuwon et al.39 found that 0.0125% capsaicin gel was effective (relative to placebo)
in treating mild-to-moderate pain associated with knee OA. Roughly half of all patients
reported experiencing local adverse events in the form of burning, stinging and erythema,
but discontinuation rates were low.39
Intra-Articular Treatments
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Corticosteroids—Steroid joint injection has been a commonly practiced intervention for
the past five decades.40 In a Cochrane meta-analysis, intra-articular injection of steroids
(relative to placebo) was found to be effective for reducing pain measured on a 0–100 mm
scale, with a weighted mean difference of −21.91 points (95% CI −29.93 to −13.89) at 1 to 2
weeks. This effect did not persist at the 4 week follow-up.40 No improvements in selfreported physical function was observed. When compared with hyaluronan/hylan (HA)
products, steroids were found to produce similar short-term results (out to 4 weeks) but HA
products were superior in terms of pain relief and improvement in function beyond 4
weeks. 40 Most steroid injection related adverse events were rated as mild or moderate.
Overall, steroid injections were deemed safe but provide only short-term benefits.40 The
question of how frequently patients can receive steroid joint injections remains unknown.
Hyaluronan/Hylan (HA) derivatives—Hyaluronan and Hylan (also referred to as
viscosupplements) are thought to work by improving the elastoviscous properties of joint
synovial fluid, which progressively diminish over time in the setting of OA. A Cochrane
review41 synthesized results from 63 trials examining outcomes in persons with knee OA.
This meta-analysis found that when compared to placebo, viscosupplementation provides
moderate-to-large treatment effects for pain and function, with maximal benefit detected
between 5 and 13 weeks after joint injection.41 No major safety issues were identified.41
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DISCUSSION
Among adults with OA, available evidence indicates that most current pharmacologic agents
provide mild-to-moderate pain relief. Modest analgesic effects have been observed for
acetaminophen, while the largest effects have been reported for opioids and
viscosupplementation. Topical agents and acetaminophen have superior safety profiles when
compared with other analgesic interventions, including oral NSAIDs and opioids.
This review highlights several knowledge gaps regarding the pharmacologic management of
OA. First, the long-term safety and effectiveness of commonly prescribed analgesic agents
remain to be determined among adults with OA-related pain. Second, safety and efficacy
data for minority populations as well as older populations (those 75 years of age and older)
is particularly lacking. There is an urgent need to address these gaps, given established
disparities in the management of OA-related pain as a function of race/ethnicity42 and
advancing age.25 Finally, the uncertainty regarding long-term benefits and safety of existing
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pharmacologic interventions for OA also provides strong support for efforts to develop and
test disease modifying OA drugs (DMOADs). Initiatives are underway examining various
therapies that may alter disease progression, including growth factors, cytokine
manipulation, and gene therapy.43,44
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This study has several implications for nursing practice. Because analgesic medications can
lead to adverse events if taken in large quantities (e.g., acetaminophen) or even in small
quantities (e.g., opioids), it is imperative that careful analgesic medication histories, side
effect assessments, and analgesic education be part of routine practice. Nurses can improve
the quality of care delivered to patients with OA and other arthritis-related disorders by 1)
taking comprehensive analgesic medication histories to include inquiring about all over-thecounter (OTC) analgesic use and the specific ways in which both prescribed and OTC
analgesics are consumed; 2) assessing for side effects, particularly among patients who have
been newly started on an analgesic medication (e.g., constipation in patients started on an
opioid); 3) eliciting patients’ attitudes, beliefs, and barriers (e.g., cost, stigma, fear of
addiction) regarding analgesic medication use; because certain attitudes, beliefs and barriers
contribute to undertreatment of pain;27 and finally 4) educating patients with OA (and
caregivers when appropriate) about the risks and benefits of specific analgesic agents and
ways in which medication safety can be improved. Medication safety training interventions
are available,45–47 can be feasibly employed in nursing practice, and could help to improve
the quality of care and outcomes of care for millions of individuals with OA.
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Los Angeles, California, USA

Abstract
Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most commonly used drugs in the
world, but their use is limited because of their propensity to cause gastrointestinal (GI) injury. All
patients are at risk of GI injury but certain risk factors increase the likelihood of adverse GI effects.
The most important include a history of ulcer or GI complications, increasing age, concomitant
anticoagulation, concomitant corticosteroid use, and high-dose NSAIDs or multiple NSAIDs
(including an NSAID plus low-dose aspirin). Concurrent illness (e.g., severe rheumatoid arthritis,
heart disease) has also been reported to increase the risk of GI events. NSAID-associated GI side effects
markedly increase health care costs, with up to 31% of cost of managing arthritis patients accounted
for through the management of GI side effects. The COX-2 specific inhibitors (coxibs) were developed
with the aim of maintaining anti-inflammatory efficacy but improving gastrointestinal safety in
comparison to non-selective NSAIDs. The use of COX-2 specific inhibitors significantly decreases the
rate of endoscopic ulcers as compared to traditional NSAIDs. Prospective GI outcomes studies also
indicate that these agents decrease clinical GI events as compared to non-selective NSAIDs. The
number of patients needed to treat to avert one clinical event in one year is approximately 40–100.
The cost-effectiveness of coxibs increases (the cost per GI event averted decreases) in patients with
high-risk clinical features because they have higher rates of GI hospitalizations and greater use of
expensive prophylactic co-therapy. J Pain Symptom Manage 2003;25S:S32–S40. © 2003 U.S.
Cancer Pain Relief Committee. Published by Elsevier. All rights reserved.
Key Words
Celecoxib, COX-1, COX-2, COX-2 inhibitors, coxibs, cyclooxygenase, gastrointestinal,
NSAIDs, rofecoxib, safety

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs)
are among the most commonly used medications in the United States. Seventy percent of
people 65 years or older were reported to use
NSAIDs (including aspirin) at least once weekly,
and 34% averaged at least one pill per day.1

Approximately 111,400,000 prescriptions for
NSAIDs are filled in the U.S. annually—at a
cost of 4.8 billion dollars.2 The main factor which
limits the use of NSAIDs is their gastrointestinal (GI) toxicity. This article reviews NSAIDassociated GI injury and the effects of COX-2
selective inhibitors (coxibs) on the GI tract.

Traditional Non-Selective NSAIDs
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NSAID-Associated GI Tract Injury
A single dose of aspirin (650 mg) causes hemorrhages within the gastric mucosa, while 650
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Table 1
GI Hospitalization Rates With and Without NSAID Use in Selected Large Population Cohorts
Persons Observed
Population Studied
Tayside, Scotland  50

NSAID Use
yrs5

Odense, Denmark6
Tennessee Medicaid  65 years7

52,293
31,503
27,067 person-yrs

Annual GI Hospitalization Rate

No NSAID Use
73,792
107,197
134,560 person-yrs

mg of aspirin given four times over 24 hours
leads to gastric erosions (breaks in the GI tract
which remain confined to the mucosa).3 Hemorrhages and erosions do not cause clinically important events such as major bleeding or perforation because they are confined to the
mucosa. Furthermore, mucosal hemorrhages and
erosions do not correlate with upper GI symptoms. An ulcer must be present to cause major
upper GI bleeding, obstruction, or perforation.
By definition, an ulcer is a break in the lining
of the GI tract which extends to the submucosa
or deeper.
Gastric or duodenal ulcers are found at endoscopy in approximately 15–30% of patients
taking NSAIDs regularly.4 However, only a small
proportion of NSAID users develop GI complications. Nevertheless, given the widespread use
of NSAIDs, this translates into a large absolute
number of patients with GI clinical events.

NSAID-Associated Clinical GI Events
Epidemiologic studies indicate that NSAID
use increases the risk of GI complications 2–6
times. Studies of large population cohorts (Tayside, Scotland; Odense, Denmark; Tennessee
Medicaid patients 65 years of age) suggest an
excess of serious clinical upper GI events due
to NSAID use of 0.2% to 1.25% per year among
these “general” populations (Table 1).5–7 Large,
prospective outcome studies in large numbers
of arthritis patients suggest an annual incidence of serious upper GI complications (major bleeding, perforation, obstruction) of approximately 1–1.5% and of clinical upper GI
events (complications plus symptomatic ulcers
discovered on evaluation of GI symptoms or
signs) of approximately 2.5–4.5%.8–11
Low-dose aspirin (325 mg daily) also significantly increases the risk of GI complications. A
recent meta-analysis of 24 randomized controlled trials reported a 2.5% incidence of up-

GI Event

NSAIDs

No NSAIDs

Any upper GI event
Complicated event
Ulcer/erosive bleeding
Upper GI bleeding or ulcer

1.29%
0.74%
0.25%
1.67%

0.53%
0.23%
0.05%
0.42%

per GI bleeding in patients taking low-dose aspirin as compared to 1.4% in the placebo
group over a mean 28-month follow-up (OR 
1.7 (1.5–1.9).12) A large population cohort
study reported a 0.6% annual incidence of hospitalization for upper GI bleeding among people using low-dose aspirin alone (risk ratio of
aspirin use  2.6 (2.2–2.9)) and an annual rate
of 1.4% among people using low-dose aspirin
and an NSAID (risk ratio of aspirin plus NSAID
use  5.6 (4.4–7.0)).13 A recent cohort study of
903 patients discharged from a cardiology service on “low dose” aspirin found an annual rate
of hospitalization for upper GI bleeding of
1.2%.14 Concomitant non-aspirin NSAID use
was the main independent risk factor associated with an increased chance of bleeding
(OR  5.8, 95% CI 1.8–19.2). Even aspirin at a
daily dose of 75 mg significantly increases the
risk of upper GI bleeding, with an OR of 2.3
(1.2–4.4) in a case-control study.15 Importantly,
no decrease in the risk of major upper GI
bleeding appears to occur with the use of enteric-coated or buffered aspirin as compared to
plain aspirin.13, 16

Risk Factors for Clinical GI Events
All patients taking traditional NSAIDs have
an increased risk of developing GI complications. A number of clinical characteristics have
been associated with an increased risk of complications (Table 2). The most important include

Table 2
Risk Factors for Development of NSAID-Associated
Upper GI Complications
•
•
•
•
•

Prior ulcer or upper GI event
Increasing age
Concomitant anticoagulation
Concomitant corticosteroid use
High dose or multiple NSAIDs
Including low-dose aspirin plus NSAID
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a history of ulcer or GI complications, increasing age, concomitant anticoagulation, concomitant corticosteroid use, and high-dose NSAIDs
or multiple NSAIDs (including an NSAID plus
low-dose aspirin).2 Concurrent illness (e.g., severe rheumatoid arthritis, heart disease) has
also been reported to increase the risk of GI
events. Although the effect of H. pylori on
NSAID-induced ulcers and ulcer complications
is controversial, the majority of information
suggests that H. pylori does not potentiate the
risk of NSAID-associated ulcer or ulcer complications.2 I do not recommend testing for H. pylori in NSAID users unless they have a prior history of ulcer disease.
Upper GI symptoms, such as dyspepsia (upper abdominal pain or discomfort), are extremely
common in NSAID users. In a study of 245
rheumatic patients taking NSAIDs, 16% had
dyspepsia daily, 29% had symptoms in the
prior week, and 37% had dyspepisa in the
prior two months.17 Interpreting data such as
these is complicated by the fact that dyspepsia
is extremely common even in patients not taking NSAIDs. Therefore comparison to a control group not taking NSAIDs is necessary to
determine the increase in risk. In such a study,
NSAID use was reported to double the risk of
dyspepsia and heartburn in subjects 65 years
of age.1 It is important to remember that dyspepsia correlates poorly with the development
of endoscopic injury or clinical events. A majority of patients who present with bleeding ulcers do not have antecedent symptoms.18,19

Economic Effects of NSAID Use
NSAID-associated GI side effects also lead to
a large economic burden. Medicaid data from
Washington, D.C. for 1981–1983 revealed that
31% of the total cost of care for “arthritis” patients was for management of GI adverse events.20
Medications accounted for 42% of the cost for
GI side effects, hospitalization for 38%, and
physician or clinic expenses for 20%. A study
of all 1989 Tennessee Medicaid enrollees 65
years revealed that an excess of $111 per person was spent annually in regular NSAID users
for management of GI disorders: $55 on hospitalizations, $48 on medication prescriptions,
and $8 on outpatient visits.21 In contrast, GI
medications accounted for most of the GI-related costs in rheumatoid and osteoarthritis patients at a Massachusetts health maintenance
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organization in 1993–1994.22 Annual costs for
anti-ulcer medications were $211 for rheumatoid arthritis patients and $80 for osteoarthritis
patients, while hospital admissions for GI symptoms accounted for only $16 per year. The annual costs of NSAIDs was $427 in the rheumatoid arthritis group and $79 in the osteoarthritis.
From 1993 to 1997 in Quebec, for each dollar
spent on NSAIDs, an estimated $0.66 was spent
on the GI side effects of NSAIDs.23 Thus, economic analyses indicate that NSAID-associated
GI side effects markedly increase health care
costs. Medications, given to prevent GI events
or to treat dyspsepsia, may represent the greatest cost, although the infrequent but expensive
hospitalizations for GI complications also contribute.

Risks with Specific NSAIDs
All non-selective NSAIDs are associated with
an increased risk of GI events. Ranking the risk
of the traditional NSAIDs is difficult since the
confidence intervals for the risk of individual
NSAIDs generally overlap and vary from study
to study. In general, ibuprofen has the lowest
risk among older NSAIDs, while piroxicam24–26
and ketorolac26 have among the greatest risk.
The relatively lower doses of ibuprofen commonly used may explain its apparent relative
safety. Ibuprofen’s risk appears to approach
that of other traditional NSAIDs when used at
higher daily doses, equipotent to other NSAIDs.24
Endoscopic studies suggest that three older
NSAIDs cause less injury to the GI tract: nonacetylated salicylates, etodolac, and nabumetone.
Studies of 1 week to 3 months report significantly less gastroduodenal damage with salsalate than with aspirin or naproxen—with no
significant decrease in mucosal prostaglandin
content at one week.28,29 Several endoscopic
studies indicate that etodolac, which has some
COX-2 selectivity, causes significantly less mucosal injury than traditional NSAIDs (naproxen,
ibuprofen, indomethacin), again apparently due
to a lack of significant decrease in mucosal
prostaglandin production.30,31 Finally, nabumetone also has been noted to cause significantly less endoscopic injury than other standard NSAIDs.32
Meloxicam, an NSAID recently approved in
the U.S. also has some COX-2 selectivity. The
main information regarding GI safety comes
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from two large 4-week double-blind trials comparing lower dose meloxicam (7.5 mg daily)
with diclofenac (100 mg daily) or with piroxicam (20 mg daily). In the trial with diclofenac
of 9,323 osteoarthritis patients, clinical upper
GI events occurred in five patients on meloxicam and seven on diclofenac.33 The piroxicam
study of 4,336 osteoarthritis patients had clinical upper GI events: seven patients receiving
meloxicam and in 16 patients given piroxicam
(difference not significant).34

Cox-2 Specific Inhibitors
COX-1 and COX-2
NSAIDs inhibit prostaglandin production by
inhibiting cyclooxygenase (COX). Two isoforms
of the COX enzyme are known to be involved in
prostaglandin synthesis. COX-1 is constitutively
expressed and generates prostaglandins involved
in GI mucosal protection and platelet function,
while at sites of inflammation, COX-2 is induced
to generate prostaglandins which mediate inflammation and pain. In the normal human GI
tract, little if any COX-2 is expressed.35 The antiinflammatory effects of non-selective NSAIDs appear to be mediated via COX-2 inhibition, while
the harmful effects in the GI tract and platelets
are believed to occur primarily due to COX-1 inhibition. Therefore, an agent which is selective
for COX-2 (i.e., which is COX-1 sparing) should
theoretically provide efficacy comparable to traditional non-selective NSAIDs without inducing
the GI injury or platelet dysfunction.
COX-2 selectivity of medications is measured
by assays of prostaglandin production in whole

Fig. 1. Cumulative incidence of gastroduodenal ulcers at 3 months in double-blind randomized trial of
osteoarthritis patients. *p  0.001 vs. placebo, rofecoxib 25 mg, and rofecoxib 50 mg.39,40
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blood. The ratio of the concentrations producing 50% inhibition (IC50) of COX-1 and COX2 provides a measure of selectivity, with higher
numbers indicating greater selectivity for COX-2
(greater sparing of COX-1). Examples of ratios
reported are 36 for rofecoxib, 7 for celecoxib,
3 for diclofenac, 2 for meloxicam, and 0.4 for
indomethacin.36 When used at therapeutic or
supratherapeutic doses, coxibs produce little if
any COX-1 inhibition. For example, celecoxib
at 400 mg37 and rofecoxib at 1000 mg38 fail to
cause significant inhibition of COX-1 activity.
Large-scale clinical trials of the two recently
approved COX-2 specific inhibitors, celecoxib
and rofecoxib, are now available to explore
whether the theory behind COX-2 selective inhibition holds up in clinical practice.

Endoscopic Ulcer Trials
Two identical randomized, double-blind trials in over 1,500 patients with osteoarthritis
compared rofecoxib 25 and 50 mg once daily,
ibuprofen 800 mg three times a day, and placebo.39,40 Active medications were given for 6
months, while the placebo was discontinued at
four months. Gastroduodenal ulcers were significantly less common with either dose of rofecoxib than the NSAID comparator, ibuprofen, at three months and six months. Ulcer
rates at three months for placebo and rofecoxib 25 mg (7% and 5%) were statistically
equivalent by predefined criteria.
A double-blind trial in over 500 rheumatoid
arthritis patients compared celecoxib 100 mg,
200 mg or 400 mg twice daily, naproxen 500

Fig. 2. Incidence of gastroduodenal ulcers at three
months in double-blind randomized trial of rheumatoid arthritis patients. *p  0.001 vs. placebo,
celecoxib 100 mg, celecoxib 200 mg, and celecoxib
400 mg.41
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Table 3
Designs of Celecoxib and Rofecoxib GI Outcomes Studies
VIGOR1 (n  8076)

CLASS2 (n  7968)

Drug
Patients
Comparator

Refecoxib 50 mg qd (2  max chronic dose)
RA
Naproxen 500 mg bid

Low-dose aspirin
Duration

No
Median: 9 months
Maximum: 13 months

Celecoxib 400 mg bid (2  max chronic dose)
OA (73%), RA (27%)
Ibuprofen 800 mg tid
Diclofenac 75 mg bid
Yes (21%)
Median: 9 months
Maximum: 13 months (6 months reported in JAMA)

Clinical UGI events
Complicated UGI events

Complicated ulcers
Symptomatic ulcers

Endpoints:
Primary
Secondary

mg twice daily, and placebo.41 The rate of endoscopic ulcers at three months was significantly less with all doses of celecoxib, and the
ulcer rates with celecoxib were similar to the
rate with placebo (4%). Another double-blind
study in over 400 rheumatoid arthritis patients
compared celecoxib 200 mg twice daily and diclofenac 75 mg twice daily.42 At six months, endoscopy revealed significantly fewer ulcers with
celecoxib than with diclofenac (4% vs. 15%).
Thus, large endoscopic trials demonstrate
significant decreases in ulcer incidence with the
use of COX-2 specific inhibitors as compared
with traditional non-selective NSAIDs, with rates
approaching those of placebo at three months.

GI Outcomes Trials
The key clinical question however, is whether
coxibs can decrease clinical GI events. Two
long-term double-blind outcomes studies, each
including approximately 8,000 patients, have
examined the rate of clinical upper GI events
with COX-2 specific inhibitors (Table 3). Both

trials employed twice the maximum chronic
approved dose of the COX-2 specific inhibitor
compared to standard doses of non-selective
NSAIDs to provide a more rigorous evaluation
of the GI effects of these new agents. In addition another short-term outcomes study has
been reported in abstract form.
Celecoxib Outcomes Trial (Table 4). The celecoxib
GI outcomes trial included 7,968 patients with
osteoarthritis (73%) or rheumatoid arthritis
(27%) randomly assigned to celecoxib 400 mg
twice daily or either ibuprofen 800 mg three
times a day or diclofenac 75 mg twice daily.9 Patients taking low-dose aspirin (325 mg daily)
were included, and it was used by 21%. The
primary endpoint of this study was complicated
upper GI events (perforation, obstruction, and
bleeding). Symptomatic ulcers were also a predefined endpoint. The published article includes
data from the first six months of this study. Results from the entire study (maximum followup, 13 months) were presented at a Food and

Table 4
Celecoxib GI Outcomes Study in Patients with Osteoarthritis (73%) or Rheumatoid Arthritis (27%)9,11
Ibuprofen 800mg tid or
Annualized Incidence
(Rates per 100-patient yrs)
A. All patients
Complicated ulcers
Complicated and symptomatic ulcers

Celecoxib 400mg bid Diclofenac 75mg bid

Relative Risk

(n  3987)

(n  3981)

(95% CI)

0.7%
1.9%

1.0%
2.8%

0.77 (0.41–1.46)
0.66 (0.45–0.98)

Number
P-value Needed-to-Treat
0.45
0.04

—
111

Ibuprofen 80mg tid or
Annualized Incidence
(Rates per 100-patient yrs)
B. Patients not using aspirin
Complicated ulcers
Complicated and symptomatic ulcers

Celecoxib 400mg bid Diclofenac 75mg bid

Relative Risk

(n  3105)

(n  3214)

(95% CI)

0.4%
1.2%

0.8%
2.2%

0.55 (0.23–1.30)
0.53 (0.31–0.90)

Number
P-value Needed-to-Treat
0.19
0.02

—
100
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Table 5
Rofecoxib GI Outcomes Study in Patients with Rheumatoid Arthritis (10)
Annualized Incidence
(Rates per 100-patient yrs)
Clinical Upper GI Eventsa
Complicated Upper GI Eventsb
Upper or Lower GI Bleeding
aIncludes
bIncludes

Rofecoxib 50mg bid
(n  4029)

Naproxen 500mg bid
(n  4047)

Relative Risk
(95% CI)

P-value

Number
Needed-to-Treat

2.1%
0.6%
1.2%

4.5%
1.4%
3.0%

0.46 (0.33–0.64)
0.43 (0.24–0.78)
0.38 (0.25–0.57)

0.001
0.005
0.001

41
125
56

perforations, obstructions, bleeding, and uncomplicated ulcers discovered on clinically indicated work-up.
perforation, obstruction, bleeding.

Drug Administration (FDA) Arthritis Advisory
Committee meeting and are available on the
FDA website.11
The relative risk reduction in complicated
ulcers of 23% with celecoxib was not significant (p  0.45). A 34% risk reduction was seen
with celecoxib for the combined endpoint of
complicated and symptomatic ulcers (p  0.04).
A subgroup analysis in patients not using aspirin revealed a 45% relative risk reduction with
celecoxib in complicated ulcers (p  0.19), and
a relative risk reduction of 47% (p  0.02) for
combined symptomatic and complicated events.
The number-needed-to-treat (NNT) with celecoxib to avert one clinical GI event at one year
was 100 in patients not taking low-dose aspirin.
Upper GI symptoms (abdominal pain, dyspepsia, and nausea) and discontinuations due
to these symptoms were less common with celecoxib than with diclofenac, but comparable to
ibuprofen: e.g., withdrawals due to abdominal
pain occurred in 4.3% with celecoxib, 6.5%
with diclofenac, and 4.9% with ibuprofen.
Rofecoxib Outcomes Trial (Table 5). The rofecoxib
GI outcomes study included 8076 rheumatoid
arthritis patients at least 50 years of age (or at
least 40 years old and taking corticosteroids)
randomly assigned to rofecoxib 50 mg daily or
naproxen 500 mg twice daily.10 Patients taking
aspirin were excluded from the study. The primary endpoint was upper GI clinical events
(perforation, obstruction, bleeding, and ulcers
discovered on work-up for gastrointestinal signs
or symptoms). The secondary endpoint was serious complications (perforation, obstruction,
major bleeding). The median follow-up of the
study was nine months (range 0.5 to 13 months).
Clinical upper GI events were reduced by
54% with the use of rofecoxib (p  0.001) and
complicated events were decreased by 57% (p 
0.005). Bleeding beyond the upper GI tract

was also significantly decreased (relative risk
0.5, 95% CI 0.2 to 0.9), and the risk of any GI
bleeding episode was decreased by 62% (p 
0.001). The NNT with rofecoxib to avert one
clinical upper GI event at one year was 41; the
NNT to avert a serious complication was 125
and to avert an episode of GI bleeding was 56.
The most common side effects leading to
discontinuation in this trial were upper GI
symptoms (e.g., dyspepsia, nausea, heartburn).
Significantly fewer patients discontinued treatment as a result of these symptoms in the rofecoxib group as compared to the naproxen group
(3.5% vs. 4.9%).
12-Week Celecoxib Outcomes Trial. Results of a large,
short-term, multinational GI outcomes study
have recently been presented in abstract form.
In this study, 13,194 patients were randomly assigned in a 2:1 ratio to celecoxib (100 or 200
mg bid) vs. diclofenac 50 mg bid or naproxen
500 mg bid.43 The choice of which non-selective NSAID was used varied from country to
country. Complicated ulcers were significantly
decreased at 12 weeks with celecoxib (0.02%
vs. 0.16%; 70% relative risk reduction, p 
0.008). The decrease in combined symptomatic and complicated ulcers was 50% (0.20% vs.
0.41%, p  0.05).

Economic Considerations of COX-2 Specific
Inhibitors
Economic assessments of the impact of therapies are required to help determine management strategies. Cost-effectiveness analyses provide a cost per clinical outcome: e.g., dollars
per GI complication averted. When evaluating
a safer but more expensive therapy, the overall
cost of managing the disease state over time
must be assessed, and three economic outcomes are possible: 1) A therapy may be cost
saving if the overall cost of care is decreased:
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i.e., the greater cost of a therapy is more than
offset by a decrease in costs due to factors such
as decreased hospitalizations and co-medications; 2) A therapy may increase the overall
costs of care but be considered cost-effective:
i.e., the increase in cost to prevent a clinical
event or death is considered acceptable to society or payers; 3) A therapy may increase the
overall cost of care more than is acceptable,
and the therapy would not be considered costeffective.
The cost to avert a clinical upper GI event
has been estimated at approximately $28,000.2
In addition to drug costs, two variables markedly influence this estimate: the number of GI
events requiring hospitalization and the proportion of patients taking proton pump inhibitors or misoprostol.2
As the risk of complicated events and hospitalizations increases (e.g., older age, prior GI
events), the cost per event averted decreases.
When the absolute risk reduction of hospitalizations for complicated events exceeds approximately 10%, the use of COX-2 specific inhibitors is estimated to become cost saving.2
This occurs in older patients with a history of
GI events. As the proportion of patients taking
co-therapy with proton pump inhibitors or misoprostol increases, the cost per event averted
also decreases. A COX-2 specific inhibitor is
cost-saving as compared to a traditional NSAID
plus a proton pump inhibitor, misoprostol 200
g tid-qid, or Arthrotec 75® bid, assuming COX-2
specific inhibitors provide at least equal GI
safety. If approximately 50% of patients are
taking a proton pump inhibitor with a traditional NSAID, a switch to a COX-2 specific inhibitor without co-therapy is estimated to be
cost-saving.2 However, many patients may still
use a proton pump inhibitor even after changing to a COX-2 specific inhibitor (e.g., for
management of dyspepsia, reflux symptoms,
prior history of GI events), so we cannot assume that every patient making the switch will
discontinue their proton pump inhibitor.

Summary
Gastric or duodenal ulcers are found at endoscopy in 15 to 30% of patients taking
NSAIDs regularly, but clinical GI events are
less frequent. The annual incidence of complicated GI events (perforation, obstruction, major bleeding) in arthritis patients is 1 to 1.5%,
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while the annual rate of all clinical GI events
(complicated events plus ulcers discovered on
work-up for significant GI signs or symptoms)
is 2.5 to 4.5%.
Factors which increase the risk of GI complications include a history of ulcer or GI complications, increasing age, concomitant anticoagulation therapy, concomitant corticosteroid use,
and high dose NSAIDs. Upper GI symptoms are
extremely common but correlate poorly with
NSAID-associated ulcers or complications.
Use of low-dose aspirin for vascular prophylaxis significantly increases the risk of upper GI
bleeding. Enteric-coated or buffered aspirin
does not appear to decrease this risk. Concomitant NSAID use is an important risk factor for
the development of bleeding in patients taking
low-dose aspirin.
The use of COX-2 specific inhibitors significantly decreases the rate of endoscopic ulcers
as compared to traditional NSAIDs. Prospective GI outcomes studies also indicate that
these agents decrease clinical GI events as compared to non-selective NSAIDs. The number of
patients needed to treat to avert one clinical
event in one year is 40 to100. The cost-effectiveness of coxibs increases (the cost per GI
event averted decreases) in patients with highrisk clinical features because they have higher
rates of GI hospitalizations and greater use of
expensive prophylactic co-therapy.
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Abstract
Opioids are used increasingly for chronic non-cancer pain. Controversy exists about their effectiveness and safety with long-term use. We
analysed available randomised, placebo-controlled trials of WHO step 3 opioids for efficacy and safety in chronic non-cancer pain. The Oxford
Pain Relief Database (1950–1994) and Medline, EMBASE and the Cochrane Library were searched until September 2003. Inclusion criteria
were randomised comparisons of WHO step 3 opioids with placebo in chronic non-cancer pain. Double-blind studies reporting on pain intensity
outcomes using validated pain scales were included. Fifteen randomised placebo-controlled trials were included. Four investigations with 120
patients studied intravenous opioid testing. Eleven studies (1025 patients) compared oral opioids with placebo for four days to eight weeks. Six
of the 15 included trials had an open label follow-up of 6–24 months. The mean decrease in pain intensity in most studies was at least 30% with
opioids and was comparable in neuropathic and musculoskeletal pain. About 80% of patients experienced at least one adverse event, with
constipation (41%), nausea (32%) and somnolence (29%) being most common. Only 44% of 388 patients on open label treatments were still on
opioids after therapy for between 7 and 24 months. The short-term efficacy of opioids was good in both neuropathic and musculoskeletal pain
conditions. However, only a minority of patients in these studies went on to long-term management with opioids. The small number of selected
patients and the short follow-ups do not allow conclusions concerning problems such as tolerance and addiction.
q 2004 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Keywords: Opioid; Pain; Chronic; Non-malignant; Randomised controlled trial; Systematic review

1. Introduction
Opioids are advocated by WHO for the effective
treatment of cancer pain (World Health Organisation,
1996). Their role in chronic non-cancer pain is more
controversial. It has been argued that certain types of
chronic pain, e.g. neuropathic pain, do not respond to
opioids (Arnér and Meyerson, 1988). Concerns have been
expressed about the safety of long-term opioid administration (Large and Schug, 1995) because of adverse effects
(Abs et al., 2000), development of tolerance to the analgesic
effect (Ballantyne and Mao, 2003), addiction, and drug

diversion (Moulton, 2003). Guidelines for responsible use
of opioids in chronic non-cancer pain (American Academy
of Pain Medicine, 2001; Kalso et al., 2003; The Pain
Society, 2004) reflect concern over these problems.
Several controlled trials have been published on the
efficacy and safety of various WHO step 3 opioids in
chronic non-cancer pain. We searched for and analysed
available evidence of efficacy and safety in the randomised,
placebo-controlled trials.

2. Methods
2.1. The search

* Corresponding author. Tel.: C358 9 4717 5885; fax: C358 9 4717
5641.
E-mail address: eija.kalso@helsinki.fi (E. Kalso).

Full reports of randomised controlled trials (RCTs) of
WHO step 3 opioids fentanyl, hydromorphone, methadone,
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morphine, oxycodone (Heiskanen and Kalso, 1997), and
oxymorphone were sought using broad free-text searches of
Medline (1966 to September 2003), EMBASE (1980 to
September 2003), Cochrane Library (on-line September
2003) and the Oxford Pain Relief Database (1950–1994)
(Jadad et al., 1996a), without restriction of language.
Reference lists of reports and reviews were also searched.
Abstracts, review articles and unpublished reports were not
considered. Authors were not contacted for original data.
2.2. Inclusion criteria and reporting
Inclusion criteria were randomised comparisons of oral,
transdermal or intravenous WHO step 3 opioid with placebo
in chronic non-cancer pain. Only double-blind studies with
at least 10 adult patients completing each treatment arm,
reporting on pain intensity outcomes using visual analogue
scale (VAS), a 0–10 numerical rating scale (NRS), or a
4-point pain intensity categorical scale were included.
Inclusion was based on a consensus of all reviewers.
QUOROM guidelines for reporting meta-analyses were
followed (Moher et al., 1999). Each report was scored for
quality and validity using a three-item (1–5) quality scale
(Jadad et al., 1996b) and a five-item (1–16) validity scale
(Smith et al., 2000). The quality scale assesses the quality of
randomisation, double-blinding and reporting on withdrawals and dropouts. The validity scale assesses blinding,
size of trial groups, outcomes, baseline pain, internal
sensitivity, and data analysis.
2.3. Data extraction
Information about the treatments and controls, numbers
randomised and analysed, mean visual analogue scale for
pain intensity (VASpi), verbal rating scale for pain intensity
(VRSpi), numeric rating scale for pain intensity (NRSpi)
and visual analogue scale for pain relief (VASpr), verbal
rating scale for pain relief (VRSpr), adverse events and level
of statistical significance was extracted.
Three periods were defined to evaluate effectiveness.
First, effectiveness of treatment was assessed during
intravenous (i.v.) infusions lasting up to 5 h. Second,
effectiveness of oral or transdermal treatment was assessed
during a 1–8 week trial period. Third, long-term effectiveness was assessed during 3–18 months open label follow-up.
For the primary outcome measure, pain intensity difference
or pain relief, effectiveness was defined as a statistically
significant difference (as reported in the original trials)
between opioid and placebo.
Assessment of secondary outcomes (mood, functional
status, quality of life) and dose response were performed if
data were available. In these comparisons effectiveness was
defined as a statistically significant difference between
different doses of opioid, or between opioid and placebo.
The predictive value of i.v. opioid for later effectiveness of
respective oral or transdermal opioid was extracted.
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2.4. Analysis
Relative risk was calculated with 95% confidence
intervals using a fixed effects model (Morris and Gardner,
1995). Heterogeneity tests were not used (Gavaghan et al.,
2000; Higgins et al., 2002) though homogeneity was
examined visually (L’Abbé et al., 1987). Funnel plots
(Sterne et al., 2000; Tang and Liu, 2000) were not used for
detecting publication bias. The number needed to harm
(NNH) with confidence intervals was calculated by the
method of Cook and Sackett (1995) from the sum of all
events and patients for treatment and placebo. Relative risk
was considered to be statistically significant when the 95%
confidence interval did not include 1. NNH was calculated
only when the relative risk was statistically significant, and
is reported with the 95% confidence interval.

3. Results
3.1. Included studies
Eighteen randomised, double-blind, placebo-controlled
trials met inclusion criteria. Two excluded studies (Kupers
et al., 1991; Moran, 1991) had fewer than 10 patients per
treatment arm. One study (Lacouture et al., 1996) was a
duplicate publication of Roth et al. (2000).
Four studies tested intravenous opioid (Table S1, Fig. 1),
three with morphine and one fentanyl. One included an open
label follow-up of oral morphine (Attal et al., 2002) while
another published an open label follow-up of transdermal
fentanyl separately (Dellemijn et al., 1998).
Eleven studies compared oral opioids with placebo for
periods ranging from 4 days to 8 weeks (Table 1, Table S1).
Six used crossover designs and five parallel groups
(Table 1). One trial (Raja et al., 2002) had three treatment
arms, the third being an antidepressant. Five studies were of
morphine, one of morphine or methadone, and four of
oxycodone (Table 1). Six had an open label follow-up
(Table 1), but only three reported the results (Caldwell et al.,
2002; Huse et al., 2001; Roth et al., 2000). One study had
initial randomised double-blind i.v. testing before oral
dosing (Huse et al., 2001) but results were not reported.
Two studies (Moulin et al., 1996; Watson et al., 2003)
used an active placebo (benztropine), all others using
inactive placebo. Five studies (Attal et al., 2002; Huse et al.,
2001; Maier et al., 2002; Moulin et al., 1996; Watson et al.,
2003) tested concealment of blinding. The majority of both
patients and investigators distinguished the opioid from
both active and inactive placebo. One report studied dose
response (Roth et al., 2000).
3.2. Quality and validity
Studies scored highly for both quality (mean 4, range
3–5) and validity (mean 14, range 10–18). The following
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Fig. 1. Pain relief after intravenous opioid testing. The mean maximum % decrease in pain intensity is shown following the intravenous (i.v.) administration of
morphine (Mo) or fentanyl (Fen) in neuropathic pain. The left-hand bar indicates the response after placebo and the right-hand bar the effect after the opioid.
Dellemijn and Vanneste (1997) had two i.v. groups with different placebo-groups (diazepam or saline). Pain was increased during placebo treatment in the
study by Wu et al. (2002). The number of patients is indicated with n. The pain condition is given on the left. The dose and duration of the infusions are given in
the right hand bars. The level of statistical significance is given on the right. All i.v. studies used a crossover design. The results for an open-label follow-up
study with transdermal (td) fentanyl (Dellemijn et al., 1998) and oral morphine (po) (Attal et al., 2002) are also shown. References: aRowbotham et al. (1991);
b
Dellemijn and Vanneste (1997); cDellemijn et al. (1998); dAttal et al. (2002); eWu et al. (2002).

problems were found: opioid response was weaker when
given after placebo (Maier et al., 2002; Moulin et al.,
1996), concealment was not maintained (Huse et al.,
2001; Maier et al., 2002; Moulin et al., 1996; Watson et
al., 2003) or it was likely not maintained as opioid
titration preceded the actual study (Caldwell et al., 1999).
Only 6 of the 14 studies had performed a power
calculation (Caldwell et al., 1999; Gimbel et al., 2003;
Moulin et al., 1996; Raja et al., 2002; Watson and Babul,
1998; Wu et al., 2002).

3.3. Patients
Duration of pain before allocation was more than 1 year
in one study, over 6 months in three studies and over
3 months in five (Table S1). The remaining six studies did
not define duration of pain as an inclusion criterion.
Baseline pain intensity was always at least moderate
(above 30–40% of the maximum possible).
In one study, no patient had previously been on opioids
whereas seven had an average of 49% of patients previously

Table 1
Design of studies using oral opioid dosing
Reference

Condition

Design

Opioid

Duration per
treatment arm

Open label
follow-up

Caldwell et al. (1999)
Caldwell et al. (2002)
Gimbel et al. (2003)
Harke et al. (2001)

Osteoarthritis
Osteoarthritis
Diabetic neuropathy
Peripheral neuropathic
pain
Phantom limb pain
Mixed types of pain
Musculoskeletal pain
Postherpetic neuralgia

Parallel group
Parallel group
Parallel group
Parallel group

Oxycodone, mean 40 mg/day
Morphine, 30 mg/day
Oxycodone, 42G27 mg/day
Morphine, mean 83 mg/day (range 60–90)

4 weeks
4 weeks
4 weeks
8 days

No
Yes
No
Yes

Crossover
Crossover
Crossover
Crossover

4 weeks
4 days
6 weeks
8 weeks

Yes
No
No
No

Osteoarthritis
Postherpetic neuralgia

Parallel group
Crossover

Morphine, mean 120 mg/day (range 70–300)
Morphine, mean 114 mg/day (range 60–180)
Morphine, mean 83.5 mg (range 60–130)
Morphine, 91G49 mg/day;
methadone, 15G2 mg/day
Oxycodone, 20 mg/day or 40 mg/day
Oxycodone, 45G17 mg/day

2 weeks
4 weeks

Yes
No

Diabetic neuropathy

Crossover

Oxycodone, 40G28.5 mg/day

4 weeks

Yes

Huse et al. (2001)
Maier et al. (2002)
Moulin et al. (1996)
Raja et al. (2002)
Roth et al. (2000)
Watson and Babul
(1998)
Watson et al. (2003)
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on opioids, usually codeine or oxycodone in a combination
with paracetamol (Table S1). Three studies did not state
whether the patients had previously been on opioids, and
four reported that patients had previously received opioids
but gave no proportion.
Psychological issues were described in six studies. In
four patients were excluded if there was a significant
psychiatric component (Table S1). Based on the Zung scale,
all patients in one study (Dellemijn and Vanneste, 1997)
were depressed, severely so in 44 out of 50. In 10 of 14
studies history of drug or alcohol abuse was an exclusion
criterion (Table S1).
3.4. Intravenous opioid testing
All four trials were crossover studies in neuropathic pain
(postherpetic neuralgia, mixed neuropathic pain, central
pain and phantom pain) (Table S1). An initial 120 patients
were randomised, with 115 completing.
Three studies titrated the infusion either to a target total
dose (Rowbotham et al., 1991) or a maximum tolerated dose
(Attal et al., 2002; Dellemijn and Vanneste, 1997) and one
(Wu et al., 2002) used a fixed dose. Mean doses of i.v.
morphine, 19, 16 and 0.25 mg/kg, were comparable, and
though the mean total equianalgesic dose of i.v. fentanyl
was higher (0.873 mg), it was given over 5 h.
Using either pain intensity difference or pain relief as the
endpoint, all four i.v. studies reported average pain relief of
30–60% with opioid. With placebo, the response varied from
an increase in pain by 5% to a decrease of 25% (Fig. 1). Fig. 1
shows consistency of opioid analgesic effect in different
neuropathic pain states, despite differences in the opioid
used, different doses, and small numbers of patients.
Two studies tested allodynia (Attal et al., 2002;
Rowbotham et al., 1991) which was reduced by opioid but
not lidocaine. Only one study reported pain unpleasantness
in addition to pain intensity. Both outcomes were equally
reduced by opioid (Dellemijn and Vanneste, 1997).
Adverse events occurred in most patients (Table S2). A
mean dose of 19 mg of morphine infused over 1 h caused
vomiting in 37% (Rowbotham et al., 1991). With fentanyl
(Dellemijn and Vanneste, 1997) 90% of infusions (5 mg/kg
per h) were stopped before 5 h because of adverse events.
Adverse events in an open titration to determine the
maximum tolerated dose (Attal et al., 2002) prevented 14%
of patients from participating in the double-blind phase. Of
those who did participate, 60% experienced adverse events at
the mean dose of 16 mg of morphine infused over 20 min.
Wu et al. (2002) did not report any adverse events with
morphine (0.25 mg/kg) infused over 40 min.
3.5. Oral opioid dosing
Eleven trials studied oral opioids for 4 days to 8 weeks
(Table 1). Six were in neuropathic pain, four in musculoskeletal pain and one in mixed pain (Table 1, Fig. 2).
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Of 1025 patients randomised, 674 completed and 698 were
evaluable. Adverse effects and lack of efficacy were the
most frequent reasons for discontinuation during both
opioid and placebo treatment (Table 2).
Seven studies had a double-blind titration lasting 3 days
to 9 weeks (Table 1, Table S1). One had an open titration of
30 days (Caldwell et al., 1999). The maximum daily dose in
the titration was 60–300 mg morphine, 120 mg oxycodone,
and 80 mg methadone. The subsequent treatment period
was from 4 days to 8 weeks, and mean final daily doses
varied were 30–120 mg morphine, 20–45 mg oxycodone,
and 15 mg methadone.
Fig. 2 summarises efficacy by study and details are
shown in Table S2. Mean pain relief with opioid was about
30% in both neuropathic and nociceptive pain. In the two
studies that looked at allodynia, mean weekly VAS for
steady pain, brief pain and dynamic mechanical allodynia
were significantly reduced with oxycodone compared with
placebo (Watson and Babul, 1998; Watson et al., 2003).
All seven studies that assessed quality of sleep reported
significant improvement during opioid treatment (Table S2).
Two studies (Maier et al., 2002; Roth et al., 2000) noted
improved sleep only in those with significant pain relief with
opioid. Depression scores were not significantly improved in
any of the six studies assessing it (Table S2). Mood was
reported in two studies (Maier et al., 2002; Roth et al., 2000)
where it was significantly improved in those patients with
good pain relief with the opioid.
Five studies reported no significant difference during
opioid or placebo treatments in either self-reported levels of
overall activity or pain-related interference in daily
activities (Gimbel et al., 2003; Raja et al., 2002), in pain
disability index (Moulin et al., 1996), physical function
(Caldwell et al., 2002; Gimbel et al., 2003) or interference
by pain on walking ability or general activity (Gimbel et al.,
2003; Roth et al., 2000). One study (Maier et al., 2002)
claimed that significant improvement of pain-related
disability was closely correlated with pain relief, and two
(Watson and Babul, 1998; Watson et al., 2003) reported that
the disability scores were lower during treatment with
oxycodone compared with placebo.
Various aspects of quality of life were assessed in most
studies. Only three used a validated quality of life
questionnaire, the SF-36 (Gimbel et al., 2003; Watson
et al., 2003) and the Sickness Impact Profile (Gimbel et al.,
2003; Moulin et al., 1996). Only one (Watson et al., 2003)
reported a positive difference in relation to most healthrelated quality of life domains of the SF-36 with oxycodone.
Table 2 shows results for all cause discontinuations,
and discontinuations because of adverse events and lack
of efficacy for oral opioids and placebo. There was no
significant difference between opioids and placebo in allcause discontinuation, because of a balance between
more patients discontinuing with adverse events with
opioids and more discontinuing with lack of efficacy with
placebo.
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Fig. 2. The mean % pain intensity difference at the end of the treatment period is shown in the right-hand bars following oral administration of morphine (Mo),
oxycodone (Ox) or methadone (Met) and in the left-hand bars after placebo. The number of patients in a treatment arm is indicated with n. The pain condition is
indicated on the left. The black bars indicate neuropathic pain and the grey indicate musculoskeletal pain. The statistical significance and the duration of the
study are shown on the right. In Moulin’s study (1996) only the results of the first period are shown. The open bar indicates the mean increase in pain intensity
with placebo. *The bar indicates a mean pain relief with oxycodone compared with placebo as the study did not report baseline pain intensities. The study by
Raja et al. (2002) had three arms in the crossover design: placebo, an opioid (either morphine or methadone) or a tricyclic antidepressant (results not shown).
All studies except those of Caldwell et al. (1999, 2002), Gimbel et al. (2003), and Roth et al. (2000) used a crossover design. It was not possible to extract data
for pain intensity differences from Harke et al. (2001). The dotted line indicates the 30% decrease in pain intensity that has been suggested to represent the
mean clinically important difference in pain relief in chronic pain (Farrar et al., 2000). References: fHuse et al. (2001); gWatson and Babul (1998); hRaja et al.
(2002); iGimbel et al. (2003), jWatson et al. (2003); kMaier et al. (2002); lMoulin et al. (1996); mCaldwell et al. (1999); nCaldwell et al. (2002).

With opioids, more patients (80%) reported having at
least one adverse event than with placebo (56%). The
number needed to harm was 4.2 (3.1–6.4), meaning that for
every four patients treated with opioids, one more would
have experienced an adverse event than if they were treated
with placebo.

Specific adverse events were reported in most studies
(Table S2). Constipation (41%), somnolence (29%), and
nausea (32%) were most frequently reported with opioids,
with vomiting (15%), dizziness (20%), and itching (15%)
also reported significantly more frequently than with
placebo. Differences between opioids and placebo were

Table 2
Discontinuations and adverse events with oral opioid
Trials

Adverse event
Discontinuation any cause
Discontinuation AE
Discontinuation LOE
Patient with ANY adverse event
Specific adverse events
Constipation
Nausea
Somnolence/sedation
Vomiting
Dizziness
Itching
Dry mouth
Headache

Number/total (%)

Relative risk
(95% CI)

NNH
(95% CI)

120/462 (26)
67/445 (15)
68/326 (22)
124/220 (56)

1.0
1.4
0.4
1.4

(0.8–1.2)
(1.1–1.9)
(0.3–0.5)
(1.3–1.6)

Not calculated
12 (8.0–27)
K9 (K6.2 to K17)
4.2 (3.1–6.4)

50/441 (11)
52/441 (12)
37/395 (10)
10/370 (3)
33/441 (7)
23/324 (7)
37/396 (9)
28/240 (12)

3.6
2.7
3.3
6.1
2.8
2.2
1.5
0.8

(2.7–4.7)
(2.1–3.6)
(2.4–4.5)
(3.3–11)
(2.0–4.0)
(1.4–3.3)
(1.0–2.1)
(0.5–1.3)

3.4 (2.9–4.0)
5.0 (4.0–6.4)
5.3 (4.3–7.0)
8.1 (6.4–11)
8.2 (6.3–12)
13 (8.4–27)
Not calculated
Not calculated

Opioid

Placebo

9
8
6
4

209/698 (30)
159/677 (24)
55/558 (11)
181/225 (80)

8
8
7
7
8
6
7
4

275/673 (41)
215/673 (32)
178/627 (29)
91/602 (15)
132/673 (20)
83/556 (15)
76/585 (13)
35/437 (8)

NNH was calculated only when there was a significant difference from placebo, i.e. when the confidence interval of the relative risk did not include 1.
A negative NNH becomes a number needed to treat, in this case to prevent lack of efficacy (LOE) discontinuation. AEZadverse event.
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Fig. 3. Constipation and somnolence with oral opioids compared with
placebo. Each symbol represents one study, and the size of the symbol
reflects the size of the trial, according to the included scale.

consistent, and Fig. 3 shows the data from individual trials
for constipation and somnolence. For constipation, the
number needed to harm was lowest (worse) at 3.4 (2.9–4.0).
This means that for every three patients treated with opioids,
one more would be constipated than with placebo.
These results for adverse events were obtained in studies
with a form of enriched enrolment. As an example, one
study enrolled 167 patients into an original dose titration,
but only 107 were eventually randomised (Caldwell et al.,
1999). Dropouts before randomisation were mainly because
of adverse events.
Six studies did not mention opioid withdrawal symptoms. Two studies reported that no signs of withdrawal were
seen (Gimbel et al., 2003; Watson and Babul, 1998).
One reported withdrawal symptoms after morphine in two
patients (Maier et al., 2002), and another withdrawal in two
patients after oxycodone (Roth et al., 2000). One study
reported withdrawal symptoms in one patient when previous
opioids were withdrawn and before entering the randomised
study.
Seven studies did not mention addiction. Four patients
(8.7%) reported drug craving with morphine and two with
placebo (4.3%) in the study by Moulin et al. (1996). Maier
et al. (2002) reported that no patient was diagnosed with
drug abuse after 1 week on treatment, and Gimbel et al.
(2003) stated that no aberrant drug-related behaviour was
observed.
Two studies (Caldwell et al., 1999; Moulin et al., 1996)
indicated that pain intensity levels started to rise after the
4-week titration period. One study (Gimbel et al., 2003)
reported that no tolerance was observed. The remaining
studies did not mention tolerance.
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At the end of the open label studies, between 7 months
and 2 years, 44% of the 388 patients were still on opioids
(Table S3). Adverse events were a common reason for
discontinuation, as well as lack of efficacy, though no
general conclusions could be drawn about their relative
incidence.
No information about tolerance to the analgesic effect
was given by three studies (Attal et al., 2002; Huse et al.,
2001; Roth et al., 2000). One (Caldwell et al., 2002)
stated, that “tolerance was not observed in the majority of
patients”, though most increased their dose of morphine
during the follow-up. Another (Dellemijn et al., 1998)
suggested that no tolerance occurred over 3 months,
though during the first year tolerance occurred in 6%
since pain relief no longer outweighed adverse events.
Clear tolerance had developed in one of nine patients
remaining in the study for 2 years (out of the 48 who
began). In a third study (Watson et al., 2003) out of 30
patients who continued in the 1 year follow-up four
needed increased opioid doses.
Two studies did not mention addiction or withdrawal
(Caldwell et al., 2002; Huse et al., 2001). There were no
signs of addiction in three patients who continued for 1 year
(Attal et al., 2002), and another study (Dellemijn et al.,
1998) reported that no addictive behaviour was observed.
Severe withdrawal symptoms occurred in two patients
(Dellemijn et al., 1998; Roth et al., 2000) who abruptly
stopped opioid treatment and in a third who stopped opioids
before entry (Watson et al., 2003). Roth et al. (2000)
reported that three of 106 patients took more drug than
prescribed.
3.7. Predictive value of i.v. testing
Dellemijn et al. (Dellemijn and Vanneste, 1997;
Dellemijn et al., 1998) showed a significant positive
correlation between pain relief during i.v. testing and open
label follow-up of transdermal fentanyl, and claimed that it
could predict non-responders better than good responders.
In another study a significant correlation was observed
between the analgesic effects of morphine during the
injection and that observed 1 month after the oral titration
(Attal et al., 2002), but only 20% of patients still had pain
relief with oral morphine after 1 year. However, in a third
study there was no predictive validity of i.v. morphine or
placebo test infusion for subsequent pain reduction (Huse
et al., 2001), though in only 12 patients.

3.6. Open label follow-up studies

4. Discussion

Eight of the 14 included trials had an open label followup, four of oral morphine, three of oral oxycodone and one
of fentanyl (Table 1, Table S3). One (Gimbel et al., 2003)
provided no data on the open label follow-up, and the results
of another (Maier et al., 2002) are yet to be published.

This review is based on data from 1145 patients with
follow-up times of up to 8 weeks in controlled studies and
up to 2 years in open follow-ups. Patients in most studies
had previously used opioids. The design of trials was
generally good, although not all important clinical issues

378

E. Kalso et al. / Pain 112 (2004) 372–380

were addressed. For instance, functioning and quality of life
were not evaluated in all studies and the methods were
inconsistent. No firm conclusions could be made about
concerns such as tolerance and addiction. Studies were
small, affecting any conclusions based on this review. Open
label follow-ups of controlled studies were included as they
provided long-term data on adverse events, compliance and
tolerance, however messy.
Opioids alleviate nociceptive and neuropathic pain
(Fig. 2), but trials reported large individual variation.
Three studies specifically assessed allodynia associated with
neuropathic pain, and even dynamic allodynia was reduced
by opioids (Attal et al., 2002; Rowbotham et al., 1991;
Watson and Babul, 1998). There were no predictive factors
for opioid sensitivity, implying that each patient needs to be
individually tested with opioid.
The predictive value of intravenous opioid testing was
good at identifying those patients who did not respond to
opioids, i.e. those who had a poor response with the i.v.
opioid test and also with either oral or transdermal opioid
(Attal et al., 2002; Dellemijn and Vanneste, 1997;
Dellemijn et al., 1998). I.v. doses of either morphine
or fentanyl that were infused were about the maximum
tolerated. It is unlikely that increasing the i.v. dose could
have identified more positive responders. Oral or
transdermal doses were usually lower, indicating that
patients can manage only with lower doses in everyday
life when uncompromised movement and cognitive
function are needed.
Mean pain relief with opioid was about 30%. The lowest
maximum doses, morphine 30 mg and oxycodone 20 mg
daily, were used in musculoskeletal pain and were not
effective. This is not surprising, as most of the patients had
previously used equianalgesic doses of codeine. Adverse
events prevented many patients from increasing the opioid
dose to the maximum allowed to improve pain relief.
Substance abuse, psychosis or major depressive
disorders were exclusion criteria in most studies. Dellemijn
(Dellemijn and Vanneste, 1997; Dellemijn et al., 1998),
however, showed that depressed patients could achieve
significant pain relief with opioids. Opioids did not
significantly improve depression scores in any study that
assessed it, but mood improved with significant pain relief,
as did quality of sleep.
Improved functional status seems to be a harder outcome
as only three of eight studies found improvement in function
or disability. Quality of life was improved in one of three
studies assessing it. These measures, like mood, are affected
by the amount of pain relief the patients achieve. It would be
helpful to present information on numbers of responders
and non-responders in addition to mean effects. That would
provide information about what proportion of the patients
can achieve meaningful pain relief with opioids and also
what the consequences of this pain relief are.
Results for adverse events were obtained in studies with
a form of enriched enrolment where dropouts before

randomisation were mainly because of adverse events
(Caldwell et al., 1999). Despite this, adverse events with
opioids were common, with 80% of patients experiencing at
least one. Constipation (41%), nausea (32%) and somnolence (29%) were the most common specific adverse events
(Table 1) with numbers needed to harm of 3–5. After
randomisation, more patients withdrew because of adverse
events in the opioid treatment arm than with placebo.
In the clinic opioid tolerance is defined either as a
decrease in pain relief when the opioid dose is stable or as a
need to increase the dose in order to maintain pain relief.
A ‘honeymoon’ effect of rising pain intensity after the first
few weeks of good pain relief was seen in the study by
Moulin et al. (1996), and also to some extent by Caldwell
et al. (1999). Increased levels of pain intensity could reflect
tolerance or the fact that the patients were initially more
active, developing more pain. In future studies assessment
of tolerance should include all these elements, i.e. changes
in opioid dosing, pain intensity and activity.
Many important questions about addiction and outcome
in patients with complicated problems remain unanswered.
Anyone with addictive behaviour was excluded from these
trials. These studies were not designed to address problems
of addiction that is a more challenging target to study in
chronic pain patients. The criteria for addictive behaviour
are harder to define in the presence of pain.
The patient population of the trials in this review
represents the ‘ideal’ patients for opioid treatment. A good
example is the MONTAS study (Maier et al., 2002) where
out of nearly 1000 screened patients only 5% were
eventually included. The results may thus not reflect the
reality in the clinic.
The results of the open-label follow-up studies can at best
be only indicative, because they did not use the same
methodological rigour as in the controlled studies. Analgesic efficacy was not assessed systematically, which weakens
the data and analysis to detect possible development of
tolerance. The results, however, imply that, only a minority
of patients benefit from long-term opioid treatment, with
only 44% still on treatment at the end of follow-up. The role
of opioids in the treatment of chronic non-cancer pain needs
to be further assessed. The current review did not compare
different opioids. A recent systematic review concluded that
there is insufficient evidence to show that one long-acting
opioid was better than another (Chou et al., 2003).
The efficacy and safety of opioids as compared with the
alternative treatments such as antidepressants and anticonvulsants would be of interest. However, addiction and
drug diversion are special features of opioids and need to be
addressed in specifically focused studies if opioids are to be
considered in more vulnerable patient groups. Definitions
for meaningful pain relief, tolerance, addictive or problematic behaviour are needed. The inclusion of genetic and
endocrinological studies is needed to answer certain
questions. Study designs other than randomised controlled
trials may be more appropriate than RCTs because of their
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greater relevance to clinical practice. If simpler follow-up
studies are to be used standardisation of outcome measures
is crucial. Several guidelines have recently been introduced
(Kalso et al., 2003; The Pain Society, 2004). It would be
important to evaluate the impact of the implementation of
these guidelines on the outcome of opioid treatment in
chronic pain.
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KEY POINTS
 Treatment options for osteoarthritis are generally based on symptom severity and
duration, with the goals of symptom alleviation and improvement in functional status.
 Nonpharmacologic options include physical activity through land-based or aquatic exercises, acupuncture, transcutaneous electrical nerve stimulation, splints, and braces.
 Pharmacologic options are instituted in a stepwise approach, and include topical capsaicin, acetaminophen, nonsteroidal anti-inflammatories, cyclooxygenase-2 inhibitors, and
intra-articular steroid injections.
 A surgical approach to osteoarthritis is reserved for chronic cases when pharmacologic
and nonpharmacologic treatment options have already failed. Options include fusion
and joint lavage, arthroscopy, and arthroplasty.

BACKGROUND

Osteoarthritis (OA) refers to a heterogeneous group of conditions that lead to joint
symptoms and signs associated with loss of integrity of the articular cartilage, in combination with changes in underlying bone and joint margins.1 OA affects more than 40
million individuals in the United States alone, and is the leading cause of disability
nationwide.2 It is the most common articular disease worldwide, although frequencies
vary by country.3 The high prevalence of OA makes it one of the principal reasons for
office visits in the primary care setting. OA causes with both direct and indirect economic costs to society. Clinician visits, medications, and surgical interventions
comprise the direct costs, while comorbidities and time lost from work because of
the effects of disability make up the indirect costs.4 This situation is more evident
among the elderly, who may lose their independence and may later need assistance
with their daily living activities, thus adding to the economic burden.5,6
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OA can be subdivided into primary and secondary forms, with the primary, or idiopathic, form occurring in previously intact joints without any inciting agent.4 Aging
plays an integral part in this form of OA, as the wear and tear on the joints cause damage to the cartilage, leading to an abnormal repair mechanism. Certain diseases
including primary generalized OA, erosive OA, and chondromalacia patellae are categorized as subsets of primary OA. The secondary form of OA is caused by an underlying predisposing factor, such as trauma (Box 1).
Box 2 lists some of the risk factors that may predispose persons to develop OA. In
general, any breach in the integrity of the chondrocyte matrix has the potential to
cause OA.2 Among these, obesity and joint injury are 2 of the strongest modifiable
risk factors.7 Hip OA has an important correlation with weight, genetic factors, sex,
previous traumas, occupational factors, and age, whereas knee OA has a significant
correlation with weight, lifestyle, and physical activity.8
OA develops by the combination of biochemical, cellular, and mechanical processes.2 It is thought to start from the breakdown, by proteolysis, of the cartilage matrix. The weak matrix is prone to fibrillation and erosion, and results in the release of
proteoglycans and collagen fragments into the synovial fluid. This process induces
an inflammatory response in the synovium, which causes further cartilage degradation. As the cartilage becomes weak it begins to thin out, causing the joint space to
narrow.4 Damage to the cartilage also causes new bony outgrowths, or spurs, to
form around the joints, which are evident on radiographs. The exact mechanism of
pain generation in OA is not well understood, but is possibly related to an interplay
of several mechanisms enumerated in Box 3.
DIAGNOSIS

The diagnosis of OA is primarily based on thorough history and physical examination
findings, with or without radiographic evidence.9 Although some patients may be
asymptomatic initially, the most common symptom is pain. Primary OA is usually symmetric and tends to initially affect the weight-bearing joints: the knees, hips, and spine.
However, it is not uncommon for the joints of the hands and wrists to also become
symptomatic. The pain is usually described as intense, deep, and “achy,” worsened
by movement or extensive use and relieved by rest and simple analgesics. Later on,
as joints become more worn, the pain becomes more noticeable and unresponsive
to medications. The pain causes reduction in range of motion and a decrease in

Box 1
Secondary causes of osteoarthritis
 Mechanical stress (obesity)
 Repeated trauma or surgery to the joint structures
 Infection
 Congenital abnormalities (abnormal joints at birth)
 Endocrine and metabolic disorders (diabetes, calcium deposition disorders)
 Other articular diseases (gout and pseudogout, rheumatoid arthritis)
Data from Lozada C. Osteoarthritis in Medscape reference. 2012. Available at: http://emedicine.
medscape.com/article/330487-overview; and Hinton R, Moody RL, Davis AW, et al. Osteoarthritis: diagnosis and therapeutic considerations. Am Fam Physician 2002;65(5):841–9.
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Box 2
Risk factors for osteoarthritis
 Age older than 50 years
 Obesity
 Trauma/injury to joints
 Genetics (significant family history)
 Reduced levels of sex hormones
 Muscle weakness
 Repetitive use (ie, jobs requiring heavy labor and bending)
 Infection
 Crystal deposition
 Acromegaly
 Previous inflammatory arthritis (eg, burnt-out rheumatoid arthritis)
 Heritable metabolic causes (eg, alkaptonuria, hemochromatosis, and Wilson disease)
 Hemoglobinopathies (eg, sickle cell disease and thalassemia)
 Neuropathic disorders leading to a Charcot joint (eg, syringomyelia, tabes dorsalis, and
diabetes)
 Underlying morphologic risk factors (eg, congenital hip dislocation and slipped femoral
capital epiphysis)
 Disorders of bone (eg, Paget disease and avascular necrosis)
 Previous surgical procedures (eg, meniscectomy)
Data from Lozada C. Osteoarthritis in Medscape reference. 2012. Available at: http://emedicine.
medscape.com/article/330487-overview.

