
From: noreply@pharmacy.ohio.gov
To: MedicalMarijuana@med.ohio.gov
Subject: Condition Petition for Joseph Jeffries, RPh
Date: Wednesday, December 30, 2020 2:16:28 PM

This message was sent from the Condition page on medicalmarijuana.ohio.gov.

Box was check regarding file size being too large to upload. Action needed!

Name: Joseph Jeffries, RPh
Address: 1865 Dresden Ave, East Liverpool, OH, 43920
Phone: (740) 391-2331
Email: joe@frx.health

Specific Disease or Condition:
Panic Disorder with Agoraphobia

Information from experts who specialize in the disease or condition. 
The College of Family Physicians of Canada (CFPC) has created a guidance document for the
use of cannabis in the treatment of anxiety. They cite the research of Drs Meldon Kahan, Anita
Srivastava, Sheryl Spithoff, and Lisa Bromley. (see attached) 

Relevant medical or scientific evidence pertaining to the disease or condition. 
Panic Disorder affects 6M adults in the US(2.7% of the population)and is characterized by
sudden attacks of intense fear or anxiety, usually associated with ...symptoms such as heart
palpitations, rapid breathing or SOB, blurred vision, dizziness, and racing thoughts. Often
these symptoms are thought to be a heart attack by the individual, and many cases are
diagnosed in hospital emergency rooms.” Cost est. at $33billion (see attached) 

Consideration of whether conventional medical therapies are insufficient to treat or alleviate
the disease or condition. 
Anxiety disorders are treated with psychotherapy, medications or both. Conventional
medications used include benzodiazepines, antidepressants, and beta-blockers. BZDs have
been implicated in a lg. % of opioid-related overdose deaths In long-term users cessation of
BZDs can result in a withdrawal syndrome, manifesting in anxiety, seizures, and sleep
disorders. BZD related deaths rose from 1,135 in 1999 to 11,537 in 2018 according to the
National Institute on Drug Abuse (see attached) 

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. 
*Cannabinoid related agents in the treatment of anxiety disorders. Discusses the modulation of
anxiety responses to herbal, synthetic and endogenous cannabinoids. *Naturalistic
examination of the perceived effects on negative affects. Nearly 12,000 tracked sessions were
analyzed to determine changes in depression, anxiety and stress. *Cannabidiol as a potential
treatment for anxiety disorders. (see all attached)

mailto:noreply@pharmacy.ohio.gov
mailto:MedicalMarijuana@med.ohio.gov


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. 
Letter from Vincent Paolone, MD Diplomat American Board of Psychiatry and Neurology
since 1997 and Fellow of the American Psychiatric Association since 2014 (see attached)
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Disclaimer
This document has been prepared by the CFPC to provide preliminary, rather than comprehensive, guidance, 
based on what is currently known about the use of cannabis for certain medical purposes. Dried cannabis is not 
an approved drug or medicine in Canada, and the provision of this information should not be interpreted as an 
endorsement of the use of this product, or of cannabis generally, by the CFPC.

The content within this document is provided for information and education purposes about a new and largely 
unstudied area of clinical practice. it is not intended to substitute for the advice of a physician. Patients should 
always consult their doctors for specific information on personal health matters, or other relevant professionals to 
ensure that their own circumstances are considered.

The CFPC accepts no responsibility or liability arising from any error or omission or from the use of any 
information contained herein.

reproduction of the CFPC logo or hyperlinking to this document for commercial purposes is strictly prohibited.

Contact us
The College of Family Physicians of Canada welcomes your feedback. 

We are working to ensure that the recommendations in this guidance document continue to reflect the latest 
available evidence and to incorporate the practice expertise of CFPC members who use them.

if you have suggestions for additions or changes to this document, we would appreciate receiving them. All 
feedback received will be considered for inclusion in the revised guide, to be released Winter 2015.

Please forward your suggestions to healthpolicy@cfpc.ca.

The College of Family Physicians of Canada
2630 Skymark Avenue
mississauga On l4W 5A4
Telephone: (905) 629-0900
email: info@cfpc.ca

Find us on the Web: www.cfpc.ca
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Introduction
The Health Canada marihuana for medical Purposes regulations (mmPr),1 which came into force on April 1, 
2014, permit a physician to sign a medical document authorizing a patient’s access to, and the dispensing of, a 
specified quantity of the dried cannabis plant, which patients purchase through a licensed producer. The medical 
document has a format and function similar to a prescription. However, dried cannabis differs from prescribed 
products in that Health Canada has not reviewed data on its safety or effectiveness and has not approved it for 
therapeutic use.

This situation puts family physicians in a difficult position: we are asked to authorize our patients’ access to a 
product with little evidence to support its use, and in the absence of regulatory oversight and approval.

To address this predicament, this document offers family physicians preliminary guidance on the authorizing of 
dried cannabis for chronic pain or anxiety, pending the development of formal guidelines. Although the mmPr 
speak only of use for medical purposes without specifying any diagnoses, the writing group chose chronic pain 
and anxiety as the clinical areas to highlight because they may be the most common conditions for which a 
patient requests authorization for cannabis from a family physician. 

research shows that dried cannabis is a potent, psychoactive substance that can have significant acute and chronic 
cognitive effects. its acute effects include perceptual distortions, cognitive impairment, euphoria, and anxiety.2 
Chronic use of dried cannabis may be associated with persistent neuropsychological deficits, even after a period 
of abstinence.3,4 The patient may report initial benefit from smoking cannabis and, as with many mood-altering 
substances such as alcohol, opioids, benzodiazepines, and cocaine, experience temporary relief from pain or 
anxiety. However, these products have the potential to cause harm by impairing memory and cognition, worsening 
performance at work and school, and by interfering with social relationships. Before authorizing cannabis, family 
physicians need to consider if there is sufficient evidence that the anticipated therapeutic benefits for the patient’s 
particular health condition outweigh the potential harms. Similarly, continuation of the cannabis is warranted only 
if the authorizing physician is satisfied that there has been improvement in the patient’s pain level, function, and/or 
quality of life, and that there are no signs that the patient is at risk of misuse or harm.
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Methods
This document was written by members of the Addiction medicine and Chronic Pain Program Committees of the 
Section of Family Physicians with Special interests or Focused Practices (SiFP) of the College of Family Physicians 
of Canada (CFPC), in collaboration with other individuals and SiFP Program Committees: Child and Adolescent 
Health, maternity and newborn Care, mental Health, Palliative Care, and respiratory medicine. CFPC Program 
Committees are made up of members with a special interest, and often enhanced expertise, in a specific clinical 
domain that is relevant to the practice of family medicine.

The writing team based the document on a literature search and review of evidence on specific topics related 
to cannabis effectiveness, safety, and adverse effects. The team acknowledges the research of Kahan and 
colleagues,5 which has been adapted in the preparation of this document. The material appears with the 
permission of the publisher, Canadian Family Physician. 

members of the participating program committees collaborated to prepare a succession of drafts, which then 
underwent review by an editorial team. A subgroup of the editorial team wrote the final document on behalf of 
the participants. The final document was taken to the entire group for its consensus before publication.

recommendations were graded as level i (based on well-conducted controlled trials or meta-analyses), level ii 
(well-conducted observational studies), or level iii (expert opinion; for the purposes of this document, consensus 
among the committee members drafting this document on behalf of the CFPC).

The context within which the participants worked to produce this document is extraordinary, as we have 
described above: authorization of a largely unstudied substance, particularly challenging medical practice areas 
(pain and addiction), intense interest from patients (often accompanied by less interest in evidence), an absence 
of regulation, and, above all, an urgency to provide basic parameters to guide family physicians in the safe 
treatment of their patients.

The individuals named in the Acknowledgements agreed to be listed as contributors on the basis that this 
document:

•	 Was	urgently	needed	to	address	a	knowledge	gap	in	a	controversial	practice	area	without	the	usual	 
supports and 

•	 Provides	preliminary	guidance	while	the	CFPC	engages	in	a	rigorous	process	to	provide	more	formal	
clinical practice guidelines and continuing professional development offerings

Terminology
Medical marijuana: This term is in popular use but is imprecise, referring broadly to dried cannabis dispensed or 
otherwise obtained and used either for supervised medical purposes or for self-medication. in a scientific context we 
prefer to use the term “dried cannabis.”

Dried cannabis/cannabis: We use these terms interchangeably to refer to the substance under discussion in this paper: the 
product that a patient may purchase through a licensed producer, under the mmPr, if he or she has a medical document 
authorizing its dispensing. 

Pharmaceutical cannabinoids: This term refers to the prescription drugs nabilone (Cesamet) and nabiximols (Sativex). 
marinol (dronabinol) was previously available but has been removed from the Canadian market by the manufacturer.

Medical document: Health Canada uses this term to denote the prescription-like form that physicians complete and 
sign to authorize patients’ access to dried cannabis from licensed producers. Health Canada provides a sample medical 
document on its website.6 
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How to navigate this document
This document is organized into two parts. The first, “A. Summary of Recommendations,” outlines the 
recommendations in brief, sketching in point form the new and still developing landscape within which family 
physicians find themselves regarding “medical marijuana”:

•	 The	federal	regulations	that	give	the	physician	the	responsibility	for	granting	access	to	this	unregulated	
substance

•	 The	as-yet	limited	evidence	regarding	cannabis’s	effects	and	efficacy	in	clinical	use
•	 The	degree	to	which	evidence	derived	from	studies	of	pharmaceutical	cannabinoids	can	be	applied	to	

dried cannabis, and vice versa
•	 The	provincial	medical	regulatory	authorities’	requirements	of	physicians	regarding	signing	medical	

documents for cannabis
•	 The	issues	and	questions	that	arise	in	the	sometimes	challenging	conversations	between	physicians	and	

patients surrounding cannabis

The second part, “B. Discussion and Supporting Evidence,” provides a fuller discussion of these topics. it 
describes:

•	 What	we	know	to	date	about	the	potential	harms	and	benefits	of	cannabis	use	in	various	populations	
and for treating different conditions, with a focus on pain and anxiety

•	 Regulations	and	suggested	best	practices	to	follow	before	authorizing	and	continuing	a	patient’s	access	
to cannabis

it also provides practical resources to use in clinical practice, including:

•	 Messages	for	patients
•	 Tools	to	use	when	screening	patients	for	misuse	or	addiction	risk
•	 A	sample	treatment	agreement
•	 Information	about	the	strains	available	from	licensed	producers
•	 Calculations	for	dosing

in sections A and B, the recommendations are grouped under the headings:

•	 General	principles	(recommendations	1–6)
•	 Misuse	prevention	and	intervention	(recommendation	7)
•	 Assessment,	monitoring,	and	discontinuation	(recommendations	8	and	9)
•	 Strategies	to	prevent	harm	(recommendations	10	and	11)
•	 Communication	with	patients	and	consultants	(recommendations	12	and	13)
•	 Dosing	(recommendations	14	and	15)
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A. Summary of Recommendations
To navigate to the discussion and evidence for an individual recommendation, click on the hyperlinked heading.

General principles

Recommendation 1
There is no research evidence to support the authorization of dried cannabis as a treatment for pain conditions 
commonly seen in primary care, such as fibromyalgia or low back pain (level iii). Authorizations for dried 
cannabis should only be considered for patients with neuropathic pain that has failed to respond to standard 
treatments (level i).

Recommendation 2
if considering authorizing dried cannabis for treatment of neuropathic pain, the physician should first consider 
a) adequate trials of other pharmacologic and nonpharmacologic therapies and b) an adequate trial of 
pharmaceutical cannabinoids (level i).

Recommendation 3
Dried cannabis is not an appropriate therapy for anxiety or insomnia (level ii).

Recommendation 4
Dried cannabis is not appropriate for patients who: 

a) Are under the age of 25 (level ii)

b) Have a personal history or strong family history of psychosis (level ii)

c) Have a current or past cannabis use disorder (level iii)

d) Have an active substance use disorder (level iii)

e) Have cardiovascular disease (angina, peripheral vascular disease, cerebrovascular disease,  
arrhythmias) (level iii)

f) Have respiratory disease (level iii) or

g) Are pregnant, planning to become pregnant, or breastfeeding (level ii)

Recommendation 5
Dried cannabis should be authorized with caution in those patients who: 

a) Have a concurrent active mood or anxiety disorder (level ii)

b) Smoke tobacco (level ii)

c) Have risk factors for cardiovascular disease (level iii) or

d) Are heavy users of alcohol or taking high doses of opioids or benzodiazepines or other sedating  
medications prescribed or available over the counter (level iii)

Recommendation 6
Physicians should follow the regulations of their provincial medical regulators when authorizing dried cannabis 
(level iii). 
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Misuse prevention and intervention

Recommendation 7
Physicians should assess and monitor all patients on cannabis therapy for potential misuse or abuse (level iii).

Assessment, monitoring, and discontinuation

Recommendation 8
Before signing a medical document authorizing dried cannabis for pain, the physician should do all of the 
following:  

a) Conduct a pain assessment (level ii)

b) Assess the patient for anxiety and mood disorders (level ii)

c) Screen and assess the patient for substance use disorders (level ii)

Recommendation 9
The physician should regularly monitor the patient’s response to treatment with dried cannabis, considering 
the patient’s function and quality of life in addition to pain relief (level iii). The physician should discontinue 
authorization if the therapy is not clearly effective or is causing the patient harm (level iii).

Strategies to prevent harm

Recommendation 10
Patients taking dried cannabis should be advised not to drive for at least: 

a) Four hours after inhalation (level ii)

b) Six hours after oral ingestion (level ii)

c) eight hours after inhalation or oral ingestion if the patient experiences euphoria (level ii)

Recommendation 11
When authorizing dried cannabis therapy for a patient, the physician should advise the patient of harm reduction 
strategies (level iii).

Communication with patients and consultants

Recommendation 12
The physician should manage disagreements with patients about decisions around authorization, dosing, or other 
issues with unambiguous, evidence-based statements (level iii). 

Recommendation 13
The physician who is authorizing cannabis for a particular clinical indication must be primarily responsible for 
managing the care for that condition and following up with the patient regularly (level iii). Physicians seeking 
a second opinion on the potential clinical use of cannabis for their patient should only refer to facilities that 
meet standards for quality of care typically applied to specialized pain clinics (level iii). in both instances, it is 
essential that the authorizing physician, if not the patient’s most responsible health care provider, communicate 
regularly with the family physician providing ongoing comprehensive care for the patient (level iii).



Authorizing Dried Cannabis for Chronic Pain or Anxiety: Preliminary Guidance 5 

Dosing

Recommendation 14
given the weak evidence for benefit and the known risks of using cannabis, the only sensible advice for 
physicians involved with authorizing dried cannabis is the maxim “Start low, and go slow” (level iii).

Recommendation 15
Although it is not required by the mmPr, physicians should specify the percentage of THC on the medical 
document for all authorizations for dried cannabis, just as they would specify dosing when prescribing any other 
analgesic (level iii).

 
B. Discussion and Supporting Evidence
General principles

RECoMMEnDATIon 1
There is no research evidence to support the authorization of dried cannabis as a treatment for pain 
conditions commonly seen in primary care, such as fibromyalgia or low back pain (Level III). Authorizations 
for dried cannabis should only be considered for patients with neuropathic pain that has failed to respond to 
standard treatments (Level I). 

To date, five controlled trials have examined dried cannabis in the treatment of chronic neuropathic pain.7-11 
The trials were small, included patients who had previously smoked cannabis, and lasted from 1 to 15 
days. Functional status, quality of life, and other important outcomes were not measured. no head-to-head 
comparisons of therapeutic benefits or adverse effects were made with other standard treatments for these 
conditions, or with pharmaceutical cannabinoid preparations.

The safety and effectiveness of dried cannabis has not been studied for pain conditions such as fibromyalgia 
and low back pain. no controlled studies have been conducted on dried cannabis for osteoarthritis, and the 
Canadian rheumatology Association does not endorse the use of dried cannabis for either fibromyalgia or 
osteoarthritis.12 The oral pharmaceutical cannabinoid nabilone has some evidence of benefit for these conditions, 
although the evidence is weaker than for first-line treatments.13,14 Family physicians are advised to recommend 
other treatments with more evidence of safety and efficacy for these conditions.

RECoMMEnDATIon 2
If considering authorizing dried cannabis for treatment of neuropathic pain, the physician should first 
consider a) adequate trials of other pharmacologic and nonpharmacologic therapies and b) an adequate trial 
of pharmaceutical cannabinoids (Level I).

There are many pharmacologic and nonpharmacologic treatments documented as effective in the treatment of 
neuropathic pain, and these established therapies should be tried before moving on to trials of cannabinoids. 
Oral and buccal pharmaceutical cannabinoids have a larger body of evidence of efficacy than has dried 
cannabis in the treatment of neuropathic pain,15-20 although, apart from Sativex (indicated for neuropathic pain 
associated with multiple sclerosis or cancer), these drugs’ use for this treatment is off label. evidence suggests 
that oral cannabinoids are also safer, with a lower risk of addiction and with milder cognitive effects.19,21-27

However, until further research is conducted, the same contraindications and precautions that apply to 
dried cannabis apply to pharmaceutical cannabinoids. Patients who request cannabis but refuse a trial of 
pharmaceutical cannabinoids may be using cannabis for euphoria rather than analgesia.
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RECoMMEnDATIon 3
Dried cannabis is not an appropriate therapy for anxiety or insomnia (Level II).

To our knowledge, there have been no controlled studies to date on the use of dried cannabis in the treatment 
of anxiety disorders. There is, however, a strong and consistent association between cannabis use and anxiety 
and mood disorders, although causality has not been established.28-38 Acute cannabis use can trigger anxiety 
and panic attacks,39 and studies on animals and human volunteers suggest that high doses of cannabis actually 
worsen anxiety.40 Cannabis use may worsen psychiatric impairment in patients with anxiety disorders.36,41,42

The tetrahydrocannabinol (THC) content of cannabis is associated with anxiety,41 though this relationship 
appears to be bidirectional.43,44 Physicians should consider the THC content of available cannabis and consider 
authorizing, if at all, only lower-strength strains for patients with anxiety.45 regular users of cannabis might 
experience early symptoms of cannabis withdrawal, including an exacerbation of anxiety, when they abstain; 
withdrawal symptoms can ultimately be resolved through cannabis cessation.46

The evidence for using pharmaceutical cannabinoids in the treatment of anxiety and insomnia is stronger than 
the evidence for using dried cannabis. Small trials have demonstrated that oral nabilone improves sleep in 
patients with fibromyalgia or post-traumatic stress disorder.13,47 An oral extract of pure cannabidiol has been 
shown to relieve symptoms of social anxiety.48

RECoMMEnDATIon 4
Dried cannabis is not appropriate for patients who: 

a) Are under the age of 25 (Level II)

b) Have a personal history or strong family history of psychosis (Level II)

c) Have a current or past cannabis use disorder (Level III)

d) Have an active substance use disorder (Level III)

e) Have cardiovascular disease (angina, peripheral vascular disease, cerebrovascular disease,  
arrhythmias) (Level III)

f) Have respiratory disease (Level III) or

g) Are pregnant, planning to become pregnant, or breastfeeding (Level II)

Patients under the age of 25 (Level II)
youth who smoke cannabis are at greater risk than older adults for cannabis-related psychosocial harms, 
including suicidal ideation, illicit drug use, cannabis use disorder, and long-term cognitive impairment.4,33,49-52

Patients with current, past, or strong family history of psychosis (Level II)
Observational studies have demonstrated a consistent association between cannabis use in adolescence and 
persistent psychosis.53-60

Patients with current or past cannabis use disorder (Level III)
Pain patients with cannabis use disorder should be counseled to discontinue cannabis and be referred for 
addiction treatment.

Patients with an active substance use disorder (Level III)
Dried cannabis should not be authorized for any patient with a current problematic use of alcohol, opioids, or 
other drugs.
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Patients with cardiovascular disease (Level III)
Cannabis use causes acute physiological effects such as hypertension, tachycardia, catecholamine release, and 
vascular constriction.61-64 There have been reports of young people suffering cardiovascular events shortly after 
smoking cannabis.65-67

Patients with respiratory disease (Level III)
Heavy cannabis smoking may be an independent risk factor for impaired respiratory function and chronic 
obstructive pulmonary disease.68,69

use of smoked cannabinoids has been found to increase the risk of airflow obstruction and hyperinflation but 
has been less associated with macroscopic emphysema.70 The cannabis use was associated with increased risk of 
lung cancer71 and head and neck cancer.72 The respiratory symptoms associated with dried cannabis use include 
wheezing apart from colds, exercise-induced shortness of breath, nocturnal wakening with chest tightness, and 
early morning sputum production.73

The depth of inhalation and the length of time the breath is held are usually greater when smoking marijuana 
than when smoking cigarettes. This means exposure to the chemicals in the smoke is greater for cannabis than 
for tobacco cigarettes, even though the frequency of smoking may be less. Cannabis smokers, for example, end 
up with five times more carbon monoxide in their bloodstream than do tobacco smokers.71

Patients who are pregnant, planning to become pregnant, or breastfeeding (Level II)
Preliminary evidence links cannabis use during pregnancy to neurodevelopmental abnormalities in infants.74 
Cannabis enters the breast milk and is contraindicated in women who are breastfeeding.

RECoMMEnDATIon 5
Dried cannabis should be authorized with caution in those patients who: 

a) Have a concurrent active mood or anxiety disorder (Level II)

b) Smoke tobacco (Level II)

c) Have risk factors for cardiovascular disease (Level III) or

d) Are heavy users of alcohol or taking high doses of opioids or benzodiazepines or other sedating 
medications prescribed or available over the counter (Level III)

Patients with current mood and anxiety disorders (Level II)
Caution should be used when authorizing cannabis for patients with current mood or anxiety disorders, for the 
reasons outlined in Recommendation 3. if patients with co-existing anxiety and neuropathic pain are authorized 
for cannabis treatment, i) the dose should be kept low to avoid triggering anxiety, ii) the provider should consider 
indicating low THC-content or cannabidiol-only (CBD-only) strains on the medical document, and iii) cannabis 
should be discontinued if the patient’s anxiety or mood worsens.

Tobacco smokers (Level II)
even after controlling for tobacco smoking, cannabis smoking has been associated with lung cancer75 and 
chronic bronchitis. Patients who smoke tobacco should be strongly advised to use cannabis via vaporization 
rather than by smoking it.

Patients with risk factors for cardiovascular disease (Level II)
Physicians are advised to use considerable caution when authorizing dried cannabis for use by patients with risk 
factors for cardiovascular disease (see Recommendation 4e). The dose should be kept low, and the patient should 
be encouraged to take it through vaporization or the oral route rather than by smoking it.
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Patients who are heavy users of alcohol, or taking high doses of  
opioids or benzodiazepines (Level III)
Cannabis use can worsen the cognitive impairment caused by opioids, benzodiazepines, other sedatives, and 
alcohol.76 Patients taking dried cannabis should be advised to use alcohol in moderation, and physicians should 
consider tapering patients on high doses of opioids or benzodiazepines.77,78

RECoMMEnDATIon 6
Physicians should follow the regulations of their provincial medical regulators when authorizing dried 
cannabis (Level III).

many of the provincial/territorial regulatory bodies have released policies on the authorization of cannabis.79 
These regulators advise physicians to conduct a thorough assessment and to try conventional alternatives before 
providing a medical document for cannabis. Additional requirements, which vary considerably from province 
to province, are summarized below and in Table 1. Physicians should review the complete policy of their 
provincial regulator before signing a medical document for cannabis.

Conflict of interest
Physicians must not have a financial interest in a company that produces medical marijuana, and they should 
follow their provincial regulatory authority’s Code of ethics regarding potential conflicts of interest. under the 
usual circumstances described in the mmPr, the licensed producer couriers the dried cannabis to the patient. 
under extraordinary circumstances (if, for example, the patient does not have a postal address) the physician 
may receive and store dried cannabis. Consultation with provincial regulatory authorities about all such 
arrangements is advised.

Authorizations
Several provinces require physicians to:

•	 State the patient’s medical condition on the medical document

•	 Register	with	the	regulator	as	a	cannabis	authorizer

•	 Send	the	regulator	a	copy	of	the	medical	document,	and/or	keep	the	medical	documents	on	a	separate	
record for possible inspection

Some provinces specify that only the physician who manages the patient’s condition may write a medical 
document authorizing cannabis, so that the therapy occurs in the most potentially beneficial context of 
continuing and comprehensive care. An ongoing doctor-patient relationship is similarly important when visits are 
conducted using telemedicine—where patient and physician must communicate via an interface rather than face 
to face. For this reason, authorization of dried cannabis by physicians not usually involved in the patient’s care 
and using telemedicine is problematic; the authorizing physician is compelled to monitor response to treatment, 
emergence of adverse effects, and signs and symptoms of addiction without being physically present with the 
patient. This raises clear questions about whether care quality to these standards is possible in the context of a 
relationship that is carried out via telemedicine.

Documentation and consent
Several regulators recommend that the patient sign a written treatment agreement (see Table 2), that the 
physician document that other treatments have been tried, and that the patient is aware of the risks of dried 
cannabis. They also recommend that the patient be reassessed at least every three months.

Assessment and monitoring for cannabis misuse
Several provincial regulators advise physicians to use a standardized tool to assess the patient’s risk of addiction, 
and to have a procedure or protocol for identifying cannabis misuse.
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Table 1. Provincial regulatory authorities’ policies on authorizing dried cannabis

Requirements Applying to Physicians
Medical Regulatory Authorities  

(Provincial Colleges or Councils)

Conflict of interest BC AB SK MB QC NB NL

must not apply to become a licensed producer ● ●

must not store, provide, or dispense marijuana ● ● ● ●

must not have any financial or management interest in a 
licensed distributer or producer ● ●

must not have any personal gain from providing a  
non-medical service ●

Authorizations BC AB SK MB QC NB NL

State patient’s medical condition on medical document ● ● ●

register with regulator as a dried cannabis authorizer ●

Provide a copy of the medical document to the regulator ● ●

Send original medical document to licensed producer, give 
copy to patient, and enter another copy in chart ●

review available prescription databases to determine 
patient’s medication usage ● ●

Keep all medical documents on a separate record for 
inspection by the College ● ● ●

may only sign a medical document authorizing cannabis 
for a patient if he or she is the primary manager of the 
patient’s medical condition

● ● ●

may not authorize cannabis through telemedicine ●

Keep a register of cannabis patients so they can be invited 
to participate in the research database projects ●

Consent and documentation BC AB SK MB QC NB NL

inform the patient that cannabis can only be authorized as 
part of the research database project ●

Ask the patient to read the patient information document ●

Have patient sign a written treatment agreement ● ●

Have the patient sign a written consent form ● ●

Document that the patient was informed of the risks and 
benefits, and that other treatments were tried ● ● ● ● ●

Assess the patient at least every three months ● ●

Assessment and monitoring BC AB SK MB QC NB NL

Complete the assessment and follow-up form available on 
the regulator’s website ●

Cannabis misuse BC AB SK MB QC NB NL

Assess the patient’s risk of addiction using standardized tool ● ● ●

Have a process or protocol for identifying misuse ● ● ●

Source: Canadian Consortium for the investigation of Cannabinoids, www.ccic.net/index.php?id=248,703,0,0,1,0. Accessed 2014 Jun 17.

Please visit CFPC’s website for information on the latest statements and requirements from the provincial regulatory 
authorities: http://www.cfpc.ca/medical_marijuana/
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Table 2. Sample treatment agreement
Because we take our responsibilities to authorize and supervise the medical use of marijuana (dried cannabis) 
very seriously, we ask you to read, understand, and sign this form.

  1. i request Dr ____________, mD, to sign a medical document for me under the Health Canada mmPr legislation, so that i may 
legally use marijuana to treat my medical condition.

  2.  i agree to receive a medical document for marijuana only from one physician, Dr _____________, mD.

  3.  i agree to consume no more marijuana than the doses authorized for me by Dr ______________, mD. i will not request a refill 
before the agreed-upon refill date. 

  4.  i agree to not distribute my marijuana to any other person, for personal use or for sale. i am aware that redistribution of any 
marijuana for sale is an illegal activity. 

  5.  i am aware that using marijuana is associated with psychosis in persons who are still undergoing neurodevelopment (brain 
growth). Therefore, i will ensure that no person under the age of 25 years has access to my marijuana.

  6.  i agree to the safe storage of my marijuana. 

  7.  i am aware that taking marijuana with other substances, especially sedating substances, may cause harm and possibly even 
death. i will not use illegal drugs (eg, cocaine, heroin) or controlled substances (eg, narcotics, stimulants, anxiety pills) that were 
not prescribed for me.

  8.  i will not use controlled substances that were prescribed by another doctor unless Dr _____________, mD, is aware of this.

  9.  i agree to testing (eg, urine drug screening) when and as requested by my physician.

10.  i agree to have an office visit and medical assessment at least every _____ (months or weeks).

11. i understand that Health Canada has provided access to marijuana by signed medical document from a physician for the 
treatment of certain medical conditions, but despite this, Health Canada has not approved marijuana as a registered medication 
in Canada.

12.  i understand that my physician may not be knowledgeable about all of the risks associated with the use of a non-Health Canada-
approved substance like marijuana.

13.  i agree to communicate to my physician, Dr ____________, mD, any experiences of altered mental status or possible medical 
side effects of the use of marijuana.

14.  i accept full responsibility for any and all risks associated with the use of marijuana, including theft, altered mental status, and 
side effects of the product.

15. i am aware that marijuana use is not advisable during pregnancy and breastfeeding. i agree to inform my physician, 
Dr ______________, mD, if i am pregnant. 

16. i am aware that smoking any substance can cause harm and medical complications to my breathing and respiratory status. i will 
avoid smoking marijuana. i will avoid mixing marijuana with tobacco. i agree to use my marijuana only by vaporizer or as an 
edible product.

17. i am aware that my physician may discontinue authorizing marijuana for my condition if he or she assesses that the medical or 
mental health risk or side effects are too high.

18. i agree to see specialists or therapists about my condition at my physician’s request.

19.  i agree to avoid driving a vehicle or operating heavy machinery for at least 4 hours after the use of marijuana, and for longer if i 
feel any persistent negative effects on my ability to drive.

20.  As per the Health Canada mmPr legislation, i agree to purchase my marijuana only from a licensed producer. i am aware that 
possession of marijuana from other sources is illegal.

21. i am aware that any possible criminal activity related to my marijuana use may be investigated by legal authorities and criminal 
charges may be laid. During the course of an investigation, legal authorities have the right to access my medical information with 
a warrant. 

22. Following the terms of this contract is one of the conditions i must meet to access marijuana for treatment. i understand that if i 
violate any of this agreement’s terms, my physician may stop authorizing my use of cannabis.

23.  Dr _________________, mD, has the right to discuss my health care issues with other health care professionals or family 
members if it is felt, on balance, that my safety outweighs my right to confidentiality.

 Patient’s printed name     Patient’s signature

 Date      Practitioner’s signature
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Misuse prevention and intervention

RECoMMEnDATIon 7
Physicians should assess and monitor all patients on cannabis therapy for potential misuse or abuse (Level III).

All patients using dried cannabis regularly should be monitored carefully and assessed routinely for cannabis 
use disorder. Clinical features of cannabis use disorder are listed in Table 3. Patients with suspected cannabis 
use disorder should be advised that they will likely experience improved mood and better function if they stop 
or reduce their use. Patients who are unable to stop or reduce should be referred for formal addiction treatment. 
Cannabis should not be authorized for patients with current problematic use of cannabis, alcohol, or other drugs 
(see Recommendation 5d).

Before authorizing cannabis use for the patient, the physician should take a careful history of current and past 
substance use, including cannabis, alcohol, tobacco, prescription opioids, and benzodiazepines, and illicit 
drugs such as heroin and cocaine. Several medical regulatory authorities recommend using a standardized tool 
to assess the risk of addiction. The CAge-AiD instrument80 is one such simple tool (Table 4). A urine drug screen 
may also be included in the initial assessment.

if the patient does not use substances problematically and begins cannabis treatment, the physician should ask 
the patient at each office visit about cognitive and mood-altering effects, as well as compliance with the dosing 
recommendations and use of any other substances. Periodic urine drug screens are advised.

The authorization for cannabis should be discontinued if the patient:

•	 Runs	out	early	or	uses	cannabis	from	other	sources

•	 Begins	to	use	alcohol,	opioids,	or	other	drugs	problematically

•	 Begins	to	show	signs	of	a	cannabis	use	disorder

Table 3. Clinical features of cannabis use disorder in patients with chronic pain

•	Insists	on	a	medical	document	for	dried	cannabis	rather	than	trying	other	treatments known to be 
effective for his or her condition

•	Uses	cannabis	daily	or	almost	daily,	spending	considerable	non-productive	time	on	this	activity

•	Has	poor	school,	work,	and	social	functioning

•	Is	currently	addicted	to	or	misusing	other	substances	(other	than	tobacco)

•	Has	risk	factors	for	cannabis	use	disorder:	is	young,	has	current	mood	or	anxiety	disorder	or	a	history	
of addiction or misuse

•	Reports	having	difficulty	stopping	or	reducing	use

•	Reports	cannabis	withdrawal	symptoms	after	a	day	or	more	of	abstinence:	intense	anxiety,	fatigue

•	Has	friends	or	family	members	concerned	about	his	or	her	cannabis	use
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Assessment, monitoring, and discontinuation

RECoMMEnDATIon 8
Before signing a medical document authorizing dried cannabis for pain, the physician should do all of the 
following: 

a) Conduct a pain assessment (Level II) 

b) Assess the patient for anxiety and mood disorders (Level II)

c) Screen and assess the patient for substance use disorders (Level II)

The physician should ask the patient to rate the pain on a 10-point scale, and to describe the effect of the pain 
on daily activities, including sleep. The physician should also assess the patient’s mood. The physician should 
take a careful history of current and past substance use, including cannabis, alcohol, tobacco, prescription 
opioids and benzodiazepines, and illicit drugs such as heroin and cocaine. Several of the provincial medical 
regulators (the provincial licensing colleges) recommend a standardized tool to assess the risk of addiction; the 
CAge-AiD is one simple, validated tool81 available to physicians (Table 4). A urine drug screen is also advised, 
and the patient should be asked to read and sign a treatment agreement (Table 2). 

RECoMMEnDATIon 9
The physician should regularly monitor the patient’s response to treatment with dried cannabis, considering 
the patient’s function and quality of life in addition to pain relief (Level III). The physician should discontinue 
authorization if the therapy is not clearly effective or is causing the patient harm (Level III).

At follow-up office visits, the physician should reassess the effects of cannabis on the patient’s pain ratings and 
function.

many psychoactive drugs with abuse liability will temporarily blunt the patient’s perception of pain without 
improving function. All centrally acting analgesics can also cause sedation, euphoria, or cognitive impairment. 
To authorize or continue to authorize dried cannabis for the purpose of analgesia, physicians should be as 
certain as they would need to be in prescribing any other analgesic that its potential benefits are greater than its 
potential risks.

Dried cannabis therapy should be reassessed and possibly stopped in the following circumstances:

•	 The	patient	experiences	insufficient	analgesia	and/or	no	improvement	in	function	(note	that	some	pain	
patients continue to complain of severe pain even as their function improves)

•	 The	treatment	is	not	improving	sleep,	mood,	function,	and/or	quality	of	life

•	 The	patient	experiences	side	effects	such	as	memory	impairment,	sedation,	fatigue,	and	worsening	functioning

•	 The	patient	shows	clinical	features	of	cannabis	use	disorder	(Table 3), such as running out early or 
using cannabis from other sources 
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Strategies to prevent harm

RECoMMEnDATIon 10
Patients taking dried cannabis should be advised not to drive for at least:

a) Four hours after inhalation (Level II)

b) Six hours after oral ingestion (Level II)

c) Eight hours after inhalation or oral ingestion if the patient experiences euphoria (Level II)

Cannabis use prior to driving is an independent risk factor for motor vehicle accidents.82-86 Patients should be 
advised not to drive for a minimum of four hours after inhalation or a minimum of six hours after oral ingestion87; 
they should abstain from driving for a full eight hours if they experience euphoria.88

However, note that “Health Canada states that the ability to drive or perform activities requiring alertness may be 
impaired for up to 24 hours following a single consumption.”12

RECoMMEnDATIon 11
When authorizing dried cannabis therapy for a patient, the physician should advise the patient of harm 
reduction strategies (Level III).
 
Some patients may consider dried cannabis to be “natural” and therefore safer than pharmaceutical products. 
They may be unaware that it is as important to follow dosing recommendations with dried cannabis as with any 
other course of treatment, and that different modes of delivery are safer or more precise than others.

For example, vaporization appears to be safer than smoking (combustion) as the vapour contains fewer toxic 
elements.89 Vaporization of herbal cannabis has also been evaluated in clinical trials.90 One such vaporizer is 
approved as a medical device in Canada (the Volcano medic).91 However, long-term safety effects of unregulated 
cannabis vaporization techniques (such as e-cigarettes) are unknown at this time.

it is important to ensure that patients understand that potential side effects of cannabis, such as sedation or 
cognitive impairment, can impact their safety. As noted in Recommendation 10, Health Canada has stated that 
driving, operating heavy equipment, or other activities involving alertness and coordination may be unsafe for 
up to 24 hours following a single consumption, depending on the dosage, delivery route, and patient’s age and 
other health factors. it is important to discuss with patients that their reactions to the substance and to different 
formulations are individual, and that it is important to go slowly with the treatment until a stable, effective dose 
is reached.

We advise physicians to share patient education materials, such as the strategies in Table 5, with the patients they 
authorize for dried cannabis treatment.
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Communication with patients and consultants

RECoMMEnDATIon 12
The physician should manage disagreements with patients about decisions around authorization, dosing, or 
other issues with unambiguous, evidence-based statements (Level III). 

The main messages for the patient who requests cannabis are that a) cannabis is not an approved medicine and 
b) the medical literature to date reports little evidence of benefit and considerable risk of harm with its use (see 
Table 6).

Table 5. Advice for patients about safety and harm reduction

•	Use	the	lowest	dose	necessary.

•	Do	not	“breath	hold”	or	take	more	cannabis	than	the	dose	your	doctor	has	specified.

•	We	recommend	you	ingest	(that	is,	eat)	your	cannabis	or	take	it	using	a	vaporizer	instead	of	smoking	it,	to	
reduce your risk of exposure to toxins that result from burning the cannabis in a cigarette. This is important to 
help protect you from heart or lung disease.

•	Do	not	use	dried	cannabis	with	alcohol	or	other	sedating	drugs.

•	 If	you	are	smoking	cannabis,	do	not	mix	tobacco	into	the	cigarette.

•	Do	not	give	or	sell	your	cannabis	to	others—it	is	both	dangerous	and	illegal.

•	Store	your	dried	cannabis	in	a	locked	container,	out	of	reach	of	children	and	hidden	from	visitors	and	from	
adolescents at home. 

•	Avoid	smoking	cannabis	in	your	house,	to	limit	exposure	of	family	members	to	second-hand	smoke.

•	Do	not	drive	for	at	least	four	hours	after	any	use	by	any	route,	and	for	at	least	six	hours	after	oral	ingestion.	Do	
not drive for at least eight hours after using cannabis if you experience euphoria when you use it.

•	Do	not	use	cannabis	of	any	kind	if	you	are	pregnant	or	plan	to	become	pregnant,	or	if	you	are	breastfeeding.

Table 4. CAGE-AID Tool

Yes  No 

 ❏  ❏ Have you ever felt you ought to Cut down on your drinking or drug use?

 ❏  ❏ Have people Annoyed you by criticizing your drinking or drug use?

 ❏  ❏ Have you ever felt bad or Guilty about your drinking or drug use?

 ❏  ❏ Have you ever had a drink or used drugs first thing in the morning (Eye-opener) to steady 
  your nerves, get rid of a hangover, or get the day started?

 

Scoring: One “positive” response indicates the need for further assessment. A urine drug screen (uDS) is also 
suggested.

Source: Brown rl et al. Wis Med J 1995;94:135-140
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RECoMMEnDATIon 13
The physician who is authorizing cannabis for a particular clinical indication must be primarily responsible for 
managing the care for that condition and following up with the patient regularly (Level III). Physicians seeking 
a second opinion on the potential clinical use of cannabis for their patient should only refer to facilities that 
meet standards for quality of care typically applied to specialized pain clinics (Level III). In both instances, it is 
essential that the authorizing physician, if not the patient’s most responsible health care provider, communicate 
regularly with the family physician providing ongoing comprehensive care for the patient (Level III).

Fragmentation of patient care is never advisable. Several regulatory authorities (see Recommendation 6) have 
advised that authorization of cannabis and care for a clinical condition that includes cannabis therapy should be 
managed by the most responsible health care provider for that patient. 

Before referring a patient, the physician should first ensure that the clinic:

a) Has expertise in the patient’s medical or psychiatric condition

b) routinely conducts a careful patient assessment prior to recommending any therapeutic intervention

Table 6. Messages to patients who disagree with your decision to not authorize 
cannabis treatment 

•	Dried cannabis is not a good treatment for you, even if you experience less anxiety or pain right after use. 
Overall, it may be harming you. it can cause sedation and fatigue, depression, anxiety, or memory impairment. it 
can also interfere with your work, school, or social relationships. 

•	Dried cannabis has some serious risks and there is little evidence of benefit.

•	neither Health Canada nor any national medical organization has endorsed dried cannabis as a medicine. As a 
doctor i am bound to comply with the standards of my profession.

•	We will work together to come up with an individualized treatment plan for you. Safe and effective treatments 
are available for your condition.

•	 If the patient is at high risk for cannabis-related harms, eg, is young or has a concurrent anxiety or substance use 
disorder: As your doctor i cannot prescribe any treatment that may harm you.

•	 If the patient refuses a trial of oral cannabinoids prior to any consideration of dried cannabis, explore the 
possibility that the patient is using dried cannabis for its effects on mood: if these drugs are not helping with 
pain relief or function, is it possible that you are getting a high from cannabis that makes it seem like it is 
helping pain for a while? if that’s so, the trouble is that the high can also impair your thinking and perception, 
which can create bigger problems for you.

•	 If the patient remains dissatisfied: i can’t authorize the use of an untested therapy when we have other, carefully 
studied and effective treatments that are safer and subject to strict quality control. i won’t authorize dried 
cannabis for you. i can refer you to a doctor who is a pain specialist, who can advise you on the risks and 
benefits of dried cannabis for your condition.

• If you suspect a cannabis use disorder: in my opinion, your use of cannabis could be causing you harm. We 
need to talk about ways to reduce or stop your cannabis use.

•	 If the patient says that your refusal forces him or her to purchase cannabis illegally: i advise you not to buy 
cannabis or any other drug from the street. in my opinion, using street cannabis is not benefiting your health, 
and it could be causing you harm.
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c) Provides an explicit statement on the clinic’s policies on the indications, contraindications, and dosing 
for dried cannabis

d) Does not have any financial conflicts of interest, such as charging patients fees, or financial involve-
ment with licensed cannabis producers

The referring physician should send the consultant all clinically relevant information on the patient’s substance 
use, mental health, and pain history.

 
Dosing

RECoMMEnDATIon 14
Given the weak evidence for benefit and the known risks of using cannabis, the only sensible advice for 
physicians involved with authorizing dried cannabis is the maxim “Start low, and go slow” (Level III).

The optimal dose should improve pain relief and function, while causing minimal euphoria or cognitive 
impairment. gradual dose titration is needed to establish the dose’s effectiveness and safety. This is of critical 
importance because, as Health Canada has stated, even low doses of low-THC cannabis can cause cognitive 
impairment lasting as long as 24 hours in some individuals.2,12

What follows is a synthesis of what we know from the few controlled trials on dried cannabis available, and the 
medical literature on pharmaceutical cannabinoids. in the absence of rigorous evidence, we cannot overstress 
the importance of exhausting other possible therapies before embarking on a trial of cannabis therapy, as well as 
the necessity to “start low and go slow,” while continually monitoring the patient’s response to the treatment.

Suggested dosing: start low
Determining a safe and effective dose for herbal cannabis is much more difficult than for pharmaceutical 
products, because individuals vary in their mode of administration (eg, inhaled versus oral), so that there can 
be a wide variation in the dose delivered. Wide interpatient dose variability is also noted for pharmaceutical 
cannabinoids.92

Subjects in one trial experienced relief of pain with one inhalation of 9.4% THC cannabis smoked three times 
per day. The single inhalation produced a serum level of 45 µg/l,11 a level slightly lower than the level associated 
with	euphoria	(50–100	µg/L).

Patients initiating cannabis therapy in inhaled form (smoked or vaporized) should start with very small amounts 
of herbal cannabis. Patients often measure their “dose” in terms of puffs; a single inhalation therefore represents 
a meaningful and intuitive “dose” form. Since the products available to the patient vary in the amount of 
cannabinoid they contain (cannabis strains have different cannabinoid profiles), by starting with a single 
inhalation of a new strain, the patient may slowly explore his or her response to the product. Starting with strains 
with lower THC levels is wise, because the lower percentage minimizes potential unwanted cognitive effects; 
higher doses of THC do not necessarily lead to better pain control.

Since medical documents need to specify 30-day quantities, and authorization takes effect on the date of signing, 
patients may order several grams over a one-month period; they may choose to purchase only a few grams of a 
given strain for two weeks, then to ask for a different strain. As long as they do not exceed the allowable 30-day 
limit, and are able to work with the licensed producer, patients may explore different THC and CBD profiles. 
The licensed producer may call the authorizing physician to confirm details of the authorization. We suggest 
requesting notification from the licensed producer whenever changes are made to what the physician has 
authorized (see Recommendation 15).
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There are many reports of patients having to use larger quantities of herbal cannabis in the form of juicing (ie, 
maceration in a blender with liquids) or to prepare oral products; we simply do not have enough information to 
support these claims.

The following calculations are offered as preliminary pharmacokinetic considerations, based on several 
assumptions as outlined.

The amount of active cannabinoids delivered to the patient using herbal cannabis will depend on several factors, 
including the cannabinoid content of the source material and the mode of administration, as well as genetic 
and metabolic patient factors. Clearly the first two factors may be amenable to adjustment; the THC and CBD 
level of the herbal material is standardized by the licensed producers under the mmPr and physicians should 
suggest that patients begin with lower THC levels. The mmPr currently only allow for patients to receive dried 
herbal cannabis, and not any form of extract or oral edible product, so patients must also choose the mode of 
administration. Here the physician faces difficult choices; the inhaled route may be by vaporization, about which 
we have limited information, or by smoking, which is clearly not ideal but remains the most common means of 
cannabis self-administration. 

it is useful to consider some broad considerations of these cannabis inhalation techniques to guide these 
discussions and decisions:

•	 Based	on	WHO	estimates,	an	average	“joint”	contains	500	mg	(0.5	g)	of	herbal	cannabis.	A	typical	
tobacco cigarette, by comparison, weighs 1.0 g.

•	 Studies	of	smoked	cannabis	for	neuropathic	pain	conditions	suggest	effective	doses	ranging	from	one	
single inhalation from 25 mg of herbal cannabis containing 9.4% THC three times daily using a pipe,11 
to 9 inhalations from a 900 mg “joint” of herbal cannabis containing 7% THC.7,8 This translates into 
current	evidence	for	a	daily	inhaled	dose	of	100–700	mg	of		up	to	9%	THC	content	dried	cannabis.

•	 It	is	worth	noting	that	in	all	studies	the	incidence	of	adverse	events	increases	with	increasing	THC	levels.

in the only study to date of vaporized cannabis for neuropathic pain, the amount of herbal material placed in the 
vaporizer was 800 mg and subjects took between 8 and 12 inhalations from the vaporizer balloon over a two-
hour period.90 Once again, analgesic effects were noted at low THC levels and side effects increased with the 
THC level of administered cannabis.

most studies of smoked or vaporized cannabis use a standardized inhalation procedure: inhale slowly over 5 
seconds, hold breath for 10 seconds, then gently exhale.

until further dose and delivery system information becomes available, these data may be crudely fashioned to 
provide patients with the following guidance and information: 

1. They are advised to consider using vaporized cannabis over smoked cannabis.

2. They should use inhaled cannabis in a well-ventilated, private, and calm environment.

3. The authorization for dried cannabis will be for the lowest effective level of THC available.

4. They should start any new cannabis product with a slow single inhalation, and then wait four hours so 
that they can fully appreciate the effects.

5. They should allow for several single inhalation trials of a product to observe and then discuss their 
responses with their physicians, before either increasing the number of inhalations or changing their 
order with the producer.

6.  As with all psychoactive drugs, they must be informed of and alert to cannabis’s potential mood-alter-
ing, euphoric, or sedative effects, which can occur and present risk even at very low doses.

7.  They should keep notes on effects and experiences throughout the therapy to facilitate discussion with 
their authorizing physician and other health professionals.
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Increasing dosage: go slow
Although the mmPr allows physicians to authorize as much as 5.0 g of dried cannabis per patient per day, we 
expect that analgesic benefit will occur for most patients at considerably lower doses. We expect that the upper 
level to the safe use of dried cannabis will be on the order of 3.0 g per day, and that even this level of use should 
be considered only in very circumscribed conditions:

•	 This	dosing	level	would	apply	to	experienced	users	of	dried	cannabis	only,	never	to	cannabis-naïve	
patients

•	 It	must	only	be	arrived	at	through	a	careful	process	of	assessing	the	patient’s	response	as	dosage	is	
slowly increased, weighing analgesic benefit, improvement in function, and presence or absence of 
adverse effects

Furthermore, physicians considering authorizing dried cannabis at doses higher than the current evidence 
supports	(an	inhaled	dose	of	100–700	mg	of	no	more	than	9%	THC	cannabis	daily)	are	strongly	advised	to:

•	 Discuss	the	decision	to	increase	the	dosage,	either	approaching	or	exceeding	a	3.0	g/day	level,	with	a	
trusted and experienced colleague

•	 Document	in	the	patient’s	record	the	reasons	that	support	the	increased	dosage

Table 7 lists the licensed producers in Canada, and the names of the strains they sell that contain 9% THC or less.93

Table 7. Strains containing 9% THC or less, by licensed producer*
Company Variety and Percentage THC

Bedrocan Bediol: 6.5%

Bedrolite: 0.5%

Canna Farms no strains 9% or less

Cannimed
Cannimed 9.9: 9% 
Cannimed 1.13: 0.7%

Delta 9 biotech Does not list % THC on website

in the Zone Does not list % THC on website

mettrum Purple #2: 7.9%

green #1, 5: 5.5%

green #2: 5.5%

medreleaf Corp Avidekel: 1.1%

Organigram not listed

Peace naturals Harvest moon: 9%

nina: 8%

Thunderbird not listed

Tilray no strains 9% or less

Tweed Argyle: 5%

Whistler no strains 9% or less

*information compiled may 2014. 