Box 3
Osteoarthritic pain mechanisms
 Osteophytic periosteal elevation
 Vascular congestion of subchondral bone, leading to increased intraosseous pressure
 Synovitis with activation of synovial membrane nociceptors
 Fatigue in muscles that cross the joint
 Overall joint contracture
 Joint effusion and stretching of the joint capsule
 Torn menisci
 Inflammation of periarticular bursae
 Periarticular muscle spasm
 Psychological factors
 Crepitus (a rough or “crunchy” sensation)
 Central pain sensitization
Data from Lozada C. Osteoarthritis in Medscape reference. 2012. Available at: http://emedicine.
medscape.com/article/330487-overview.
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functional capacity. Some patients feel stiffness that develops during rest, with morning joint stiffness for less than 30 minutes (morning stiffness longer than 30 minutes is
more commonly associated with rheumatoid arthritis). Some may also report crepitus
(a grating or cracking sensation) over the joint, which may or may not be associated
with pain. Those with affected weight-bearing joints may exhibit an antalgic gait.
Disease progression is characteristically slow, over several years or decades, causing
the patient to become less active and more susceptible to morbidities associated with
decreased physical activity, such as weight gain.4
Physical examination findings, when present, are mostly found on the affected
joints. Most common are a reduced range of motion, crepitus, and intra-articular joint
swelling, also called an effusion.2 Sometimes malalignment and bone enlargement
can be seen as well. Inflammatory changes, erythema, or warmth over the area are
uncommon. These features are more likely to be seen in gouty or crystal arthropathies
or in inflammatory arthritis, such as rheumatoid arthritis.4 In late stages muscle atrophy
around a severely affected joint can be seen. In OA of the hand, the distal interphalangeal (DIP), proximal interphalangeal (PIP), and trapeziometacarpal (base of the thumb)
joints are affected. Heberden nodes and Bouchard nodes (Fig. 1), which are palpable
osteophytic growths over the DIP and PIP joints, respectively, are more appreciable in
women. In OA of the spine, associated changes are typically seen in the lumbar region,
specifically the L3 through L5 levels. Facet arthritic changes cause foraminal narrowing, which may cause compression of the nerve roots. The later complication of
lumbar spine OA is acquired spondylolisthesis.4
Inflammatory markers such as the erythrocyte sedimentation rate (ESR), C-reactive
protein level, immunologic tests, and uric acid levels are typically within their reference
range and usually do not need to be ordered, unless other conditions are being ruled
out. No specific laboratory abnormalities are associated with OA.2 Ancillary testing
may be warranted if response to treatment is not as expected or the diagnosis remains
uncertain. Synovial fluid is characteristically viscous and clear. Analysis usually shows
a white blood cell (WBC) count of less than 2000/mL with mononuclear predominance,

Fig. 1. Heberden nodes and Bouchard nodes (arrows). (From Waldman S. Physical diagnosis
of pain: an atlas of signs and symptoms. 2nd edition. Philadelphia: Saunders; 2010; with
permission.)
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negative Gram stains and cultures, as well as the absence of crystals when the fluid is
viewed under a polarized microscope. Ongoing research on the use of monoclonal antibodies, synovial fluid markers, and urinary pyridinium cross-links (ie, breakdown
products of cartilage) as osteoarthritic indicators are under way. Discovery of a marker
for early OA will aid in the diagnosis, monitoring, and targeted treatment of OA in the
future.4
Plain radiography can help confirm the diagnosis, is readily available, and is costeffective.2 Typical findings are joint-space narrowing or loss, subchondral bony sclerosis, osteophyte formation, and cyst formation. Figs. 2–4 illustrate these radiographic
findings. Computed tomography (CT) or magnetic resonance imaging (MRI) is rarely
used, unless other abnormalities are being ruled out. CT may be used to assist in
the diagnosis of patellofemoral malalignment of the patellofemoral joint. Findings on
MRI include chondral thinning, subchondral osseous changes, and osteophytes. In
addition, direct visualization of the articular cartilage and other joint tissues (eg,
meniscus, tendon, muscle, or effusion) is possible with MRI. Ultrasonography is
currently being investigated as a tool for monitoring cartilage degeneration and for
assistance with joint injections for treatment. Bone scans can help to differentiate
OA from osteomyelitis and bone metastases, although these are not typically used
in routine diagnosis.
DIAGNOSIS: KEY POINTS

 OA refers to a heterogeneous group of conditions that lead to joint symptoms
and signs associated with loss of integrity of the articular cartilage.
 The diagnosis of OA is primarily based on thorough history and physical examination findings, with or without radiographic evidence.

Fig. 2. Radiographs of hip osteoarthritis. (From Altman RD, Gold GE. Atlas of individual
radiographic features in osteoarthritis, revised. Osteoarthritis Cartilage 2007;15(1):A1–A56;
with permission.)
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Fig. 3. Radiographs of knee osteoarthritis. (From Altman RD, Gold GE. Atlas of individual
radiographic features in osteoarthritis, revised. Osteoarthritis Cartilage 2007;15(1):A1–A56;
with permission.)

 The most common symptom is pain, described as intense, deep, and “achy,” worsened by movement or extensive use and relieved by rest and simple analgesics.
 Most commonly affected are the weight-bearing joints: knees, hips, spine.
 Physical examination findings may include crepitus, effusion, decreased range of
motion, and Heberden and Bouchard nodes in the hands.
 Typical radiographic findings include joint-space narrowing, subchondral sclerosis, osteophytic growths, and cysts.
THE AMERICAN COLLEGE OF RHEUMATOLOGY CRITERIA FOR THE CLASSIFICATION
AND REPORTING OF OSTEOARTHRITIS OF THE HAND, KNEE, AND HIP
Hand OA

Patients are classified as having OA of the hand if they meet the criteria shown in
Box 4. Sensitivity for hand OA if all of these criteria are fulfilled is 92%, and specificity
is 98%. If at least 3 of these 4 criteria are met, sensitivity increases to 94% while specificity drops to 87%. Radiography was of less value than clinical examination in the
classification of symptomatic OA of the hands. The 10 selected joints are the second
and third DIP joints, second and third PIP joints, and the trapeziometacarpal joints of
both hands.10

Diagnosis and Treatment of Osteoarthritis

Fig. 4. Radiographs of hand osteoarthritis. (From Altman RD, Gold GE. Atlas of individual
radiographic features in osteoarthritis, revised. Osteoarthritis Cartilage 2007;15(1):A1–A56;
with permission.)

Knee OA

A patient who has knee pain and at least 3 of 6 of the following is classified as having
knee OA: age older than 50 years, stiffness of less than 30 minutes, crepitus, bony
tenderness, bony enlargement, and no palpable warmth. Diagnosis based on these
Box 4
Criteria for classification of idiopathic osteoarthritis of the hand
History
Hand pain, aching, or stiffness
Physical examination findings
Hard tissue enlargement involving at least 2 of 10 selected joints
Swelling of fewer than 3 metacarpophalangeal joints
Hard tissue enlargement of at least 2 distal interphalangeal joints
Data from Altman R, Alarcon G, Appelrouth D, et al. The American College of Rheumatology
criteria for the classification and reporting of osteoarthritis of the hand. Arthritis Rheum
1990;33(11):1601–10.
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criteria was found to have a sensitivity of 95% and specificity of 69%. If laboratory
findings are considered, an ESR of less than 40 mm/h and synovial fluid analysis
are characteristic of OA (clear, viscous, WBC count <2000/mm3); sensitivity with
laboratory tests decreases to 92% but specificity increases to 75%. If radiographic
findings of osteophytes are considered, the diagnosis is made with 91% sensitivity
and 86% specificity (Table 1).1
Hip OA

Table 2 describes how hip OA may be diagnosed through clinical findings alone, and
with radiographic findings.11
TREATMENT

Treatment options for OA are generally classified as pharmacologic, nonpharmacologic, surgical, and complementary and/or alternative.9 Typically, patients receive a
combination of these treatment options to achieve optimal results.12 Treatment initiation is based on symptom severity and duration, with the goals of symptom alleviation
and improvement in functional status.4 Individualization of treatment options is
important.
Nonpharmacologic Modalities

Physical activity has been widely proved to decrease pain and improve function in
patients with OA.13,14 The American College of Rheumatology (ACR) recommends
both land-based and aquatic-based programs, depending on patients’ comfort level
and preferences.
Assistive devices such as walking canes, braces, and appropriate footwear may
provide significant improvement in a patient’s ability to perform activities of daily living
(ADLs). Joint-protection and energy-conservation techniques must also be taught to

Table 1
Criteria for classification of idiopathic osteoarthritis of the knee
Clinical

Clinical and Laboratory

Clinical and Radiographic

Knee pain
1
At least 3 of 6:
Age >50 y
Stiffness <30 min
Crepitus
Bony tenderness
Bony enlargement
No palpable warmth

Knee pain
1
At least 5 of 9:
Age >50 y
Stiffness <30 min
Crepitus
Bony tenderness
Bony enlargement
No palpable warmth
ESR <40 mm/h
RF <1:40
SF signs of OA: clear viscous, or WBC
<2000/mm3

Knee pain
1
At least 1 of 3:
Age >50 y
Stiffness <30 min
Crepitus
1
Osteophytes

95% sensitive
69% specific

92% sensitive
75% specific

91% sensitive
86% specific

Abbreviations: ESR, erythrocyte sedimentation rate; OA, osteoarthritis; RF, rheumatoid factor; SF,
synovial fluid; WBC, white blood cell count.
Data from Altman R, Asch E, Bloch D, et al. Development of criteria for the classification
and reporting of osteoarthritis: classification of osteoarthritis of the knee. Arthritis Rheum
1986;29(8):1039–49.
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Table 2
Criteria for classification of idiopathic osteoarthritis of the hip
Clinical

Clinical and Radiographic

1. Hip internal rotation 15 , pain present
on internal rotation of the hip, morning
stiffness of the hip for <60 min, and
age >50 y, or
2. Hip internal rotation <15 and ESR
45 mm/h; if no ESR obtained, hip flexion
115 substituted

Pain
1
At least 2 of the following criteria:
Osteophytes (femoral or acetabular)
Joint space narrowing (superior, axial, and/or
medial), and ESR <20 mm/h

86% sensitive
75% specific

89% sensitive
91% specific

Data from Altman R, Alarcon G, Appelrouth D, et al. The American College of Rheumatology
criteria for the classification and reporting of osteoarthritis of the hip. Arthritis Rheum
1991;34(5):505–14.

prevent further injury. For involvement of the trapeziometacarpal joint, the ACR recommends applying a splint.
Tai Chi is a form of Chinese martial arts consisting of slow, calculated movements,
practiced for its health benefits and defense training. A pilot cluster-randomized trial
among elderly patients with knee OA concluded that practicing Tai Chi can be efficacious in reducing pain and stiffness.15
Physical and occupational therapy are beneficial especially for deconditioned
patients and postoperative patients who need to be retrained.
A pulsed electromagnetic field stimulation device and transcutaneous electrical
nerve stimulation (TENS) are other possible treatment options for pain relief, both of
which are thought to work by decreasing the pressure pain threshold.16
Acupuncture is another option for the treatment of chronic pain and physical
dysfunction associated with OA.4 Although data are limited, some studies have shown
some benefit to acupuncture, especially when combined with pharmacologic treatment options,17 although this therapy remains controversial.
Glucosamine sulfate (an amino-monosaccharide), glycosaminoglycans, and proteoglycans are substrates of hyaluronic acid, a major component of joint fluid.2
Glucosamine, chondroitin, and the 2 in combination have been the most extensively
studied. Some improvement in pain and functional indices and a decrease in the loss
of joint-space width have been demonstrated in some, but not all, studies,18 and this
therapy remains controversial.
Balneotherapy, also known as spa therapy or mineral baths, is also used to treat OA,
although scientific evidence is weak because of methodological flaws in the studies
that have shown efficacy.19 However, in a randomized, controlled, single-blind study,
improvement of pain and function, as well as the quality of life in patients with hand
OA, have been demonstrated with balneotherapy combined with magnetotherapy.20
However, this also remains controversial.
ACR RECOMMENDATIONS FOR NONPHARMACOLOGIC TREATMENT MODALITIES FOR
OSTEOARTHRITIS

Nonpharmacologic modalities such as modification of ADLs, joint-protection techniques, assistive devices, and thermal agents are conditionally recommended by
the ACR for OA of the hand. In addition, patients with OA involving the trapeziometacarpal joint have been found to benefit from hand splints.13
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For patients with OA of the knee, it is strongly recommended that they participate in
cardiovascular (aerobic) and/or resistance land-based exercise, or aquatic exercise,
depending on individual patient preference and safety. It is also strongly recommended for symptomatic, overweight patients to lose weight. Other treatment options
include self-management programs, manual therapy in combination with supervised
exercises, psychosocial interventions, medially directed patellar taping for patellofemoral OA, medially wedged insoles for those who have lateral compartment OA, laterally wedged subtalar strapped insoles for those who have medial compartment OA,
thermal agents, walking aids as needed, and other exercise programs, such as Tai
Chi. Traditional Chinese acupuncture and TENS are recommended only when the patient with knee OA has chronic moderate to severe pain and is a candidate for total
knee arthroplasty, but either is unwilling to undergo the procedure, has comorbid
medical conditions, is taking concomitant medications that lead to relative or absolute
contraindications to surgery, or the surgeon is not comfortable recommending the
procedure.
For the initial management of hip OA, as for knee OA, it is strongly recommended
that patients participate in cardiovascular (aerobic) and/or resistance land-based exercises, or participate in aquatic exercises, depending on individual patient preference
and safety. It is also strongly recommended that symptomatic, overweight patients
lose weight. Other treatment options include self-management programs, manual
therapy in combination with supervised exercises, psychosocial interventions, thermal
agents, and walking aids as needed.
Pharmacologic Modalities

Topical capsaicin cream should be considered for adjunctive treatment of focal joint
pain.2 Capsaicin is a component from chili peppers that produces warmth and works
by desensitizing neurons by depleting substance P, a pain neurotransmitter. In elderly
patients, capsaicin is recommended as first-line treatment of choice for hand OA,
although caution is advised because potential serious adverse effects have been
observed in clinical trials. Concerns exist that capsaicin-induced nerve desensitization
is not fully reversible, and that its autonomic nerve effects may increase the risk of skin
ulcers in diabetic patients.21
Acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs) are the mainstay for the treatment of OA, and cyclooxygenase-2 (COX-2) inhibitors may be
used if the former are not well tolerated. The maximum dose of acetaminophen
is 4 g/d, and patients must be advised about the potential for overdose and
adverse effects, especially when they take over-the-counter medications that
have acetaminophen as one of their components. All of these agents have potential
gastrointestinal, hepatic, and cardiorenal adverse effects, which increase with dose
and duration of treatment. Proton-pump inhibitors (PPIs) should always be considered with an NSAID and with a COX-2 inhibitor in patients at higher gastrointestinal
risk.22
Intra-articular steroid injections are another treatment option. Corticosteroids work
by anti-inflammatory and antinociceptive actions. Corticosteroids have been shown to
decrease pain and symptoms associated with OA for up to 3 weeks.23 However, they
must not be administered more than 3 to 4 times per year.2 Several randomized trials
have proven the benefits of intra-articular steroid injections. Although response varies,
pain relief and functional improvement can sometimes be obtained for up to 1 year
after the injection.24
Viscosupplementation, the intra-articular injection of hyaluronic acid or its derivative, is currently approved by the Food and Drug Administration only for patients
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with knee OA. There is conflicting evidence on its efficacy. Some evidence suggests
symptomatic and functional improvement for up to 5 to 13 weeks,25 whereas others
have found minimal or nonexistent effects, Its use in treatment should be individualized because results from trials are not yet generalizable. Its main risk is local adverse
reactions from the injection.26
Other Agents

Several research studies have focused on other agents with potential for modifying
disease progression or treatment of symptoms, but most of these studies still
have inconclusive results. S-Adenosylmethionine (SAMe) has been found to have
the potential to treat pain and improve functionality, although evidence remains
equivocal.26 Doxycycline is also being investigated for its possible diseasemodifying properties and potential to slow cartilage degeneration.27 Other agents
such as strontium ranelate, an agent being used for the treatment of osteoporosis,
are being studied for their potential benefit on symptoms of patients with knee
OA.28
Treatment options using complementary and alternative medicine have gained
widespread use among patients because of their ubiquitous presence. In one study
topical creams, rubs, and ointments were most commonly used, followed by spiritual
methods, alternative providers (such as chiropractors), nutritional supplements, and
mind-body therapies.29 A systematic review has concluded that there is no sufficient
evidence to recommend any of the practitioner-based complementary therapies
(biofeedback, magnet therapy, chiropractic) for the management of OA, but neither
is there sufficient evidence to conclude that they are not effective.30 In addition, it is
important for primary care physicians to discuss with their patients the use of these
alternative treatment options, especially when prescribing medications that can cause
potential interactions.30
ACR RECOMMENDATIONS FOR PHARMACOLOGIC TREATMENT MODALITIES FOR
OSTEOARTHRITIS

Pharmacologic modalities recommended for the initial treatment of OA of the hand
include either topical or oral NSAIDs, topical capsaicin, or tramadol. Owing to the
lack of randomized controlled trials, the ACR has not recommended the use of
intra-articular therapies, opioid analgesics, oral methotrexate, or sulfasalazine.
Because of a lack of data, no recommendations have been given by the ACR
regarding the use of hydroxychloroquine.13
For the initial management of knee OA patients may try acetaminophen, oral and
topical NSAIDs, tramadol, and intra-articular corticosteroid injections, in a stepwise
approach. For patients 75 years and older, topical, instead of oral, NSAIDs are
preferred. Because of the lack of randomized controlled trials, the ACR has not recommended chondroitin sulfate, glucosamine, and topical capsaicin for the initial management of knee OA. The ACR has made no recommendations regarding the use of
intra-articular hyaluronates, duloxetine, and opioid analgesics. For those with a history of symptomatic or complicated upper gastrointestinal ulcer, use of COX-2 selective inhibitors, or a nonselective NSAID in combination with a PPI, is recommended. In
patients with symptomatic knee OA, those unresponsive to previously stated modalities, and those either unwilling to undergo surgery or with contraindications for total
arthroplasty, opioid analgesics and duloxetine are possible treatment options. Contraindications to these pharmacologic modalities must be considered, and individual
risks and benefits assessed, before initiation.
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For the initial management of hip OA, recommendations are similar to those of knee
OA, with the exception of the use of topical NSAIDs, intra-articular hyaluronate injections, duloxetine, and opioid analgesics, which are not recommended, as evidence
from randomized controlled trial regarding their benefits or safety are insufficient
at present. Opioid analgesics are a treatment option in cases of symptomatic hip
OA unresponsive to aforementioned modalities when the patients are unwilling or
are not candidates for total joint arthroplasty.
Table 3 summarizes the various management recommendations for hand, knee,
and hip OA.
Table 3
Nonpharmacologic and pharmacologic recommendations for the initial management of hand,
knee, and hip osteoarthritis (OA)
Hand OA

Knee OA

Hip OA

Aerobic/land-based exercise
Aquatic exercise
Weight loss
Self-management programs
Manual therapy in
combination with
supervised exercise
Psychosocial interventions
Medially directed patellar
taping
Medially wedged subtalar
strapped insoles (for those
with lateral-compartment
OA)
Laterally wedged subtalar
strapped insoles (for those
with medial-compartment
OA)
Thermal agents
Walking aids, as needed
Tai Chi programs
Traditional Chinese
acupuncture
Transcutaneous electrical
stimulation

Aerobic/land-based exercise
Aquatic exercise
Weight loss
Self-management programs
Manual therapy in
combination with
supervised exercise
Psychosocial interventions
Thermal agents
Walking aids, as needed

Acetaminophen
Oral NSAIDs
Topical NSAIDs
Tramadol
Intra-articular corticosteroid
injections

Acetaminophen
Oral NSAIDs
Tramadol
Intra-articular corticosteroid
injections

Nonpharmacologic
Evaluation of ADLs
Joint protection techniques
Assistive devices, as needed
Thermal modalities
Splints (for
trapeziometacarpal joint
OA)

Pharmacologic
Topical capsaicin
Topical NSAIDs, including
trolamine salicylate
Oral NSAIDs, including COX-2
selective inhibitors
Tramadol
For persons aged 75 y,
topical rather than oral
NSAIDs

Abbreviations: ADLs, activities of daily living; COX-2, cyclooxygenase-2; NSAIDs, nonsteroidal antiinflammatory drugs.
Data from Hochberg M, Altman R, April KT, et al. American College of Rheumatology 2012:
recommendations for the use of nonpharmacologic and pharmacologic therapies in osteoarthritis
of the hand, hip, and knee. Arthritis Care Res 2012;64(4):465–74.
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Surgical Approach

If conservative treatment fails, surgical approaches to the treatment of OA can be
considered. The most common indications for surgery are intractable pain and worsening disability.9 Mechanical symptoms may also lead to surgical intervention. Surgical approaches to OA include fusion and joint lavage, osteotomy, arthroscopy, and
arthroplasty.
Fusion and Joint Lavage

Fusion, or the union of bones on either side of the affected joint, is a procedure done to
relieve pain, usually when knee-replacement procedures fail or as an initial procedure
for ankle or foot arthritis. However, this procedure puts more stress on the surrounding
joints.4 Joint lavage, although suggested in observational studies to give promising
results, has failed to demonstrate pain relief or improvement of function in patients
with knee OA.31
High tibial osteotomy is a procedure aimed at shifting the weight from the weakened
cartilage on the medial aspect of the knee to the healthy lateral aspect of the knee,
used primarily for younger patients with significant malalignment of the lower extremity, usually genu varum or bowleg deformity, and isolated medial compartment OA. It
is thought to improve physical activity by decreasing pain, and often delays total knee
replacement until about 10 years later.32 However, total knee replacement is more
difficult following this procedure.
Arthroscopy is a minimally invasive procedure used for removal of meniscal tears
and debridement of loose articular cartilage. Randomized trials of arthroscopic
debridement for OA of the knee have consistently failed to show an advantage over
maximal medical therapy combined with physical therapy.9 However, in some prospective consecutive series, most patients with knee OA associated with unstable
cartilage or meniscal injuries have reported good to excellent symptomatic results
at short-term and mid-term follow-ups after arthroscopy.33 Therefore, arthroscopy
is not recommended for nonspecific “cleaning of the knee” in OA, owing to its varying
success rates.4
Arthroplasty is the surgical replacement of joint surface with a metal and plastic
prosthesis, and is the treatment of choice for severe symptomatic OA. A variety of
prosthetic devices are available, although studies are lacking regarding the advantage
of one against the other.9 Arthroplasty is performed if all other modalities are ineffective, if osteotomy is not appropriate, or if a patient cannot perform ADLs despite
maximal use of the other treatment options already mentioned. This procedure alleviates pain and may improve function. Excellent patient outcomes following total joint
replacement of the hip, knee, and shoulder have been reported.9 Possible complications include infection and thrombophlebitis, with or without pulmonary embolism.34
The use of perioperative antibiotics has decreased the incidence of postoperative
infection, while early ambulation and administration of heparin or warfarin as prophylactic treatment for thrombosis are currently being observed. In the absence of complications, a minimum of 10 to 15 years of viability is expected after the procedure.4
REFERENCES

1. Altman R, Asch E, Bloch D, et al. Development of criteria for the classification and
reporting of osteoarthritis: classification of osteoarthritis of the knee. Arthritis
Rheum 1986;29(8):1039–49. Available at: http://www.rheumatology.org/practice/
clinical/classification/oaknee.pdf#toolbar51.

833

834

Taruc-Uy & Lynch

2. Hinton R, Moody RL, Davis AW, et al. Osteoarthritis: diagnosis and therapeutic
considerations. Am Fam Physician 2002;65(5):841–9. Available at: http://www.
aafp.org/afp/2002/0301/p841.html#afp20020301p841-b4.
3. Centers for Disease Control and Prevention. Prevalence of doctor-diagnosed
arthritis and possible arthritis—30 states, 2002. MMWR Morb Mortal Wkly Rep
2004;53:383–5. Available at: http://www.ncbi.nlm.nih.gov/pubmed/15470523.
4. Lozada C. Osteoarthritis in Medscape reference. 2012. Available at: http://
emedicine.medscape.com/article/330487-overview.
5. Bitton R. The economic burden of osteoarthritis. Am J Manag Care 2009;15(Suppl 8):
S230–5. Available at: http://www.ncbi.nlm.nih.gov/pubmed/19817509.
6. Murphy L, Cisternas M, Yelin E, et al. Update: direct and indirect costs of arthritis and
other rheumatic conditions—United States, 1997. MMWR Morb Mortal Wkly Rep
2004;53(18):388–9. Available at: http://www.cdc.gov/mmwr/PDF/wk/mm5318.pdf.
7. Suri P, Morgenroth DC, Hunter DJ. Epidemiology of osteoarthritis and associated
comorbidities. PM R 2012;4(Suppl 5):S10–9. Available at: http://www.ncbi.nlm.
nih.gov/pubmed/22632687.
8. De Filippis L, Gulli S, Caliri A, et al. Epidemiology and risk factors in osteoarthritis:
literature review data from “OASIS” study. Reumatismo 2004;56(3):169–84 [in
Italian]. Available at: http://www.ncbi.nlm.nih.gov/pubmed/15470523.
9. Sinusas K. Osteoarthritis: diagnosis and treatment. Am Fam Physician 2012;
85(1):49–56. Available at: http://www.aafp.org/afp/2012/0101/p49.html.
10. Altman R, Alarcon G, Appelrouth D, et al. The American College of Rheumatology
criteria for the classification and reporting of osteoarthritis of the hand. Arthritis
Rheum 1990;33(11):1601–10. Available at: http://www.rheumatology.org/practice/
clinical/classification/oa-hand/1990_classification_%20oa_hand.pdf#toolbar51.
11. Altman R, Alarcon G, Appelrouth D, et al. The American College of Rheumatology
criteria for the classification and reporting of osteoarthritis of the hip. Arthritis
Rheum 1991;34(5):505–14. Available at: http://www.rheumatology.org/practice/
clinical/classification/oa-hip/1991_classification_oa_hip.pdf#toolbar51.
12. Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommendations for the management of hip and knee osteoarthritis, Part II: OARSI evidence-based, expert
consensus guidelines. Osteoarthritis Cartilage 2008;16(2):137–62. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/18279766.
13. Lund H, Weile U, Christensen R, et al. A randomized controlled trial of aquatic and
land-based exercise in patients with knee osteoarthritis. J Rehabil Med 2008;40(2):
137–44. Available at: http://www.ncbi.nlm.nih.gov/pubmed/18509579.
14. Vignon E, Valat JP, Rossignol M, et al. Osteoarthritis of the knee and hip and
activity: a systematic international review and synthesis (OASIS). Joint Bone
Spine 2006;73(4):442–55. Available at: http://www.ncbi.nlm.nih.gov/pubmed/
16777458.
15. Tsai PF, Chang JY, Beck C, et al. A pilot cluster-randomized trial of a 20-week Tai
Chi program in elders with cognitive impairment and osteoarthritic knee: effects
on pain and other health outcomes. J Pain Symptom Manage 2012;45(4):660–9.
http://dx.doi.org/10.1016/j.jpainsymman.2012.04.009
pii:S0885–3924(12)
00375-2. Available at: http://www.ncbi.nlm.nih.gov/pubmed/23017610.
16. Vance CG, Rakel BA, Blodgett NP, et al. Effects of transcutaneous electrical nerve
stimulation on pain, pain sensitivity, and function in people with knee osteoarthritis: a randomized controlled trial. Phys Ther 2012;92(7):898–910. Available
at: http://www.ncbi.nlm.nih.gov/pubmed/22466027.
17. Mavrommatis CI, Argyra E, Vadalouka A, et al. Acupuncture as an adjunctive therapy to pharmacological treatment in patients with chronic pain due to osteoarthritis

Diagnosis and Treatment of Osteoarthritis

18.

19.

20.

21.

22.

23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

of the knee: a 3-armed, randomized, placebo-controlled trial. Pain 2012;153(8):
1720–6. Available at: http://www.ncbi.nlm.nih.gov/pubmed/22727499.
Ragle RL, Sawitzke AD. Nutraceuticals in the management of osteoarthritis: a critical review. Drugs Aging 2012;29(9):717–31. Available at: http://www.ncbi.nlm.
nih.gov/pubmed/23018608.
Verhagen AP, Bierma-Zeinstra SM, Boers M, et al. Balneotherapy for osteoarthritis. Cochrane Database Syst Rev 2007;(4): CD006864. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/17943920.
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ABSTRACT

Objectives: This study was conducted to better
understand the characteristics of chronic pain
patients seeking treatment with medicinal cannabis
(MC).
Design: Retrospective chart reviews of 139
patients (87 males, median age 47 years; 52 females,
median age 48 years); all were legally qualified for
MC use in Washington State.
Setting: Regional pain clinic staffed by university
faculty.
Participants: Inclusion criteria: age 18 years
and older; having legally accessed MC treatment,
with valid documentation in their medical records.
All data were de-identified.
Main Outcome Measures: Records were scored
for multiple indicators, including time since initial
MC authorization, qualifying condition(s), McGill
Pain score, functional status, use of other analgesic
modalities, including opioids, and patterns of use
over time.
Results: Of 139 patients, 15 (11 percent) had
prior authorizations for MC before seeking care in
this clinic. The sample contained 236.4 patientyears of authorized MC use. Time of authorized use
ranged from 11 days to 8.31 years (median of 1.12
years). Most patients were male (63 percent) yet
female patients averaged 0.18 years longer authorized use. There were no other gender-specific trends
or factors. Most patients (n ⫽ 123, 88 percent) had
more than one pain syndrome present. Myofascial
pain syndrome was the most common diagnosis

(n ⫽ 114, 82 percent), followed by neuropathic pain
(n ⫽ 89, 64 percent), discogenic back pain (n ⫽ 72,
51.7 percent), and osteoarthritis (n ⫽ 37, 26.6 percent). Other diagnoses included diabetic neuropathy, central pain syndrome, phantom pain, spinal
cord injury, fibromyalgia, rheumatoid arthritis, HIV
neuropathy, visceral pain, and malignant pain. In
51 (37 percent) patients, there were documented
instances of major hurdles related to accessing MC,
including prior physicians unwilling to authorize
use, legal problems related to MC use, and difficulties
in finding an affordable and consistent supply of MC.
Conclusions: Data indicate that males and
females access MC at approximately the same rate,
with similar median authorization times. Although
the majority of patient records documented significant symptom alleviation with MC, major treatment
access and delivery barriers remain.
Key words: cannabis, marijuana, cannabinoids,
chronic pain, opioids, opiates
INTRODUCTION

Recently, there has been widening interest in the
viability of the medicinal use of cannabis or marijuana, with a call for further research from The
National Institutes of Health (NIH),1 a statement of
support for consideration of the reclassification of
cannabis’ status as a Schedule I substance by the
American College of Physicians (ACP),2 and a recommendation for clinical use of medical cannabis
(MC) for symptom relief in seriously ill patients in
limited and locally implemented peer-reviewed
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treatment trials in a decade-old report by the
Institute of Medicine (IOM).3 The discovery of an
endogenous cannabinoid system with specific
receptors and ligands two decades ago has increased
our understanding of the actions of exogenous
cannabinoids found in cannabis on the human
body.4-6 The endocannabinoid system, which includes
cannabinoid receptors, endogenous ligands, and
other regulatory molecules, appears to be intricately
involved in normal human physiology, specifically
in the control of movement, pain, memory and
appetite, mood, and inflammation, among other
functions.4,5 An understanding of the biological
basis of cannabinoid signaling gives the pain specialist a way to explain why the analgesic effects of
cannabis and cannabinoids have been substantiated
in a number of studies, including randomized, controlled trials.7-21
Indeed, cannabinoids have been found to have
analgesic effects “in virtually every experimental
pain paradigm.”22 From a clinical drug therapy management standpoint, based on available extensive literature reviews, there is no risk of lethal overdose
with MC use, the most frequently reported side effect
in the published clinical trials data being mild
euphoria.23,24 Additionally, MC dosing guidelines
have also been put forward by clinicians, focusing
on the principles of ‘start low and go slow’ and
patient auto-titration.25,26 The recommendation that
patients who wish to use MC be counseled to use
oral ingestion or a vaporizer to avoid any health hazards of smoking has also been published.27
There exists a population of chronic pain patients
who are already on or have already tried opioids
but wish to be treated with MC. This will become an
increasingly important issue for pain management
physicians to address because, as of the writing of
this article, 13 states in the United States have functional MC programs, which legally protect physicians who wish to recommend MC from state or federal sanction,27,28 and several more states are seriously
considering adoption of MC laws. Despite growing
interest in cannabinoid medicine, little health and
life quality documentation exists in the modern literature on US patients who receive authorizations to
use MC from licensed physicians in accordance with
state laws to treat chronic pain and illness. Four of
the 13 active state MC programs–Oregon, Nevada,
Colorado, and Rhode Island–have taken efforts to
Web-publish health statistics collected from their
state registries that describe their MC-using patient
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populations. In Washington State, where authorized
MC-using patients number in the 20,000 range,25
they have not been studied at all; in California,
where an officially recognized MC patient population has existed for 13 years, a small handful of
observational studies, all in the San Francisco Bay
Area, have been published.29-31 The studies can be
divided into two groups: access-based and deliverybased. MC access-based studies are conducted at
point of medical authorization and involve patient
interviews, chart reviews, and treatment monitoring,
and MC delivery-based studies are conducted at
sites where patients are physically delivered treatment with MC and generally involve directed or randomized patient sampling and administration of survey instruments. As the focus of this article is on MC
access-based studies in the United States, the peerreviewed literature in this area will be briefly
reviewed. Currently, it consists of only three studies.
First, Gieringer (2001)29 reported data from a 2,480
patient panel treated by the late Tod Mikuriya, MD
(1933-2007), a psychiatrist and widely published
cannabinoid botanical medicine specialist. Mikuriya
recorded more than 250 separate indications for MC
under the International Classification of Disease
Ninth Revision (ICD-9) system in these patients.
One hundred percent of the patients had chronic
conditions. On the basis of primary ICD-9 diagnosis,
the largest category of patients interviewed by
Mikuriya (1,133 patients, 45.7 percent) used MC for
analgesia to treat conditions such as migraines and
neuralgias, arthritis, musculoskeletal injuries, and
degenerative disorders. The second largest category
(660 patients, 26.6 percent) included patients who
used MC to treat mood disorders, such as post-traumatic stress disorder, depression, bipolar disorder,
and schizophrenia. The third largest category of
patients (136 patients, 5.5 percent) used MC as a
harm reduction substitute for problematic substance
use, such as alcohol dependency (118 patients), opioid dependency (8 patients), and other substance
dependencies (10 patients). Second, Sylvestre et al.
(2006)30 reported in a prospective observational
study that MC use improved retention and virological outcomes in patients who received standard
interferon and ribavirin treatment for hepatitis C
virus (HCV) at Organization to Achieve Solutions in
Substance-Abuse (OASIS), a community-based nonprofit clinic providing medical and psychiatric treatment to recovering problematic substance users in
Oakland, CA. The interferon/ribavirin treatment
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regimen is well-known for inducing painful and
debilitating side effects, including fever, chills, muscle and joint aches, fatigue, headache, nausea, and
depression. The study recruited 71 HCV+ recovering problematic substance users, of whom 22 (31
percent) used cannabis and 49 (69 percent) did not.
The authors noted that the cannabis used by
patients in the study “was often obtained with outside medical approval through local ‘cannabis
clubs’ ” (1,058). They showed that the cannabisusing group of treated patients were significantly
more likely to remain on curative HCV treatment for
at least 80 percent of the projected treatment duration (95 percent of cannabis users versus 67 percent
of nonusers) and were three times more likely (54
percent of cannabis users versus 18 percent of nonusers) to be classified as sustained virological
responders (no detectable virus 6 months after the
end of treatment). Finally, O’Connell et al. (2007)31
reported on the demographics, social characteristics, and patterns of cannabis and other drug use in
4,117 patients seeking access to MC at a thoracic
surgeon’s private practice in the San Francisco,
California Bay Area during the period 2001-2007
based on data gathered from structured clinical
interviews. Seventy-seven percent of the MC patients
were male, 69 percent were Caucasian, and their
median age was 32 years. Nearly all were already
established cannabis users who self-medicated for a
“mix of physical and emotional symptoms” (p. 5).
Investigators found that, in this patient panel, once
patients had established cannabis as their substance
of choice, subsequent consumption of alcohol, and
to a lesser degree, tobacco, diminished (p. 4). As a
whole, these three MC access-based studies in
California documented MC use in patients with
chronic pain, patients undergoing poorly tolerated
curative treatments, and patients with histories of
problematic substance use.
To better understand the medical geography of
MC access in Washington State, the present study
was conducted to document MC utilization at a
regional pain clinic. The present study is similar to
the previous studies published on the Mikuryia,
OASIS, and O’Connell patient panels in that it presents a comprehensive report and analysis of the
total population of patients being managed with MC
at a particular clinic. However, it differs from previous studies in that the patient panel presented here
is unique population of patients–namely, those with
chronic pain who present mainly via referral to a

subspecialty pain management clinic who have
been authorized to use cannabinoid botanicals as
part of their pain management regimen. The purpose of this study was ultimately to gain a better
understanding of the characteristics of this patient
population, including factors such as gender, age,
reasons for seeking treatment, diagnoses, levels of
functionality, and how the use of MC impacted the
use of other medications, including opioids.
STUDY DESIGN AND PROCEDURES

The study was sited at a regional pain clinic staffed
by University of Washington (UW) faculty. One of
the authors (GTC) provides access to MC treatment,
information, and management to qualifying patients
at this clinic. In conducting this study, the investigators acted as agents of the UW, and the chief administrator of the regional medical center with which the
clinic is affiliated signed a letter of cooperation transferring study oversight responsibilities from the hospital institution to the UW IRB. Only 19 researchers in
the United States have the necessary licenses to conduct research with cannabis supplied by federal
agencies,32 and of these, only two licensees have a
currently active clinical research study. In this study,
MC was not supplied to qualifying patients; patients
only received medical authorization to engage in
the use of MC use at the clinic, which they ultimately procured from various state-approved channels. The study was approved by the UW Human
Subjects Division, Application No. 33067, with an
approved Waiver of Health Insurance Portability
and Accountability Act (HIPAA) Authorization, and
a federal Certificate of Confidentiality (NCCAM 08-02)
was issued by the NIH’s National Center for
Complementary and Alternative Medicine.
The study was conducted in 2007-2008 and based
at a purposefully chosen office-based physical medicine and rehabilitation, neurology, and pain medicine outpatient clinical practice and referral site in
southwest Washington State, where a proportion of
patients are undergoing authorized MC treatment
under the care of a state-licensed physician and UW
faculty member. Retrospective chart reviews of the
complete population of MC-using patients at this
clinic were conducted, focusing on issues related
to chronic pain management and functionality. All
clinical data collected from charts were de-identified;
patients’ home zip codes were used to determine
geographic areas from which patients traveled to
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access treatment (using the initial three digits of a
zip code if the geographic unit formed by combining all zip Codes with the same three initial digits
contains more than 20,000 people). A code number
was assigned and tagged to each chart and any
information that linked the code numbers with the
identities of the patients was held in confidence by
the medical practice.
The study began by separating out the charts of all
patients at the clinic, ages 18 and older, who have
access to MC treatment through valid documentation provided by treating physicians included in
their medical records. These were the only inclusion
criteria. Any patient who may have been also taking
the cannabinoid receptor type 1 blocker drug

rimonabant, first marketed by the pharmaceutical
company Sanofi-Aventis and available from international sources, would be excluded. Medical records
were scored for health indicators such as time since
first MC authorization, qualifying condition(s), McGill
Pain score records, functionality, chronic pain management, opioid and other pain medication usage
and change over time, and screened for any issues
related to MC cannabis access (previous barriers,
referrals from physicians unwilling to provide documentation, etc). See Figure 1 for the official study
chart review data collection form. All diagnostic data
collected from charts was verified by one of the
authors (GTC), who serves as the medical director of
this clinic and is fellowship-trained in pain medicine.

Figure 1. Chart review data collection form. Additional pages attached as needed.
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RESULTS

Geographic characteristics

Diagnostic and treatment characteristics

The MC-using patient population had home
addresses that were predominantly (71.9 percent) in
the same three-digit zip code area as the clinic site.
Fewer and fewer patients from increasingly more
distant three-digit zip code areas accessed MC treatment at the pain clinic. See Figure 2 for a map of
patient home three-digit zip codes demonstrating
distance-decay in estimated travel-to-clinic distances
in this patient sample.

One hundred thirty-nine patients’ medical charts
with valid documentation for their authorized MC use
were identified, assigned a code number, 1 through
139, in random order, and reviewed. No patients
were excluded due to concomitant use of a cannabinoid receptor-blocking drug. In many cases, medically relevant corroborating information supporting
patients’ diagnoses, such as such as mechanisms of
injury, findings from imaging studies, surgical histories, and other etiological data, were collected in the
chart review and summarized (see Appendix).
Demographic characteristics

The group consisted of 87 (63 percent) males
with a median age of 47 years and 52 (37 percent)
females with a median age of 48 years. Males
ranged in age from 18 to 69 years old, and females
ranged in age from 22 to 84 years old. Very little
data on ethnicity were available.

MC treatment duration characteristics

While all 139 patients had authorizations for the use
of MC from this clinic, 15 patients (10.8 percent) had
documentation of prior MC authorization from outside
physicians also included in their medical records. In
total, the sample contained 236.4 patient-years of
authorized MC use, with one of the authors (GTC)
serving as the primary authorizing physician for 225.4
(95.3 percent) of these patient-years. Patients ranged
in authorization lengths from 11 days to 8.31 years.
The median number of GTC–authorized patient-years

Figure 2. Map of patient home three-digit zip codes. This map was generated by utilizing the first three digits of patients'
home zip code addresses to generate 138/0.06 = 2,300 dots, which were then spatially randomly distributed within each
of their respective three-digit zip code boundary regions. One patient's home zip code was in IL and is not shown here.
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in the sample was 1.12 years. Sixty percent of the
GTC–authorized patient-years in the sample were in
male patients, but female patients had on an average 0.18 years (~2 months) greater of authorized MC
use than male patients.
Chronic pain characteristics

Using diagnostic and medical historical chart data,
chronic pain documented in each MC-using patient
was classified according to its syndromic nature and
type. The following classes were used: Myofascial
Pain Syndrome (MPS), Diabetic Neuropathy (DN),
Neuropathic Pain Syndrome (NPS), Central Pain
Syndrome (CPS), Phantom Pain (PP), Spinal Cord
Injury (SCI), Fibromyalgia Syndrome (FMS),
Osteoarthritis (OA), Rheumatoid Arthritis (RA),
Discogenic Back Pain (DP), HIV Neuropathy (HIV),
Visceral Pain (VP), and Malignant Pain (MP). This
classification scheme is based on chronic pain etiology and is drawn primarily from a recent classification scheme advanced by pain management
researchers Ramamurthy et al.33 Results are shown
in the Appendix. Most patients (n ⫽ 123, 88 percent) had more than one chronic pain syndrome or
type present.
With regards to the distribution of chronic pain
syndromes diagnosed in the patient population,
myofascial pain syndromes were the most common
(n ⫽ 114, 82 percent), followed by neuropathic
pain syndromes (n ⫽ 89, 64 percent), discogenic
back pain (n ⫽ 72, 51.7 percent), and osteoarthritic
pain (n ⫽ 37, 26.6 percent). Central pain syndromes were present in 32 patients (23 percent),
fibromyalgia pain in 19 patients (14 percent), visceral pain in 14 patients (10 percent), spinal cord
injury pain in 8 patients (6 percent), rheumatoid
arthritis pain in 6 patients (4 percent), diabetic neuropathic pain in 5 patients (4 percent), malignant
pain in 5 patients (4 percent), phantom pain in 1
patient (1 percent), and HIV neuropathic pain in 1
patient (1 percent).
Characteristic access and delivery hurdles

Although patient records frequently documented significant symptom alleviation with MC
and improved tolerance compared to other pain
medications, the medical records of 37 percent of
the patients in the sample (n ⫽ 51) had documented instances of major hurdles related to
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accessing MC, such as: prior physicians unwilling
to authorize use, legal problems related to MC use,
and difficulties in finding an affordable and consistent supply of medicine. Although not all legal
issues are detailed, the specific legal problems
documented in the charts all stem from charges of
possession, cultivation, or use of cannabis. In
some cases, patients had prior MC authorizations
which were not honored by authorities, and in
other cases, patients had no MC authorizations in
place prior to their legal problems but had previously been unable to find physicians willing to
approve of this treatment modality.
DISCUSSION

The 139 patients accessing MC treatment for
chronic pain at the study clinic in rural Washington
State were a group of severely ill patients with
extensive injurious and pathogenic exposures,
including 14 with traumatic brain and closed head
injuries, nine with HCV, four with past history of
gunshot wounds (one in the head), three with past
history of shrapnel wounds, five with spinal cord
injuries, one with amyotrophic lateral sclerosis (ALS),
one with primary lateral sclerosis (PLS), one with
myotonia congenita, one with HIV, and 19 with
fibromylagia syndrome.
There was a predominance of males (63 percent)
in the clinic’s patient population who were accessing treatment with MC, a trend seen in all prior published demographic data on the American MC-using
patient population studied at access29-31 and delivery
sites.34-39 The reason for the predominance of males
using MC is not clear, although there are many possibilities. Males are known to suffer more traumatic
injuries resulting in chronic pain, which is reflective
in our study population. Further, male patients may
be willing to take greater risk with accessing a
recently legalized treatment that still has considerable social stigma, with potential for criminal sanction, still attached. Other gender-specific factors
could also be at play. Nonetheless, the male and
female median ages did not significantly differ. Data
also indicate that males and females are accessing
MC at equal rates, given the similarity in median
authorization times in males and females.
Geographically, most patients came from the
983 and 985 zip codes, which cover the following
counties in Western Washington: Lewis, Thurston,
Grays Harbor, Pacific, Mason, and Pierce. The spa-
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tial patterning in the geographic data highlights the
regionality of MC access in the sample, whereby
patients using MC originate predominantly from the
areas surrounding the clinic rather than just from
any part of the state, regardless of distance.
Although the pain clinic is in a rural setting, it is a
subspecialty referral site, and thus patients who are
referred there for consultation and pain management often have not received satisfactory symptom
control in primary care settings. A review of chart
notes in their medical records shows that these
patients on follow-up or in initial self-reports
frequently received satisfactory treatment of their
refractory pain conditions with MC. This is seen,
for example, in the following chart notes from
four patients (quotations taken verbatim from
medical records found in the Appendix). Patient
#101: “He has been using marijuana on his own, as
he feels [it] gives him the best pain relief of anything
that he has used.” 2-3 inhalations on a MJ cigarette
2-3[x]/day, & this improves his pain levels drastically
w/o incapacitating him.; Patient #7: “using MJ
successfully on a daily basis; pain from 8-9/10—>23/10; needs only ~2-3 inhalations from a MJ cigarette to get pain relief”; Patient #38: “marijuana
daily with no SE; “only thing she is now currently
using for pain”; Patient #67: “She has been using
cannabis in the past and has had excellent results
with respect to her migraine headaches. Using <1/4
oz/week”. Moreover, there was no documentation
in any of the medical records of patient cessation
of MC use due to intolerance or any other medical
reason.
A standard classification system for chronic pain
diagnoses was used to describe the patient sample.
Most patients (n ⫽ 123, 88 percent) had more than
one chronic pain syndrome or type present. Male
patients had slightly more chronic pain syndromes
(mean of 2.9) when compared with females (mean
of 2.8), but it is not possible to determine if this difference is statistically significant as these are not
randomly drawn samples of all MC-using chronic
pain patients in Washington State. There does not
appear to be any clear correlation between age and
number of chronic pain diagnoses in this patient
sample, as patients with 1, 2, 3, or 4 chronic pain
syndromes are represented at all decades of life.
However, it can be seen that no patient over the age
of 65 had just one chronic pain syndrome present.
The data indicate that myofascial pain syndromes
were the most common in this study population,

followed by neuropathic pain syndromes, discogenic back pain, and osteoarthritic pain. These syndromes often involve inflammatory pathophysiological mechanisms, and their treatment with cannabinoid
botanicals is consistent with the known analgesic
and anti-inflammatory pharmacological effects of
cannabinoid medicines.10,40,41
The data show that cannabinoid botanicals are
being used to treat multiple pain syndromes in the
same patient. Although patients presenting with
chronic pain syndromes of multiple etiologies
might raise the possibility that some of these polypain patients have somatoform disorders, the
objective historical data found in their charts helps
to substantiate the diagnoses of true chronic pain
syndromes, rather than simply psychiatric illnesses
manifesting as poly-pain. For example, if a patient
has lumbar radiculopathy from discopathy in addition to multijoint degenerative osteoarthritis, this
patient may well be suffering from three types of
chronic pain syndromes: neuropathic, discogenic,
and osteoarthritic. Even if there is a somatoform or
psychiatric component to some patients’ chronic
pain, it is worth noting that MC can be used to treat
some forms of psychiatric illness.42 This includes
the treatment of depression, which can have a significant mitigating effect on pain perception.42
Cannabidiol (CBD), a biologically active component of cannabis present to varying degrees in
cannabis strains, has been shown in signal transduction studies to act as an agonist with modest
affinity at human 5-HT1a receptors.43 Thus, CBD
has useful potential in treating the depression that
often accompanies chronic pain.44
It is clear from the chart review data presented in
the Appendix that many patients had also used or
were currently using other non-cannabinoid analgesics in the course of their treatment at the pain
clinic or at clinics they have previously visited. In the
recorded clinical encounter chart notes, a frequently
observed issue is that these previously or concomitantly used non-cannabinoid analgesic medications
often had bothersome or intolerable side effects for
these patients. The common opioid-related side
effects such as constipation, nausea, reduced appetite,
sedation, altered mental status, pruritis, and headaches
are repeatedly documented. In the section of the
Appendix where MC-specific chart notes are tabulated, 26 patients' charts (19 percent) record medical
historical data indicating that MC was better than all
other pain medications that they had used in the past
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and, in some cases, the only medication that they
had found to be effective (see the Appendix chart
notes for Patient #'s 14, 20, 27, 35, 41-42, 48, 51,
52, 75-77, 83, 91, 100-101, 109-110, 114, 122,
124, 126-127, 134, and 136). Additionally, the chart
review also revealed that many patients used MC
adjunctively with opioids and other analgesics such
as Selective Serotonin Reuptake Inhibitors (SSRIs)
and antiepileptics.
Because of the retrospective, nonquantitative
methodology used, it is difficult to make any definitive statements regarding the relationship between
opioid and MC use in this patient population.
Moreover, chart data on comprehensive medication
lists was at times unavailable, not up-to-date, or not
detailed enough to discern patients’ exact chronological sequence of starting and stopping all their
medications. Nonetheless, some patients’ charts
records clearly note reductions in the dosages of
concomitantly used opioids; ie, Patient #126:
“states openly that he has used marijuana in the past
and it has helped his pain substantially. Tolerates it
much better than opiates and his use of marijuana
has substantially decreased his dependence on opiates”; Patient #133: “he is using MC to control his
pain with good luck with that. He also uses oxycodone and oxyContin, but he tries to limit this.” On
the basis of the underlying pharmacology, it is
known that cannabinoids provide analgesia via specific, receptor-based mechanisms, independent of
the mechanisms of opioids.
More than one-third of the patients in the study
sample have had past or ongoing hurdles in accessing or being delivered cannabinoid botanicals for
medical use. A MC authorization functions in many
ways as an authorization for medical asylum from
relevant substance control/drug enforcement policies. However, given the frequent presence of
cannabis possession-related legal problems in this
patient sample, medical amnesty from relevant state
laws for the use of cannabinoid botanicals is imperfect and continues to be occasionally disruptable by
law enforcement and other administrative actions,
given that the exact letter of Washington State’s MC
law in its current form only provides an affirmative
defense for qualifying patients. Additionally, due to
the nonreimbursable cost and general unavailability
of delivery systems, medical-grade cannabis is frequently difficult for patients with documented medical needs to obtain.
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CONCLUSION: CLINICAL RELEVANCE

By providing a medical geographic patient
utilization “snapshot” of 236.4 patient-years of the
use of MC at a regional pain clinic, this study provides further insight into the applicability of
cannabinoid botanicals in the management of a
broad range of refractory chronic pain conditions
in adults, from myofascial pain and discogenic
back pain to neuropathic pain and central pain
syndromes. With physicians employing proper
chart documentation of appropriate use, efficacy,
and side effects at patient visits, in a manner similar to that used in opioid management of pain,
there will hopefully be additional reports in the
future on MC use in pain management to add to
the clinical database.
Such a literature can grow only if certain stereotypes and myths about MC use are dispelled
amongst pain management specialists and
their regulators. The results presented here should
help to deconstruct mythologies about the kinds
of patients accessing MC treatment, including
their young age or their propensity to malinger or
feign disease. One prominent mythology is
that patients who receive treatment with MC are
not “truly sick.” 45 An examination of the chart
review data, which includes both subjective and
objective diagnostic data substantiating patients’
chronic pain illnesses, helps to deflate this
concern. Further, in this sample, there was a
relatively even distribution among gender and
age, without any significant predominance in
younger, male patients. Additionally, by reviewing
medical records kept at a pain clinic referral
site directed by a physician in academic medicine,
this article should help to dispel stereotypes
and caricatures about valid and invalid treatment with botanical and non-botanical cannabinoid medicines, as the legal distinctions between
the different types of cannabinoid medicines
are sites of active cultural contestation. Efforts
to influence public opinion about cannabinoid
medicines are made by federal law enforcement
spokespersons, as seen in the two illustrations
in Figure 3 of “Dr. Pot” and “Dr. Pat” that appear
on a Drug Enforcement Administration (DEA)
prevention Web site targeted toward adolescent
education entitled “Rx pot: a prescription for
disaster.”46

Journal of Opioid Management 5:5  September/October 2009

ACKNOWLEDGMENTS
Supported indirectly by funding from the National Institute of
General Medical Sciences of the NIH (45 Center Drive, MSC 6200,
Bethesda, MD 20892-6200) and the National Science
Foundation 4201 Wilson Boulevard, Arlington, Virginia 22230.
This research was done in fulfillment of the doctoral dissertation
of Dr. Sunil K. Aggarwal, who was supported in his graduate
studies by an NSF (4201 Wilson Boulevard, Arlington, Virginia
22230) Graduate Research Fellowship in Geography and Spatial
Sciences and by the Medical Scientist Training Program at the
University of Washington funded by the National Institute of
General Medical Sciences of the NIH (45 Center Drive, MSC 6200,
Bethesda, MD 20892-6200). Dr. Ethan Russo, who is a Faculty
Affiliate in the Department of Pharmaceutical Sciences at the
University of Montana, a Visiting Professor in the Institute of
Botany at the Chinese Academy of Sciences, and a full-time
Senior Medical Advisor at the Cannabinoid Research Institute of
GW Pharmaceuticals, along with the other listed coauthors constituted Dr. Aggarwal’s Doctoral Supervisory Committee chaired
by Dr. Jonathan Mayer, and in this capacity all made important
contributions to this work. Dr. Aggarwal is currently completing
his fourth year at the University of Washington School of Medicine.
REFERENCES
Figure 3. Federal efforts at validating purely chemical
cannabinoid medicines and invalidating purely botanical
cannabinoid medicines. Example of drug prevention education on a DEA Web site46 targeted towards adolescents.
The text that appears on the page is: “There's a lot of hype
about so-called “medical” marijuana. Get to the facts-and
cut through the haze.” And, “The Government has already
approved medications to help suffering patients.”
Sunil K. Aggarwal, PhD, MD Candidate, Medical Scientist
Training Program, University of Washington, Seattle,
Washington.
Gregory T. Carter, MD, MS, Professor, Department of
Rehabilitation Medicine, School of Medicine, University of
Washington, Seattle, Washington.
Mark D. Sullivan, MD, PhD, Professor, Department of
Psychiatry and Behavioral Sciences, School of Medicine,
University of Washington Seattle, Washington; Department
of Bioethics and Humanities, School of Medicine, University
of Washington Seattle, Washington.
Craig ZumBrunnen, PhD, Professor, Department of
Geography, University of Washington, Seattle, Washington.
Richard Morrill, PhD, Professor Emeritus, Department of
Geography, University of Washington, Seattle, Washington.
Jonathan D. Mayer, PhD, Professor, Department of
Epidemiology, University of Washington, Seattle, Washington;
Department of Geography, University of Washington, Seattle,
Washington; Department of Global Health, University of
Washington, Seattle, Washington; Department of Medicine,
University of Washington, Seattle, Washington; Department
of Family Medicine, University of Washington, Seattle,
Washington; Department of Health Services, University of
Washington, Seattle, Washington.

1. “Workshop on the medical utility of marijuana,” Report to
the Director, National Institutes of Health, by the Ad Hoc
Group of Experts, August 1997. Available at www.nih.gov/news/
medmarijuana/MedicalMarijuana.htm. Accessed May 10, 2009.
2. American College of Physicians: “Supporting research into
the therapeutic role of marijuana,” A Position Paper, January
2008, with July 2008 Addendum. Available at www.acponline.
org/advocacy/where_we_stand/other_issues/medmarijuana.pdf.
Accessed May 10, 2009.
3. Joy JE, Watson SJ, Benson JA (eds.): Marijuana and Medicine:
Assessing the Science Base. Washington, DC: National Academy
Press, 1999. Available at www.nap.edu/html/marimed. Accessed
May 10, 2009.
4. Hanus LO: Pharmacological and therapeutic secrets of plant
and brain (endo)cannabinoids. Med Res Rev. 2009; 29: 213-271.
5. Pacher P, Batkai S, Kunos G: The endocannabinoid system as
an emerging target of pharmacotherapy. Pharmacol Rev. 2006;
58: 389-462.
6. Aggarwal SK, Carter GT, Sullivan M, et al.: Medicinal use of
cannabis in the United States: Historical perspectives, current
trends, future directions. J Opioid Manag. 2009; 5(3): 153-168.
7. Ellis RJ, Toperoff W, Vaida F, et al.: Smoked medicinal
cannabis for neuropathic pain in HIV: A randomized, crossover
clinical trial. Neuropsychopharmacology. 2009; 34(3): 672-680.
8. Wilsey B, Marcotte T, Tsodikov A, et al.: A randomized,
placebo-controlled, crossover trial of cannabis cigarettes in neuropathic pain. J Pain. 2008; 9: 506-521.
9. Abrams DI, Jay CA, Shade SB, et al.: Cannabis in painful HIVassociated sensory neuropathy: A randomized placebo-controlled trial. Neurology. 2007; 68: 515-521.
10. Malfait AM, Gallily R, Sumariwalla PF, et al.: The nonpsychoactive cannabis constituent cannabidiol is an oral antiarthritic therapeutic in murine collagen-induced arthritis. Proc
Natl Acad Sci USA. 2000; 97: 9561-9566.
11. Rog DJ, Nurmiko T, Friede T, et al.: Randomized controlled
trial of cannabis based medicine in central neuropathic pain
due to multiple sclerosis. Neurology. 2005; 65: 812-819.

Journal of Opioid Management 5:5  September/October 2009

265

12. Abrams DI, Hilton JF, Leiser RJ, et al.: Short-term effects of
cannabinoids in patients with HIV-1 infection. A randomized,
placebo-controlled clinical trial. Ann Intern Med. 2003; 139:
258-266.
13. Lynch ME, Young J, Clark AJ: A case series of patients using
medicinal marihuana for management of chronic pain under
the Canadian Marihuana Medical Access Regulations. J Pain
Symptom Manag. 2006; 32: 497-501.
14. Ko MC, Woods JH: Local administration of delta9-tetrahydrocannabinol attenuates capsaicin-induced thermal nociception in rhesus monkeys: A peripheral cannabinoid action.
Psychopharmacology. (Berl) 1999; 143: 322-326.
15. Berman JS, Symonds C, Birch R: Efficacy of two cannabis
based medicinal extracts for relief of central neuropathic pain
from brachial plexus avulsion: Results of a randomized controlled trial. Pain. 2004; 112: 299-306.
16. Agarwal N, Pacher P, Tegeder I, et al.: Cannabinoids mediate analgesia largely via peripheral type 1 cannabinoid receptors in nociceptors. Nat Neurosci. 2007; 10:870-879.
17. Li J, Daughters RS, Bullis C, et al.: The cannabinoid receptor
agonist WIN 55,212-2 mesylate blocks the development of hyperalgesia produced by capsaicin in rats. Pain. 1999; 81: 25-33.
18. Berlach DM, Shir Y, Ware MA: Experience with the synthetic
cannabinoid nabilone in chronic noncancer pain. Pain Med.
2006; 7: 25-29.
19. Russo EB, Mathre ML, Byrne A, et al.: Chronic cannabis use
in the compassionate investigational new drug program: An
examination of benefits and adverse effects of legal clinical
cannabis. J Cannabis Ther. 2002; 2: 3-57.
20. Wade DT, Makela P, Robson P, et al.: Do cannabis-based
medicinal extracts have general or specific effects on symptoms
in multiple sclerosis? A double-blind, randomized, placebo-controlled study on 160 patients. Mult Scler. 2004; 10: 434-441.
21. Wade DT, Robson P, House H, et al.: A preliminary controlled study to determine whether whole-plant cannabis
extracts can improve intractable neurogenic symptoms. Clin
Rehabil. 2003; 17: 18-26.
22. Baker D, Pryce G, Giovannoni G, et al.: Therapeutic potential of cannabis. Lancet Neurol. 2003; 2: 291-298.
23. Wang T, Collet J, Shapiro S, et al.: Adverse effects of medical
cannabinoids: A systematic review. CMAJ. 2008; 178: 1669-1678.
24. Radbruch L, Nauck F: A review of side effects and complications with cannabinoid treatment. Schmerz. 2003; 17(4): 274-279.
25. Aggarwal SK, Kyashna-Tocha M, Carter GT: Dosing medical
marijuana: Rational guidelines on trial in Washington State. Med
Gen Med. 2007; 9(3): 52.
26. Carter GT, Weydt P, Kyashna-Tocha M, et al.: Medical marijuana: Rational guidelines for dosing. IDrugs. 2004; 7(5): 464-470.
27. Aggarwal S, Carter GT, Steinborn J: Clearing the air: What
the latest Supreme Court decision regarding medical marijuana
really means. Am J Hosp Palliat Care. 2005; 22(5): 327-329.
28. Steinborn J, Chinn AK, Carter GT: The latest buzz on medicinal marijuana: A legal and medical perspective. Am J Hosp
Palliat Care. 2001; 18(5):295-296.
29. Gieringer D: Medical use of cannabis: Experience in
California. In Grotenhermen F, Russo E (eds.): Cannabis and
Cannabinoids: Pharmacology, Toxicology, and Therapeutic
Potential. Binghamton, NY: Haworth Press, 2001: 153-170.
30. Sylvestre DL, Clements BJ, Malibub Y: Cannabis use
improves retention and virological outcomes in patients treated
for hepatitis C. Eur J Gastroenterol Hepatol. 2006, 18: 1057-1063.

266

31. O’Connell TJ, Bou-Matar CB: Long term marijuana users
seeking medical cannabis in California (2001-2007):
Demographics, social characteristics, patterns of cannabis and
other drug use of 4117 applicants. Harm Reduct J. 2007; 4: 16.
Available at www.harmreductionjournal.com/content/4/1/16.
Accessed May 10, 2009.
32. Doblin R: DEA/NIDA and the Obstruction of Privately
Funded Research. Presentation at Fifth National Clinical
Conference on Cannabis Therapeutics, Pacific Grove, CA,
April 4-5, 2008. Available at http://sciencestage.com/v/10848/
nida,-dea-.html. Accessed October 10, 2009.
33. Ramamurthy S, Alanmanou E, Rogers JN (eds.): Decision
Making in Pain Management. Philadelphia: Mosby Elsevier,
2006: 67-75.
34. ONDCP: 2008 Marijuana Sourcebook. MARIJUANA: THE
GREATEST CAUSE OF ILLEGAL DRUG ABUSE. Section: “THE
‘MEDICAL MARIJUANA’ ISSUE”, “San Diego Marijuana
Dispensaries, 2006”, p. 20. Office of National Drug Control
Policy Executive Office of the President. July 2008. Marijuana
08-1 [07-29]. Available at www.whitehousedrugpolicy.gov/news/
press08/Marijuana_2008.pdf. Accessed May 10, 2009.
35. Chapkis W, Webb RJ: Dying to Get High: Marijuana as
Medicine. New York: New York University Press, 2008.
36. Reiman A: Medical cannabis patients: Patient profiles and
health care utilization patterns. Complementary Health Pract
Rev. 2007; 12: 31-50.
37. Corral VL: Differential effects of medical marijuana based on
strain and route of administration: A three-year observational
study. J Cannabis Ther. 2001; 1: 43-59.
38. Harris D, Jones RT, Shank R, et al.: Self-reported marijuana
effects and characteristics of 100 San Francisco medical marijuana club members. J Addict Dis. 2000; 19: 89-103.
39. Child C, Mitchell TF, Abrams DI: Patterns of therapeutic marijuana use in two community-based cannabis buyers’ cooperatives. [abstract no. 60569] Proceedings of the 12th World
Conference on AIDS, Geneva, Switzerland, 1998; 12:1105.
Available at http://gateway.nlm.nih.gov/MeetingAbstracts/ma?f=
102232518.html. Accessed May 10, 2009.
40. McPartland JM, Pruitt PL: Side effects of pharmaceuticals not
elicited by comparable herbal medicines: The case of tetrahydrocannabinol and marijuana. Altern Ther Health Med. 1999;
5: 57-62.
41. Ben Amar M: Cannabinoids in medicine: A review of their
therapeutic potential. J Ethnopharmacol. 2006; 105: 1-25.
42. Grinspoon L, Bakalar JB: The use of cannabis as a mood
stabilizer in bipolar disorder: Anecdotal evidence and the
need for clinical research. J Psychoactive Drugs. 1998; 30(2):
171-177.
43. Russo EB, Burnett A, Hall B, et al.: Agonistic properties of
cannabidiol at 5-HT1a receptors. Neurochem Res. 2005; 30(8):
1037-1043.
44. Mechoulam R, Hanus L: Cannabidiol: an overview of some
chemical and pharmacological aspects. Part I: Chemical aspects.
Chem Phys Lipids. 2002; 121(1-2): 35-43.
45. Bardhi F, Sifaneck SJ, Johnson BD, et al.: Pills, thrills and
bellyaches: Case studies of prescription pill use and misuse
among marijuana/blunt smoking middle class young women.
Contemp Drug Probl. 2007; 34(1): 53-101.
46. DEA: 2008. Available at http://justthinktwice.com/stumbleweed/
rx_pot_01.htm. Accessed May 10, 2009.

Journal of Opioid Management 5:5  September/October 2009

Journal of Opioid Management 5:5  September/October 2009

267

M

F

F

M

M

M

F

F

F

M

M

F

F

M

F

3

4

5

6

7

8

9

10

11

12

13

14

15

16

M

Gender

2

1

Pt #

49

52

39

40

37

25

49

55

35

18

30

50

48

25

58

40

Age

CHART REVIEW DATA

985

985

985

985

985

985

985

986

985

985

985

985

985

985

983

986

ZIP+3

0.33

0.66

0.97

0.38

4.77

0.66

2.03

2.27

1.62

0.35

1.71

1.24

0.42

1.56

0.32

1.50

MC Auth.
length (yr)

0.33

0.66

0.97

0.38

4.77

0.87

2.03

2.27

1.62

0.35

1.71

1.24

0.42

1.02

0.32

1.50

Carter-only
MC Auth.
length (yr)

MPS
NPS

Right L5 radiculopathy secondary to synovial
cyst
Chronic active hepatitis C virus

Chronic low back pain
Chronic back pain secondary to DJD+DDD throughout L-spine
and Hx of C- and L-sprain/strain injury (fell off two-story roof);
incr. Radicular pain depending on activity level

MPS
CPS

Chronic pain secondary to traumatic brain injury (riding bike and
struck by a motor home–was in coma [Glasgow scale 4])

History of MVA in June 2007–cervical
sprain/strain

Chronic upper back and neck pain secondary to Moderately
Severe to Advanced DJD+DDD in C-spine
Chronic pain secondary to rheumatoid arthritis (pain/inflammation
in most joints daily); tried predisone, relafen, solumedrol, enbrel,
abatacept, remicade

Fibromyalgia, IBS

Intractable pain (partly myofascial, partly neuropathic) secondary
to systemic lupus erythematosus

RA

MPS
DP

MPS
NPS
FMS

FMS

IBS, CFS

Chronic pain secondary to fibromyalgia (diffuse body pain in the
upper back, neck, and lower back; joint stiffness)

NPS
SCI
MPS
NPS
SCI

Hx of 36 surgeries

Chronic neuropathic pain secondary to ASIA Class B paraplegia,
spina bifida, Arnold-Chiari type 2 malformation
Chronic neuropathic pain secondary to ASIA Class D T12 paraplegia (sledding accident @ Mt. St. Helen’s with multiple spinal Fxs)

Fibromyalgia

Chronic migraine headaches

CPS
FMS

FMS

Chronic pain of Fibromyalgia (headaches, joint pain, muscle pain,
back pain)

Multiple chemical sensitivity

MPS
NPS
OA
DP

Cervical sprain/strain with upper back and neck pain and intermitOsteoarthritis and degenerative joint disease
tent cervical radiculopathy

Throbbing temporal headaches

MPS
NPS

Severe chronic pain with strong neuropathic component secondary
Hyperpathia and allodynia
to Hx of Polytrauma with IED shrapnel throughout R side of body

MPS
DP
VP

MPS
DP

Secondary myofascial pain complicated by
dysmenorrheal

Chronic coccygeal pain secondary to trauma (stress Fx or chronic
subluxation)

NPS
OA
VP

NPS
SCI
Diffuse osteoarthritis

Secondary diagnoses (if present)

Chronic
pain
types
assigned
in study

Hepatitis C virus, neuropathic pain, chronic neck/back pain

Chronic neuropathic pain secondary to ASIA Class A asymmetric
quadriplegia, C7 on Left and T10 on Right

Primary diagnoses

Appendix
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M

M

M

F

M

M

M

M

F

F

20

21

22

23

24

25

26

27

28

M

18

19

F

Gender

17

Pt #

45

45

58

53

22

54

33

63

43

36

59

53

Age

985

985

605

985

985

985

985

985

993

985

983

985

ZIP+3

1.66

0.68

0.72

0.56

1.80

1.87

2.13

2.23

1.25

1.02

0.25

0.88

MC Auth.
length (yr)

1.66

0.68

0.72

0.56

1.80

1.28

2.13

2.23

1.25

1.02

0.25

0.88

Carter-only
MC Auth.
length (yr)

Hx of entrapment neuropathy in upper
extremities

Chronic pain secondary to fibromyalgia with chronic daily
migraine headaches + intermittent cluster headaches

NPS
CPS
FMS

FMS
HIV

Hx of benign intracranial tumor in L temporal
lobe, resected (and work history involving
nuclear reactor)
Hx of OA and chronic depression (with family
history of mental illness)
Hx of Fibromylagia, DJD-DDD t/o spine (works
doing physical labor)

Significant ongoing spasticity secondary to primary
lateral sclerosis (diagnosed in 2002)
Chronic low back pain with muscle spasms; likely myofascial in
origin
Chronic neuropathic pain and anorexia; upper back and neck
pain and L C7 radiculopathy

MPS
NPS
FMS
DP

MPS
OA

NPS
CPS

MPS
CPS

fibromyalgia and Hx of chronic depression

HIV-related peripheral neuropathy; on combivir and viracept
(diag’d HIV+ on March 9, 1999; exposure to unprotected sex)

MPS
NPS
DP

Chronic headaches for 10-15 years, multifactoral with some
component of migrainous pain but also likely myofascial tension
headaches (prodromal effects with flashing lights)

Degenerative changes and moderate foraminal
narrowing

Chronic L arm, shoulder, and neck pain secondary to Chronic L
C6 radiculopathy status post-ant C diskectomy and fusion; (injury
f/lifting 1/2 in thick plateglass for 150 gal aquarium tank on
December 15, 1997)

MPS
NPS
OA
DP

MPS
DP

Hx of OA; Hx of heavy construction work
throughout most of life + truck driving

Chronic neck, back, and leg pain and muscle spasms secondary to
DJD+DDD t/o spine (worse in L-); L- and C-spinal stenosis
w/peripheral neuropathic pain and myelopathy

MPS
CPS

Chronic back pain secondary to Hx of spinal compression
Fx’s at T10-T12, status post surgical fusion (February 23, 2003:
snowboarding acc. @ Whitepass; went off a jump, came down
on R shoulder with immediate, excruciating pain)

L post. Occ. Lobe depressed skull Fx with
mult. Bone fragments going into L. parietal
lobe; L craniotomy

Chronic pain syndrome secondary to TBI (myofascial and neurological) with R spastic hemiparesis and severe headaches (struck
in back of head w/a sprinkler nozzle while trying to break up a
fight on March 23, 1996)

DN
NPS
OA
DP

Chronic neck and back pain secondary to DJD+DDD in L-spine and
degenerative OA in L-hip and suspected widespread DJ arthritis

Diabetic peripheral neuropathy with
neuropathic pain

FMS
OA
DP

Secondary diagnoses (if present)

Chronic back, neck, and hip pain syndrome secondary
to Fibromyalgia, severe osteoarthritis with multiple joint
involvement, DJD; DDD t/o spine

Primary diagnoses

Chronic
pain
types
assigned
in study
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F

F

M

M

M

M

M

F

M

M

32

33

34

35

36

37

38

39

40

M

30

31

M

Gender

29

Pt #

64

37

35

53

61

55

53

42

84

53

41

47

Age

985

985

985

985

983

985

985

985

986

985

985

985

ZIP+3

2.02

0.41

2.71

0.35

1.10

0.39

2.38

1.53

2.27

0.95

2.58

5.81

MC Auth.
length (yr)

2.02

0.41

2.71

0.35

0.18

0.39

2.38

1.53

2.27

0.95

2.58

5.81

Carter-only
MC Auth.
length (yr)

NPS
SCI
NPS
DP

1979, 1983–motorcycle accidents

Arthritic/musculoskeletal lower back and hip
chronic pain
Depression
Moderate bilat. peripheral neuropathy of the
upper and lower extremities w/ superimposed L
carpal tunnel and bilat cubital tunnel syndromes

Chronic pain secondary to complex hx of mult. Polyorthopedic
injuries incl. compound fx’s in both legs w/ residual deformities,
facial injuries w/ residual defects, closed head injury with
residual defects
Chronic pain secondary to severe L ulnar neuropathy (pain and
numbness since 1996)–status post surgery
Chronic neuropathic pain and Ashworth Grade 3 spasticity
secondary to ASIA Class C C7 quadriplegia
Chronic back and neck pain secondary to chronic L C6-7
radiculopathy and DJD+DDD in C-spine

MPS
NPS
OA

MPS
CPS

MPS
NPS
DP

NPS

Hx of asbestosis, Hx of MVA in 2006 with
numerous soft tissue and head injuries; Hx of
work as longshoreman/truck driver

allodynia and hyperpathia

Chronic pain secondary to bilat. Recurrent carpal tunnel
syndrome—continues to have numbness, burning pain
(throughout waking period), swelling after surgeries

MPS
DN
NPS
DP

Chronic myofasical and neuropathic pain and muscle spasms in
neck and back secondary to C- and L-spinal stenosis and multilevel DJD+DDD; intermittent radicular pain, numbness, tingling in
arm + leg L > R

Diabetic peripheral neuropathy

Chronic mid-low back pain and leg pain; Hx of Lumbar
sprain/strain with disk extrusion at L3-L4 producing R L4 radiculopathy; Hx of heavy-duty truck driving, injury on November 27,
2006, rock quarry and autobody work

MPS
NPS
DP

MPS

Cervical DJD

Chronic neck pain and headaches secondary to MVA 30 yrs ago
w/ severe whiplash injury–chronic cervical neck strain, sprain and
stiffness; occ. Radicular pain

MPS
FMS

Chronic daily intractable pain secondary to Hx of polytrauma incl.
mult. concussions and blunt trauma to back, neck, and head. (10
years ago: struck on back and across legs by a log ~150 ft in
length and 1 ft diameter)

Hx of trauma to back in Aug 1983 (garage door
came off and fell on top of her); leg break in
three places in Dec 1983; etc.

MPS
NPS
SCI
DP

Chronic pain secondary to failed back surgery syndrome
(13 spinal fusions; 1987 military accident + other later accidents)

Chronic neck and back pain secondary to fibromyalgia with
chronic daily headaches

MPS

Secondary diagnoses (if present)

Chronic, intractable lower back pain (initially stemming from
a work-related injury that occurred in 1990 while working in
bridge construction)

Primary diagnoses

Chronic
pain
types
assigned
in study
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M

M

F

M

M

M

F

F

F

F

F

44

45

46

47

48

49

50

51

52

53

F

42

43

F

Gender

41

Pt #

23

22

63

40

49

43

67

53

45

38

28

45

60

Age

985

985

983

985

983

985

985

985

983

985

986

985

985

ZIP+3

1.18

0.78

0.55

0.80

0.68

1.12

1.79

1.37

1.75

2.29

2.48

0.47

0.42

MC Auth.
length (yr)

1.18

0.78

0.55

0.80

0.68

1.12

1.79

1.37

1.48

2.13

2.48

0.47

0.42

Carter-only
MC Auth.
length (yr)

Osteoarthritis and chronic daily headaches

L spastic hemiparesis and L hemiplegia secondary to thromboischemic infarct in R MCA (stroke)

Chronic neurogenic and myofascial lower back, neck and
radicular pain secondary to DJD+DDD t/o spine with Hx
of lumbar laminectomy
Severe Chronic lower back pain and intermittent bilat. Lower
extremity pain (R>L). C- and L- DJD+DDD and Hx of C- and
L- sprain/strain injuries (Hx of truck driver work and industrial
accidents)

MPS
NPS
Hx of Tarlov Cyst in Spine (L4/L5)

Chronic daily headaches with possible
fibromyalgia

Chronic daily myofascial lower back pain with some radiation
to legs (numbness + tingling in ant. Lat. Aspects of legs) (Hx of
MVA on September 15, 2006 when her Geo was rear-ended by
delivery truck)
Chronic Severe myofascial lower back pain w/ underlying
DJD+DDD and numerous areas of muscle spasm; Hx of
L- sprain/strain

MPS
FMS
DP

MP

Metastatic Breast Cancer (terminal with six mo to live; on hospice.
Diag’d in 2000 ER and PR sensitive on biopsy) L side pain 24/7

MPS

NPS
DP

Chronic pain secondary to DJD+DDD in C-spine w/ herniated
disk @ C6-7, impinging on C7 nerve root (Hx of injury at work in
2005 when she had a hot, searing pain down her arm)
Chronic neck and back pain secondary to MVA

MPS
CPS

MPS
CPS
DP

Chronic pain secondary to severe polytrauma w/ massive
traumatic brain injuries and peripheral orthopedic injuries
(cortical blindness)–headaches and L leg pain centered on knee

Possible osteomyelitis in pelvis

MPS
CPS
FMS
DP
Chronic migraine headaches with history suggestive of fibromyalgia, but not all criteria met;
hx of chronic depression and anxiety

Chronic pain in lower back and hips secondary to HX of
DJD+DDD in L-spine and L- decompression in 1999

MPS
NPS
OA
DP

MPS
NPS

Chronic thrombophlebitis (recurring DVT’s in
legs; hypercoagulability– Protein C and Factor V
Leiden deficiency)

Chronic neuropathic pain in lower extremities secondary to myalgia paresthetica in the lat. Fem. Cut. Nerve; Hx of two MVA’s
1985+1988–residual chronic pain in head and L knee

MPS
NPS
FMS
MPS

Fibromyalgia and hx of bilat carpal
tunnel syndrome

Chronic low back pain with peripheral neuropathic pain (L sciatic
nerve entrapment)–numbness, tingling, and very cold feeling

MPS
OA

Chronic muscle cramping secondary to myotonia congenita
(Thomsen’s Disease) (first seen on March 13, 1997 @ age 17)

Potential for developing frozen shoulder

Secondary diagnoses (if present)

Chronic pain syndrome in shoulders (pred. myofascial)
secondary to Hx of bilat. Rotator cuff. Tears requiring surgery
and underlying DJD and inter-articular dysfunction (hx of
caregiving for heavy clients)

Primary diagnoses

Chronic
pain
types
assigned
in study
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M

M

M

F

M

M

F

M

F

F

57

58

59

60

61

62

63

64

65

M

55

56

M

Gender

54

Pt #

47

51

47

54

19

46

48

65

23

26

36

58

Age

986

985

983

985

985

985

981

986

980

985

986

983

ZIP+3

2.39

1.07

0.20

4.46

3.36

0.36

5.94

3.38

0.57

0.18

2.39

6.76

MC Auth.
length (yr)

2.39

1.07

0.20

4.46

3.36

0.36

5.94

3.38

0.57

0.18

1.04

6.76

Carter-only
MC Auth.
length (yr)

MPS
NPS
DP

Chronic pain, including radicular pain, in lower back, mid back,
hips, L leg, L wrist secondary to crushed L leg in conveyor belt
w/ likely injury to the post. Tibial and common peroneal nerves

MPS
NPS
OA
DP
MVA in Jan 2003, bike accident in 1982; HX of
CFS, IBS, OA

Incomplete SCI and R brachial plexus injury.
Hx of untreated injuries from heavy work while
incarcerated

Hx of fibromyalgia

Chronic lymphedema

Chronic neck pain and chronic daily headaches secondary to
C- dystonia, C- myleopathy, Adv DJD-DDD in C-spine, Gliosis
in Cerebral Cortex (early MS? Fibromyalgia?)
Chronic neck, low back, and gen. body pain, spasm, intermit.
R severe radicular pain,Hx of GSW in 1976. Regained ability
to walk post-paralysis. Hx of stenosis @ C5-6, L C6 root
impingement, L4-5 lamin.
Chronic bilat. Hip pain secondary to DJD-DDD in
L-spine, DJD in hips and early RA and likely OA
Chronic neuropathic pain (allodynia and hyperpathia) in L upper
extremity secondary to previous mastectomy w/ removal of lymph
tissue; myofascial pain in upper back and neck (2003-breast
cancer diagnosis)

MPS
NPS
MP

FMS
OA
RA
DP

MPS
NPS
SC
IDP

NPS

MPS
NPS
DP

Severe, Chronic, daily lower back, neck, shoulder, bilat hip pain
secondary to Hx of post-traumatic syringomyelia in C-spine (12
yrs ago severely injured in sledding accident) and advanced
DJD+DDD t/o spine
Chronic neuropathic pain secondary to C-M-T (type II) disease
(mutation not yet determined)

MPS
NPS
DP

Chronic neck and back musculoskeletal pain, secondary to
DDD greatest at C7-T1 and nerve damages from 4 (three back +
one neck) surgeries
Hx of bilat shoulder surgeries secondary to
rotator cuff injuries; testicular pain

NPS

MPS
NPS
CPS

Chronic head pain secondary to extensive craniophryngioma
resection w/ gamma-knife (August 13, 2009). Post:CFS w/ chronic
headaches and depression; some pain that shoots up in a
band-like fashion f/ neck
ALS (diag’d in 2004)–terminally ill–increasing weakness, pain,
dysphagia, dysarthria, gastronomy

MPS
NPS
SCI

Chronic neuropathic pain secondary to ASIA Class C C5
quadriplegia and Ashworth Grade 2 spasticity secondary to
GSW on January 23, 2008 (shot at bank)

Cortical blindness

Hx of DVT in L leg with thrombectomy;
mild discogenic degenerative change @ L4-L5
and L5-S1

NPS
OA
DP

Secondary diagnoses (if present)

Chronic neck and back pain due to Chronic stable C- myelopathy
secondary to C- spinal stenosis; adv. DJD+DDD in C- and L-spine; Hx of depression, petit mal seizures, joint pain
disc herniation at C6/7 with radiculopathy; Hx of L-decompression and partially neurogenic bladder
and restenosis

Primary diagnoses

Chronic
pain
types
assigned
in study
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M

M

M

M

F

F

M

M

M

F

69

70

71

72

73

74

75

76

77

F

67

68

M

Gender

66

Pt #

22

50

68

25

57

45

68

51

54

41

39

33

Age

986

981

985

985

985

985

985

985

985

983

980

985

ZIP+3

2.04

0.33

0.91

0.03

6.11

2.50

8.31

0.70

0.05

1.68

0.60

0.88

MC Auth.
length (yr)

2.04

0.33

0.91

0.03

6.11

2.50

8.31

0.70

0.05

1.68

0.60

0.88

Carter-only
MC Auth.
length (yr)

Hx of numerous musculoskeletal problems,
incl. bilat chondral malacia in knees

Chronic daily migraine headaches with a myofascial component
and Hx of absence seizures and subarachnoid cyst in medial
L temporal lobe

MPS
NPS
DP
MPS
FMS
DP
VP

Hx of back pain traces back to injuries from
bucking and training/riding horses
Fibromyalgia equivalent, Hx of Chronic
active Hepatitis C, Hx of Connective Tissue
disease assoc. w/ systemic sarcoidosis,
borderline epilep

Maxillary sinus fracture

PTSD, BPD II

Chronic intractable pain in lower back and hips secondary to
C-and L- DJD+DDD, ongoing C and L radiculopathy, bilat
spondylosis @ L3 w/ grade 1 spondylolisthesis of L3-L4;
L3 root impingement
Chronic hip and myofascial pain in neck and back secondary to
iliotibial band dysfunction and DJD+DDD in C- and L-spine with
spondylolisthesis @ L3/4 and C-spine stenosis
Chronic pain syndrome secondary to TBI w/ abnor. Cognitive and
higher exec func., slowed motor planning, impaired sensorium,
aggression, anger mgmt issues (motorcycle acc. In Oct 1997->
R renal hematoma)
Chronic pain syndrome w/component of myofascial pain and
DJD-DDD (Veteran w/ 3 tours of duty in Vietnam); OA

NPS
CPS
MPS

Chronic intractable severe lower back pain (lower L-spine,
sacrum, coccyx) with Hx of pelvis Fx in trauma as a child

MPS
OA
DP
Multiple Sclerosis, relapsing, remitting. Previously carried diag of
progressive, but converted (15 yr hx)–> major issues: memory,
balance, walking
PMS

MPS
NPS
DP
Hx of construction injury in 1980 which
ruptured L5-S1 disc and herniated L4-L5 disc

Chronic back and neck pain secondary to L-spine stenosis w/
chronic L L5-radiculopathy, C-spinal stenosis, DJD+DDD in
L- and C-spine. Hx of decompression surgery in back

MPS
CPS
VP

MPS
NPS

MPS
NPS
DP

Chronic low back pain and bilat. Leg pain w/ sharp, stabbing pain
in buttocks (L > R) secondary to Hx of L sprain/strain, degen
changes in L-spine and multilevel DJD; bulging annulus and
retrolisthesis @ L4-L5
Chronic pain and significant neuropathic pain secondary to C-M-T
(Type II suspected)–back pain and weakness from pelvis down

NPS
CPS

Multiple Sclerosis (with positive white matter lesions on
MRI and vague lesions in spinal cord which could represent
demyelination; + FH of MS)
Hx of back injuries (August 2007—gravel work)
and another 20 yrs ago

Lumbar strain w/ hx of assault in 2005 and
work injury in 2005. Hx of TBI (hemiplegia,
dysarthria, behavioral+ cognitive impairment),
seizures

Chronic back and neck musculoskeletal pain syndrome.
Significant degen of L shoulder, post acromioplasty w/
decompression; degenerative changes in C-spine

MPS
CPS
OA

MPS
CPS
OA
DP

Secondary diagnoses (if present)

Primary diagnoses

Chronic
pain
types
assigned
in study
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F

M

M

F

F

M

M

M

F

M

F

F

79

80

81

82

83

84

85

86

87

88

89

Gender

78

Pt #

52

33

51

55

28

43

25

43

50

34

53

46

Age

985

982

985

983

985

985

981

985

991

985

985

985

ZIP+3

6.80

0.35

3.53

0.23

2.08

1.14

0.37

0.66

2.02

0.79

0.92

4.04

MC Auth.
length (yr)

6.80

0.35

3.53

0.23

1.25

1.14

0.37

0.66

2.02

0.79

0.92

4.04

Carter-only
MC Auth.
length (yr)

Chronic severe R-sided burning leg pain and
numbness from R S1 radiculopathy and Hx of
DJD+DDD (MRI documented)

Significant nausea secondary to chemotherapy assoc. w/
T1 lobular breast cancer (status post-mastectomy w/ C- and
axillary lymph nodes removed)

MPS
NPS
CPS
MPS
NPS
FMS
DP
Chronic myofascial pain syndrome vs.
post-traumatic fibromyalgia

Hx of L total knee replacement and bilat carpal
tunnel syndrome by EMG; morbid obesity

Pregnant in 3rd trimester as of January 23, 2008

Chronic intractable pain and profound spasticity (Ashworth grade
3-4) secondary to severe TBI w/ cognitive impairment and spastic
L hemiparesis. Hx of MVA on October 24, 2001
Chronic intractable pain secondary to Hx of polytrauma in MVA;
advanced DJD-DDD t/o spine; C- myleopathy

Chronic shoulder pain, daily neuropathic pain with burning,
numbness and tingling in feet secondary to Chronic active
Hepatitis C, severe DJD and OA, RA, migraine headaches,
L rotator cuff tear

Chronic back and neuropathic pain secondary to R sciatica
secondary sacroiliac joint dysfunction. Problem since August 2007
Chronic back and sciatica pain with L-spinal stenosis and DDD
(on MRI); Hx of fall injury in 1992 with blunt trauma to lower back

MPS
NPS
DP

Chronic musculoskeletal pain syndrome in upper back, neck, knees,
hips secondary to C- and L- DJD+DDD w/ C8 C-radiculopathy; Hx of
injury to neck in 2005 when running, collided w/ a wall

MPS
NPS
DP

MPS
NPS

MPS
NPS
CPS
OA
RA
DP
VP

CPS

Chronic pain secondary to cluster headaches behind R eye
(problem since childhood with 15 yrs documentation)
(excruciating pain w/ vision disturbances and nausea)

MPS
NPS
DP
MP

MPS
NPS
CPS
DP
VP

Hepatitis C Virus post interferon Tx; Lumbar
Laminectomy Hx from DJD-DDD leading to
spinal stenosis, hand deformities

MPS
DP
VP

Chronic pain syndrome in hands, feet, neck, shoulders, back
(29 yrs). secondary to spastic L hemiparesis secondary to massive
TBI w/ Ashworth Grade 3 spasticity (from MVA in 1978). Past
phy abusive rel.

DJD+DDD throughout spine and Hx of multiple
facial fractures when he broke his face and nose
in six places, requiring surgical repair (1986)

Chronic abdominal pain secondary to endstage polycystic kidney
disease with a component of myofascial pain in upper back and
neck and chronic daily headaches

MPS
FMS

MPS

Hx of fall from bike and broken “tailbone” but
no radiographic evidence of Fx of coccyx

Chronic pain secondary to fibromyalgia with frequent headaches,
multiple joint pain, chronic nausea with difficulty eating

Chronic lower back pain syndrome secondary to Hx of vertebral
hairline Fx’s over 10 yrs ago. Init accident was while working on a
horse ranch as a ranch hand

Secondary diagnoses (if present)

Primary diagnoses

Chronic
pain
types
assigned
in study
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F

M

F

F

M

F

M

M

M

93

94

95

96

97

98

99

100

M

91

92

M

Gender

90

Pt #

52

32

43

52

53

23

61

58

56

44

72

Age

981

984

985

985

985

981

985

985

985

985

985

ZIP+3

1.27

1.47

2.04

2.00

1.60

0.33

1.34

2.81

5.01

0.68

0.68

MC Auth.
length (yr)

1.19

1.47

2.04

2.00

1.60

0.33

1.34

2.81

5.01

0.68

0.68

Carter-only
MC Auth.
length (yr)

Hx of PTSD with 2 tours in Vietnam

Chronic pain syndrome in LB, shoulders, and hips w/ R leg
radic.Pain; also in neck, hands, knees (->10 yrs) secondary
to OA w/ mult. Joint involvement incl.:neck, back, shoulder,
hips, knees and bilat Carpal T.S.

MPS
NPS
RA

Chronic pain in joints (shoulders bilat) 2ndar to Behcet’s disease,
a very rare chronic inflammatory disorder (flare-ups incl. frequent
ulcerations in soft tissues, uveitis, peripheral neuropathy)
(probs for 5 yrs)

MPS

Chronic back and leg pain (began @ work November 2001 when
there was an increase in car commuting for work)

Chronic upper back, neck, lower back and bilat radicular pain
secondary to DJD-DDD in C- and L-spine and OA; chronic daily
headaches. Hx of # of injuries to upper back and neck

MPS
NPS
OA
DP

MPS
NPS

Sev. chronic neuropathic pain f/ trigeminal nerve injury secondary
to complex R tripod and orbital blowout and R zygomatic arch Fxs
w/ shrapnel and wounds in R orbit, soft tissue trauma to IT fossaIED expl in Iraq(vet)

Multiple Facial Reconstruction surgeries
throughout 2004-6; severe hyperalgesia and
allodynia

MPS
CPS
OA
DP

Chronic UBP and LBP and seizures secondary to: (1) fell down
stairs,struck head 1 mo Ago; (2) MVA w/ vertex head injury
w/o LOC (December 2005); (3) Class 4 TBI-77ft fall from
tree, mult.spinal compression fractures (June 17, 1992); OA;
DJD-DDD t/o spine

Hx of IBS

MPS
NPS
OA
DP

Chronic pain syndrome in low back, neck, R leg, and knees with
chronic radicular pain secondary to DJD+DDD in C- and L-spine
and OA in spine, knees, and hips

Hx of grand mal seizures; Hx of
methotrexate/prednisone tx

MPS
NPS
OA
DP

Chronic pain with myofascial component and C- myleopathy
secondary to DJD+DDD t/o spine (on MRI), OA, C-spinal
stenosis, and bilat. Rotator cuff tendonitis

MPS
NPS
OA

MPS
NPS
DP

Hx of seizure disorder, Hx of migraine
syndrome vs. cervicogenic headache, Hx of
injury working as waitress on October 16, 2005

Chronic back and neck pain and C- myleopathy w/ radicular pain
secondary to C-spinal stenosis and C- and L-sprain/strain and
DJD+DDD t/o spine

MPS
VP
MPS
NPS
DP

Multiple hernia repairs; Hx of AAA repair

Secondary diagnoses (if present)

Chronic intractable back pain including lumbar radiculopathy
secondary to failed back surgery syndrome including DDD
@ L4-L5 and microdiskectomy in 2004

Chronic severe pain in back and lungs secondary to COPD
(steroid-dependent)

Primary diagnoses

Chronic
pain
types
assigned
in study
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M

M

M

M

M

M

F

M

104

105

106

107

108

109

110

111

F

102

M

M

101

103

Gender

Pt #

66

49

51

49

69

46

46

45

45

49

52

Age

985

985

985

985

983

983

984

983

985

985

985

ZIP+3

0.10

0.70

0.70

8.10

2.33

1.11

3.66

1.37

0.46

3.23

0.41

MC Auth.
length (yr)

0.10

0.70

0.70

8.10

2.33

1.01

3.66

1.37

0.46

3.23

0.41

Carter-only
MC Auth.
length (yr)

MPS
NPS
FMS
DP

Chronic back and neck pain with myofascial component
secondary to C- myleopathy secondary to spinal stenosis and
DJD-DDD in spine

MPS
NPS
CPS

Bilat corneal foreign body, dislocated
C- vertebrae, spained neck, lumbar region;
more recently, an MVA–C-/L- sprain;
depr/anxiety/rage
Hx of three arthroscopic surgeries of L knee;
Hx of open kidney surgery 1986; Hx of kidney
stones with lithotripsy

Chronic myofascial back pain and chronic daily headaches
secondary to massive TBI, C- sprain/strain– Hx: September 26,
1991: sustained bilat eye + C-injury. Employed as truck driver.
Tire blew up in face, fell bkwds ~12ft
Chronic pain and chronic daily headaches secondary to Hepatitis
C (Hx of IVDU), TBI (w/ Hx of GSW to head in 1986) w/
spasticity, ataxia; Hx of MVA September 8, 2006

MPS
OA
DP
MPS
NPS
VP
MP

Hx of mild glaucoma

Polyneuropathy (peripheral), organomegaly
(liver + spleen), endocrinopathy, monocolonal
gammopathy, trophic skin changes; Raynaud’s S

Chronic LBP centered in mid-L region for most of adult life; Hx of
DJD+DDD, systemic OA; Hx of chronic daily headaches

Chronic LBP + appetite loss secondary to POEMS syndrome; Hx of
multiple myeloma, Hx of lung CA w/ lobectomy of R upper Q

MPS
NPS
DP
VP

Chronic Abdomi. Pain Syndr secondary to
Chron. Active HCV, Liver t’plant candidate–
end-stage cirrhotic liver (post- IFN Tx),
likely transfus exposure

Chronic myofasical pain and C- myleopathy secondary to adv.
C- DJD+DDD, L C7 radiculopathy and spinal stenosis

MPS
OA
DP

MPS
NPS
OA
Hx of Osteoarthritis and glaucoma

Chronic back and neck pain and intermittent shooting pain down
posterolateral aspect of R leg secondary to post-polio syndrome
(in R leg as a child)

Chronic intractable pain in LB, hips, knees, shoulders, worse in
AM. OA Hx with likely DDD in spine. Retired former rancher

MPS
NPS
CPS
DP

Chronic pain secondary to C- stenosis, DDD, cervicobrachial
radiculopathy and closed head injury (1983). Hx mult. Spinal
surgeries (L5-S2 fusion, redo-diskectomy @ S2 in 1997)

MPS
NPS
CPS
VP

MPS
NPS
DP

Chronic LBP and S1 radiculopathy (by EMG) secondary to small R
postereolateral herniation @ L5-S1, compressing the origin of the
S1 nerve root (problem for 14 yrs)

Hx of Hashimodo’s thyroiditis, Hx of
fibromyalgia

MPS
NPS
OA
DP

Secondary diagnoses (if present)

Chronic back, leg, bilat. Shoulder pain secondary to DJD and
failed back surgery syndrome (eg, diskectomy, multilevel fusion,
rotator cuff repairs)

Primary diagnoses

Chronic
pain
types
assigned
in study
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M

F

M

F

M

M

F

115

116

117

118

119

120

121

M

113

M

M

112

114

Gender

Pt #

23

51

46

24

25

47

61

51

55

33

Age

985

985

985

985

985

985

991

985

985

985

ZIP+3

0.30

2.56

1.21

1.12

0.27

5.01

2.02

1.27

1.12

0.93

MC Auth.
length (yr)

0.30

2.56

1.21

1.12

0.27

5.01

2.02

1.27

1.12

0.93

Carter-only
MC Auth.
length (yr)

MPS
NPS
CPS
DP
Chronic pain in lower back and R leg secondary to DJD in L-spine,
Hx of migraine headaches w/ myofascial tension
herniated disc @ L5-S1, bilat L- and S1 radicular pain, meralgia
paresthetica on R (entrapment of lat. Fem. Cut. Nerve)

Chronic neuropathic and myofasical pain: LBP and intermit. Radic.
Pain secondary to failed back surgery syndrome; DJD+DDD t/o Cand L-spine, C- and L-spinal stenosis, herniated disc @ L5/S1, OA;
injury HX; Chronic headaches secondary to underlying DJD

MPS
NPS
OA
DP

MPS
NPS
OA
DP
October 6, 1998–”Have been hit by Tree Top
and two logs from about 8-feet high and Maple
top all across low back. Hit on head and neck
by Top and fell on Ribs bounced in air, Land on
ribs and many others.”

Chronic pain in lower back, neck, ankles secondary to C- radiculopathy, OA, DJD-DDD, Hx of Bilat Carpal Tunnel surgery, Hx of
MVA with severe trauma in 1986

MPS
DP

Extensor tendonitis in both wrists with Hx of R
wrist Fx @ age 8 and L wrist Fx @ age 17

FMS
OA
DP

Chronic myofasical pain syndrome including sacrococcygeal pain
aka coccydynia. Since age 10 secondary to contusion (headbutted
by a child she was babysitting)

Chronic fatigue syndrome and “fibrofog”

Chronic pain secondary to fibromyalgia and Hx of OA and
C-spine DJD+DDD

MPS
NPS

MPS

Medically documented primary open angle
glaucoma vs ocular hypertensive; congenital
cataracts

Chronic pain syndrome w/ sev. resid. Neuropathic pain secondary
to sev. Deformity of R arm w/ Hx of complete R median nerve
lac., post-traumatic neuroma, and deformity of L arm secondary to
GSW (L) and shrapnel injury on R with bone damage–on February
28, 1967 in Vietnam

MPS
DN
OA
DP

Chronic intractable back pain secondary to idiopathic scoliosis
(slowly progressive and quite advanced–60⬚ in thoracolumbar
spine and S-shaped stenosis); severe headaches

Suspect early diabetic neuropathy and
presumed osteoporosis

Chronic pain in neck + back and loss of appetite secondary to
severe OA w/ mult. Joint involvement, incl spine, hips, knees,
ankles; DDD t/o spine; hx of Compression Fx in spine; bilat tot.
hip replacement

MPS
NPS
PP
DP
VP

Chronic pain,partially vascular,partially neuropathic f/
R below-knee amputation secondary to severe peripheral
vascular disease; vascular claudication in L leg; Chronic neck
pain w/ ant. C- diskectomy and fusion

Hepatitis C virus; clinical depression

MPS
RA

Secondary diagnoses (if present)

Chronic bilat knee pain with joint swelling secondary to RA;
Chronic LBP and stomach upset associated with RA tx. Hx of
snowboarding accident–bilat. Knee injury w/ surgical repair

Primary diagnoses

Chronic
pain
types
assigned
in study
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M

M

M

M

M

M

F

125

126

127

128

129

130

131

F

123

M

F

122

124

Gender

Pt #

58

37

55

38

47

50

43

51

74

54

Age

985

986

985

985

985

985

985

985

983

985

ZIP+3

1.75

1.22

1.48

5.01

2.40

1.08

0.61

1.47

1.18

0.48

MC Auth.
length (yr)

1.75

1.22

1.48

0.68

0.39

1.08

0.61

1.47

1.18

0.48

Carter-only
MC Auth.
length (yr)

2002 accident required craniotomy and placement of ventriculoperitoneal shunt; also prior
accident w/ coma in 1992

Hx of tension and migraine headaches

Chronic pain syndrome w/ chronic daily headaches R spastic
hemiparesis, secondary to TBI w/ polytrauma, Hx of incomplete
SCI, Hx of head-on MVA (pedestrian vs. MV) in July 2002
Chronic L shoulder pain with radicular Sx in L arm with Hx of
L rotator cuff tear (w/ surgical repair x2: ‘02 and ‘03); Hx of
R hip pain, Hx of C- DJD+DDD. Hx of truck driving w/ injury
on March 1, 2001

MPS
NPS
CPS
DP

MPS
NPS
CPS
SCI

Chronic fatigue and peripheral vascular disease

MPS
NPS
CPS
DP

MPS
NPS
OA
RA

L spinal stenosis is secondary DJD+DDD
w/ both central and foraminal canal
stenosis;subactue L5-S1 radiculopathy;
mild CP f/ brain trauma from childhood

Chronic neck and back pain–multifac–neuropathic, myofascial,
and mechanical in nature–secondary to L spinal stenosis,
spondylolisthesis of L5 on S1, R ulnar neuropathy; hx of MVAs
in the late 70s/early 80s; Hx of competitive wt liftting in early 90s,
w/ damage; hx of logging injuries

MPS
DP
VP

Chronic pain syndrome t/o back and neck secondary to post-polio
syndrome (age 13, likely exposure To live-virus vaccinated boy)
w/ sig. inv. of lower extremities; Hx of OA, RA;Hx of numerous
reconst joint surgeries

Hx of panic disorder; hx of coccidiomycosis
(Valley fever)

Chronic ongoing abd pain secondary to chronic active hepatitis C;
Chronic neck and back pain secondary to C- and L- DJD+DDD;
Hx of splenic mass, status post splenectomy

MPS
NPS
DP

MPS
NPS
DP

Numbness from top of foot to anterior shin; has
had pain since 1992, injured while heavy lifting;
Grade 1 anterolisthesis of L5 on S1; Gr 1
retrolisthesis of L4 on L5

Chronic mid+low BP with DDD(L5-S1) and radiculopathy; pain
radiates to L arm and both legs, R>L. Pain in L upper back radiates
to posterior L arm; pain in mid+lower back radiates to R gluteus;
injury Hx

MPS
NPS
DP

MPS
FMS
OA
DP

MPS
NPS
CPS

Chronic pain syndrome in back and neck secondary to
C- + L- spinal stenosis, with large disk protrusion @ C6, C7
producing moderately severe central canal stenosis.Herniation @
L3/L4, impinging on R L4 root

Hx of lymphedema

Signs and Sx’s of IBS; Hx of Depression
secondary to early loss of son

Chronic musculoskeletal pain syndrome in back and shoulders
w/ muscle spasms secondary fibromyalgia and underlying OA in
spine + hips; Hx of L laminectomy L5-S1; Hx of freq. headaches;
DDD multilevel
Chronic LBP secondary to DJD+DDD t/o spine, L radiculopathy;
Hx of bilat foot numbness; sensory hypesthesia in extremities;
Hx of heavy work of caring for wife

Hx of R rotator cuff repair in 2000

Secondary diagnoses (if present)

Chronic neuropathic and musculoskeletal pain secondary to
Hx of AVM resection w/ residual L-sided spastic hemiparesis
and R sided pain

Primary diagnoses

Chronic
pain
types
assigned
in study
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M

M

M

F

136

137

138

139

60

68

40

47

42

52

53

55

Age

981

985

985

985

985

981

985

985

ZIP+3

0.14

0.20

0.61

5.88

1.50

0.37

1.14

0.53

MC Auth.
length (yr)

0.14

0.20

0.61

5.88

1.50

0.37

1.14

0.53

MPS
NPS
OA
VP
Cachexia, w/ loss of appetite; Hx of polio
as a child in 1949; Hx of chronic ear pain w/
recurrent infections

Chronic abdominal pain w/ bloating secondary to Crohn’s disease
and celiac sprue, Hx of prolapsed colon, with Hx of prior major
abdominal surgeries; Hx of arthritic pain t/o back+neck

MPS
DN
NPS
CPS
OA
DP

MPS
DN
NPS
OA
DP
MP

Hx of motorcycle accident 16 yrs ago w/
C-, L- sprain/strain and fractures, Hx of OA,
Hx of diabetic peripheral neuropathy,
Hx of migraines

Chronic intractable myofascial pain in the back, neck, + radicular
pain and Ashworth gr2 spasticity secondary to DJD+DDD t/o
spine and C-spine stenosis, Hx of MCA infract w/ R spastic
hemiparesis; chronic rotator cuff tendinitis in both shoulders

MPS
NPS
CPS
OA
DP

Hx of cardiac arrest w/ flatline rhythm for ~2
minutes; Hx of parathyroid adenoma; Hx of
RCC; Hx of granulomatous disease

Ashworth grade 2 spasticity

Chronic upper back and neck pain w/ chron daily headaches,
mixed migrainous and tension, w/nausea (since 2000) secondary
to C- DJD+DDD, chronic OA, Hx of multi-lev laminectomy and
fusion at C4-5, ongoing radic pain in upper extrem

MPS
NPS
OA

Chronic pain secondary to C-myleopathy, adv. DJD+DDD t/o
spine, Hx of multi-level C- and L- fusions, Hx of diffuse OA, Hx of
seizure disorder,Hx of diabetes w/ neuropathy in arms;Ashworth
grade 3 spasticity

Hx of Lyme disease

Extreme R sided sciatic pain secondary to either L radiculopathy
vs. piriformis syndrome; Hx of DJD throughout body–hips, knees,
L- and C-spine; Hx of knee pain (Bakers cyst), morning stiffness

MPS
NPS
OA
DP

MPS
NPS
CPS

Hx of injuries as CNA; C- and L- DJD+DDD,
progressive, erosive OA; Hx of Sjoren’s disease;
hx of IBS

Chronic pain: chronic C myelopathy secondary to severe
C stenosis with Hx of ant. C diskectomy and fusion; chronic
neuropathic pain (radicular sx’s); Hx of Chronic rotator cuff
impairment on L, status-post surg

MPS
DP

Chronic, intractable neck, back, R wrist pain secondary to severe L
Brachial plexus injury, R sciatica, multiple spinal fractures: C1, C7,
T9; TBI; freq. headaches; Hx of serious Life-threatening motorcycle accid. (September 8, 2006)

Chronic anxiety disorder

Secondary diagnoses (if present)

Chronic myofascial pain esp in LB and legs secondary to
limb-girdle muscular dystrophy (familial, late-onset); disc
herniations @ L4/L5 and L5/S1; profound weakness

Primary diagnoses

Chronic
pain
types
assigned
in study

MPS, myofascial pain syndrome; DN, diabetic neuropathy; NPS, neuropathic pain syndrome; CPS, central pain syndrome; PP, phantom pain; SCI, spinal cord injury; FMS, fibromyalgia syndrome; OA,
osteoarthritis; RA, rheumatoid arthritis; DP, discogenic back pain; HIV, HIV neuropathy; VP, visceral pain; MP, malignant pain.

F

135

M

133

F

M

132

134

Gender

Pt #

Carter-only
MC Auth.
length (yr)

Pt #

Notes about other medications: using, tried, failed, side-effects
(if present)

MC-specific chart notes

1
2

MMJ prn

3

Max of five MJ cigarettes/day

Cannot tolerate opiate medications; also takes nortriptyline @ bedtime

4
5

Allergic to codeine, darvon, percocet, percodan, darvocet, oxycodone
MMJ sole source of pain relief; uses linaments and tinctures

Cannot tolerate opiate medications, which make him sick. Difficulty w/
muscle relaxers, which are too sedating
Limited tolerance to narcotics–extreme sedation, constipation,
loss of appetite, intermittent vomiting; marinol–too sedating;
cannot tolerate gabapentin

6
Using MJ successfully on a daily basis; pain from 8-9 to 2-3; needs only
~2-3 inhalations from a MJ cigarette to get pain relief

Has difficulty tolerating opioid medications

9

Uses MJ daily

No other pain medications; allergies to morphine and aspirin

10

Vaporized cannabis use, 3-4x/week; tincture use

7
8

Allergic to codeine; also uses temezepam, limited norco (as a back
up to cannabis)

11
12

MMJ is occ. Supplemented with hydrocodone

13
14

Also uses intrathecal opiate pump in L-spine (morphine, then later dilaudid)
Also uses gabapentin, aspirin, and naproxen

MMJ 2x/week: “marijuana-it helps me more than any of the pills do
with the exception of my hormone pill and piaquinel”

Also uses tramadol, percocet, celexa; allergy to codeine

15

Vicodin and tramadol cause itching, has a codeine allergy; has done a
trial of propoxy

16

Also uses oxycodone celebrex, dilaudid, hydrocodone

17

Also uses oxycontin and oxycodone for breakthrough pain

18

Also uses 50 mg ultram and norco; cannot tolerate codeine, makes him
“hyperactive” and “keyed up”

“Pot/daily”

19
20

Tried neurontin, tried trazadone
Medications, incl. MMJ, reduce the pain from 7-8 to 2-3; states that
cannabis works considerably better than hydrocodone to tx pain

Also uses hydrocodone and tylenol (was advised to lower dose), IBP
Also uses baclofen, vicodin extra-strength, klonopin, trial of vioxx; has
tried neurontin; refractory to other adjunctive analgesics

21
22

Uses 2oz of cannabis/month; approx. 2g smoked/day to relieve pain,
although sometimes more; cannabis use tx’s pain 7-8—>2-3

Does not tolerate narcotics, which make her nauseated and worsen
appetite; allergic to morphine+demerol; uses loperimide for nausea

23

“Feels satisfied with this pain control now”–September 13, 2007

Uses methadone; opiate medicine causes nausea

24

Poor tolerance to opioids . . . finds too sedating; also uses cymbalta, IBP;
tramadol and flexaril–he didn’t think they helped much; has received
trigger pt injections

25

Since 1954, has tried four types of narcotics (T3-codeine, hydrocodone,
oxycodone, tramadol); 5 triptans (imitrex tablet and injection, amerge,
relpax, maxalt), migranal, depomedrol, marcaine nerve block, Excedrin

26

Also uses baclofen, tizanide, botox injections

27

Uses marijuana to control her pain and states that this is the only thing
that really works effectively for her

Also uses celebrex

28

Also uses lyrica, oxycodone, trazadone and on lidoderm patches trial

29

Has been on narcotic meds, anti-inflammatories, muscle relaxers, etc;
narcotics make him feel more “drugged” cf. w/ marijuana–cannot
tolerate them; “has tried almost every pain medication I can imagine”
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30

Uses morphine

31

Combination of low dose methadone with MMJ was working well for
her; using MMJ successfully, but not covering all pain

Uses methadone, less lyrica because not good insurance coverage

32

successfully used MJ to treat pain

Cannot tolerate opiate medications–make her sick + destroys her
appetite; occ. Tylenol, alleve is ineffective

33

Gabapentin and hydrocodone, but cannot tolerate opiates well

34

Norco

35

Marijuana frequently; works better than any Rx drug he has ever used

36

Successfully used cannabis to treat his pain and he feels that works
better than anything

Cannot tolerate opiate pain medications, which make him nauseated and
causes hives; uses flexaril for back spasms

37

MJ daily to control pain

Feels “too euphoric” on morphine, doesn’t want to get that “high”
feeling; taking oxycodone and xanax

38

Marijuana daily with no SE; “only thing she is now currently using
for pain”

Rarely Percocet

39

January 3, 2008: “getting fairly good pain control on his current
medication regimen”

Also uses methadone and oxycodone

40

Marijuana prn

Also uses MS Contin, not well controlled with methadone, now off
tylenol and neurontin

41

Reports that MJ gives her the best pain relief and she tolerates that
much better

Also uses hydrocodone and baby aspirin

42

MJ really works better than anything to relieve the pain; Pot 3x week
when pain is extreme. Varies

43

44

Uses methadone with side effects of “hot flashes, memory loss,
irritability”; lyrica with SE of “jittery feeling” but “it’s okay”; also on
Imitrex, lidoderm patches

Marijuana as needed for pain

45
46

Allergy to Tylenol+codeine and aspirin; uses hydrocodone and migrazon
July 16, 2007: “His pain is under reasonable control.”

47

48

Oxycontin, morphine–some nausea associated with opiates
Takes hydrocodone, aspirin

“He has also used marijuana for pain relief and states that this works
better than anything for him.” “Helped him recover substantially . . .
can ocassionally see blurry images, and he feels that his vision is
coming back slowly since he as been using the MC.”

Occasionally uses oxycodone, but has some allergies

49

Also uses alleve, hydrocodone, lidoderm patches

50

Aspirin allergy, vicodin not helping

51

“Wants to get off morphine and pain meds–only wants to be
on marijuana”

Currently on morphine and methadone

52

Diclofenac led to GI problems, flexaril made her feel horrible, celebrex
and lortab caused GI upset; has tried elavil and tramadol; on MS contin,
IBP or tylenol, hydrocodone, and trial of lidoderm patches

53

Limited tolerance to oxycodone; cannot tolerate methadone– “makes me
sick”; little relief from hydrocodone, no response from trazadone, trying
percocet and trial of lidoderm patches

54

On methadone, previously on oxycontin, lidoderm patches trial,
duragesic trial; cannot tolerate anti-inflammatories

55
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Cannabis/10+ times a day not in last month and a half (May 16, 2006);
no other med besides MMJ works as well

Some benefit w/ vicodin prn; no effect with muscle relaxers and other
narcotics; very poor tolerance for opiates; hydrocodone does not work
very well. “pain killers stopped working a long time ago.”
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56

Prior history of opiate abuse with premorbid Hx of methadone
maintenance program; on neurontin, methadone, and oxycodone

57

Rash from morphine sulfate; uses oxycontin, oxycodone, hydrocodone

58

Uses amitriptyline

59

Medical cannabis weekly, 5-7x

Tried amitriptyline
Has taken percocert, norco, and now on oxycodone + oxycontin which
makes him “feel like a junky”–he wants off the oxycontin

60
61

He is using MMJ to control most of his pain. He occ. Uses oxycodone

Poor tolerance to opiates which make him nauseous; vicodin allergy,
oxycodone is helping; also uses IBP

62

Using MC and has had good results with that.

Using percocet; allergy with anaphylactic shock to darvon and vicodin;
bad reaction with soma, neurontin, Imitrex

63

Does use marijuana to treat his pain

Limited success w/ opiate meds (higher doses cause him to feel sick,
constipated); allergy to aspirin; on methadone and diazepam
Not successful relief with hydrocodone, limited tolerance to NSAIDS due
to gastritis; uses MS contin, and intertrochanteric injection of both hips
(bupiv + dexa)

64

65

MMJ continues to work well for her. It is controlling her pain.
No residual SE (May 30, 2007),” Doing fairly well. Pain has decreased
(December 11, 2007)

66
67

Uses norco, percocet, oxycodone
“She has been using cannabis in the past and has had excellent results
with respect to her migraine headaches.” Using <1/4 oz/week

68
69

Also uses neurontin
Also uses tramadol, elavil, maxalt, axert

MMJ is “safer”

Does not want to start with a more addictive opioid drug

70

71

Trial of capsaicin cream–could not tolerate due to burning; has tried
other modalities w/o effect

Also uses norco
“He is getting good relief from MC to treat his chronic back pain.”
(April 30, 2008); “He is still getting very beneficial effect from the medicinal use of marijuana.” (May 8, 2007); “He is currently using medical
cannabis only for pain, and that is controlling his pain.” (April 14, 2005).
“I still use the herb. Almost every morning, I get up with strong nausea.
I sometimes dream of back ache. The pain in my spine is directly behind
the hunger center, and it gives such nausea I can’t eat until I smoke.
Even then it takes a while. Often I don’t eat until around 3: or 4: in the
afternoon. I don’t smoke much. I don’t enjoy being high. It does help
with pain management, though.” . . . “Medical herb . . . I don’t know
what I’d do without it right now, I think it’s about the only good thing for
my attitude.” “Three small bowls a day right now of the herb, and that’s a
lot for me, somehow I survive until nightfall.” (April 14, 2005) . . . “I don’t
know why. It isn’t I don’t feel the pain, I just don’t care. I’ve found if I
take in small doses, I avoid the mental weirdness and still get the pain
and nausea help.”

Considers oxycodone “powerful.” narcotics make pt constipated; on valium, oxycodone, and diclofenac–“I am so ‘stoned’ I can’t drive, wobble a
lot on my bicycle, and still can’t walk worth a damn.” tried Voltoren and
Celebrex as anti-inflam. Medrol caused rectal bleed

72

Uses oxycodone. Has hx of under-medicating w/ opioids

73

cannot tolerate opiates, eg, oxycontin. Uses lidoderm patches

74

“He admits to using marijuana to control his pain.”

Also on Percocet

75

“Mr. X has been substantially disabled by his problems and states that
MJ is the only thing that has helped him.” (vaporizer user)

Poor tolerance to opiates which make him nauseated and itchy

76

“Admits to having already used MJ to treat the symptoms of MS, and he
feels it works better than any Rx medication he has tried, in terms of
controlling his pain, spasticity, and depression”

77

Antidepressants have increased side effects and antiepileptics
are too sedating
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78

“She also uses MC and has been doing so for some time now. She uses
it appropriately, and this has helped considerably w/pain.”

Off oxycontin and using methadone, flexaril, trial of vioxx

79

Ideal candidate for MMJ as it may improve his appetite as well as
limit opiate intake b/c incr. doses will not be safe due to lims w/ renal
clearance . . . “Doing fairly well with current regimen. The majority of
his pain is controlled with MC.” (December 11, 2007); “He is getting
good pain relief from his current medications.” (May 21, 2008)

Also uses oxycodone and lorazepam

80

Cannabis successfully manages pain

Limited success w/ opiates . . . increasing doses are incapacitating
and make him constipated. Past hx of morphine, hydromorphone,
and methadone use

81

Uses MJ for pain relief (daily)

Not able to tolerate opiates, valium allergy

82

Occ. Using pain meds. Uses hydrocodone, IBP, methadone

83

Cannot tolerate opiate medicine–makes him nauseous to the point of
“Has been using marijuana to relieve the pain, and this is the only thing
throwing up; topomax is difficult for him to tolerate and very expensive
that has worked for him”
by pt’s acct.

84

Has used MJ in the past to occ. Tx. Pain (~1/month); difficulty
w/night-time pain: MMJ recommended

Uses methadone, IBP, amitriptyline

85

Three bowls/day MMJ (September 28, 2006); 2x/day MMJ (August 7,
2006); 20 bowls/day (July 6, 2006)

Uses hydrocodone and baclofen

86

Uses methadone, dilaudid, hydromorphone. Opiate tolerant pt

87

“His pain is under reasonably good control”

Cannot tolerate: codeine+demerol, chronic narcotic medication makes
him “sick”; poor outcomes with antidepressants and neurontin; some
relief with percocet but cannot tolerate any stronger

88

No other medications aside from MC

Pt denied using hydrocodone w/tylenol as a pain control option

89

“She has used this recreationally and had good success w.r.t. pain relief
Difficulty tolerating narcotics; amitriptyline @ night for LBP, effexor
and inquiring about using it officially as a medical agent.”

90

Says MJ helps him to eat and breathe; uses MJ 3x day

91

“States quite forthrightly that he has used marijuana to treat his pain,
and he gets better relief from that than most other medications.”
(September 25, 2007)

Uses methadone, which causes sleepiness and dilaudid, which causes
vomiting/nausea

92

93

Addiction to higher dose narcotics-pain specialists referral to get him off
narcotics; uses oxycodone, APAP, carisoprodol (for muscle spasm), IBP

Approx 1 oz/week of MMJ: “relieves pain quite well”

“Not tolerating narcotic pain meds well, and has had poor response to
other anti-inflammatories and muscle relaxants; tries to avoid vicodin,
but occ. Uses for pain; also uses diazepam
Trigger pt injections in lower lumbar region; uses methadone
and oxycodone

94
95

Uses MJ three times/week to control pain and inflammation

96

It would appear that he is using the cannabis appropriately (April 23,
2008); satisf. Control from his current pain regimen (April 24, 2007);
has used MJ in the past with success. Uses predominantly @ night.
1-2 cigarettes/day (October 26, 2006)

Opiate intolerance–makes him sick; has used OTC alleve with little
success; anti-epileptics make him very sedated

97

Uses hydrocodone and lexapro

98

Uses oxycodone, alprazolam, prozac, percocet, gabapentin;
morphine allergy

99

Has failed gabapentin, tegretol, elavil, percocet, celebrex, and others;
also tried implantable nerve stimulator–no effect (November 7, 2006); on
oxycodone/acetominphen, methadone, nortriptyline, Percocet

100

282

Pain is 5-7/10, but with Cannabis, 2-3/10 (March 27, 2007); getting satisfactory pain relief from MMJ; Cannabis allows him to sleep (April 10,
Cannot tolerate opiate medications, which for the most part make him
2007); First used cannabis @ 8 yrs old: “an elder described its use and
nauseated; marinol did not agree w/ stomach; LSD, psilocybin,
benefits” uses 4x day or prn. Cannabis works better than prescribed
peyote–indicated that they for spiritual use–used as often as needed
medicines; other reasons for cannabis use: stress reduction; reports that
whole family uses it
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101

“He has been using marijuana on his own, as he feels it gives him the
best pain relief of anything that he has used.” 2-3 inhalations on a MJ
cigarette 2-3[⫻]/day,and this improves his pain levels drastically w/o
incapacitating him

MS Contin

102

Poor response to narcotics, TCA’s; has tried relafen, flexaril, lodine XL,
tylenol; on: vicodin, cataflam

103

Narcotics make him sick; has used steroid injections

104

On hydrocodone, IBP

105

Cannabis for breakthrough pain (doing well) (July 20, 2006); 1/4 oz
MC/day, occ. More (October 4, 2004)

On methadone; no success on anti-epileptics and antidepressants;
demerol allergy

106

“He has used MJ in the past and it provided great pain relief.”, 1-2 MJ
cigarettes/day “moderate” use acc’ding to pt. May 25, 2007; “With the
institution of marijuana, he has noted a 60-70 percent decrease in his
muscle spasms.” (April 23, 2004)

Persistent nausea from opioid medication, but takes methadone +
morphone sulfate + citalopram + neurontin (May 25, 2007)

107

Cannot tolerate codeine; failed vioxx, percocet, amitriptyline,
neurontin, tramadol

108

Uses oxycontin, oxycodone, percocet. Has tried MS, methadone, dilaudid, tramadol, darvocet, fentanyl. Allergic to morphine and Demerol

109

“He does use marijuana for pain control. He states this is the only
thing that has ever helped him.” Only thing used for pain control is
marijuana

He has very poor tolerance to opiates. Failed numerous analgesics.

110

Does use MJ to control the pain and feels that this has more than satisfactorily controlled her pain; uses 1-2 MJ cigarettes, primarily in the
evening-September 18, 2007; cannabinoids more effective and safer
than opiates in this setting

Allergies to morphine, demerol, codeine

111

MC has helped with his neuropathic pain as well as his appetite

Allergy to morphine or Demerol

112

only uses marijuana . . . 2 oz/month (smoked)

113

“Freely admits to using marijuana to control the pain although he has
done this on a recreational/informal basis without specific healthcare
provider authorization.”

Uses methadone, aware of risks of opiates–wishes to reduce

114

Pt has used mj for pain control, “and he gets much better relief from
that than opioids.”; “as needed”

Uses neurontin, tramadol, aspirin; “He does not tolerate opiate medication very well as it causes him to be too spaced out and nauseous.”

115

Has used MMJ successfully for pain relief

Very poor tolerance to opiates; takes aspirin. “A number of medications
have previously been tried.”

116

On methadone, lyrica, hydrocodone for breakthrough pain

117

“Pot daily”

Allergy to aspirin and other pain remedies; @ one time, was on
methadone in fairly high doses–“He does not want narcotic medications.”

118

With respect to pain control, she states she has used cannabis with
good effect in the past

She reports poor tolerance to opioid med and severe rxns to other meds
incl. antidepressants; uses IBP

119
120

Uses ultram
MMJ daily; pt agreed to use less hydrocodone with MMJ

121

122

Does not tolerate narcotics due to N/V, and little success w/ other meds
(eg, neurontin); uses hydrocodone and muscle relaxers
uses hydrocodone, IBP, and trigger pt injections

“She uses MJ on a daily basis to control her pain . . . She had done this
for years and states it is the only thing that really relieves her pain.”

Uses MS Contin, oxycodone, but she reports relative intolerance to
opiates–incr. dose—>nausea; cannot tolerate anti-inflammatories and
flexaril; marinol-ineffective
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Hx of failed pain meds mgmt: celebrex, vicodin; celebrex is “upsetting
her stomach” (February 12, 2007); allergy to muscle relaxants, antiinflammatories, aspirin and other pain remedies; poor response to opiate
meds, which make her nauseated; most adjunctive medications for pain
have also been poorly tolerated; some help from Lexapro (used as an
antidepressant), excedrin-migraine; and florinal-headache

123

124

“MC has helped him substantially with pain” (November 6, 2007);
“occ. Uses mj to tx pain and that is the only thing that relieves”;
“uses pot when I can’t sleep with the pain” (December 12, 2006)

125

OTC anti-inflammatories + tylenol + intermittent MMJ —> not controlling
pain; little success with most analgesics and anti-inflammatories; given
vicodin Rx
Uses gabapentin, naproxen, oxycodone

126

“States openly that he has used marijuana in the past and it has
helped his pain substantially. Tolerates it much better than opiates
and his use of marijuana has substantially decreased his dependence
on opiates”

Previously was taking oxycontin 40-80mg 2x/day; since using MMJ, he is
now completely off oxycontin and is only using vicodin prn

127

“He has been using MJ to control his pain and he feels this has worked
better than anything he has used.” Daily use.’ “no unwanted side
effects; no comparison with Rx meds; use lessens need for EtOH(past
heavy use)

Pt is Rx’d hydrocodone but is not certain if he will fill the Rx; pt has tried:
oxycontin, oxycodone, aspirin, IBP, tylenol, tylenol/codeine, percodan,
percocet, vicodin

128

Using oxycodone as needed for breakthrough pain, MS contin

129

uses hydrocodone, celebrex for antinflammation

130

Has used MJ with significant success for headache relief, nausea
relief, and incr. appetite. Pt coached on MJ dosing. 2-4 inhalations
than wait and titrate; Using MMJ to control headaches + upper
back + neck pain” (September 13, 2007); “has been using MMJ
very appropriately”; “with respect to his neurological functioning,
that appears to be stable. He has had no headaches, no nausea,
or vomiting”

Little response to amitriptyline, vicodin, tylenol, marinol, and others for
headaches (such as inderal, anti-inflammatories, and IBP)

131

Uses norco, which causes drowsiness and loss of appetite; codeine
allergy; previously used ultram and neurontin

132

Occ. Uses opiate medication such as hydrocodone, but he does not
like to do this, because it makes him sick and constipated; uses
IBP–May 20, 2008

133

He is using MC to control his pain with good luck with that.
He also uses oxycodone and oxyContin, but he tries to
limit this. (May 20, 2008); “Cannabis daily for pain control”
(April 10, 2007)

Uses oxycodone and oxyContin, which cause SE’s of constipation and
nausea; uses celebrex and cortisone injections

134

Uses marijuana, which she states works better than anything
for pain

Hydrocodone makes her feel somewhat ill; uses tramadol,
clonazepam

135

Pt has used MJ in the past to control her nausea and headaches
(November 30, 2006)

Cannot tolerate opiates, plus the SE of opiates, including
constipation and bowel hypomotility would be contraindicated
in this setting; Allergy to morphine and demerol; taking methadone,
oxycodone, xanax

136

“He has used recreational marijuana in the past, and states this
is the only thing that has actually helped relieve his pain +
headaches.” (July 15, 2002) “reasonably good relief from the MC”
(November 18, 2002)

Was taking too much tylenol, doctor concerned; constipation
SE w/ oxycodone; cannot tolerate vicodin; narcotics give
worse headaches; uses oxycodone, percocet and occ. Lidoderm
patch use

137

Uses norco, neurontin, oxycodone

138

Uses morphine, oxycodone, lidocaine, trigger pt injections,
lidoderm patches, diazepam; cannot tolerate Duragesic patches–rash;
tried dilaudid

139

284

Has been using marijuana to treat her pain

Opiate intolerance–cause her nausea/vomiting and bowel
obstruction; wants to avoid unnatural/artificial medications;
codeine allergy
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7

May 22, 2008: Department of Corrections (DOC) process was disallowing his MMJ use

12

September 21, 2006: “big concern for him is access to MMJ . . . can barely afford what the Green Cross Coop asks for their medication”

18

Had MMJ authorization from Oregon, but not accepted in WA

22

Involved in some type of legal altercation where she was arrested for possession of marijuana. Was authorized by a previous MD who moved.
“She was a good candidate for MMJ at time of arrest.”