Source: Health Canada, Authorised licensed producers under the MMPR, 2014
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RECoMMEnDATIon 15
Although it is not required by the MMPR, physicians should specify the percentage of THC on all medical 
documents authorizing dried cannabis, just as they would specify dosing when prescribing any other analgesic 
(Level III).

The THC concentrations used in the five controlled trials on neuropathic pain (see Recommendation 1) ranged 
from 1% to 9%. Physicians should be aware that some commercial strains have THC concentrations as high as 
15%–30%;	these	concentrations	may	increase	the	risk	of	cognitive	impairment.	

Therefore, the physician should note on the medical document to “Supply dried cannabis containing 9% THC 
or less. Send information on % THC composition directly to physician’s office. notify physician of any change in 
THC concentration of product given to patient.”

The mmPr authorization document also requires indication of a daily quantity of cannabis. As indicated above 
(Recommendation 14),	at	present,	the	medical	literature	supports	a	daily	dose	of	100–700	mg.

Conclusions
As stated earlier, the CFPC developed this guidance document in response to a clearly expressed need from 
members for assistance in navigating an extraordinary practice situation. They have been caught between their 
desire and obligation to provide evidence-informed care for their patients and a law that appears, to patients at 
least, to compel them to deal with dried cannabis as if it were a medicine.

For that reason, this document has been prepared with a sense of urgency. We are confident in the practice 
expertise and judgment of those members who participated in its creation, but recognize that the clinical 
conditions it deals with and the lack of solid evidence for almost any assertion in this area make giving clear-
cut advice difficult. We have tried, nonetheless, to provide guidance that is as definitive as possible because we 
recognize that family physicians will not be able to avoid making decisions when their patients approach them 
about this topic.

We will, as an organization, continue to support efforts by Health Canada and other bodies to generate additional 
research evidence on the place of dried cannabis in the treatment of chronic pain, anxiety, and the variety of other 
conditions for which its use has been suggested. We encourage CFPC members to contact us, to add their input 
and share their experiences as we move forward safely and compassionately in this new and challenging area of 
therapeutics.
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ABSTRACT 
 
 
 Background: Anxiety disorders are the most common psychiatric illness in the 
United States. However, economic burdens of this category of mental illnesses have not 
been well studied yet. The objective of this study was to estimate the societal cost of 
anxiety disorders for the ambulatory adult population of the U.S.  
 
 Data and Method: Data was collected from the 2009 and 2010 Medical 
Expenditure Panel Survey (MEPS), Bureau of Labor Statistics (BLS), and National Vital 
Statistics System (NVSS). Cost components included in the analyses were direct medical 
costs (i.e. cost for inpatient visits, outpatient visits, emergency room visits, office-based 
visits, prescription medications, and other services), and indirect cost (i.e. morbidity and 
mortality costs). Anxiety patients were identified using MEPS data. More specifically, 
individuals 18 years and older, who reported a diagnosis of, or had a medical event 
associated with anxiety disorder(s), were classified as anxiety population. Number of 
suicides due to anxiety disorders was estimated using the NVSS data. Direct medical 
costs attributable to anxiety disorders were estimated as the expenditures incurred by 
anxiety patients in excess of those incurred by anxiety-free population. Several 
multivariate regression analyses, using generalized linear models, were conducted to 
calculate the overall incremental direct medical costs associated with anxiety disorders, 
as well as cost by healthcare delivery setting, and cost for different sub-populations. 
Indirect costs were estimated using the Human Capital Approach (HCA). Morbidity cost 
was estimated by valuing the time period in which individuals had to stay in bed due to 
anxiety disorders. Mortality cost was estimated as the productivity loss from age at death 
to life expectancy. 
 
 Results: Among adult participants in 2009-2010 MEPS, 30.35 million (8.74%) 
reported being diagnosed with anxiety disorder(s). It was also estimated that in 2010, 
3,497 suicides were due to anxiety disorders. The annual overall direct medical costs 
associated with anxiety disorders was estimated at $1657.52 per person (SE: $238.83; p 
<0.001), or $33.71 billion in total. Inpatient visits, prescription medications, and office-
based visits together accounted for almost 93% of the overall cost. The increase in direct 
medical cost due to anxiety disorders was higher among White non-Hispanics ($1879.31) 
than Black non-Hispanics ($1459.30). For non-Hispanics, anxiety was not associated 
with a statistically significant increase in medical expenditure. Regarding aspects of 
indirect cost, morbidity and mortality cost were estimated at $12.72 billion and $2.34 
billion in 2013 US dollars, respectively. The 2013 societal cost of anxiety disorders was 
estimated at $48.72 billion. 
 
 Conclusion: The current study demonstrates conclusively that anxiety disorders, 
with the annual cost of $48.72 billion in 2013 US dollars, absorb a significant portion of 
US healthcare resources and should be prioritized by policymakers and healthcare 
providers who aim to reduce downstream costs of mental disorders. 
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CHAPTER 1.    INTRODUCTION 
 
 

 Data on the economic burden of anxiety disorders are limited. But this category of 
mental illnesses is known to be the most prevalent, and one of the most expensive 
psychiatric disorders in the U.S. The current study intends to answer the following 
research question: What are the economic burdens of anxiety disorders to the ambulatory 
adult population of the U.S.? 
 
 The following sections describe the importance of conducting a cost of illness 
study for anxiety disorders, the existing gap in the relevant literature, the potential 
contributions of this research to the current literature, and detailed explanation of specific 
aims of the study.  
 
 

Importance of Conducting a Cost of Illness Study for Anxiety Disorders 
 
 
Why a Cost of Illness Analysis? 
 
 According to Centers for Medicare & Medicaid Services (CMS) “U.S. health care 
spending reached $2.7 trillion in 2011, or $8,680 per person.”1(p. 2) There has been a 
growing rate of 3.9 percent in health spending since 2009. Also from 2009 to 2011, 
health spending was 17.9 percent of Gross Domestic Product (GDP). In comparison with 
other countries in the Organization for Economic Cooperation and Development 
(OECD), the United States has the highest health spending in terms of share of GDP. In 
fact, “Americans spent more than twice as much as relatively rich European countries 
such as France, Sweden and the United Kingdom.”2(p. 1) CMS has projected for this share 
to rise to 20 percent of GDP by 2020. 
 
 There is no simple and straightforward solution for controlling this high and ever-
increasing rate of spending on healthcare in the United States; but, identifying the most 
expensive medical conditions and trying to alleviate their economic burden, through 
disease management interventions, is definitely a required step to be undertaken in this 
way. According to Joel & Segel, “Cost-of-illness studies measure the economic burden of 
a disease or diseases and estimate the maximum amount that could potentially be saved 
or gained if a disease were to be eradicated.”3(p. 2) In developing cost-containment policies 
and interventions, cost of illness (COI) analysis enables policymakers to identify diseases 
which need to be addressed with the highest priority. 
 
 No one can argue that healthcare resources, like many other forms of resource, are 
scarce; and the more resources absorbed by heath sector, the less will be left for other 
sectors such as education, defense, etc. A cost of illness study is not enough to set 
priorities for the objective of resource allocation (for that purpose, one needs 
effectiveness data as well as cost data). However, it is a main component of any cost-
effectiveness or cost-utility analysis. Nowadays, cost of illness studies are being widely 
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used by health economists, pharmaceutical companies, clinicians, and policymakers to set 
research agendas and allocate resources.4,5 
 
 
Why Examining Costs by Service Category and for Different Sub-populations? 
 
 Even though cost of illness analysis is a crucial primary step in identifying costly 
medical conditions, further information is needed if effectively reducing the burden of 
these conditions is desired. To reduce the burden of illness, just knowing the dollar 
amount in terms of cost of illness is not enough. In fact, one also needs to know the 
distribution of costs among different health sectors (inpatient, outpatient, emergency 
room, prescription medication …) and subpopulations (based on gender, race, age …) to 
find out if resources are being distributed disproportionally. Knowing which 
subpopulations or health sectors incur higher costs, policymakers can come up with 
tailored disease management interventions to address high costs specifically in those sub-
populations/health sectors.  
 
 Healthcare costs are not distributed proportionally among different sub-
populations. According to the Medical Expenditure Panel Survey (MEPS), in 2010, 
individuals with some college degree had the highest total healthcare expenditure in 
comparison with those in other educational levels. The same can be said for Whites, 
females, and married individuals. So having the estimation of cost of illness for the whole 
population (who suffer from that disease), one also needs to know how this burden is 
distributed among different groups of people. In the same manner, distribution of cost 
among different service categories will yield useful information as to which category of 
health services may benefit the most from disease management programs. 
 
 
Why Anxiety Disorders? 
 
 Costly medical conditions can be amongst the underlying causes of skyrocketing 
healthcare expenditures in the U.S. In this regard, it is good to know that one group of 
these expensive medical conditions are anxiety disorders. Anxiety is a natural response 
and a necessary warning adaptation in humans. Everybody has experienced anxiety in the 
form of increased heart rate and tensed muscles. However, anxiety can become a 
pathologic disorder when it is excessive and uncontrollable; In other words, when it 
occurs without any recognizable reason or when the reason does not warrant such a 
reaction. If no medical condition accounts for symptoms, they are attributed to anxiety 
disorders.6 
 
 According to the Diagnostic and Statistical Manual of Mental Disorders, fourth 
edition, text revision (DSM IV-TR),7 anxiety disorders categorize a large number of 
disorders including acute stress disorder, post-traumatic stress disorder (PTSD), phobias 
(including social phobia), agoraphobia (with or without a history of panic disorder), panic 
disorder (with or without agoraphobia), generalized anxiety disorder (GAD), obsessive-
compulsive disorder (OCD), and anxiety disorders due to known physical causes (these 
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include general medical conditions or substance abuse). The primary feature of these 
disorders is abnormal or inappropriate anxiety. These disorders usually interfere with a 
patient’s work, schooling, and family life so that in severe cases, they can adversely 
affect their function. For instance, anxiety disorders can be an underlying cause of 
alcohol and substance abuse.  
 
 Fortunately, anxiety disorders are highly treatable, and most people with these 
conditions can have fulfilling lives if they receive appropriate treatment. In general, 
anxiety disorders are treated with medication, specific types of psychotherapy, or both. 
“Treatment choices depend on the problem and the person’s preference. Before treatment 
begins, a doctor must conduct a careful diagnostic evaluation to determine whether a 
person’s symptoms are caused by an anxiety disorder or a physical problem.”8(p. 14) 

 
 Each year, almost one out of three Americans age 18 years or older (12-month 
prevalence=26.2%), will experience at least one form of mental disorders (i.e. anxiety 
disorders, mood disorders, impulse-control disorders, and substance use disorders).9 More 
than two thirds of these individuals (12-month prevalence=18.1%) suffer from one (or 
more) form of anxiety disorders (alone or along with another mental condition).9 In other 
words, anxiety disorders represent the most common psychiatric illnesses in the U.S. The 
annual societal cost of anxiety disorders in the U.S. in 1990 was estimated to range from 
US$42 to US$47 billion, nearly approaching the estimates of the cost of depression (from 
US$44 to US$53 billion) for the same time frame.5,10 With respect to the high prevalence 
of anxiety disorders in the U.S. and evidence from previous research,5,10 it is expected 
that this category of mental illnesses imposes a significant economic burden to society. In 
this regard, a more current and comprehensive evaluation of healthcare expenditures 
attributable to anxiety disorders is warranted. Such evaluation may guide clinicians and 
policymakers in developing and improving disease management programs, and provide a 
basis for conducting cost-effectiveness analysis of new treatment interventions. 
 
 

The Existing Gap in the Literature 
 
 In order to have a reliable estimation of the economic burden of a disease to 
society, there are several factors that must be taken into account: 
 

 Both direct and indirect costs should be included in the analysis. 
 

 The sample should be representative of the entire population in which results are 
to be generalized to. 

 
 If there is more than one diagnosis for a condition, all possible diagnoses should 

be considered. 
 

 In estimating the costs, not only the costs directly due to the condition of interest 
should be included, but also costs due to the comorbidities and complications 
resulted from that condition should be considered. 
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 When using different data sources, the potential inconsistency between these data 
sources should be taken into account. 

 
 An overview of the literature on cost of illness studies for anxiety disorders 
reveals that there are a limited number of studies in this field. In fact, the only studies that 
estimated direct and indirect costs of anxiety disorders from a societal perspective in the 
U.S. were conducted far back, in 1996 and 1999 by DuPont et al.5 and Greenberg et al.10 
 
 DuPont et al.5 conducted a cost of illness analysis from a societal perspective, by 
including direct medical costs, direct non-medical costs, and indirect costs (morbidity and 
mortality costs). The major limitation of their study is that in estimating the cost of illness 
for anxiety disorders, they only considered the costs that were incurred directly due to 
anxiety disorders; but they did not account for the increase in general use of medical 
services in patients suffering from anxiety disorders. In addition, they did not include all 
diagnoses of anxiety disorders in their analysis (data on costs due to PTSD and acute 
stress disorder were not collected). All of this might have led to an underestimation of the 
true burden of anxiety disorders. Another limitation of the study is related to the data 
collection process. Data on utilization and cost was collected from several different data 
sources. For instance, they used more than six databases (such as National Hospital 
Discharge Survey, National Nursing Home Survey, Pharmaceutical Data Source …) for 
calculating direct medical costs. The potential inconsistencies between different data 
sources may later cast doubt on the reliability of results.  
 
 Greenberg et al.10 reduced the inconsistency in data by using less data sources. 
They collected the majority of data from the National Comorbidity Survey. The cost 
components included in their study were direct psychiatric costs, direct non-psychiatric 
costs, and indirect costs (morbidity and mortality costs). Direct non-psychiatric costs 
accounted for most of the cost of illness for anxiety disorders. However, estimation of 
this cost component (which accounted for more than half of their estimated cost of 
illness) was based on results from a single staff–model HMO that may not be fully 
generalizable to the entire population. So, their estimation of cost of illness for anxiety 
disorders may not be representative of the true burden of this condition to the whole 
society. In addition, they did not include all diagnoses of anxiety disorders in their 
analysis (data on costs due to OCD and acute stress disorder were not collected).  
 
 In more recent studies, the study population is either not from the U.S. or not 
representative of the whole U.S. population,11-15 the perspective is not societal,11,16-22 both 
direct and indirect costs are not estimated,11,15-23 or not all anxiety diagnoses are included 
in the study.16,17,24-29 
 
 

Potential Contributions of This Research to the Current Literature 
 
 Due to the high prevalence of anxiety disorders in the U.S. and the evidence from 
previous research on anxiety-related costs,5,10 it is expected that this category of mental 
illnesses imposes a significant economic burden to society. Considering the fact that 
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costly medical conditions have been always a high priority to policymakers in their effort 
to reduce healthcare costs, a well-conducted cost of illness for anxiety disorders can 
provide them with a reliable estimation of the economic burden of these conditions. 
Moreover, identifying the distribution of costs among different sub-populations and 
health sectors may enable them to come up with tailored disease management programs 
to reduce the costs.  
 
 The specific features of the study which distinguish it from the previous works, 
and also add to the current knowledge are as follows: 
 

 Results of this research will provide the most comprehensive and updated 
estimate of cost of illness for anxiety disorders, for the ambulatory adult 
population of the U.S. 

 
 It is the first study that measures costs at the population level, as well as for 

different sub-populations. 
 

 The sample is representative of the whole U.S civilian non-institutionalized 
population 18 years of age and older. So, results can be generalized to this group 
of individuals (Civilian-non-institutionalized population refers to community-
dwelling population or ambulatory population. individuals in the military and 
those residing in nursing homes, assisted living facilities, and prisons are not 
included in the civilian-non-institutionalized population. Throughout this 
research, civilian non-institutionalized population and ambulatory population 
phrases are used alternatively). 

 
 The societal perspective enables the researcher to measure the economic burdens 

of anxiety disorders to the whole society regardless of who incurred the costs. 
 

 Instead of getting data from several different data sources, which may lead to 
inconsistency in data and later affect the reliability of results, only one database 
will be used to collect data on healthcare utilization and costs.  

 
 All possible diagnoses of anxiety disorders will be included in the analysis. 

 
 The estimation of cost of illness will not only capture the costs directly due to 

anxiety disorders, but it will also include cost of their comorbidities and 
complications.  

 
 The analysis technique used will control for all factors that may affect healthcare 

expenditures, therefore, researchers can estimate costs solely due to anxiety 
disorders. 
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Specific Aims 
 
 Specific aims of the study are presented in this section. For all specific aims, 
estimates will be provided for the ambulatory adult (18 years and older) population of the 
U.S.  
 

 Specific Aim 1 (SA1): To estimate direct medical cost and indirect costs 
(morbidity cost, mortality cost) of anxiety disorders. 

 
 Specific Aim 2 (SA2): To estimate direct medical costs attributable to anxiety 

disorders by major service categories (i.e. inpatient visits, outpatient visits, office-
based medical visits, emergency room visits, prescription medications, and other 
services). 

 
 Specific Aim 3 (SA3): To estimate direct medical costs attributable to anxiety 

disorders for different sub-populations (based on gender, race/ethnicity, age, 
marital status, poverty category, education, geographic region, Metropolitan 
Statistical Area (MSA), and insurance coverage). 
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CHAPTER 2.    LITERATURE REVIEW 
 
 
 The goal of this chapter is to provide a review of literature relevant to the purpose 
of this research. It has two main sections. The first section provides an introduction to 
anxiety disorders, their epidemiology and treatments. The second section is devoted to 
cost of illness studies. It starts with description and history of cost of illness studies and 
continues with reviewing the cost of illness studies for anxiety disorders. In order to find 
these studies, we conducted a search in Pubmed, Ovid, PsycINFO, and Google Scholar 
for articles published after 1990. The search words were cost, expenditure, cost of illness, 
burden, and anxiety disorders.  
 
 

An Overview of Anxiety Disorders 
 
 
Description of Anxiety Disorders 
 
 According to the American Psychiatric Association,7 anxiety disorders categorize 
a large number of disorders including acute stress disorder, agoraphobia (with or without 
a history of panic disorder), generalized anxiety disorder (GAD), obsessive-compulsive 
disorder (OCD), panic disorder (with or without Agoraphobia), phobias (including social 
phobia), and post-traumatic stress disorder (PTSD). The primary feature of these 
disorders is abnormal or inappropriate anxiety. Everybody has experienced anxiety in 
forms of increased heart rate and tensed muscles. But anxiety becomes a problem when it 
occurs without any recognizable reason, or when the reason does not warrant such a 
reaction. If no medical condition accounts for symptoms, they are attributed to anxiety 
disorders.6 
 
 The following sections provide information on etiology, symptoms and prognosis 
of different diagnoses of anxiety disorders, quoted from AllPsych Online 
(http://allpsych.com/disorders/anxiety/index.html).6 
 
 
Acute Stress Disorder 
 

 Etiology: “By definition, acute stress disorder is a result of a traumatic event in 
which the person experienced or witnessed an event that involved threatened or 
actual serious injury or death and responded with intense fear and helplessness.”6 
 

 Symptoms: “Symptoms include dissociative symptoms such as numbing, 
detachment, a reduction in awareness of the surroundings, derealization, or 
depersonalization; re-experiencing of the trauma, avoidance of associated stimuli, 
and significant anxiety, including irritability, poor concentration, difficulty 
sleeping, and restlessness. The symptoms must be present for a minimum of two 
days and a maximum of four weeks and must occur within four weeks of the 
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traumatic event for a diagnosis to be made.”6 
 

 Prognosis: “Prognosis for this disorder is very good. If it should progress into 
another disorder, success rates can vary according to the specific of that 
disorder.”6 

 
 
Agoraphobia (with or without a History of Panic Disorder) 
 

 Etiology: “Agoraphobia can develop out of simple phobias or it can be a result of 
extreme trauma, although it is often a result of numerous panic attacks such as 
those found in panic disorder.”6 

 
 Symptoms: “Agoraphobia, like other phobias, is made up of extreme anxiety and 

fear. Different from other phobias, however, is the generalization which occurs. 
Agoraphobia is the anxiety about being in places where escape might be difficult 
or embarrassing or in which help may not be available should a panic attack 
develop. It can be sub diagnosed as either ‘with’ or ‘without’ panic disorder. 
Typically situations that invoke anxiety are avoided and in extreme cases, the 
person may never or rarely leave their home.”6 

 
 Prognosis: “Prognosis is good, especially if the individual has some insight into 

the development of the disorder and if their fears are irrational and there is insight 
into this.”6 

 
 
Generalized Anxiety Disorder (GAD) 
 

 Etiology: “Often anxiety gets generalized to other situations, and can then become 
overwhelming or associated with life in general. Typically GAD develops over a 
period of time and may not be noticed until it is significant enough to cause 
problems with functioning.”6 
 

 Symptoms: “As its name implies, GAD is evidenced by general feelings of 
anxiety such as mild heart palpitations, dizziness, and excessive worry. The 
symptoms are difficult to control for the individual and are not related to a 
specific event (such as in PTSD) and are not as severe as those found with Panic 
Disorder.”6 

 
 Prognosis: “Prognosis is good for the more extreme symptoms, but those 

associated with underlying fears are more difficult to treat (such as excessive 
worry). Working through childhood issues can be helpful as these tend to get 
distorted as they follow us into adulthood (e.g., over-controlling parental styles, 
sexual abuse, and childhood phobias).”6 
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Obsessive-compulsive Disorder (OCD) 
 

 Etiology: “Both biological and psychological causes have been found in OCD.”6 
 

 Symptoms: “The key features of this disorder include obsessions (persistent, often 
irrational, and seemingly uncontrollable thoughts) and compulsions (actions 
which are used to neutralize the obsessions). A good example of this would be an 
individual who has thoughts that he is dirty, infected, or otherwise unclean which 
are persistent and uncontrollable. In order to feel better, he washes his hands 
numerous times throughout the day, gaining temporary relief from the thoughts 
each time. For these behaviors to constitute OCD, it must be disruptive to 
everyday functioning (such as compulsive checking before leaving the house 
making you extremely late for all or most appointments, washing to the point of 
excessive irritation of your skin, or inability to perform everyday functions like 
work or school because of the obsessions or compulsions).”6 

 
 Prognosis: “Prognosis for this disorder has a wide range, depending upon how the 

individual responds to medication and how deep rooted the underlying issues 
are.”6 

 
 
Panic Disorder (with or without Agoraphobia) 
 

 Etiology: “Often the symptoms of this disorder come on rapidly and without an 
identifiable stressor. The individual may have had periods of high anxiety in the 
past, or may have been involved in a recent stressful situation. The underlying 
causes, however, are typically subtle.”6 

 
 Symptoms: “Panic Disorder is characterized by sudden attacks of intense fear or 

anxiety, usually associated with numerous physical symptoms such as heart 
palpitations, rapid breathing or shortness of breath, blurred vision, dizziness, and 
racing thoughts. Often these symptoms are thought to be a heart attack by the 
individual, and many cases are diagnosed in hospital emergency rooms.”6 

 
 Prognosis: “Prognosis for this disorder is very good if the above conditions are 

met. Left untreated, however, symptoms can worsen and Agoraphobia can 
develop. In these cases, the individual has developed such an intense fear that 
leaving the safety of home feels impossible.”6 

 
 
Phobias (Including Social Phobia) 
 

 Etiology: “Often a traumatic event is the precursor for a phobia, which may or 
may not be at the conscious level.”6 

 
 Symptoms: “Symptoms include either extreme anxiety and fear associated with 
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the object or situation or avoidance. To be diagnosed, the symptoms must be 
disruptive to everyday functioning (such as quitting a great job merely because 
you have to use an elevator).”6 

 
 Prognosis: “Prognosis is very good if treated effectively.”6 

 
 
Post-traumatic Stress Disorder (PTSD) 
 

 Etiology: “By definition, PTSD always follows a traumatic event which causes 
intense fear and/or helplessness in an individual. Typically the symptoms develop 
shortly after the event, but may take years. The duration for symptoms is at least 
one month for this diagnosis.”6 

 
 Symptoms: “Symptoms include re-experiencing the trauma through nightmares, 

obsessive thoughts, and flashbacks (feeling as if you are actually in the traumatic 
situation again). There is an avoidance component as well, where the individual 
avoids situations, people, and/or objects which remind him or her about the 
traumatic event (e.g., a person experiencing PTSD after a serious car accident 
might avoid driving or being a passenger in a car). Finally, there is increased 
anxiety in general, possibly with a heightened startle response (e.g., very jumpy, 
startle easy by noises).”6 

 
 Prognosis: “Prognosis ranges from moderate to very good. Those with the best 

prognosis include situations where the traumatic event was acute or occurred only 
one time (e.g., car accident) rather than chronic or on-going trauma (e.g., ongoing 
sexual abuse, war).”6 

 
 

Epidemiology of Anxiety Disorders 
 
 For any anxiety disorder, 12-month prevalence is 18.1% of the U.S. adult 
population.9 Lifetime prevalence is 28.8% of the U.S. adult population and 25.1% of 
children and adolescents.30 Women are 60% more likely than men to experience an 
anxiety disorder over their lifetime. Non-Hispanic Blacks are 20% less likely, and 
Hispanics are 30% less likely, than non-Hispanic Whites to experience an anxiety 
disorder during their lifetime. Individuals in the age group of 30-44 have the highest risk 
of developing an anxiety disorder over their lifetime (35.1%), while those who are 60 or 
older have the lowest risk (15.3%).30 Table 2-1 shows the epidemiology of anxiety 
disorders in the U.S. adult population for each specific diagnosis. 
 