24

Partner doctor in practice would not authorize

26

came from IL for Doc’s opinion; will need to stay in WA for MMJ exp. trial

29

Has had some issues with his employer regarding MMJ; and a previous physician who would not authorize

30

Pt has Hx of incarceration and forcible removal from Canadian ER with urinary catheter in place stemming from MC charges

36

March 26, 2008: referral by atty b/c pt is facing major legal problems due to MMJ growing and use

37

previous docs referred to his marijuana use as illicit

48

February 11, 2008: “went to court. They took his marijuana card. He need another one.”

50

Another MD wrote in her social history: she abstained from using marijuana since October 2003 (May 17, 2006)

51

MD at Hem/Onc service unwilling to provide MMJ; referred for “MC consult”

53

Pt wanted to take MMJ to NV, but learned she was only covered in WA

55

Pt had to go to jail for marijuana-related charges. Could not use MMJ-so used oxycontin (September 20, 2007) and wants off oxycodone
(November 6, 2007)

56

Use limited by cost of MMJ

57

Referred by non-practicing cannabinoid medicine specialist who was unwilling to recommend MMJ

61

“He does state that he cannot afford the MC, which is somewhat expensive even when obtained from the Green Cross Co-op. Marinol
too expensive

62

“She is having increasing difficulty obtaining MMJ.” June 15, 2006

63

Pt referred by attorney b/c pt was being forced by DOC to stop MMJ use or face re-incarceration

69

Previous MD did not authorize (“we talked about MC. At the end of the appt. nothing was settled on.”)

71

Seeking authorization for “hemp therapy.” “It’s funny, so many doctors recommended it before it was legal, and now a helpful doctor is hard to
find. I’ve been told it should be only for terminal patients, but unless I find surgical relief, it goes with me to my grave and it feels like it’s killing
me. I wouldn’t wish this on Saddam Hussien.” (Pt statement shared with Carter and referring doctor). Another DO doc wrote: “He recently
requested for me to give him a prescription for MC, however, I am not inclined to do so mainly because the D.O. board is quite conservative and
tends to frown on that very much. I know that Greg will sometimes do this . . .” (March 7, 2003)–note was sent to another MD who said ‘no’ as
well. (March 23, 2003)

75

Referred by VA psychiatrist not only for MMJ eval but also NO Referral because VA would not refer out; mention made of remote past history
of MJ abuse (March 1, 2006)

76

Referred by major city hospital neurologist for MMJ eval–“I have advised them, unfortunately, I cannot prescribe MC for them.”
(September 10, 2007)

81

Wants Rx for marinol, trying to get DL back

84

Pt was referred to ARNP for pain mgmt. Then his care was transferred to Dr. Carter when urine drug screen showed +methadone, +cannabis

85

Traveled out to Hawaii and had trouble accessing MMJ; had legal problems related to MC use/cultivation—Charged pt’s mother with the following
“crimes” “against the peace and dignity of the State of WA”: “Manufacture of a controlled substance” (max penalty: 5yrs in prison +$10,000 fine),
“Unlawful use of drug paraphernalia to grow a controlled substance” (max penalty-90 days in jail +$1000 fine); previous MD believed psychosis in
pt was due to large amount of MJ use; wanted pt off MMJ completely (July 6, 2006)

87

Referred by DO for MMJ discussion

88

Referral from an attorney in some kind of MJ-related case

91

Wanted to consider MMJ only after Labor and Industries (L&I) claim was closed

98

Not able to use much b/c wife who is in the military worries due to fed. Laws
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99

Had some difficulties getting cannabinoid medicine through the co-ops, so he has had limited ability to use the medicine

100

“Difficulty obtaining MMJ due to financial reasons” (April 10, 2007); Trial on June 4, 2007–MMJ related, it seems; pt reports: “I fear our government”;
previous MMJ recommending doctor noted: “HIPPY”-Appearance w/ “Dread-Locks” as an objective finding

101

“He is quite adamant noting that he has never been a recreational marijuana user and is adamantly against recreational drug use. He stated a
number of times during our visit that he is embarrassed to inquire about this.”

103

Another doc wrote: “He is possibly interested in MC as a means to be comfortable in the evenings, but again he is not real excited by anything that
is going to alter his sensorium.” (November 4, 2007)

105

Arrested several months ago for possession of cannabis, despite medical authorization —> referral by atty

106

Another doctor wrote: “I am aware of this particular act and unfortunate I do not participate in the MC program.” (April 25, 2007)

108

All prepped to use cannabis (found right medical source) but could not avail as the liver transplant service said that he was not allowed to use MC
to be kept on the list

111

Given Rx for marinol if he travels out of state and cannot take his natural marijuana. I did state, however, that I do not feel Marinol is a true
substitute for natural marijuana, as it has only one cannabinoid whereas the natural plant has over 60-70 different cannabinoids

112

Was Rx’d for marinol for a job-related potential urine test

115

Vietnam Vet seeking MMJ authorization; had some MMJ-related legal problems

118

Chart history form filled out by pt says she “quit” marijuana on May 17, 2006 . . . no reason given

125

Was receiving VA care with MMJ auth. Does not occur; referred by another patient of Dr. Carter

127

Pt feels unsafe in his community due to law enforcement; pt was authorized for MMJ use previously from low quality bot. cb. Med specialist.
Seeking re-authorization

129

Lives in a very rural setting

130

(February 1, 2006): internal medicine MD: “He continues to have persistent headache and is here today to talk about MC. He tried amitryptaline,
inderal, anti-inflammatories, and vicodin in the past. Nothing really worked. Only wearing L eye patch and smoking marijuana help. He wants to
know if MC could be prescribed.” MMJ request denied. And Doc gave Rx for MARINOL 2.5 mg, #60, no refills. October 19, 2006: “Could not afford
MARINOL (and state wouldn’t pay) ($400 for 1 mo. supply)

132

Has difficulty obtaining good amounts of MC. Is trying to start a grow in his house b/c he cannot afford the prices at the co-ops-May 20, 2008
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Told by another MD on October 26, 2006: “He does need to quit using marijuana for safe general anesthesia.”
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Previous DO doctor says MC is not appropriate and Dr. “is not comfortable prescribing it today.” Vicodin instead (January 25, 2002); pt continues to
request MMJ treatment from DO, but is refused (February 1, 2002)
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Turned down for Social security disability; unclear why; “pt reports that he occasionally uses marijuana, stating that it calms him” said one
psychiatrist–however, note also states that his depression problems are exacerbated by “current substance use”, not distinguishing between
documented MJ + EtOH use
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Past legal problems related to MMJ
51 pts total
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Cannabis and joints: scientific evidence for the
alleviation of osteoarthritis pain by cannabinoids
Melissa O’Brien and Jason J McDougall
Cannabis has been used for millennia to treat a multitude of
medical conditions including chronic pain. Osteoarthritis (OA)
pain is one of the most common types of pain and patients
often turn to medical cannabis to manage their symptoms.
While the majority of these reports are anecdotal, there is a
growing body of scientific evidence which supports the
analgesic potential of cannabinoids to treat OA pain. OA pain
manifests as a combination of inflammatory, nociceptive, and
neuropathic pain, each requiring modality-specific analgesics.
The body’s innate endocannabinoid system (ECS) has been
shown to ameliorate all of these pain subtypes. This review
summarizes the components of the ECS and details the latest
research pertaining to plant-based and man-made
cannabinoids for the treatment of OA pain. Recent pre-clinical
evidence supporting a role for the ECS to control OA pain is
described as well as current clinical evidence of the efficacy of
cannabinoids for treating OA pain in mixed patient populations.
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Introduction
Osteoarthritis (OA) is the most common type of musculoskeletal disease and its principal symptom is pain which
may be persistent or intermittent [1,2]. The source of OA
pain is obscure, but is thought to be driven by acute
inflammatory flares, abnormal mechanical loading of damaged joint tissues, and in some patients, nerve damage [1–
3]. Thus, OA patients present with a mix of inflammatory,
nociceptive, and neuropathic pain which suggests that a
blend of different analgesics may be required for effective
treatment [2,3]. Commonly used pharmacotherapies for
OA pain are non-steroidal anti-inflammatory drugs
Current Opinion in Pharmacology 2018, 40:104–109

(NSAIDs), acetaminophen, opioids, and the selective serotonin-noradrenaline reuptake inhibitor (SNRI) duloxetine
[3]. As many as 60% of OA patients are unsatisfied with their
current pain management reflecting the need for a better
understanding of OA pain mechanisms and propitious
analgesics [4]. Current treatment options are not optimal
for all patients and long-term use of some drugs has the
potential for serious unwanted side-effects [4,5]. For example, long-term use of NSAIDs for mild-moderate pain
increases the risk of serious gastrointestinal and cardiovascular events [4,5]. Opioids which are prescribed for moderate-severe OA pain may cause nausea, constipation, and
hazardous cardiorespiratory depression in vulnerable populations [5]. Duloxetine, which is effective for neuropathiclike OA pain, can cause nausea, constipation, dizziness,
headaches, high blood pressure, and heart palpitations
[5,6]. The development of new analgesics that are efficacious and have minimal side effects with chronic use are
sorely needed for OA patients. Ongoing research is pointing
towards one of the body’s natural analgesic systems, the
endocannabinoid system (ECS), as a viable target for new
OA therapies [1,7,8,9,10].
The first reported use of cannabis for pain control can be
dated back to 2737 B.C. when it was utilized in traditional
Chinese medicine. In 1850, cannabis was first listed in the
United States pharmacopeia and by 1935 there were
28 different cannabis-containing compounds available
to be used as analgesics [11,12,13]. This boom in medical
cannabis use and research came to a screeching halt in
1937 when self-appointed commissioner of the Federal
Bureau of Narcotics, Harry J. Anslinger, introduced the
Cannabis Tax Act which made it too expensive to prescribe and investigate cannabis in the US. In 1941,
cannabis was removed from the formulary and later
scheduled as a controlled substance in the United States
and Canada [12]. The identification of the ECS in the
1990s and changing legal and social views have reinvigorated research into the potential analgesic benefit of
cannabis and its naturally occurring constituents (phytocannabinoids), man-made synthetocannabinoids, and the
body’s endogenous endocannabinoids [11,12]. This
review focuses on the current evidence for use of medical
cannabis, cannabinoids and modulators of the ECS for the
alleviation of OA pain.

Cannabinoid receptors and the
endocannabinoid system
The ECS is an endogenous signalling system consisting
of receptors, constitutive ligands and their signalwww.sciencedirect.com
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terminating enzymes. The most widely investigated
receptors are the G protein-coupled cannabinoid receptors 1 and 2 (CB1 and CB2) [14]. CB1 is expressed widely
in the ‘pain pathway’ on peripheral neurons as well as in
the spinal cord and pain processing centres in the brain
[11,14,15]. CB2 is also expressed in the central and
peripheral nervous systems (CNS and PNS) and found
largely, but not exclusively, on immune cells including
macrophages, mast cells, and glial cells where it regulates
inflammatory responses [11,14]. The endocannabinoids
anandamide (AEA) and 2-arachidonoylglycerol (2-AG)
act as endogenous ligands for CB1 and CB2 receptors
[12,14]. AEA has been implicated as a regulator of
nociceptive transmission via partial activation of CB1
and CB2 receptors as well as acting as an agonist at
transient receptor potential vanilloid 1 (TRPV1) ion
channels expressed on primary afferent nociceptors
[7,14]. Alternatively, 2-AG is a full agonist at both CB1
and CB2 receptors and is synthesized in high amounts in
the CNS [14]. The signalling capacity of AEA and 2-AG is
limited due to their rapid hydrolysis by the endogenous
enzymes fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase (MAGL) [8,12,14]. Figure 1 depicts
the elements of the joint ECS and the loci within the pain
pathway where cannabinoids can exert their analgesic
effects.

Phytocannabiniods and
synthetocannabiniods
Plant-based and man-made cannabinoids can be used to
mimic the actions of the body’s endocannabinoids. The
cannabis plant currently has 537 known constituents,
107 of which are cannabinoids [12]. The two most
studied phytocannabinoids are D-9 tetrahydrocannabinol
(THC) and cannabidiol (CBD). THC is a major component of cannabis and is used clinically to treat pain,
nausea, and anorexia [11,12]. It also has psychoactive
properties which can cause euphoria, relaxation and
heightened sensory perception [12]. Synthetic THC
and its analogues have been developed and are prescribed
for a variety of indications. Dronabinol and nabilone are
synthetic forms of THC which are used to treat chemotherapy-induced vomiting and anorexia associated with
HIV/AIDS. Nabiximols are a combination of THC and
CBD in a 1:1 ratio. These sublingual sprays have been
approved for use in multiple sclerosis-induced neuropathic pain and advanced cancer pain.

Pre-clinical research on the endocannabinoid
system and OA pain
Pre-clinical studies have revealed that the ECS plays an
integral role in OA pathogenesis, joint neuropathy and
pain control. In rodents, CB1 and CB2 receptors have
been localised in synovial tissue where they are expressed
on nerve terminals [13,15]. Local administration of cannabinomimetics has been found to cause synovial hyperaemia via activation of CB receptors and TRPV1 ion
www.sciencedirect.com

channels [16,17]. In the monosodium iodoacetate
(MIA) model of OA, an activated ECS is present in the
joints of rats where it has been found to regulate joint pain
and inflammation [7,10,15].
Modulating CB1, CB2, or FAAH enzymes has been found
to be anti-nociceptive in animals [7,8,10,18]. Arachidonyl-2-chloroethylamide (ACEA), a synthetic CB1
receptor agonist, decreased firing of joint nociceptors
by 62% in the MIA model [7]. Similarly, the CB2 receptor
agonist A-796260 decreased pain behaviour in the same
model [18]. Targeting the CB2 receptor with GW405833
surprisingly had pro-nociceptive effects, where local
administration increased joint nociceptive firing in OA
animals but not control animals [15]. These paradoxical
findings were attributed to opening of ligand-gated
TRPV1 ion channels within the joint [15]. The FAAH
inhibitor URB597 has been found to produce an analgesic
and anti-inflammatory effect when given acutely during
the early phases of OA development [8]. This prophylactic treatment with URB597 also prevented the endstage development of nerve damage and neuropathic pain
in these OA mice [8]. Recently, a similar anti-nociceptive and neuroprotective effect has been discovered with
the use of the phytocannabinoid CBD. When administered locally in end-stage OA, CBD dose-dependently
decreased the firing of joint nociceptors and attenuated
pain behaviour and joint inflammation [10]. Prophylactic use of CBD, which blocked the acute inflammatory
flare associated with the MIA model, prevented the
subsequent development of chronic joint pain and nerve
damage [10]. These pre-clinical studies provide a strong
scientific basis for the clinical evaluation of the ECS in
OA patients.

Clinical research on cannabinoids and OA
pain
The presence and function of the ECS has been studied
in OA patients in which synovial tissues were found to
express both CB1 and CB2 receptors, and synovial fluid
contained both AEA and 2-AG. Notably, both AEA and 2AG were absent in synovial fluid extracted from healthy
volunteers [9]. There are few published clinical studies
evaluating ECS modulators in arthritis patients which is
probably due to a lack of understanding by clinicians of
cannabinoid-based treatments [19]. In 2012, the results of
a randomized clinical trial of a potent FAAH inhibitor,
PF-04457845, in OA patients indicated no significant
difference compared to placebo [20]. PF-04457845 was
found to increase AEA in these subjects, but in contrast to
animal studies, this did not produce an analgesic effect
[20]. The reasons for this lack of analgesia may be related
to possible off-target effects of PF-04457845 such as
TRPV1 activation or the formation of cyclooxygenase2-dependent prostanoids [21]. Currently, there are a
handful of ongoing trials in which the analgesic effects
of cannabinoids are being explored. The ‘Cannabinoid
Current Opinion in Pharmacology 2018, 40:104–109
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Figure 1
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Elements of the endocannabinoid system in joints. (a) The endocannabinoid system (ECS) consists of cannabinoid receptors 1 and 2 (CB1 and
CB2), their innate ligands 2-arachidonoylglycerol (2-AG) and anandamide (AEA), and ligand degrading enzymes fatty acid amide hydrolase (FAAH)
and monoacylglycerol lipase (MAGL). This system is active in the joints of people living with OA and in animal models of disease. The ECS can be
modulated with endocannabinoids, naturally occurring phytocannabinoids (delta-9 tetrahydrocannabinol (THC) and cannabidiol (CBD)), and manmade synthetocannabinoids. Cannabinoids can attenuate OA pain in the periphery by acting on joint nociceptors, (b) in the dorsal horn of the
spinal cord, (c) or pain processing centres in the brain, (d) including the thalamus and periaqueductal grey (PAG).

Profile Investigation of Vapourized Cannabis in Patients
With Osteoarthritis of the Knee’ (CAPRI) study is investigating vapourized cannabis with varying levels of THC
and CBD for its ability to alleviate OA pain
(NCT02324777 — NIH Clinical trials database; URL:
Clinicaltrials.gov). Another ongoing clinical trial is testing
combinations of cannabinoids, opioids and benzodiazepines for their pain-relieving effects in a small number of
OA patients (NCT03098563 — NIH Clinical trials database; URL: Clinicaltrials.gov).
In contrast to the paucity of clinical trials in OA, there are
many studies where cannabinoids have been tested in
neuropathic and inflammatory pain patients the results of
which may be translatable to specific OA populations. A
systematic review of randomized controlled trials examining the treatment of chronic non-cancer pain with
cannabinoids was completed in 2011 [22]. Eighteen trials
met the criteria and included neuropathic pain, fibromyalgia, rheumatoid arthritis and mixed chronic pain treated
with smoked cannabis, nabilone, dronabinol, nabiximol,
and a synthetic THC-analogue (CT-3) [22]. The study
found that over 80% of the trials demonstrated significant
Current Opinion in Pharmacology 2018, 40:104–109

analgesia with the use of cannabinoids [22]. One study
included in the review was completed by Ware et al. who
examined the analgesic effects of smoked cannabis containing a range of THC concentrations (0–9.4%) in
chronic neuropathic pain patients [23]. They found that
the high doses of THC decreased pain intensity,
improved the quality of sleep, and were well tolerated
by patients [23]. Another study assessed a nabiximol
(Sativex1) in rheumatoid arthritis patients suffering from
inflammatory pain [24]. This sublingual spray significantly reduced pain during movement as well as at rest,
and improved the quality of sleep of patients [24]. The
most commonly reported adverse events in these arthritis
patients were mild and included dizziness, dry mouth,
and light-headedness [24]. A more recent study published
in 2015 assessed the efficacy of inhaled cannabis in
patients with painful diabetic neuropathy [25]. Low
(1% THC), medium (4% THC) and high (7% THC)
doses of aerosolized cannabis were administered in a
randomized double-blind crossover study. A significant
dose-dependent reduction in pain was discovered, but the
highest dose of THC impaired cognitive function in
participants [25].
www.sciencedirect.com
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As with all analgesics, adverse side-effects are a concern
and medical cannabis is no exception. In fact, many
cannabinoids are subjected to greater scrutiny than other
drugs based on their known psychotropic effects. The
COMPASS (Cannabis for the Management of Pain:
Assessment of Safety Study) project completed in
2015 explored the safety profile of a cannabis product
containing high-dose THC (12.5%) for nociceptive and
neuropathic pain [26]. The study included patients from
seven clinics across Canada and found no difference in
the risk of serious adverse events from smoked or
ingested medical cannabis versus non-users over a oneyear period [26]. There was, however, an increased risk
for non-serious adverse events including the development of mild-moderate respiratory irritation [26].
THC in this study enhanced cognitive function rather
than impaired it, presumably due to its positive effect on
pain control, quality of sleep, and overall improvement in
mood [26]. Long-term evaluation of the safety profile of
cannabinoids including THC and non-THC containing
products is still needed.
In addition to their inherent analgesic properties, cannabinoids have been found to have an opioid-sparing effect
which would be highly desirable for OA patients. In noncancer patients using morphine or oxycodone, the addition of vapourized cannabis significantly decreased the

amount of opioid required for pain relief [27]. Similarly,
the synthetic THC agent dronabinol significantly
decreased pain scores in patients taking opioids for
chronic pain [28]. These studies suggest that cannabinoids may be useful adjuncts in OA patients currently
taking opioids to manage their chronic pain.

Future directions and conclusion
OA pain is a pervasive and grave clinical problem that
robs millions of patients of a normal life and places a
burgeoning strain on an already burdened healthcare
system. The multifactorial nature of OA pain lends itself
well to treatment by cannabinoids. Abundant pre-clinical
evidence supports an important role of the ECS in modulating OA pathophysiology and pain relief (Table 1).
Future pre-clinical studies should examine the physiological effects of non-cannabinoid constituents of the
cannabis plant to determine their contribution to the
entourage effect. Development of more selective CB
receptor modulators including reagents that act at allosteric sites should be considered. Despite compelling preclinical evidence, very few clinical trials examining cannabinoids in OA patients have been completed or are
currently underway (Table 1). There is a pressing need to
understand possible drug-to-drug interactions between
cannabis and other medications from the standpoint of
patient safety and drug efficacy. Future studies should

Table 1
Summary of pre-clinical and clinical use of cannabinoids for the alleviation of joint pain
Type of study
Pre-clinical
MIA Model of OA (Rat)

Pharmacological
agent

ECS action

Changes in pain assessments

CB1 agonist

Attenuated firing of joint afferent fibres [7]

MIA Model of OA (Rat)
MIA Model of OA (Rat)

Arachidonyl-2chloroethylamide
(ACEA)
A-796260
GW405833

CB2 agonist
CB2 agonist

MIA Model of OA (Rat)

URB597

FAAH inhibitor

Dunkin-Hartley
Spontaneous OA
(Guinea Pig)
MIA Model of OA (Mouse)

URB597

FAAH inhibitor

Improved paw grip strength [18]
Attenuated weight-bearing deficits [15]
Sensitized joint afferent fibres [15]
Reduced weight-bearing deficits [29]
Attenuated firing of joint afferent fibres [29]
Attenuated firing of joint afferent fibres [29]

URB597

FAAH inhibitor

MIA Model of OA (Rat)
MIA Model of OA (Rat)

PF-04457845
Cannabidiol (CBD)

FAAH inhibitor
Phytocannabinoid

Clinical
OA Patients

PF-04457845

FAAH inhibitor

RA Patients

Sativex1

Phytocannabinoid

(THC:CBD 1:1)

www.sciencedirect.com

Acute treatment reduced joint inflammation [8]
Prophylactic treatment prevented mechanical
allodynia and nerve damage [8]
Reduced joint mechanical allodynia [30]
Attenuated firing of joint afferent fibres [10]
Reduced secondary mechanical allodynia and weight
bearing deficits [10]
Reduced joint inflammation [10]
Prophylactic treatment prevented nerve damage [10]
No significant changes compared to placebo in
Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain score [20]
Reduced pain at rest and during movement (ShortForm McGill Pain Questionnaire) [24]
Improved quality of sleep [24]

Current Opinion in Pharmacology 2018, 40:104–109

108 Musculoskeletal

consider the analgesic capacity of different cannabis
chemovars with known levels of active compounds in
order to optimise the chemical make-up of the plant for
OA pain control. The complex pharmacodynamics of
cannabinoids need to be studied in OA patients so that
novel and accurate delivery methods can be developed
which circumvent smoking and ingestion as modes of
drug administration. Finally, assessment of cannabinoids
in discrete OA pain patient subgroups (nociceptive versus
inflammatory versus neuropathic) is warranted to identify
which population will benefit the most from medical
cannabis treatment.
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Concise Report

Preliminary assessment of the efﬁcacy, tolerability
and safety of a cannabis-based medicine (Sativex) in
the treatment of pain caused by rheumatoid arthritis
D. R. Blake, P. Robson1, M. Ho2, R. W. Jubb3 and C. S. McCabe

KEY WORDS: Cannabis-based medicine, Sativex, Pain, Rheumatoid arthritis, Disease activity.

Evidence from basic science and human trials suggests that
cannabis-based medicines (CBM) may have therapeutic potential
in a range of medical conditions, particularly in the treatment
of intractable pain [1, 2]. Cannabis has been used historically
in the treatment of pain due to rheumatoid arthritis (RA), but
this has never been formally evaluated in a clinical trial. -9Tetrahydrocannabinol (THC) and cannabidiol (CBD) are recognized as key therapeutic constituents that act synergistically
together and with other plant constituents [3]. THC has analgesic
activity in both nociceptive and neuropathic pain [1, 2]. Both
THC and CBD have anti-inﬂammatory effects [4], and CBD was
found to block progression of disease and produce clinical
improvement in a murine model of RA [5]. In a recent survey
[6] of 2969 people who agreed to ﬁll in a questionnaire about
medicinal cannabis, 947 (32%) stated that they had obtained
the drug from the black market for symptom relief. Of these,
155 (16%) gave symptom relief for arthritis (type not speciﬁed) as
the reason for smoking cannabis. This was the ﬁfth-commonest
indication after multiple sclerosis, neuropathy, chronic pain and
depression.
We present the results of the ﬁrst controlled trial of a CBM
in the symptomatic treatment of RA in humans.

Patients and methods
This was a preliminary multicentre, double-blind, randomized,
parallel-group comparison of a CBM (Sativex) and placebo
administered for 5 weeks in the treatment of pain caused by RA.
Sativex consists of a blend of whole plant extracts which delivers
approximately equal amounts of THC and CBD. This ratio was
selected to reﬂect the proportions found in cannabis used
historically for medicinal purposes, and to maximize the potential
for synergism [7]. Minor cannabinoids, including cannabinol,
cannabichromene and cannabigerol, are also present in trace
quantities. All three of these have been found to have antiinﬂammatory properties in laboratory studies, as have other
plant components, such as terpenoids and ﬂavonoids [3]. Sativex
was administered by oromucosal spray, each activation delivering
2.7 mg THC and 2.5 mg CBD. Eligible patients had a diagnosis of
RA meeting ACR criteria, with active arthritis not adequately
controlled by standard medication. NSAID and prednisolone
regimes had to have been stabilized for 1 month and DMARDs
for 3 months prior to enrolment, and were maintained constant
throughout the study. Exclusion criteria included a history of
psychiatric disorders or substance misuse, severe cardiovascular,
renal or hepatic disorder, or a history of epilepsy. Dosing was
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Objectives. To assess the efﬁcacy of a cannabis-based medicine (CBM) in the treatment of pain due to rheumatoid
arthritis (RA).
Methods. We compared a CBM (Sativex) with placebo in a randomized, double-blind, parallel group study in 58 patients over
5 weeks of treatment. The CBM was administered by oromucosal spray in the evening and assessments were made the following
morning. Efﬁcacy outcomes assessed were pain on movement, pain at rest, morning stiffness and sleep quality measured by a
numerical rating scale, the Short-Form McGill Pain Questionnaire (SF-MPQ) and the DAS28 measure of disease activity.
Results. Seventy-ﬁve patients were screened and 58 met the eligibility criteria. Thirty-one were randomized to the CBM and
27 to placebo. Mean (S.D.) daily dose achieved in the ﬁnal treatment week was 5.4 (0.84) actuations for the CBM and 5.3 (1.18)
for placebo. In comparison with placebo, the CBM produced statistically signiﬁcant improvements in pain on movement, pain
at rest, quality of sleep, DAS28 and the SF-MPQ pain at present component. There was no effect on morning stiffness but
baseline scores were low. The large majority of adverse effects were mild or moderate, and there were no adverse effect-related
withdrawals or serious adverse effects in the active treatment group.
Conclusions. In the ﬁrst ever controlled trial of a CBM in RA, a signiﬁcant analgesic effect was observed and disease activity
was signiﬁcantly suppressed following Sativex treatment. Whilst the differences are small and variable across the population,
they represent beneﬁts of clinical relevance and show the need for more detailed investigation in this indication.

Trial of cannabis-based medicine in RA pain
Screening
Follow up

Randomization

Treatment Period
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TABLE 1. Summary of demography and patient baseline characteristics
(intention-to-treat population)

Completion

VISIT 1
Sativex
(Day 0)

VISIT 4

VISIT 2

(Day 49)
Screening
Assessment

(Day 14)

(Informed
Consent)

and

Baseline
Assessment

VISIT 3
(Day 28)
Placebo

Randomization

End of
Treatment

Treatment group

Follow
up
Visit
7 to 10
days
after study
completion

Sex
Height (cm)
Weight (kg)
Alcohol (U/week)
Smoker

restricted to the evening to minimize possible intoxication-type
reactions, with randomized treatment allocation using permuted
blocks of four. Starting dose was one actuation within 0.5 h of
retiring, and this was increased by one actuation every 2 days
to a maximum of six actuations according to individual response.
Stable dosing was then maintained for a further 3 weeks. Patients
gave written informed consent to participate, and the study was
approved by each local research ethics committee.
Primary efﬁcacy variable was pain on movement measured
by a 0–10 numerical rating scale (NRS) each morning. Baseline
score (obtained as an average of the last 4 days of the 14-day
baseline period) was compared with the average of the last 14 days
of treatment. Secondary outcomes included NRS measures of
pain at rest, sleep quality and morning stiffness, the Short-Form
McGill Pain Questionnaire (SF-MPQ) and the 28-joint disease
activity score (DAS28). The study plan is shown in Fig. 1. Based
on previous results for pain on movement, it was calculated that
23 patients/group would be required to detect 2 units difference
with 90% power. A minimum of 54 patients were to be recruited
to allow for dropouts. Normally distributed data were to be
analysed using one-way analysis of covariance. Change from
baseline to endpoint was to be compared between the two treatment groups with the baseline score considered as a covariate.
Non-parametric analysis was to be used if there was considerable
departure from normality.

Results
The protocol and all study documentation was approved by the
Independent Research Ethics Committee representing each of
the eight participating centres. Seventy-ﬁve patients were screened
and 58 met the eligibility criteria. Written informed consent,
as speciﬁed by the Declaration of Helsinki (2000), was obtained
from all patients prior to screening. Thirty-one of the eligible
patients were randomized to CBM and 27 to placebo. One patient
withdrew from the active treatment group (unrelated surgery)
and three from placebo (adverse events). There were no signiﬁcant
differences in demographics between groups (Table 1). Mean (S.D.)
daily dose achieved in the ﬁnal treatment week was 5.4 (0.84)
actuations for CBM and 5.3 (1.18) for placebo.
Efﬁcacy endpoints are shown in Table 2. Statistically signiﬁcant
improvements in pain on movement, pain at rest, quality of sleep,
DAS28 and the SF-MPQ pain at present component were seen
following CBM in comparison with placebo.
Adverse effects (AE) occurring in two or more patients are
shown in Table 3. AE in CBM group were all of mild or moderate
intensity except for two (6%) rated severe (constipation; ‘malaise’)
compared with six (22%) in the placebo group. Eight patients
(26%) receiving CBM experienced transient dizziness at some
point, though in all cases this was rated as mild. The exact timing
of these episodes was recorded in six of these patients: four

Recreational use
of cannabis
Medicinal use
of cannabis

Mean
S.D.
Male
Female
Mean
S.D.
Mean
S.D.
Mean
S.D.
Yes
No
Yes
No
Yes
No

Placebo
(n ¼ 27)

Total
(n ¼ 58)

60.9
10.6
8 (26%)
23 (74%)
163.67
9.00
76.96
17.57
2.3
3.6
4 (13%)
27 (87%)
1 (3%)
30 (97%)
1 (3%)
30 (97%)

64.9
8.5
4 (15%)
23 (85%)
158.92
8.10
70.60
20.71
3.4
5.7
3 (11%)
24 (89%)
1 (4%)
26 (96%)
0
27 (100%)

62.8
9.8
12 (21%)
46 (79%)
161.46
8.85
74.00
19.20
2.8
4.7
7 (12%)
51 (88%)
2 (3%)
56 (97%)
1 (2%)
57 (98%)

occurred during the initial 2-week titration period, the other two
at 16 days. There were no withdrawals due to AE in the CBM
group compared with three (11%) for placebo, and no serious
AE following the active treatment compared with two (7%) in the
placebo group.

Discussion
Cannabis was ﬁrst proposed as a useful analgesic for a spectrum
of rheumatic diseases in 2800 BC. By 1997 the British Medical
Association had concluded that herbal cannabis was unsuitable
for medical use. Whilst there is extensive data—though often
anecdotal—supporting an analgesic effect of cannabis, many trials
have produced equivocal results. There are hundreds of different
compounds in herbal cannabis, more than 60 of which are unique
to the plant (cannabinoids), and many of these may interact,
with additional synergistic or antagonistic effects [3]. There are
at least two and probably three cannabinoid receptors. These
are found in high concentration in areas of nociceptive transmission within the CNS and on nociceptive peripheral nerves. CB1
receptors are potentially important targets for pharmacological
modiﬁcation. CB2 receptors are located primarily within the
immune system.
We have assessed the analgesic and anti-inﬂammatory activity
of a standardized whole-plant CBM with deﬁned ratios and
dosages of THC and CBD in a cohort of rheumatoid patients,
with disease of extended duration and with poor analgesic control.
A signiﬁcant analgesic effect was observed and disease activity
was signiﬁcantly suppressed. Whilst the differences are small and
variable across the population, they represent beneﬁts of clinical
relevance and indicate the need for more detailed study of
dosage, formulation and ideal patient subgroup. The suppression
of pain on movement, the primary endpoint, suggests a peripheral
analgesic action. The suppression of pain at rest may suggest
a more central effect. The modest suppression of the present
gold standard inﬂammation activity measure, the DAS28, might
indicate an inﬂuence on the immune effector system. This is consistent with the observation that cannabidiol suppressed a murine
model of chronic arthritis, suppressing lymphocyte proliferation,
the granulocytic cell reactive oxygen burst and lipopolysaccharide
induced cytokine (TNF) production [5]. The improvement in
sleep, a relevant clinical bonus, was probably due mainly to
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FIG. 1. Plan of the study.

Age (yr)

Sativex
(n ¼ 31)
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TABLE 2. Efﬁcacy endpoints: difference between change from baseline between CBM and placebo after 5 weeks of treatment
Baseline (mean/median)a

Endpoint (mean/median)a

Efﬁcacy endpoint

CBM

Placebo

CBM

Placebo

Morning pain on movementa
Morning pain at resta
Morning stiffnessa
Quality of sleep
DAS 28
SF-MPQ, total intensity of paina (a)
SF-MPQ, intensity of pain at presenta (b)
SF-MPQ, pain at present (c)

7.0
5.3
3.5
5.7
5.9
15.0
48.0
3.2

6.7
5.3
3.8
5.8
6.0
20.0
50.0
3.2

4.8
3.1
3.0
3.4
5.0
10.5
33.0
2.6

5.3
4.1
3.2
4.6
5.9
13.0
50.0
3.3

Difference
(mean/mediana) 95% conﬁdence interval
0.95
1.04
0.09
1.17
0.76
3.00
3.00
0.72

1.83, 0.02
1.90, 0.18
0.58, 0.23
2.20, 0.14
1.23, 0.28
3.00, 9.00
18.0, 9.00
1.30, 0.14

P
0.044
0.018
0.454
0.027
0.002
0.302
0.574
0.016

TABLE 3. Adverse events recorded as ‘possibly’, ‘probably’ or ‘deﬁnitely’
related to study drug occurring in more than one patient

Adverse event

CBM
(n ¼ 31)

Placebo
(n ¼ 27)

Dizziness (all mild)
Light-headedness
Dry mouth
Nausea
Arthritic pains
Constipation
Drowsiness
Fall
Headache
Palpitations
Vomiting
Serious adverse events
Adverse events leading to withdrawal

8
3
4
2
1
1
1
2
1
0
0
0
0

1
1
0
1
1
1
1
0
1
2
2
2
3

(26%)
(10%)
(13%)
(6%)
(3%)
(3%)
(3%)
(6%)
(3%)

(4%)
(4%)
(4%)
(4%)
(4%)
(4%)
(4%)
(7%)
(7%)
(7%)
(11%)

All patients
(n ¼ 58)
9
4
4
3
2
2
2
2
2
2
2
2
3

(16%)
(7%)
(7%)
(5%)
(4%)
(4%)
(4%)
(4%)
(4%)
(4%)
(4%)
(4%)
(5%)

nocturnal symptom relief rather than a speciﬁc hypnotic effect
since this was not observed in a sleep laboratory study of the
compound at this dosage [8]. There was no effect on morning
stiffness, but baseline scores were surprisingly low. The trial did
not demonstrate signiﬁcant toxicity and CBM was generally well
tolerated.
We believe this to be the ﬁrst controlled study of a CBM in
rheumatoid arthritis, and the results are encouraging. The
beneﬁcial effects occurred in the context of a dosing regime
restricted to evening dosing in order to minimize any possible
intoxication-type reactions. However, 24-h dosing with this CBM
(Sativex) using a self-titration regime in the context of multiple
sclerosis resulted in only minimal intoxication scores [9]. Larger,
more prolonged studies of CBM in rheumatoid arthritis are
indicated.

Rheumatology

Key messages
 Cannabis-based medicine (CBM; Sativex)
produced signiﬁcant improvements in
pain scores, sleep quality and DAS28
scores in patients with rheumatoid
arthritis, and was well tolerated.
 Larger-scale research is indicated.
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a
These scores were not normally distributed and were therefore analysed non-parametrically (Wilcoxon rank-sum test, Hodges–Lehmann median
difference and 95% CI). Other outcomes were subjected to analysis of covariance. SF-MPQ was developed to assess three components of pain: the
sensation of pain, its emotional effect and the patient’s cognitive assessment of the pain. Component (a) is a score derived from 15 adjectives describing
pain, (b) is a single VAS score and (c) is a verbal rating scale extending from ‘none’ to ‘excruciating’ [10].
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Cannabinoid-Mediated Antinociception Is Enhanced in
Rat Osteoarthritic Knees
Niklas Schuelert and Jason J. McDougall
Objective. To determine whether local administration of the cannabinoid 1 (CB1) receptor agonist
arachidonyl-2-chloroethylamide (ACEA) can modulate
joint nociception in control rat knee joints and in
experimental osteoarthritis (OA).
Methods. OA was induced in male Wistar rats by
intraarticular injection of 3 mg of sodium monoiodoacetate, with a recovery period of 14 days. Electrophysiologic recordings were made of knee joint primary
afferent nerve fibers in response to normal rotation and
noxious hyperrotation of the joint both before and after
close intraarterial injection of different doses of ACEA.
Results. Local application of the CB1 agonist
significantly reduced the firing rate of afferent nerve
fibers by up to 50% in control knee joints (n ⴝ 19) and
up to 62% in OA knee joints (n ⴝ 29; P < 0.01).
Coadministration of the CB1 receptor antagonist
AM251 or the transient receptor potential vanilloid 1
(TRPV-1) ion channel antagonist SB366791 significantly reduced the desensitizing effect of ACEA. The
CB1 receptor antagonist AM251 by itself had no effect in
the control joint but significantly increased the firing
rate of afferent nerve fibers in the OA joint.
Conclusion. These findings indicate that activation of peripheral CB1 receptors reduces the mechanosensitivity of afferent nerve fibers in control and OA
knee joints. Blockade of either the CB1 receptor or the
TRPV-1 channel significantly reduced the efficacy of

ACEA, which suggests that both receptors are involved
in cannabinoid-mediated antinociception. The increased nerve activity observed following CB1 receptor
antagonism suggests a tonic release of endocannabinoids during OA. As such, peripheral CB1 receptors
may be important targets in controlling OA pain.
Osteoarthritis (OA) is the most common form of
arthritis, affecting ⬎10 million people worldwide. OA is
characterized by extensive remodeling of subchondral
bone and permanent destruction of articular cartilage,
which lead to structural and functional degradation of
affected synovial joints. OA is often associated with
symptoms of pain that typically worsen with weight
bearing and activity. Currently no disease-modifying
drugs are available for OA; therefore, treatment is
primarily restricted to analgesics, which often have limited efficacy and hazardous side effects.
An established animal model of OA pain involves
the intraarticular injection of the glycolysis inhibitor
sodium mono-iodoacetate (MIA), which disrupts cartilage metabolism, thus leading to chondrocyte death and
subchondral bone lesions consistent with the pathologic
changes seen in the human condition (1,2). Electrophysiologic and behavioral studies have shown that joint
nociceptors are sensitized in the MIA model, leading to
the generation of joint pain (3,4). One of the main
mechanisms responsible for the generation of joint pain
is the activation of nociceptors located on the terminal
branches of joint type III (A␦ fiber) and type IV (C
fiber) primary afferent nerve fibers (5,6). These afferent
nerve fibers show increased activity when a noxious
stimulus is applied to the innervated tissue, leading to
the activation of central pathways and the experience of
pain (6,7). One approach to alleviating joint pain is the
inhibition of joint nociceptor activity, which would reduce noxious sensory input to the central nervous system.
Agents that have shown promise in the treatment
of chronic pain are the cannabinoids, which are a group
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of alkaloids derived from the hemp plant Cannabis
sativa. Cannabinoids are also synthesized in mammalian
tissues (so-called endocannabinoids), where they play a
major role in multiple physiologic processes. The discovery of endocannabinoids has opened up an exciting new
approach to pain management because their antinociceptive effects have been reported in several pain models (8–10); however, the exact mechanism of these
analgesic effects requires further elucidation. Cannabinoids are known to bind to 2 receptor subtypes, cannabinoid 1 (CB1) and CB2 (11,12). CB1 receptors are
present at all levels of the pain pathway, including the
primary afferent fibers, spinal cord, and supraspinal sites
(10,13,14), whereas CB2 receptors occur mainly on immune cells (14–16), where they modulate the release of
inflammatory mediators (17).
Electrophysiologic and behavioral studies have
provided convincing evidence that cannabinoids suppress nociceptive transmission at the peripheral and
central levels of the pain pathway. Cannabinoids alter
neurotransmission through CB1 receptors by inhibiting
Ca2⫹ channel (18,19) and adenylate cyclase (20) activity
and by activation of K⫹ channels and MAP kinase (21).
CB1 receptors are synthesized in dorsal root ganglia
(22–24) and are transported to peripheral nerve terminals, where their activation can inhibit tissue nociception. It has been shown that CB1 agonists, applied locally
or systemically, can reduce hyperalgesia after the induction of acute or chronic inflammation (10,25,26).
Whether selective activation of cannabinoid receptors
reduces mechanosensitivity of afferent nerve fibers in a
model of OA in which inflammation is considered to be
a secondary component has not been tested so far.
In addition to being agonist ligands at cannabinoid receptors, several cannabinoids are also activators
of the transient receptor potential vanilloid channel 1
(TRPV-1) (27–29). TRPV-1 is a nonselective cation
channel with 6 transmembrane-spanning domains that is
typically activated by noxious heat (⬎43°C), low pH, and
naturally occurring vanilloids such as capsaicin and
resiniferatoxin (30,31). TRPV-1 is expressed on nociceptive afferent neurons throughout the periphery and has
been shown to play a critical role in the induction of
thermal hyperalgesia in inflammatory pain models (32–
34). The endocannabinoid anandamide and the selective
CB1 receptor agonist arachidonyl-2-chloroethylamide
(ACEA) have been shown to activate TRPV-1 channels,
which leads to neuronal inward currents and vasodilatation (27–29). Thus, certain cannabinoids may act as dual
cannabinoid–vanilloid regulators, particularly under inflammatory hyperalgesia conditions, where increased
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coexpression of CB1 receptors with TRPV-1 channels
has been observed (35).
In this study, we examined whether local application of the CB1 receptor agonist ACEA could reduce
nociceptive activity of afferent nerve fibers in salineinjected control and OA knee joints of rats. Furthermore, we tested the specificity of this agonist by coadministering the selective CB1 receptor antagonist
AM251 and the TRPV-1 receptor antagonist SB366791.
MATERIALS AND METHODS
Animals. Experiments were performed on 95 male
Wistar rats (250–450 gm), which were housed in cages with
free access to water and rodent food and maintained at room
temperature (22°C) under a 12-hour light/12-hour dark cycle.
The animal handling and surgical procedures outlined in this
study were performed in accordance with the Canadian Council for Animal Care guidelines for the care and use of
experimental animals.
Surgical procedures. Rats were deeply anesthetized
using urethane (25% stock solution; 2 gm/kg intraperitoneally
[IP]) before any surgical procedures. The depth of the anesthesia was confirmed by the absence of the hind paw withdrawal reflex. Core body temperature was measured by a
rectally inserted thermometer and was maintained at 37°C by a
thermostatically controlled heating blanket. The trachea was
cannulated, and the cannula was connected to a Harvard
rodent respiratory pump for artificial ventilation with 100% O2
(stroke volume of 2.5 ml, breath frequency set at 60 breaths/
minute; Harvard Apparatus, Holliston, MA). The left carotid
artery was then cannulated with a fine-bore catheter (0.5-mm
inner diameter [ID], 1.00-mm outer diameter [OD]; Portex,
Kent, UK) containing heparinized saline (100 units/ml). The
cannula was connected to a pressure transducer to allow for
continuous blood pressure measurement with a blood pressure
monitor (BP-1; World Precision Instruments, Sarasota, FL).
The left jugular vein was also cannulated (fine-bore tubing,
0.40-mm ID, 0.80-mm OD; Portex) and the muscle relaxant
gallamine triethiodide (50 mg/kg) was injected once through
the catheter to eliminate neural interference from the hind
limb musculature.
A catheter was introduced into the right saphenous
artery below the knee joint and advanced to a point just distal
to the bifurcation with the medial articular artery to permit
local close intraarterial injection of drugs to the knee joint. The
central portion of the right femur was isolated, and a specialized clamp was fixed to the midshaft of the bone and attached
to a stereotaxic frame to immobilize the proximal aspect of the
rat hind limb. The right hind paw was then placed in a
shoe-like holder that was connected to a force transducer and
torque meter (MVD2510; HBM, Darmstadt, Germany) to
standardize the amount of rotational force being applied to the
knee joint. Finally, a longitudinal skin incision was made along
the medial aspect of the hind limb, and the resulting skin flaps
were secured to a metal O-ring to create a pouch that was filled
with warm paraffin oil. This oil pool served to prevent tissue
desiccation throughout the experiment.
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Extracellular electrophysiologic recording. The technique used for recording rat knee joint afferent nerve fibers
has been described previously (6,36). Briefly, the saphenous
nerve was transected distally to the knee joint to eliminate
sensory input from the foot and ankle region. The saphenous
nerve was also isolated in the inguinal region and cut centrally
to prevent the generation of spinally mediated reflexes. The
saphenous nerve stump projecting centrally from the knee was
placed on a small, black Perspex stage to facilitate the isolation
of fine neurofilaments, which were dissected free from the
nerve using fine watchmaker forceps. Nerve fibers were then
placed over a platinum electrode to permit extracellular recordings. Afferent nerve fibers originating from the knee joint
were identified by the elicitation of a response to gentle
probing of the knee joint with a glass rod with a 1-mm tip.
The conduction velocity of the nerve fibers was determined by electrically stimulating their receptive field with a
pair of bipolar silver wire electrodes (1 Hz, 100 msec pulse
width, 3–10V); the distance between stimulating and recording
electrodes was divided by the latency between stimulus artifact
and evoked afferent impulse to obtain the conduction velocity.
The electrical threshold of each fiber was determined by
placing the bipolar silver electrode in the receptive field of the
fiber and gradually increasing the voltage of stimulation in
0.5V steps until the pulse-elicited spike discharges from the
afferent nerve. The mechanical threshold of individual units
was also determined by slowly rotating the knee until nerve
activity could be detected and noting the force required to
elicit such a response on the torque meter. The mechanosensitivity of articular afferent nerve fibers was tested by recording
nerve activity in response to outward non-noxious rotation and
noxious hyperrotation of the knee joint. Non-noxious rotation
is defined here as movement occurring within the normal
working range of the joint, while noxious hyperrotation of the
joint is defined here as movement occurring outside the
normal working range of the knee without imparting overt
tissue trauma. This level of joint rotation causes maximal
activation of joint primary afferent nerve fibers, which would
result in a painful sensation in an alert animal. The amount of
force required to produce this noxious mechanical stimulus
was between 20 and 40 mNm.
Three movement cycles, each consisting of a normal
rotation and hyperrotation of the knee to discrete torque
levels, were performed at the beginning of the experiment, and
the mean afferent nerve fiber firing rate associated with these
movements was the control baseline level, which was set at
100%. Each movement lasted 10 seconds, and the same level of
rotation was repeated every 2 minutes until 15 minutes after
drug administration. Once fiber activity returned to control
levels, the next dose of drug was applied to the knee. In the
control and OA groups, recordings were made before (control)
and after close intraarterial injection of ACEA. In separate
experiments, the CB1 receptor antagonist AM251 (10⫺8 moles;
0.1-ml bolus) or the TRPV-1 receptor antagonist SB366791
(500 g/kg IP) was administered prior to the ACEA to confirm
cannabinoid and/or TRPV-1 receptor involvement in joint
mechanosensitivity. Antagonists were administered by close
intraarterial injection immediately prior to each dose of
ACEA. Neuronal activity was digitized using a data acquisition
system (CED1401; Cambridge Electronic Design, Cambridge,
UK) and stored on a microcomputer for offline analysis. The
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number of action potentials (APs) per movement was determined using Spike 2 software (Cambridge Electronic Design),
and the percentage change in afferent nerve fiber activity was
calculated.
Induction of OA. Forty rats were deeply anesthetized
with 2% isoflurane in 100% O2 (1 liter/minute) until the flexor
withdrawal reflex was abolished. The skin overlying the right
knee joint was shaved and swabbed with 100% ethanol, and the
diameter was measured across the joint line in a mediolateral
plane using a digital micrometer (Mitutoyo Instruments, Tokyo, Japan). A 27-gauge needle was introduced into the joint
cavity through the patellar ligament, and 50 l of 3 mg MIA in
0.9% saline was injected into the joint to induce OA-like
lesions. Animals were allowed to recover for 14 days, during
which time it has consistently been shown that severe end-stage
OA gradually develops in this species (2,37,38). This was
confirmed in our experiments, in which joint diameter was
significantly increased at this time point. Measurements of OA
knee joints were performed as described above, and the effect
of ACEA, AM251, and SB366791 on joint mechanosensitivity
was assessed.
Drugs and reagents. In vitro binding assays have
confirmed that ACEA has a much greater affinity for the CB1
receptor (mean ⫾ SEM Ki ⫽ 1.4 ⫾ 0.3 nM) compared with the
CB2 receptor (Ki ⫽ 3.1 ⫾ 1.0 M) (39). Furthermore, potency
and efficacy studies using the 35S-GTP␥S binding assay in rat
cerebellar membranes have confirmed that ACEA is a highly
potent full agonist at the CB1 receptor (39). A number of in
vitro and in vivo studies have confirmed that AM251 is a
potent antagonist at the CB1 receptor (Ki ⫽ 7.49 nM), with a
300-fold selectivity over the CB2 receptor (for review, see ref.
40). SB366791 is a competitive antagonist at the TRPV-1
receptor, where it has been shown to antagonize chemical
agonists, noxious heat, and acid (41).
MIA, ACEA, AM251, and SB366791 were obtained
from Tocris (Ellisville, MO); gallamine triethiodide, DMSO,
Cremophor, and urethane were obtained from Sigma-Aldrich
(Oakville, Ontario, Canada). All reagents were dissolved in
vehicle solution (2% DMSO, 1% Cremophor, 0.9% saline),
and aliquots of the drug were kept frozen (⫺20°C) in Eppendorf vials (Eppendorf, Madison, WI) until required. Gallamine
triethiodide was made fresh on the day of experimentation and
dissolved in 0.9% saline.
Statistical analysis. Data were expressed as the
mean ⫾ SEM. The effect of drugs between animal groups was
analyzed by two-way analysis of variance (ANOVA) with
Bonferroni adjustment and by Student’s unpaired t-test. Dose
dependency and the time course of drugs were tested by
one-way ANOVA, with individual points being compared with
the control by a 1-sample t-test. The maximal efficacy (Emax) of
ACEA was calculated from dose-response curves. All data
passed a normality test; therefore, a Gaussian distribution can
be assumed and parametric statistics were applied. P values
less than 0.05 were considered significant.

RESULTS
Neuronal characteristics. Between 1 and 3 afferent fibers were examined per animal, such that a total of
159 units (81 units in control knee joints, 78 units in OA
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Table 1. Proportion and electrophysiologic characteristics of thinly
myelinated type III and unmyelinated type IV fibers recorded in
control and osteoarthritic (OA) knee joints

Control joints*
Type III
Type IV
OA joints†
Type III
Type IV

Mechanical
threshold,
mNm

Electrical
threshold,
V

Conduction
velocity,
meters/second

% of
fibers

7–34
7–35

5–12
4.5–8

2.6–18.6
0.5–2.4

48.2
51.8

6–16
3–25

6–8
5–8

2.9–8.0
0.6–2.4

25.3
74.7

* Basal firing frequency range was 0–195 action potentials (APs)/
movement for normal movement and 4–233 APs/movement for noxious movement.
† Basal firing frequency range was 3–175 APs/movement for normal
movement and 25–346 APs/movement for noxious movement.

knee joints) were recorded in this study. Compared with
saline-injected control knees, the average firing rate of
afferent nerve fibers in OA knee joints was significantly
higher during normal rotation (saline-injected joints,
mean ⫾ SEM 43.8 ⫾ 4.53 APs/10 seconds of movement;
OA joints, 54.3 ⫾ 4.91 APs/10 seconds of movement;
[P ⬍ 0.01 by Student’s unpaired t-test]) and during
noxious hyperrotation (saline-injected joints, 76.6 ⫾ 6.19
APs/10 seconds of movement; OA joints, 111.9 ⫾ 6.77
APs/10 seconds of movement [P ⬍ 0.001]).
Furthermore, the mean ⫾ SEM mechanical
threshold required to initiate firing of afferent nerve
fibers in control joints was 14.5 ⫾ 0.73 mNm, while in
OA knees, the threshold was significantly reduced to
11.9 ⫾ 0.68 mNm (P ⬍ 0.01 by Student’s unpaired
t-test). The electrophysiologic characteristics of these
units are summarized in Table 1. All units tested could
be activated by local injection of KCl (0.4 mM; 0.1 ml) at
the end of the experiment, confirming that administered
reagents reached mechanosensory nerve endings
throughout the experiment. Fibers responded to outward rotation of the knee and had a mechanical threshold that was within the normal working range of the
knee joint, i.e., typically only low threshold units were
recorded. Two fibers with a high mechanical threshold
(i.e., responsive only to noxious movements) were also
included in the study.
Effect of ACEA in control knee joints. With
normal or noxious joint rotation, injection of ACEA
induced a marked suppression of nociceptive activity in
54% of recorded fibers in the control joints. No change
in the firing rate was seen in 38% of recorded fibers,
while 8% of recorded fibers showed a maximum response to application of the lowest dose of ACEA

(hyperresponding fibers) (Figure 1A). Application of
vehicle had no significant effect on mechanosensitivity
(P ⫽ 0.42 for non-noxious movement and P ⫽ 0.56 for
noxious movement, by 1-sample t-test; n ⫽ 15 fibers).
The desensitizing effect of ACEA was maximal 5 minutes after drug application for both types of mechanical
stimuli (P ⬍ 0.01 by 1-sample t-test; n ⫽ 10–11 fibers)
and lasted ⬎30 minutes in most fibers. A specimen
recording of the inhibitory effect of ACEA on afferent
nerve activity is shown in Figures 1B and C. The
desensitizing effect of ACEA was found to be dosedependent across the dose range of 10⫺10 moles to 10⫺7
moles, for non-noxious movements (P ⬍ 0.05 by one-way

Figure 1. Effect of arachidonyl-2-chloroethylamide (ACEA) on control knee joints. A, Proportion of afferent nerve fibers from control
(saline-injected) knee joints that showed no change in activity, a
dose-dependent decrease in activity, and hyperresponsiveness to local
application of ACEA. B and C, Specimen recording of a single unit
during normal and noxious rotation of a control knee joint before (B)
and after (C) close intraarterial application of ACEA. ACEA significantly reduced the firing rate of joint afferent nerve fibers. D and E,
Effect of ACEA on knee joint afferent nerve mechanosensitivity in
response to normal (D) and noxious (E) rotation of saline-injected
knee joints. The desensitizing effect of ACEA was significantly different from the effect of vehicle control treatment (P ⬍ 0.0001 by two-way
analysis of variance [n ⫽ 10–11 fibers]; ⴱ ⫽ P ⬍ 0.05; ⴱⴱ ⫽ P ⬍ 0.01;
ⴱⴱⴱ ⫽ P ⬍ 0.001, after Bonferroni adjustment). Values are the mean ⫾
SEM.
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Figure 2. Effect of coadministration of the cannabinoid 1 receptor
antagonist AM251 or the transient receptor potential vanilloid 1
receptor antagonist SB366791 with arachidonyl-2-chloroethylamide
(ACEA) on control (saline-injected) knee joints. A and B, Effect of
AM251 or SB366791 on ACEA-mediated desensitization of knee joint
afferent nerve activity with normal (A) and noxious (B) rotation of
control joints. AM251 and SB366791 significantly reduced the desensitizing effect of ACEA (ⴱⴱⴱ ⫽ P ⬍ 0.0001 by Student’s unpaired
t-test). When administered alone, AM251 or SB366791 had no significant effect on joint mechanosensitivity. Values are the mean and SEM
of 6–15 fibers.