 

Treatment of Anxiety Disorders 

 
 According to the National Institute of Mental Health (NIMH) “anxiety disorders 
are treated with medication, specific types of psychotherapy, or both. Treatment choices 
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Table 2-1. Prevalence of anxiety disorders for the U.S. adult population. 
 
Diagnosis  Lifetime prevalence  12-month prevalence 
Any Anxiety Disorder  28.8%  18.1% 
Acute Stress Disorder  7.8%  - 
Agoraphobia  1.4%  0.8% 
Generalized Anxiety Disorder  5.7%  3.1% 
Social Phobias  12.1%  6.8% 
Specific Phobias  12.5%  8.7% 
Post-traumatic Stress Disorder   6.8%  3.5% 
Obsessive-compulsive Disorder   1.6%  1.0% 
Panic Disorder  4.7%  2.7% 

 
Source: Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE. Prevalence, 
severity, and comorbidity of 12-month DSM-IV disorders in the National Comorbidity 
Survey Replication. Arch Gen Psychiatry. Jun 2005;62(6):617-627; Kessler RC, 
Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age 
of-onset distributions of DSM-IV disorders in the National Comorbidity Survey 
Replication. Arch Gen Psychiatry. Jun 2005;62(6):593-602. 
 
 
depend on the problem and the person’s preference. Before treatment begins, a doctor 
must conduct a careful diagnostic evaluation to determine whether a person’s symptoms 
are caused by an anxiety disorder or a physical problem.”8(p. 14)  
 
 The following sections, quoted from the Booklet of Anxiety Disorders,8 describe 
treatment options for anxiety disorders. 
 
 
Medication 
 
 “Medication will not cure anxiety disorders, but it can keep them under control 
while the person receives psychotherapy.”8(p. 14) Antidepressants, anti-anxiety drugs, and 
betablockers are the three major categories medications used for anxiety disorders. 
 
 Antidepressants. Even though Antidepressants were originally developed to treat 
depression, they are also effective in treating anxiety disorders.8 The specific 
antidepressant used to treat anxiety disorders are listed below: 
 

 Selective serotonin reuptake inhibitors (SSRIs): “SSRIs alter the levels of the 
neurotransmitter serotonin in the brain, which, like other neurotransmitters, helps 
brain cells communicate with one another. Fluoxetine (Prozac®), sertraline 
(Zoloft®), escitalopram (Lexapro®), paroxetine (Paxil®), and citalopram 
(Celexa®) are some of the SSRIs commonly prescribed for panic disorder, OCD, 
PTSD, and social phobia. SSRIs are also used to treat panic disorder when it 
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occurs in combination with OCD, social phobia, or depression. Venlafaxine 
(Effexor®), a drug closely related to the SSRIs, is used to treat GAD. These 
medications are started at low doses and gradually increased until they have a 
beneficial effect. SSRIs have fewer side effects than older antidepressants. Their 
common side effects are slight nausea or jitters (when people first start to take 
them) as well as sexual dysfunction.”8(p. 15) 

 
 Tricyclics: “Tricyclics are older than SSRIs and work as well as SSRIs for anxiety 

disorders other than OCD. Tricyclics include imipramine (Tofranil®), which is 
prescribed for panic disorder and GAD, and clomipramine (Anafranil®), which is 
the only tricyclic antidepressant useful for treating OCD. They are also started at 
low doses that are gradually increased. They sometimes cause dizziness, 
drowsiness, dry mouth, and weight gain.”8(p. 15) 

 
 MAOIs: “Monoamine oxidase inhibitors (MAOIs) are the oldest class of 

antidepressant medications. The MAOIs most commonly prescribed for anxiety 
disorders are phenelzine (Nardil®), followed by tranylcypromine (Parnate®), and 
isocarboxazid (Marplan®),which are useful in treating panic disorder and social 
phobia. If taken with food and beverages containing tyramine or certain 
medications, including some types of birth control pills, pain relievers, cold and 
allergy medications, and herbal supplements drug interaction will occur which 
leads to increase in blood pressure.”8(p. 16) 

 
 Anti-anxiety drugs. “High potency benzodiazepines combat anxiety and its main 
side effect is that patient may get dependent to it. Clonazepam (Klonopin®) is used for 
social phobia and GAD, lorazepam (Ativan®) is helpful for panic disorder, and 
alprazolam (Xanax®) is useful for both panic disorder and GAD. This drug in now less 
prescribed due to its side effects.”8(p. 16) 
 
 Betablockers. “Betablockers such as propranolol (Inderal®), which is used to 
treat heart conditions, can prevent the physical symptoms that accompany certain anxiety 
disorders, particularly social phobia.”8(p. 17) 
 
 
Psychotherapy 
 
 “Psychotherapy involves talking with a trained mental health professional, such as 
a psychiatrist, psychologist, social worker, or counselor, to discover what caused an 
anxiety disorder and how to deal with its symptoms.”8(p. 17) One of the specific forms of 
psychotherapy, which is very effective in treating some forms of anxiety disorders, is 
called Cognitive Behavioral Therapy (CBT). According to the booklet of NIMH on 
anxiety disorders:  
 

CBT is very useful in treating anxiety disorders. The cognitive part helps people 
change the thinking patterns that support their fears, and the behavioral part helps 
people change the way they react to anxiety-provoking situations. There is some 
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evidence that the benefits of CBT last longer than those of medication for people 
with panic disorder, and the same may be true for OCD, PTSD, and social phobia. 
If a disorder recurs at a later date, the same therapy can be used to treat it 
successfully a second time. Medication can be combined with psychotherapy for 
specific anxiety disorders, and this is the best treatment approach for many 
people.8(p. 17) 

 
 
Diagnosis Specific Treatment 
 
 The following sections, quoted from AllPsych Online 
(http://allpsych.com/disorders/anxiety/index.html),6 provide treatment recommendations 
for each specific diagnosis of anxiety disorder. 
 

 Acute Stress Disorder: “The disorder may resolve itself with time or may develop 
into a more severe disorder such as PTSD.  Medication can be used for a very 
short duration (up to four weeks) or psychotherapy can be utilized to assist the 
victim in dealing with the fear and sense of helplessness.”6 

 
 Agoraphobia: “(with or without a history of panic disorder): Treatment may 

involve anxiety reduction techniques aimed at increasing the control a person 
feels over his or her anxiety and fears. Other approaches require the individual to 
work through their anxiety in relation to interpersonal or childhood issues.”6 

 
 Generalized Anxiety Disorder (GAD): “Medication and/or psychotherapy have 

been found to be helpful, especially therapy aimed at teaching the client how to 
gain control over the symptoms.”6 

 
 Obsessive-compulsive Disorder (OCD): “Medication is often prescribed for 

individuals with OCD. Psychotherapy can be helpful in learning ways to feel 
more in control, cope better with stressors, and explore the underlying issues 
associated with the obsessive thoughts.”6 

 
 Panic Disorder (with or without Agoraphobia): “Although medication can be 

useful, psychotherapy (especially behavioral and cognitive/behavioral approaches 
have proved quite successful). The key to treatment is accepting the panic attacks 
as psychological rather than physical (once these causes have been ruled out by a 
physician), practicing relaxation exercises, and working through the underlying 
issues.”6 

 
 Phobias (including Social Phobia): “Treatment is often behavioral in nature, with 

the therapist guiding the client through exercises more closely resembling the 
feared object or situation. Exploring underlying issues can also be beneficial.”6 

 
 Post-traumatic Stress Disorder (PTSD): “Psychological treatment is considered 

the most effective means to recovery from PTSD, although some medications 
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(such as anti-anxiety meds) can help alleviate some symptoms during the 
treatment process.”6 

 
 

An Overview of Cost of Illness Analysis 
 
 
Description of Cost of Illness Analysis 
 
 According to Joel & Segel, “Cost-of-illness studies measure the economic burden 
of a disease or diseases and estimate the maximum amount that could potentially be 
saved or gained if a disease were to be eradicated.”3(p. 2) Both direct and indirect costs are 
included in a comprehensive analysis. However, based on the perspective of a study, 
either of these cost categories can be excluded.3 
 
 Direct and indirect costs. Direct costs refer to the opportunity cost of resources 
used for treating a particular disease. However in measuring indirect costs, the main 
focus is on the value of resources lost due to a particular disease.31 According to Hodgson 
and Meiners, opportunity cost is defined as “the value of the forgone opportunity to use 
in a different way those resources that are used or lost due to illness.”3(p. 4)  
 
 Direct costs include direct medical costs and nonmedical direct costs. Direct 
medical costs include costs for hospital inpatient stays, emergency room visits, office-
based medical visits, outpatient visits, prescription medication, nursing home care, 
hospice care, rehabilitation care, home health care, and cost for medical supplies.31,32 
Nonmedical direct costs include costs due to transportation to health care facilities; 
relocation and any other change in one’s life pattern due to the illness.3 Indirect costs 
include mortality cost (cost of premature death due to the illness) and morbidity cost 
(productivity loss). 
 
 There are studies in which intangible costs i.e. costs of pain and suffering are 
included in the analysis as well. However, estimation of intangible costs is less common 
due to difficulty in measuring these costs.3 
 
 Perspective. One of the most important aspects of any economic evaluation is the 
perspective of the study. In fact, inclusion and exclusion of the above discussed cost 
categories depend on the perspective undertaken in the study. There are several different 
perspectives that can be used in economic evaluations. For instance, one perspective 
measures the costs to the society (societal perspective) and another one may take into 
account costs to the third party payer (payer perspective). There are other perspectives in 
which costs to businesses, the government, and participants and their families are 
included.4,31 
 
 Incidence-based versus prevalence-based approach. In an incidence-based 
study, the attempt is to estimate the lifetime cost for a patient with a particular illness. 
Here the lifetime cost refers to the cost of an illness from diagnosis to cure or death. On 
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the other hand, in prevalence-based studies, all costs for a particular population in a given 
time period (regardless of the date of onset) will be measured. Requiring less data and 
fewer assumptions than incidence-based studies, prevalence based studies are far more 
common.3 
 
 Measuring indirect costs. There are three primary approaches to estimate 
indirect costs including the Human Capital approach (HCA), the friction cost method, 
and the willingness to pay approach. In the HCA, the lost production for employed 
patients/caregivers is measured in terms of lost earnings.33,34 If the patient/care giver is 
not employed, the value of household work would be equivalent to the cost of hiring a 
replacement from the labor market.3 
 
 Friction cost method is a more realistic approach to measure indirect costs. The 
assumption here is that as long as unemployment rate is greater than zero, the market 
would be able to replace the lost work force. So, the loss of an employee will lead to 
production loss until the new employee is hired and trained.35-37 This period is called the 
friction period. 
 
 Finally, indirect costs can be measured using the willingness to pay approach. 
According to Joel & Segel, “The willingness to pay approach measures the amount an 
individual would pay to reduce the probability of illness or mortality.”3(p. 14)  
 
 Top-down or bottom-up approach. In top-down approach, highly aggregated 
data sources (on population-level) would be directly used. While in bottom-up approach, 
the individual-level data (adopted from patients, patient’s chart, epidemiological 
registries or cohort studies) would be aggregated to get the population-level data.38 
 
 
History of Cost of Illness Studies  
 
 Cost-of-illness studies were among the first economic evaluation studies and first 
appeared in the literature in 1913 in a paper called The value of human life.39 Later in the 
1950s and 1960s, other researchers tried to develop the cost of illness methodology 
further.34,40,41 
 
 In 1959, Mushkin and Collings tried to clarify cost concepts in cost of illness 
studies. They introduced a classification of costs “based on their effects on the use, 
distribution, and quantity of economic resources”.40(p. 795) In 1966, Dorothy Rice 
developed a framework for calculating single-year costs of illness, disability, and death 
by major category of illness, using existing data sets. She also tried to address the 
problems in which a researcher encounters in measuring direct and indirect costs.34 Later, 
this method became a standard approach for conducting a cost of illness study. Since 
1966, Rice has updated and refined her methodology. 
 
 Cost of illness studies became more popular in the 1970s and 1980s, when they 
were used to gain support for more resources being devoted to health care.42 Later in 
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1990s, pharmaceutical companies started to use cost of illness studies to highlight the 
economic burden of a particular disease. The aim was to justify the fact that more 
resources, i.e. the company’s product, should be devoted to that particular disease.42 
Nowadays, cost of illness studies are being widely used by health economists, 
pharmaceutical companies, clinicians, and policymakers to set research agendas and 
allocate resources.4,5 
 
 

Review of Cost of Illness Studies for Anxiety Disorders 
 
 An overview of the literature on cost of illness studies for anxiety disorders 
revealed that there are quite a few studies in this field. In general, these studies form up 
two separate categories. One category includes the studies in which the main purpose was 
to calculate the cost of illness for anxiety disorders. This category by itself has two 
different subcategories: cost of illness studies for multiple diagnoses of anxiety disorders, 
and cost of illness studies for a particular diagnosis of anxiety disorder. Another major 
category consists of studies in which obtaining the cost of illness was not the main 
purpose of the study. For instance, some have calculated the cost as part of a cost-
effectiveness study for a particular treatment of anxiety disorders, while some tried to 
determine the predictors of cost for anxiety disorders. 
 
 
Studies in Which the Main Purpose Was to Calculate COI for Anxiety Disorders 
 
 In this section, studies with the objective of calculating cost of illness for anxiety 
disorders are reviewed. 
 
 COI studies for multiple diagnoses of anxiety disorders. DuPont et al.5 and 
Greenberg et al.10 estimated the direct and indirect costs of anxiety disorders in U.S. in 
1990s. Goetzel et al.11 assessed the health and productivity cost burden of the top ten 
physical and mental health conditions, including anxiety disorders, affecting six large 
U.S. employers; while Marciniak et al.15 tried to estimate the cost of anxiety disorders 
among the employed individuals in the United States. Andlin-Sobocki et al.13 conducted a 
study to estimate the cost of anxiety disorders in Europe and Smit et al.14 estimated the 
costs of nine common mental disorders, including anxiety disorders, in Netherlands.  
 
 COI studies for a particular diagnosis of anxiety disorders. Siegel et al.,24 
Leon et al.,16 and Batelaan et al.28 assessed the costs of panic disorder in the U.S., and 
Netherlands, respectively. While Patel et al.27 and Acarturk et al.29 estimated the 
economic consequences of social phobia in the Great Britain and Netherlands. Rees et 
al.17 compared medical utilization and costs incurred by people with panic disorder to 
those incurred by people with social phobia. 
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Studies in Which Obtaining the COI Was Not the Main Purpose of the Study 
 
 Below is the list of studies falling in this category: 
 

 Salvador-Carulla et al.26 estimated the costs before and after the diagnosis and the 
provision of effective treatment for panic disorder.  

 
 Souetre et al.25 examined how co-morbidity and symptom severity related to the 

costs of generalized anxiety disorder (GAD). 
 

 Marciniak et al.18 examined the different clinical and demographic characteristics 
that could affect the cost of treating patients with anxiety disorders.  

 
 Roberge et al.23 examined healthcare services utilization and costs before and 

after providing an empirically supported cognitive-behavioral treatment for panic 
disorder with agoraphobia. 

 
 McLaughlin et al.20 conducted a study aimed at measuring the impact of having 

both depression and anxiety, having neither or either condition alone on treatment 
patterns, health care utilization, and cost. 

 
 Stein et al.21 tried to find out how antidepressant adherence, among patients with 

anxiety disorders, will affect medical resource use and costs.  
 

 Olfson and Gameroff 22 conducted a study to evaluate the extent to which pain 
severity contributes to the health care costs of patients with generalized anxiety 
disorder (GAD). 

 
 
Specific Features of the COI Studies for Anxiety Disorders 
 
 In the following sections, each of the above-mentioned studies is assessed with 
respect to the main features of a cost of illness analysis. 
 
 Source of data. In order to get data on resource use and cost, almost half of the 
studies used retrospective cohort study methodology. In some of these studies, patients 
were asked retrospectively about their utilization,16,17,24,25,29 while in other studies, 
medical databases providing individual information on healthcare utilization and cost 
were used to obtain required data.5,10,11,13,15,18,20,21 Table 2-2 shows the list of these 
databases.  
 
 Top-down or bottom-up approach. Only two studies used the top-down 
approach to calculate cost of illness for anxiety disorders.5,10 Other studies used the 
bottom-up approach. 
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Table 2-2. Data sources used in COI studies of anxiety disorders. 
 

Authors Data source 
DuPont et al.5 National Institute of Mental Health (NIMH) 

National Hospital Discharge Survey 
American Medical Association 
National Center for Health Statistics 
National Nursing Home Survey 
Pharmaceutical Data Source 

  
Greenberg et al.10 National Comorbidity Study (NCS) 

A large staff–model health maintenance organization 
The U.S. Bureau of the Census 
Professional associations and news periodicals 
National Center for Health Statistics 
Industry sources 

  
Goetzel et al.11 Health and Productivity Management (HPM)a Subset of 

MedStat’s MarketScanb Database 
  
Andlin-Sobocki13 German National Health Interview and Examination 

Survey - mental health supplement (GHS–MHS)c 
  
Marciniak et al.15  Health and Productivity Management (HPM) Subset of 

MedStat’s MarketScan Database 
  
McLaughlin et al.20  PharMetrics Patient-Centric Databased 
  
Stein et al.21 Integrated Healthcare Information Services National 

Managed Care Benchmark Databasee 
 
a The HPM database contains workplace absence, short-term disability, and worker 
compensation data for six fortune 200 U.S. employers. 
b The Market- Scan database is an annual medical database that includes private sector 
health data from approximately 100 payers and contains data on clinical utilization, 
expenditures, and enrollment across inpatient, outpatient, prescription drug, and carve-out 
services. This database links paid claims and encounter data to detailed patient 
information across sites and types of providers over time. 
c The survey was carried out in 1998/99 and included a community sample of 4181 (age: 
18–65) individuals. 
d PharMetrics Patient-Centric database is composed of medical and pharmaceutical 
claims for approximately 36 million patients from 61 health plans across the United 
States. 
e Located in Waltham, Massachusetts, this nationally representative database includes 
data from 30 health plans covering more than 25 million persons. 
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 Perspective of the study. Eight out of twenty one studies used payer 
perspective,11,15-17,19-22 while other studies used societal perspective. 
 
 Cost categories. More than half of the studies included indirect costs in their 
analysis as well as direct costs. To estimate indirect costs, all studies used HCA. Only 
four studies gave an estimation of indirect costs on a population level (employed or 
unemployed patients).5,13,29,43 The rest reported indirect costs based on employed patients 
only.10,11,14,15,24-28 Specific cost categories used in these studies are shown in Table 2-3.44 
As one can see, the most frequent cost categories included in the analysis were outpatient 
treatment cost, costs for hospital treatment, drugs, and emergency room facilities. Studies 
conducted by DuPont et al.5 and Greenberg et al.10 were the most comprehensive studies 
with respect to cost categories included in the analysis. 
 
 Incremental cost approach. In estimating the cost of illness for anxiety 
disorders, less than half of the studies calculated the incremental healthcare cost of 
individuals with anxiety disorders, in excess of those who were anxiety free. In other 
words, not only costs directly due to anxiety disorders were included, but also costs due 
to comorbidities and complications of anxiety disorders were considered in their cost 
estimation;14,15,17,18,20,22,24,27,29 Rest of the studies only estimated the costs which were 
directly due to anxiety disorders.  
  



 

20 

Table 2-3. Cost categories included in cost of illness studies.  
 

 
ER = Emergency Room. 
Source: Konnopka A, Leichsenring F, Leibing E, Konig HH. Cost-of-illness studies and 
cost-effectiveness analyses in anxiety disorders: a systematic review. Journal of Affective 
Disorders. Apr 2009; 114(1-3):14-31. 
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Edlund and Sawn43             
Siegel et al.24             
Souetre et al.25             
Salvador-Carulla et al.26             
DuPont et al.5             
Leon et al.16             
Rees et al.17             
Greenberg et al.10             
Patel et al.27             
Goetzel et al.11             
Marciniak et al.15             
Marciniak et al.18             
Andlin-Sobocki et al.13             
Panzer et al.19             
Roberge et al.23             
McLaughlin et al.20             
Smit et al.14             
Stein et al.21             
Batelaan et al.28             
Olfson and Gameroff 22             
Acarturk et al.29             
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CHAPTER 3.    METHODOLOGY 
 
 

Research Design 
 
 In order to estimate the cost of illness for anxiety disorders, a retrospective 
database analysis was conducted. The specific features of the research are as follows: 
 
 
Perspective 
 
 Cost of illness for anxiety disorders was calculated from a societal perspective. In 
other words, this economic evaluation includes the impact of anxiety disorders on the 
welfare of the whole society. In order to achieve this goal, both direct and indirect costs 
attributable to anxiety disorders have been estimated. The costs components included in 
this study are as follow: 
 

 Direct medical costs: This category refers to expenditures for inpatient visits, 
outpatient visits, office-based medical provider visits, emergency room visits, 
prescription medications, and other medical expenses (other medical expenses 
refer to expenses not included in the above-mentioned categories, such as 
expenditures for home health and medical devices and supplies). 

 
 Indirect costs: This category includes morbidity and mortality costs. 

 
 
Approach 
 
 To estimate cost of illness, one can take either incidence-based or prevalence-
based approach. As it was mentioned in the previous chapter, prevalence-based approach 
is far more common, since it needs less data and time in comparison with the incidence-
based one. So in this research, a prevalence-based approach was adopted to estimate the 
cost of illness for anxiety disorders. 
 
 
Data 
 
 Data was collected from three major databases. These databases are explained in 
details in the “Data Overview” section. 
 

 Medical Expenditures Panel Survey (MEPS). 
 

 The Bureau of Labor Statistics (BLS). 
 

 The National Vital Statistics System (NVSS).  
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 Table 3-1 shows the exact databases used for calculation of each cost component. 
Using these databases, the researcher estimated costs at individual level. The bottom-up 
approach was undertaken to aggregate individual-level data to population-level. 
 
 
Sampling 
 
 MEPS sampling plan. The study sample was based on the MEPS sampling plan. 
As it was mentioned in chapter 2, MEPS collects data on health services utilization and 
cost, as well as how frequently these services are used and how they are paid.45  
 

MEPS currently has two major components: the Household Component and the 
Insurance Component. The Household Component provides data from individual 
households and their members, which is supplemented by data from their medical 
providers. The Insurance Component is a separate survey of employers that 
provides data on employer-based health insurance. The Household Component 
(HC) collects data from a sample of families and individuals in selected 
communities across the United States, drawn from a nationally representative 
subsample of households that participated in the prior year's National Health 
Interview Survey (conducted by the National Center for Health Statistics). During 
the household interviews, MEPS collects detailed information for each person in 
the household on demographic characteristics, health conditions, health status, use 
of medical services, charges and source of payments, access to care, satisfaction 
with care, health insurance coverage, income, and employment.45  

 
 
Table 3-1. Data sources for calculation of each cost component. 
 

Cost component Data source 
Direct Medical Cost MEPS Data Files including: 

Full Year Consolidated Data File 
Medical Conditions File 
Prescribed Medicines File 
Hospital Inpatient Stays File 
Emergency Room Visits File 
Outpatient Visits File 
Office-based Medical Provider File 
Home Health Services File 
Other Medical Expenses File 

  
Indirect cost: Morbidity MEPS Full Year Consolidated Data File 

Bureau of Labor Statistics (BLS) 
  
Indirect cost: Mortality The National Vital Statistics System (NVSS) 

Bureau of Labor Statistics (BLS) 
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 In this study, only the household component has been used. Each year, the 
selected households from the prior year's National Health Interview Survey (NHIS) form 
a panel. Each panel is followed for a period of two years. During these two years, each 
household in the panel is interviewed in five rounds. Consequently, the sample for each 
year of the MEPS data files includes two overlapping panels. Figure 3-1 shows this 
overlapping panel design.46 
 
 Sample size. When using national data, a sufficient sample size must be obtained 
to ensure reliable survey estimates; Medical expenditure data are highly skewed. It means 
that a small portion of population accounts for a large portion of expenses. Medical 
expenditure data from MEPS follow the same pattern. Consequently, if the sample size is 
not large enough, “some point estimates for particular subgroups of the population may 
show substantial fluctuations from one year to the next that are not statistically 
significant.”47(p. 2615) To address this issue, the Agency for Healthcare Research and 
Quality (AHRQ) has set the minimum requirement of 100 un-weighted participants per 
cell for producing national estimates.47 
 
 Even though MEPS annual sample size is much larger than 100, the number of 
participants in many of the MEPS analytic and policy relevant subpopulations of interest 
might be less than 100. Fortunately, several consecutive years of MEPS data files can be 
pooled together to improve the precision of estimates and expand the types of analyses 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3-1. Overlapping design of MEPS sample. 
 
Source: MEPS HC-138: 2010 Full Year Consolidated Data File. 2012; 
http://meps.ahrq.gov/mepsweb/data_stats/download_data/pufs/h138/h138doc.shtml#2581
UnitedStates. Accessed 10/15/2012. 
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possible. 
 
 For this research, data was pooled from the 2009-2010 MEPS public use files, to 
allow for a large enough sample size. 2009 and 2010 data were the latest available MEPS 
datasets at the time of study. More specifically, data files used in this study were: full 
year consolidated data file; medical conditions file; as well as event level files for 
prescribed medicines, hospital inpatient stays, emergency room visits, outpatient visits, 
office-based medical provider visits, home health visits, and other medical expenses from 
2009 and 2010 MEPS-Household Components. The pooling was conducted according to 
the MEPS guidelines on pooling several years of data.48 
 
 Study sample. The study population is consisted of all survey-respondents (for 
the years 2009 and 2010) 18 years and older, with positive person weights. Among these, 
individuals who reported a diagnosis of, or had a medical event associated with anxiety 
disorder(s) were classified as anxiety patients. Diagnoses and events were identified 
using Clinical Classification (CC) code. CC code aggregates conditions and procedures 
into mutually exclusive and clinically homogeneous categories, using Clinical 
Classification Software.49 The CC code 651 is specifically assigned to anxiety disorders. 
The conditions included in this category are: generalized anxiety disorder, panic disorder, 
phobias (social phobia, specific phobia), agoraphobia, obsessive-compulsive disorder, 
post-traumatic stress disorder, acute stress disorder, overanxious disorder, and mixed 
emotional disturbances. 
 
 

Data Overview 
 
 As it was mentioned earlier, three major databases were used in this study as data 
sources. Information collected from each of these data bases is provided in the following 
sections: 
 
 
MEPS Data Files 
 
 The majority of data was collected from MEPS: 
 

MEPS is a set of large-scale surveys of families, individuals, their medical 
providers and employers across the United States. It is jointly sponsored by the 
Agency for Healthcare Research and Quality (AHRQ) and the National Center for 
Health Statistics (NCHS), and has been conducted annually since 1996. It has 
three major components; the Household Component (HC), the Insurance 
Component (IC), and the Medical Provider Component (MPC). The MEPS-HC 
collects data from a nationally representative sample of the civilian non- 
institutionalized population of the U.S.; and is intended to provide national 
estimates of healthcare utilization, cost, insurance cover- age, and sources of 
payment.50(p. 721) 
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 The following MEPS data files were used in this research: 
 

 Full Year Consolidated Data file: Each year, the Full Year Consolidated Data file 
provides information collected on a nationally representative sample of the 
civilian non-institutionalized population of the United States for that calendar 
year. More specifically, this file contains the following variables: survey 
administration, language of interview, demographics, parent identifiers, health 
status, disability days, access to care, employment, quality of care, patient 
satisfaction, health insurance, use, income, and expenditure variables. 

 
 Medical Conditions file: For each calendar year, the Medical Conditions file 

provides information on household-reported medical conditions. 
 

 MEPS Household Component Event files: There are seven event-level files in 
MEPS Household Component which provide information on utilization and 
expenditure, due to medical conditions, by type of health services received. These 
files are: Prescribed Medicines file, Dental Visits file (not used in this study), 
Other Medical Expenses file, Hospital Inpatient Stays file, Emergency Room 
Visits file, Outpatient Visits file, Office-Based Medical Provider Visits file, and 
Home Health file. 

 
 Variables used in analyses from MEPS data files. List of variables from these 
data files, which were used in the analyses, are provided in Table 3-2. Some of these 
variables are categorical while others are continuous. List of categorical variables, along 
with levels of each variable, is provided in Table 3-3.  
 
 Summary variables. According to the MEPS survey design, each year 
interviewers collect data through three consecutive rounds (for each panel). Consequently 
for most measures, MEPS has information in each round (round-level variables) and also 
at the end of year. However, some variables are presented only at round-level and the 
researcher needs to summarize them into single variables representing the status of a 
whole year. In this section, list of summary variables used in the analyses and the way 
they were constructed are provided. 
 

 Perceived health status (RTHLTH), Sick-leave pay (SICPAY), union status 
(UNION), and occupation category (OCCCAT): The value of summery variable 
would be equal to the most frequent value of round variables. If round variables 
all have different values, then round variable with the longest reference period 
represents the summery variable.  

 
 Number of days missed work due to illness/injury (DDNWRK) and number of 

days stayed in bed due to illness/injury (DDBDYS): Summery variable is equal to 
the sum of round-level variables. 

 
 Employment status (EMPST): In MEPS, a current main job is defined for persons 

who either reported they were currently employed and identified a current main 
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Table 3-2. List of variables in MEPS data files used in the current study. 
 

Variable name Description Source 
DUPERSID Person ID Consolidated Data File 

PANEL Panel Number Consolidated Data File 

PERWT10F Final Person Weight,  Consolidated Data File 

VARSTR Variance Estimation Stratum  Consolidated Data File 

VARPSU Variance Estimation PSU Consolidated Data File 

SEX Sex Consolidated Data File 

AGELAST Person’s Age Last Time Eligible Consolidated Data File 

RACEX Race Consolidated Data File 

HISPANX Hispanic Ethnicity Consolidated Data File 

HIDEG Highest Degree Attained Consolidated Data File 

POVCAT10 Family Income as Percent of Poverty Line Consolidated Data File 

MARRY10X Marital Status Consolidated Data File 

REGION10 Census Region  Consolidated Data File 

MSA10 MSA Status  Consolidated Data File 

RTHLTH31 Perceived Health Status RD 31* Consolidated Data File 

RTHLTH42 Perceived Health Status RD 42* Consolidated Data File 

RTHLTH31 Perceived Health Status RD 53* Consolidated Data File 

TOTEXP10 Total Healthcare Expenditure   Consolidated Data File 

ERTEXP10 Total ER Expenditure  Consolidated Data File 

OPTEXP10 Total Outpatient Expenditure  Consolidated Data File 

OBVEXP09/10 Total Office-Based Visits Expenditure  Consolidated Data File 

IPTEXP10 Total Hospital Inpatient Expenditure  Consolidated Data File 

RXEXP10 Total RX Expenditure  Consolidated Data File 

OTHEXP10 Total Equipment/Supply Expenditure Consolidated Data File 

HHNEXP09/10 Total Home Health Non-Agency 
Expenditure 

Consolidated Data File 

HHAEXP09/10 Total Home Health Agency Expenditure Consolidated Data File 

DDNWRK31 # Days Missed Work RD 31 * Consolidated Data File 
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Table 3-2. (Continued). 
 

Variable name Description Source 
DDNWRK42 # Days Missed Work RD 42 * Consolidated Data File 

DDNWRK53 # Days Missed Work RD 53 * Consolidated Data File 

WKINBD31 # Days Stayed in Bed RD 31 * Consolidated Data File 

WKINBD42 # Days Stayed in Bed RD 42 * Consolidated Data File 

WKINBD53 # Days Stayed in Bed RD 53* Consolidated Data File 

EMPST31 Employment Status RD 31* Consolidated Data File 

EMPST42 Employment Status RD 42* Consolidated Data File 

EMPST53 Employment Status RD 53* Consolidated Data File 

HRWG31X Hourly Wage RD 31 * Consolidated Data File 

HRWG42X Hourly Wage RD 42 * Consolidated Data File 

HRWG53X Hourly Wage RD 53 * Consolidated Data File 

SELFCM31 Self-Employed RD 31 * Consolidated Data File 

SELFCM42 Self-Employed RD 42 * Consolidated Data File 

SELFCM53 Self-Employed RD 53 * Consolidated Data File 

UNION31 Union Status RD 31 * Consolidated Data File 

UNION42 Union Status RD 42 * Consolidated Data File 

UNION53 Union Status RD 53 * Consolidated Data File 

SICPAY31 Paid Sick Leave RD 31* Consolidated Data File 

SICPAY42 Paid Sick Leave RD 42* Consolidated Data File 

SICPAY53 Paid Sick Leave RD 53 * Consolidated Data File 

NUMEMP31 Number of Employees RD 31 * Consolidated Data File 

NUMEMP42 Number of Employees RD 42 * Consolidated Data File 

NUMEMP53 Number of Employees RD 53 * Consolidated Data File 

OCCCAT31 Occupation Group RD 31 * Consolidated Data File 

OCCCAT42 Occupation Group RD 42 * Consolidated Data File 

OCCCAT53 Occupation Group RD 53 * Consolidated Data File 

INS10X Insurance Indicator Variable Consolidated Data File 

  



 

28 

Table 3-2. (Continued). 
 

Variable name Description Source 
INSCOV10 Health Insurance Coverage Indicator  Consolidated Data File 

MCAID10X Covered by Medicaid Consolidated Data File 

MCARE10X Covered by Medicare Consolidated Data File 

TRICR10X Covered by Tricare Consolidated Data File 

OTPUBA10, 
OTPUBB10, 
STAPR10 

Covered by Other Public Insurances Consolidated Data File 

PUB10X Covered by Public Insurance Consolidated Data File 

CONDIDX Condition ID Medical Conditions 
File 

ICD9CODX ICD-9-CM Code For Condition  Medical Conditions 
File 

CCCODEX CC Code in Conditions File Medical Conditions 
File 

RXCCC1X-3X CC Code in RX File RX File 

ERCCC1X-3X CC Code in ER Visit File ER visits File 

OPCCC1X-4x CC Code in Outpatient Visit File Outpatient Visits File 

IPCCC1X-4X CC Code in Hospital Inpatient File Hospital Inpatient File 

OBCCC1X-4X CC Code in Office-Based Visit  File Office-Based Visits 
File 

 
Notes: Name of variables in this table are as shown in MEPS 2010 data files. In the 
previous years of MEPS data files, most variables have the same names. Variables ending 
in 10 represent the values as of 12/31/2010. So for each year of data collection, these 
variables would end in XX, where XX are the last two digits of the year data was 
collected for; Variables ending in 31, 42, or 53 are round specific variable and the last 
two digits at the end specify the round in which data was collected (i.e. round 1, 2, 3 of 
the panel started in the current year (the first digit) or round 3, 4, 5 of the panel started in 
the previous year (the second digit)).  
* These variables haven’t been used directly in the analyses. Instead, they have been used 
to construct summary variables, and the summary variables were included in the 
analyses.  
PSU=Primary Sampling Unit; MSA = Metropolitan Statistical Area; RD = Round; ER = 
Emergency Room; RX = Prescribed Medicine; # = Number; CC = Clinical Classification. 



 

29 

Table 3-3. List of categorical variables. 
 

Variable(s) Level Value 
Sex 1 Male 

2 Female 
   
AGE CATEGORYa 1 18-24 

2 25-44 
3 45-64 
4 65+ 

   
RACE/ETHNICITYb 1 White-non Hispanic 

2 Black-non Hispanic 
3 Hispanic 
4 Other 

   
REGION10 1 Northeast 

2 Midwest 
3 South 
4 West 

   
MSA10 1 Non-MSA 

2 MSA 
   
POVCAT10 
(Poverty Category) 

1 Poor 
2 Near poor 
3 Low income  
4 Middle income 
5 High income  

   
MARRY10X 
(Marital Status) 

1 Married 
2 Widowed/Divorced/Separated 
3 Never Married 

   
INSCOVc 

(Insurance Coverage) 
1 Uninsured 
2 Dual Eligible 
3 Medicare 
4 Medicaid 
5 Other Public 
6 Private 

   
SELFCM  
UNION 
SICPAY 

1 Yes 

2 No 
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Table 3-3. (Continued). 
 

Variable(s) Level Value 
EMPST31/42/53 
(Employment Status) 

1 Currently employed 
2 Has a job to return to 
3 Employed during the reference period 
4 Not employed with no job to return to 

   
OCCCAT 
(Occupation Category) 

1 Management, business, and financial operations 
2 Professional and related occupations 
3 Service occupations 
4 Sales and related occupations 
5 Office and administrative support 
6 Farming, fishing, and forestry 
7 Construction, extraction, and management 
8 Production, Transportation, and material moving 

   
HIDEG 
(Education) 

1 No degree 
2 GED/High school diploma 
3 Bachelor’s degree 
4 Master/PhD 
5 Other degree 

   
RTHLTH 
(Perceived Health Status) 

1 Excellent 
2 Very good 
3 Good 
4 Fair 
5 Poor 

   
CCIfreq 
(D’Hoore Adaptation of 
Charlson Comorbidity 
Index)d 

0 Zero comorbidity 
1 One comorbidity 
2 Two comorbidities 
3 Three or more comorbidities 

 
Note: The levels reported for some categorical variables here, do not exactly match the 
levels originally provided in MEPS data files. For some variables, we had to combine two 
or more levels to summarize data, or to get enough sample size in each level. 
a This variable was constructed using the continues variable “AGELAST”; b This variable 
was constructed using “RACEX” and “HISPANX” variables; c This variable was 
constructed using the following variables: INS10X, INSCOV10, MCAID10X, 
MCARE10X, TRICR10X, OTPUBA10, OTPUBB10, STAPR10, and PUB10X; d This 
variable was constructed using ICD-9-CM cods, according to the conditions and weights 
listed in the D’Hoore adaptation of CCI.  
GED = Graduate Equivalency Degree; MSA = Metropolitan Statistical Area. 
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job (at the time of interview), or those who reported and identified a job to return 
to. So, If an individual had a current main job for at least one round in year (at 
least one of the round-level variables was equal to 1 or 2), then he/she was 
considered as being employed (EMPST=1). 

 
 Hours worked per week (HOUR), number of employees (NUMEMP), and hourly 

wage (HRWG): Summery variable is equal to the mean of round-level variables. 
 

 Self- employment status (SELFCM): For employed individuals, If at least in one 
of the reported current main jobs, the person was self-employed, he/she is 
considered as self-employed (SELFCM=1). 

 
 
BLS Data  
 
 “The Bureau of Labor Statistics (BLS) is an independent national statistical 
agency that collects, processes, analyzes, and disseminates essential statistical data to the 
American public, the U.S. Congress, other federal agencies, state and local governments, 
business, and labor. The BLS also serves as a statistical resource to the Department of 
Labor.”51 Examples of information that BLS provides are: employment cost trends, 
national compensation data, wages by area and occupation, earnings by demographics, 
earnings by industry, employee benefits … 
 
 The specific information collected from BLS is: 
 

 Weekly & Hourly Earnings:52 The BLS reports (median) weekly earnings by 
industry type, occupation type, sex, race, ethnicity, age, education level, class of 
worker and labor force status. This information is based on the Current Population 
Survey (CPS).The CPS is a monthly survey of households (the sample represents 
the civilian non-institutional population of the U.S.) conducted by the Bureau of 
Census for the BLS. It provides a comprehensive body of data on the labor force, 
employment, unemployment, persons not in the labor force, hours of work, 
earnings, and other demographic and labor force characteristics.  

 
 Labor Force Statistics:53 The data contains Labor Force Participation Rate (LFPR) 

by age, race, and gender. This information is also based on the CPS. 
 

 Healthcare component of the Consumer Price Index(CPI) as well as CPI for all 
items: This information is available in the CPI Detailed Report Data for March 
2013.54  

 
 
NVSS Data 
 
 The National Center for Health Statistics (NCHS) is a component of the Centers 
for Disease Control and Prevention (CDC), and “its mission is to provide statistical 
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information that will guide actions and policies to improve the health of the American 
people. To carry out its mission, NCHS conducts a wide range of annual, periodic, and 
longitudinal sample surveys and administers the National Vital Statistics Systems.”55 The 
NVSS collects data on vital events including  births, deaths, marriages, and divorces in 
the United States. The researcher used the following reports to collect required data. 
Number of deaths due to anxiety disorders were extracted from the first three reports, 
while the fourth one was used to collect information on life expectancy. 
 

 Deaths, percent of total deaths, and death rates for the 15 leading causes of death 
in 5-year age groups, by race and sex: United States, 1999-2010.56 

 
 Deaths, percent of total deaths, and death rates for the 15 leading causes of death 

in 10-year age groups, by Hispanic origin, race for non-Hispanic population and 
sex: United States, 2010.57 

 
 Deaths, percent of total deaths and rank order for 113 selected causes of death and 

Enterocolitis due to Clostridium difficile, by Hispanic origin, race for non-
Hispanic origin and sex, United States, 2010.58 

 
 Deaths: Final data for 2010.59 

 
 

Analysis Technique 
 
 In this section, the analysis technique for each specific aim of the study is 
explained. 
 
 
SA1: Estimating the Societal Cost of Anxiety Disorders for the U.S. Adult 
Population 
 
 According to Equation 3-1, the societal cost of anxiety disorder(s) is equal to 
summation of its direct and indirect costs. 
 

Total cost = Overall direct medical cost + Indirect cost (Eq. 3-1) 
 

 In the following sections, the methodology used to estimate each component of 
Equation 3-1 is explained. 
 
 Overall direct medical cost. Overall direct medical cost incorporates costs due to 
prescription medications, office-based medical provider visits, inpatient visits, outpatient 
visits, ER visits, and other medical expenses. In this section, we explain the methodology 
used to estimate the overall direct medical costs due to anxiety disorders. Estimating 
direct medical cost by category of health service (SA2), is explained in the next section. 
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 To estimate overall direct medical expenditures attributable to anxiety disorders, 
we used the incremental cost approach. This method, suggested by the AHRQ for 
estimating cost of illness with MEPS data, has been widely used by previous 
researchers.60-66 The incremental cost approach provides an estimate of disease-
attributable expenses by calculating expenditures incurred by a disease population in 
excess of those incurred by a disease free population. This difference in expenses by the 
two populations represents the total cost of illness, including treatment expenses, as well 
as expenses related to complications of the disease and its comorbidities.65 To adjust for 
potential differences in socioeconomic and clinical characteristics of the two populations, 
which are considered to have an impact on cost, a multivariate regression analysis is 
conducted. As such, this approach estimates expenditures solely associated with the 
disease of interest.64 
 
 To estimate direct medical costs associated with anxiety disorders, first an 
appropriate multivariate regression analysis needed to be developed to explain healthcare 
costs through a set of explanatory variables. The outcome variable of the model was the 
overall healthcare expenditure. Expenditure (cost) refers to what is actually paid for 
healthcare services and is defined as the sum of direct payments by different sources such 
as out-of-pocket payments, as well as payments by private insurance, Medicaid, and 
Medicare. Expenditures are more accurate than charges for cost estimation purposes. 
Charges vary from what is actually paid, due to uncollected liability, bad debt, charitable 
care, and implementing contract negotiations.46 
 
 The main explanatory variable of the model was a disease- indicator variable, 
indicating whether each individual in the sample suffered from anxiety disorder(s) or not. 
Other covariates of the model were respondents’ gender, age, race/ethnicity, marital 
status, education, poverty category, geographic region, metropolitan statistical area 
(MSA), perceived health status (PHS), health insurance coverage, and the D’Hoore 
adaptation of Charlson Comorbidity Index (CCI). The D’Hoore adaptation of CCI 
controls for 17 medical conditions which are myocardial infarct, congestive heart failure, 
peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary 
disease, connective tissue disease, ulcer disease, mild liver disease, hemiplegia, moderate 
or severe renal disease, diabetes , any tumor, leukemia, lymphoma, moderate or severe 
liver disease, and metastatic solid tumor.67 These covariates were selected based on the 
literature review and the availability of data in MEPS. 
 
 After developing and running the regression model, the estimated coefficients of 
the model were used to calculate two predicted expenses for each individual. The first 
predicted expenses assumed the individual had anxiety disorder(s) (by setting the disease-
indicator variable to one), and the second predicted expenses assumed the individual was 
anxiety-free (by setting the disease-indicator variable to zero). The average per-person 
increase in medical expenses attributable to anxiety disorders was calculated by taking 
the difference in predicted expenses for each person and computing the weighted average 
of the difference across the entire sample. Finally, the average per-person increase in 
expenses was multiplied by the weighted number of individuals with anxiety disorders in 
the sample, to get the total medical cost of anxiety disorders. 
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 In modeling healthcare cost data, the specific distributional characteristics of the 
data must be taken into consideration. These characteristics are: (1) non-negative 
observations; (2) excessive zero (i.e. there are a large number of individuals with zero 
cost); and (3) highly skewed data (i.e. the majority of cost is incurred by a few patients).68 
These characteristics make traditional Ordinary Least Square (OLS) regression inefficient 
in modeling healthcare cost data. Alternatively, OLS with natural log-transformed cost 
has been widely used to deal with heavily skewed data. However, this approach has some 
limitations as well.68 First, the outcome variable is the logarithm of cost. So in order to 
draw useful conclusions about the cost, the predicted values need to be retransformed 
back to the original scale. While retransforming the outcome variable, by using smearing 
factor, seems straightforward, interpretation of parameter estimates may still be 
challenging. Second, in the presence of heteroskedasticity, using one smearing factor to 
retransform the predicted values leads to biased estimates, i.e. under-estimation or over-
estimation of the actual cost. In such scenarios, a Generalized Linear Model (GLM), with 
appropriate variance and link functions, is more efficient to model cost data. GLM 
directly models both the variance and mean functions on the original scale of dependent 
variable. As such, results can be interpreted with no need for retransformation from log 
scale to the original scale.68 “The mean function, E(y|x) is represented as μ(x β), where μ 
is the inverse link between the expectation of the observed raw-scale y and the linear 
predictor x β.”68(p. 529) The link function generally used with healthcare cost data is the 
log-link function.68 “Then μ is the exponential function. A commonly used family of 
variance functions includes the power functions of the form v(x) =  (μ(x β))λ.”68(p. 529) 
The specific type of variance functions depends on the value of λ. for instance, if the λ is 
equal to 1 it means that variance is proportional to meant. So, it would be a Poisson like 
model If the λ is equal to 2, it means that variance is proportional to mean squared, as in a 
Gamma-like model.68 
 
 In order to find out which type of regression model was most appropriate for our 
data, several diagnostics tests needed to be performed. First of all, we needed to find the 
distribution of cost data to see if data was really skewed or not. Then, appropriateness of 
using OLS regression with log-transformed data needed to be examined. This was 
achieved by conducting the Breusch-Pagan/Cook-Weisberg test for heteroskedasticity. 
One of the assumption of OLS is that variance of error terms (εj) should be constant (εj = 

2; for all j). If this assumption is violated, i.e. when heteroskedasticity is present, OLS 
estimates are no longer the best linear unbiased estimator (BLUE). One of the major 
consequences of heteroskedasticity is biased standard errors, in which leads to biased 
inference, so results of hypothesis tests are possibly wrong. The Breusch-Pagan/Cook-
Weisberg test for heteroskedasticity tests the linear heteroskedasticity.69 Their null and 
alternative hypotheses are as follows: 
 
 H0: error variances are all equal 
 H1: error variances are a multiplicative function of one or more variables 
 
 In the case that heteroskedasticity was present; we needed to conduct a Park test 
to see which variance function was more appropriate to be used in the context of GLM. 
Park test was first introduced by Park in 1966, and its use is suggested in estimation of 
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the relationship between the mean and the variance.68,70 In this regard, “the squared 
residuals from a provisional model (GLM or log-transformed OLS) should be regressed 
on the predictions (ŷ) from the same model, both log transformed.”68(p. 531) Equation 3-2 
shows the regression model for Park test: 
 

ln ((yi- ŷi)2) = λ0 + λ1 ln (ŷi) + I (Eq. 3-2) 
 
Source: untin MB, Zaslavsky AM. Too much ado about two-part models and 
transformation?: Comparing methods of modeling Medicare expenditures. Journal of 
Health Economics. 5// 2004;23(3):525-542. 
 
 Morbidity cost. Indirect cost due to productivity loss (morbidity cost), have been 
measured using the Human Capital Approach (HCA). In the HCA, productivity loss due 
to an illness or injury is approximated by valuing the entire period of absence from work 
by average individual’s earning. Equation 3-3 shows the formula used to estimate the 
morbidity cost due to anxiety disorders: 
 

Morbidity Cost  (Eq. 3-3) 

 
Where: 
N = Total number of individuals in the sample. 
Wti = Person weight for the ith individual in the sample. 
Wgi = Daily wage for employed individuals and average daily wage for household 
services if the individual is not employed. 
ni = Number of missed work days (due to anxiety disorders) for employed individuals and 
number of days stayed in bed (due to anxiety disorders) for unemployed individuals. 
Nanx = Weighted number of individuals in the sample with anxiety disorder(s). 
 
 For individuals who were at paid employment for at least on round in year, 
information on wage rates are available in the MEPS (in both Consolidated Data file and 
Job file). For unemployed individuals, the period in which they had to stay in bed due to 
an illness or injury was valued by average wage for private household services. Industries 
in the private households are defined as those “engage in employing workers on or about 
the premises in activities primarily concerned with the operation of the household. These 
private households may employ individuals, such as cooks, maids, butlers, and outside 
workers, such as gardeners, caretakers, and other maintenance workers.”71 Average wage 
for private household services was obtained from the BLS. 
 