ANOVA). The mean ⫾ SEM Emax of ACEA during
normal rotation was ⫺50.0 ⫾ 5.69%, and for noxious
rotation the Emax was ⫺36.4 ⫾ 4.05%. Compared with
the vehicle, the desensitizing effect of ACEA was statistically significant (P ⬍ 0.0001 by two-way ANOVA)
(Figures 1D and E).
Effect of selective CB1 and TRPV-1 receptor
antagonisms in control knee joints. In the majority of
recorded joint afferent nerves, coadministration of the
CB1 receptor antagonist AM251 with ACEA reduced
the desensitizing effect of the highest dose of cannabinoid (P ⬍ 0.0001 by Student’s unpaired t-test; n ⫽ 13
fibers) (Figure 2). The inhibitory effect of AM251 was
not consistent in all afferent units because ACEA was
still able to cause desensitization in 27% of recorded
fibers. Similarly, the TRPV-1 receptor antagonist
SB366791 also attenuated ACEA-mediated antinociception in control knees (P ⬍ 0.0001 by Student’s unpaired
t-test; n ⫽ 10 fibers) (Figure 2). A desensitizing effect of
ACEA, however, was still detectable in 11% of the fibers
treated with SB366791. Administration of SB366791
alone had no significant effect on the afferent nerve
fiber firing rate in the joint (P ⫽ 0.90 for non-noxious
movement and P ⫽ 0.93 for noxious movement, by
Student’s unpaired t-test; n ⫽ 6 fibers) (Figure 2).
Effect of ACEA in OA knee joints. With normal
and noxious rotation of OA joints, ACEA caused a
decrease in the firing rate in 51% of recorded afferent
fibers, 27% of fibers showed no effect of ACEA, while
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22% of fibers were hyperresponsive to the drug (i.e., a
maximal effect was achieved with the lowest dose of
ACEA) (Figure 3A). Application of vehicle had no
significant effect on mechanosensitivity (P ⫽ 0.49 for
non-noxious movement and P ⫽ 0.07 for noxious movement, by 1-sample t-test; n ⫽ 15–20 fibers). The desensitizing effect of ACEA was maximal 5 minutes after
drug application for both types of mechanical stimuli
(P ⬍ 0.01 by 1-sample t-test; n ⫽ 13–15 fibers) and lasted
⬎30 minutes in most fibers. A specimen recording of the
inhibitory effect of ACEA on afferent nerve activity in
OA joints is shown in Figures 3B and C. The desensitizing effect of ACEA was found to be dose-dependent
across the dose range of 10⫺10 to 10⫺7 moles, for

Figure 3. Effect of arachidonyl-2-chloroethylamide (ACEA) on osteoarthritic (OA) knee joints. A, Proportion of afferent nerve fibers
from OA knee joints that showed no change in activity, a dosedependent decrease in activity, and hyperresponsiveness to local
application of ACEA. B and C, Specimen recording of a single unit
during normal and noxious rotation of an OA knee before (B) and
after (C) close intraarterial application of ACEA. ACEA significantly
reduced the firing rate of joint afferent nerve fibers. D and E, Effect of
ACEA on knee joint afferent nerve mechanosensitivity in response to
normal (D) and noxious (E) rotation of OA knee joints. The desensitizing effect of ACEA was significantly different from the effect of
vehicle control treatment (P ⬍ 0.001 by two-way analysis of variance
[n ⫽ 13–20 fibers]; ⴱⴱ ⫽ P ⬍ 0.01; ⴱⴱⴱ ⫽ P ⬍ 0.001, after Bonferroni
adjustment). Values are the mean ⫾ SEM.
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Figure 4. Effect of coadministration of AM251 or SB366791 with
ACEA on OA knee joints. A and B, Effect of AM251 or SB366791 on
ACEA-mediated desensitization of knee joint afferent nerve activity
with normal (A) and noxious (B) rotation of OA joints. AM251 had no
effect on ACEA desensitization, while SB366791 significantly reduced
ACEA responses in most fibers (ⴱⴱⴱ ⫽ P ⬍ 0.0001 by Student’s
unpaired t-test). When administered alone, AM251 significantly increased the firing rate of afferent nerve fibers during normal rotation
(ⴱⴱ ⫽ P ⬍ 0.01 by Student’s unpaired t-test). Conversely, when
administered alone, SB366791 had no significant effect on OA joint
mechanosensitivity. Values are the mean and SEM of 5–20 fibers. See
Figure 3 for definitions.

non-noxious and noxious movements (P ⬍ 0.05 by
one-way ANOVA). Compared with the vehicle, this
desensitizing effect was statistically significant (P ⬍
0.001 by two-way ANOVA) (Figures 3D and E). During
normal rotation, the mean ⫾ SEM Emax of ACEA was
⫺57.7 ⫾ 6.92%, and with noxious hyperrotation of the
OA knee it was ⫺62.3 ⫾ 7.27%. The Emax of ACEA
during noxious movement was significantly greater in
OA knees compared with control knees (P ⬍ 0.05 by
Student’s unpaired t-test).
Effect of selective CB1 and TRPV-1 receptor
antagonism in OA knee joints. The desensitizing effect
of ACEA was not affected by coadministration with the
CB1 receptor antagonist AM251 (P ⫽ 0.59 for nonnoxious movement and P ⫽ 0.54 for noxious movement,
by Student’s unpaired t-test; n ⫽ 5 fibers) (Figure 4).
Coadministration of ACEA with the TRPV-1 receptor
antagonist SB366791, however, inhibited the antinociceptive effect of the cannabinoid during normal and
noxious rotation (P ⬍ 0.0001 by Student’s unpaired
t-test; n ⫽ 9 fibers) (Figure 4). Nevertheless, 25% of
recorded fibers in OA knees still responded to ACEA
administration. Administered alone, SB366791 had no
significant effect on the frequency of afferent nerve fiber
firing in OA knees (P ⫽ 0.95 for non-noxious movement
and P ⫽ 0.88 for noxious movement, by Student’s
unpaired t-test; n ⫽ 6–10 fibers) (Figure 4).
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Effect of CB1 antagonism on basal firing rate in
control and OA joints. To test the role of endocannabinoids acting via the CB1 receptor in joint mechanosensitivity, the effect of AM251 alone on primary afferent
nerve activity was assessed in saline-injected control
(n ⫽ 13 fibers) and OA (n ⫽ 16 fibers) knee joints.
Administered alone, AM251 had no significant effect on
mechanosensitivity in the control knee joint (Figure 2),
but significantly increased the firing rate in all recorded
fibers of the OA joint (Figure 4) by up to 102.9 ⫾
19.01% with non-noxious rotation (P ⬍ 0.01 by Student’s
unpaired t-test). AM251 had no significant effect on
firing frequency during noxious rotation of the OA knee,
probably due to the fact that units were already firing at
a maximum rate in OA joints with noxious rotation (P ⫽
0.12 by Student’s unpaired t-test) (Figure 4).
DISCUSSION
In animal models of inflammatory joint disease
and OA, it has been shown that joint primary afferent
nerves become sensitized (4,42,43). Sensitization of
these peripheral nerves leads to enhanced mechanosensation in the affected joint, which leads to allodynia,
hyperalgesia, and spontaneous pain. Amelioration of
peripheral sensitization by physical or pharmacologic
means would be beneficial in the management of painful
arthritis. Electrophysiologic and behavioral studies provide compelling evidence that cannabinoids can suppress
nociceptive transmission through effects at CB1 and
CB2 receptors (13,44,45). For example, local injection of
anandamide into the rat hind paw has been shown to
attenuate cutaneous thermal hyperalgesia via a CB1
receptor mechanism (46,47), while pain behavior after
subcutaneous formalin injection was ameliorated by
another endocannabinoid, palmitoylethanolamide, acting on CB2 receptors (46). Fox et al provided further
evidence of cannabinoid-mediated peripheral analgesia
when they showed that a nonselective synthetic cannabinoid agonist was able to block mechanical hyperalgesia
in a neuropathic pain model (48).
In the present study, we show for the first time
that the selective CB1 receptor agonist ACEA is able to
reduce the mechanosensitivity of afferent nerve fibers in
control and OA rat knee joints. The desensitizing effect
of the cannabinoid was apparent during non-noxious as
well as noxious movement of the knee. The antinociceptive effect of ACEA in control joints was blocked by
coadministration of AM251, indicating that CB1 receptors are involved in this process. Administration of
AM251 by itself had no effect on control joint mechano-
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sensitivity, suggesting that basal endocannabinoid levels
are negligible in nonarthritic knees.
The current study also found that the antinociceptive effects of ACEA in rat knees could be blocked by
pretreating the animal with the TRPV-1 receptor antagonist SB366791. Precedent for TRPV-1 and cannabinoid
interaction comes from studies showing that blockade of
TRPV-1 ion channels attenuates cannabinoid-mediated
vasomotor control and analgesia (27,29,33,34,49). In
vitro binding studies have clearly shown that SB366791 is
highly selective for the TRPV-1 ion channel (50), and in
the rat knee, the hyperemic effect of acute capsaicin
administration is inhibited by treatment with SB366791
(51). Despite this high selectivity for TRPV-1, it is
possible that SB366791 could be blocking peripheral
CB1 receptors, although this is unlikely because
SB366791 shows poor binding affinity for human CB1
receptors in the central nervous system (50).
A more likely explanation for the inhibitory
effect of SB366791 on ACEA-mediated afferent nerve
fiber desensitization is that ACEA may be attaching to a
unique binding domain on TRPV-1, which leads to
deactivation of this pain-sensing cation channel. Evidence of distinct binding sites for other TRPV-1 agonists
has previously been reported (52), indicating that
TRPV-1 can be differentially modulated by multiple
mediators. An interesting observation in these experiments was that following ACEA injection, there was an
initial transient burst of activity in the joint sensory
units, followed by a more prolonged desensitization
phase. This phenomenon is consistent with other
TRPV-1 agonists, such as capsaicin and resiniferatoxin
(30,31), and supports the concept of ACEA agonism and
subsequent silencing of the TRPV-1 channel.
An alternative explanation is that there may be
common biochemical processes that link TRPV-1 and
CB1 in peripheral neurons. TRPV-1 sensitivity is related
to whether the channel exists in its phosphorylated
(sensitized) or dephosphorylated (desensitized) state
(53). Phosphorylation of TRPV-1 is controlled by protein kinases whose enzymatic activity is cAMP dependent (53,54). Since CB1 activation inhibits adenylate
cyclase activity, and hence cAMP production (20),
ACEA may ultimately cause TRPV-1 dephosphorylation and consequently reduce TRPV-1 sensitivity. Thus,
ACEA has the potential to deactivate neuronal TRPV-1
channels either directly (as described above) or by a
cAMP-dependent protein kinase dephosphorylation
mechanism. The present findings will hopefully provoke
future studies to unravel the complex link between CB1
and TRPV-1 modulation of nociceptor function.
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Local administration of ACEA to OA knees
caused a profound inhibition of joint mechanosensory
nerve activity. Of note, the antinociceptive effect of
ACEA was greater in the OA joints compared with the
saline-injected control knees. Thus, the maximal efficacy
of ACEA was significantly higher in OA knees compared with the control knees. In addition, the number of
afferent nerve fibers hyperresponsive to ACEA was also
noticeably higher in MIA-induced OA knees compared
with saline-injected controls. It was found previously
that CB1 agonists have a more pronounced effect in
inflamed compared with noninflamed tissue (55,56), and
that CB1 expression is increased on primary afferent
neurons after induction of inflammation (35). Our finding that induction of OA significantly increases the
efficacy of ACEA supports the notion of CB1 receptor
up-regulation in this model of degenerative arthritis. A
surprising observation in the present series of experiments was that the CB1 receptor antagonist AM251 was
unable to block the antinociceptive effects of ACEA in
the OA joint. It appears, therefore, that the interaction
between ACEA and CB1 receptors in OA knees is so
robust that it is difficult to inhibit afferent nerve fiber
desensitization with this particular antagonist.
Unlike control joints, local administration of
AM251 alone significantly increased mechanosensitivity
in the OA knee during non-noxious rotation. This
finding suggests that in an OA joint, endocannabinoids
are released locally to help offset peripheral sensitization and nociception. The fact that AM251 was ineffective in control knees further corroborates our hypothesis
that CB1 receptor expression and sensitivity are enhanced in this model of OA. Another explanation for
increased nerve activity following AM251 administration
is that the drug may be acting as an inverse agonist in the
joint, leading to peripheral sensitization; however, this
possibility is unlikely since no increase in afferent nerve
activity was observed after AM251 administration in the
normal knee joint. In contrast to the present findings,
recent data have shown that AM251 produces heat
hyperalgesia in normal but not in inflamed tissue, indicating a down-regulation of the endogenous cannabinoid system during inflammation (35). These conflicting
results might be due to differences in the inflammatory
model used, the route of drug application, or the method
of pain assessment.
In this study it was found that local administration of the CB1-selective agonist ACEA significantly
suppresses joint nociceptive transmission by reducing
primary afferent nerve activity. Blockade of either the
CB1 receptor or the TRPV-1 channel attenuated ACEA
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responses, indicating that both pathways are involved in
ACEA-mediated antinociception. The antinociceptive
effect of ACEA was enhanced in the OA joint, suggesting an up-regulation of cannabinoid activity in this
model of degenerative joint disease. Thus, modulation
of the cannabinoid and vanilloid systems could be a
useful approach to suppress OA pain.
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Attenuation of early phase inflammation by
cannabidiol prevents pain and nerve damage in
rat osteoarthritis
Holly T. Philpott, Melissa O’Brien, Jason J. McDougall*

Abstract
Osteoarthritis (OA) is a multifactorial joint disease, which includes joint degeneration, intermittent inflammation, and peripheral
neuropathy. Cannabidiol (CBD) is a noneuphoria producing constituent of cannabis that has the potential to relieve pain. The aim of
this study was to determine whether CBD is anti-nociceptive in OA, and whether inhibition of inflammation by CBD could prevent the
development of OA pain and joint neuropathy. Osteoarthritis was induced in male Wistar rats (150-175 g) by intra-articular injection
of sodium monoiodoacetate (MIA; 3 mg). On day 14 (end-stage OA), joint afferent mechanosensitivity was assessed using in vivo
electrophysiology, whereas pain behaviour was measured by von Frey hair algesiometry and dynamic incapacitance. To investigate
acute joint inflammation, blood flow and leukocyte trafficking were measured on day 1 after MIA. Joint nerve myelination was
calculated by G-ratio analysis. The therapeutic and prophylactic effects of peripheral CBD (100-300 mg) were assessed. In
end-stage OA, CBD dose-dependently decreased joint afferent firing rate, and increased withdrawal threshold and weight bearing
(P , 0.0001; n 5 8). Acute, transient joint inflammation was reduced by local CBD treatment (P , 0.0001; n 5 6). Prophylactic
administration of CBD prevented the development of MIA-induced joint pain at later time points (P , 0.0001; n 5 8), and was also
found to be neuroprotective (P , 0.05; n 5 6-8). The data presented here indicate that local administration of CBD blocked OA pain.
Prophylactic CBD treatment prevented the later development of pain and nerve damage in these OA joints. These findings suggest
that CBD may be a safe, useful therapeutic for treating OA joint neuropathic pain.
Keywords: Cannabinoids, Osteoarthritis, Pain, Neuropathy, Inflammation

1. Introduction
The most prominent form of synovial joint disease, osteoarthritis
(OA), is characterised by joint degeneration, pain, and in some
patients, articular neuropathy.21 Chronic pain associated with OA
is a major concern for which there are few viable treatments. The
first-line therapy used to treat OA pain is nonsteroidal antiinflammatory drugs; however, with long-term use their efficacy
declines and they can lead to major adverse gastrointestinal and
cardiovascular events. Historically, OA has been classified as
noninflammatory arthritis; however, there is now overwhelming
evidence that synovitis can occur in response to proinflammatory mediators being released into the joint.10,11,13,29,32
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It is believed that this low-level inflammation contributes to
degenerative changes that affect the entire joint leading to the
development of peripheral sensitisation and nociceptive
pain.18,22,37 In addition to structural defects, there is growing
evidence to suggest that approximately 30% of patients with OA
have neuropathic pain.1,34 Thus, a therapeutic which can block
inflammation, neuropathy, and pain is sorely needed.
The endocannabinoid system (ECS) plays an important
physiological role in the regulation of tissue inflammation and
pain.23,38 A functional ECS has been demonstrated in the joints of
animals36 and humans,31 which acts tonically to maintain joint
homeostasis. Immunohistological and pharmacological evidence
confirm that cannabinoid 1 (CB1) and cannabinoid 2 (CB2)
receptors are expressed on the neurones and microvasculature
that supply rat knee joints.23,24,36 In addition, CB2 receptors are
colocalized with pronociceptive transient receptor potential
vanilloid-1 (TRPV1) channels where, through common intracellular pathways, they act together to modulate joint pain.23,24,36
This suggests that drugs which target the ECS have the potential
to regulate painful arthritis and inflammatory joint disease.
Cannabidiol is the main noneuphoria producing component of
the cannabis plant.26 Pharmacologically, CBD has a complex
signalling mechanism whereby it can both activate and silence
classical cannabinoid receptors as well as modulate noncanonical cannabinoid receptor pathways. In in vitro studies, CBD has
been shown to be an inverse agonist at CB2 receptors,40 and a full
antagonist at CB1 receptors40 and G protein-coupled receptor55 (GPR55).33 In vitro, CBD was found to be an agonist at TRPV13
and transient receptor potential ankyrin 1 (TRPA1),9 which play
PAIN®

December 2017

·

Volume 158

·

Number 12

a central role in the development of OA.27 In musculoskeletal
disease models, systemic administration of CBD suppressed the
progression of collagen-induced arthritis by reducing inflammatory cytokine production.20 Although these preliminary findings
indicate a possible role for CBD in relieving joint inflammation, the
local effect of articularly applied CBD on OA and joint pain has not
been investigated.
The initial aim of this study was to assess the effect of locally
administered CBD on joint pain in animals with end-stage OA.
Since acute inflammation can contribute to the long-term development of OA joint pain,32 the ability of CBD to reduce acute OA
synovitis and prevent the subsequent progression of persistent OA
pain was also investigated. Finally, the effect of prophylactic CBD
treatment on OA joint neuropathy was assessed.

2. Methods
2.1. Animals
Male Wistar rats (150-175 g; Charles River Laboratories, Senneville, QC, Canada) were housed in ventilated racks at 22˚C 6 2˚C on
a 12:12 hours light:dark cycle (light-on from 7:00 to 19:00). After
arrival at the animal care facility, all rats were permitted at least 1
week to acclimate to their environment. Animals were housed in
pairs, cages were lined with woodchip bedding, and animals were
provided with environmental enrichment. Standard laboratory
chow and water were provided ad libitum. All experimental
protocols were approved by the Dalhousie University Committee
on the Use of Laboratory Animals, which acts in accordance with
Animal Research: Reporting of In Vivo Experiments (ARRIVE) and
the standards put forth by the Canadian Council for Animal Care.

2.2. Sodium monoiodoacetate model of osteoarthritis
Animals were deeply anaesthetised (2%-4% isoflurane; 100%
oxygen at 1 L/min) until cessation of all sensory reflexes. The right
knee joint was shaved, swabbed with 100% ethanol and 50 mL of
sodium monoiodoacetate (MIA) (3 mg in saline) was injected into
the joint space (intra-articular; i.artic.). The knee was then
manually extended and flexed for 30 seconds to disperse the
solution throughout the joint.
2.3. Electrophysiological recording of joint afferents
After OA development (14-19 days after MIA), animals were deeply
anaesthetised using urethane (25% solution; 2 g/kg i.p.). Core
body temperature was measured by a rectally inserted thermometer and maintained at 37˚C 6 1˚C by a thermostatically controlled
heating blanket (CWE Inc, Ardmore, PA). After loss of the pedal
withdrawal reflex, the trachea was cannulated to allow for artificial
ventilation with a Harvard rodent respiratory pump (Harvard
Apparatus, Holliston, MA) with 100% O2 (stroke volume: 2.5 mL;
breath frequency: 52 breaths/min). The left carotid artery was
cannulated to allow for continuous measurement of the mean
arterial blood pressure. The cannula was attached to an in-line
pressure transducer (Kent Scientific Corp, Torrington, CT)
attached to a differentially amplified blood pressure monitor (World
Precision Instruments, Sarasota, FL). The jugular vein was
cannulated for administration of the muscle relaxant gallamine
triethiodide (50 mg/kg), which eliminated neural interference from
hind limb musculature, and the distal saphenous artery was
cannulated for close intra-arterial (i.a.) administration of CBD or
vehicle to the knee joint (100 mL injection volume). A specialised
clamp was fixed to the mid-shaft of the isolated right femur and
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attached to a stereotaxic frame to prevent movement of the
proximal aspect of the rat hind limb. The right hind paw was then
placed in a shoe-like holder that was connected to a force
transducer and torque meter (Data Track 244-1-R; Intertechnology, ON, Canada) to standardise the amount of rotational force
being applied to the knee joint. A longitudinal skin incision was
made along the medial aspect of the hind limb and the reflected
skin was sutured to a metal “O” ring to create a pool which was
filled with warm mineral oil to prevent tissue desiccation. The medial
articular branch of the saphenous nerve was isolated and
transected in the inguinal region to prevent spinal reflexes. The
epineurium was removed and the nerve teased to isolate fine
neurofilaments which were then placed on a platinum recording
electrode to measure single-unit activity. To identify a joint afferent
fibre and its receptive field, the knee joint was gently probed with
a blunt glass rod. The mechanical threshold of each recorded joint
afferent was determined by gradually increasing the torque applied
to the joint until the fiber elicited an action potential. The conduction
velocity of the fibres were determined by electrically stimulating the
receptive field with a pair of silver bipolar stimulating electrodes (0.6
Hz, 2 ms pulse width, 1-15 V). The mechanosensitivity of the joint
fibre was assessed by applying noxious outward rotations to the
knee and counting the number of action potentials elicited during
the rotation. Noxious rotation refers to torque occurring outside the
normal range but not severe enough to cause soft tissue injury.
2.3.1. Experimental timeline
On day 14 post-MIA induction, 3 sets of noxious rotations, each
lasting 5 seconds, were applied 5 minutes apart as a baseline
measurement of afferent activity. After close i.a. infusion of CBD
(100, 200, or 300 mg in 100 mL) or vehicle (100 mL), joint
mechanosensitivity was assessed for an additional 15 minutes.
To minimise the use of animals, multiple doses of CBD or vehicle
were assessed in each fibre. A washout period of at least 50
minutes was observed between the administration of varying
doses of CBD or vehicle to allow afferent firing to return to
baseline levels. The percentage change in afferent activity before
and after administration of CBD or vehicle was calculated offline
using Spike2 software (Cambridge Electronic Design, Cambridge, United Kingdom). All recorded fibres fired in response to
close i.a. administration of potassium chloride (KCl; 1 mM,
0.1 mL) at the conclusion of the experiment, confirming that
administered drugs had reached the mechanosensory nerve
endings and that the recorded fibre was still viable.

2.4. Behavioural pain measurements
2.4.1. Von Frey hair mechanosensitivity
Von Frey hair mechanosensitivity was used as a measure of
secondary allodynia. Alert, unanaesthetised animals were placed
in a Plexiglas chamber with a metal mesh flooring which allowed
access to the plantar surface of each hind paw. After allowing the
animal to acclimate until exploratory behaviour ceased (approximately 10 minutes), ipsilateral hind paw mechanosensitivity was
assessed using a modification of the Dixon up–down method.5 A
von Frey hair was applied perpendicular to the plantar surface of
the ipsilateral hind paw (avoiding the toe pads) until the hair flexed;
the filament was then held in place for 3 seconds. If there was
a positive response (ie, withdrawal, shaking, or licking of the hind
paw), the next lower strength hair was applied; if there was a lack
of response, the next higher strength hair was applied up to a cutoff of 15 g bending force. The 50% withdrawal threshold was
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determined using the following formula: 10(Xf 1 kd)/10,000; where
Xf 5 value (in log units) of the final von Frey hair used, k 5 tabular
value for the pattern of the last 6 positive and/or negative
responses, and d 5 mean difference (in log units) between stimuli.
2.4.2. Hind limb incapacitance
To perform dynamic weight bearing (DWB) measurements,
animals were placed in a Perspex chamber (model BIO-DWBAUTO-R; Bioseb, Boulogne, France) with a pressure-sensitive
floor and allowed to move freely. Hind limb weight bearing was
tracked and recorded over a 3-minute period. Weight borne on
the ipsilateral hind paw was calculated as a percentage of the
total weight borne on the hind limbs.
2.4.3. Experimental timeline
Animals underwent baseline von Frey hair mechanosensitivity
and DWB testing. Separate cohorts were treated on day 14 postMIA with an i.artic. injection of either vehicle (50 mL) or CBD (100300 mg/50 mL). In other experimental cohorts, day 14 OA rats
were treated with the highest dose of CBD (300 mg/50 mL) and
either the CB1 receptor antagonist, AM281 (75 mg/50 mL), the
CB2 receptor antagonist, AM630 (75 mg/50 mL), or the TRPV1
receptor antagonist, SB-366791 (30 mg/50 mL) administered
locally (subcutaneously; s.c.) over the joint 10 minutes before
i.artic. CBD administration. Behavioural pain measurements for
these experiments were conducted at 30, 60, 120, 180, and 240
minutes after drug administration. To investigate the prophylactic
effects of CBD on OA pain and peripheral neuropathy, a separate
cohort of rats was treated with CBD (300 mg/50 mL) or vehicle
(50 mL) s.c. over the knee joint 30 minutes before i.artic. injection
of MIA (3 mg/50 mL) and once daily on each of the subsequent 3
days; behavioural pain measurements were conducted on days
0, 1, 2, 3, 7, 10, and 14.
2.5. Inflammation measures
Animals were deeply anaesthetised by an intraperitoneal injection
of urethane (25% solution; 2g/kg i.p.). A longitudinal incision was
made along the ventral skin of the neck to expose the trachea
which was cannulated with PE-200 tubing to permit unrestricted
breathing. The right carotid artery was also cannulated with
PE-30 tubing filled with heparinised saline (1 U/mL) to allow for
continuous monitoring of the mean arterial pressure (MAP).
2.5.1. Intravital microscopy
Both hind limbs were immobilised and the capsule of the
ipsilateral knee was exposed by surgically removing a small
ellipse of the overlying skin and superficial fascia. Physiological
buffer (37˚C 6 1˚C) was immediately and continuously perfused
over the exposed joint.
Intravital microscopy was used to assess leukocyteendothelial interactions within the microcirculation of the knee
joint, as described previously.2 The synovial microcirculation was
visualised under incident fluorescent light using a Leica DM2500
microscope with a HCX APO L 20X objective and an HC Plan 10X
eyepiece giving a final magnification of 3200. In vivo leukocyte
staining was achieved by intravenous administration of 0.05%
rhodamine 6G (in saline). Straight, unbranched postcapillary
venules (15-50 mm in diameter) were chosen for visualisation and
3 fluorescent videos (per time point) were captured for 1 minute
each by a Leica DFC 3000 camera (Leica Microsystems Canada

Inc, Richmond Hill, ON, Canada). Two measures of leukocyteendothelial interactions were used to assess articular inflammation: (1) the number of rolling leukocytes to pass an arbitrary line
perpendicular to the venule in 1 minute were counted and (2) the
number of adherent leukocytes within a 100-mm portion of the
venule. Rolling leukocytes were defined as positively stained
blood cells travelling slower than the surrounding blood flow, and
adherent leukocytes were defined as positively stained cells that
remained stationary for a minimum of 30 seconds.
2.5.2. Laser speckle contrast analysis
In the same animals, knee joint blood flow was measured by laser
speckle contrast analysis (LASCA) using a PeriCam PSI System
(Perimed Inc, Ardmore, PA). At each time point, 1-minute
recordings of the exposed knee joint were taken at a working
distance of 10 cm with a frame capture rate of 25 images per
second. Using dedicated software (PIMSoft, Version 1.5.4.8078),
images were averaged to generate 1 perfusion image per second.
At the end of the experiment, rats were euthanised and a dead
scan of the knee was taken. This “biological zero” value was
subtracted from all measurements to account for any Brownian
motion in the tissue. Images were analysed offline where mean
blood perfusion (perfusion units) in a defined region of interest
approximating the knee joint was calculated.
2.5.3. Experimental timeline
Inflammation measures were conducted on day 1 post-MIA
induction, which corresponds to the peak of inflammation in this
OA model. After baseline intravital microscopy and LASCA
recordings (1 minute) a 50-mL bolus of CBD (300 mg) or vehicle
(separate cohort) was applied topically over the exposed knee joint.
Subsequent recordings were taken at 5, 15, 30, 60, 120, and 180
minutes after drug administration. In separate cohorts, day 1 MIA
rats were treated with the highest dose of CBD (300 mg/50 mL) and
either the CB1 receptor antagonist, AM281 (75 mg/50 mL), the CB2
receptor antagonist, AM630 (75 mg/50 mL), or the TRPV1 receptor
antagonist, SB-366791 (30 mg/50 mL) administered topically over
the joint 10 minutes before CBD administration.
2.6. G-ratio analysis of the saphenous nerve
A segment of the saphenous nerve was isolated proximal to the
ipsilateral knee joint and placed in 2.5% glutaraldehyde (diluted
with 0.1 M sodium cacodylate buffer), and stored at 4˚C for at least
1 week. The nerve samples were then removed from the fixative
and rinsed 3 times with 0.1 M sodium cacodylate buffer. The
samples were fixed in 1% osmium tetroxide for 2 hours, rinsed with
distilled water, and then placed in 0.25% uranyl acetate (4˚C)
overnight. The samples were then dehydrated in a graduated
series of acetone (50%, 70%, 95%, and finally 100%). The samples
were then dried in 100% acetone for 10 minutes. Epon–araldite
resin was used to mount the samples. The samples were placed in
a 3:1 ratio of dried 100% acetone to resin for 3 hours, followed by
a 1:3 ratio of dried 100% acetone to resin overnight. Next the
samples were placed in 100% Epon–araldite resin for 3 hours and
cured in an oven at 60˚C for 48 hours. Finally, using an LKB Huxley
ultramicrotome with a diamond knife, the samples were sectioned
into 100 nm thick slices. Cross-sectional slices of nerves were
placed onto a copper wire grid consisting of 300 individual squares
per inch (each square measuring 83 3 58 mm) and then stained
with 2% aqueous uranyl acetate for 10 minutes and finally lead
citrate for 4 minutes.
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Table 1

Characterisation of the recorded fibres in the electrophysiology experiments.
Fibre type

Mechanical threshold, mNm

Noxious rotation, mNm

14 6 3 (8-25)

23 6 3 (20-35)

IV

13 6 3 (10-15)

25 6 5 (20-30)

5.3 6 0.3 (5-5.5)

1.89 6 0.07

2

ND

18 6 3 (2-25)

27 6 2 (15-35)

ND

ND

9

III

Electrical threshold, V

Conduction velocity, m/s

n

4.3 6 0.6 (3-6)

2.96 6 0.3

5

Fibres are classified as thinly myelinated type III (.2 m/s) or unmyelinated type IV (,2 m/s) units. For some fibres it was not possible to determine conduction velocity and are classified as ND, not determined. Data are mean 6
SEM (range).

The copper wire grids containing the saphenous nerve sections
were inserted into a JEOL JEM 1230 transmission electron
microscope (JEOL Corp Ltd, Tokyo, Japan). The microscope
was set at a voltage of 80.0 kV, and images were captured at
32500 using a Hamamatsu ORCA-HR digital camera (Hamamatsu
Photonics, Hamamatsu City, Japan). One nerve cross-section
image was visually partitioned into 9 quadrants and 3 images were
captured (from quadrants 1, 5, and 9). All fibres were assessed
using the G-ratio plugin in ImageJ processing
pﬃﬃﬃ software. The G-ratio
was calculated using the equation G 5 Aa where, a is the internal
axonal area and A is the total axonal area of the fibre. The higher the
G-ratio the higher the degree of demyelination.

2.7. Drugs and reagents
Cannabidiol
(2-[(1R,6R)-3-methyl-6-(1-methylethenyl)-2-cycloh
exen-1-yl]-5-pentyl-1,3-benzenediol) was obtained from Tocris
Bioscience (Bio-Techne, Abingdon, United Kingdom). AM281
(CB1 receptor antagonist; 1-(2,4-dichlorophenyl)-5-(4-iodophenyl)4-methyl-N-4-morpholinyl-1H-pyrazole-3-carboxamide) and
AM630 (CB2 receptor antagonist; 6-iodo-2-methyl-1-(2-morph
olin-4-ylethyl)indol-3-yl]-(4-methoxyphenyl)methanone) were
obtained from Cayman Chemicals (Ann Arbor, MI). SB-366791
(N-(3-methoxyphenyl)-4-chlorocinnamide), rhodamine 6G, cremophor, dimethyl sulphoxide (DMSO), urethane, and MIA were
obtained from Sigma-Aldrich (St. Louis, MO). Solutions of CBD,
AM281, AM630, and SB-366791 were prepared in vehicle (1:1:

18; DMSO:cremophor:saline) on the day of use. Rhodamine 6G
(0.05%) and MIA were dissolved in saline. Physiological buffer
(135 mM NaCl, 20 mM NaHCO3, 5 mM KCl, 1 mM
MgSO4*7H2O, pH 5 7.4) was prepared in the laboratory.
2.8. Statistical analysis
All data were expressed as mean 6 SEM. Data were tested for
Gaussian distribution by the Kolmogorov–Smirnov test. All data were
normally distributed and were therefore analysed using parametric
statistics (2-way analysis of variance (ANOVA), 1-way ANOVA,
unpaired 2-tailed Student t test, and paired 2-tailed Student t test). A
P value less than 0.05 was considered statistically significant.

3. Results
3.1. Effect of acute administration of cannabidiol on joint
afferent mechanosensitivity
A total of 17 afferent fibres were recorded in this study. Fibres
were characterised based on mechanical and electrical threshold, and conduction velocity (summarised in Table 1).
On days 14 to 19 post-MIA induction, close i.a. administration
of CBD rapidly reduced noxious movement-evoked firing of
knee afferent fibres (Fig. 1A) in a dose-dependent manner
(P , 0.0001; n 5 8, Fig. 1B). The desensitising effect of 300 mg
CBD during noxious joint rotation was significant at 3 minutes
after drug application and reached a maximum anti-nociceptive

Figure 1. Dose-dependent effect of CBD on joint afferent firing in established OA. Example of a single-unit recording whereby CBD attenuated firing evoked by noxious
rotation (A). Cannabidiol (100, 200, or 300 mg i.a.) decreased afferent firing relative to baseline (B). (*P , 0.05 2-way ANOVA with Bonferroni post hoc test; n 5 8). The
dose-dependent effect of CBD treatment on afferent firing rate was averaged over the 15 minutes after administration (C). (****P , 0.0001, **P , 0.01 1-way ANOVA
with Bonferroni post hoc test; n 5 8). Data are mean values 6 SEM. ANOVA, analysis of variance; CBD, cannabidiol; i.a., intra-arterial; OA, osteoarthritis.
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Figure 2. Dose-dependent effect of CBD on pain-related measures in established OA. Intra-articular injection of MIA produced secondary allodynia and weightbearing deficits in the ipsilateral hind paw and hind limb, respectively, 14 days after MIA injection (****P , 0.0001, 1-way ANOVA with Dunnett post hoc test; n 5
24). Cannabidiol (100, 200, or 300 mg i.artic. at BL]) improved hind paw withdrawal threshold (A) and hind limb weight bearing dose-dependently, over 4 hours.
(****P , 0.0001, **P , 0.01, *P , 0.05 2-way ANOVA with Bonferroni post hoc test; n 5 8). Data are mean values 6 SEM. ANOVA, analysis of variance; BL,
baseline, CBD, cannabidiol; MIA, sodium monoiodoacetate, OA, osteoarthritis; VEH, vehicle.

effect at 7 minutes (29.3% 6 7.4% change compared with
baseline). Although all doses of CBD significantly decreased the
mean afferent firing over the course of the 15 minutes assessed,
the 300 mg dose was the most effective, decreasing firing by
22.8% 6 1.2% overall (P , 0.0001, n 5 8, Fig. 1C).
3.2. Effect of acute administration of cannabidiol on sodium
monoiodoacetate–induced pain
Intra-articular injection of MIA produced secondary allodynia and
weight-bearing deficits in the ipsilateral hind paw and hind limb,
respectively, 14 days after injection (P , 0.0001; n 5 24; Fig. 2A
and P , 0.0001; n 5 24; Fig. 2B).
When compared with vehicle control, low dose CBD (100,
200 mg) had no effect on withdrawal threshold or hind limb weight
bearing (P . 0.05; n 5 8; Figs. 2A and B). The 300 mg dose of
CBD, however, significantly increased hind paw withdrawal
threshold and hind limb weight bearing over the time course
tested (P , 0.0001; n 5 8; Figs. 2A and B). All subsequent
experiments used the 300 mg dose of CBD.
To determine whether CBD was acting locally, 300 mg of the
drug was injected into the contralateral knee and the withdrawal
threshold was assessed in the ipsilateral joint 1 hour later and hind
limb weight bearing was assessed in the ipsilateral joint 3 hour later.
It was found that the high dose of CBD administered to the
contralateral knee had no effect on ipsilateral hind paw withdrawal

thresholds indicating that CBD was not acting centrally in this pain
test (P , 0.01; n 5 8-10; Fig. 3A). However, in the hind limb
weight-bearing test, contralateral CBD was not statistically different
from the ipsilateral CBD group (P . 0.05; n 5 8-22; Fig. 3B).
The cannabinoid receptor antagonists AM281 and AM630 had
no effect on CBD-induced analgesia (P . 0.05; n 5 6-8; Figs. 4A
and B). Conversely, the TRPV1 antagonist, SB-366791, significantly inhibited the analgesic effect of CBD (P , 0.05; n 5 6-8;
Fig. 4A) with respect to the hind paw withdrawal threshold, but
did not have a significant effect on hind limb weight bearing at 3
hours after injection (P . 0.05; n 5 6-22; Fig. 4B).
3.3. Effect of acute administration of cannabidiol on sodium
monoiodoacetate–induced inflammation
One day after i.artic. injection of MIA, rolling leukocytes (P , 0.0001;
n 5 6-12; Fig. 5A), adherent leukocytes (P , 0.0001; n 5 6-12;
Fig. 5B), and knee joint perfusion were all significantly increased
compared with naı̈ve animals (P . 0.05; n 5 6-12; Fig. 5C).
After baseline recordings were completed on day 1 post-MIA
induction, topical administration of CBD (300 mg) significantly
decreased rolling and adherent leukocytes when compared with
vehicle over the 3-hour time course (P , 0.0001; n 5 6; Figs. 5A
and B). Cannabidiol had a moderate inhibitory effect on synovial
hyperaemia (P , 0.05; n 5 6; Fig. 5C). The MAP was
unaffected by CBD treatment over the 3-hour time course

Figure 3. Effect of contralaterally administered CBD on ipsilateral pain behaviour. The improvement in hind paw withdrawal threshold seen with ipsilateral CBD was
not observed when CBD (300 mg i.artic.) was administered to the contralateral knee (A). Contralateral CBD did not significantly decrease hind paw weight bearing
(B) when compared with ipsilateral CBD. (*P , 0.05, **P , 0.01 1-way ANOVA with Fisher post hoc test; n 5 8-9). Data are mean values 6 SEM. ANOVA, analysis
of variance; CBD, cannabidiol; VEH, vehicle.
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Figure 4. Contribution of cannabinoid and noncannabinoid receptors to the analgesic effects of CBD. Both hind paw withdrawal threshold (A) and hind limb weight
bearing (B) were unaltered compared with control after local administration of the CB1 receptor antagonist AM281 (75 mg) or CB2 receptor antagonist AM630 (75
mg). Hind paw withdrawal threshold (A) was reduced compared with control after local administration of the TRPV1 antagonist SB-366791 (30 mg), but hind limb
weight bearing (B) was unaffected. (*P , 0.05, **P , 0.01 1-way ANOVA with Fisher post hoc test; n 5 6-8). Data are mean values 6 SEM. ANOVA, analysis of
variance; CBD, cannabidiol; VEH, vehicle.

(VEH: 70.7 6 2.33 mm Hg; CBD: 68.8 6 2.38 mm Hg),
confirming a lack of any systemic effect on blood pressure.
The anti-rolling effect of CBD at 30 minutes was blocked by
AM630 and SB-366791 (P , 0.0001, n 5 6; Fig. 6A), but not
AM281. The anti-adherence effect of CBD on day 1 MIA joints
was blocked only by SB-366791(P , 0.001 n 5 6; Fig. 6B).
3.4. Prophylactic effect of cannabidiol on sodium
monoiodoacetate–induced osteoarthritis pain
Prophylactic treatment of MIA-injected knee joints with CBD (on
days 0–3 of MIA) significantly attenuated the development of
MIA-induced tactile allodynia during both the acute and late
phase of OA development (P , 0.0001; n 5 8; Fig. 7A).
Conversely, early treatment with CBD had no effect on hind limb
weight bearing, when compared with vehicle-treated animals
(P . 0.05; n 5 8; Fig. 7A).
3.5. Cannabidiol prophylaxis and sodium
monoiodoacetate–induced peripheral nerve damage
Treatment of OA knees with CBD during the acute inflammatory
phase of the MIA model (days 0–3 of MIA) inhibited saphenous
nerve demyelination on day 14 compared with vehicle-treated
knees (P , 0.05; n 5 6-8; Fig. 8B).

4. Discussion
Pain and disease progression are poorly managed in many
patients with OA because of the multifactorial nature of the
disease. Intra-articular injection of MIA produces monoarthritis
with several features that resemble human OA, including joint
pain, intermittent inflammation, and joint nerve damage. This
study aimed to address, for the first time, whether the
inflammatory and neuropathic pain associated with MIA could
be blocked by local administration of the noneuphoria producing
phytocannabinoid CBD.
It has previously been shown that the pain associated with the
MIA model of OA is mediated in part by the sensitisation of joint
afferent fibres.35,37 Peripheral administration of CBD dosedependently decreased joint afferent firing on day 14 after MIA
injection. These electrophysiology data confirm that CBD has
a peripheral site of action in knee joints. Because all recordings
were made from Ad or C fibres during noxious movement of the
knee, this suggests that CBD can inhibit the mechanosensitivity
of joint nociceptors.

In end-stage OA, intra-articular injection of 300 mg of CBD
improved unrestrained hind limb weight bearing and hind paw
withdrawal threshold (Fig. 2). These observations, along with
our electrophysiology data, assert that CBD acts locally in the
joint to reduce joint mechanical pain as revealed by improved
weight bearing as well as a reduction in centrally mediated
secondary allodynia as determined by hind paw withdrawal
threshold. Contralateral injection of CBD had no discernible
effect on ipsilateral secondary allodynia confirming that the
analgesic effect of intra-articular CBD was localised to the site of
administration for this pain test. The anti-nociceptive effect of
low dose CBD (100 and 200 mg) observed with electrophysiology was not seen in the behavioural pain assessments. This
may be because electrophysiology is a highly sensitive
technique that detects subtle response to test agents in the
periphery, whereas pain behaviours are more complex and
encompass the entire pain pathway. The rationale for using two
pain behavioural tests in this study was to interrogate different
aspects of the pain pathway. Dynamic incapacitance is
a measure of spontaneous pain that is associated with joint
degeneration or inflammation arising from peripheral sensitisation.4,28 In contrast, von Frey hairs were used to investigate
evoked, reflexive responses (ie, paw withdrawal, shake, and
lick) at a site distal to the injured joint.28 This secondary allodynia
is a consequence of central sensitisation in late stages of the
MIA model,16 and can be indicative of nerve injury. Thus, it
seems that local injection of CBD is effective at reducing direct
nociceptive and inflammatory pain in the joint as well as
ameliorating neuropathic features of OA pain.
Both CB1 and CB2 receptor antagonists failed to block the
CBD-mediated improvements in hind paw withdrawal threshold
and weight bearing. Although CBD has been shown to act as an
inverse agonist at CB2 receptors and a full antagonist at CB1
receptors,40 it has also been shown to act through GPR55,
serotonin receptors (eg, 5-HT1A), and various transient receptor
potential ion channels. Transient receptor potential vanilloid-1 is
known to be involved in MIA-induced peripheral sensitisation,17
therefore, antagonist experiments were performed to test the
involvement of this ion channel in CBD-mediated analgesia. Here,
the TRPV1 antagonist SB-366791 attenuated the secondary
allodynia imparted by CBD in established OA. This mechanism of
action has been previously reported in in vitro studies using
human embryonic kidney (HEK 293) cells and using cell
membranes from mouse and rat brains.3 In vivo, TRPV1
antagonism has also been shown to block the pain-relieving
effect of CBD in a model of carrageenan-induced paw oedema7
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Figure 5. Anti-inflammatory action of CBD on day 1 MIA-induced inflammation. When compared with naı̈ve controls, intra-articular MIA significantly increased rolling (A) and adherent (B) leukocytes, and caused synovial
hyperaemia (C) (****P , 0.0001, ***P , 0.001, **P , 0.01, *P , 0.05, P . 0.05,
unpaired t test; n 5 6-12). Over a 3-hour time course, CBD (300 mg)
significantly decreased leukocyte rolling (A) leukocyte adherence (B) and knee
joint blood flow (C) when compared to vehicle. (****P , 0.0001, **P , 0.01,
*P , 0.05 2-way ANOVA with Bonferroni post hoc test; n 5 6). Data are mean
values 6 SEM. ANOVA, analysis of variance; CBD, cannabidiol; MIA, sodium
monoiodoacetate; PU, perfusion unit; VEH, vehicle.

and in the chronic constriction injury model of neuropathic pain.6
Although these data show that the action of CBD is mediated in
part by TRPV1, it remains unclear if CBD is acting directly on
TRPV1 or if there is an indirect mechanism occurring in the joint.
Cannabidiol has been shown to inhibit fatty acid amide hydrolase
(FAAH) and the uptake of anandamide.3 Inhibition of FAAH and
anandamide reuptake would elevate anandamide levels in the
joint which if high enough could ultimately lead to the activation of
TRPV1.3
Intra-articular injection of MIA produced an acute inflammatory
response on day 1 after injection. This acute phase of
inflammation was evinced by an increase in leukocyte trafficking
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and a moderate increase in joint blood flow. Local application of
CBD significantly reduced these acute, inflammatory changes
corroborating what has previously been reported in other
inflammatory models.8,12,20 Oral administration of CBD, for
example, has been shown to be anti-inflammatory and antihyperalgesic in the carrageenan model of plantar oedema.8
Malfait et al., showed that systemic administration of CBD, both
intraperitoneally and orally, suppressed disease severity and
decreased serum inflammatory cytokine levels in the collagen
model of rheumatoid arthritis.20 Moreover, CBD administered by
a transdermal gel reduced joint swelling, immune cell infiltration,
synovial membrane thickening, and the synthesis of proinflammatory biomarkers in the Freund complete adjuvant model
of inflammatory arthritis.12 The data presented here demonstrate
for the first time that CBD has the capacity to reduce the
inflammatory flares associated with OA.
The inhibitory effect of CBD on leukocyte trafficking was blocked
by the TRPV1 antagonist SB-366791. Opening of TRPV1 ion
channels causes the peripheral release of inflammatory neuropeptides which promote neurogenic inflammation and enhanced
leukocyte trafficking in joints.19,41 Thus, the anti-inflammatory
effects of CBD observed here could be due to desensitisation of
TRPV1 ion channels as has been shown elsewhere.14 The antirolling effect of CBD on joint leukocytes was also blocked by
AM630 suggesting that CB2 receptors may be involved in
opposing leukocyte capture in day 1 MIA joints. Zhao et al. showed
that activation of CB2 receptors can inhibit the expression of Pselectin which is the adhesion molecule responsible for leukocyte
rolling.43 Whether CBD inhibits joint P-selectin activity by a CB2
receptor mechanism requires further investigation.
A central hypothesis of this study was that early inhibition of OArelated inflammation with CBD would reduce the development of
persistent joint pain. Prophylactic treatment of OA joints with CBD
on days 1 to 3 after MIA induction prevented secondary allodynia at
day 14, but had no effect on hind limb weight bearing. Inflammation
associated with MIA diminishes by day 7,4 therefore the pain
associated with end-stage OA in this model is largely due to joint
degeneration and peripheral neuropathy. Thus, by abolishing early
inflammation with prophylactic treatment, CBD attenuates central
sensitisation and neuropathic pain development in OA.
Previous studies have shown that MIA-induced OA causes
peripheral nerve damage.25,39 Demyelination of the ipsilateral
saphenous nerve was confirmed by an increase in G-ratio,
purporting MIA-induced peripheral neuropathy compared with
saline control animals.25 This study showed that prophylactic
treatment with CBD during the early inflammatory phase of MIA
prevented this loss of nerve myelin 14 days later, suggesting that
blockade of inflammatory flares during OA could protect against
joint nerve damage. The G-ratio data would benefit from future
studies examining the expression of a biomarker for peripheral
nerve damage to further support this finding.
The findings presented here and elsewhere support the concept
that MIA recapitulates the neuropathic aspect of OA pain, which is
found in approximately 30% of patients.1,34 CBD treatment may be
a beneficial therapeutic for the population of patients who
experience neuropathic arthritis, and are refractory to currently
used first- and second-line analgesics. Several cannabis compounds, including CBD, have been shown to be neuroprotective in
other musculoskeletal disorders. In a preclinical model of multiple
sclerosis, CBD was shown to improve clinical recovery and rotarod
scores in animals, correlating with and indicative of a neuroprotective effect.30 In addition, CBD and Δ9-tetrahydrocannabinol
have both been implicated in slowing the progression and
promoting the survival of neurones in a preclinical model of
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Figure 6. Contribution of cannabinoid and noncannabinoid receptors to the anti-inflammatory effects of CBD. The anti-rolling effect of CBD at 30 minutes was
blocked (A) by CB2 receptor antagonist AM630 (75 mg) and TRPV1 antagonist SB-366791 (30 mg), but not CB1 receptor antagonist AM281 (75 mg). The antiadherence effect of CBD in day 1 MIA joints was blocked by SB-366791 (B). (****P , 0.0001, ***P , 0.001 1-way ANOVA with Fisher LSD post hoc test; n 5 60).
Data are mean values 6 SEM. ANOVA, analysis of variance; CBD, cannabidiol; MIA, sodium monoiodoacetate; VEH, vehicle.

amyotrophic lateral sclerosis.15,42 These studies, in addition to the
results presented here, highlight the potential utility of CBD as an
analgesic and neuroprotective agent in OA.
Cannabidiol is a noneuphoria producing compound and has
a more desirable side effect profile compared with other
cannabinoid compounds and commonly prescribed analgesics.
Animal studies where CBD was administered systemically
showed that the animals had no signs of adverse side effects.12,20

For example, exploratory behaviour in rats was not altered by
systemic CBD, indicating limited central effects of treatment.12
Our study shows for the first time that CBD is an effective antinociceptive and anti-inflammatory agent when administered
locally around the joint. Successful relief of OA symptoms by
peripherally administered CBD suggests a therapeutic option that
has a low chance of adverse effects which is more desirable for
patients.

Figure 7. Effect of prophylactic CBD administration on the development of pain over 14 days post-MIA injection. Treating MIA knee joints with CBD (300 mg; s.c.; days 0–3)
significantly improved von Frey hair withdrawal threshold over the 14-day development of OA when compared with vehicle (A). Pretreatment of MIA knee joints with CBD
had no significant effect on hind limb weight bearing (B) (****P , 0.0001, ***P , 0.001, **P , 0.01, *P , 0.05 2-way ANOVA with Bonferroni post hoc test; n 5 8). Data are
mean values 6 SEM. ANOVA, analysis of variance; CBD, cannabidiol; MIA, sodium monoiodoacetate; OA, osteoarthritis; s.c., subcutaneous; VEH, vehicle.
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Figure 8. Prophylactic CBD reduces joint nerve demyelination in MIA-induced OA. Representative sections of electron micrographs of axons found in saphenous
nerves taken at day 14 from MIA treated with vehicle (A) (days 0–3), or CBD (300 mg; days 0–3). (B) G-ratio calculations showing that MIA-induced axonal
demyelination is prevented by CBD treatment. Scale bar is 6 mm. (*P , 0.05 unpaired t test; n 5 6 5 8). Data are presented as mean values 6 SEM. CBD,
cannabidiol; MIA, sodium monoiodoacetate; OA, osteoarthritis; VEH, vehicle.

5. Conclusions
This study showed for the first time that local CBD administration
inhibited pain and peripheral sensitisation in established OA. Topical
treatment with CBD reduced leukocyte trafficking and joint hyperaemia during the early stages of MIA. By attenuating this initial
inflammatory response with CBD, end-stage OA pain and
peripheral neuropathy were abrogated. Thus, CBD may be a safe
therapeutic to treat OA pain locally as well as block the acute
inflammatory flares that drive disease progression and joint
neuropathy.
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Ryberg E, Larsson N, Sjögren S, Hjorth S, Hermansson NO, Leonova J,
Elebring T, Nilsson K, Drmota T, Greasley PJ. The orphan receptor
GPR55 is a novel cannabinoid receptor. Br J Pharmacol 2007;152:
1092–101.
Schomberg D, Ahmed M, Miranpuri G, Olson J, Resnick D. Neuropathic
pain: role of inflammation, immune response, and ion channel activity in
central injury mechanisms. Ann Neurosci 2012;19:125–32.
Schuelert N, McDougall JJ. Electrophysiological evidence that the
vasoactive intestinal peptide receptor antagonist VIP6-28 reduces
nociception in an animal model of osteoarthritis. Osteoarth Cartil 2006;
14:1155–62.
Schuelert N, McDougall JJ. Cannabinoid-mediated antinociception is
enhanced in rat osteoarthritis knees. Arthritis Rheum 2008;58:145–53.
Schuelert N, McDougall JJ. Grading of monosodium iodoacetateinduced osteoarthritis reveals a concentration-dependent sensitization
of nociceptors in the knee joint of the rat. Neurosci Lett 2009;465:184–8.
Schuelert N, Zhang C, Mogg AJ, Broad LM, Hepburn DL, Nisenbaum ES,
Johnson MP, McDougall JJ. Paradoxical effects of the cannabinoid CB2
receptor agonist GW405833 on rat osteoarthritic knee joint pain.
Osteoarth Cartil 2010;18:1536–43.
Thakur M, Rahman W, Hobbs C, Dickenson AH, Bennett DL.
Characterisation of a peripheral neuropathic component of the rat
monoiodoacetate model of osteoarthritis. PLoS One 2012;7:e33730.
Thomas A, Baillie GL, Phillips AM, Razdan RK, Ross RA, Pertwee RG.
Cannabidiol displays unexpectedly high potency as an antagonist of CB1
and CB2 receptor agonists in vitro. Br J Pharmacol 2007;150:613–23.
Varga A, Nemeth J, Szabo A, McDougall JJ, Zhang C, Elekes K, Pinter E,
Szolcsanyi J, Helyes Z. Effects of the novel TRPV1 receptor antagonist
SB366791 in vitro and in vivo in the rat. Neurosci Lett 2005;385:137–42.
Weydt P, Hong S, Witting A, Moller T, Stella N, Kliot M. Cannabinol delays
symptom onset in SOD1 (G93A) transgenic mice without affecting survival.
Amyotroph Lateral Scler Other Motor Neuron Disord 2005;6:182–4.
Zhao Y, Yuan Z, Liu Y, Xue J, Tian Y, Liu W, Zhang W, Shen Y, Xu W, Liang
X, Chen T. Activation of cannabinoid CB2 receptor ameliorates
atherosclerosis associated with suppression of adhesion molecules.
J Cardiovasc Pharmacol 2010;55:292–8.

The nonpsychoactive cannabis constituent cannabidiol
is an oral anti-arthritic therapeutic in murine
collagen-induced arthritis
A. M. Malfait*†, R. Gallily†‡, P. F. Sumariwalla*, A. S. Malik*, E. Andreakos*, R. Mechoulam‡, and M. Feldmann*§
*Kennedy Institute of Rheumatology, 1 Aspenlea Road, Hammersmith, London W6 8LH, United Kingdom; and ‡Hebrew University, Hadassah Medical
School, P.O.B. 12272, Jerusalem 91120, Israel
Edited by Anthony Cerami, The Kenneth S. Warren Laboratories, Tarrytown, NY, and approved June 2, 2000 (received for review March 10, 2000)

Downloaded by guest on January 13, 2021

C

annabidiol (CBD) is one of the major components of
Cannabis sativa, marijuana (1). Marijuana contains approximately 80 constituents, termed cannabinoids (2, 3). CBD is not
psychoactive, unlike the other major component of cannabis,
⌬9-tetrahydrocannabinol (⌬9THC) (4, 5). A vast literature documents the immune modulating effects of cannabinoids, in vivo
and in vitro, mainly of ⌬9THC and synthetic analogues such as
CP55,940 (reviewed in ref. 6). A nonexhaustive list of in vitro
effects includes inhibition of the proliferative responses of T
lymphocytes (7), inhibition of cytotoxic T cell activity (8),
suppression of macrophage function and antigen presentation
(9, 10), and inhibition of NO production by macrophages (11).
Reports on the in vitro effects of CBD on immune cells are scarce
and include the modulation of tumor necrosis factor (TNF),
IL-1, and IFN-g by human peripheral blood mononuclear cells
(12, 13) and the suppression of chemokine production by a
human B cell line (14). These potentially anti-inflammatory
properties of CBD, together with the lack of psychotropic effect
and low toxicity (15), prompted us to test the potential of CBD
as a therapeutic agent in collagen-induced arthritis (CIA).
CIA, a murine model for rheumatoid arthritis (RA), is elicited
by immunizing DBA兾1 mice with type II collagen (CII) in
complete Freund’s adjuvant (16). The immune response to CII
involves both humoral and cellular mechanisms (17, 18), and the
cellular response is T helper 1-mediated (19). CIA is characterized by rapid onset of clinical joint inflammation, resulting in
destruction of joint tissues and cartilage兾bone erosions. Suppression of the inflammatory process by blocking TNF with
mAbs has proven an effective treatment of CIA (20, 21), and

these findings led to the successful use of TNF blockade in
multiple phase I, II, and III clinical trials with RA patients
(reviewed in ref. 22), thus validating the predictive value of CIA
as a model for RA. In the present study, we report that CBD has
a beneficial therapeutic action on established CIA, and we
explore its mode of action.
Materials and Methods
Purification of CBD. CBD was purified from hashish as reported

(23). Its purity was established on the basis of melting point
(66–67°), optical rotation (aD ⫽ 125°), and single peak on gas
chromatography (23).
Induction and Monitoring of Heterologous CIA. Bovine CII was

purified from hyaline cartilage (21). Male DBA兾1 mice (8–12
weeks old) were immunized with 100 g of CII emulsified in
complete Freund’s adjuvant (Difco) by intradermal injection at
the base of the tail. From day 15 after immunization onward,
mice were examined daily for onset of clinical arthritis. Assessment of arthritis included monitoring of clinical scores where 0 ⫽
normal; 1 ⫽ slight swelling and erythema; 2 ⫽ pronounced
edema; 3 ⫽ joint rigidity. Each limb was graded, resulting in a
maximal clinical score of 12 per animal. The arthritis was
monitored over 10 days, after which the mice were killed (21).
Induction and Monitoring of Homologous CIA. Mouse CII was
purified from sternal cartilage from female DBA兾1 mice, as
described for bovine CII. For the chronic experiments, 6-weekold mice were immunized with mouse CII (100 g) in complete
Freund’s adjuvant. The animals were boosted 15 days later with
100 g CII i.p. From day 30 after immunization onward, 80% of
the mice developed a chronic relapsing arthritis, which was
monitored for 5 weeks as described above.
Administration of CBD. CBD treatment commenced at the first

clinical signs of arthritis and was administered i.p. daily until day
10 of arthritis. The CBD concentrations used were 20 mg兾kg
(n ⫽ 12), 10 mg兾kg (n ⫽ 17), 5 mg兾kg (n ⫽ 15), and 2.5 mg兾kg
(n ⫽ 9). CBD was dissolved in ethanol兾cremophor (Sigma) (1:1,
vol兾vol) and further diluted in saline, so that the final solution
was ethanol兾cremophor兾saline (1:1:18). Mice injected with veThis paper was submitted directly (Track II) to the PNAS office.
Abbreviations: CBD, cannabidiol; CIA, collagen-induced arthritis; CII, type II collagen; LNC,
lymph node cell; TNF, tumor necrosis factor; RA, rheumatoid arthritis; LPS, lipopolysaccharide.
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The therapeutic potential of cannabidiol (CBD), the major nonpsychoactive component of cannabis, was explored in murine collagen-induced arthritis (CIA). CIA was elicited by immunizing DBA兾1
mice with type II collagen (CII) in complete Freund’s adjuvant. The
CII used was either bovine or murine, resulting in classical acute CIA
or in chronic relapsing CIA, respectively. CBD was administered
after onset of clinical symptoms, and in both models of arthritis the
treatment effectively blocked progression of arthritis. CBD was
equally effective when administered i.p. or orally. The dose dependency showed a bell-shaped curve, with an optimal effect at 5
mg兾kg per day i.p. or 25 mg兾kg per day orally. Clinical improvement was associated with protection of the joints against severe
damage. Ex vivo, draining lymph node cells from CBD-treated mice
showed a diminished CII-specific proliferation and IFN-␥ production, as well as a decreased release of tumor necrosis factor by knee
synovial cells. In vitro effects of CBD included a dose-dependent
suppression of lymphocyte proliferation, both mitogen-stimulated
and antigen-specific, and the blockade of the Zymosan-triggered
reactive oxygen burst by peritoneal granulocytes. It also was found
that CBD administration was capable of blocking the lipopolysaccharide-induced rise in serum tumor necrosis factor in C57兾BL mice.
Taken together, these data show that CBD, through its combined
immunosuppressive and anti-inflammatory actions, has a potent
anti-arthritic effect in CIA.

hicle alone (ethanol兾cremophor in saline) served as controls
(n ⫽ 23).
For the oral treatment protocol, CBD was dissolved in olive oil
and administered by oral gavage, daily, from the onset of arthritis
for 10 days. The doses used were 10 mg兾kg, 25 mg兾kg, and 50 mg兾kg
(n ⫽ 6 per group). Control mice were fed olive oil (n ⫽ 6).
For the chronic experiments, mice were treated from the first
symptoms of arthritis for 5 weeks. For the i.p. route, CBD was
injected daily at 10 mg兾kg (n ⫽ 7) or 5 mg兾kg (n ⫽ 7). Again,
mice injected with vehicle alone served as controls (n ⫽ 7). For
the oral route, the treatment was administered daily (Monday to
Friday) at a dose of 25 mg兾kg (n ⫽ 6) and control mice were fed
olive oil (n ⫽ 6).
Histological Analysis. At the end of each experiment, hind paws
were removed postmortem, fixed in formalin, and decalcified
in 5% EDTA. The paws were embedded in paraffin, sectioned,
and stained with hematoxylin and eosin. Arthritic changes in
the foot joints were scored as mild (mild synovial hyperplasia),
moderate (pannus formation and erosions limited to the
cartilage-pannus junction), or severe (extended bone and
cartilage erosions with loss of joint architecture). All assessments were performed by an observer blinded to the treatment
received.
Lipopolysaccharide (LPS) Induction of Serum TNF in Mice. Female

C57BL兾6 mice were injected i.p. with a sublethal dose of LPS
(100 g, Escherichia coli O55:B5, Difco). CBD was injected
simultaneously, either i.p. or s.c., at a dose of 10 mg兾kg. Ninety
minutes later, the mice were bled and serum TNF levels were
determined by bioassay (24).
Reactive Oxygen Intermediate Production by Mouse Granulocytes.

C57BL兾6 mice were injected i.p. with 1.5 ml thioglycollate
(Difco), and 18 h later the cells were harvested by sterile lavage
with PBS. The cells were washed and resuspended in Hanks’
balanced salt solution without phenol red, and 0.5 ml of the cell
suspension was added into luminometer tubes. CBD (dissolved
in ethanol) was added at this point at a final concentration of 6
g兾ml. Finally, 10 l Luminol (Sigma) and 30 l Zymosan
(Sigma) were added, and the chemiluminescence was measured
immediately in a luminometer (Biolumate LB 95, Berhold,
Wildbad, Germany).
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Preparation of CBD for in Vitro Experiments. CBD was dissolved in
ethanol at a stock concentration of 10 mg兾ml and stored at 4°C
for up to 2 months. CBD stock was further diluted in warm
medium immediately before use. All tissue culture media, vehicle control, and CBD preparations were shown to contain less
than 0.1 unit兾ml endotoxin, as assessed by the chromogenic
Limulus Amebocyte Lysate assay (BioWhittaker). At the end of
all in vitro experiments described below, viability of the cells was
assessed with a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide test (25).
Splenic Lymphocyte Culture. Pooled spleens from 10-week-old
DBA兾1 mice were pushed through a sieve and a single cell
suspension was prepared. The cells were washed, layered over a
Lympholyte-M density gradient (Cedarlane Laboratories), and
spun at 2,000 rpm for 45 min. The buffy coat containing
lymphocytes was washed three times and then plated at 2 ⫻ 105
cells兾100 l per well in complete medium comprising DMEM
supplemented with 10% heat-inactivated FCS, 1% glutamine,
100 units兾ml penicillin, 100 mg兾ml streptomycin, and 2 ⫻ 10⫺5
M 2-mercaptoethanol. Cells were stimulated with 5 g兾ml Con
A in the presence of 0–10 g兾ml CBD. After 72 h, cells were
pulsed with 0.5 Ci兾well [3H]thymidine (Amersham Pharmacia)
9562 兩 www.pnas.org

Fig. 1. From the first clinical signs of arthritis, mice were treated daily with
CBD, i.p. at the following doses: 20 mg兾kg (■), 10 mg兾kg (‚), 5 mg兾kg (Œ), or
2.5 mg兾kg (E). Mice treated with the vehicle alone served as controls (䊐). Each
point is the mean of n mice ⫾ SEM. (A) Shown is the clinical score over 10 days
of classical CIA in three pooled experiments (controls, n ⫽ 23; CBD 20 mg兾kg,
n ⫽ 17; CBD 10 mg兾kg, n ⫽ 15; CBD 5 mg兾kg, n ⫽ 15; CBD 2.5 mg兾kg, n ⫽ 9).
* denotes a P value ⬍ 0.05 (Mann–Whitney U test). (B) An experiment in
chronic relapsing homologous CIA, where control, n ⫽ 6; CBD 10 mg兾kg, n ⫽
6, and CBD 5 mg兾kg, n ⫽ 6. The area under the curve was 38.4 for the control
group, 37.3 for the 10 mg兾kg group, and 28.9 for the 5 mg兾kg group (not
significant).

overnight, harvested, and assessed for incorporation of
radioactivity.
Draining Lymph Node Cell (LNC) Culture. Mice (controls or CBD-

treated) were killed at day 3 after disease onset, and inguinal
LNCs were cultured as described (26). Cells were cultured with
or without bovine CII (50 g兾ml) in Tris-buffered saline, pH 7.
Supernatants were collected after 72 h and stored at ⫺20°C until
cytokine measurement. Alternatively, after 72 h, cells were
pulsed with [3H]thymidine overnight and assessed for incorporation of radioactivity.
Culture of Murine Synovial Cells. Mice (control mice or CBD-

treated) were killed at day 10 of arthritis and the knee joints were
removed. Synovial cell cultures were performed as described
(27). Briefly, synovial membranes were excised under a dissecting microscope and digested with 1 mg兾ml collagenase A and
0.15 mg兾ml DNase type IV in the presence of 33 g兾ml
polymyxin B. The cells then were washed extensively and cultured in 96-well plates at a density of 2 ⫻ 106 cells兾ml (100
Malfait et al.

Table 1. Histology of the hind feet in acute bovine CIA
Intraperitoneal,
n ⫽ 20兾group
Arthritic
changes
Normal
Mild
Moderate
Severe

Oral,
n ⫽ 12兾group

Control

CBD,
5 mg兾kg

Control

CBD,
25 mg兾kg

CBD,
50 mg兾kg

0%
31%
31%
38%

34%*
26%
20%
20%

0%
20%
5%
75%

0%
41%
34%
25%**

0%
34%
16%
50%

Histological findings at the end of the experiments in classical CIA. The
results are shown as the percentage of all feet studied that were given a
specified score. *, P ⫽ 0.0083; **, P ⫽ 0.0373 (Fisher’s exact test).

a clinical pattern that more closely resembles human disease.
Thus, the clinical score in these mice typically goes up and
down for several weeks. Overall, the arthritis is chronic
relapsing and progressive (30, 31). It was found that 5 mg兾kg
i.p. CBD was optimal in suppressing the arthritis (Fig. 1B). The
area under the curve, which ref lects overall disease severity
over 28 days, was 38.4 in the controls and 37.3 in the 10 mg兾kg
group and was reduced to 28.9 in the 5 mg兾kg-treated group.
CBD treatment caused no obvious side effects in these mice.
Oral Administration of CBD Has an Equally Potent Therapeutic Effect
on Established Arthritis. Daily oral gavage of CBD immediately

after onset of arthritis resulted in suppression of acute CIA
(Fig. 2 A). The optimal dose was 25 mg兾kg, although the higher
dose of 50 mg兾kg worked almost as well. The 25 mg兾kg dose
was used in a chronic experiment in homologous CIA and was
shown to effectively suppress progression of disease over a
study period of 4 weeks (Fig. 2B). The area under the curve
was reduced from 72.3 in the controls to 49.7 in the treated
animals (P ⬍ 0.05).

l兾well) in complete medium with or without CBD at specified
concentrations. Supernatants were collected after 24 h and
stored at ⫺20°C until measured for TNF.
Cytokine Assays. For determination of bioactive TNF levels, an

assay was performed by using the WEHI 164 cell line (28), as
described (29), or BALB兾c CL.7 cells, as described (24). IFN-g
levels were measured by sandwich ELISA. The capture兾
detection antibody pair used was R4–6A2 (obtained from the
American Type Culture Collection, courtesy of J. Abrams) and
hamster mAb 1222–00 (Genzyme).
Results
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Systemic Administration of CBD Has a Dose-Dependent Therapeutic
Effect on CIA. CBD at the doses of both 20 mg兾kg per day and

10 mg兾kg per day had a slight therapeutic effect on CIA,
whereas the lower dose of 5 mg兾kg caused an optimal suppression of disease (Fig. 1A). The therapeutic action of CBD
was lost when the dose was further lowered to 2.5 mg兾kg per
day. The dose-dependent effects of CBD were confirmed in
the homologous CIA model, a chronic relapsing arthritis with

Malfait et al.