 Information on number of missed-work-days for employed individuals, (and 
number of days an unemployed person had to stay in bed) due to each particular 
condition, is not available in MEPS. Instead, MEPS collects this information for all 
medical conditions an individual might have had in the survey year. So, we needed to 
find out what portion of missed-work-days (variable WKINBD in MEPS consolidated 
data file) and bed days (variable DDBDYS) were due to anxiety disorders. In this regard, 
researcher used the same approach used to estimate the incremental cost. In other words, 
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two separate multivariate regression analyses were conducted to estimate the incremental 
number of missed work days/ bed days due to anxiety disorders. This approach has been 
used by Akazawa, Sindelar, and Paltiel in their research on estimating the productivity 
loss due to Influenza related illnesses.72 
 
 Outcome variables and the initial set of covariates for estimating the incremental 
number of work days/ bed days due to anxiety disorders are provided in Table 3-4. These 
covariates have been selected based on the relevant literature and availability of data in 
MEPS. 
 
 After developing and running regression models, the estimated coefficients of 
each model were used to calculate two outcomes for each individual. The first predicted 
outcome assumed the individual had anxiety disorder(s) (by setting the disease-indicator 
variable to one), and the second predicted outcome assumed that the individual was 
anxiety-free (by setting the disease-indicator variable to zero). The per-person increase in 
number of missed work days/ bed days attributable to anxiety disorders were calculated 
by taking the difference in predicted outcomes for each person. Morbidity cost for each 
individual in the study sample (per-person morbidity cost) was calculated by multiplying 
the predicted outcome (i.e. predicted number of missed work days due to anxiety 
disorders if the person was employed, and predicted number of bed days due to anxiety 
disorders if the person was not employed), by the average daily wage of that person.  
 
 
Table 3-4. Outcome variables and the initial set of covariates for estimating the 
incremental number of missed work days/ bed days due to anxiety disorders. 
 

Regression 
model 

Outcome 
variable 

Sample for regression 

analysis Initial set of covariates 

Model 1 WKINBD Employed individuals in 
the study population 
(excluding self-
employed persons)a 

anx,b gender, race/ethnicity, 
age, marital status, education, 
poverty category, insurance 
coverage, MSA, region, CCI, 
number of employees, sick-
pay, union status, occupation 
category   

    
Model 2 WKINBD Unemployed individuals 

in the study population 
anx, gender, race/ethnicity, 
age, marital status, education, 
poverty category, insurance 
coverage, MSA, region, CCI. 

 
a Self-employed individuals were excluded, since information such as sick-pay benefit is 
not available for them. 
b anx represents the disease indicator variable. 
MSA = Metropolitan Statistical Area, CCI = Charlson Comorbidity Index. 
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 Average morbidity cost was estimated by taking the weighted mean of per-person 
morbidity cost across the entire study sample. Finally, this average per-person cost was 
multiplied by the weighted number of individuals with anxiety disorders in the sample to 
get the total morbidity cost associated with anxiety disorders. 
 
 Mortality cost. Mortality cost is productivity loss due to premature deaths. In a 
prevalence-based cost of illness study, productivity losses are “calculated for all patients 
who die or become permanently disabled in the study year for that year and each year 
until the expected age of death.”3(p. 9) In the HCA, mortality cost is the present value of 
future earnings, from age of death to life expectancy. Lost future earnings due to a 
medical condition can be estimated knowing the total number of deaths due to that 
condition, and average annual wages of deceased individuals from the year they died to 
their life expectancies.  
 
 In calculating mortality cost, it is assumed that “people will be working and 
productive during their expected lifetime in accordance with the current pattern of work 
experience”73(p. 283) (for their age/sex/race cohort). So, no assumption needed to be made 
about the employment rate among deceased individuals. The researcher instead allowed 
the actual employment experience of each age/sex/race cohort inform the calculations. 
The estimated lifetime earnings (in present value terms) of a 25 year old White woman 
would not be the same as that of a 40 year old Black man, in part because of different 
LFPRs of these two cohorts. The LFPR in the BLS data already accounts for that source 
of difference, so no further explicit assumption or adjustment needed to be made to 
recognize the importance of this factor. LFPR is defined as the ratio of the civilian non-
institutionalized population who are in labor force by the civilian non-institutionalized 
population who are eligible to be in labor force. 
 
 Another point to consider is that wages usually increase as individuals get more 
experienced. So, average annual wage at time of death should be inflated to consider this 
growth. According to BLS, 12-month increase in wages and salaries for the first quarter 
of 2013 was equal to 1.6%.74 So, we assumed an increase of 1.6% in annual wages too. 
Future annual earnings should then be discounted by an appropriate discount rate. The 
most common discount rate used in the relevant literature is 3%, which is recommended 
by the Panel on Cost Effectiveness in Health and Medicine.75 Current value of future 
earnings should be calculated for all individuals who died due to the medical condition, 
in the period of study, and then added up to get the mortality cost. In the case of anxiety 
disorders, the researcher needed to know the number of suicides due to this medical 
condition. It has been shown that 10% of suicides are due to anxiety disorders.5,10 So, we 
multiplied the total number of suicides buy 10% to get the number of deaths. 
 

The formula used to estimate the mortality cost associated with anxiety disorders 
is shown in Equation 3-4. 
 

 (Eq. 3-4) 
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Where:  
MTC = Mortality cost for individuals who committed suicide due to anxiety disorders in 
the period of study. 
Ad= Age of death 
Le= Life expectancy at age of death by race and gender. 
Li= Labor force participation rate by gender and race at age i. 
W= Average annual wage by gender and race at age of death. 
r = Discount rate 
 
 
SA2: Estimating the Incremental Direct Medical Expenditures Associated with 
Anxiety Disorders by Service Category 
 
 Incremental direct medical expenditures associated with anxiety disorders for 
different healthcare delivery settings were also estimated using the incremental cost 
approach. We followed the exact same procedure used for estimating the overall 
incremental cost. More specifically, several multivariate regression analyses were 
developed to separately model inpatient visits expenditure, outpatient visits expenditure, 
emergency room visits expenditure, prescription medications expenditure, office-based 
visits expenditure, and other medical expenses. So for each model, the dependent variable 
was the cost category of interest. Regression analyses were conducted on all individuals 
in the study sample. 
 
 For all models, the same set of covariates was used. The main independent 
variable of the models was the anxiety indicator variable (yes/no). Other covariates 
included respondents’ gender, age, race/ethnicity, marital status, education, poverty 
category, geographic region, metropolitan statistical area (MSA), perceived health status 
(PHS), health insurance coverage, and the D’Hoore adaptation of Charlson Comorbidity 
Index (CCI). 
 
 
SA3: Estimating the Incremental Direct Medical Expenditures Associated with 
Anxiety Disorders for Different Sub-populations 
 
 Incremental direct medical expenditures associated with anxiety disorders were 
estimated for different sub-populations, using the incremental cost approach. These sub-
populations were defined based on gender, age, race/ethnicity, marital status, education, 
poverty category, region, MSA, and insurance coverage. Several multivariate regression 
analyses were conducted to separately model overall healthcare cost for each group of 
individuals. The dependent variable in all models was the overall healthcare cost. To 
estimate the cost in each group, the regression analysis was conducted on that sub-
population only and therefore, the covariate identifying that sub-population was excluded 
from the regression model. For instance, to estimate the incremental cost of anxiety 
disorders among males, the regression analysis was conducted on males, excluding 
gender from covariates of the model.  
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 We broke down the costs among Blacks and Whites even further by gender, age, 
and geographic region (as you will see in the next chapter, cost of anxiety disorders was 
not statistically significant for Hispanics. So, there was no point in looking at the cost of 
anxiety disorders for Hispanics). The specific sub-populations in which incremental costs 
of anxiety disorders were estimated for, along with covariates of each model are provided 
in Table 3-5. 
 
 
General Notes 
 
 For direct medical costs, all dollar amounts have been presented in 2013 dollars, 
using the healthcare component of the CPI (for all urban consumers). Also, for morbidity 
and mortality costs, all dollar amounts have been presented in 2013 dollars, using the CPI 
(for all urban consumers), for all items. The formulas used to present cost data from 
2009/2010 dollars to 2013 dollars are provided below: 
 

$2009 * (CPI2013 / CPI2009) = $2013 
$2010 * (CPI2013 / CPI2010) = $2013 

 
Where: 
$2009 = Cost in 2009 dollars. 
$2010 = Cost in 2010 dollars. 
$2013 = Cost in 2013 dollars. 
 
For direct medical cost: 
CPI2009 = Healthcare Component of CPI for the year 2009 = 379.51654 
CPI2010 = Healthcare Component of CPI for the year 2010 = 391.04654 
CPI2013 = Healthcare Component of CPI for the year 2013 = 424.15454 
 
For morbidity and mortality costs:  
CPI2009 = CPI for all items for the year 2009 = 212.70954 
CPI2010 = CPI for all items for the year 2010 = 217.63154 
CPI2013 = CPI for all items for the year 2013 = 232.77354 
 
 All statistical analyses were conducted using SAS software version 9.3 (SAS 
Institute, Cary, NC)76 and STATA software version 12.77 
 
 All analyses accounted for the complex survey design of MEPS to obtain 
national-level estimates. Furthermore, subpopulation analysis was conducted to generate 
results for individuals 18 years and older. Thereby, all results are projected to the 
ambulatory adult population of the U.S.  
 
 The p-value threshold was set at 0.05 to determine statistical significance of two-
tailed tests. 
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Table 3-5. Sub-populations along with model specifications. 
 

  Covariates 

Sub-population Levelsa 

G
ender 

A
ge 

R
ace/E

thnicity 

M
arital status 

E
ducation 

Poverty cat 

R
egion 

M
SA

 

H
ealth Ins 

PH
S 

C
C

I 

Gender Males, Females             
Age in years 18-24, 24-44, 45-46, 65+             
Race/ethnicity White-non-Hispanic, Black-non Hispanic             
Marital Status Married, Previously Married, Never married,              
Education None, GED/High School Diploma, Bachelor, Master/PHD             
Poverty Category Poor, Near poor, Low income, Middle income, High income             
Region Northeast, Midwest, South, West             
MSA Non-MSA, MSA             
Insurance Coverage Uninsured, Dual Eligible, Medicaid, Medicare, Other public, 

private only 
            

Race*Gender White-Male, White-Female, Black-Male, Black-Female             
Rage*Age White- 18 to 44, White 45 &more, Black 18 to 44, Black 45 & 

more 
            

Race*Region White-Northeast, White-Midwest, White-South, White-West 
Black-Northeast, Black-Midwest; Black-South, Black-West 

            

Race*Gender*Age White – Male- 18 to 44, White – Male- 45 & more 
White – Female- 18 to 44, White – Female- 45 & more 
Black – Male- 18 to 44, Black – Male- 45 & more 
Black – Female- 18 to 44, Black – Female- 45 & more 

 

           

 
a To estimate cost for each sub-population, sample includes individuals in that population only; PHS = Perceived Health Status; MSA 
= Metropolitan /statistical Area, CCI = Charlson comorbidity Index; GED = Graduate Equivalency Degree.
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CHAPTER 4.    RESULTS 
 
 
 Results of the current research are provided in this chapter. The first section 
provides descriptive statistics for the study population. In the second section, results of 
estimating direct medical costs associated with anxiety disorders are presented. Morbidity 
and mortality costs attributable to anxiety disorders are provided in third and fourth 
sections, respectively. Finally, summary of results, i.e. societal cost of anxiety disorders, 
is reported. 
 
 Throughout this chapter, all dollar amounts are presented in 2013 dollar values, 
unless otherwise is specified  
 
 

Descriptive Statistics 
 
 
Prevalence of Self-reported Anxiety Disorders in MEPS 
 
 From the total survey respondents in 2009-2010 (n = 66,148), 46,572 (weighted 
sum = 228,987,954) were adults with positive person weights and non-missing values on 
all of the independent variables, and were included in the final analysis. In 2009-2010 
MEPS survey, 8.74% (weighted sum = 20,337,553) of adults (95% CI: 8.32% to 9.17%) 
reported being diagnosed with an anxiety disorder(s). The remaining 91.26% were 
considered as anxiety-free population. 
 
 
Characteristics of the Study Population 
 
 Table 4-1 compares demographic characteristics of individuals with and without 
anxiety disorder(s) in the study population. Compared to adults with no anxiety disorder, 
those who have been diagnosed with this condition were more likely to be female 
(66.15% versus 50.15%; p < 0.001), White-non Hispanic (79.87% versus 66.77%; p < 
0.001), in the age group of 45 to 64 (40.74% versus 34.19%; p < 0.001), and have one or 
more comorbidities (36.48% versus 27.98%; p < 0.001). Alternatively, they were less 
likely to lack insurance (15.30% versus 20.77%; p < 0.001). Also, the mean ± SE of CCI 
score was significantly higher at 0.82 ± 0.03, for sufferers of anxiety, compared to adults 
without anxiety disorders at 0.51 ± 0.01.  
 
 We also compared the two populations based on the 17 comorbidities used in the 
D’Hoore adaptation of the CCI (Table 4-2). In comparison with the anxiety-free 
population, adults with anxiety disorders were more likely to have congestive heart 
failure (1.49% versus 0.94%; p = 0.004), peripheral vascular disease (1.96% versus 
1.28%; p = 0.020), dementia (0.95% versus 0.53%; p = 0.034), chronic pulmonary 
disease (16.02% versus 8.55%; p < 0.001), connective tissue disease (5.19% versus  
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Table 4-1. Comparison of demographic characteristics between adults with and without anxiety disorders. 
 

  Adults (unweighted n=47,388)a  

 Anxiety disorder(s)    
(unweighted n=3,610)a  No anxiety disorder    

(unweighted n=43,778)a  

Characteristics % 95% CI  % 95% CI p-value 
Gender       < 0.001* 

male 33.85 32.10-35.59  49.85 49.29-50.42  
female 66.15 64.41-67.90  50.15 49.58-50.72  

Age in years      < 0.001* 
18-24 8.61 7.18-10.30  13.22 12.65-13.79  
25-44 34.30 31.76-36.84  34.97 33.97-35.98  
45-64 40.74 38.55-42.94  34.19 33.32-35.07  
65 and Older 16.35 14.58-18.13  17.61 16.74-18.49  

Race/ethnicity      < 0.001* 
White non-Hispanic 79.87 77.82-81.92  66.77 64.88-68.65  
Black non-Hispanic 6.97 5.88-8.06  11.92 10.64-13.21  
Hispanic 8.99 7.63-10.36  14.41 12.78-16.04  
Other non-Hispanic 4.17 3.25-5.09  6.90 5.88-7.92  

Marital Status      < 0.001* 
Married 47.02 44.36-49.68  53.80 52.70-54.91  
Previously Marriedb 29.49 27.19-31.80  19.13 18.29-19.96  
Never Married 23.48 21.17-25.79  27.07 26.24-27.90  

Education      < 0.001* 
No Degree 13.09 11.75-14.42  15.88 15.09-16.67  
GED/High School Diploma 52.75 50.21-55.28  48.45 47.50-49.40  
Bachelor 17.60 15.79-19.41  18.10 17.27-18.94  
Master/PhD 7.10 5.83-8.38  9.41 8.71-10.12  
Other Degree 9.46 8.06-10.87  8.16 7.68-8.63  
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Table 4-1. (Continued). 
 

 Adults (unweighted n=47,388)a  

 Anxiety disorder(s)    
(unweighted n=3,610)a  No anxiety disorder    

(unweighted n=43,778)a  

Characteristics % 95% CI  % 95% CI p-value 
Poverty Category       < 0.001* 

Poor 16.53 14.87-18.20  12.18 11.46-12.89  
Near Poor 4.07 3.24-4.89  4.37 4.06-4.67  
Low Income 13.35 11.78-14.93  13.47 12.83-14.12  
Middle Income 32.09 30.18-34.00  30.25 29.42-31.08  
High Income 33.96 31.33-36.58  39.73 38.36-41.10  

Region       < 0.001* 
Northeast 18.34 15.74-20.95  18.48 17.06-19.91  
Midwest 25.54 23.15-27.94  21.41 20.11-22.71  
South 31.38 28.55-34.20  37.14 35.42-38.87  
West 24.74 22.42-27.06  22.97 21.44-24.49  

MSA       0.901 
Non-MSA 16.00 12.62-19.38  15.85 13.35-18.35  
MSA 84.00 80.62-87.38  84.15 81.65-86.66  

Insurance Coverage       < 0.001* 
Uninsured 15.30 13.53-17.06  20.77 19.72-21.81  
Dual eligiblec 4.57 3.59-5.55  2.08 1.84-2.31  
Medicaid 10.15 8.73-11.58  5.59 5.07-6.11  
Medicare 18.32 16.44-20.20  16.94 16.09-17.79  
Other Public 1.89 1.25-2.53  1.86 1.59-2.13  
Private  49.76 47.33-52.20  52.77 51.47-54.06  

CCI Score [mean (SE)] 0.82 (0.03)  0.51(0.01) <0.001* 
CCI Score (%)       <0.001* 

Zero Comorbidity 63.52 61.39-65.66  72.02 71.25-72.79  
One Comorbidity 23.93 22.08-25.78  20.18 19.67-20.78  
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Table 4-1. (Continued). 
 
 Adults (unweighted n=47,388)a  

 Anxiety disorder(s)    
(unweighted n=3,610)a  No anxiety disorder    

(unweighted n=43,778)  

Characteristics % 95% CI  % 95% CI p-value 
Two Comorbidity 8.74 7.56-9.92  5.63 5.29-5.97  
Three or More  3.81 3.02-4.60  2.17 1.95-2.39  

 
Notes: Unweighted numbers represent number of individuals in the sample, while weighted numbers represent projected 
number of individuals (i.e. national-level estimates), after controlling for the complex survey design of MEPS. CI = 
Confidence Interval; GED = Graduation Equivalency Degree; MSA = Metropolitan Statistical Area; CCI = Charlson 
Comorbidity Index; SE = Standard Error.  
a Sample estimates projected to 232,782,004 adults, among which 20,337,553 were classified as anxiety patients and the 
remaining 212,444,451 were considered as anxiety-free population. b Previously married refers to divorced, separated or 
widowed individuals. c Dual eligible refers to individuals who are entitled to Medicare Part A and/or Part B and also meet the 
eligibility requirements for Medicaid, therefore are enrolled in both programs. 
* p < 0.05, two-tailed.
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Table 4-2. Comparison of CCI clinical conditions between anxiety and non-anxiety patients. 
 

   Adults (unweighted n=47,388)a   

 
 Anxiety disorder(s) 

(unweighted n=3,610)a  No anxiety disorder 
(unweighted n=43,778)a 

 
 

Comorbidities  % 95% CI  % 95% CI  p-value 
Myocardial infarction  3.31 2.51-4.10  2.92 2.65-3.18  0.318 
Congestive heart failure  1.49 1.02-1.96  0.94 0.79-1.09  0.004* 
Peripheral vascular disease  1.96 1.34.2.57  1.28 1.12-1.44  0.020* 
Dementia  0.95 0.51-1.40  0.53 0.40-0.66  0.034* 
Cerebrovascular disease  0.28 0.02-0.55  0.18 0.11-0.25  0.381 
Chronic Pulmonary disease  16.02 14.30-17.74  8.55 8.08-9.01  <0.001* 
Connective tissue disease  5.19 4.30-6.07  2.93 2.65-3.21  <0.001* 
Ulcer disease  0.91 0.55-1.26  0.43 0.32-0.54  0.002* 
Mild liver disease  0.74 0.41-1.07  0.48 0.38-0.57  0.058 
Hemiplegia  3.04 2.29-3.79  2.18 1.94-2.41  0.009* 
Moderate or severe renal disease  0.59 0.27-0.90  0.39 0.28-0.48  0.163 
Diabetes  12.24 10.93-13.54  10.78 10.28-11.28  0.032* 
Any tumor  7.06 5.87-8.26  6.10 5.69-6.52  0.110 
Leukemia  0.11 0.00-0.25  0.15 0.09-0.21  0.621 
Lymphoma  0.19 0.02-0.36  0.25 0.18-0.33  0.532 
Moderate or severe liver disease  0.26 0.06-0.46  0.30 0.21-0.38  0.759 
Metastasis solid tumor  0.65 0.34-0.97  0.45 0.36-0.54  0.168 

 
a Sample estimates projected to 232,782,004 adults, among which 20,337,553 were classified as anxiety patients and the 
remaining 212,444,451 were considered as anxiety-free population.  
* p < 0.05, two-tailed. 
Source: D'Hoore W, Bouckaert A, Tilquin C. Practical considerations on the use of the Charlson comorbidity index with 
administrative data bases. J Clin Epidemiol. Dec 1996;49(12):1429-1433.  
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2.93%; p < 0.001), ulcer disease (0.91% versus 0.43%; p = 0.002), hemiplegia (3.04% 
versus 2.18%; p = 0.009), and diabetes (12.24% versus 10.78%; p = 0.032). 
 
 

Direct Medical Costs Attributable to Anxiety Disorders 
 
 
Preliminary Statistical Analyses 
 
 As it was mentioned in chapter 3, direct medical costs associated with anxiety 
disorders were estimated using the incremental cost approach. In this regard, several 
multivariate regression analysis were conducted to separately model overall healthcare 
expenditure, inpatient visits expenditure, outpatient visits expenditure, emergency room 
visits expenditure, prescription medications expenditure, office-based medical visits 
expenditure, and other medical expenses. However, we first needed to find the set of 
covariates for regression models, as well as the type of regression analyses used to model 
healthcare cost data. As such, the following preliminary analyses were conducted.  
 
 Checking for multicollinearity. As it was mentioned in chapter 3, an initial set 
of variables, based on the relevant literature and availability of data in MEPS, was 
selected to be included in all regression analyses. However, in the presence of strong 
multicollinearity between two or more covariates of a model, predictions may be biased. 
In such cases, either some covariates should be excluded from the model, or those with 
high collinearity should be combined into a new single index Variance Inflation Factor 
(VIF) is highly being used by researchers to identify multicollinearity. VIF simply 
measures how much a variable is contributing to the standard error in the regression. If 
there is severe multicollinearity between two or more variables in a model, the variance 
inflation factor will be very large for those variables. The general rule of thumb to 
identify multicollinearity is to use the cut point of 10 for VIF.78 That is, if the VIF for a 
particular variable is higher than 10, that variable should either be excluded from the 
model or be combined with other variables with high VIFs. Some researchers though find 
the cut point of 10 to be very conservative and instead go with lower cut points such as 3 
or 4.78 The VIF cut point of 4 was selected in this study. 
 
 In order to find out if there is multicollinearity in our data, we run an OLS 
regression and asked for the VIF to be displayed in the output. The results are shown in 
Table 4-3. According to Table 4-3, the mean VIF for the set of covariates is equal to 
2.03. Also; the majority of independent variables have VIFs less than 4. The only 
variables with high VIFs are age 65 to 85 (VIF=7.48), and Medicare (VIF=5.71). It 
means that there is possibly a high collinearity between these two variables (people 65 
years and older are more likely to be enrolled in Medicare). However, we still can’t say 
that there is a severe collinearity between these two variables, since neither of the VIFs 
exceeds 10. Also, we cannot eliminate any of these two variables since they are all 
specific levels of other categorical variables (age and insurance). Finally, insurance 
coverage and age are shown to have significant impact on healthcare cost.79-83 Taking all 
these into account and after consulting with the biostatistician expert of the project, 
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Table 4-3. Results of regression analysis to check for multicollinearity. 
 

Variable VIF  Variable VIF 
No anxiety disordera    Poora   

Anxiety disorders 1.06  Low income 1.70 
Malea    Middle Income 2.39 

Female 1.05  High income 2.87 
Age 18 to 24a    Uninsureda   

Age 25 to 44 3.09  Dual eligible 1.72 
Age 45 to 64 3.67  Medicaid 1.34 
Age 65 and more 7.48  Medicare 5.71 

Whitea    Other public insurances 1.08 
Black 1.32  Private insurance only 2.01 
Hispanic 1.57  Northeasta   
Other 1.18  Midwest 1.88 

Marrieda    South 2.23 
Previously married 1.27  West 2.08 
Never married 1.73  Non MSAa  

No Degreea    MSA 1.09 
GED/high school diploma 1.90  Excellent PHSa  
Bachelor 1.87  Very good PHS 1.63 
Master/PhD 1.53  Good PHS 1.72 
Other degree 1.37  Fair PHS 1.56 

Poora    Poor PHS 1.30 
Near poor 1.27  Charlson Comprbidity Index 1.34 

 
Note: Mean VIF = 2.03. 
a Reference Category. 
VIF = Variance Inflation Factor. 
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we decided to keep all covariates in the model. 
 
 Finding the distribution of cost data. In modeling healthcare cost data, the 
specific distributional characteristics of the data must be taken into consideration. These 
characteristics are: (1) non-negative observations; (2) excessive zero (i.e. there are a large 
number of individuals with zero cost); and (3) highly skewed data (i.e. the majority of 
cost is incurred by a few patients).68 These characteristics make traditional Ordinary 
Least Square (OLS) regression inefficient in modeling healthcare cost data. Figure 4-1 
shows the distribution of overall healthcare cost for the study population. As it was 
expected, healthcare cost data is highly skewed. So, OLS regression could not be used to 
model this type of data. 
 