Effect of CBD on Joint Damage. Joints in the hind paws of control
mice and mice treated with CBD were assessed for hyperplasia
and destruction. Table 1 shows the results in acute CIA. First, in
the i.p. experiments none of the control mice had normal feet,
whereas 34% of the feet in mice treated with 5 mg兾kg CBD were
completely protected. Sixty nine percent of all of the feet in the
control mice were moderately or severely affected (31% and
38%, respectively), whereas in mice treated with 5 mg兾kg CBD
this was lowered to 40% (20% in each category). For the oral
treatment protocol, it was found that 25 mg兾kg was the optimal
dose. Although no normal feet were found in this treatment
group, only 25% were severely affected, as compared with 75%
in the controls and 50% in the 50 mg兾kg group (Table 1). Thus,
the histological findings confirm that CBD at an i.p. dose of 5
mg兾kg or an oral dose of 25 mg兾kg has an optimal therapeutic
effect on acute CIA. Those optimal doses, when tested in the
chronic model, gave a good protection against histological
Table 2. Histology of the hind feet in chronic homologous CIA

Arthritic
changes
Normal
Mild
Moderate
Severe

Intraperitoneal,
n ⫽ 12兾group

Oral,
n ⫽ 12兾group

Control

CBD, 5 mg兾kg

Control

CBD, 25 mg兾kg

0%
25%
65%
10%

30%
50%
10%*
10%

0%
20%
80%
0%

36%**
28%
36%**
0%

Histological findings at the end of the experiments in chronic homologous
CIA. The results are shown as the percentage of all feet studied that were given
a specified score. *, P ⫽ 0.0373; **, P ⫽ 0.0312 (Fisher’s exact test).
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Fig. 2. From the first clinical signs of arthritis, mice were given CBD by oral
gavage, at the following doses: 50 mg兾kg (‚), 25 mg兾kg (Œ), or 10 mg兾kg (E).
Mice treated with olive oil served as controls (䊐). Each point is the mean of n
mice ⫾ SEM. (A) Shown is the clinical score over 10 days of classical CIA
(controls, n ⫽ 6; CBD 50 mg兾kg, n ⫽ 6; CBD 25 mg兾kg, n ⫽ 6; CBD 10 mg兾kg,
n ⫽ 6). * denotes a P value ⬍ 0.05 (Mann–Whitney U test). (B) An experiment
in chronic relapsing homologous CIA, where control, n ⫽ 6 and CBD 25 mg兾kg,
n ⫽ 6. The area under the curve was 72.3 for the control group and 49.7 for the
CBD-treated group (P ⬍ 0.05, Mann–Whitney U).

specific cell proliferation and IFN-g production. It was found
that CBD treatment attenuated cell proliferation (unstimulated
proliferation, and to a greater extent CII-specific proliferation)
and CII-specific IFN-g release.
CBD Blocks Mitogen-Induced Lymphocyte Proliferation As Well As
Antigen-Specific LNC Proliferation. Purified lymphocytes from

spleens from 10-week-old DBA兾1 mice were stimulated with
Con A, in the presence of increasing concentrations of CBD
(0–10 g兾ml). Fig. 4A shows a dose-dependent suppression of
Con A-induced proliferation. This finding was reproduced with
lymphocytes from C57BL mice, indicating that the effect is not
strain-dependent. Likewise, draining LNCs from control arthritic DBA兾1 mice taken at day 3 of arthritis were stimulated in
vitro with 50 g兾ml bovine CII in the presence of increasing CBD
concentrations (Fig. 4B), and again, a dose-dependent suppression of cell proliferation by CBD was seen.
Fig. 3. Synovial cells were isolated from arthritic mice at day 10 of arthritis,
either from control mice or mice treated with CBD, 5 mg兾kg i.p. A control
group of nonimmunized age-matched mice was included. Total cell number
per synovial membrane was on average 50% reduced in the CBD-treated mice
compared with the arthritic controls. Cultures were standardized for cell
numbers. Supernatants were assessed at 24 h for bioactive TNF by the Walter
and Eliza Hall Institute assay. Each dot is the mean of triplicate cultures from
one individual mouse, the dots marked with * are a pool of three mice. Thus
in total 10 mice per treatment group were tested. Five healthy mice were
tested. The horizontal bar is the median.

damage as well (Table 2): 5 mg兾kg CBD i.p. and 25 mg兾kg CBD
orally increased the number of normal hind paws to 30% and
36%, respectively, as compared with 0% in both control groups.
It should be noted that the lesions in this model are generally less
severe.
Spontaneous TNF Release by Synovial Cells from Arthritic Animals Is
Suppressed After CBD Treatment. The synovium is the most critical

site of cytokine production in arthritis, and synovial cells from
arthritic mice at day 10 are known to spontaneously produce
large amounts of TNF when cultured in vitro (26). Synovial cells
were taken from control arthritic mice and mice that had been
treated with 5 mg兾kg i.p. CBD at day 10 of arthritis. It was found
that synovial cells from CBD-treated mice released significantly
less TNF when cultured in vitro (Fig. 3). The results in Fig. 3 are
from cultures with standardized cell numbers, thus the in vivo
local TNF levels must be a lot lower in the treated animals, which
had fewer cells in their synovium (Fig. 3). As a comparison, TNF
release by synovial cells taken from healthy age-matched nonimmunized mice was included in Fig. 3.
CBD Treatment Suppresses ex Vivo LNC Proliferation and IFN-␥ Production. Draining LNCs from mice on day 3 of arthritis, both

control mice and CBD-treated mice (5 mg兾kg per day i.p.) were
stimulated in vitro with bovine CII. Table 3 shows the antigen-

CBD Suppresses the Production of Reactive Oxygen Intermediates by
Granulocytes. Treatment of mouse granulocytes with 6 g兾ml

CBD suppressed the production of Zymosan-induced reactive
oxygen intermediates, as assessed by chemiluminescence (Table
4). The inhibitory effect was optimal when the granulocytes were
pretreated with CBD before Zymosan stimulation.

Systemic Administration of CBD Blocks LPS-Induced Serum TNF. High

levels of serum TNF in C57BL兾6 mice were measured by
bioassay 90 min after i.p. injection of LPS. Simultaneous injection of CBD, either i.p. or s.c., effectively abrogated the rise in
serum TNF (Table 5).

Discussion
Based on the reported analgesic and anti-inflammatory properties of cannabinoids, it was considered that these compounds
might have anti-arthritic potency. The aim of the present study
was to assess the therapeutic efficacy of CBD, a nonpsychoactive
component of marijuana, in murine CIA as a model for RA. In
the initial experiments, CBD was administered i.p. after the
onset of clinical arthritis. It was found that CBD exerted a
dose-dependent suppressive action, both on the clinical arthritis
and joint damage (Fig. 1; Table 1). The dose dependency showed
a bell-shaped curve, with the 5 mg兾kg dose exerting an optimal
therapeutic effect, whereas both the lowest dose (2.5 mg兾kg) and
the highest dose (20 mg兾kg) were inactive. Interestingly, the
therapeutic action also was observed when CBD was administered orally and 25 mg兾kg, not the highest dose tested, was most
effective. The same therapeutic protocols subsequently were
performed in homologous CIA, a chronic relapsing form of CIA
with a disease pattern that resembles human disease better (30,
31). Again, we found an optimal amelioration of clinical disease
and joint damage for CBD, 5 mg兾kg i.p. or 25 mg兾kg orally. The
clinical anti-inflammatory effect with 5 mg兾kg i.p. was not
statistically significant, but histological evaluation showed a
significant protection of the joints. We do not have an explana-

Table 3. In vivo treatment with CBD suppresses CII-specific T helper 1 responses
[3H]Thymidine incorporation, cpm
Mice
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Control
CBD-treated

IFN-g production, pg兾ml

⫺CII

⫹CII

⫺CII

3,301 (⫾2,540)
1,726 (⫾724)

12,919 (⫾10,055)
6,574 (⫾3,779)*

950 (⫾1,397)
502 (⫾870)

⫹CII
70,258 (⫾44,321)
423 (⫾545)**

Mice were treated with CBD, 5 mg兾kg i.p., or with vehicle control from onset of arthritis. They were killed at
day 3, and inguinal LNCs were cultured with or without CII. After 72 h, CII-specific cell proliferation and IFN-g
release were measured. Results are the mean ⫹兾⫺ SD of three individual mice per treatment group, each of them
tested in triplicate. This experiment is representative of three reproducible experiments. In total, 10 mice per
group were tested. *, not significant; **, P ⫽ 0.0027 (Mann-Whitney U).
9564 兩 www.pnas.org

Malfait et al.

Table 5. LPS-induced rise in serum TNF is blocked by
simultaneous administration of CBD

Serum TNF (S50)

Control, LPS

CBD i.p.

CBD s.c.

3,572 ⫾ 892

679 ⫾ 321

377 ⫾ 85

Fig. 4. (A) The effect of CBD on Con A-induced proliferation of splenic
lymphocytes. (B) The effect of CBD on CII-specific proliferation of LNCs from
arthritic mice. CBD was added in vitro at the concentrations shown for 72 h (䊐).
For the control cultures, the vehicle (ethanol) was used at corresponding
dilutions (E). Each point represents the mean ⫾ SD of triplicate cultures. A is
a representative experiment of five experiments and B of three experiments.

tion for the bell-shaped dose dependency, but such behavior has
been repeatedly described for cannabinoids (32).
CBD was found to exert a potent immunosuppressive effect
both in vivo and in vitro. LNCs from mice treated with CBD
showed a diminished CII-specific proliferation and markedly
Table 4. CBD inhibits Zymosan-induced release of reactive
oxygen intermediates by mouse peritoneal granulocytes
Chemiluminescence peak
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Granulocytes
⫹ Zymosan
⫹ Zymosan ⫹ CBD simultaneously
⫹ Zymosan ⫹ CBD pretreatment

300
1,868
1,024 (45%)
157 (92%)

Thioglycollate-elicited peritoneal granulocytes from C57BL兾6 mice were
stimulated with Zymosan in the absence or presence of CBD, 6 g兾ml. CBD was
either added simultaneously with the Zymosan or the cells were pretreated
with CBD for 1 h before stimulation. Production of reactive oxygen intermediates was measured by chemiluminescence. Percentage inhibition is shown in
brackets. One representative experiment of four is shown.

Malfait et al.

diminished IFN-g release (Table 3). In independent in vitro
experiments, it was found that CBD suppressed the CII-specific
proliferation of LNCs from arthritic mice in a dose-dependent
manner, and it also suppressed Con A-induced proliferation of
purified lymphocytes.
Synovial cells from mice that had been treated with an optimal
dose of CBD (5 mg兾kg per day i.p. for 10 days) released
significantly less TNF when cultured in vitro than synovial cells
from control animals (Fig. 3). This finding suggests that the
therapeutic actions of CBD include the suppression of TNF-a,
a proinflammatory cytokine known to be a major mediator of
arthritis (22). This was corroborated by the finding that CBD,
when injected i.p. or s.c at a concentration of 10 mg兾kg, blocked
LPS-induced serum TNF in C57BL兾6 mice (Table 5). Nevertheless, we could not find suppression of TNF release by arthritic
synovial cells when CBD was added in vitro (not shown), nor
could we demonstrate in multiple attempts that CBD suppressed
TNF release by mouse bone marrow-derived macrophages or
RAW cells (data not shown). This discrepancy between in vivo
and in vitro results suggests that the TNF suppression, which is
observed in vivo after administration of CBD, might be mediated
by an active metabolite of CBD. Another possibility is that the
decreased TNF expression in vivo is an indirect consequence of
a suppressed T helper 1 response.
Thus, the anti-arthritic potency of CBD seems to be the result
of a combination of immunosuppression, especially of a T helper
1 response and an anti-inflammatory action by way of reducing
TNF in the synovium, a combination that has proven successful
in the past when anti-IL-12 and anti-TNF were combined to treat
CIA (33). Apart from these major effects, we also have demonstrated other in vitro anti-inflammatory actions of CBD that
may contribute to its anti-arthritic potency, such as the inhibition
of the release of reactive oxygen species by Zymosan-stimulated
neutrophils (Table 4 and ref. 34). We also observed the blockade
of NO production by peritoneal macrophages (not shown), as
reported in the literature (11).
Cannabis has a long history as a medicinal preparation, mainly
for properties such as analgesia, antiemesis, ocular hypotension,
and anticonvulsion (reviewed in ref. 35). Recent research in vitro
and in animal models has led to increasing evidence that
cannabinoids are also important modulators of the immune
system (6) and thus could have a role in the treatment of chronic
inflammatory diseases, were the development of clinical trials
not hampered by legal obstacles. It is therefore important to find
out whether nonpsychoactive cannabinoids are suitable for
treating chronic inflammatory disease. A recent report describes
the effect of a nonpsychoactive synthetic derivative from tetrahydrocannabinol (THC), dimethylheptyl-THC-11-oic acid, in
adjuvant arthritis in rats (36). The authors found that the
compound reduced the severity of arthritis when administered
from immunization onward (i.e., in a preventive protocol). The
present study shows that CBD, a natural constituent of marijuana, is effective as an anti-arthritic therapeutic in established
CIA. Its efficacy when given orally renders it an attractive
candidate for the treatment of RA. The experiments in the
chronic CIA model show that prolonged treatment with CBD
does not induce tolerance, a phenomenon often observed with
PNAS 兩 August 15, 2000 兩 vol. 97 兩 no. 17 兩 9565
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Mice were injected with LPS, 100 g, i.p. CBD was administered simultaneously, either i.p. or s.c. Mice were bled 90 min later, and TNF was measured
by bioassay. Results are the mean ⫾ SD of n ⫽ 13 per group.

cannabinoids (37, 38). Moreover, clinical trials with CBD have
been conducted in humans with epilepsy (39) and Huntington’s
disease (40), and it was found that chronic oral administration of
CBD, up to 10 mg兾kg per day for 6 weeks, had no side effects.
Interestingly, one paper describes that feeding 300 or 600 mg
CBD to healthy human volunteers resulted in elevated plasma
cortisol levels (41), yet another factor that may contribute to its
anti-inflammatory兾immunosuppressive actions. All of this suggests that CBD may be valuable in the treatment of other chronic
inflammatory diseases as well. Indeed, preliminary studies indicate that CBD is able to delay and attenuate experimental
allergic encephalomyelitis in mice (R.G. and H. Ovadia, unpublished observations) as well as inflammatory bowel disease
in IL-10 knockout mice (T. Sheinin and M.F., unpublished
observations).
The results presented here leave a number of questions to
elucidate in the future. First, is CBD solely responsible for the
anti-arthritic effects in vivo or is there an active metabolite

involved? Second, via which receptor does CBD exert its effects?
Two receptors for cannabinoids have been identified, the brain
receptor, CB1 (42), and the peripheral cannabinoid receptor,
CB2 (43), which is present on T and B lymphocytes, natural killer
cells, and macrophages (6). The affinity of CBD for the cannabinoid receptors is very low, lower than that of the other
cannabinoids (43, 44). The possibility that CBD, because of its
lipophilicity interferes with cell membranes, thus altering their
functions, or that a metabolite acts on the CB2 receptor, cannot
be ruled out. These questions should be the subject of future
studies.

Mechoulam, R. & Shvo, Y. (1963) Tetrahedron 19, 2073–2078.
Mechoulam, R. (1970) Science 168, 1159–1166.
Turner, C. F., Elsohly, M. A. & Boeren, E. C. (1980) J. Nat. Prod. 43, 169–234.
Razdan, R. K. (1986) Pharmacol. Rev. 38, 75–149.
Mechoulam, R., Devane, W. A. & Glaser, R. (1992) Marijuana兾Cannabinoids:
Neurobiology and Neurophysiology, eds. Murphy, L. & Bartke, A. (CRC, Boca
Raton, FL), pp. 1–33.
Klein, T. W., Newton, C. & Friedman, H. (1998) Immunol. Today 19, 373–380.
Specter, S., Lancz, G. & Hazelden, J. (1990) Int. J. Immunopharmacol. 12,
261–267.
Klein, T. W., Kawakami, Y., Newton, C. & Friedman, H. (1991) J. Toxicol.
Environ. Health 32, 465–477.
Cabral, G. A., Pettit, D. A. & Fisher-Stenger, K. (1993) in Drugs of Abuse,
Immunity, and Immunodeficiency, ed. Friedman, H. (Plenum, New York), pp.
93–105.
McCoy, K. L., Gainey, D. & Cabral, G. A. (1995) J. Pharmacol. Exp. Ther. 273,
1216–1223.
Coffey, R. G., Yamamoto, Y., Snella, E. & Pross, S. (1996) Biochem. Pharmacol. 52, 743–751.
Formukong, E. A., Evans, A. T. & Evans, F. J. (1988) Inflammation 12,
361–371.
Watzl, B., Scuderi, P. & Watson, R. R. (1991) Int. J. Immunopharmacol. 13,
1091–1097.
Srivastava, M. D., Srivastava, B. I. S. & Brouhard, B. (1998) Immunopharmacology 40, 179–185.
Rosenkrantz, H., Fleischman, R. W. & Grant, R. J. (1981) Toxicol. Appl.
Pharmacol. 58, 118–131.
Courtenay, J. S., Dallman, M. J., Dayan, A. D., Martin, A. & Mosedale, B.
(1980) Nature (London) 283, 666–668.
Ranges, G. E., Sriram, S. & Cooper, S. M. (1985) J. Exp. Med. 162, 1105–1110.
Seki, N., Sudo, Y., Yoshioka, T., Sugihar, S., Fujitsu, T., Sakuma, S., Ogawa,
T., Hamaoka, T., Senoh, H. & Fujiwara, H. (1988) J. Immunol. 140, 1477–1484.
Mauri, C., Williams, R. O., Walmsley, M. & Feldmann, M. (1996) Eur.
J. Immunol. 26, 1511–1514.
Thorbecke, G. J., Shah, R., Leu, C. H., Kuruvilla, A. P., Hardison, A. M. &
Palladino, M. A. (1992) Proc. Natl. Acad. Sci. USA 89, 7375–7379.
Williams, R. O., Feldmann, M. & Maini, R. N. (1992) Proc. Natl. Acad. Sci. USA
89, 9784–9788.
Feldmann, M., Elliot, M. J., Woody, J. N. & Maini, R. N. (1997) Adv. Immunol.
64, 243–350.

23. Gaoni, Y. & Mechoulam, R. (1971) J. Am. Chem. Soc. 93, 217–224.
24. Sher, T., Rottern, S. & Gallily, R. (1990) Cancer Immunol. Immunother. 31,
86–92.
25. Gerlier, D. & Thomasset, N. (1986) J. Immunol. Methods 94, 57–61.
26. Malfait, A. M., Butler, D. M., Presky, D. H., Maini, R. N., Brennan, F. M. &
Feldmann, M. (1998) Clin. Exp. Immunol. 111, 377–383.
27. Butler, D. M., Malfait, A. M., Mason, L. J., Warden, P. J., Kollias, G., Maini,
R. N., Feldmann, M. & Brennan, F. M. (1997) J. Immunol. 159, 2867–2876.
28. Espevik, T. & Nissen-Meyer, J. (1986) J. Immunol. Methods 95, 99–105.
29. Baker, D., Butler, D., Scallon, B. J., O’Neill, J. K., Turk, J. L. & Feldmann, M.
(1994) Eur. J. Immunol. 24, 2040–2048.
30. Holmdahl, R., Jansson, R., Larsson, E., Rubin, K. & Klareskog, L. (1986)
Arthritis Rheum. 29, 106–113.
31. Boissier, M. C., Feng, X. Z., Carlioz, A., Roudier, R. & Fournier, C. (1987)
Ann. Rheum. Dis. 46, 691–700.
32. Sulcova, E., Mechoulam, R. & Fride, E. (1998) Pharmacol. Biochem. Behav. 59,
347–353.
33. Butler, D. M., Malfait, A. M., Maini, R. N., Brennan, F. M. & Feldmann, M.
(1999) Eur. J. Immunol. 29, 2205–2212.
34. Hampson, A. J., Grimaldi, M., Axelrod, J. & Wink, D. (1998) Proc. Natl. Acad.
Sci. USA 95, 8268–8273.
35. Mechoulam, R., Hanus, L. & Fride, E. (1998) Progr. Med. Chem. 35, 199–243.
36. Zurier, R. B., Rossetti, R. G., Lane, J. H., Goldberg, J. M., Hunter, S. A. &
Burstein, S. H. (1998) Arthritis Rheum. 41, 163–170.
37. Adams, I. B. & Martin, B. R. (1996) Addiction 91, 1585–1614.
38. Patrini, G., Sacerdote, P., Fuzio, D., Manfred, B. & Parolaro, D. (1997)
J. Neuroimmunol. 80, 143–148.
39. Cunha, J. M., Carlini, E. A., Pereira, A. E., Ramos, O. L., Pimentel, C.,
Gagliardi, R., Sanvito, W. L., Lander, N. & Mechoulam, R. (1980) Pharmacology 21, 175–185.
40. Consroe, P., Laguna, J., Allender, J., Snider, S., Stern, L., Sandyk, R., Kennedy,
K. & Schram, K. (1991) Pharmacol. Biochem. Behav. 40, 701–708.
41. Zuardi, A. W., Guimaraes, F. S. & Moreira, A. C. (1993) Brazil. J. Med. Biol.
Res. 26, 213–217.
42. Devane, W. A., Dysarz, F. A., Johnson, M. R., Melvin, L. S. & Howlett, A. C.
(1988) Mol. Pharmacol. 34, 605–613.
43. Munro, S., Thomas, K. L. & Abu-Shaar, M. (1993) Nature (London) 365, 61–65.
44. Thomas, B. F., Gilliam, A. F., Burch, D. F., Roche, M. J. & Seltzman, H. H.
(1998) J. Pharmacol. Exp. Ther. 285, 285–292.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Downloaded by guest on January 13, 2021

22.

9566 兩 www.pnas.org

We thank Paul Warden and the staff of the Kennedy Institute of
Rheumatology Biological Services Unit, Professor R. N. Maini for
helpful advice, and Philip Connolly for preparation of the histological
sections. The work was funded by the Arthritis Research Campaign of
Great Britain.

Malfait et al.

Medical Cannabis: Another Piece in the Mosaic
of Autoimmunity?
D Katz1,2, I Katz1,2, BS Porat-Katz3 and Y Shoenfeld1,4
Legalization of cannabis’ medicinal use is rapidly increasing worldwide, raising the need to evaluate medical implications
of cannabis. Currently, evidence supports cannabis and its active ingredients as immune-modulating agents, affecting Tcells, B-cells, monocytes, and microglia cells, causing an overall reduction in pro-inflammatory cytokine expression and an
increase in anti-inflammatory cytokines. Due to the supporting evidence of cannabinoids as an immune-modulating agent,
research focusing on cannabinoids and autoimmunity has emerged. Several clinical trials in multiple sclerosis, inflammatory
bowel disease, and fibromyalgia suggest cannabis’ effectiveness as an immune-modulator. However, contradicting results
and lack of large-scale clinical trials obscure these results. Although lacking clinical research, in vitro and in vivo experiments
in rheumatoid arthritis, diabetes type 1, and systemic sclerosis demonstrate a correlation between disease activity and
cannabinoids.
As more and more countries legalize medical cannabis, cannabis
sativa is slowly ﬁnding its place in our medicine cabinets. Formerly
known as the most common illicit drug in the world, cannabis’s
re-emergence as a therapeutic option opens up new and intriguing
paths to be explored. Embarking on this quest, the ﬁeld of autoimmunity shows great promise. The endocannabinoid system is widely
distributed on immune system cells, potentially embodying a new
family of treatment for autoimmune diseases.
THE CANNABINOID SYSTEM
Cannabinoids

Cannabis’ medical merits were ﬁrst recognized dating from 4000
B.C.1 Through time, cannabis, also known as marijuana, lost its
place as a remedy, gaining a new profound interest after D9Tetrahydrocannabinol (THC) isolation by Gaoni & Mechoulam2 in
1964. THC paved the way for the isolation of over 500 components of cannabis sativa and led to the discovery of the endocannabinoid system, of which THC and cannabidiol (CBD) are the
most known and researched. As mentioned, THC was ﬁrst isolated (in a pure form) and structured by Gaoni & Mechoulam,2
although previously obtained by a different group.3 THC, a lipophilic molecule, has become a household name, mainly due to its
psychotropic properties, and is considered as the main psychotropic ingredient in cannabis sativa. Another key component in cannabis sativa is CBD, a nonpsychotropic cannabis ingredient,4,5

which was isolated by Adams et al.4 and structured by Mechoulam & Shvo.5
Although a variety of components was isolated from cannabis
sativa, it is presumed that the effect of cannabis sativa is not
attributed to one ingredient in its pure form, rather that the different components “work” in synergism. Thus, the attributed
“entourage effect” obscures the ideal composition of a therapeutic
drug and possibly illuminates an additive effect to medical cannabis compared to pure extracts.6
A few decades after the discovery of THC, two endocannabinoids
were described – anandamide (AEA) and 2-arachidonoylglycerol (2AG). AEA (meaning bliss in Sanskrit adjoined with amide) is a
derivate of arachidonic acid synthesized predominantly by the action
of N-acyltransferase and N-acylphosphatidylethanolamine-speciﬁc
phospholipase D. On the other hand, degradation is attributed to
either fatty acid amide hydrolase or N-acylethanolamine-hydrolyzing
acid amidase.
The 2-AG, also a derivate of arachidonic acid, is synthesized by
diacylglycerol lipase and degraded by monoacylglycerol lipase.
Both AEA and 2-AG are oxidized by cyclooxygenase-2, lipoxygenases, or cytochrome P450.7
Receptor mechanisms

The two cannabinoid receptors go by the name cannabinoid-1
receptor (CB1R) and accordingly cannabinoid-2 receptor (CB2R)
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with speculations regarding the existence and identity of a third
cannabinoid receptor (CB3R). They are both Gi/o coupled
receptor-inhibiting adenylate cyclase, correspondingly lowering
cAMP levels and activated cAMP-dependent protein kinase. As a
result, A-type potassium channels are stimulated (due to the
decrease in protein kinase) and the outward potassium current
increases. Moreover, it is assumed that the G-protein bg further regulates mitogen activated protein kinase, and phosphatidylinositol-3kinase. The cannabinoid receptor activation also inﬂuences some
additional ion channels. It activates Kir channels and inhibits N-type
or P/Q-type Ca21 channels, although there is contradicting
evidence regarding the effect of cannabinoid receptor activation on
intracellular calcium levels.8,9 Notwithstanding what has just been
mentioned, to some extent several of the cannabinoid receptors
signal through the Gs signaling pathway.10 For schematic representation see Figure 1.
Receptor distribution

In the brain, CB1R is present in high density in the frontal cortex, basal ganglia, and the cerebellum. CB1 is also found in the
hypothalamus, anterior cingulate cortex, and hippocampus.11
Interestingly, there is a relatively low concentration of CB1R in
the brainstem, which may explain the attribute of low toxicity of
cannabinoids. The speciﬁc location of CB1R in the neurons is
presumed to be presynaptic, suggesting that the endocannabinoid
has a modulating function (see Figure 2).11 Throughout the
years, evidence was accumulated, elucidating a potential role for
CB1R in the periphery, including fat tissue, gastrointestinal tract,
eyes, cardiovascular system, liver, pancreas, immune system,
bones, skin, and skeletal muscle.12
CB2Rs are found mainly on immune cells, including lymphocytes, macrophages, mast cells, natural killer cells, peripheral
mononuclear cells, and microglia. The vast expression of CB2 on
immune cells is a possible link to autoimmunity and potential
treatments.11
Other types of receptors and allosteric sites

A few receptors are postulated as a possible CB3R. One of the
candidates is G protein-coupled receptor 55. This is a Ga coupled
receptor, which activates ras homologue gene family member A
and Rho-associated protein kinase leading to phospholipase C
pathway activation and an increase in cellular Ca21. Among the
different cannabinoids that have been shown to agonize G
protein-coupled receptor 55 are: THC, CP55,940, and the endocannabinoids AEA and 2-AG. However, there is some conﬂicting
evidence regarding the endocannabinoid effect. Contrary to that,
CBD and O-1918 have an antagonizing effect on G proteincoupled receptor 55. The distribution of G protein-coupled
receptor 55 varies, including both the central nervous system and
the other body organs.13
Another receptor that demonstrates binding capacity to cannabinoids is the transient receptor potential vannilloid-1, also
known as vanilloid receptor 1 or capsaicin receptor. It is
expressed predominantly in the nociceptive neurons of the
peripheral nervous system, but also in the central nervous system.
Activation of transient receptor potential vannilloid-1 by AEA

has been shown to cause release of substance P and calcitonin
gene-related protein. Peroxisome proliferator-activated receptors
are an additional pathway.
Additionally, the different cannabinoids demonstrate a possible
allosteric binding to the following receptors: the serotonergic
receptors 5-HT2 and 5-HT3, a1-adrenoreceptor, M1 and M4
muscarinic receptors, and the glutamate receptors a-amino-3hydroxy-5-methyl-4-isoxazolepropionic acid, GLUA1, and
GULA3.14
Cannabinoids and the immune system

Despite the great discoveries made in the ﬁeld of immune
research, it remains an unresolved enigma, and the mosaic of
autoimmunity has yet to be completed.15 A relatively new piece
comprising part of the mosaic is the endocannabinoid system. As
mentioned in the previous part, various immune cells express cannabinoid receptors, moreover the CB2R is expressed predominantly on immune cells, suggesting an important role in
immunomodulation.
T-cells are a focus of interest regarding cannabinoid effects on
the immune system. Th17 cells’ activation by MOG35-55 can be
attenuated following treatment with either THC or CBD. CBD
and THC treatments decreased interleukin-17 (IL-17) secretion
up to 87% and 88%, respectively. A corresponding decrease in
IL-17A mRNA transcripts was also observed. Furthermore, similar yet weaker trends were established regarding IL-6 secretion.
An important additive effect also demonstrated in this experiment is the impressive potentiation of IL-10 transcription with
an increase as high as 120% following CBD treatment.16 A
matching effect is observed following treatment with O-1966, a
selective CB2R agonist causing a decrease in nuclear factor-kappa
B and nuclear factor of activated T-cells accompanied by an
increase in the percentage of regulatory T-cells and IL-10 secretion.17 Different murine models show similar results, with CBD,
AEA, or THC treatment, resulting in a reduction in either IL-2
or interferon-gamma (IFN-g) mRNA expression, IFN-g secretion, T-cell proliferation, suppressed activator protein-1, nuclear
factor of activated T-cell,18 IL-17, tumor necrosis factor-a
(TNF-a), lymphocyte activation, and an increase in IL-10
secretion.19,20
B-cells are also exempliﬁed as a potential target for cannabinoid
treatment. In an in vivo murine model, a single preventive treatment with CBD prior to ovalbumin stimulation results in a signiﬁcant reduction in immunoglobulin M and immunoglobulin
G ovalbumin-speciﬁc antibodies.21 CBD treatment in mice has
also been linked to a signiﬁcant decrease in the total number of
B, T helper, and T cytotoxic cells.22 Even more intriguing are the
results of a clinical trial conducted on a group of high school and
university students. The study population was divided into 3
equal groups of 30 participants: a control group; a treatment
group receiving bhang (dried mature leaves and ﬂower stems of
cannabis sativa) for a period of 6–24 months; and an additional
treatment group receiving bhang for a period of 24–36 months.
As a result, a reduction in immunoglobulin M, immunoglobulin
G, C3, and C4 was observed along with an absolute decrease in
the number of B, T, and natural killer cells.23 Despite the
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consistency of the aforementioned ﬁnding, there are also some
contradicting data suggesting cannabinoids have a proinﬂammatory role and may lead to a B-cell proliferation,24
although there is also evidence contradicting that.25
Monocytes and macrophages are another potential pathway for
cannabinoid immunomodulation. Murine macrophages treated
in vitro with THC exhibit inhibition of chemotaxis to acanthamoeba compared with the macrophages treated with vehicle.26
An immunosuppressive effect is also achieved using synthetic cannabinoids. HU-444, a nonpsychotropic synthetic cannabinoid,
inhibits up to 69% TNF-a production by macrophages stimulated by lipopolysaccharide (LPS) and 62% decrease of reactive oxygen species generation in macrophages stimulated by zymosan.27
An additional nonpsychotropic synthetic cannabinoid named
ajulemic acid exhibits an immunosuppressive effect as well.
Monocyte derived macrophages stimulated with LPS treated with
ajulemic acid showed a 69% decrease in IL-6 release with a compatible reduction in IL-6 gene expression.28 A human-based
monocyte experiment was conducted on monocytes isolated
from na€ıve and non-na€ıve cannabis human subjects. Monocytes
were treated in vitro with phytocannabinoids, a consequent
reduction in basal and CCL2-stimulated migration was exhibited,
however, only in subjects who were non-na€ıve to cannabis. Moreover, non-na€ıve macrophages were found to have higher CB1R
mRNA levels.29
Microglia cells are natural candidates for cannabinoid-based
immunomodulation, accounting for the cannabinoid’s ability to
penetrate the blood-brain barrier. Dimethylheptyl-cannabidiol, a
synthetic nonpsychoactive derivate of CBD, causes a reduction in
mRNA expression of the following IL-1b, IL-6, and TNF-a in
LPS stimulated and unstimulated BV-2 microglia cells.30 An
opposite immunomodulation effect possibly takes place through
microglia migration. Microglia cells were shown to express both
CB1R and CB2R, with CB2Rs following a unique expression
pattern – CB2Rs were expressed in high density at the leading
part of the lamellipodia and microspikes (cellular protrusions
that mediate cell migration) of the microglia. Moreover, AEA
and 2-AG increases BV-2 cell migration.31
CANNABIS AND AUTOIMMUNE DISEASES
Rheumatoid arthritis

A major cause for disability, rheumatoid arthritis (RA), an autoimmune disease causing pain and joint malformation, is considered
one of the most prevalent autoimmune diseases worldwide.32 The
involvement of the endocannabinoid system in RA has been suggested by several different studies evaluating the synovia of patients
with RA against patients without RA.
AEA and 2-AG were found to be present in the synovial ﬂuid
of patients with RA, whereas normal volunteers’ AEA and 2-AG
synovial ﬂuid levels were revealed to be undetectable.33 Additionally, evidence for CB1R and CB2R expression in synovia cells
was also found.33
Further examination and cultivation of synovial cells, derived
from patients with RA by two other different groups revealed
that cannabinoid-based therapy could attenuate IL-6, IL-8, and
matrix metalloproteinase-3 production.34,35
232

Supporting the human-based ﬁnding mentioned above,
murine-based models indicate not only the mere involvement of
the endocannabinoid system in RA but also a possible therapeutic effect. Based on a murine model of collagen-induced arthritis,
mice treated with CBD show clinical improvement as well as a
decrease in TNF-a release, IFN-g production, and lymphocyte
proliferation.36 Mice with collagen-induced arthritis treated with
HU-308, a CB2R agonist, also accomplished a beneﬁcial effect.
Treated mice presented clinical improvement, which was manifested as a decrease in joint swelling and destruction, synovial
inﬂammation, and serum levels of anticollagen II antibodies.37
Currently, although data consistently show the beneﬁcial effect
of cannabinoids in RA murine models and in vitro experiments,
clinical research focusing on cannabinoid’s disease modifying
attributes is yet to be conducted.
Multiple sclerosis

Multiple sclerosis (MS) is one of the most researched autoimmune diseases in the ﬁeld of medical cannabis. As of now, there
are several different cannabinoid-based medications approved for
treatment of patients with MS, including cannabis in its natural
form. Relatively, there is a large number of randomized control
trials exploring the use of cannabinoids in patients with MS compared with other autoimmune diseases, although current results
lack consistency.
Based on a study population of 498 patients with MS, a multicentered, randomized, double-blinded controlled trial was conducted in the United Kingdom for a period of 36 months (with
an optional further assessment in 42 months). Three hundred
thirty-two patients were allocated to the treatment group, receiving oral dronabinol (containing THC), whereas 166 patients
were allocated to the control group, receiving placebo. The main
outcomes examined in the trial were changes in duration until
progression in Expanded Disability Status Scale score and changes
in the Multiple Sclerosis Impact Scale-29 score. The study’s
results show slowing of the disease progression in patients with
an initial Expanded Disability Status Scale score of 4–5.5, yet, the
study was unable to demonstrate a beneﬁcial effect in the general
study population. A possible explanation for these conﬂicting
results can be assigned to the nonlinear progression in the
Expanded Disability Status Scale score with a faster progression
rate in 4–5.5 score compared to 6–6.5 Expanded Disability Status Scale score. Thus, due to trial period constraints, a beneﬁcial
effect was demonstrated only in a subgroup.38,39 A lack of clinical
improvement was also demonstrated in a small clinical trial.
Twenty patients with MS treated with Sativex (containing THC
and CBD) for a duration of 6 weeks, exhibited no signiﬁcant
effects in all of the following parameters: pain; spasticity; disease
progression; and quality of life.40
Contrary to the ﬁndings aforementioned, a larger study conducted on 241 patients with MS successfully establishes Sativex’s
therapeutic effect. The study aimed to examine Sativex’s efﬁcacy
in patients with MS with previous unsuccessful antispasticity
treatment attempts. Patients treated with Sativex demonstrate a
response on the spasticity 0–10 numerical rating scale along with
a relief in spasticity-related symptoms, such as sleep quality and
VOLUME 101 NUMBER 2 | FEBRUARY 2017 | www.wileyonlinelibrary/cpt

timed 10-meter walk.41 Additionally, a recent large-scale study
conducted in Italy offers further evidence supporting Sativex’s
therapeutic effect in patients with MS. The trial included 1,615
patients with MS recruited from 30 different medical centers
across Italy. Results show that 70% of patients beneﬁted from
over 20% reduction in numerical rating scale after a month of
Sativex treatment. Follow-up after 6 months of treatment
revealed a 35% reduction in the numerical rating scale score.
Although the trial’s results show promise, the trial suffers from
high discontinuation rates, with 39.5% of patients dropping out,
owing mainly to lack of effectiveness and adverse effects, compromising the trial’s reliability.42
Along with these results, the therapeutic effect of cannabinoids is
also supported by murine model experiments based on experimental
autoimmune encephalitis. Laboratory ﬁndings suggest cannabinoid’s potential ability to reduce Th17 differentiation,43 counteract
neuronal apoptosis,44 and generate neuroprotective effects.45
Although supported by both clinical and laboratorial data, current clinical inconsistency prevents us from reaching a deﬁnitive
conclusion regarding cannabinoid treatment for MS. Yet, in light
of cannabinoid’s relative safety, and depending on the patient’s
request, as well as the state of the disease, there is room to consider cannabinoid treatment even based on these current data.
Gastrointestinal diseases

In its past days as an old remedy, cannabis sativa was often prescribed for gastrointestinal diseases, which we now know as inﬂammatory bowel disease (IBD). A survey exploring cannabinoid use
in patients with IBD brings this phenomenon to light. Of 292
patients with IBD participating in the survey, 12.3% of the
patients were active cannabis users, and of all the patients who ever
tried cannabis, 16.4% did so in order to achieve relief from their
disease symptoms.46 Cannabis’ old remedy attributes were also
examined in a small placebo-controlled trial. Twenty-one patients
with Crohn’s disease were allocated either treatment with THC
cigarettes or a placebo. After THC treatment, patients exhibited a
decrease in Crohn’s disease activity-index score and an improvement
in quality of life, as assessed by Short Form Health Survey-36.47
Another group of researchers set out to explore CBD’s effect
on the cellular level, using colon biopsies derived from 18 patients
with ulcerative colitis. Tissues treated with CBD exhibit a reduction in mast cell number, inducible nitric oxide synthase protein
expression, and TNF-a compared to nontreated tissues.48 Additionally, a murine model of ulcerative colitis induced by DNBS,
suggests cannabigerol disease-modifying properties. Cannabigerol’s exposure counteracted IL-10 reduction, IL-1b, and INF-g
increase, and reduced histological signs of colon injury.49
These data support cannabinoid treatment in IBD; yet, one
clinical trial of a small population does not sufﬁce for making
recommendations.
A possible connection between celiac disease and the endocannabinoid system was also hypothesized. Two different experiments support this hypothesis. Based on biopsies taken from
healthy volunteers and patients with celiac disease, an increase
level of CB1R and CB2R expression was observed in patients
with celiac disease compared with the healthy volunteers.50

Additionally, a variation in the CB2R gene (Q63R) was found to
correlate with celiac disease with a sixfold increased risk for celiac
susceptibility.51
Systemic sclerosis

Systemic sclerosis (SSc), known also as scleroderma, is an autoimmune disease causing connective tissue ﬁbrosis, extracellular disposition, and vascular obliteration. A merger of infections,
hormonal variations, and environmental settings have been
hypothesized as a possible etiology; yet, the mechanism of pathogenesis remains obscure.52 An experiment conducted on CB2R
knockout mice indicate the endocannabinoid system as a possible
additional component in the mixture of SSc etiologies. CB2deﬁcient mice with induced experimental ﬁbrosis display greater
disease severity. Wild-type mice treated with CB2 antagonist present similar results.53 Additionally, the regulation of the endocannabinoid was demonstrated not only as a possible etiology, but
also as a possible treatment. Experimental ﬁbrosis mice treated
with either VCE-004.8 (CB2 and peroxisome proliferatoractivated receptor g agonist), WIN55,212-2 (CB1 and CB2 agonist), or JWH-115 (CB2 agonist) display a reduction in disease
severity.54,55 The in vivo experiment results are also supported by
in vitro evidence. The patients with SSc skin biopsies exposed to
WIN55,212-2 (CB1 and CB2 agonist) correlate with reduced
extracellular matrix disposition, decreased myoﬁbroblasts differentiation, and resistance to apoptosis.56
Considering the deleterious effect of SSc and lack of successful
therapy, the supporting evidence advocates for a clinical trial,
with cannabinoids possibly entailing a new pathway for relief.
Fibromyalgia

Fibromyalgia, mostly recognized by the trademark of pressure
points, is a chronic pain syndrome.57 Lacking a clear understanding of its mechanism, the search for treatment is still ongoing.
Nabilone, a synthetic cannabinoid drug, is part of the quest for a
possible relief. A study comprised of 40 patients with ﬁbromyalgia was able to demonstrate pain relief, reduction in anxiety, and
decrease in the Fibromyalgia Impact Questionnaire score following Nabilone treatment.58 Additionally, Nabilone was found to
have a beneﬁcial effect on sleep, superior to that of amitriptyline,
yet without a corresponding improvement in quality of life.59
Another trial set out to examine cannabis inﬂuence in its natural
form. The study population was comprised of 28 patients with
ﬁbromyalgia using cannabis and 28 noncannabis-using patients
with ﬁbromyalgia. Participants were examined 2 h after consuming
cannabis, revealing a beneﬁcial effect in patients using cannabis.
After cannabis consumption, the cannabis-users group exhibited a
reduction in pain and stiffness as well as an increase in relaxation,
somnolence, and feeling well, and achieved scores of mental health
component in Short Form Health Survey-36. However, no signiﬁcant improvements were found in Short Form Health Survey-36
other components as well as in the Fibromyalgia Impact Questionnaire and the Pittsburgh Sleep Quality Index.60
Overall, cannabinoids present a positive trend in treatment of
patients with ﬁbromyalgia. Moreover, considering the other
options in pain treatment of ﬁbromyalgia, cannabinoids are
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considered a valid option, although, as with other conditions,
more clinical research is still needed.

Table 1 A partial list of adverse effects of cannabinoids
(synthetic and phytocannabinoids)
System

Diabetes mellitus type I

Diabetes mellitus type I is an autoimmune disease affecting b
cells in the pancreas and causing insulin deﬁciency. In light of
that, CBD treatment was tested in NOD mice, a murine model
of diabetes mellitus type I. Mice treated with CBD show a
decrease in disease prevalence, IFN-g, TNF-a, and a delayed
onset of disease compared with placebo mice.61 CBD was also
tested for its therapeutic properties in more advanced stages of
the disease. As presumed, a positive effect of CBD was obtained.
Mice treated with CBD had a reduced rate of proteinuria,
decreased IL-6, and IL-2 secretion, and an increased IL-10 and
IL-4 secretion.62 Further investigation of these ﬁndings was not
carried out, because diabetes mellitus type I usually presents during childhood and adolescence. This dilemma of cost versus beneﬁt, probably accounts for the lack of further investigation.

Adverse effect

Neurologic

Stroke

Dizziness
#IQ score (adolescent,
prolong use)
Psychiatric

Psychosis

68

Panic attack
Anxiety
Hallucinations
Cardiovascular

Tachycardia

68

Myocardial infraction
Respiratory (cannabis
smoking)

Dyspnea
Pneumonia

Cannabis can be consumed in a variety of different ways, some of
which receive their own unique name. The most common ways
to consume cannabis are via smoking, vaporization, and ingestion. Each method has its own pros and cons. Smoking has a
quick high peak with an effect that lasts 1–4 h. Vaporizing also
has similar kinetics, with both smoking and vaporizing having
the advantage of the ability to titer cannabis dose. Inhalation of
carcinogens due to combustion and tobacco use support vaporizing over smoking. A different pharmacokinetic route is by digesting cannabis, characterized by a delayed onset of its effect, with
blood levels peaking after 3 h and its effect lasting over 6 h.
Although seemingly the long-lasting effect is considered beneﬁcial, due to the long onset of the therapeutic effect, digestion of
cannabis has been linked to a higher risk of “overdosing.”63
Examining cannabis-use patterns in the light of medical cannabis
legalization reveals that a larger percent of cannabis users tried
vaporizing or eating in states with legalized cannabis for medicinal purposes compared to nonlegalized states. Additionally, a
larger percentage of cannabis consumers selected smoking as their
preferable way of consumption in states that did not legalize
medical cannabis.63

"Risk for pulmonary infections
Gastrointestinal

Nausea

67,69

67,68

Vomiting
Diarrhea
Gastroenteritis
Genitourinary

Acute kidney injury (in
synthetic cannabis toxicity)

68

General

Dry mouth

69

Redness of conjunctiva
Cannabis dependence

9% adults, 17% adolescent
(percentage of users who
will become addicted)

69

Anxiety
Withdrawal syndrome

Insomnia

66

Appetite disturbance
Depression
Irritability
Pregnancy

Maternal anemia

Adverse effects

234

67–69

Seizure

Cannabis routes of consumption

The different cannabis extracts and synthetic compounds have
yet to be assessed fully; ergo we will address the adverse effects
reported thus far as a whole.
The number of possible side effects listed is enormous, and
ranges as high as 8,371 different symptoms previously mentioned
relating to cannabis use, although one must take into account that
symptoms classiﬁed as an adverse reaction in one person could be
used to treat another (as in the case of increased appetite). Of this
vast list, most of the complaints regarded nervous system disorders
(36.7%) and gastrointestinal disorders (16.4%).64
A recently published systematic review, comprised from 106
eligible studies or reports, concludes that most of cannabis’
adverse effects are not serious, with tachycardia (37–77%),

References

71

Decrease birth weight
"Intensive care unit
IQ, intelligence quotient.

agitation (16–41%), and nausea (13–94%) being the leading
complaints. Major complications are as follows: cardiovascular
events; acute kidney injury; generalized tonic-clonic seizures; psychiatric presentation; and hyperemesis. Furthermore, 26 deaths
related to cannabis and synthetic cannabinoids are mentioned in
the systematic review.65
Another important adverse effect, which usually does not arise
from clinical trials due to the studies’ goals and design, is addiction.64 Epidemiological studies indicate that about 9% of adult
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Table 2 A list of possible drug interactions with cannabis
Group

Medications

References

Anticoagulants

Warfarin

74

Antidepressants

SSRI

74

TCA

74

Barbiturates

74

Anti-anxiety

Fluoxetine
Anti-psychotics

Chlorpromazine

73

Mood stabilizers

Lithium

74

Anticholinergic

74

Ethanol

74

Protease inhibitors

PDE inhibitors

Indinavir

74

Nelfinavir

74

Sildenafil

74

Theophylline

73,74

PDE, phosphodiesterase; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

cannabis users will develop addiction, whereas adolescent’s percentages of addiction is as high as 17%.66 A partial list of adverse
effects can be found in Table 1.66–69,71
Subgroups adverse effects
Rheumatic diseases. A Cochrane review and an additional sys-

tematic review set out to examine cannabinoids (among other

substances in the Cochrane review) efﬁcacy and tolerability in
patients with RA (both reviews), ﬁbromyalgia, back pain, and
osteoarthritis (only the systemic review). Common side effects
found in both reviews were dizziness, dry mouth, nausea, and
light headedness. No serious adverse events were reported.68,69
Adolescents. Cannabis consumption by adolescents has been
linked to reduced educational attainment, an approximately twofold increase in the risk of schizophrenia and a decrease in intelligence quotient scores following prolonged use.70 These adverse
effects have a higher correlation to cannabis consumption by adolescents than adults. Additionally, as mentioned above, adolescents have an increased risk for developing cannabis dependence
compared with adults.66 Ergo, treating children and adolescents
should be done under special advisement in light of data suggesting cannabinoid’s different inﬂuence on the developing brain.
Pregnant women. Outcomes of cannabis exposure during pregnancy were examined in a meta-analysis. The analysis revealed an
increase in the odds of maternal anemia, an increase in newborn’s
likelihood to be placed in the neonatal intensive unit, and a
decrease in newborn birth weight.71
Studies exploring the inﬂuence of prenatal exposure to cannabis suffer from many confounding factors, such as low socioeconomic status and additional substance abuse during pregnancy.
Still, data suggesting an association between cannabis exposure
during pregnancy and poorer cognitive performance should not
be taken lightly.70

Figure 1 Cannabinoid receptor mechanism of action. CB receptor stimulation activates Gi/o which results in cAMP decrease, causing a decrease in PKA.
1
The decrease in PKA levels than cause an increase K1
A channels activation. Moreover, CB receptor activation is followed by activation of Kir channel and
21
1
21
inhibition of Ca channels. Thereby, an overall decrease in K and Ca levels is achieved. Additionally, CB receptor also acts through MAP kinase and
PI3-K activation.
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Figure 2 CB receptor pre-synaptic signaling. AEA, 2-AG, or exogenous cannabinoids stimulate pre-synaptic CB receptor, causing a decrease in intra-cellular Ca21, K1, and cAMP levels, therefore causing inhibition of neurotransmitter release.

Elderly patients. A systematic review aimed to explore cannabinoid’s efﬁcacy and safety in older patients. Results include one
case of severe adverse event of a grand mal seizure. Its relation to
cannabinoid use or Alzheimer’s disease is unclear. Most frequent
complaints were sedation/drowsiness. Currently, there is a lack of
clinical trials examining this special population.72

Drug interactions

Data collected suggest that some of cannabis components are
metabolized by CYP3A4, CYP2C9, and CYP2C19, while possibly inducing CYP1A2. Research and clinical evidence regarding
drug interactions are only in the beginning stages.73,74 THC
clearance is conducted mainly by fecal elimination and to a lesser
extent by renal clearance. THC average extraction takes about
8.5–12.9 days for infrequent users and about 19.1–31.5 days for
chronic users.75 Keeping that in mind, physicians must take special caution prescribing cannabinoids to patients or new drugs for
cannabinoid consumers. A list of possible drug interactions with
cannabis is listed in Table 2.73,74
CONCLUSIONS

Autoimmune diseases affect about 3% of the worldwide population. Although separately, autoimmune diseases are considered
rare, as a whole, they account for major morbidity and mortality
of the population.33 Accounting for the chronicity of autoimmune diseases with a characteristic early onset in many of the diseases, the signiﬁcance of ﬁnding a treatment with relatively low
adverse effects is ﬁrst in order. Currently, many of the protocols
for treating autoimmune diseases are still partly based on glucocorticoids, famous for their potent therapeutic effect yet also infamous for their marked adverse effects. In view of the CB2R wide
distribution on immune cells, the endocannabinoid is a natural
236

candidate for new treatments and for the possible understanding
of autoimmunity. Currently, cannabis and its products are legal
for medicinal use in a rapidly growing number of countries for a
variety of conditions. MS currently represents the hallmark of
autoimmune disease treated with cannabis, with the largest number of randomized controlled trials conducted in this ﬁeld, yet
results lack consistency, possibly due to the studies’ limitation.
Other autoimmune diseases follow the same pattern with strong
compelling in vitro and animal-based evidence, yet scarce clinical
evidence with few small, randomized controlled trials conducted,
lacking statistical strength. Special notice should be taken to the
correlation between celiac disease and the genetic Q63R variation
in the CB2R gene, suggesting the endocannabinoid system is part
of the mosaic of autoimmunity. Adverse effects of cannabinoids
are considered relatively moderate, with light-headedness, dry
mouth, and nausea being the main complaints. Cannabis drug
interaction has yet to be characterized, with current evidence suggesting cannabis interaction with cytochrome P450 enzymes.
In light of the paucity of clinical trials, reaching a deﬁnitive
conclusion regarding cannabinoid treatment in autoimmune diseases is impractical, with further research needed in order to
ascertain clinical beneﬁts along with a safety proﬁle and drug
interactions. Still, due to current legalization of cannabis medicinal use, physicians are confronted with the need to provide
patients with knowledge and recommendations regarding cannabinoid use. Faced with this dilemma, cannabinoid’s relative safety
in adults as well as patients’ lack of cure tilts the scale toward cannabinoid treatment in advised cases of MS, IBD, and ﬁbromyalgia. Contrary to the aforementioned diseases, clinical research
exploring cannabis’ immunomodulating attributes in RA, celiac
disease, and SSc is yet to be done, leaving cannabinoids as a
potential therapeutic promise.
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a b s t r a c t
Cannabinoids have shown to have a variety effects on body systems. Through CB1 and CB2 receptors, amongst
other, they exert an effect by modulating neurotransmitter and cytokine release. Current research in the role
of cannabinoids in the immune system shows that they possess immunosuppressive properties. They can inhibit
proliferation of leucocytes, induce apoptosis of T cells and macrophages and reduce secretion of
pro-inﬂammatory cytokines. In mice models, they are effective in reducing inﬂammation in arthritis, multiple
sclerosis, have a positive effect on neuropathic pain and in type 1 diabetes mellitus. They are effective as treatment for ﬁbromyalgia and have shown to have anti-ﬁbrotic effect in scleroderma. Studies in human models
are scarce and not conclusive and more research is required in this ﬁeld. Cannabinoids can be therefore promising
immunosuppressive and anti-ﬁbrotic agents in the therapy of autoimmune disorders.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction
Cannabinoids are diverse chemical compounds that can bind to
receptors of our endocannabinoid system. Cannabinoids can be
endocannabinoids, when produced by our own body, phytocannabinoids,
present naturally in the plant Cannabis sativa [1,2], and synthetic cannabinoids. The most well-known cannabinoid is Δ9-tetrahydrocannabinol
(Δ9-THC), the main constituent of cannabis. Nabilone, a synthetic
analogue of Δ9-THC has been licensed for medical use [2].
Endocannabinoid system and the physiological effects of cannabinoids
have been widely studied in the past decades. Cannabinoids are believed
to have immunomodulatory effects and therefore their potential role as
an autoimmune/inﬂammatory treatment has been extensively investigated. Herewith, we revise the properties and the effects of cannabinoids
on autoimmune disorders known so far.
2. The endocannabinoid system
2.1. Cannabinoid receptor agonists
Cannabinoids receptor agonists are very heterogeneous and can be
divided into four groups according to the difference in their chemical
structure. These are classical, non-classical, aminoalkylindole and eicosanoid compounds groups [1,2].
Brieﬂy, the classical group consists of phytocannabinoids (Δ9-THC,
cannabinol) and their synthetic analogues. The eicosanoid group are
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mostly endocannabinoids, produced by our own cells. These are
arachidonoylethanolamide (anandamide),O-arachidonoylethanolamine
(virodhamine), 2-arachidonoyl glycerol and 2-arachidonyl glyceryland
several synthetic analogues of anandamide. The two other groups, nonclassical and aminoalkylindole consist of synthetic cannabinoids (see
Table 1).
Cannabinoids act on the two main receptors of the endocannabinoid
system, CB1 and CB2 receptors. Every endocannabinoid agonist has a
different afﬁnity for the receptors. For example, Δ9-THC has a higher
afﬁnity for CB1 receptor and the phytocannabinoid cannabinol is an
agonist without marked CB1/CB2 selectivity (Fig. 1).
2.2. Cannabinoid receptors
2.2.1. CB1 and CB2 receptors
There are two types of cannabinoid receptor that have been mostly
identiﬁed and studied. These are CB1 and CB2 receptors. They belong to
a class of cell membrane receptors under the G protein-coupled receptor
superfamily and consist of seven transmembrane spanning domains. The
effect of binding is variable from partial agonism, functional selectivity to
inverse agonism and all play important roles in determining the cellular
response to speciﬁc cannabinoid receptor ligands.
2.2.2. Mechanism of action of CB1 and CB2 receptors
Both, CB1 and CB2 receptors produce their effects through
heterotrimeric Gi/o proteins coupled to them. CB1 receptor activated

Table 1
Cannabinoid receptor agonists groups and its components [1,2].
Classical
Phytocannabinoids:

• Δ9-THC
• Δ8-THC
• Cannabinol
Synthetic cannabinoids:

•
•
•
•
•
•

HU-210
JWH-133
L-759633
L-759656
L-nantradol
Desacetyl-l-nantradol.

Non-classical
Bicyclic and tricyclic analogues of
Δ9-THC that lack a pyran ring:

•
•
•
•

P55940
CP47497
CP55244
HU-308

Aminoalkylindole

Eicosanoid

• WIN5512

Endocannabinoids:

• Anandamide
• Virodhamine
• 2-Arachidonoyl glycerol (2-AG)
Synthetic analogues of anandamide:

•
•
•
•
•

R-(+)-methanandamide
Arachidonyl-2-chloroethylamide (ACEA)
Arachidonylcyclopropylamide (ACPA)
O-689
O-1812

V. Katchan et al. / Autoimmunity Reviews 15 (2016) 513–528
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Fig. 1. Cannabinoid agonists and antagonists. The table resumes the most important cannabinoid agonists and antagonists. AEA and 2-AG are endogenous agonists and D9tetrahydrocannabinol (D9-THC), the main psychoactive cannabis component is an exogenous agonist. Together with synthetic derivatives (HU 210, HU 308,CP 55,940, etc.), they are
the compounds most frequently used as pharmacologic tools.

exhibits its effects mainly through activation of G alpha i/o. Biding of
CB1 to its agonist leads to inhibition of the production of adenylate
cyclase enzyme. Consequently, the binding between CB1 and its ligands
decrease the intracellular cAMP levels and an increase the mitogenactivated protein kinase (MAP kinase). In some cases CB1 receptor
activation may be coupled to Gs proteins, which stimulate adenylate
cyclase. cAMP. [3,4].
CB1 and CB2 receptors are also coupled to a variety of ion channels in
the cell membrane, which are the positively inﬂuenced inwardly rectifying potassium channels (=Kir or IRK)(−) and the calcium channels.
These channels are activated when there is a cAMP dependent interaction
between the receptor and the molecules such as protein kinase A (PKA),
protein kinase C(PKC), Raf-1, ERK, JNK, p38, c-fos, c-jun, and others [5].
In case of CB1, activation can produce a subsequent decrease of
Ca2+ entry into the cell, without involvement of cAMP, which is the requirement for neurotransmitter release. The overall effect is a decrease
in the neurotransmitter release. CB1 receptor is therefore a pre-synaptic
receptor that modulates neurotransmitter release when activated in a
dose-dependent manner [6].
CB1 and CB2 cannabinoid receptors also act to regulate the phosphorylation and activation of different members of the family of mitogen-activated-protein kinases (MAPKs), including extracellular signal regulated
kinase-1 and -2 (ERK1/2), p38 MAPK and c-Jun. N-terminal kinase
(JNK). MAPK, in turn controls gene expression related to cell proliferation,
motility, adhesion and apoptosis as well as glucose metabolism [6].
CB1 and CB 2 receptors produce their effects through the stimulation
by their agonists.
(endogenous/exogenous/synthetic). After release, agonist
molecules are rapidly deactivated by uptake into cells and metabolized.
Metabolism of anandamide and 2-AG occurs by either enzymatic
hydrolysis with a help of fatty acid amide hydrolase enzyme (FAAH)
[7,8] or other metabolic processes, including hydrolysis of 2-AG by
monoglyceride lipase [9].
The mechanism is summarized in Fig. 2.
2.2.3. Distribution of cannabinoid receptors
CB1 receptors are expressed by central and peripheral neurons and
also by some non-neuronal cells [1,2,10]. Within the central nervous

system, the distribution pattern of CB1 receptors is heterogeneous and
can be related to their function. CB1 receptors are densely distributed
in cerebral cortex, hippocampus, caudate-putamen, substantia nigra
pars reticulata, globus pallidus, entopeduncular nucleus and cerebellum, as well as in other areas of the brain and spinal cord. They process
or modulate nociceptive information. Distribution within the central
nervous system might be related to CB1 receptor agonists' ability to
impair cognition and memory, to alter the control of motor function
and to produce anti nociception [1,10,11,12].
Some CB1 receptors are located on central and peripheral nerve terminal, where they modulate the release of excitatory and inhibitory
neurotransmitters when activated [1,2]. CB2 receptors are expressed
mainly on immune cells [2,10] and have a role in immunomodulation.
Both, CB1 and CB2 receptors share the ability to modulate the release
of chemical messengers. By acting on CB1 receptors, cannabinoids interact with a multitude neurotransmitters at the CNS and can modulate
their release [13] (See Fig. 3). CB2 control the release of inﬂammatory
cytokines, regulating the immune system.

2.3. Other cannabinoid receptors of the endocannabinoid system. cannabinoid non-CB1 non-CB2 receptors
2.3.1. Vanilloid receptors
One of the non CB1/CB2 receptors described, with binding capacity
to cannabinoids is TRVP1 receptor, also called capsaicin receptor. It is a
non-selective cation channel that is present on sensory neurons in
tissues such as skin, heart, blood vessels and lung. TRPV1 receptors are
found mainly in the nociceptive neurons of the peripheral nervous system, but they have also been described in many other tissues, including
the central nervous system. TRPV1 is involved in the transmission and
modulation of pain (nociception) [35,14,15] through sensory primary
afferent and perivascular neurons. It has been shown that activation of
TRPV1 by the endogenous cannabinoid anandamide leads to a release
of substance P (SP) and of calcitonin gene-related (CGRP), which have
allogenic and local vasodilatory and pro-inﬂammatory effects, as well
as beneﬁcial actions such as cardio protection and anti-hypertensive
effects [16–22].
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Fig. 2. CB1 CB2 signaling. Both CB1 and CB2 cannabinoid receptors are associated with G proteins. Activation of these leads to inhibition of adenylyl cyclase activity and activation of the
different MAPK cascades. In addition, the CB1 cannabinoid receptor negatively regulates voltage-gated Ca2+ channels and positively regulates inwardly rectifying K+ channels. CB1
receptor can also induce elevation of intracellular free Ca2 + through activation of phospholipase C (PLC). Cannabinoid-mediated inhibition of protein kinase A (PKA) leads to
inhibition of gene expression through a decrease in cAMP. It also results in activation of MAPK cascades related to cell survival/apoptosis. These signaling pathways are directly related
to the variety of functions regulated by cannabinoid receptors.

2.3.2. Non-CB1, non-CB2, non-vanilloid receptors
It has been shown by successive experiments that many biological
effects of the cannabinoids are not reversed by CB1/CB2 antagonists.
Additional receptor pathways, including the peroxisome proliferatoractivated receptors (PPARs), G-protein receptor 55 (GPR55) as well as
nicotine, 5-HT3 and adenosine A2A receptors, have been involved in
cannabinoid signal transduction [23,24].
2.3.3. Allosteric sites for cannabinoids
Apart from different receptors, there is an evidence for the presence of
allosteric sites for anandamide and other cannabinoids on several noncannabinoid receptors [1,25,26]. These are 5-HT2 receptors [27], 5-HT3
receptors [28,29,30,31], α1-adrenoceptors, M1 and M4 muscarinic receptors [32] and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) GLUA1 and GLUA3 glutamate receptors [33,34]. The biological
consequences of occupation of the proposed allosteric sites on 5-HT2 receptors (by HU-210) and on M1 and M4 receptors (by anandamide,
methanandamide and SR141716A) have not been determined yet [1].
2.4. Effects of cannabinoids on body systems (see Table 2)
The effects of cannabinoids include analgesia, muscle relaxation,
immunosuppression, anti-inﬂammation, anti-allergic effects, sedation,

improvement of mood, stimulation of appetite, anti-emesis, lowering
of intraocular pressure, bronchodilation, neuroprotection and antineoplastic effects [36].

2.4.1. Cannabinoids and the central nervous system (CNS)
Cannabinoids interact with different neurotransmitters and
neuromodulators [36–39], among them acetylcholine, dopamine, ãaminobutyric acid (GABA), histamine, serotonin, glutamate, norepinephrine, prostaglandins and opioid peptides. Some effects of THC
of the body can be explained by these interactions. For example,
tachycardia and hypo salivation with dry mouth [40,41] are mediated by the effects of THC on the release and turn-over of acetylcholine
[40]. The antiemetic properties of cannabinoid are explained by
interactions with serotonin [42]. Therapeutic effects in movement
and spastic disorders could be ascribed in part to interactions with
GABAergic, glutamergic and dopaminergic transmitters systems
[43,44].
Neuroprotective cannabinoid effects observed in animal studies are
based on inhibition of excessive glutamate production, inhibition of
calcium inﬂux into cells and the anti-oxidant properties which reduce
damage caused by oxygen radicals and modulation of vascular tone
[36,45–47]. The use of cannabinoids as a treatment of stroke and brain
injury is therefore being investigated.