 Alternatively, OLS with natural log-transformed cost data has been widely used to 
deal with heavily skewed data. However, this approach has some limitations as well.68 
First, the outcome variable is the logarithm of cost. So in order to draw useful 
conclusions about the cost, the predicted values need to be retransformed back to the 
original scale. While retransforming the outcome variable, by using smearing factor, 
seems straightforward, interpretation of parameter estimates may still be challenging. 
Second, in the presence of heteroskedasticity, using one smearing factor to retransform 
the predicted values leads to biased estimates, i.e. under-estimation or over-estimation of 
the actual cost. Figure 4-2 depicts the distribution of the log-transformed overall cost for 
the study population. As it is shown in this figure, log-normal distribution is a perfect fit 
to our data and therefore, OLS with log-transformed cost data seems to be an appropriate 
regression model. However, we still needed to check for heteroskedasticity in log-
transformed data. Table 4-4 shows the result of Breusch-Pagan / Cook-Weisberg test for 
heteroskedasticity. According to this result, error terms have non-constants standard 
deviation. In other forms, heteroskedasticity is present with log-transformed data. So, 
OLS regression with log-transformed cost data was also ruled out. 
 
 In such scenarios, a Generalized Linear Model (GLM), with appropriate variance 
and link functions, is more efficient to model cost data. GLM directly models both the 
variance and mean functions on the original scale of dependent variable. As such, results 
can be interpreted with no need for retransformation from log scale to the original scale.68 
The link function generally used with healthcare cost data is the log-link function.68  
 
 In order to identify the appropriate variance function, a Park test was conducted. 
Result of this test, which is shown in Table 4-5, suggested that both Poisson and Gamma 
variance function might be appropriate for our data. We modeled overall healthcare cost 
data once using log-link GLM with Poisson distribution and then with log-link GLM with 
Gamma distribution These two models were compared based on (1) correlation between 
the predicted and observed expenditures (to see how well predictions of each model 
matched the observed data), and (2) mean squared error (as a summary of overall 
goodness of fit for each model). The comparison is shown in Table 4-6. Finally, a log-
link GLM with Poisson distribution was selected as the best fitting model for modeling 
the overall healthcare expenditure, as well as all categories of expenditure. 
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Figure 4-1. Distribution of the overall healthcare cost for the study population. 
 
Mu = Mean, Sigma = Standard Deviation. 
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Figure 4-2. Distribution of the log-transformed overall healthcare cost for the 
study population. 
 
Mu= Mean, Sigma=Standard Deviation, totlog=log-transformed overall cost. 
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Table 4-4. Results of the Breusch-Pagan/Cook-Weisberg test for 
heteroskedasticity.  
 

Variable Chi-square P-value 
totlog 360.07 < 0.0001* 

 
Note: The null hypothesis in the Breusch-Pagan / Cook-Weisberg test is that all error 
terms have constant variance. Since the P-value is less than 0.05, we reject the null 
hypothesis. In other words, heteroskedasticity is present. 
totlog =  log-transformed overall cost. 
 
 
 
Table 4-5. Results of Park test. 
 

Parameter estimate (λ) SE 95% CI p-value 
1.64 0.01 1.61-1.66 < 0.0001* 

 
Note: Since the parameter estimate for the λ is between 1 and 2, it means that both 
Poisson variance function (λ=1), and Gamma variance function (λ=2) could be 
appropriate candidates. 
SE = Standard Error, CI = Confidence interval. 
* p < 0.05, two-tailed. 
 
 
 
Table 4-6. Comparison of Poisson and Gamma variance functions. 
 

Variance 
function 

Correlation between predicted 
and observed values 

Mean square error 
(MSE) 

Poisson 0.39 1.19e+08 
Gamma 0.34 2.07e+08 
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 After deciding on the best fitting regression model, several multivariate regression 
analyses were conducted to separately model overall healthcare expenditure, inpatient 
visits expenditure, outpatient visits expenditure, emergency room visits expenditure, 
prescription medications expenditure, office-based medical visits expenditure, and other 
medical expenses. Results are provided in the following sections. 
 
 
Overall Incremental Direct Medical Expenditure Attributable to Anxiety Disorders 
 
 Table 4-7 shows the result of regression analysis to estimate the overall 
incremental direct medical expenditure attributable to anxiety disorders. After controlling 
for gender, age, race/ethnicity, marital status, education, poverty category, geographic 
region, MSA, PHS, health insurance coverage, and the CCI, adults with anxiety disorders 
had 33% higher overall medical expenditure than those without anxiety disorders 
(parameter estimate: 1.33; p < 0.001). The adjusted annual overall incremental medical 
expenditure associated with anxiety disorders was estimated at $1657.52 per person (SE: 
$238.83; p < 0.001).The total annual incremental direct medical expenditures attributable 
to anxiety disorders, for the U.S. ambulatory adult population, is at $33.71 billion in 2013 
US dollars. This figure was obtained by multiplying the per-capita incremental cost of 
anxiety ($1657.52) by the national estimated prevalence of anxiety disorders in MEPS 
(20.34 million persons). 
 
 
Incremental Direct Medical Expenditure by Health Delivery Setting (SA2) 
 
 Results from individual regression models of the incremental expenditure 
attributable to anxiety disorders, by service category, are described in Table 4-8. The 
adjusted annual incremental medical expenditure associated with anxiety disorders by 
health service category are as follow: Inpatient care, estimated at $567.83 (SE: 176.65, p 
= 0.001) accounted for the largest proportion of the overall medical expenditures. 
Prescription medications at $531.83 (SE: 64.34; p < 0.001) accounted for the second 
largest proportion of the overall expenditures, followed by office-based medical provider 
visits at $362.41(SE: 79.58, p < 0.001). Although statistically significant, emergency 
room visits and other medical expenses together explained less than 8% of the overall 
medical expenditure. These cost categories were estimated at $37.02 (SE: 18.28; p = 
0.043) and $80.85 (SE: 38.87, p = 0.038), respectively. Cost of outpatient visits estimated 
at $42.52 (SE: 54.69; p = 0.437), was not statistically significant. 
 
 
Incremental Direct Medical Expenditure for Different Sub-populations (SA3) 
 
 In order to estimate the incremental direct medical expenditures associated with 
anxiety disorders for different sub-populations (based on gender, age, race/ethnicity, 
marital status, education, poverty category, region, MSA, and insurance coverage), 
separate multivariate regression analyses (GLM with Poisson distribution and log-link 
function) were conducted. To estimate the costs in each sub-population, the regression  
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Table 4-7. Results of regression analysis to estimate the overall incremental 
direct medical expenditure associated with anxiety disorders. 
 

Parameter  Parameter 
estimate  SE  95% CI  p-value 

No anxiety disorderb         
Anxiety disorders  1.33  0.05  1.24-1.43  < 0.001 

Maleb         
Female  1.17  0.03  1.11-1.24  < 0.001 

Age 18 to 24b         
Age 25 to 44  1.08  0.06  0.97-1.21  0.174 
Age 45 to 64  1.51  0.09  1.34-1.71  < 0.001 
Age 65 and Older  1.33  0.11  1.13-1.57  0.001 

Whiteb         
Black  0.94  0.04  0.88-1.02  0.113 
Hispanic  0.74  0.03  0.68-.80  < 0.001 
Other  0.71  0.04  0.64-0.78  < 0.001 

Marriedb         
Previously 
marriedc  0.99  0.03  0.93-1.06  0.873 

Never married  0.91  0.04  0.84-0.98  0.016 
No Degreeb         

GED/high school 
diploma  1.17  0.05  1.07-1.27  0.001 

Bachelor  1.39  0.08  1.25-1.55  < 0.001 
Master/PhD  1.42  0.09  1.26-1.61  < 0.001 
Other degree  1.25  0.08  1.11-1.41  < 0.001 

Poorb         
Near poor  0.93  0.05  0.83-1.05  0.238 
Low income  1.02  0.05  0.93-1.12  0.689 
Middle Income  1.02  0.05  0.93-1.12  0.687 
High income  1.16  0.06  1.04-1.30  0.006 

Uninsuredb         
Dual eligibled  3.63  0.35  3.00-4.40  < 0.001 
Medicaid  2.28  0.17  1.97-2.63  < 0.001 
Medicare  2.92  0.23  2.50-3.41  < 0.001 
Other public   2.10  0.18  1.77-2.50  < 0.001 
Private  1.93  0.12  1.71-2.17  < 0.001 

Northeastb         
Midwest  1.04  0.05  0.96-1.14  0.345 
South  0.94  0.04  0.86-1.02  0.136 
West  0.99  0.04  0.91-1.08  0.759 
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Table 4-7. (Continued). 
 

Parameter  Parameter 
estimate  SE  95% CI  p-value 

Non MSAb         
MSA  1.14  0.04  1.06-1.23  0.001 

Excellent PHSb         
Very good PHS  1.36  0.06  1.25-1.49  < 0.001 
Good PHS  2.02  0.09  1.86-2.20  < 0.001 
Fair PHS  3.12  0.18  2.78-3.51  < 0.001 
Poor PHS  4.50  0.32  3.91-5.18  < 0.001 

CCI  1.19  0.01  1.17-1.21  < 0.001 
Intercept  627.05  63.76  513.14-766.24  < 0.001 

 
Notes: Results are based on generalized linear model with log-link function and Poisson 
distribution. Unweighted number of individuals = 46,572. 
SE = Standard Error; CI = Confidence Interval; GED= Graduation Equivalency Degree; 
MSA = Metropolitan Statistical Area; PHS= Perceived Health Status; CCI = Charlson 
Comorbidity Index. 
a Sample estimates projected to 228,987,954 adults with positive person weights and non-
missing values on all of the independent variables; b Reference Category; c Previously 
married refers to divorced, widowed, or separated individuals; d Dual eligible refers to 
individuals who are entitled to Medicare Part A and/or Part B and also meet the eligibility 
requirements for Medicaid, therefore are enrolled in both programs. 
 
 
 
Table 4-8. Results of regression analyses to estimate the incremental 
expenditures of anxiety disorders by service category. 
 

Service category AIC ($) SE p-value Total costa %b 
Inpatient visits 567.83 176.65 0.001 $11.55 B 35.00% 
Outpatient visits 42.52 54.69 0.437 $864.75 M 2.62% 
Office-based visits 362.41 79.58 <0.001 $7.37 B 22.34% 
Emergency room visits 37.02 18.28 0.043 $752.90 M 2.28% 
Prescription medications 531.83 64.34 <0.001 $10.82 B 32.78% 
Other medical expenses 80.85 38.87 0.038 $1.64 M 4.98% 
Overall expenditure 1657.52 238.83 <0.001 $33.71 B 100.00% 

 
Note: All costs are presented in 2013 US dollars. 
AIC = Average Incremental Cost; SE = Standard Error; B = Billion; M = Million. 
a Calculated by multiplying the average incremental cost by the prevalence of anxiety 
disorders in MEPS (i.e. 20.34 million persons). b Percent of overall expenditure. 
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analysis was conducted on that sub-population only and therefore, the covariate 
identifying that sub-population was excluded from the regression model. For instance, to 
estimate the incremental cost of anxiety disorders among males, the regression analysis 
was conducted on males, excluding gender from covariates of the model. Results are 
provided in Table 4-9. 
 
 According to these findings, having anxiety disorder(s) leads to statistically 
significant increase in direct medical expenditures almost for all sub-populations. The 
only exceptions are Hispanics, individuals with education levels lower than GED, and 
those who are uninsured, have Medicaid, or other public insurances (such as VA, 
Tricare,…). The highest increases in direct medical costs as a result of anxiety disorder(s) 
were seen in the following sub-populations: dual-eligible, those who live in non-MSA 
regions, highly educated individuals (with Master or PhD degree), seniors (65 years of 
age and older), Medicare enrollees, Midwest residents, divorced, widowed, or separated 
individuals, females, people with middle income, and Whites (non-Hispanic).  
 
 We have looked at the cost of anxiety disorders among Blacks and Whites (but 
not Hispanics, since presence of anxiety disorders did not have a statistically significant 
impact on healthcare cost of this population) even further. More specifically, we broke 
down each of these race/ethnicity categories, by age, gender and geographic region. The 
totals of 24 separate multivariate regression analyses were conducted to estimate cost of 
anxiety disorders in each of these groups. Results are provided in Table 4-10. According 
to these results, for both race/ethnicity groups (White non-Hispanics and Black non-
Hispanics) females and individuals 45 years and older accounted for the majority of cost. 
This is the exact same observation we had when looking at the costs of all race/ethnicities 
together.  
 
 Regarding geographic region, we found that geographic variations did not impact 
cost of anxiety disorders among White non-Hispanics. In fact, in all geographic regions, 
anxiety disorders led to statistically significance increase in direct medical expenditures 
among White non-Hispanics. More specifically, White non-Hispanics who reside in 
Midwest had higher costs (similar to what we had already found for all race/ethnicities 
combined). However, Blacks had different cost pattern. In fact, among Black non-
Hispanics, only those who reside in northeast had higher medical costs due to anxiety 
disorders and for other geographic regions, anxiety related costs were not statistically 
significant. It should be further investigated to see whether prevalence of anxiety 
disorders is higher among Blacks in northeast, or the zero cost of anxiety disorders for 
people of color, who reside in other regions, is due to some barrier in receiving the 
required care.  
 
 These findings all demonstrate why it is important to calculate values for 
subgroups. If we just looked at the incremental costs for men among Whites and Blacks, 
it looks like the costs are very similar ($1213.60 and. $1216.57) (Table 4-10). However, 
looking at the age segments, we saw that the costs for White non-Hispanic males were 
similar between age groups ($1172.83 and $1116.29), but they were incredibly different 
for Black non-Hispanic males, where older Black males had an incremental cost nearly  
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Table 4-9. Incremental direct medical expenditures associated with anxiety 
disorders for different sub-populations. 
 

Sub-population Adjusted mean 
incremental cost ($) SE p-value 

Gender 
Male 963.97 342.64 0.005* 
Female 2137.98 330.96 < 0.001* 

Age in years 
18-24 1498.39 439.97 0.001* 
25-44 771.47 281.03 0.006* 
45-64 2102.74 432.29 < 0.001* 
65 and more 2426.40 765.072 0.002* 

Race/ethnicity 
White non-Hispanic 1879.31 310.15 < 0.001* 
Black non-Hispanic 1459.30 671.15 0.030* 
Hispanic 472.98 344.68 0.170 

Marital Status 
Married 1522.56 370.62 < 0.001* 
Previously Marrieda 2305.23 588.36 < 0.001* 
Never Married 1814.21 393.55 < 0.001* 

Education    
None 1069.70 560.54 0.056 
GED/High School 
Diploma 1795.34 324.47 < 0.001* 

Bachelor 1615.17 552.84 0.003* 
Master/PHD 2463.31 1058.67 0.020* 

Poverty Category    
Poor 1710.80 555.70 0.002* 
Near Poor 1594.02 1089.02 0.143 
Low Income 1087.15 601.07 0.070 
Middle Income 2048.08 423.33 < 0.001* 
High Income 1469.45 473.18 0.002* 

Region    
Northeast 1463.21 495.22 0.003* 
Midwest 2338.59 572.02 < 0.001* 
South 1197.91 364.88 0.001* 
West 1718.05 421.48 < 0.001* 

MSA    
Non-MSA 2485.64 621.19 < 0.001* 

Insurance Coverage    
Uninsured 483.63 313.77 0.123 
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Table 4-9. (Continued). 
 

 
Note: All costs are presented in 2013 US dollars. 
a Previously married refers to divorced, widowed, or separated individuals. b Dual eligible 
refers to individuals who are entitled to Medicare Part A and/or Part B and also meet the 
eligibility requirements for Medicaid, therefore are enrolled in both programs. 
SE = Standard Error; GED= Graduation Equivalency Degree; MSA = Metropolitan 
Statistical Area. 
* p < 0.05, two-tailed 
 
 
 
  

Sub-population Adjusted mean 
incremental cost ($) SE p-value 

Dual Eligibleb 6455.84 1990.81 0.001* 
Medicaid 1129.83 769.44 0.142 
Medicare 2354.90 778.10 0.002* 
Other Public 781.37 891.45 0.381 
Private Only 1571.62 319.97 < 0.001* 
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Table 4-10. Breaking down the cost of anxiety disorders among different 
race/ethnicities by gender, age, and geographic region. 
 

 Incremental direct medial cost (SE) 
Sub-population White non-Hispanic Black non-Hispanic 
Gender    

Male  1213.60 (475.32)* 1216.57 (920.13) 
Female  2318.78 (424.48)* 1797.20 (865.29)* 

Agea    
18-44  1060.49 (307.34)* 1268.23 (803.82) 
45 and over  2431.47 (497.92) * 2189.18 (995.05) * 

Region    
Northeast  1406.38. (532.84) * 3899.40 (1890.84) * 
Midwest  2071.76 (600.52) * 824.05 (1054.74)  
South  1413.00 (435.31) * 491.19 (645.86) 
West  1478.93 (450.03) * 2001.25 (1459.93) 

Gender - Age    
Male - 18 to 44 
Male - 45 and over 

 1172.83 (444.11) * 650.61 (417.22)  
 1116.29 (738.16) 3932.22 (1767.89) * 

Female - 18 to 44 
Female - 45 and over 

 1235.21 (456.88) * 2315.74 (1277.64) 
 3150.09 (696.68) * 1843.72 (1314.72) 

 
Note: All costs are presented in 2013 U.S. dollars; Results are not provided for the 
Hispanics, since presence of anxiety disorder(s) did not have a statistically significant 
impact on healthcare cost of this population. 
a Age groups were combined to get enough sample size in each cell. 
SE = Standard Error. 
* p < 0.05, two-tailed. 
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six times that of the 18-44 year old ($3932.22 and $650.61). For women, we saw a 
difference in the costs by age group, but older White women had a higher cost (nearly as 
much as older Black men) and for Black women we saw higher cost is in the younger age 
group. So, there is a need for future studies to figure out why all of these incremental 
costs vary so much. 
 
 

Morbidity Cost Associated with Anxiety Disorders 
 
 As it was mentioned in the third chapter, morbidity cost was measured using the 
Human Capital Approach (HCA). In the HCA, productivity loss due to an illness or 
injury is approximated by valuing the entire period of absence from work by average 
individual’s earning. For individuals who are at paid employment for at least one round 
in the year, information on wage rates are available in the MEPS (in both Consolidated 
Data file and Job file). For unemployed individuals, the period in which they had to stay 
in bed due to an illness or injury is valued by the average wage for private household 
services. Equation 4-1 shows the formula to calculate the morbidity cost. 
 

Morbidity Cost  (Eq. 4-1) 

 
Where: 
N = Total number of individuals in the sample. 
Wti = Person weight for the ith individual in the sample. 
Wgi = Daily wage for employed individuals and average daily wage for household 
services if the individual is not employed. 
ni = Number of missed work days (due to anxiety disorders) for employed individuals and 
number of days stayed in bed (due to anxiety disorders) for unemployed individuals. 
Nanx = Weighted number of individuals in the sample with anxiety disorder(s). 
 
 
Number of Missed Work Days due to Anxiety Disorders for Employed Individuals 
 
 Since MEPS reports the total number of missed work days for each individual 
(due to all medical conditions he/she might have), we needed to find the incremental 
number of missed work days specifically due to anxiety disorders. A multivariate 
regression analysis was conducted (the very same approach we used to estimate the 
incremental direct medical costs). The outcome variable was the total number of missed 
work days and the covariates were gender, age, race/ethnicity, marital status, education, 
geographic region, MSA, Charlson comorbidity index, occupation category, union status, 
number of employees, and sick pay (whether or not the person has the sick pay benefit).  
 
 Checking for multicollinearity. Table 4-11 shows the results of 
multicollinearity analysis. VIF for insurance coverage and poverty category were 
estimated at 5.78 and 4.91 respectively. Since both of these values exceeded the cut point 
of 4, and also there is no evidence in the literature supporting the impact of these  
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Table 4-11. Results of multicollinearity analysis for modeling the number of missed work days. 
 

Variable VIF  Variable VIF 
No anxiety disordera    Management, business, and financial operationsa  

Anxiety disorders 1.03  Professional and related occupations 2.31 
Malea    Service Occupations 2.37 

Female 1.22  Sales and related occupations 1.75 
Age 18 to 24a    Office and administrative support 2.11 

Age 25 to 44 3.53  Farming, fishing, forestry 1.14 
Age 45 to 64 3.97  Construction. Extraction, and maintenance 1.64 
Age 65 to 85 1.44  Production, transportation 2.06 

Whitea    Sick-pay benefita  
Black 1.24  No sick-pay benefit 1.34 
Hispanic 1.30  Uniona  
Other 1.12  Non-union 1.13 

Marrieda    Number of employees 1.11 
Previously married 1.19  Northeasta   
Never married 1.46  Midwest 2.10 

No Degreea    South 2.35 
GED/high school diploma 3.08  West 2.14 
Bachelor 3.03  Non MSAa   
Master/PhD 2.35  MSA 1.06 
Other degree 1.95  Charlson Comprbidity Index 1.08 

 
Note: Mean VIF = 1.85. 
a Reference Category. 
VIF = Variance Inflation Factor. 
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variables on the number of missed work days,72 they were excluded from the model. 
There is no multicollinearity with the remaining set of covariates.  
 
 Finding the distribution of missed work days. Figure 4-3 shows the 
distribution of number of missed work days (“wkinbd” variable in the MEPS data file). 
Since the “wkinbd” had a highly-skewed distribution, use of OLS regression would have 
led to biased estimates. So, OLS with log-transformed data and GLM regression were 
considered. OLS with log-transformed data was ruled out; due to the heteroskedasticity in 
data (result of the test for heteroskedasticity is provided in Table 4-12). Therefore, we 
conducted the park test to identify the best variance function to be used in the GLM 
regression (Table 4-13). 
 
 According to the results of Park test, both Poisson and Gamma variance functions 
were appropriate fit to our data. We conducted a. log-link GLM with Poisson distribution 
(to be consistent with the methodology used in estimating the direct medical costs), on 
the employed individuals 18 years and older. Self-employed individuals were not 
included in the analysis since information such as sick leave is not provided for them in 
the MEPS. Table 4-14 shows the result of regression analysis to estimate the incremental 
number of days missed work due to anxiety disorders. Based on these results, having 
anxiety disorder(s) has increased the number of missed work days by almost 2.5 days.  
 
 
Number of Days Stayed in Bed due to Anxiety Disorders for Unemployed 
Individuals 
 
 For unemployed individuals, MEPS collects the total number of days each 
individual had to stay in bed (due to all medical conditions he/she might have had during 
the survey year). The variable representing this information in the MEPS consolidated 
data file is called “ddbdys”.we needed to find the incremental number of bed days 
specifically due to anxiety disorders. Distributional characteristics of the variable 
“ddbdys” were pretty the same as they were for the variable “wkinbd”. In other words, 
“ddbdys” was also highly skewed and error terms from the OLS regression on log-
transformed “ddbdys” were also heteroskedastic. So, we conducted a log-link GLM with 
Poisson distribution on the unemployed individuals in the sample to estimate the 
incremental number of bed days due to anxiety disorder (s). The dependent variable in 
the regression model was “ddbdys” and independent variables were gender, age, 
race/ethnicity, education, marital status, geographic region, MSA, and Charlson 
comorbidity index. Poverty category and insurance coverage were excluded from the set 
of covariates due to their high multicollinearity with other variables (high VIF).       
Table 4-15 shows the result of regression analysis to estimate number of bed days due to 
anxiety disorders for unemployed individuals. As one can see, having anxiety disorders 
has increased the number of bed days by more than 12 days, for unemployed individuals. 
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Figure 4-3. Distribution of the number of missed work days for employed 
individuals. 
 
WKINBD = Number of missed work days. 
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Table 4-12. Results of the Breusch-Pagan/Cook-Weisberg test for 
heteroskedasticity.  
 

Variable Chi-square p-value 
wkinbd_log 218.33 < 0.0001* 

 
Note: The null hypothesis in the Breusch-Pagan / Cook-Weisberg test is that all error 
terms have constant variance. Since the P-value is less than 0.05, we reject the null 
hypothesis. In other words, heteroskedasticity is present. 
wkinbd_log = log-transformed missed work days. 
 
 
 
Table 4-13. Results of Park test. 
 

Parameter estimate (λ) SE 95% CI p-value 
1.90 0.04 182-1.98 < 0.0001* 

 
Note: Since the parameter estimate for the λ is between 1 and 2, it means that both 
Poisson variance function (λ=1), and Gamma variance function (λ=2) could be 
appropriate candidates. 
SE = Standard Error, CI = Confidence interval. 
* p < 0.05, two-tailed. 
 
 
 
Table 4-14. Incremental number of missed work days due to anxiety disorders. 
 

Incremental estimate SE 95% CI p-value 
2.18 0.57 1.05,3.30 < 0.0001* 

 
SE = Standard Error, CI = Confidence interval. 
* p < 0.05, two-tailed. 
 
 
 
Table 4-15. Incremental number of bed days due to anxiety disorders. 
 