Table 2
Effects of cannabinoids in the human body.
Body system

Effect

Reference

CNS
Circulatory

Anti-emetic; neuroprotective, nociception. Sedating. Simpaticomimethic
Tachycardia, increased cardiac output
Vasodilation and orthostatic hypotension
Stimulation by leptin inhibition
Bone formation
Inhibition of motility and gastric secretion
Minor changes in hormone levels, no effect when tolerance is reached.
Decrease in sperm count without functional impairment
Vasodilation. Decrease intraocular pressure
Inmunosuppression, immunomodulation

[40]
[49,50,51,53,54]

Appetite and eating
Osteoarticular
Gastrointestinal
Reproductive system
Ocular
Immune system

[55]
[56]
[57,58]
[51,59]
[60,61]
[69–73]
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2.4.2. Cannabinoids and the circulatory system
Stimulating the endocannabinoid system with THC leads to tachycardia [36,48] and increased cardiac output, cardiac labor and oxygen
demand [49]. It can also produce peripheral vasodilation and orthostatic
hypotension [50,51] mediated by central inhibition of the sympathicus
system, by activation of CB1 receptors [54]. It has been shown that
endocannabinoids can be synthesized by vascular endothelium, circulating macrophages and platelets [52] and the subsequent activation
of vascular cannabinoid CB1 receptors can decrease vascular resistance
in the coronary arteries and the brain [53].

Δ9-THC can modulate Th1/Th2 balance by enhancing Th2 and
suppressing Th1 immune responses [81–84]. Although, the psychoactive effects of Δ9-THC limit its potential as a therapy. Cannabidiol, on
the other hand, has low afﬁnity for the CB1 and CB2 receptors, resulting
in no psychoactive effects [85,86]. Besides, cannabidiol is well tolerated
without side effects when chronically administered to humans [87,88].
Cannabinoids were shown, in vivo and in vitro, to exert their immunosuppressive properties through 4 main pathways: induction of
apoptosis, inhibition of cell proliferation, inhibition of cytokines and
chemokine production and induction of regulatory T cells (T regs) [89].

2.4.3. Cannabinoids, appetite and eating
Endocannabinoids control appetite though leptin signaling pathway
in the hypothalamus [55]. Leptin downregulates food intake by upregulating appetite-reducing neuropeptides and downregulating appetitestimulating factors. In animal model, reduced levels of leptin were
associated with elevated levels of endocannabinoids in the hypothalamus [55]. Cannabinoid antagonists have been tried to treat obesity but
a selective loss of positive emotional memory in healthy volunteers
was noted [62].
Rest of the effects on osteoarticular, digestive, reproductive, ocular
and immune system are resumed in Table 2.

5.1. Cannabinoids induce apoptosis

Cannabinoids can be consumed in several ways. However, the pharmacokinetics of Δ9-THC is different in each manner [68]. Possible forms
of administration are listed in Table 4, with their advantages and limitations to being used for medical purposes. The most well-known and
used way of administration of cannabinoids is inhaling.

Anandamide was shown to induce apoptosis in mitogen-induced T
and B human lymphocytes, human neuroblastoma CHP100 cells and
lymphoma U937 cells, depending on the dose [90,91]. It was also observed that Δ9-THC can trigger apoptosis in murine macrophages and
T cells, through regulation of BCl2 and caspase activity [92].
However, there is no demonstration of cannabinoids inducing apoptosis in vivo, perhaps because apoptosis detection in vivo is difﬁcult
since the apoptotic cells are rapidly and efﬁciently cleared through
phagocytes [89].
Δ9-THC injection in C57BL/6 mice (10 mg/kg body weight) was
demonstrated to decrease the cellularity in the spleen and thymus, affecting several cell populations such as T cells, B cells and macrophages.
[93]. When administered at a lower concentration (10 μM), Δ9-THC
only induced AnnexinV + cells, which is indicative of early apoptotic
cells, but at higher concentrations (20 μM), the splenocytes had both
AnnexinV and PI positive, which represent late apoptotic as well as
necrotic cells.
Δ9-THC may affect more intensively naive lymphocyte than activated lymphocytes. Levels of apoptosis were shown to be greater in cultures treated only with THC, when compared to the cultures that
contained Δ9-THC and mitogen [93]. In the same study, it was noticed
that activated lymphocytes can down-regulate the expression of CB2,
decreasing their sensitivity to Δ9-THC.
Administration of CB2 antagonists blocks Δ9-THC-induced apoptosis
in lymphocytes and thymocytes, while CB1 antagonists failed to show a
signiﬁcant effect, what suggest that Δ9-THC induces apoptosis via CB2
receptors [93].
Cannabidiol was also demonstrated to induce apoptosis in a timeand-dose dependent manner on CD4 + and CD8 + T cell populations,
on murine thymocytes and on EL-4 cells. Cannabidiol leads to apoptosis
by producing reactive oxygen species (ROS) and activating caspase 8
and caspase 3. [94]

5. Cannabinoids and the immune system

5.2. Cannabinoids inhibit immune cell proliferation

Immune cells express CB1 and CB2 receptors and can synthesize,
secrete, transport and catabolize cannabinoids [69–73]. The expression
of cannabinoids receptors is different in each immune cell. They are
expressed, from the most abundant to the less extensive, on B cells, natural killer cells (NK), monocytes, neutrophils, CD8 leucocytes and CD4
leucocytes. The level of expression also depends on the immune stimulation and on the activation state of the cell [74].
In mice, deﬁciency in the fatty acid amide hydrolase (FAAH),
anandamide-catabolizing enzyme, elevates the levels of anandanamide
(an endocannabinoid) in the CNS and periphery. Increased levels of
anandamide attenuate inﬂammatory responses, suggesting that the
endocannabinoids are physiologically involved in dampening the immune system [75–77].
The evidences that endocannabinoid system has probably immunomodulatory effects generated the theory that exogenous cannabinoids
might also have immunosuppressive effects, being a potential novel
therapy to autoimmune and inﬂammatory disease. Since then, several
studies about this association have been published [71,78–80].

While low doses of Δ9-THC stimulate T cell, high doses of Δ9-THC
inhibited responses to LPS, T cell mitogens and anti-CD3 antibody in

3. Endocannabinoid system and its potential role in medicine
Several studies about cannabinoid system and their possible actions in
medical purposes have been done in the last decades. Cannabinoids have
multiple physiological effects. Hence, modulation of endocannabinoids
system, with agonists and antagonists, have been broadly studied as potential novel treatments for different diseases. For example, Anandamide
could increase food intake in rats [63] and has been approved to increase
weight in cancer and HIV+ patients, while the antagonist SR-141716 A
inhibits the intake of food [64,65,66], being a potential anti-obesity treatment, acting probably in the CB1 receptor in the hypothalamus [67]. They
were already shown to be effective in many medical conditions listed in
Table 3.
4. How cannabinoids are consumed

Table 3
Medical conditions in which cannabinoids were shown to be effective.
Medical condition

Effect

References

Chronic pain in cancer
Post-operative and trauma pain
Chemotherapy induced nausea and
vomiting
Cancer cachexia and HIV disease

Improve pain
Improve pain
Improve symptoms of
nausea and vomiting
Improve appetite and
increasing weight in
Improve symptoms

[231,232]
[233]
[234–239]

Improve symptoms,
pain and increase life
quality

[191,247]

Spasticity, movement disorders and
dystonia
Gastro-intestinal conditions (gastric
ulcers, irritable bowel syndrome,
ulcerative colitis, Crohn's disease,
secretory diarrhea, paralytic ileus and
gastroesophageal reﬂux disease)

[240–243]
[244–246]
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Table 4
How cannabinoids can be consumed: advantages and limitations.
Administration form

Advantages

Limitations

References

Cutaneous absorption by adhesives
impregnated by herbs
Oral absorption

No need to eat or inhale

Takes too long to act.
No clinical applications.
Increased bioavailability by presence of
food in the stomach and gastric acid
partial destruction.
Psychoactive effects due to conversion
of Δ9-THC to 11-hydroxy-THC in the liver
(9–10 times more psychoactive than Δ9-THC)
Needs a vehicle to permits aqueous
administration due to cannabis low
water solubility.
Irregular absorption

[248]

Intravenous administration
(bolus or infusion)
Rectal administration (suppositories)

Inhaling administration—smoking
(cigarettes, pipes)
Inhaling administration—vaporizer
(portable dispositive that boils the
cannabis herbs, creating a vapor that
can be inhale without combustion)

No need to inhale.
Onset of action after 30–60 min.
Peak of action 2–3 h after ingestions

No need to eat or inhale.
Fast absorption (goes directly to the
systemic circulation)
No need to eat or inhale.
Fast absorption (goes directly to the
systemic circulation)
Peak of action in 20–30 min after smoking
High intensity and short duration
of action (2–3 h)
No need for combustion
Peak of action as fast as intravenous injection
(due to its high lipossolubility, it crosses rapidly
the alveolar membrane reaching the
blood through pulmonary capillaries)

both human and mice in vitro studies [95]. This biphasic role of cannabinoids has also been shown on B cells: a study demonstrated increased B
cell proliferation in response to Δ9-THC [96], and, on the other hand, another study showed decreased B cells response to LPS after cannabinoid
treatment [95].
Δ9-THC could suppress immune functions and increase susceptibility to infections in experimental models. The precise mechanism by
which Δ9-THC suppress the immunity is still unclear. The inhibition of
lymphocytes proliferation in those cultures might be induced through
direct effects on immune cells, and not in CB1 and CB2, once it still observed in the presence of CB1 and CB2 antagonists [97]. Δ9-THC can
also decrease proliferation of thymocytes. This effect was shown to
happen by inhibiting the calcium stabilization within the cell [98].
Low doses of anandamide were also able to inhibited proliferation of T
and B lymphocytes after mitogen stimulation [90].
5.3. Cannabinoids inhibit cytokine and chemokine production and
inﬂammatory cell migration

Needs combustion (can lead to lung lesions).
Plasma levels depending on volume
and respiratory rate.
Plasma levels depending on volume
and respiratory rate.

[249,250]

[248,251]

[251]

[252]

[248,253]

Δ9-THC was also shown to have immunosuppressive effects in
Legionella pneumophila (Lp) infected dendritic cells. When the dendritic
cells were pretreated with Δ9-THC, the immunization potential of Lploaded cells in mice was suppressed. Δ9-THC suppressed IL-12p40 production by the dendritic cells and inhibited expression of maturation
markers such as MHCII, CD86, and CD40 [114].
5.4. Cannabinoids induct regulatory T cells
Δ9-THC can increase the number of Foxp3+ Treg cells. In a ConAinduced hepatitis model, Δ9-THC was able to alleviate liver damage, it
was not only by increasing levels of apoptosis in activated T cells, but
also by inducing Treg cells to inhibit the cytokines induced in vivo by
ConA [89]. More studies are still needed, but it suggests that Treg cells,
unlike other T cells, may be resistant to apoptosis induced by Δ9-THC
and may suppress the activation of T cells that eventually escape from
apoptosis [89,115].
5.5. Other cannabinoids immunomodulatory effects

Cannabidiol inhibits IL1, IL12, TNF alfa and interferon-gama (INF-g)
cytokine release by peripheral blood mononuclear cells, and enhances
production of the Th2-associated cytokines, IL-4 and IL-10 [99].
Cannabidiol can also reduce prostaglandin E2 and tissue cyclooxygenase (COX) activity [P61]. Δ9-THC also changes destructive TH1 immunity to protective TH2 immunity, but less effectively than Cannabidiol [70,
100–104].
Cannabinoids can regulate monocyte differentiation to M1 or M2
macrophage phenotypes, as well as their ability to produce cytokines,
chemokines and other immune mediators [105–112].
The responses to cannabinoids in the immune system are different
in people who usually use consume cannabis and in the ones that are
not. Phytocannabinoids can inhibit monocyte migration in individuals
exposed to cannabis more than twice a week (non-naïve), while they
do not affect subjects that never tried or that were not exposed in the
past 3 years (naïve) [113]. In this study, endocannabinoids and synthetic cannabinoids had no effect in both groups. The authors also demonstrated that monocytes isolated from cannabis non-naïve subjects
expressed fourfold higher amounts of CB1 receptor mRNA than cannabis naïve subjects, whereas CB2 receptor mRNA remained unchanged
between the two cohorts. These results show that the sensitivity of
monocytes isolated from non-naïve subjects to phytocannabinoids
correlates with enhanced expression of CB1 receptors.

Cannabis and certain cannabinoid receptor ligands have the ability
to suppress serum immunoglobulin (Ig) levels [69,70,116]. Δ9-THC
reduces B cell numbers while decreases IgG and IgM levels [116]. Although, this effect is controversial: some authors believe that there are
no changes in B cell levels [117].
Cannabinoid receptor ligands can suppress spreading and phagocytosis, cytolysis, cytokine production, and antigen presentation in mouse
peritoneal macrophages [118–124]. They also suppress, in vivo and
in vitro, NK cells and cytotoxic effector functions [125–127].
5.6. Cannabinoids as pro-inﬂammatory molecules?
Despite all these data, some studies suggest that cannabinoids could
also have pro-inﬂammatory effects [128,129]: promoting allergic reactions [130]; releasing inﬂammatory mediators through CB1 receptors
in mast cells [129], and increasing B cell proliferation [95].
The key to understanding the role of cannabinoids in
immunomodulation is to stress that their effects depend on the type
of cannabinoid, on the type of cells that they are acting on and on the
doses administrated. In optimal concentrations, cannabinoids can induce apoptosis in immune cells, alleviating inﬂammatory responses
and protecting the host from acute and chronic inﬂammation. Thus,
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they can be beneﬁcial when an immune suppression is necessary.
Additional research is still needed to validate these studies in humans
through clinical trials.
The effects of the three main cannabinoids that could be beneﬁcial to
autoimmune diseases are summarized in Fig. 4.

6. Effects of cannabinoids in autoimmune disorders
6.1. Cannabinoids in multiple sclerosis (MS)
MS is a chronic neuroinﬂammatory autoimmune demyelinating
disease of the human central nervous system, mediated by T lymphocytes. The inﬂammatory process leads to BBB disruption, causing swelling, activation of macrophages, and further production of cytokines and
“cytotoxic” proteins such as metalloproteinases.
In mice model of MS (Experimental Autoimmune Encephalomyelitis
(EAE)) it has been shown that CB1 receptors play an important role in
the control of neuroinﬂammation. Mice deﬁcient in CB1 tolerate inﬂammatory and exitotoxic insults poorly and develop substantial neurodegeneration following immune attack [131].
THC has been reported to inhibit neurodegeneration in the EAE
model by reducing inﬂammatory cytokines and to reduce the associated
induced elevated level of glutamate in cerebrospinal ﬂuid [132].
Glutamate, the major excitatory neurotransmitter in the cerebral cortex,
has been implicated in neurodegenerative disease when present at high
levels.
Studies in the CB1 knockout mice showed greater susceptibility to
neuroﬁlament damage, caspase 3 activation as well as greater dephosphorylation of a neuroﬁlament H epitope, considered as a marker of
axonal damage during chronic relapsing EAE [133]. Collectively, the
data suggested that signaling through CB1 conferred neuroprotection
during EAE.
Studies have also shown that CB1 receptor activation exhibited
down-regulatory responses in the motor regions of CNS system where
they were expressed and could explain the improvement in motor
symptoms such as spasticity, tremor, and ataxia of mice and human
models treated with CB1 agonists [134]. Rolipram, an inhibitor of type
IV phosphodiesterase that suppresses EAE in different species, has
been found to attenuate clinical decline, reduce motor inhibition, and
normalize CB1 gene expression in the basal ganglia of EAE rats [135].
EAE rats also have been reported to exhibit changes in endocannabinoid
levels presenting decreased levels of anandamide and 2-AG in motor
related regions such as the striatum and midbrain as well as in other
brain regions [135].
CB2-selective agonists such as RWJ400065 have not shown to inhibit
spasticity.
However, CB2-deﬁcient T lymphocytes in the CNS during EAE
exhibit reduced levels of apoptosis, a higher rate of proliferation, and
increased production of inﬂammatory cytokines resulting in severe
clinical disease. In addition, selective glial expression of both, CB1,
CB2, and FAAH has been reported as associated with MS, supporting a
role for the endocannabinoid system in the pathogenesis and/or
evolution of this disease [136].
Endogenous cannabinoid, anandamide plays an important role in
controlling the inﬂammatory process during the course of MS progression. It was demonstrated that treatment with the selective anandamide
uptake inhibitor UCM707 during established disease resulted in a significant improvement in motor function. UCM707 was able to reduce
microglial activation, diminish MHC class II antigen expression,
decrease cellular inﬁltrates in the spinal cord, and decrease the production of the pro-inﬂammatory cytokines TNF-α, IL-1β, and IL-6. The
endocannabinoid system is highly activated during CNS inﬂammation
and anandamide protects neurons from inﬂammatory damage through
a CB1/CB2-mediated rapid induction of microglial mitogen-activated
protein kinase phosphatase-1 (mkp-1) [137].
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Studies in humans are scarce. Recently the results of a clinical trial
have been published where the effect of (9)-tetrahydrocannabinol
was tried in 498 patients with primary or secondary progressive MS,
1-year evidence of disease progression and baseline EDSS 4.0–6.5. No
differences were found in the rate of progression of MS in both groups
although lower than expected progression rates might have affected
the ability to detect clinical change [138].
Nevertheless, there is sufﬁcient data to suggest symptomatic improvement when cannabinoid treatment is used in MS patients. Studies
done in patients with MS with the aim to see the effect of THC on spasticity and pain proved long-term symptomatic improvement of spasticity and relief of pain [139–141].
6.2. Cannabinoids in rheumatoid arthritis
Joint diseases, inﬂammatory and degenerative, all share a pathological feature which is the loss of articular cartilage. In osteoarthritis and
rheumatoid arthritis (RA), there is an increased cartilage breakdown.
It is induced by an increased production of inﬂammatory cytokines,
particularly IL-1 and tumor necrosis factor (TNF) produced by the
articular chondrocytes or cells of the synovium [142]. The overall result
is an increase in metalloproteinases (MMPs) particularly MMP-3 and
MMP-13, which are responsible for cartilage destruction.
Cannabinoids were shown to have anti-inﬂammatory effects and reduce to joint damage in animal models of arthritis [143–145]. According
to in vitro studies, cannabinoids reduce cytokine production by RA
ﬁbroblasts as well as the release of matrix metalloproteinases (MMPs)
from ﬁbroblast-like synovial cells [146–148]. Cannabinoids have also
shown to reduce interleukin 1 (IL-1) induced proteoglycan and collagen
degradation in bovine cartilage, thus reducing cartilage extracellular
matrix (ECM) breakdown [149].
Studies have been performed with synthetic cannabinoid WIN55,212-2 mesylate (WIN-55). It is an agonist of CB1, CB2 receptors
and also has an ability to activate other receptors including peroxisome
proliferator activated receptors alpha and gamma (PPARa and
g) [150–152]. It was proved that WIN-55 can reduce the gene and protein expression of MMP-3 and MMP-13 in the presence of IL-1b, suggesting that cannabinoids may have potential in terms of arthritis
therapy. It also signiﬁcantly reduces the gene expression of TIMP-1
and TIMP-2 tissue inhibitors of matrix metalloproteinases to below
basal levels [153].
Similar results were obtained with a selective CB2R agonist
(HU-308) in vitro. Pre-treatment with HU-308 inhibited IL-1β-induced
proliferation of cultured RA ﬁbroblast-like synoviocytes. The agonist
also decreased the production of proinﬂammatory cytokines (IL-6
speciﬁcally) and of matrix metalloproteinases that are thought to be
involved in cartilage erosion (MMP3 and MMP13). In another study
non-psychoactive cannabinoid ajulemic acid (AJA) reduced MMP-1,
MMP-3 and MMP-9 release from ﬁbroblast like synovial cells stimulated
with IL-1a and TNFa [148]. In vivo, AJA has also been shown to reduce
the severity of adjuvant-induced arthritis [144]. When a novel synthetic
cannabinoid acid, Hebrew University-320 (HU-320) was administered
to a mouse model of arthritis, inhibition of mouse macrophages TNF
production was observed. The authors also noticed reduction of reactive
oxygen intermediates and suppression of the rise in serum TNF level
following endotoxin challenge [153].
All these data suggests that cannabinoids have anti-inﬂammatory
properties and should be considered as a treatment for inﬂammatory
arthritis. There are no studies in humans up to date on the use of cannabinoids reducing inﬂammation in RA and further studies are needed to
prove that.
There are however, studies which have shown that cannabinoids are
efﬁcient in the treatment of pain associated with RA. There is evidence
that endocannabinoid system plays an important role in the peripheral
regulation of nociception [154,155]. CB1R present on nociceptor terminals may mediate the anti-nociceptive and anti-inﬂammatory actions of
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Cannabinoid receptors CB1 and CB2 were found to be overexpressed in scleroderma ﬁbroblasts compared with healthy ﬁbroblasts.
A study was carried out to see the effect of WIN55,212-2, CB1 CB2 agonist on the production of collagen. It was demonstrated that
WIN55,212-2 induced inhibition of type I collagen as well as
procollagen type I PIP supernatant levels, which was also associated
with changes in skin ﬁbrosis [164]. The reduction in type 1 collagen production was accompanied by a decrease in levels of growth factors involved in the ﬁbrotic process, TGF-beta and its downstream mediator
CTGF. There was also an inhibition of ﬁbroblast trans differentiation
and inhibition of the over-expressed IL-6 in scleroderma cultures,
known to be involved in scleroderma pathogenesis [165].
The agonist WIN55,212-2 also signiﬁcantly increased the number of
scleroderma ﬁbroblasts undergoing apoptosis. These observations are
consistent with the anti-proliferative effect of cannabinoids. [166]. No
toxicity of WIN55,212-2 on cell cultures was found. However, the antiﬁbrogenic effect of WIN55,212-2 did not seem to be mediated by the
‘classic’ cannabinoid receptors CB1 and CB2 and it was proposed that
ERK signaling pathways may be involved [167]. Further studies have
shown that additional receptor pathways, including the transient receptor potential vannilloid type-1 (TRPV1), the peroxisome proliferatoractivated receptors (PPARs), G-protein receptor 55 (GPR55) as well as
nicotine, 5-HT3 and adenosine A2A receptors are involved in cannabinoid
signal transduction [168,169]. Oral administration of Ajulemic Acid (AjA),
a non-psychoactive synthetic analogue of tetrahydrocannabinol able to
bind the peroxisome proliferator-activated receptor-γ (PPAR-γ)
prevented the development of skin ﬁbrosis, and reduced skin thickness
nearly to control levels. At the biological level it produced dose dependent reduction of procollagen and 5 TGF-β [170]. According to these
observations, the stimulation of peroxisome proliferator-activated
receptor-γ (PPAR-γ) could have an anti-ﬁbrotic effect and cannabinoids
should be studied as a potential anti ﬁbrotic treatment.

[171,172]. During insulitis, the initial lesion of this disease, leukocytes,
especially lymphocytes, surround and inﬁltrate the islets [173].
Cannabidiol treatment of 6 to 12 week-old non-obese-diabetes
(NOD) mice was shown to signiﬁcantly reduce the incidence of diabetes
(from 86% in non-treated control mice to 30% in mice treated with
cannabidiol). The plasma levels of INF-gama and TNF-alfa were reduced
too, as well as other TH1 cytokines. The production of IL4 and IL10 (TH2
cytokines), on the other hand, was increased. When histological
examination of the pancreatic islets was done, cannabidiol treated
mice revealed signiﬁcantly reduced insulitis. Therefore, cannabinoids
can inhibit or at least delay destructive insulitis and TH1 associated
cytokine in NOD mice [99].
Despite the fact that cannabinoid could prevent diabetes type 1 in
NOD young mice, it was not demonstrated to ameliorate diabetes after
onset or around onset time. Thus, the same authors repeated the experiment with cannabidiol treatment, this time with 11 to 14 week-old
NOD mice. They observed amelioration of diabetes manifestations:
while the untreated and the emulsiﬁer-treated group had 86% and
100%, respectively, of diabetes incidence at the end of the treatment;
the group treated with cannabidiol had only 32%. Histological examination of the pancreas of cannabidiol treated mice revealed more intact
islets than in the controls [174].
It was suggested that cannabidiol could have a role in prevention of
human type 1 diabetes. However, it depends on the mechanism of the
anti-autoimmune properties of this molecule. The main issue is to determine if it is a non-speciﬁc immunosuppressive agent or if it deviates
Th1 to the response. If it is a non-speciﬁc immunosuppression mechanism, it requires lifelong treatment. Log-term therapy causes substantial
potential risks, including possible enhanced susceptibility to opportunistic infection and increased risk of malignancy. Diabetes also has
longstanding consequences, but they can be reduced with intensive insulin therapy aimed at normalizing glucose levels [175], what makes
cannabinoid therapy need to be carefully evaluated before using in
humans. On the other hand, if cannabidiol is causing the deviation
from Th1 to Th2, it could be used to prevent diabetes in early on-set
patients, before complete beta-cells destruction, and maybe in high
risk individuals. Once the autoimmune response is deviated from a
destructive Th1 response to a protective Th2 response, cannabidiol therapy is no longer required, eliminating the concern regarding long-term
safety issues [99].
Cytokines released by macrophages have a critical immunomodulatory role in skewing the immune response to either Th1 or Th2 [176].
Administration of IL-12 to macrophage-depleted NOD mice is known
to initiate the disease [177]. Cannabidiol was shown to signiﬁcantly reduce macrophage IL-12 production [174]. By reducing IL12, it induces
TH2 differentiation and also reduces INF-g production. INF-g, that
potentiates IL12 effects, activates cytotoxic T cells and stimulates macrophages to produce TNF-alfa, IL1 and IL6, besides nitrogen free radicals.
Those molecules are associated with beta cells destruction [178–180].
Therefore, cannabidiol suppression of macrophage IL-12 production
could inhibit Th1-mediated autoimmunity [99].
At onset of diabetes most patients have approximately 10% functional beta cells, evidenced by residual c-peptide secretion. Approximately
50% of patients diagnosed with type 1 diabetes will enter a “honeymoon” remission phase of diabetes and remain insulin independent
within the ﬁrst year of diagnosis [99]. These patients have sufﬁcient residual beta cells to maintain normoglycemia and insulin independence,
so they could be candidates for immunomodulation therapy.
Studies are still needed to prove if a Th1/Th2 shift actually happens
in humans, and if it occurs, it really provides long-term protection
from disease without other interventions.

6.4. Cannabis in type 1 diabetes

6.5. Cannabis and inﬂammatory bowel diseases

In type 1 diabetes mellitus, the insulin-pancreatic b-cells are
destroyed, most probably, mediated by CD4 Th1 and CD8 T lymphocytes

Cannabis has been widely used to cure disturbances and inﬂammation of the bowel. The mechanisms involved are still unclear, but

locally produced N-arachidonoyl ethanolamine through its inhibitory
inﬂuence on the release of excitatory neuropeptides [155].
CB1R and CB2R are also expressed in the dorsal root ganglia, and their
stimulation at this level also decreases nociceptive transmission [156,
157]. At the central level, the endocannabinoid system controls
nociception through CB1R located at spinal and supraspinal levels [158]
Pharmacological studies have suggested a peripheral endocannabinoid
basal activity that modulates nociceptor activity in osteoarthritic joints
[159]. CB1R and CB2R mRNA and protein, were found in synovial biopsies
deriving from total knee arthroplasty of advanced osteoarthritis and
rheumatoid arthritis patients [160]. Both, anandamide (AEA) and
2-arachidonoylglycerol (2-AG) were detected in the synovial ﬂuid of
these patients, but not in healthy volunteers, providing further evidence
for a functional endocannabinoid system in osteoarthritic joints [160]
Spinal cord levels of AEA, 2-AG and their synthesizing enzymes were
also increased in the rat model of osteoarthritis [161]. All these ﬁndings
provide evidence for both peripheral and central adaptive changes
involving the endocannabinoid system during osteoarthritis.
Studies on human models are scarce and contradictory. A recent review article on the effect of cannabinoid nabiximol on chronic pain in
rheumatic diseases shows that there is a low-quality evidence suggesting that cannabinoids may be associated with improvements in pain
and sleep quality in RA. Measures of morning pain at rest, sleep quality
and a global disease activity score showed improvement, but measures
of pain intensity were unchanged [162]. However, Savitex (dronabiol) is
sometimes used to reduce pain in inﬂammatory joint disease [163].
6.3. Cannabinoids in scleroderma
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probably include peripheral actions on CB1 and CB2 and may also
include central actions [181].
Many animal experiments studies of cannabinoids possible therapy
in colitis have been done in the last decade. Most of them showed
reduced inﬂammation with cannabinoid agonists, while cannabinoid
antagonists or cannabinoid receptor knockout increased inﬂammation
[182–189]. Recently, studies with human colitis patients are underway.
Cannabinoid receptors are differentially expressed in human IBD,
indicating a cannabinoid regulatory role in the disease progress [104,
190,192].
Anandamide and its synthesizing enzyme are decreased in ulcerative
colitis (UC), and the expression of CB2 receptors and of enzymes responsible for synthesis and degradation of 2-Arachidonoylglycerol are
increased [193]. It suggests that cannabinoids can ameliorate the IBD.
There are CB1 and CB2 receptors located at the colonic epithelium, so
cannabinoids might enhance epithelial wound closure in the colon
[194]. The activation of CB2 also leads to apoptosis and decreased proliferation of T cells in colitis, and diminishes the recruitment of neutrophils,
T cells and macrophages to the inﬂamed colon [195].
The endocannabinoid system can also control gut motility and secretion, by CB receptors located in the enteric nervous system [192,196].
These CB1 receptors can protect the bowels from the hyper stimulation
that happen during IBD. By this mechanism, THC may improve IBD
symptoms, mainly diarrhea, besides controlling the inﬂammation
[196–198].
The possible central effect would be the reduction in pain sensation
and relief of nausea, induced by stimulation on CB1 present in the
central nervous system. This theory is supported by the fact that one
study with peripherally restricted CB1 and CB2 agonist was too weak
to improve colitis [199].
In a prospective placebo-controlled study with 21 Crohn's disease
patients [200], cannabis induced clinical remission in 50% of patients.
80% of the participants had nonresponse or intolerance to anti-TNFalfa. Although, the improvement was only symptomatic, with no induction of remission comparing to placebo. When patients discontinued the
cannabis therapy, relapses were noticed in 2 weeks. Other cohort study
of patients with IBD using cannabis [201] also reported that the patients
perceive that it improved abdominal pain. Patients with UC, in particular, reported cannabis to improve diarrhea.
In another observational study [202], this time with in 30 patients
with Crohn's disease, medical cannabis was associated with improvement in disease activity and reduction in the use of other medications
was reported.
Usually, 25% to 38% of operated Crohn's disease patients require a
second operation within 5 years [203], but in a retrospective cohort
study [204] only 2 of 15 patients (13%) who had surgery before cannabis
consumption required surgery while consuming cannabis. Studies are
still needed, but this one suggested that the use of cannabis reduces
the need for surgery.
Some patients with UC and CD also use cannabis to enhance appetite
[205]. In a study of 13 patients using cannabis for 3 months, a statistically signiﬁcant increase in the subject's weight was observed [206]. They
also presented improvement in the disease activity index, perception of
general health status, and ability to perform daily activities.
There is evidence that cannabinoid treatment could have beneﬁcial
effects on IBD. However, further research is required before it can be
established which cannabinoid to use, in what dose and in which
administration mode [202].
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treatment for neuropathic pain is a difﬁcult ﬁeld, because in randomized
clinical trials, less than half of patients report clinically meaningful pain
relief from pharmacotherapy, most of them, just partial relief [208].
Because of that, and due to the studied anti-inﬂammatory potential of
cannabis, a lot of studies about cannabinoid therapy to neuropathic
pain have been performed [209].
Chronic pain is associated with the worst quality of life as compared
with other chronic diseases such as chronic heart, lung or kidney
disease, and what's more, is associated with a higher risk of suicide
[210,211]. A systematic review about cannabis in chronic non-cancer
pain, especially in neuropathic pain, [212] selected 18 randomized
control trials demonstrating a modest analgesic effect of cannabinoids
in chronic pain.
A recent qualitative systematic review [213] stated that new safe
and effective agonists at the cannabinoid receptors may dissociate
therapeutic effects from psychotropic effects. For example, 1′,1′
Dimethylheptyl-Δ8-tetrahydrocannabinol-11-oic acid (CT-3) is a synthetic analog of THC-11-oic acid, one of the endogenous transformation
products of THC. It was shown to be a potent anti-inﬂammatory, analgesic and antiallodynic agent with no psychoactive properties in preclinical studies [214].
The exact neurobiological mechanism of action of cannabinoids is
still unclear. Some studies claim that they work by binding to CB1 and
in the intracellular peroxisome proliferator-activated receptor γ
(PPARγ), which is directly associated to anti-inﬂammatory and antitumor effects [213–215]. Other studies suggest that there is an inhibition
of eicosanoid synthesis and down-regulation of COX2 [216].
In order to examine the analgesic efﬁcacy and safety of CT-3 in
chronic neuropathic pain in humans, a randomized placebo-controlled
double-blind crossover trial was preformed [217]. There were 28 patients with examination consistent with chronic neuropathic pain for
at least 6 months with hyperalgesia and allodynia. They analyzed visual
analog scale (VAS) and verbal rating scale scores for pain. It was observed that the VAS values in the CT-3 sequence, measured 3 h after intake of study drug, differed signiﬁcantly from those in the placebo–CT-3
sequence (11.54 [14.16] vs 9.86 [21.43]; P = .02). Although 8 h after

6.6. Cannabis in neuropathic pain
Neuropathic pain is a disease of peripheral or central nervous system. It happens when peripheral nerves, spinal cord, or brain are injured
or the sensory system functions in the wrong way. There are many
causes such as underlying pathological process (e.g., neuropathy) and
catastrophic injury (e.g., stroke or spinal cord injury) [207]. The

Fig. 3. Action of cannabinoids at the presynaptic terminal. Cannabinoid agonists such as
THC, 2-Ag and AEA bind to CB1 receptors, causing change in intracellular Ca2+ and K+
level. This in turn leads to neurotransmitter release inhibition at the presynaptic neuron.
Cannabinoids are destroyed at the postsynaptic neuron by FAAH enzyme and the
metabolites are recycled.
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Fig. 4. Beneﬁcial effects of cannabinoids in autoimmune diseases.

intake of the drug, the pain scale differences between groups were less
marked.
In two different trials, patients with HIV peripheral neuropathy in
cannabinoid therapy showed reduction in the pain (46–52%) compared
to 18–24% in the placebo groups [218,219]. This type of pain is notoriously resistant to other treatments normally used for neuropathic
pain, which emphasize the importance of these study [220].
Another group [221] made a human experimental model of
neuropathic pain using intradermal injection of capsaicin in healthy
volunteers and tested the efﬁcacy of different doses of THC as a therapy.
Low dose cigarettes (2% THC) had no analgesic value, while high dose
(8% THC) cigarettes were associated with reports of an increase in
pain. On the other hand, the medium dose of cannabis cigarettes (4%
THC) produced signiﬁcant analgesia.

A randomized double-blind placebo-controlled trial published in
2014, [207] compared medium dose (3.53% THC) to low dose (1.29%
THC) cannabis, to see if the analgesia was sufﬁcient in the low doses.
The purpose was that if it as effective as the medium dose, it should
be used preferentially, to avoid side effects. Both provided statistically
signiﬁcant 30% reductions in pain intensity when compared to placebo.
In a crossover trial with 23 patients with post-traumatic or postsurgical neuropathic pain [222], it was given 4 different doses of THC
to the patients (0%, 2.5%, 6% and 9.4%) for four 14-days periods. It was
inhaled through a pipe three times a day for the ﬁrst 5 days, followed
by 9 days washout period, in each cycle. The pain intensity was
measured daily by a numeric rating scale. They also analyzed the effects
on mood, sleep and quality of life. The average daily pain measured was
lower on the pre-speciﬁed primary contrast of 9.4% to 0% (5.4 to 6.1
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Table 5
Side effects of cannabinoids in each system.
Effects

Examples:

References

Neuropsychiatric effects

Dysphoric mood alterations like anxiety, panic.
Psychosis
Sedation
Impaired global and prospective memory, verbal immediate and delayed
recall and visual recognition.
Convulsion
Lower IQ (depending on age at onset)
Decrease in gray matter volume in the medial temporal cortex, temporal pole,
parahippocampal gyrus, left insula, and orbitofrontal cortex Increased appetite.
Drug addiction
Increase incidences of common infectious diseases
Increase susceptibility to viral infections such as herpes simplex virus,
Listeria monocytogenes, Staphylococcus albus, Treponema pallidum and Legionella pneumophila
Allergies to cannabis (rare): contact urticaria and rhino conjunctivitis
Syncope
Transient ischemic attack
Stroke
Chronic respiratory irritation
Inﬂammatory changes in respiratory tract
Suppression in responsiveness to infectious disease
Dyspnea
Pneumonia
Pleura effusion
Vomiting
Nausea
Diarrhea
Gastroenteritis
Abdominal pain
constipation
Duodenal ulcer

[230,254–262]

Immune system effects

Vascular system

Respiratory system

Gastrointestinal system

respectively). Individuals who received 9.4% THC demonstrated
improved ability to fall asleep and quality of sleep, when compared to
the 0% THC group. There were no differences in mood or in quality of
life.
All those studies showed that modulating the cannabinoid system
can help patients with neuropathic pain, not only by relieving their
pain, but also by improving their sleeping skills. Further long-term
safety and efﬁcacy are still needed.
6.7. Fibromyalgia
FM is characterized by chronic widespread pain and elevated response to pressure which is perceived as pain. Other symptoms include
tiredness, morning stiffness, sleep and emotional disturbances as well as
cognitive dysfunction [223]. The pathophysiology of the disorder is not
known. Several mechanisms have been proposed including central
sensitization, suppression of descending inhibitory pathways, excessive
activity of glial cells, abnormalities of neurotransmitter release as well
as abnormal response to stress [224]. Currently, the treatment is based
on the relief of symptoms but poor results are achieved. The participation of the endocannabinoid system in multiple physiological functions
such as pain modulation, stress response system, neuroendocrine
regulation and cognitive functions amongst others, is well known
[225]... It was suggested that clinical endocannabinoid deﬁciency may
underlie the hyperalgesic tender muscle points of this condition
and play an important part in etiopathology of myofascial pain
syndrome – ﬁbromyalgia [226,227].
Some studies provide data that cannabinoids can prove to be an
effective treatment of ﬁbromyalgia symptoms. One retrospective
study of ﬁbromyalgia affected patients who were chronic users of cannabis, analyzed the effect of smoked, oral and combined cannabis on
symptoms and the quality of life. A signiﬁcant reduction of pain and
stiffness, enhancement of relaxation, and an increase in somnolence
and feeling of wellbeing were observed in cannabis users. Furthermore,
mental health component summary score was signiﬁcantly higher
(p = 0.05) in cannabis users than in non-users [228].

[230,259,260,263–270]

[259,260]

[230,267]

[230]

Some data suggests the beneﬁcial effect on sleep in ﬁbromyalgia patients. Nabilone had shown to be effective in improving sleep in patients
with FM and was well tolerated. Low-dose nabilone given once daily at
bedtime may be considered as an alternative to amitriptyline treatment.
[229]
7. Adverse effects of cannabis
Due to the extended distribution of its receptors, cannabis are known
to have many side effects. The most important ones are listed in Table 5.
In a systematic study [230], 8371 adverse events related to medical
cannabinoid use were reported, 4779 of which were reported in 23 randomized controlled trials and 3592 in 8 observational studies.
Patients in cannabinoid therapy presented twice the incidence of severe adverse events than control groups. Respiratory (16.5%), gastrointestinal (16.5%) and nervous system disorders (15.2%) were the most
frequently reported categories of serious adverse events among those
assigned to cannabinoids, whereas nervous system disorders (30%)
were the most frequently reported among controls. The events considered severe side effect were: dyspnea, pneumonia, pleural effusion,
lower respiratory tract infection and pulmonary embolism; vomiting,
diarrhea, gastroenteritis, abdominal pain, constipation, duodenal
ulcer; relapse of multiple sclerosis, convulsions.
15 deaths were also reported among cannabinoid users against 3
deaths in the control group, although these results did not prove to be
statistically signiﬁcant [230].
The incidence rate of non-serious adverse events was signiﬁcantly
higher among subjects assigned to cannabinoid therapy than among
controls, dizziness being the most frequent non-serious adverse event
among cannabinoid-exposed participants.
8. Conclusion
Cannabinoids are potent inﬂammatory modulators and in several
animal studies, in vivo and in vitro, they have shown to have an immunosuppressive effect.
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However, human studies are still few.
Models of multiple sclerosis, rheumatoid arthritis, scleroderma and
type 1 diabetes evidenced clinical improvement as well as biochemical
and/or histological anti-inﬂammatory changes. Inﬂammatory bowel
disease, neuropathic pain and ﬁbromyalgia were studied in human
subjects and improvement of pain, positive effect on sleep and better
quality of life were noted. In ulcerative colitis there were less diarrhea
symptoms after cannabinoid administration.
Certain types of cannabinoids, like cannabidiol, have low afﬁnity to
CB1 and CB2. Others, such as certain synthetic cannabinoids, have
higher afﬁnity for CB2 receptor. However, they do produce immunomodulatory effect without being psychoactive. Therefore, they have a
potential in research, as a possible therapy for autoimmune diseases.
Nevertheless, cannabis are known to have many adverse effects,
including memory impairment. THC is related to a decrease in gray
matter volume and lower IQ levels. It can also trigger some psychiatric
disorders. Because of the THC stimulation of dopaminergic pathways
involved in drug addiction, it can lead to dependence and drug abuse.
Further studies are required. How cannabinoids should be
consumed, their optimal doses and which type of cannabinoids would
be more effective, with fewer side effects still remain as questions to
be answered.
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Rheumatoid arthritis (RA) is a painful chronic autoimmune disease affecting the joints. Its first-line therapy, Methotrexate
(MTX), although effective in ameliorating the progress of the disease, induces hepatotoxicity over long-term usage. Thus, seeking
natural compounds with fewer side effects could be an alternative therapeutic approach. This study aimed to investigate the antiinflammatory, antiarthritic, and antioxidative effects of synthetic trans-Δ9-tetrahydrocannabinol (Δ9-THC) dissolved in sesame
oil (Dronabinol) against MTX in adjuvant-induced arthritis (AIA) rat model. Daily oral administration of Δ9-THC/sesame oil,
over a period of 21 days, was well tolerated in arthritic rats with no particular psychoactive side effects. It markedly attenuated the
severity of clinical manifestations, recovered the histopathological changes in tibiotarsal joints, and repressed the splenomegaly in
arthritic rats. Δ9-THC/sesame oil therapy showed similar effects to MTX in neutralizing the inflammatory process of AIA, through
attenuating erythrocyte sedimentation rate (ESR) scores and proinflammatory cytokines, including tumor necrosis factor-alpha
(TNF-𝛼), interleukin 1-beta (IL-1𝛽), and interleukin-6 (IL-6) levels, to normal values. As opposed to MTX, this natural combination
markedly protected the liver of arthritic rats and downregulated the induced oxidative stress by increasing the antioxidant defense
system such as activities of catalase and superoxide dismutase (SOD) and levels of glutathione (GSH). These results suggest
promising effects for the clinical use of Δ9-THC/sesame oil therapy in alleviating arthritic clinical signs as well as arthritis-induced
liver injury.

1. Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease that attacks the synovial lining of diarthrodial
joints and causes formation of pannus tissue. This tissue
is known to expand and invade the cartilage and bone,
eventually damaging them and leading to physical disabilities
such as the loss of articular function [1, 2]. One of the most
important mediators for the pathogenesis of RA are proinflammatory cytokines, specifically tumor necrosis factoralpha (TNF-𝛼), interleukin 1-beta (IL-1𝛽), and interleukin
6 (IL-6) [3, 4]. Besides having local effects on the synovial
microenvironment where they are released, these cytokines
can also reach systemic circulation and mediate inflammatory responses in other organs. Moreover, they stimulate
phagocytic cells to produce reactive oxygen species (ROS),

which mediate tissue injury in RA. Excessive production of
free radicals in arthritic animals and RA patients is associated
with a stimulated prooxidant system and a deficient antioxidative defense system, thus leading to oxidative stress and
lipid peroxidation that damage not only the synovium, but
also other organs such as the liver [5–11].
The therapeutic management of RA involves synthetic
drugs that meet the disease by reducing pain, swelling, and
symptoms and delaying the disease progression. These drugs
include nonsteroidal anti-inflammatory drugs (NSAIDS),
disease modifying antirheumatic drugs (DMARDs), and
corticosteroids [1]. Among DMARDs, Methotrexate (MTX)
is the most common conventional therapeutic agent for
the disease. However, many RA cases were unresponsive
to this drug [12]. Moreover, it is associated with several
side effects, most commonly hepatotoxicity, pancytopenia,
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acute renal failure, pneumonitis, and other complications
[13].
Cannabinoids are gaining much interest as potential
therapeutic agents for many diseases due to their antiinflammatory and anticancer effects. They are classified into
3 classes: phytocannabinoids, synthetic cannabinoids, and
endocannabinoids. Phytocannabinoids constitute the class
of naturally occurring cannabis derived from the plant
Cannabis sativa and including more than 60 compounds [14].
The first discovered and tested cannabinoid was trans-Δ9tetrahydrocannabinol (Δ9-THC). Several other compounds
were isolated such as cannabinol, cannabidiol, and cannabicyclol. Endocannabinoids include endogenous ligands that
were discovered later, such as anandamide, 2-arachidonoyl
glycerol (2-AG), 2-arachidonyl glyceryl ether (2-AGE), and
N-arachidonoyl dopamine (NADA) [15]. These are all derivatives of the parent compound arachidonic acid, which is an
important lipid-signaling molecule and a key component of
the inflammatory pathway [16].
The action of cannabinoids depends on the receptor
they interact with. The first two discovered receptors were
cannabinoid receptors 1 and 2: CB1 and CB2. CB1 receptors
are found throughout the brain, spleen, eye, testis, and uterus.
CB2 receptors are associated with the cells and organs of the
immune system, as well as tumor cells. CB1 binding mediates
the psychoactive properties of the cannabinoids while CB2
mediates their immune-regulatory effects [17, 18]. Preclinical and clinical studies using cannabis-based therapy have
demonstrated anti-inflammatory effects of these compounds.
The dimethylheptyl homologue of the natural C. sativa plant
product THC-11-oic acid, known as ajulemic acid, had a
suppressive effect on joint inflammation in adjuvant-induced
arthritic (AIA) rats with fewer side effects as compared to
common nonsteroidal anti-inflammatory drugs [19]. Moreover, cannabidiol, a nonpsychoactive cannabinoid, showed
potential anti-inflammatory and immunosuppressive effects
on collagen-induced arthritic rats [20–22]. As for Δ9-THC, it
was shown to exhibit analgesic effect in chronic pain patients
and multiple sclerosis (MS) cases [23–25].
On the other hand, sesame oil, derived from the plant
species Sesamum indicum L and rich in sesamol, sesamin,
and other lignans, has proven to possess a potential antioxidative effect [26, 27] and credits in alleviating hepatotoxicity
specifically [28, 29]. Moreover, in an experimentally induced
arthritic rat model, sesame oil was recently shown to exhibit
an antiarthritic effect [27].
Therefore, we aimed in the present study to investigate the
potential therapeutic effects of Dronabinol, a synthetic Δ9THC prepared in sesame oil, against the standard drug MTX,
on a well-known experimental model of RA. We focused here
on assessing the anti-inflammatory, antiarthritic, and antioxidative activities of Dronabinol against adjuvant-induced
arthritis in rats.

2. Materials and Methods
2.1. Animals and Experimental Design. Forty healthy male
Sprague Dawley rats (180-220g) were obtained from the
animal house facility at the Faculty of Science, Beirut Arab
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University, Lebanon. Rats were maintained at a constant
temperature of 22∘ C under a 12-h light/dark cycle and fed
by a standard pellet diet and water ad libitum. Animal
experimentation was approved and performed in accordance
with the guidelines for animal care issued by the institutional
review board (IRB) at Beirut Arab University (Approval
code: 2017A-0030-S-P-0214). Adjuvant arthritis was induced
by subplantar injection into the left hind paw of 0.1 ml
of complete Freund's adjuvant (CFA) consisting of heatkilled Mycobacterium tuberculosis (strain H37Ra) (1mg/ml)
in paraffin oil and mannide monooleate (InvivoGen, USA).
The first immunization was then followed by two booster
intradermal injections of the same dose in the base of the
tail, as previously described [30]. To reduce any discomfort
caused by CFA injection, rats were gently restrained using
a DecapiCone, which allowed for the proper delivery of
CFA. Rats were monitored for the onset of arthritis as
characterized by erythema in the injected paw. Two days
following CFA challenge, rats were randomly assigned into
four AIA groups where each group consisted of eight rats
(n=8): untreated control AIA group; AIA group treated
with MTX (0.75mg/kg/week) for 21 days, intraperitoneally
(Sigma-Aldrich Co, USA) [30]; AIA group treated with
Dronabinol (Δ9-THC/sesame oil, 2.5mg/kg/daily) for 21 days,
by diet (Dronabinol, Watson Laboratories, USA); and AIA
group treated with equivalent volumes of sesame oil for 21
days, by diet. Dose of Δ9-THC was determined according to a
study conducted in collagen-induced arthritis model wherein
several doses of a cannabinoid, cannabidiol, were tested [20].
For AIA groups receiving treatment by diet, the drug was
soaked into crackers before being delivered to rats. A normal
healthy group of eight rats was injected with saline instead
of CFA and followed up in parallel. On day 23, rats were
anesthetized and sacrificed by cervical dislocation. Whole
blood samples were withdrawn from the heart by cardiac
puncture, left hind paws were excised, and autopsy liver
samples were also collected, frozen in liquid nitrogen, and
stored at -80∘ C.
2.2. Assessment of Disease Progression. The body weight of
normal and arthritic rats was monitored every two days
throughout the entire experiment. The severity of arthritis
was assessed on days 2, 8, 16, and 22. It was graded on a scale of
0-4 for the hind paw according to the following criteria: 0: no
signs of erythema and swelling, 1: erythema and mild swelling
confined to the tarsals or ankle joints, 2: erythema and mild
swelling extending from the ankle to the tarsals, 3: erythema
and moderate swelling extending from the ankle to metatarsal
joints, 4: erythema and severe arthritis encompassing the
ankle, foot, and digits [31]. After sacrifice, the spleen was
collected and weighed. The spleen index was measured as the
ratio of spleen net weight over body net weight and expressed
in mg/g [32].
2.3. Histopathological Examination of Tibiotarsal Joint and
Liver. Left hind paws were excised and fixed in 10% neutral
buffered formalin for 48 hours. They were then decalcified
in 10% formic acid and 8% hydrochloric acid for 2 weeks,
embedded in paraffin, and cut into 4 𝜇m thick sections. The
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sections were stained with haematoxylin and eosin (H&E)
staining and examined microscopically. The histological
changes typically occurring in arthritic rats—synovial hyperplasia, cellular infiltration, and pannus formation—were
graded by two independent blind observers [33]. Joint sections were also stained by Masson’s Trichrome staining to
assess the extent of cartilage erosion by scoring the presence
of calcified cartilage [33].
Livers were also excised and processed for H&E staining.
The pathological changes occurring—lobular and portal
inflammatory infiltration, vascular congestion, and multinucleation—were examined by a pathologist blinded to the
treatment. Scoring of lobular and portal inflammation was
done as follows: + minimal; ++ mild changes; +++ moderate
changes, and ++++ severe changes.

buffer (pH 7.8) following the protocol of Beauchamp and
Fridovich [38]. Based on the inhibition of nitroblue tetrazolium (NBT) reduction to a water-soluble formazan dye,
SOD inhibition activity was determined spectrophotometrically at 560 nm and expressed as units per mg of total protein.
The concentration of glutathione GSH was also determined in 10% liver homogenate prepared in 5% metaphosphoric acid and 0.6% sulfosalicylic acid as described by
Rahman and Biswas [39]. GSH content was assayed using
a kinetic assay in which catalytic amounts of GSH cause a
continuous reduction of 5,5-dithiobis-(2-nitrobenzoic) acid
(DTNB) to form a yellow product 5-thio-2-nitrobenzoic acid
(TNB). Absorbance was read at 412 nm, and GSH concentration was calculated from a standard curve and expressed as
𝜇M or nM per mg of protein.

2.4. Hematological and Serological Assays. ESR, as a marker
of inflammation, was determined for all groups on day 23
using modified Westergren method [34]. Levels of IL-6, IL1𝛽, and TNF-𝛼 were measured in rat sera using commercially
available ELISA kits (Research and Development (R&D)
Systems, Minneapolis). Activities of liver enzymes, alanine
transaminase (ALT) and aspartate transaminase (AST), were
measured in the sera of all groups using ALT (Analyticon, Biotechnologies) and AST (Spinreact) kits, respectively.
All assays were performed according to the manufacturer’s
instructions.

2.8. Data Analysis. Two-way analysis of variance (ANOVA)
was used for statistical analysis of mean macroscopic changes
between groups. For all other assays, one-way ANOVA was
used to determine the significance between groups followed
by Tukey-Kramer correction for multiple comparisons. Analysis of data and presentation of graphs were performed using
GraphPad Prism software version 7.00 (San Diego, CA). P
values ≤ 0.05 were considered statistically significant.

2.5. Total Protein Quantification in Liver Samples. Autopsy
liver samples were homogenized (10% w/v liver tissue in
1.15M KCL buffer) using Teflon Potter-Elvehjem homogenizer, and total protein content was determined according to
Bradford's method [35] and was standardized using a BSA
standard curve. Protein concentration in liver homogenates
was expressed in mg/ml and was used to express the results
of the following assays.
2.6. Determination of Lipid Peroxidation Levels in Liver
Homogenates. As a biomarker of oxidative stress, the extent
of lipid peroxidation in liver homogenates was assessed by
measuring the formation of malondialdehyde (MDA) using
the thiobarbituric acid-reactive substances assay (TBARS)
[36]. Briefly, to 500 𝜇l of 10% w/v liver homogenate prepared
in 1.5M KCL buffer, 1 ml of TBA:TCA:HCl reagent (0.38%
thiobarbituric acid, 15% trichloroacetic acid, and 0.25 N
hydrochloric acid, ratio 1:1:1) was added, boiled for 15 min,
and cooled. After centrifugation, absorbance of TBARS was
measured at 532 nm against a blank. The MDA content was
calculated as nmol of TBARS per mg of protein.
2.7. Determination of Antioxidant Defense Biomarkers in Liver
Homogenates. The activity of catalase was determined in 10%
liver homogenates prepared in 0.05M phosphate buffer as
described by Weydert and Cullen [37]. It was estimated by
measuring, spectrophotometrically at 240 nm, the decrease in
hydrogen peroxide (H2 O2 ) concentration over time. Catalase
activity was expressed as mmol per minute per mg of protein.
Activity of superoxide dismutase (SOD) was assessed in
10% liver homogenates prepared in 50 mM sodium phosphate

3. Results
3.1. Δ9-THC/Sesame Oil Ameliorates Disease Severity in
AIA Rat Model. To evaluate the antiarthritic effect of Δ9THC/sesame oil in AIA rats, we first studied its influence
on AIA clinical manifestations by monitoring the arthritic
macroscopic score and body weight once per week and by
examining the spleen index at the end of the experiment.
MTX, being one of the most prevalent DMARDs for RA
treatment, was used as a positive control.
As shown in Figure 1(b), swelling and inflammation in
CFA injected hind paws started to manifest themselves 24
hours after CFA challenge in all AIA groups when compared
to normal healthy group. The severity of arthritis was evaluated by using a macroscopic scoring system ranging from 0
to 4. Untreated AIA control rats showed a gradual increase
in mean macroscopic scores with a peak of score 4 on day 16
after challenge, followed by a decrease to score 2 at the end
of the follow-up (Figure 1(b)). The tibiotarsal joints of these
arthritic rats showed massive swelling and erythema at day 16
when compared to the normal ones (Figure 1(a)). Treatment
with sesame oil alone significantly reduced the paw swelling
and arthritis scores (mean scores 2, day 16) when compared to
untreated AIA group, but this effect was not sustained till the
end of the experiment. In contrast, as compared to AIA group,
Δ9-THC/sesame oil treatment suppressed the paw swelling
induced in AIA rats and significantly diminished the arthritic
scores from day 8 till day 22 (mean scores 1 at day 16 and 22)
in a similar manner to MTX treatment (Figures 1(a) and 1(b)).
On the other hand, the growth of arthritic rats was found
to be impeded as they showed a significant reduction in body
weight throughout the experiment when compared to normal
rats, indicating the severity of arthritis disease. However, all
treatments resulted in a significant increase in body weight
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Figure 1: Eﬀect of treatments on left hind paw, body weight, and spleen index. (a) Macroscopic image of left hind paw at day 16 in following
groups: (A) normal [N], (B) untreated AIA [A], (C) AIA treated with MTX [AM], (D) AIA treated with sesame oil [AS], and (E) AIA treated
with Δ9-THC/sesame oil [AT]. (b) Mean macroscopic scores change, (c) body weight difference, and (d) spleen index among groups. All values
are presented as mean ± SD of 8 rats per group. ∞∞∞∞p<0.0001 for A compared with N. ∗p<0.05, ∗∗p<0.01, ∗∗∗p<0.001, ∗∗∗∗p<0.0001
compared with A. ##p<0.01 and ####p<0.0001 compared with the positive control group AM.

as compared to AIA control group (Figure 1(c)). Interestingly,
Δ9-THC/sesame oil- and sesame oil-treated rats significantly
gained more weight than other groups and their growth was
comparable to normal healthy group.
Furthermore, compared to normal healthy rats, arthritic
rats showed a marked increase in the spleen index, indicating

a splenomegaly. However, arthritic groups treated with MTX,
sesame oil, and Δ9-THC/sesame oil showed an approximately 16, 35, and 46% decrease in spleen index when
compared to AIA untreated group, respectively (Figure 1(d)).
The spleen indices of Δ9-THC/sesame oil-treated group and
sesame oil-treated group were significantly lower than that of
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Figure 2: Light micrographs of tibiotarsal joint sections of rat left hind paws. (a, b, c, d, e) H&E stained micrographs. (a) Normal rat shows
normal appearance of the synovial membrane and cartilage. (b) AIA untreated rat shows severe synovial hyperplasia (∗ ∗ ∗) with cellular
infiltration (###). (c) MTX-treated AIA rat shows moderate synovial hyperplasia (∗∗) and minimal infiltration (#). (d) Sesame oil-treated
AIA rat shows severe synovial hyperplasia (∗ ∗ ∗) with some infiltration (##). (e) Δ9-THC/sesame oil-treated AIA rat shows minimal synovial
hyperplasia (∗) with no infiltration. B: bone, C: cartilage, S: synovium. (f, g, h, i, j) Masson’s Trichrome stained micrographs. (f) Normal rat
shows normal and intact cartilage. (g) AIA untreated rat shows severe cartilage calcification (¤¤¤). (h) MTX-treated AIA rat shows minimal
cartilage calcification (¤). (i) Sesame oil-treated AIA rat shows severe cartilage calcification (¤¤¤). (e) Δ9-THC/sesame oil-treated AIA rat
shows moderate cartilage calcification (¤¤). (Original magnification x40.)

3.2. Δ9-THC/Sesame Oil Ameliorates AIA-Associated Histopathological Changes in Tibiotarsal Joints. To assess whether
Δ9-THC/sesame oil treatment can recover the histopathological changes associated with AIA, H&E and Masson
Trichrome staining of tibiotarsal joint sections were performed at the end of the experiment (day 23). The histological
examination revealed significant differences among the five
groups. The normal group showed normal architecture of
the joint with a preserved synovium, absence of inflammation, absence of pannus tissue, a well-defined joint space
(Figure 2(a)), and presence of intact cartilage (blue staining,
Figure 2(f)). However, untreated AIA group presented severe
synovial hyperplasia and prominent cellular infiltration with
pannus formation (Figure 2(b)). Moreover, arthritic rats
showed an extensive presence of calcified cartilage stained in
red (Figure 2(g)), reflecting the severity of cartilage erosion.
Treatment with Δ9-THC/sesame oil exhibited advantageous
effects on these pathological manifestations. It reduced the
severity of synovial hyperplasia and cellular infiltration to a
minimal grade (Figure 2(e)) and cartilage calcification to a
moderate level (Figure 2(j)) and restored as well a normal
joint space similar to the positive control group (MTXtreated group, Figures 2(c) and 2(h)), whereas treatment with
sesame oil did not ensue any significant improvement in the
joint architecture when compared to untreated AIA group
(Figures 2(d) and 2(i)).

anti-inflammatory effect of Δ9-THC/sesame oil in AIA
model, blood ESR and serum proinflammatory cytokines
levels (TNF-𝛼, IL-1𝛽, and IL-6) were determined at day 23. As
shown in Figure 3(a), mean ESR scores significantly increased
by 93% in untreated AIA group versus normal group,
reflecting the occurrence of systemic inflammatory response
and the production of acute phase proteins in arthritic rats.
Besides, TNF-𝛼, IL-1𝛽, and IL-6, known to be primarily
involved in RA pathogenesis, were found to be significantly
upregulated in untreated AIA group as compared to the
normal group (Figures 3(b), 3(c), and 3(d)).
In contrast, a significant reduction in all inflammatory
markers was observed in all treated AIA groups compared
with the untreated AIA group. Indeed, treatment with MTX,
sesame oil, and Δ9-THC/sesame oil diminished mean ESR
scores by 61%, 60%, and 79% relative to untreated AIA group,
respectively (Figure 3(a)). More importantly, mean ESRs
scores in Δ9-THC/sesame oil-treated group were significantly
lower than MTX-treated group, with no statistical difference
when compared to the normal group.
As for proinflammatory cytokines, mean values of TNF𝛼, IL-1𝛽, and IL-6 were found to be significantly reduced
in MTX-, sesame oil-, and Δ9-THC/sesame oil-treated AIA
groups when compared to the untreated AIA group, with
no statistical difference relative to the normal one (Figures
3(b), 3(c), and 3(d)). Overall, Δ9-THC/sesame oil treatment
exhibited slightly better anti-inflammatory effect than sesame
oil treatment and a comparable effect to the standard MTX
treatment used as a positive control.

3.3. Δ9-THC/Sesame Oil Exhibits a Potent Anti-Inflammatory Effect in AIA Rat Model. To better appraise the

3.4. Δ9-THC/Sesame Oil Attenuates the Systemic Inflammation Induced in Liver of AIA Rats. To further investigate

MTX-treated group (with p<0.0001 and p<0.01, respectively)
and comparable to that of the normal group.
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Figure 3: Eﬀect of treatments on inﬂammatory markers. (a) Blood ESR, serum, (b) TNF-𝛼, (c) IL-1𝛽, and (d) IL-6 among groups. All
values are presented as mean ± SD of 8 rats per group. ∞∞∞∞p<0.0001 for A compared with N. ∗∗p<0.01, ∗ ∗ ∗p<0.001, ∗ ∗ ∗∗p<0.0001
compared with arthritic group A. #p<0.05, ###p<0.001 compared with positive control group AM. ≈≈p<0.01 between AS and AT.

the effect of Δ9-THC/sesame oil on systemic inflammation
induced in AIA rat model, histological examination of liver
sections of all groups was performed at the end of the
follow-up. Untreated AIA group exhibited moderate portal
inflammation and neutrophil infiltration (Figure 4(b)) compared to the normal group that has normal liver architecture
(Figure 4(a)). However, in MTX-treated group, this architecture was distorted with obvious markers for liver damage
including severe portal inflammation, neutrophil infiltration, vascular congestion, and multinucleation (Figures 4(c)
and 4(d)). More importantly, the severity of portal inflammation and neutrophil infiltration decreased remarkably
in sesame oil-treated and Δ9-THC/sesame oil-treated AIA
groups from mild to minimal, respectively, with no evidence

of vascular congestion or multinucleation (Figures 4(e) and
4(f)).
To further investigate the effect of Δ9-THC/sesame oil on
liver inflammation, the activities of liver function enzymes,
ALT and AST, were determined by measuring their levels in
the sera of all rats on day 23. ALT and AST are normally found
in blood at low activity levels. Elevation in serum activity
levels of these enzymes may reflect inflammation or liver
injury. Untreated AIA group exhibited significantly higher
activity levels of ALT and AST as compared to normal group.
Similarly, MTX-treated group showed a significant elevation
in the activity levels of these enzymes when compared to
normal values. However, compared to untreated AIA group,
activities of ALT and AST decreased significantly in AIA
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Figure 4: Eﬀect of treatments on liver histology. Photomicrographs of liver sections stained by H&E. (a) Normal rat showing normal liver
architecture. (b) AIA untreated rat showing moderate portal inflammation (+++) and neutrophil infiltration (black arrow). (c, d) MTXtreated AIA rat shows distortion of liver architecture with severe portal inflammation (++++) and neutrophil infiltration (black arrow),
vascular congestion (aster), and multinucleation (cross). (e) Sesame oil-treated AIA rat shows mild portal inflammation (++) with neutrophil
infiltration (arrow). (f) Δ9-THC/sesame oil-treated AIA rat shows minimal portal inflammation (+) with neutrophil infiltration (arrow) and
normal liver architecture.

groups treated with sesame oil (by 43% and 54%, respectively)
and in Δ9-THC/sesame oil-treated group (by 51% and 64%,
respectively) with no statistical difference relative to normal
group (Figures 5(a) and 5(b)).
3.5. Δ9-THC/Sesame Oil Diminishes the Oxidative Stress and
Upregulates the Antioxidative Defense System in the Liver
of AIA Rats. To examine whether Δ9-THC/sesame oil can
attenuate the oxidative stress known to be involved in the
pathogenesis of arthritis, levels of MDA, a major biomarker
of lipid peroxidation and activities of antioxidant enzymes
such as SOD and catalase as well as concentration of nonenzymatic antioxidant GSH, were determined in liver homogenates.
Untreated AIA group exhibited a significant increase
in mean MDA levels when compared to normal group,
reflecting the occurrence of oxidative stress in arthritic rats.

Weekly treatment of MTX resulted in further increase in
MDA levels in liver homogenates as compared to untreated
AIA group, indicating the presence of hepatotoxicity associated with MTX usage. In contrast, treatment with sesame
oil or Δ9-THC/sesame oil reduced significantly mean MDA
values when compared to untreated AIA group (by 44%
and 53%, respectively) and MTX-treated group (by 66% and
71%, respectively) with no statistical difference relative to the
normal group (Figure 6(a)).
As for the antioxidative defense system, our results
revealed a reduced antioxidative defense system associated
with AIA. Catalase and SOD activities and GSH levels were
found to be reduced in untreated AIA group by 65%, 60%,
and 56%, respectively, when compared to the normal group.
Treatment with MTX did not improve the situation. In
contrast, the antioxidative enzymatic activities of catalase and
SOD and the levels of GSH were markedly suppressed in this

8

Evidence-Based Complementary and Alternative Medicine
Alanine Aminotransferase
50

∞∞∞∞

####

Aspartate Aminotransferase
####

150
∞∞∞

∗∗∗∗
20

AST (IU/L)

ALT (IU/L)

∗∗∗∗

30

####

####

40
∗

100

∗∗∗∗
∗∗∗∗

50

10
0

0
N

A

AM
Groups

AS

N

AS

A

AT

AT

AM
(a)

N

A

AM
Groups

AS

N

AS

A

AT

AT

AM
(b)

Figure 5: Eﬀect of treatments on liver function enzymes. (a) ALT and (b) AST serum activity levels among groups. All values are presented
as mean ± SD of 8 rats per group. ∞∞∞∞p<0.001 for A compared with N. ∗p<0.05, ∗ ∗ ∗∗p<0.0001 compared with arthritic group A.
####p<0.0001 compared with positive control AM.

group (by 45%, 48%, and 84%, respectively) compared to the
normal one.
Treatment with sesame oil or Δ9-THC/sesame oil significantly improved the activities of catalase and SOD and
markedly increased the levels of GSH when compared to
untreated AIA group and MTX-treated group, with no statistical difference relative to the normal group. Moreover, SOD
activity in Δ9-THC/sesame oil-treated group were found to
be significantly higher than those in sesame oil-treated AIA
group, suggesting a better antioxidative activity of Δ9-THC
on liver tissue (Figure 6(c)).

4. Discussion
To our knowledge, this is the first study to present a potential
therapeutic value of Dronabinol (Δ9-THC/sesame oil) on
RA by demonstrating its anti-inflammatory and antiarthritic
effects on AIA rat model and its protective impact on
the oxidative stress produced by the disease itself. Earlier
studies have presented the immune-modulating effect of
endocannabinoids on autoimmune diseases such as RA,
suggesting a potential role for exogenous cannabinoids as
therapeutic agents for this disease [40, 41].
Arthritis was induced by CFA injections in the left hind
paw. CFA-induced arthritis is characterized by the production of a strong and long-lasting inflammatory response at the
site of injection within days after its administration [42]. This
model was successfully manipulated in our study and used
to mimic RA in humans at the level of clinical symptoms,
histological and immunological aspects. The disease symptoms were manifested in the untreated AIA group whose
rats suffered from severe erythema and edema at the site

of CFA injection. Moreover, H&E staining of joint sections
revealed increase in synoviocytes and hyperplasia of the
intimal lining layer, cellular infiltration, pannus formation,
and cartilage erosion in AIA rats. Systemic inflammation
was also reflected in high levels of ESR in addition to
arising values of proinflammatory cytokines (IL-6, IL-1𝛽,
and TNF-𝛼) in AIA rat sera. These cytokines are usually
abundant in RA and act as key mediators of cell migration
and inflammation. Their local effects on the joint include
recruitment of neutrophils and activation of osteoclasts,
chondrocytes, and synoviocytes. Neutrophils contribute to
inflammation and joint destruction by secreting proteolytic
enzymes and reactive oxygen intermediates. Osteoclasts,
chondrocytes, and synoviocytes are involved in cytokinemediated angiogenesis that will eventually lead to pannus
formation and cartilage and bone destruction [3, 43].
Stressing on the significant role of oxidative stress in RA
pathogenesis, our study revealed a deficiency in the antioxidative defense system and an increase in the prooxidant
markers. This was clear in the arthritic rat group that showed
declined levels in the enzymatic antioxidant activities of SOD
and catalase and the nonenzymatic antioxidant levels of GSH,
yet, intensified levels of lipid peroxidation. Our results come
in agreement with other studies that showed the implication
of oxidative stress in RA pathogenesis [44–48].
MTX was used as positive control in our experiment
where it presented similar antiarthritic effects as recorded
by others [49, 50]. Being a folic acid antagonist, MTX
blocks the synthesis of purines and pyrimidines by inhibiting
key enzymes, which eventually attenuates DNA/protein/lipid
methylation and blocks the de novo purine synthesis. It
also evokes adenosine release leading to adenosine-mediated
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immunosuppression. These, in addition to other pharmacological mechanisms of action, are thought to be the underlying causes for the anti-inflammatory effect of MTX and,
thus, for its effectiveness in RA treatment [12]. However, its
association with several side effects, especially hepatotoxicity,
necessitates reconsidering MTX for long-term treatment of
RA [11]. This toxicity was well demonstrated in our study
in MTX-treated AIA rats, and our findings are in line with
previous reports showing damage in the liver tissue following
MTX therapy [13, 51–53]. Thus, seeking natural alternatives,

having less drawbacks, is recommended for RA treatment
especially on the long term, and many natural compounds
have manifested promising results as therapeutic agents in
this field [54].
Several clinical and preclinical studies have demonstrated
that cannabis-derived drugs constitute a potent treatment
modality against inflammatory disorders, such as RA [55–
57]. In fact, cannabinoids were found to exert immunosuppressive functions through inducing apoptosis of immune
cells, downregulating cytokine and chemokine production,

10
and upregulating regulatory T cells [58]. For instance, Δ9THC was shown to inhibit macrophage activity, thus, diminishing the release of proinflammatory cytokines and attenuating inflammation [59, 60]. This can explain the reduced values of these cytokines in Δ9-THC/sesame oil-treated group.
Δ9-THC was also demonstrated to inhibit the transcription of
inducible nitric oxide synthase (iNOS) and nitric oxide (NO)
production in response to LPS. Overproduction of NO is a
key factor in RA pathogenesis [61].
In the context of RA, a significant finding regarding the
endocannabinoid system, specifically CB1 and CB2 receptors,
was found in RA and osteoarthritic patients who had high
expression levels of these receptors in their synovium compared to controls [62]. This adds another hint for the possible
role of this system in RA pathogenesis and for the potential use of synthetic cannabinoids to target RA, especially
that the immune-modulatory effects of these cannabinoids
are mediated through cannabinoid receptors, mainly CB2
[63].
Cannabidiol was tested in vivo and showed prominent
results as anti-inflammatory and antioxidant agent for RA
[64]. However, little, if any, research has been done on Δ9THC in animal models of RA.
Employing antioxidants is an added value in RA treatment. Sesame oil exhibits potential anti-inflammatory and
antioxidative effects [26–29]. Thus, Dronabinol was used as
a treatment, since it is composed of the synthetic Δ9-THC
dissolved in sesame oil.
Our results for Dronabinol are considered the first to
be recorded in RA experimental model. Its effectiveness can
be compared to that of MTX. In Dronabinol-treated AIA
rats, we witnessed, after 21 days of treatment, results that
were in several aspects similar to normal rats; these include
proinflammatory cytokines and ESR levels. As for mean
body weight change during the treatment, the improvement
presented in sesame oil- and Δ9-THC/sesame oil-treated
group might be attributed to the biochemical fatty composition of sesame oil and its contribution to increasing body
weight [65]. Thus, we cannot rely on body weight results to
advocate the alleviating roles of sesame oil or Dronabinol in
RA; instead, we focused on macroscopic mean scores and
inflammatory markers.
Sesame oil diminished the levels of proinflammatory
cytokines. This comes in agreement with a previous study
[27], where minor components of sesame oil had similar
impact on these cytokines. This anti-inflammatory effect was
also demonstrated to be mediated by suppression of iNOS
production and inhibition of neutrophil infiltration [66].
The main advantage of sesame oil and Δ9-THC over
MTX lies in the hepatoprotective effect against the oxidative stress induced by the disease. Histological examination
of liver sections assured the presence of damage due to
MTX treatment as reflected by severe portal and lobular
inflammation, neutrophil infiltration, vascular angiogenesis, and multinucleation. These manifestations were minimal to absent in sesame oil- and Δ9-THC/sesame oiltreated AIA rats, respectively. Indeed, Δ9-THC/sesame oil
treatment resulted in the most pronounced effect. Elevated antioxidative enzyme activity compared with decreased
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lipid peroxidation levels and relatively normal liver histology demonstrated the antioxidative effect of this combination.
Our results are consistent with other studies proving
an antioxidative effect of sesame oil in arthritic rats [26,
27, 29, 67] and of Δ9-THC in some in vitro and in vivo
models [68–70]. Despite the remarkable effects of sesame oil
monotherapy in arthritic rats, Δ9-THC/sesame oil exhibited
slightly better antiarthritic and anti-inflammatory effects.
Indeed, Δ9-THC/sesame oil restored the normal architecture
of the left hind paw in arthritic rats similarly to the control
group and induced a significant increase in SOD levels
compared to sesame oil alone. Moreover, Δ9-THC/sesame oil
therapy was well tolerated in arthritic rats with no particular
psychoactive side effects at the dose used.
Dronabinol (Δ9-THC in sesame oil) is usually used to
treat nausea and vomiting caused by chemotherapy or weight
loss and loss of appetite in AIDS patients, yet, to the best
of our knowledge, this is the first study that proves the
antiarthritic and antioxidative effects of this combination in
an experimental model of RA with a hepatoprotective effect
against arthritis-induced liver injury compared to commonly
used antirheumatic drug (MTX).
Future studies that investigate the precise mechanism of
action of Dronabinol in AIA model and test the possible
analgesic effect this drug are recommended to encompass
wider manifestations of the disease including pain, which is
one of the major sufferings of RA patients that is not targeted
by MTX.
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[53] M. Çetiner, G. Şener, A. Ö. Şehirli et al., “Taurine protects
against methotrexate-induced toxicity and inhibits leukocyte
death,” Toxicology and Applied Pharmacology, vol. 209, no. 1, pp.
39–50, 2005.
[54] S. Dahan, Y. Segal, and Y. Shoenfeld, “Dietary factors in
rheumatic autoimmune diseases: A recipe for therapy?” Nature
Reviews Rheumatology, vol. 13, no. 6, pp. 348–358, 2017.
[55] T. W. Klein, “Cannabinoid-based drugs as anti-inflammatory
therapeutics,” Nature Reviews Immunology, vol. 5, no. 5, pp.
400–411, 2005.
[56] M. Zaka, S. A. Sehgal, S. Shafique, and B. H. Abbasi, “Comparative in silico analyses of Cannabis sativa, Prunella vulgaris
and Withania somnifera compounds elucidating the medicinal
properties against rheumatoid arthritis,” Journal of Molecular
Graphics and Modelling, vol. 74, pp. 296–304, 2017.
[57] D. Katz, I. Katz, B. S. Porat-Katz, and Y. Shoenfeld, “Medical
cannabis: Another piece in the mosaic of autoimmunity?”
Clinical Pharmacology & Therapeutics, vol. 101, no. 2, pp. 230–
238, 2017.
[58] S. A. Rieder, A. Chauhan, U. Singh, M. Nagarkatti, and P.
Nagarkatti, “Cannabinoid-induced apoptosis in immune cells
as a pathway to immunosuppression,” Immunobiology, vol. 215,
no. 8, pp. 598–605, 2010.
[59] J.-L. Tang, G. Lancz, and S. Specter, “Delta-9-tetrahydrocannabinol-(THC)-mediated inhibition of macrophage macromolecular metabolism is antagonized by human serum proteins and
by cell surface proteins,” International Journal of Immunopharmacology, vol. 15, no. 6, pp. 665–672, 1993.
[60] D. Burnette-Curley, F. Marciano-Cabral, K. Fischer-Stenger,
and G. Cabral, “Delta-9-tetrahydrocannabinol inhibits cell
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Abstract
Since the discovery of the cannabinoid receptors and their endogenous ligands, significant advances have been made in studying the
physiological function of the endocannabinoid system. The presence of cannabinoid receptors on cells of the immune system and
anecdotal and historical evidence suggesting that cannabis use has potent immuno-modulatory effects, has led to research directed at
understanding the function and role of these receptors within the context of immunological cellular function. Studies from chronic
cannabis smokers have provided much of the evidence for immunomodulatory effects of cannabis in humans, and animal and in vitro
studies of immune cells such as T cells and macrophages have also provided important evidence. Cannabinoids can modulate both the
function and secretion of cytokines from immune cells. Therefore, cannabinoids may be considered for treatment of inflammatory
disease. This review article will highlight recent research on cannabinoids and how they interact with the immune system and also their
potential use as therapeutic agents for a number of inflammatory disorders.
D 2005 Elsevier B.V. All rights reserved.
Keywords: Cannabinoids; Inflammation; Infection; Treatment
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1. Introduction

2. Function of the endocannabinoid system

Historically, the use of cannabis as a therapeutic agent
dates back thousands of years when it was known to induce
alterations in the mood, cognitive functions, memory, and
perception of the user (Vincent et al., 1983). However, there
was little clear scientific evidence to support cannabinoids as
therapeutic agents until the discovery of the endocannabinoid
system. Amongst the 60 or so different cannabinoids
produced by Cannabis sativa, D9-tetrahydrocannabinol
(THC), first structurally described in 1964, is the major
psychoactive constituent (Gaoni and Mechoulam, 1964).
Since then a number of synthetic cannabinoid analogs have
been shown to induce similar in vivo effects such as
analgesia, anti-emesis, immunosuppression and changes in
psychomotor activity. Cannabinoids mediate their effects
through the G-protein-coupled cannabinoid receptors
(Devane et al., 1988; Munro et al., 1993), which are
negatively coupled to the enzyme adenylyl cyclase. In
addition, CB1 receptors but not CB2 receptors, are coupled
to ion channels and can mediate both positive and negative
effects, thereby inhibiting N and P/Q-type Ca2+ currents and
D-type K+ channels, and activating A-type and inward
rectifying K+ currents (Pertwee, 1997; Howlett and Mukhopadhyay, 2000; Mu et al., 1999). It is thought that
cannabinoids signal through CB1 via a progressive and
transient activation of the mitogen activated protein kinase/
extracellular signal-regulated kinase (MAPK/ERK) pathway
(Valjent et al., 2001).
CB1 receptor expression is localized to a number of
functional structures in the brain which are associated with
important neurological processes. The inhibitory effects of
cannabinoid signaling coupled to the location of CB1
expression within the central nervous system (CNS) provides
a rationale for the use of cannabinoids as therapeutic agents
for a number of neurological disorders. However, the
expression of CB1 in these regions also mediates the sideeffects of cannabis use (reviewed by Croxford, 2003). A
second cannabinoid receptor, CB2, is expressed preferentially in the periphery, particularly in lymphoid organs
(Munro et al., 1993). Currently our understanding of the
role of cannabinoids on the immune system is limited. This
review article will focus on recent studies investigating the
role of cannabinoids in the immune system and also their
potential therapeutic use in a number of inflammatory
disorders.

The endocannabinoid system has a broad spectrum of
influence on both excitatory and inhibitory neuronal circuits,
owing to the wide distribution of CB1 receptor expression in
vital areas of the CNS. The endocannabinoid system is
thought to control the regulation of physiological functions
such as movement, memory and learning, cognition, neuroendocrine secretion, appetite, emesis, regulation of body
temperature, pain and immune system modulation. The
ability of endocannabinoids to regulate synaptic neurotransmission means that it has great potential as a
symptomatic and/or therapeutic agent in diseases where
inappropriate neurotransmission induces disease pathology.
However, the presence of cannabinoid receptors on
immune system cells is less well understood. Although
studies have demonstrated immunosuppressive effects on
immune function following administration of a number of
different cannabinoids the precise function of the endocannabinoid system on immune system development
remains unclear.
2.1. Cannabinoid receptor localization
Although currently there are two known cannabinoid
receptors, CB1 and CB2 there is evidence to suggest others
may exist (reviewed by Croxford, 2003). Both known
receptors are Gi/o-protein coupled and signaling through
these receptors can affect cellular regulation as they have an
inhibitory effect on adenylate cyclase activity and cAMP
accumulation, which can be blocked by pertussis toxin
(Howlett et al., 1986; Pacheco et al., 1993). It is likely that
CB receptors have important roles as CB1 has been
evolutionarily conserved between a number of primitive
species including fish, hydra, mollusk, leech and sea urchin
(Yamaguchi et al., 1996; De Petrocellis et al., 1999; Stefano
et al., 1997; Chang et al., 1993; Bisogno et al., 1997a). A
splice variant of CB1, CB1A also has been identified (Shire
et al., 1995). CB1 has been identified in many tissues both of
the CNS and in the periphery. In the CNS, CB1 is
predominantly found presynaptically, on neurons in areas
of the brain which are consistent with the behavioral and
pharmacological effects seen following cannabinoid usage,
such as loss of short-term memory, dizziness, ataxia and
sedation (reviewed by Croxford, 2003). Although CB1 is
highly expressed throughout the brain it is primarily
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expressed in the cerebellum and hippocampus (Herkenham
et al., 1991; Glass et al., 1997). Peripheral expression of
CB1 has been described in vascular endothelium, small
intestine, peripheral nerve synapses, testis and cells of the
immune system (reviewed by Pertwee, 1997; Croxford,
2003).
CB2, often termed the ‘‘peripheral’’ cannabinoid receptor,
is highly expressed on cells of the immune system and is
found in abundance in the pancreas and tissues of the
lymphoid system including the thymus, tonsils, bone
marrow, spleen (Munro et al., 1993; Galiegue et al., 1995;
Lynn and Herkenham, 1994). In addition, CB2 is also found
in other peripheral structures such as the retina (Lu et al.,
2000) and CB2-like receptors have been described on the
peripheral nerve terminals in mouse vas deferens (Griffin et
al., 1997). Northern analysis, quantitative RT-PCR analysis
and autoradiography could not detect quantifiable CB2 in
the brain and therefore CB2 is thought to not be expressed in
the CNS (Munro et al., 1993; Schatz et al., 1997). However,
recent studies have demonstrated CB2 expression in human
astrocytes by immunohistochemistry and Western blot
analysis (Sheng et al., 2005) although this may be due to
the presence of contaminating microglial cells (Walter and
Stella, 2003). Furthermore, both mRNA and protein coding
for CB2 has been demonstrated in human, mouse and rat
microglial cells (Walter et al., 2003; Franklin and Stella,
2003; Carrier et al., 2004; Klegeris et al., 2003). In addition,
macrophage and microglial CB2 expression levels are
dependent upon the activation state of the cell (Carlisle et
al., 2002). Therefore, it is possible that CB2 expression may
be expressed in the CNS in response to infection or during
periods of stress. To support this, CB2 receptor mRNA
expression has been shown to be upregulated in restricted
areas of the spinal cord following peripheral nerve injury
but not peripheral inflammation (Zhang et al., 2003).
Therefore, the presence of CB2 and other non-CB1
cannabinoid receptors in the CNS is still unclear and
requires further study.
2.2. Cannabinoid agonists
The first endogenous cannabinoid receptor agonist
identified was anandamide (AEA), a derivative of arachidonic acid, and was isolated from porcine brain (Devane et
al., 1992). Both neurons and immune cells secrete AEA,
which can mediate a number of typical cannabis-like effects,
such as nociception, catalepsy and hypoalgesia. AEA is
selective for CB1 compared to CB2 (inhibition constant (Ki)
89 nmol/L and 371 nmol/L, respectively) (Showalter et al.,
1996). Interestingly, areas of high CB1 receptor expression
such as the hippocampus, striatum and cerebellum also
produce the highest levels of AEA (Devane et al., 1992;
Schmid et al., 1995; Sugiura et al., 1996; Felder et al.,
1996). Peripherally, AEA is expressed in structures such as
the spleen, kidney, skin and uterus (Felder et al., 1996; Yang
et al., 1999; Deutsch et al., 1997; Schmid et al., 1997;

5

Giuffrida and Piomelli, 1998). A second identified endocannabinoid ligand, 2-arachidonoylethanolamide (2-AG),
was originally isolated from canine intestinal tissue
(Mechoulam et al., 1995). Compared to AEA, 2-AG is
present in greater quantities in the CNS although it has a
lower affinity for CB1 (Ki = 472 nmol/L) (Mechoulam et al.,
1995; Stella et al., 1997). It has been suggested that 2-AG is
the natural ligand for CB receptors (Sugiura and Waku,
2000). Another potential endocannabinoid is palmitoylethanolamide (PEA) which is produced by neurons and immune
cells (Facci et al., 1995; Calignano et al., 2001). However, it
is thought not to bind to CB1 or CB2 receptors although its
cannabinoid-like effects can be inhibited with CB2 receptor
antagonists (Hanus et al., 2001; Di Marzo et al., 1994).
Recently other ligands such as virodhamine, noladin ether,
N-arachidonoyldopamine (NADA) and docosatetraenylyethanolamide (DEA) have been isolated from the CNS and
have been proposed to be potential endocannabinoid
receptor ligands (Porter et al., 2002; Fezza et al., 2002;
Walker et al., 2002). However, the classification of noladin
ether as an endocannabinoid has been challenged by a recent
study that demonstrated that noladin ether could not be
detected in the brain of a number of different mammalian
species including rat, mouse and pig (Oka et al., 2003).
Further evidence for the presence of a mammalian
endocannabinoid system was provided with the discovery
of endocannabinoid transport/breakdown mechanisms. Following depolarization-induced synthesis and secretion of
endocannabinoids from neurons, it is thought that a
diffusion-facilitated transport mechanism removes AEA
from the extracellular space. However, it has been suggested
that AEA uptake is not mediated by a specific membraneassociated AEA carrier but instead by simple diffusion
(Glaser et al., 2003). AEA is then hydrolyzed to arachidonic
acid and ethanolamine by an enzyme, fatty acid amide
hydrolase (FAAH) (Cravatt et al., 1996; Deutsch et al.,
2001). FAAH is present in neurons, astrocytes and a number
of immune system cells including lymphocytes and macrophages (Beltramo et al., 1997; Egertova et al., 1998;
Maccarrone et al., 2000a; Di Marzo et al., 1999).
Apart from the endocannabinoid ligands a number of
other ligands exist which can bind and signal through the
cannabinoid receptors. The most commonly known of these
is THC, which has a binding affinity for both CB1 and CB2.
Administration of THC to animals induces a number of
behavioral effects such as hypothermia, catalepsy and
hypomobility (Gaoni and Mechoulam, 1971; Howlett et
al., 2002). However, other compounds from the Cannabis
sativa plant including cannabinol (CBN) and cannabidiol
(CBD), the major non-psychoactive compound, which has
very low affinity for cannabinoid receptors, can also
mediate anti-inflammatory effects (Malfait et al., 2000). In
addition to endogenous and naturally-occurring cannabinoids such as THC, synthetic cannabinoids have been
shown to mediate cannabimimetic effects via stereoselective receptor-mediated mechanisms, although these
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compounds differ structurally from the endocannabinoids.
R(+)WIN55,212 is an aminoalkylindole with both CB1 and
CB2 specificity, which induces cannabimimetic effects in
vivo. Other non-CB receptor selective agonists include CP
55,940 and HU-210 which are more potent than THC.
There are rapidly increasing numbers of cannabinoid
ligand analogues with different CB receptor specificities and
binding affinities. Although most ligands induce similar
effects there are subtle differences between those mediated
by the different classes of cannabinoids. As an example,
DNA microarray analysis studies in R(+)WIN55,212 or
THC-treated mice, demonstrated that although many CNS
genes showed similar responses, a significant number of
different genes were affected depending upon which ligand
was used (Parmentier-Batteur et al., 2002).

3. Function of cannabinoids in the immune system
Although immune cells express both CB1 and CB2
receptors, secrete endocannabinoids and have functional
cannabinoid transport and breakdown mechanisms, and are
thought to play a role in immune homeostasis and control,
the specific role of endocannabinoids in the development
and function of the immune system is still unclear
(Pestonjamasp and Burstein, 1998; Bisogno et al., 1997b).
However, a number of studies have demonstrated potent
effects upon cytokine production in immune cells (Table 1).
Although the majority of studies show that administration of
cannabinoids have inhibitory effects on immune cells, a
number of recent studies have demonstrated that the
endocannabinoids may have some stimulatory impact on
the immune system and may actually be important in
homeostasis or control of immune reactions. This apparent
contradiction may be due in part to a biphasic response
relative to the cannabinoid ligand concentration. In addition,
plant-derived cannabinoids such as THC, may act as partial
agonists at the receptor level, and therefore antagonize the
effects of 2-AG, which acts as a full agonist. Many of the
inhibitory effects of cannabinoids in vitro are in the
micromolar concentration range, whereas stimulatory concentrations are in the nanomolar range. Furthermore,
concentrations in the micromolar range have been estimated
to be at least 10 fold higher than observed in the blood of
marijuana smokers. The use of different types and doses of
cannabinoid ligands, experimental protocols and stimulatory
conditions have made comparisons between studies difficult. The next part of this review will discuss the
immunological effects of cannabinoids on different immune
system cell types (Fig. 1).
3.1. Differential expression of cannabinoid receptors on
immune system cells
CB1 and CB2 mRNA expression is present in human and
mouse immune cells in the order B cells > natural killer (NK)

Table 1
Effects of cannabinoids on cytokine production
Cytokine System
Increases in cytokine production
IL-1
In vitro mouse macrophages
In vivo mouse serum
In vitro mouse macrophages
TNF
In vitro human monocytes
In vivo mouse serum
In vitro mouse macrophages
IL-4
In vitro human T cell
dendritic cell co-culture
IL-6
In vivo mouse serum
IL-12
In vitro/ex vivo mouse
macrophages
Decreases in cytokine production
IFN-g
Ex vivo mouse spleen
In vitro human NK cells
In vitro mouse splenocytes
In vitro human PBMC
In vitro human T cell
dendritic cell co-culture
In vitro mouse splenocytes
TNF
Macrophage cell lines
In vitro human NK cells
In vitro human PBMC
In vitro human NK cells
IL-1
In vitro human PBMC
IL-2
In vitro mouse spleen
IL-10
In vitro human T cells
In vitro/ex vivo mouse
macrophages
IL-12
In vitro mouse
splenocytes/macrophages

Drug

Reference

THC
THC
THC
THC
THC
THC
THC

Zhu et al., 1994
Klein et al., 1993
Newton et al., 1998
Shivers et al., 1994
Klein et al., 1993
Newton et al., 1998
Yuan et al., 2002

THC
CBD

Klein et al., 1993
Sacerdote et al., 2005

THC
THC
THC
THC/CBD
THC

Blanchard et al., 1986
Srivastava et al., 1998
Blanchard et al., 1986
Watzl et al., 1991
Yuan et al., 2002

THC
THC
THC
CBD
THC
CBD
THC
THC/CBD
CBD

Newton et al., 1998
Zheng et al., 1992
Kusher et al., 1994
Watzl et al., 1991
Srivastava et al., 1998
Watzl et al., 1991
Nakano et al., 1992
Srivastava et al., 1998
Sacerdote et al., 2005

THC

Newton et al., 1998

THC—D9-tetrahydrocannabinol; CBD—cannabidiol; PBMC—peripheral
blood monocytes.

cells > monocytes > neutrophils > CD8 leukocytes > CD4 leukocytes (Galiegue et al., 1995; Klein et al., 1995; Lee et al.,
2001). However, both human and mouse immune cells
express CB2 at higher levels than CB1 (Schatz et al.,
1997; Galiegue et al., 1995). The level of CB receptor
expression appears to be dependent upon the activation
state of the cell and the type of activating stimuli.
Following lipopolysaccharide (LPS) stimulation of splenocytes, CB2 mRNA expression is downregulated,
whereas in contrast anti-CD40 co-stimulation upregulates
CB2 expression (Lee et al., 2001). CB1 expression is also
upregulated on activated mouse macrophages (Klein et al.,
1995) and the human Jurkat T-cell line (Daaka et al.,
1996). There are also differences between cell types as to
how stimuli affect CB receptor expression. T cell mitogen
signaling decreases CB1 expression whereas B cell
mitogen signaling increases CB1 expression (Noe et al.,
2000). Furthermore, administration of THC was unable to
inhibit the activation of T helper cells from CB2-deficient
mice, suggesting a role for the CB 2 receptor in
immunomodulation (Buckley et al., 2000). In addition,
THC may affect T helper cells via their inhibitory effects
on antigen presenting cells.
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Fig. 1. Schematic diagram to represent the effects of cannabinoids on different functions of cells of the immune system. Abbreviations: NK — natural killer
cell; Mf—macrophage; Ma—mast cell; T—T lymphocyte; B—B lymphocyte.

3.2. T-lymphocytes
Early studies demonstrated the in vitro effects of
cannabinoids on individual immune cell types and their
ability to function following inflammatory stimuli. A variety
of cannabinoids including AEA, THC, R(+)WIN55,212,
CBD, 2-AG and CP55,940 (which binds CB1 and CB2) have
all been shown to affect various immune cell type
functions (Fig. 1) from both human and animal subjects
(reviewed by Klein et al., 1998, 2000a). Initial experiments
to determine the effects of smoked cannabis on human
immunity were undertaken by measuring both the number
and function of immune cells isolated from subjects who
smoked marijuana regularly. Peripheral blood T lymphocytes, which are important in cell-mediated immunity, were
isolated from marijuana smokers and studied to determine
whether smoking had affected their ability to proliferate. In
some subjects T cell proliferation was not affected (Lau et
al., 1976; White et al., 1975), whereas others demonstrated
a marked decreased in sensitivity (Nahas et al., 1974). A
more recent study demonstrated that ingestion of cannabinoids in the form of ‘‘bhang’’ over a period of 6 to 36
months, resulted in a decreased number of T lymphocytes
(El-Gohary and Eid, 2004). One major problem in these
types of studies is the variability between human subjects
such as type and quantity of marijuana used, route of
administration, concentration of THC in these preparations, frequency of smoking and duration of inhalation,
which makes it difficult to compare results between
individuals.

The in vitro effects of cannabinoids on human and mouse
T cells was also studied and demonstrated decreased
responses to LPS, T cell mitogens and anti-CD3 antibody
induced activation (reviewed by Klein et al., 1995, 1998,
2000a). However, in some cases these effects were biphasic.
Low doses of THC appeared to stimulate T cells whereas
higher doses appeared to inhibit these responses (Klein et
al., 1985; Pross et al., 1992; Luo et al., 1992).
Th1 type cytokines interferon (IFN)-g, and tumor
necrosis factor (TNF)-a regulate cell-mediated immune
reactions whereas Th2 type cytokines interleukin (IL)-4
and IL-5 mediate humoral immunity. Th1 cytokines have
been implicated in the pathogenesis of a number of
autoimmune diseases, such as Multiple Sclerosis (MS)
(Panitch et al., 1987) and its animal model experimental
autoimmune encephalomyelitis (EAE), and inhibition of
Th1 cytokines or a shift to a Th2 type response is thought to
provide therapeutic benefit (Croxford et al., 1998, 2000,
2001). The effects of cannabinoids on T cell cytokine
production are contradictory and a number of studies have
demonstrated that both Th1- and Th2-type cytokines can be
either inhibited or induced (Table 1) (reviewed by Klein et
al., 1995, 1998, 2000a). IFN-g is an important anti-viral
agent, and is vital in delayed-type hypersensitivity reactions.
A recent study demonstrated that the addition of THC to a
co-culture system containing human T cells and dendritic
cells could significantly inhibit T cell proliferation and IFNg secretion in a CB2-dependent way (Yuan et al., 2002).
Cannabinoids have also been shown to inhibit a number of
other pro-inflammatory cytokines, IL-1, IL-2, IL-6, IL-12
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and TNF-a (Table 1). However, in contrast, other studies
have demonstrated the stimulatory properties of cannabinoids which can induce Th1-type cytokines (Table 1).
In addition to inhibiting Th1-type cytokines, cannabinoid
administration has been reported to increase the expression
of Th2 cytokines such as IL-4 and IL-10, which are
important for humoral immunity (Table 1) (Smith et al.,
2000; Newton et al., 1994; Klein et al., 2000b) and
transforming growth factor (TGF)-h which has immunosuppressive properties (Gardner et al., 2002). However, in
contrast CBD or THC could inhibit IL-10 production from
human T cells (Srivastava et al., 1998). Blockade of Th1
cytokines and the administration of Th2 cytokines and TGFh have been shown to be effective in inhibiting inflammatory diseases in a number of animal models including EAE
(Croxford et al., 1998, 2000, 2001; Racke et al., 1991) and
rheumatoid arthritis (Mageed et al., 1998; Triantaphyllopoulos et al., 1999) suggesting that cannabinoids could be
useful therapeutic agents for inflammatory disease. As Th1
and Th2 cytokines are inhibitory towards each other
cannabinoids may potentially inhibit Th1 type responses
either directly or indirectly through the induction of Th2
type cytokines.
3.3. B-lymphocytes
B cells express high levels of CB2 therefore a number of
studies have investigated the potential for the immunomodulation of B cells, the immunoglobulin producing cells of
the immune system, by cannabinoids (Fig. 1). A number of
studies have demonstrated a reduction in antibody production and B cell proliferation (reviewed by Klein et al., 1995,
1998). In human subjects’, oral ingestion of ‘‘bhang’’
decreased the number of B lymphocytes and serum levels
of immunoglobulins, IgG and IgM, and C3 and C4
complement proteins (El-Gohary and Eid, 2004). Serum
analysis from chronic marijuana smokers demonstrated that
numbers of T and B lymphocytes and serum IgG and IgM
levels were within the normal range although IgE levels
were increased (Rachelefsky et al., 1976). In another study,
serum levels of IgG were decreased, IgD was increased and
IgA and IgM were unaffected in serum from marijuana
smokers (Nahas and Osserman, 1991). It has been demonstrated that cytokines can modulate serum immunoglobulin
levels and therefore this particular effect may be mediated
by the effect of cannabinoids on Th cell cytokine secretion/
polarization rather than directly on B cells themselves.
Studies have also identified other effects of cannabinoids
on B cells. Similar to the biphasic response to cannabinoids
in T cell studies, low dose treatment of B cells with
CP55,940, R(+)WIN55,212 or THC caused a dose-dependent increase in B cell proliferation (Derocq et al., 1995),
whereas in other studies B cell proliferation in response to
LPS could be effectively inhibited by cannabinoids (Klein et
al., 1985). Interestingly, whereas many studies have
demonstrated inhibitory effects upon B cells using synthetic

ligands, endocannabinoids may induce positive effects. The
endocannabinoid 2-AG, but not synthetic cannabinoids,
R(+)WIN55,212, or plant-derived cannabinoids, THC,
could stimulate the migration of splenocytes in a CB2dependent manner (Jorda et al., 2002). In addition, CB2
stimulation may be associated with B cell differentiation
(Carayon et al., 1998) and may suggest a positive role for
endocannabinoids in mobilizing B cells during immune
responses. Currently, it is not clear whether cannabinoids
solely have a direct effect upon the B cells themselves or
indirectly through T cells and macrophages which are
required for B cell activation.
3.4. Macrophages
Macrophages are important mediators in innate and
adaptive immunity. They mediate their effects through
phagocytosis of infectious agents, presentation of antigenic
peptide fragments to T cells and the secretion of acute phase
proteins such as nitric oxide (NO), TNF-a, IL-1 and IL-6.
The LPS-induced expression of pro-inflammatory mediators
can be inhibited by cannabinoid ligands in murine
RAW264.7 macrophages and microglia (Puffenbarger et
al., 2000; Fischer-Stenger et al., 1993; Jeon et al., 1996).
TNF-a, is an important mediator of inflammation and has
been implicated in the pathology of many inflammatory
disorders such as MS (Maimone et al., 1991; Selmaj et al.,
1991) and rheumatoid arthritis (Tracey and Cerami, 1994).
Anti-TNF therapies have been exploited in animal models
for MS (Croxford et al., 1998, 2000), and rheumatoid
arthritis (Mageed et al., 1998; Triantaphyllopoulos et al.,
1999), therefore the anti-TNF properties of cannabinoids
provides a rationale for their use as anti-inflammatory agents.
Alveolar macrophages line the epithelial surface of the
lung and provide first-line defense against bacterial pathogens. Bacterial infection induces phagocytosis and the
production of NO from macrophages to kill bacteria.
Although early studies demonstrated no effect of chronic
marijuana smoking on alveolar macrophage phagocytosis
function in human and rat subjects (Mann et al., 1971; Drath
et al., 1979) there appears to be some inhibitory effect on
NO production (Roth et al., 2004) and anti-microbial
activity (Shay et al., 2003). In vitro studies (Fig. 1)
demonstrated that cannabinoid ligands could suppress
phagocytosis, cell spreading, and antigen presentation
(Lopez-Cepero et al., 1986; Cabral and Mishkin, 1989;
Burnette-Curley et al., 1993; McCoy et al., 1995). More
recently, a comparison of cannabinoid ligands demonstrated
that THC and AEA could inhibit LPS-induced NO and IL-6
from J774 macrophages whereas 2-AG inhibited IL-6
secretion but slightly increased inducible nitric oxide
synthase (iNOS)-dependent NO production (Chang et al.,
2001). LPS-induced NO production was also shown to be
inhibited by R(+)WIN55,212 treatment in vitro (Ross et al.,
2000). In contrast, another study showed that 2-AG could
inhibit the in vitro production of TNF-a but not NO (Gallily
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et al., 2000). Administration of CBD either in vitro to
murine peritoneal macrophages or in vivo to mice was
shown to increase IL-12 and decrease IL-10 production
(Sacerdote et al., 2005). In addition, CBD decreased the
response of macrophages to chemotactic stimuli (Sacerdote
et al., 2005). The same group also demonstrated that
migration of rat macrophages both in vitro and in vivo
could be significantly inhibited by the administration of
CP55,940 (Sacerdote et al., 2000) whereas macrophage
proteolytic and lysosome processing can be inhibited by
THC (Matveyeva et al., 2000). These studies demonstrate
that macrophages are highly susceptible to the effects of
cannabinoids including migration, phagocytosis of foreign
particles to the process and presentation of peptide antigens
to cytokine secretion.
3.5. Natural killer cells
Natural killer (NK) cells are involved in host defense
against infectious pathogens and limit the spread of
infection by killing infected target cells. Very few studies
in human subjects have addressed the effects of cannabinoids on NK cell function (Fig. 1). In the study mentioned
previously where ingestion of ‘‘bhang’’ reduced numbers of
T and B cells, NK cell numbers were also reduced (ElGohary and Eid, 2004). In another study THC had little
effect upon NK cell function in human subjects (Dax et al.,
1989). In vitro studies of human NK cells demonstrated that
THC could inhibit the constitutive expression of chemokines, IL-8, MIP-1a, MIP-1h, and RANTES and also
phorbol ester stimulated TNF-a, GM-CSF and IFN-g
(Srivastava et al., 1998).
In contrast, in vitro studies have demonstrated that THC
can suppress NK cell function such as cytolytic activity, in
rats, mice and humans (Patel et al., 1985; Klein et al., 1987;
Specter et al., 1986). A recent study demonstrated that subcuteaneous administration of THC could inhibit the in vivo
cytolytic activity of NK cells in mice which could be
reversed by both CB receptor antagonists although the CB1
receptor seemed to impart the greater inhibitory effect
(Massi et al., 2000).
3.6. Neutrophils
Neutrophils play an important role in early anti-microbial
responses. Initial studies demonstrated that various cannabinoid ligands could induce a dose-dependent and noncytotoxic release of lysosomal enzymes from neutrophils. In
addition, cannabinoids also modulated responses to chemotactic peptides (Naccache et al., 1982). Although the
presence of cannabinoid receptors on neutrophils was first
described in 1993 there have been very few studies since on
the effects of cannabinoids on these cells. A recent study
demonstrated that low dose THC treatment of human
polymorphonuclear leukocytes from healthy individuals,
failed to inhibit migration of phagocytosis, and was

9

associated with the failure to find CB2 expression on
neutrophils by Western analysis (Deusch et al., 2003) in
contrast to CB2 mRNA expression previously demonstrated
in neutrophils (Galiegue et al., 1995). The most recent study
has shown that superoxide production could be inhibited in
neutrophils by CP55,940 treatment but not AEA. It was
suggested that this effect was not CB mediated (Kraft et al.,
2004).
3.7. Mast cells
Mast cells are bone-marrow-derived cells, which populate connective and mucosal tissue as well as the nervous
system, and are involved in inflammatory reactions.
Activation of mast cells results in the secretion of a variety
of pro-inflammatory mediators including cytokines, chemokines, histamine and proteases. Mast cells also express highaffinity IgE receptors and are involved during allergy
reactions. At present there is some controversy as to
whether mast cells express cannabinoid receptors or not
and whether they mediate the actions of cannabinoid
ligands. Some of the known effects of cannabinoids on
mast cells are shown in Fig. 1. Although one study has
reported that human mast cells do not express cannabinoid
receptors, they have been shown to transport and hydrolyze
AEA by the action of FAAH (Maccarrone et al., 2000b).
Recently however, a study demonstrated both mRNA and
protein expression of CB1 and CB2 receptors in two mast
cell lines (Samson et al., 2003). In this study the application
of both CB2-selective and non-selective CB1/CB2 agonists
could induce the activation of extracellular signal-regulated
kinase (Samson et al., 2003). In support of this, another
study demonstrated that rat peritoneal mast cells expressed
CB2 mRNA (Facci et al., 1995) although THC administration induced a non-lytic, energy- and concentrationdependent histamine release, which occurred irrespective
of the presence of CB receptors (Bueb et al., 2001). Similar
to THC treatment, the endogenous ligand AEA induced a
significant level of histamine secretion in rat mast cells (Lau
and Chow, 2003). In addition, the synthetic ligands
R(+)WIN55,212 and HU-210, enhanced anti-IgE mediated
histamine release whereas AEA, PEA and CP 55,940
treatment had no effect (Lau and Chow, 2003). In this
study the effects of cannabinoids were mediated independently of cannabinoid receptors. In contrast, it has been
demonstrated that 2-AG and CP 55,940 mediated suppression of histamine release from guinea pig mast cells could
be reversed by an unselective nitric-oxide synthase inhibitor
or a CB2 receptor antagonist (Vannacci et al., 2004). Clearly
there is much work to be done to understand more clearly
the role of cannabinoids in mast cell immunology.
3.8. Dendritic cells
Dendritic cells play a key role in both the initiation of
immune responses and the development of T cell responses.
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Recent studies have observed the expression of both CB1
and CB2 receptors present on human dendritic cells, by
Western blotting and RT-PCR (Matias et al., 2002). In
addition, AEA, 2-AG and PEA were observed in lipid
extracts from immature dendritic cells (Matias et al., 2002).
The dendritic cells also expressed FAAH suggesting they
have a fully functioning endocannabinoid system present
(Matias et al., 2002). Upon LPS activation, the quantity of
2-AG but not AEA or PEA was increased in dendritic cells
(Matias et al., 2002). However, cell activation did not
increase the expression of either CB1, CB2 receptor or
FAAH (Matias et al., 2002). This study suggests that
dendritic cells may be important peripheral targets for the
therapeutic use of cannabinoids in a number of inflammatory conditions.
3.9. Cannabinoids and immune responses to infection
One particular concern in the use of cannabinoids as
therapeutic agents is the possibility of increased infectious
susceptibility due to their immuno-modulatory potential.
Herpes simplex virus (HSV) is a double stranded DNA
enveloped virus of the Herpesviridae family, which is
contracted through direct skin contact, and infects skin or
mucous membranes causing lesions anywhere on the body,
but especially near the mouth or genital areas. Legionella
pneumophilia is a gram-negative bacterium bacillus of the
genus Legionella and the causative agent of Legionnaires’
disease, which usually presents as pneumonia, with a 25%
fatality rate. Outbreaks of Legionella pneumophilia usually
occur around areas of contaminated water. In animal
models of HSV and Legionella pneumophilia infection,
enhanced progression of infection was observed following
THC administration (Klein et al., 1994; Newton et al.,
1994; Morahan et al., 1979; Cabral et al., 1986; Specter et
al., 1991). The increased susceptibility to infectious agents
may be due in part to the effect of cannabinoids on
interferons. These cytokines are important inflammatory
mediators produced by numerous cell types including T
cells, NK cells and fibroblasts, in response to pathogenic
stimuli and mediate anti-viral responses. THC or
R(+)WIN55,212 administration can inhibit both IFN-a,
IFN-h and IFN-g (Croxford and Miller, 2003; Newton et
al., 1994; Klein et al., 2000; Cabral et al., 1986).
Administration of either R(+)WIN55,212 or HU-210 prior
to LPS injection in mice, reduced serum TNF-a and IL-12
levels and increased IL-10 levels (Smith et al., 2000). In
addition, Cornebacterium parvum infected mice treated
with R(+)WIN55,212 or HU-210 were protected from the
lethal effects of LPS which could be reversed with the CB1
antagonist, SR141716A (Smith et al., 2000). In a viral
study, administration of R(+)WIN55,212 significantly
reduced IFNa, h and g, following CNS infection of mice
with Theiler’s murine encephalomyelitis virus (TMEV)
and viral titers were significantly higher in the cannabinoid
treated groups (Croxford and Miller, 2003). Furthermore,

other pro-inflammatory cytokine responses, IL-1h and
IL-6, were also diminished. In studies investigating the
use of cannabinoids to treat Chagas’ heart disease,
R(+)WIN55,212 was found to inhibit the invasion of
cardiac myoblasts by the parasite Trypanosoma cruzi
(Croxford et al., in press). However, although cardiac
inflammation was significantly reduced in vivo, this
protective effect was found to be counterbalanced by the
inhibitory effect of R(+)WIN55,212 on anti-parasite
immune response, including delayed-type hypersensitivity
and reduced serum anti-parasite immunoglobulin levels,
which led to an increased parasitaemia (Croxford et al., in
press). Therefore increased susceptibility to infection may
be due to a decrease in direct inhibition of infectious agent
by interferons, reduction of innate immune responses by
macrophages and NK cells and/or anti-microbial cell
mediated immunity by T and B leukocytes. This may have
implications for the use of cannabinoids as therapeutic
agents.
However, many immunomodulatory studies use high
doses of cannabinoids, which may be many times higher
than serum cannabinoid levels following oral ingestion
(as used in most clinical trials of cannabinoids) or
inhalation.

4. Potential therapeutic anti-inflammatory uses of
cannabinoids
Recent studies have demonstrated the great potential for
the use of cannabinoids for neurological disorders such as
spasticity and tremor in MS (Baker et al., 2000), cerebral
trauma (Panikashvili et al., 2001) and other neurological
disorders due to the widespread expression of CB1 receptors
in disease-relevant regions of the brain, as reviewed recently
(Croxford, 2003). However, it has long been suggested,
from anecdotal evidence and more recently from animal
studies, that cannabinoids may also have a potent effect
upon the immune system. Therefore, we will review recent
studies, which have focused on the use of cannabinoids for
the treatment of immune-mediated diseases (Table 2),
mostly in experimental models of disease, but where
applicable we have added information on human clinical
trials.
4.1. Multiple sclerosis
Multiple Sclerosis (MS) is an autoimmune inflammatory
disease of the CNS, which affects roughly 1 in 1000 people.
Symptoms of MS usually include muscle stiffness and
spasticity, tremor, fatigue, pain, incontinence and sexual
dysfunction, which can lead to increased anxiety and
depression. Control of these MS-associated symptoms can
be difficult and current drug therapies for MS-associated
spasticity including oral or intrathecal baclofen infusion,
dantrolene, diazepam, tizanidine (Noth, 1991) and gaba-
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Table 2
The effects of cannabinoids in inflammatory disease
Disease

Drug

Route

Effects

Reference

Multiple Sclerosis
EAE

THC
THC
D8-THC
HU-211
R(+)WIN55,212
R(+)WIN55,212
ACEA JWH-015
CBD
HU-320
THC
CBN, THC

Oral
Oral, i.p.
Oral
i.v.
i.p.
i.p.

jserum TNF-a, IL-12p40
,disease and CNS inflammation
,disease,jserum corticosterone
,disease and CNS inflammation
,disease,,Th1 cytokines and T cell proliferation
,disease,,microglial activation and MHC expression

Killestein et al., 2003
Lyman et al., 1989
Wirguin et al., 1994
Achiron et al., 2000
Croxford and Miller, 2003
Arevalo-Martin et al., 2003

Oral, i.p.
i.p.
Oral
i.p.

,disease,,IFN-g, TNF-a and T cell proliferation
,disease,,TNF-a in vitro
,insulitis, IFN-g, TNF-a, IL-12 mRNA
,IL-2, IL-4, IL-5 and IL-13 mRNA in
lungs,,serum IgE,,mucus in lungs

Malfait et al., 2000
Sumariwalla et al., 2004
Li et al., 2001
Jan et al., 2003

TMEV-IDD

Collagen Induced Arthritis
MLDST-induced diabetes
OVA-induced asthma

THC—D9-tetrahydrocannabinol; CNS—central nervous system; EAE—experimental autoimmune encephalomyelitis; TMEV-IDD—Theilers murine
encephalomyelitis virus induced demyelinating disease; CBD—cannabidiol; CBN—cannabinol; MLDSTZ—multiple low dose streptozotocin; i.p.—intraperitoneal.

pentin (Cutter et al., 2000) can have considerable sideeffects including hallucinations, hypotension, seizures,
anxiety, weakness, nausea and flu-like symptoms (reviewed
by Goodkin, 1997). Although current disease-modifying
therapeutic agents, IFN-h and copaxone, reduce relapses in
a portion of relapsing-remitting MS patients, their effectiveness in reducing disability progression in relapsing-remitting MS patients is unclear (Goodin et al., 2002). A recent
study in Britain demonstrated that whilst IFN-h therapy
reduces the number of relapse episodes by 41%, in 40% of
MS patients the ongoing disease progression is unaffected
(Dubois et al., 2003).
Therefore there is a need for novel therapeutic agents
which are effective but yet induce fewer side-effects. Many
MS sufferers have reported the beneficial effects of
marijuana on spasticity, tremor, pain, and anxiety (Consroe
et al., 1997). Currently a number of clinical trials to test the
potency of cannabinoid preparations to relieve MS-related
symptoms have been undertaken with varying degrees of
success (reviewed by Pertwee, 2002; Croxford, 2003;
Croxford and Miller, 2004). However, in a small clinical
trial to test the ability of orally administered cannabinoids to
alleviate symptoms of MS it was found that oral THC
actually induced a modest increase in TNF-a, following
LPS-stimulation of whole blood, and an increase in plasma
IL-12 p40 (Killestein et al., 2003). The apparent increase in
Th1 cytokines in this study is in contrast to a number of
previous human studies. However, MS is thought to be a
disease of immune dysfunction and this may account for the
differences seen between cannabis use in healthy subjects
and clinical trials of THC in MS patients.
Cells of the immune system and the cytokines they
secrete are thought to play a major role in the pathogenesis
of MS and the animal model of relapsing-remitting MS,
experimental autoimmune encephalomyelitis (EAE). As
previously discussed, cannabinoids have a potent inhibitory
effect on immune cell function, especially that of macrophages and T cells, the primary cells thought to be involved
in pathogenesis of MS/EAE. Using this rationale cannabi-

noid administration in EAE was studied. Preventative oral
THC administration in Lewis rats or intraperitoneal (i.p.)
injection to strain 13 guinea pigs with EAE was effective in
inhibiting severity of disease and delaying onset of disease
as well as CNS inflammation (Lyman et al., 1989). A
second study used D8-THC, a more stable and less psychoactive cannabinoid analogue than D9-THC, in Lewis rat
EAE. Oral but not i.p. administration reduced the severity
and incidence of EAE (Wirguin et al., 1994) and increased
circulating corticosterone levels twofold. However, D8-THC
treatment did not prevent the number and tissue penetrance
of inflammatory infiltrate in the CNS. HU-211 (Dexanabinol), is a non-psychotropic cannabinoid which does not bind
either of the known CB receptors, has been shown to inhibit
TNF-a secretion from LPS-stimulated macrophages (Burnette-Curley and Cabral, 1995). A recent study found that
intra-venous (i.v.) administration of HU-211 in Lewis rat
EAE inhibited disease severity when administered at the
onset of disease but not prophylactically (Achiron et al.,
2000). Cannabinoids may also protect from EAE by
inhibiting glutamate release. Glutamate toxicity has been
suggested as a possible mediator of CNS damage to neurons
and oligodendrocytes during MS and EAE (Werner et al.,
2000; Pitt et al., 2000) and CB1 receptor agonists and PEA,
which does not bind either of the CB receptors, have been
demonstrated to protect cerebellar granule cells from
glutamate toxicity (Skaper et al., 1996). Although these
studies hint at possible mechanisms of disease amelioration
the mechanism of action is yet to be elucidated and requires
further study. More recently two studies have developed the
therapeutic use of cannabinoids in a viral model of MS,
induced by Theiler’s murine encephalomyelitis virus
(TMEV). TMEV-induced demyelinating disease is a good
model for primary-progressive MS, and is mediated by
CD4+ myelin-specific T cells which become activated by
bystander activation and/or epitope spread, following the
induction of virus specific T cell responses (Miller et al.,
1997). Treatment of TMEV-induced demyelinating disease
with R(+)WIN55,212 either at the time of infection, at onset
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of clinical disease or during established disease significantly
inhibited clinical disease (Croxford and Miller, 2003).
Associated with the suppression of disease symptoms both
viral- and myelin-specific T cell secretion of IFN-g was
inhibited. In addition, T cell proliferative responses and
delayed type hypersensitivity reactions were also significantly decreased (Croxford and Miller, 2003). Furthermore,
a number of other pro-inflammatory Th1-type cytokines, IL1h, IL-6 and TNF-a, were inhibited in the CNS of TMEVinfected mice (Croxford and Miller, 2003). A second study
demonstrated that R(+)WIN55,212 (CB1 and CB2 agonist),
ACEA (a CB1-selective agonist) or JWH-015 (a CB2selective agonist) could improve the neurological deficit in
TMEV-infected mice by suppressing microglial activation,
MHC class II expression and the number of CD4+ T cells
infiltrating the CNS (Arevalo-Martin et al., 2003).
Further study is required to determine the cell types
involved in the cannabinoid-mediated inhibition of EAE and
TMEV and whether this is due to direct effects upon the
immune system cells. It is likely that protection is due to a
combination of effects upon both CNS resident cells and the
peripheral immune system.
4.2. Rheumatoid arthritis
Rheumatoid arthritis (RA) is an inflammatory disease of
the joints, which leads to their eventual destruction,
deformity of affected limbs and the loss of limb function.
Other symptoms associated with RA include pain and
stiffness and swelling of joints, which are thought to be
mediated by complex mechanisms including cells of the
immune system such as T cells, macrophages and dendritic
cells. A key cellular mediator in RA is TNF-a, as anti-TNF
therapy has proved to be successful in treating the
symptoms in RA clinical trials (Elliott et al., 1994; Moreland et al., 1997). To determine the potential of cannabinoids to treat RA, studies have been performed in an animal
model, collagen-induced arthritis (CIA), which has similar
pathology to RA and is mediated by CD4+ T cells and TNF
(Mauri et al., 1996; Piguet et al., 1992; Williams et al.,
2000). The first study demonstrated that either daily oral (25
mg/kg) or i.p. injection (5 mg/kg) of CBD, the major nonpsychoactive component of cannabis which has low affinity
for either cannabinoid receptor, could suppress the progression of CIA (Malfait et al., 2000). This suppressive
effect was associated with a reduction in collagen-specific
CD4+ T cell proliferation and IFN-g production. In
addition, CBD inhibited TNF production from synovial
cells. In vitro studies determined that CBD could inhibit the
oxygen-burst from zymosan-stimulated granulocytes and
LPS-induced serum TNF (Malfait et al., 2000). Another
study from the same group demonstrated similar effects
using a novel non-psychotropic synthetic cannabinoid, HU320, which has a low binding affinity for both CB receptors,
in CIA. Daily systemic injection of 1 or 2 mg/kg HU-320
ameliorated established CIA (Sumariwalla et al., 2004). In

vitro studies determined that HU-320 could inhibit TNF
secreted from macrophages and reactive oxygen intermediates from RAW 264.7 cells (Sumariwalla et al., 2004).
Cannabinoid therapy of RA could provide symptomatic
relief of joint pain (Smith et al., 1998) and swelling as well
as suppressing joint destruction and disease progression.
4.3. Diabetes
Diabetes mellitus is a group of diseases which are
characterized by defects in insulin secretion and/or action
resulting in hyperglycemia. Pathogenesis of diabetes is
associated with the autoimmune destruction of pancreatic h
cells and the subsequent loss of insulin production. A recent
study investigated the use of THC to suppress an animal
model of diabetes, multiple low dose streptozotocin
(MLDSTZ)-induced autoimmune diabetes. Oral treatment
of MLDSTZ-treated mice with THC (150 mg/kg) for 11
days, suppressed insulitis and IFN-g, TNF-a and IL-12
mRNA expression (Li et al., 2001). Furthermore, THC
treatment inhibited the MLDSTZ-induced elevation of
serum glucose and the loss of pancreatic insulin. Other
studies have investigated the use of cannabinoids to treat
diabetic related tactile allodynia. Diabetic neuropathic pain
is a complication of diabetes and is only partially treated by
current medications. Treatment of rats with streptozocin
induced diabetes and neuropathic pain in the hindlimbs
(Ulugol et al., 2004). Tactile allodynia could be effectively
suppressed following injection of diabetic rats with
R(+)WIN55,212 i.p. suggesting that cannabinoids may
provide protection against pancreatic destruction but also
some alleviation of neuropathic pain in diabetic patients
(Ulugol et al., 2004; Dogrul et al., 2004). Interestingly, it has
been demonstrated that cannabinoids inhibit neuropathic
pain in part via a CB2-mediated pathway (Ibrahim et al.,
2003).
4.4. Allergic asthma
Allergic asthma is characterized by an increase in serum
allergen-specific IgE levels, recruitment of eosinophils into
the lung, activation of mucus secretion by goblet cells and
airway hyperresponsiveness. Although the pathogenesis of
asthma is unclear animal models suggest that CD4+ T cells
with a Th2 phenotype (IL-4, IL-5, IL-13) may play a role.
Th2 cytokines play a vital role in humoral immune
responses. IL-4 promotes the differentiation of B cells and
immunoglobulin secretion, whereas IL-5 can mediate
eosinophil recruitment. Both IL-4 and IL-13 can mediate
immunoglobulin isotype switching from IgM to IgE which
can trigger allergic reactions (Burrows et al., 1989). In an
ovalbumin (OVA)-induced model of asthma IL-4 has
proved to be important in the pathogenesis, as anti-IL-4
treatment or induction of disease in IL-4 deficient mice has
been successful in ameliorating allergic responses to OVA
(Corry et al., 1996; Coyle et al., 1995; Brusselle et al.,
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1995). Treatment of OVA-sensitized A/J mice with either
CBN or THC (50 mg/kg i.p.) for 3 days resulted in the
amelioration of IL-2, IL-4, IL-5 and IL-13 mRNA in the
lungs (Jan et al., 2003). Furthermore, cannabinoid treatment
inhibited the elevation of serum IgE and overproduction of
mucus in the lungs. Therefore, cannabinoids maybe beneficial in the treatment of asthma. In addition to the
immunomodulatory effects in models of asthma, cannabinoids may also play a role in bronchodilation. Early studies
using D9-THC implicated cannabinoids in having bronchodilatory effects in asthmatic patients when administered
either orally or by aerosol (Abboud and Sanders, 1976;
Hartley et al., 1978). The endocannabinoid system likely
plays a role in lung function as AEA has been shown to be
synthesized in lung tissue and CB1 is expressed on axon
terminals of nerve fibers in bronchiolar smooth muscle cells
(Calignano et al., 2000). A recent report suggests that
blockade of AEA-induced CB1 activity with a CB1-selective
receptor antagonist, SR141716A, enhances capsaicininduced bronchospasm in a rodent model (Calignano et al.,
2000). However, administration of AEA can have dual
effects. Following administration of AEA capsaicininduced bronchospasm is significantly reduced whereas
in the absence of vagus nerve constricting tone, AEA
induces bronchospasm (Calignano et al., 2000). Therefore
the endocannabinoid system may induce constrictive tone
in relaxed airway smooth muscle and vice versa. Further
investigation into the effects of cannabinoids in airway
responsiveness and their route of delivery may lead to
more selective therapeutic agents for asthma.

5. Summary
Although the function of cannabinoid receptors on
immune cells and the cross-talk between the endocannabinoid and immune systems is as yet unclear one could
hypothesize that endocannabinoid signaling in lymphoid
tissue may provide tonic control of immune cell activation
and therefore limit spontaneous activation of immune
function cells. The effect of cannabinoids on immune
functions appears to be transient which would allow the
inhibitory effect to be overcome when the immune system
needs to be activated in response to infection. This would
seem to be supported by the loss of receptor expression
following activation of some immune cell types. In
addition, the transient nature of cannabinoids on immune
system cell functions suggests that although side-effects
may be minimal, any potential therapy may require longterm administration of the cannabinoid agents. However,
recent studies suggest a difference between synthetic or
plant-derived cannabinoids and endocannabinoids in their
effects upon the immune system. Indeed, endocannabinoids have been implicated in the induction of some
cytokines when present at low doses and also in the
migration of immune cells such as B cells. Therefore, it is
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important that precise dose-response studies with specific
cannabinoid ligands are undertaken prior to clinical use
for inflammatory disease.
Currently a phase II clinical trial has demonstrated that
dexanabinol (HU-211), a synthetic cannabinoid agent which
is a non-psychoactive enantiomer of the potent HU-210,
appears to be a promising therapy for neuroprotection
following both head injury and stroke (Knoller et al., 2002).
Furthermore, cannabinoids have been demonstrated to be
very effective therapeutic agents in an increasing number of
animal disease models. The effects of cannabinoids on the
expression of costimulatory molecules, adhesion molecules
and chemokines require further study and may increase our
understanding of the pleiotropic effects of cannabinoids on
the immune system. In addition, further studies into differential cannabinoid receptor signaling, using specific receptor ligands or CB receptor knockout mice, and the
identification of other cannabinoid-like receptors, may allow
the circumvention of side-effects associated with CB1
receptor mediated side-effects, whilst increasing their
therapeutic efficacy. Although current studies suggest that
cannabinoids may prove to be useful alternatives to some
current therapeutic agents in treating a variety of human
inflammatory disorders in the future, a thorough evaluation
of the immunomodulatory effects of cannabinoids needs to
be undertaken in the coming years.
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