Incremental estimate SE 95% CI p-value 
12.55 1.62 9.38,15.72 < 0.0001* 

 
SE = Standard Error, CI = Confidence Interval. 
* p < 0.05, two-tailed. 
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Daily Wage for Employed Individuals 
 
 For individuals who were employed for at least one round during the survey year, 
MEPS collects information on hourly wages, as well as the number of hours a person 
works during a week. To convert hourly wages to daily wages, we assumed that each 
individual worked 5 days a week. So, daily wage for employed individuals was 
calculated according to the Equation 4-2. 
 

DW= hours worked per day* HW = (hours worked per week/5) * HW (Eq. 4-2) 
 
Where: 
DW = Daily wage. 
HW = Hourly wage as it comes in the MEPS consolidated data file. 
 
 
Average Daily Wage of Household Services for Unemployed Individuals 
 
 As it was mentioned in the chapter 3, in the HCA, morbidity cost for unemployed 
individuals is calculated by valuing the time period in which an individual had to stay in 
bed, due to an illness or injury (bed days).the assumption is that daily wage for 
unemployed individuals is equal to the daily wage for services usually being done at 
home (household services). For each survey year (2009 and 2010), we used the average 
daily wage for cooks, maids and maintenance services, as the average daily wage for 
household services. Results are provided in Table 4-16. 
 
 
Summary of Analyses 
 
 Having all the information required to calculate the morbidity cost attributed to 
anxiety disorders (according to Equation 4-1), summary of results are provided in Table 
4-17. The adjusted mean incremental morbidity cost due to anxiety disorders was 
estimated at $625.73 in 2013 US dollars. Multiplying this figure by the weighted number 
of individuals with anxiety disorder(s) in this period (i.e. 20,337,553 adults), the total 
morbidity cost associated with this category of mental illnesses was estimated at $12.72 
billion in 2013 US dollars. 
 
 

Mortality Costs Associated with Anxiety Disorders 
 
 As it was already defined in the chapter 3, mortality cost is productivity loss due 
to premature deaths. In the HCA, mortality cost is the present value of future earnings, 
from age of death to life expectancy. In this regard, mortality cost in HCA is calculated 
using the formula in Equation 4-3. 
 

 (Eq. 4-3) 
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Table 4-16. Average daily wage for unemployed individuals based on BLS data. 
 
  Weekly wage ($)a  Daily wage ($)b 
Gender  Service category 2009 2010  2009 2010 
Men  Cook 400 401  

   Maid 444 455  
 Maintenance 488 493  

  Average 444 450  97 96 
Women  Cook 371 381  

   Maid 371 376  
 Maintenance 388 391  

  Average 377 383  82 82 
 
Note: Wage data for specific service categories is not available by further details such as 
race/ethnicity. 
a In the current dollar value; b In 2013 dollar value. 
 
 
 
Table 4-17. Summary of results: Morbidity cost. 
 

Cost Adjusted incremental 
estimate ($) SE 95% CI p-value 

Average 625.73 7.40 611.14,640.32 < 0.0001* 
Total 625.37*20,337,553= $12.72 billion in 2013 US dollars 

 
SE = Standard Error, CI = Confidence interval. 
* p < 0.05, two-tailed. 
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Where:  
MTC = Mortality cost for individuals who committed suicide due to anxiety disorders in 
the period of study. 
Ad= Age of death. 
Le= Life expectancy at age of death by race/ethnicity and gender. 
Li= Labor force participation rate by gender and race/ethnicity at age i. 
W= Average annual wage by gender and race/ethnicity at age of death. 
Discount rate is equal to 3%. 
 
 
Number of People Who Committed Suicide due to Anxiety Disorders and Age at 
Death 
 
 NVSS provides number of deaths by age group, gender, Hispanic origin, and race 
for non-Hispanic origin for different causes of death. These statistics are reported in 
several different formats, based on the age group (5-year age group or 10-year age group) 
and causes of death (for 15 major causes of death or for 113 causes of death).56-58 We 
started collecting the number of deaths due to suicides for 2010, using the number of 
deaths provided by 15 major causes of death in 5-year age groups, by Hispanic origin, 
race for non-Hispanic population and sex. However, if for some specific sub-populations 
suicide did not appeared in the first 15 causes of death, we had to use other data tables to 
collect as much information as possible. Number of deaths due to suicide by age, gender, 
and race/ethnicity are provided in Table 4-18. You may see that for some sub-
populations the number of suicides is provided for 5-year age groups and for others in 10-
year age group. Since we had the number of deaths for each age group but not at each 
specific age, we assumed that all deaths in each age group (either 5 or 10 year age 
groups) have occurred in the middle point of that range. For instance, we assumed that 
for all deaths between the ages of 20 to 25, the age at death was 22. In the same way, we 
assumed that for all deaths occurred between the ages 65 to 75, the age at death was 70.  
 
 It has been shown that 10% of suicides are due to anxiety disorders.5,10 So, to get 
the number of suicide due to anxiety disorders at certain age by gender and race/ethnicity, 
we multiplied the figures in Table 4-18 by 10%.  
 
 
Life Expectancy at Age of Death by Race/Ethnicity and Gender 
 
 NVSS also provides statistics on life expectancy at age of death by race/ethnicity 
and gender.59 This information is provided in Table 4-19. If the age at death was a 
multiplication of 10 (for 10-year age group), then we already have the life expectancy at 
that age. However, for 5-year age groups (for instance 20 to 25), the life expectancy at 
the age of death (22) is equal to the mean of life expectancies at the beginning (20) and 
end (25) of that range. 
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Table 4-18. Number of suicides in 2010 by age, gender, and race/ethnicity. 
 

Age 
group 

  White  Black  Hispanic 
  Male  Female  Male  Female  Male  Female 
 n %  n %  n %  n %  n %  n % 

20-24  1,717 84%  335 16%  259 84%  49 16%  307 82%  68 18% 
25-29  1,822 82%  410 18%  239 85%  43 15%  272 84%  51 16% 
30-34  1,658 79%  445 21%  186 88%  26 12%  232 88%  33 12% 
35-39  1,887 77%  567 23%  180 79%  47 21%  211 78%  59 22% 
40-44  2,213 76%  692 24%  160 77%  48 23%  196 83%  39 17% 
45-49  2,928 77%  878 23%  140 80%  36 20%  197 82%  42 18% 
50-54  2,996 76%  953 24%  119 76%  37 24%  150 82%  33 18% 
55-59  2,549 76%  821 24%  97 48%  

36 18% 
 138 83%  29 17% 

60-64  1,806 76%  558 24%  70 34%   67 78%  19 22% 
65-69  1,210 79%  322 21%  66 94%  4 6%  57 78%  16 22% 
70-74  972 84%  179 16%    40 78%  11 22% 
75-79  878 47%  

246 13% 
 

38 79% 
 

10 21% 
 

59 89% 
 

7 11% 
80-84  761 40%      
85+  791 88%  110 12%  9 75%  3 25%  29 97%  1 3% 
Total   24,188 79%  6,516 21%  1,563 82%  339 18%  1,955 83%  408 17% 

 
Sources: Deaths, percent of total deaths, and death rates for the 15 leading causes of death in 10-year age groups, by Hispanic origin, 
race for non-Hispanic population and sex: United States, 2010. Mortality Tables 2012; 
http://www.cdc.gov/nchs/nvss/mortality_tables.htm. Accessed 11/25/2012 ; Deaths, percent of total deaths, and death rates for the 15 
leading causes of death in 5-year age groups, by Hispanic origin, race for non-Hispanic population and sex: United States, 2010. 
Mortality Tables 2012; http://www.cdc.gov/nchs/nvss/mortality_tables.htm. Accessed 11/25/2012; Deaths, percent of total deaths and 
rank order for 113 selected causes of death and Enterocolitis due to Clostridium difficile, by Hispanic origin, race for non-Hispanic 
origin and sex, United States, 2010, Mortality Tables 2012.
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Table 4-19. Life expectancy at selected ages by race, Hispanic origin, race for non-
Hispanic population, and sex: United States, 2010. 
 

  Hispanic  White non-
Hispanic  Black non-

Hispanic 
Age at 
death  Male Female  Male Female  Male Female 

20  59.3 64.4  57.2 61.1  52.9 58.8 
25  54.6 59.5  52.5 56.9  48.4 54.0 
30  49.8 54.6  47.9 52.0  43.9 49.2 
35  45.1 49.7  43.2 47.2  39.4 44.5 
40  40.4 44.8  38.6 42.5  34.9 39.8 
45  35.7 40.0  34.0 37.8  30.5 35.3 
50  31.2 35.3  29.7 33.2  26.3 31.0 
55  26.6 30.8  25.5 28.8  22.5 26.8 
60  22.8 26.3  21.5 24.4  19.0 22.9 
65  18.8 22.0  17.7 20.3  15.8 19.1 
70  15.1 18.0  14.2 16.4  12.8 15.7 
75  11.7 14.1  11.0 12.8  10.1 12.5 
80  8.7 10.7  8.1 9.6  7.8 9.6 
85  6.1 7.7  5.8 6.9  5.9 7.1 
90  4.2 5.4  4.0 4.8  4.4 5.2 
95  2.9 3.7  2.8 3.3  3.3 3.8 
100  2.1 2.6  2.1 2.3  2.6 2.8 

 
Source: Murphy SL, Xu JQ, Kochanek KD. Deaths: Final Data for 2010. National Vital 
Statistics Reports. Hyattsville, MD: National Center for Health Statistics;2013. 
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Labor Force Participation Rate and Wage 
 
 We collected information on LFPR and wage from the BLS.52,53 This information 
is provided in Tables 4-20 and 4-21 respectively. In BLS, wage data are available only 
for age groups of 16-24, 25-54, and 55+. So, we could not break down the wage data into 
finer age groups. 
 
 
Summary of Analyses 
 
 Having all the information required to calculate mortality cost according to 
Equation 4-3, results of this section are provided in Table 4-22. Assuming that 10% of 
suicides are due to anxiety disorders, 3,497 individuals committed suicide in 2010, with 
anxiety disorder(s) as primary reason. This resulted in $2.34 billion (in 2013 US dollars) 
loss in terms of mortality cost. White-non Hispanics accounted for almost 90% of this 
figure, mainly because of significantly higher number of suicides in this sub-population. 
Among White-non Hispanics, males between the ages of 25 and 44 years, had the highest 
mortality cost (37.71% of total mortality cost). 
 
 
The Societal Cost of Anxiety Disorders for the U.S. Adult Population in 2010 (SA1) 

 
 The societal cost of anxiety disorders was estimated, by adding-up the overall 
direct medical cost, morbidity cost, and mortality cost, at almost $49 billion in 2013 US 
dollars. Direct medical cost accounted for the majority of this figure (69.12%), followed 
by morbidity cost at 26.08% and mortality cost at 4.81%. These results are provided in 
Table 4-23. 
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Table 4-20. Labor force participation rate by age, gender, and race/ethnicity. 
 

  White non-Hispanic  Black non-Hispanic  Hispanic 
Age 
group  Men Women  Men Women  Men Women 

20-24  77.0 69.7  66.9 66.9  80.0 61.6 
25-29  90.0 76.2  82.3 76.7  91.9 67.7 
30-34  92.3 73.6  84.7 79.3  93.5 64.9 
35-39  93.3 73.7  86.8 78.2  94.1 66.7 
40-44  91.6 76.2  85.5 77.1  91.5 69.3 
45-49  89.7 77.2  79.6 75.3  88.6 72.2 
50-54  86.5 75.3  75.1 70.6  86.7 67.7 
55-59  79.7 69.4  65.2 63.6  77.1 60.5 
60-64  61.3 51.7  46.7 44.2  57.8 44.5 
65-69  37.2 27.6  27.9 24.2  38.7 24.3 
70-74  22.5 15.0  16.3 13.0  23.4 10.4 
75+  10.5 5.3  9.3 5.6  10.9 5.5 

 
Source: Labor Force Statistics from the Current Population Survey. Bureau of Labor 
Statistics. http://bls.gov/data/. Accessed 11/05/2012. 
 
 
 
Table 4-21. Median usual weekly earnings in current dollar from current 
population survey for 2010. 
 

  White non-Hispanic  Black non-Hispanic  Hispanic 
Age group  Men Women  Men Women  Men Women 
16-24  453 424  403 404  395 392 
25-54  878 715  656 615  587 529 
55+  990 734  740 614  617 521 

 
Notes: Wage data are in 2010 US dollars; in converting weekly wages to annual wages, 
the assumption was that each year is consisted of 52 weeks. 
Source: Weekly and Hourly Earnings from the Current Population Survey Bureau of 
Labor Statistics. http://bls.gov/data/. Accessed 11/05/2012 
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Table 4-22. Mortality cost: Summary of results. 
 

   White non-Hispanic  Black non-Hispanic  Hispanic 
Age 
group %/$a Male Female Both sexes  Male Female Both sexes  Male Female Both sexes 

18-24 
$  247.09 M 32.23 M 279.33 M  24.46 M 3.99 M 28.45 M  29.62 M 4.36 M 33.98 M 
%  10.54 1.38 11.92  1.04 0.17 1.21  1.26 0.19 1.45 

25-44 
$  883.91 M 159.56 M 1.04 B  58.92 M 10.31 M 69.23 M  71.43 M 9.31 M 80.75 M 
%  37.71 6.81 44.52  2.51 0.44 2.95  3.05 0.40 3.45 

45-65 
$  591.12 M 114.36 M 705.48 M  14.25 M 3,06 M 17.31 M  21.1 M 2.90 M 23.99 M 
%  25.22 4.88 30.10  0.61 0.13 0.74  0.90 0.12 1.02 

65+ 
$  33.50 M 26.63 M 60.13 M  500,945 27,077 528,022  988,306 112,941 1.10 M 
%  1.43 1.14 2.57  0.02 0.00 0.02  0.04 0.00 0.05 

All 
Ages 

$  1.76 B 332.79 M 2.09 B  98.13 M 17.34 M 115.52 M  123.14 M 16.67 M 139.82 M 
%  74.91 14.20 89.11  4.19 0.74 4.93  5.25 0.71 5.97 

Total mortality cost in 2013 US dollar 2,343,749,010 
 
a $ represents the actual cost in 2013 US dollars, while % represents the share of cost in each cell from the total mortality cost, 
in terms of percentage. For instance, White- non Hispanic males between the ages of 18 and 24, had $247.09 million mortality 
cost, which accounts for 10.54% of the total mortality cost. 
M = Million; B = Billion. 
 
 
 
Table 4-23. The societal cost of anxiety disorders for the U.S. adult population in 2010. 
 

  Indirect cost   
Overall direct medical cost  Morbidity cost Mortality cost  Societal cost 
$33,709,900,849 (69.12%)  $12,718,495,520 (26.08%) $2,343,749,010 (4.81%)  $48,772,145,379 

 
Note: Costs are in 2013 US dollar values. 
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CHAPTER 5.    DISCUSSION 
 
 

Direct Medical Costs 
 
 
General Notes 
 
 Our results showed that almost 9% of the ambulatory adult population of the U.S. 
in 2009-2010 was diagnosed with anxiety disorder(s). This estimate is lower than the 
18.1% estimate for the 12-month prevalence of any anxiety disorder, reported by the 
National Comorbidity Survey Replication (NCS-R).9 This difference could be explained 
by the fact that in MEPS, medical conditions are self-reported; while in the NCS-R, a 
fully structured diagnostic interview was conducted to identify individuals with a 
particular mental disorder. So, it is possible that some individuals with mild or moderate 
anxiety disorder did not receive the diagnosis at the time of interview. Another possibility 
is that some persons did not report their anxiety, simply because of the social stigma 
attached to mental disorders. All these can lead to under-representation of anxiety 
disorders in MEPS. Consistent with the NCS-R’s findings, this study also found that 
prevalence of anxiety disorders is higher among women. 
 
 Unlike the previous researchers, who collected data from several different data 
sources, only one database was used in the current study to estimate direct medical costs. 
Using multiple data sources may lead to data inconsistency. To avoid this issue, we used 
MEPS as the only data source for all analyses related to direct medical costs, since it 
contains comprehensive information regarding the health care utilization and cost for 
participants in the survey. 
 
 MEPS has been widely used by previous researchers for the estimation of disease-
attributable expense.60-64,66,84-86 In fact, when it comes to highly prevalent diseases, MEPS 
is superior to administrative databases for cost estimation purposes in several ways. First 
of all, it contains detailed information on demographic and clinical characteristics of 
individuals, as well as their health care utilization and expenses. So, by controlling for all 
factors that may affect healthcare expenditures in analysis, researchers can estimate costs 
solely due to the condition of interest. Second of all, disease-attributable expenses can be 
presented as point estimates, as well as percentage of total costs of the disease population. 
This information, which cannot be gained using administrative data, provides a more 
sensible picture of the economic burden of a disease;65 Finally, MEPS is the only 
database which contains all required information to estimate direct medical expenditures 
attributable to a disease. So instead of getting data from several different data sources, 
which may lead to data inconsistency and later cast doubt on the reliability of results, 
only one database is used to collect data on healthcare utilization and costs. 
 
 The confidence in the current findings is also derived from the adaptation of a 
robust statistical analysis technique. In modeling healthcare cost data, an attempt was 
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made to reduce bias in estimates by selecting statistical techniques that considered the 
skewed nature of such data. 
 
 
Overall Direct Medical Cost 
 
 Using estimates from this study, the annual incremental direct medical 
expenditures attributable to anxiety disorders, for the U.S. ambulatory adult population, is 
at $33.71 billion in 2013 US dollars. This figure, representing more than 69% of the 
estimated societal cost, is obtained by multiplying the per-capita incremental cost of 
anxiety ($1657.52) by the national estimated prevalence of anxiety disorders in MEPS 
(20.34 million persons).  
 
 Previous estimates of direct medical costs of anxiety disorders, which were 
obtained in the late 90’s, range from $28.73 billion to $98.26 billion in 2013 US 
dollars.5,10 Even though our estimate falls within this range, it is not quite comparable 
with the previous findings. The type of methodology used to estimate the costs has a 
significant impact on results. DuPont et al.5 estimated the medical expenditures as the 
product of volume of services and unit prices or charges, and Greenberg et al.10 estimates 
were derived from a two-step multivariate regression approach, while we used the 
incremental cost approach. In addition, their study population was not limited to the U.S. 
ambulatory adult population, as ours was. Also, they did not include all diagnoses of 
anxiety disorders in their analysis and considered different cost categories in estimating 
cost of illness. For instance, DuPont et al.5 used charges instead of costs, did not include 
costs due to PTSD, and almost 70% of their cost estimate ($19.9 billion) was due to costs 
for institutionalized population, i.e. those who reside in nursing homes and specialty 
mental health organizations. Greenburg et al.10 estimated cost of anxiety for individuals 
aged 15 to 54. They found that more than half of the costs of these disorders ($53 billion) 
were attributable to non-psychiatric direct medical expenditures. Interpreting this result, 
Greenburg et al. explained that “estimation of this component was based on results from 
a single staff–model HMO that may not be fully generalizable to the entire 
population.”10(p. 431)  
 
 
Cost by Category of Healthcare Services 
 
 With respect to categories of direct medical cost, inpatient visits (35.00%), 
prescription medications (32.78%), and office-based medical provider visits (22.34%) 
together accounted for almost 93% of the overall incremental costs associated with 
anxiety disorders. Emergency room cost, representing almost 3% of overall medical 
costs, was also slightly higher for sufferers of anxiety. These findings are consistent with 
the known healthcare utilization pattern and treatment seeking behavior of individuals 
with anxiety disorders. Marciniak, Lage, Landbloom, Dunayevich, and Bowman15 
estimated the medical and productivity cost of anxiety disorders using data from a large 
employer database. Their results showed that employees with anxiety disorders had 
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higher inpatient hospital costs as well as higher prescription medications, medical 
provider visits, and emergency care costs.  
 
 The high cost of office-based medical provider visits and prescription medications 
can also be explained through the treatment seeking behavior of individuals with anxiety 
disorders. Treatment options for anxiety disorders include pharmacotherapy, 
psychotherapy, or combination of both. With the recent advances in psychotherapy 
techniques and pharmacotherapy products, such as Cognitive-Behavioral Therapy (CBT) 
and Selective Serotonin Reuptake Inhibitors (SSRIs) proven to be very effective in 
treating anxiety disorders, treatment utilization for these conditions has significantly 
increased throughout the time.87,88 As such, office-based medical provider visits and 
prescription medications are expected to account for the majority of overall cost of illness 
associated with anxiety disorders. 
 
 . To effectively reduce the cost of anxiety disorders, more attention needs to be 
geared towards these three categories of care. For instance, further studies should 
investigate the underlying reasons for high hospitalizations in patients with anxiety 
disorders, and examine whether these hospitalizations are potentially preventable. 
 
 
Cost for Different Sub-populations 
 
 Knowing which sub-population incurs higher costs, policymakers and clinicians 
will be able to develop tailored disease management programs, by considering the 
specific characteristics of the target sub-populations. 
 
 Our results showed that the following sub-populations accounted for the majority 
of the overall direct medical costs associated with anxiety disorders in their category: 
Females ($2137.98), individuals 65 years and older ($2426.40), White non-Hispanics 
($1879.31), previously married individuals ($2305.23), those with high levels of 
education (i.e. master/PhD) ($2463.31), middle-income earners ($2048.08), those who 
reside in the Midwest ($2338.59), non-MSA residents ($2485.64), and dual eligible 
($6455.84). The only sub-populations, in which having anxiety disorder(s) was not 
associated with higher medical cost, were Hispanics, individuals with less than a high 
school diploma/GED, the uninsured, and those who were covered only by Medicaid, or 
other public insurances (such as Tricare).  
 
 Higher costs for females and White non-Hispanics can be explained through the 
higher prevalence of anxiety disorders among these sub-populations.30 With respect to 
insurance coverage, dual eligible followed by Medicare enrollees and private insurance 
holders had the highest portion of medical costs. These plans usually offer more generous 
benefits than Medicaid and other forms of public insurance. As such, it is expected for 
their members to have higher utilization and cost for services such as psychotherapy 
session, which are either not covered or limitedly covered by other plan types. The life-
time prevalence of anxiety disorders is the lowest for people 65 years and older; yet we 
found that this group of individuals accounted for the majority of cost. This can be 
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explained through the correlation between age and Medicare insurance coverage. Patients 
with middle income, as well as those with high educational level had high anxiety-related 
costs. This observation can be justified assuming that people with higher socioeconomic 
status are more aware of the importance of treatment seeking for their diseases. 
 
 As it was mentioned above, anxiety disorders were not associated with an 
increase in healthcare cost among Hispanics. Also, anxiety related costs for Black non-
Hispanics, even though statistically significant, were less than costs for White non-
Hispanics. One explanation for these observations could be the lower life-time prevalence 
of anxiety disorders among Hispanics and Black non-Hispanics, in comparison with 
White non-Hispanics.30 However, future research needs to be done to examine any 
potential barrier in receiving the treatment for anxiety disorders among minorities. 
 
 To our knowledge, there is no study in the literature examining cost of anxiety 
among different sub-populations. Murciniak et al.18 used MarketScan Databases to 
examine how medical conditions and demographic characteristics affect the costs of 
treating anxiety patients. The only demographic characteristics included in their analyses 
were gender, age, and insurance coverage. Similar to our findings, they concluded that 
females, older individuals, and those who have more comprehensive insurance coverage 
incurred higher costs.18 
 
 We broke down anxiety costs for Blacks and Whites, by sex, gender and 
geographic region. Our findings (i.e. considerable variation in incremental costs incurred 
by different sub-populations), demonstrate why it is important to calculate values for sub-
groups; and highlight the need for future studies to figure out the underlying causes of 
such variations. Of particular interest is the much larger costs for Black non-Hispanics in 
the Northeast ($3899.40) and for Black non-Hispanic males aged 45 and older 
($3932.22). These findings deserve additional study to determine the reasons for such 
higher costs in theses sub-populations. 
 
 

Indirect Costs 
 
 Based on the prevalence of self-reported anxiety disorders in MEPS and suicide 
data from NVSS, the total annual indirect cost attributable to anxiety disorders was 
estimated at $15.06 billion in 2013 US dollars ($12.72 for morbidity $2.34 for mortality 
cost). This figure represents almost 31% of the estimated societal cost of anxiety 
disorders. 
 
 Like direct medical cost, the estimated morbidity cost is also based on the 
prevalence of self-reported anxiety disorders in MEPS. So, there is a possibility of under-
estimation of morbidity cost in this study (due to potential under-reporting of anxiety 
disorders in MEPS).  
 
 There are only two studies that provided national estimates of indirect costs for 
anxiety disorders. Greenberg et al.10 estimations of morbidity and mortality costs are 
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$7.44 billion and $2.12 billion (in 2013 US dollars) respectively. Even though their 
analysis technique for mortality cost is pretty similar to ours, their estimation of 
morbidity cost is not quite comparable with our results, because: 
 

  They estimated productivity loss due to anxiety disorders only for the employed 
individuals, while we considered both employed and unemployed individuals in 
the analysis.  

 
 For employed individuals, they defined morbidity cost as the cost due to 

absenteeism, plus reduced productivity while at work. The latter represented more 
than 87% of their estimated morbidity cost. However, we did not include this 
component (reduced productivity while at work) in our analysis. 

 
 To get the number of missed work days due to anxiety disorders, we used 

regression analysis while they applied a 40% impairment rate to the total number 
of work cutbacks. 

 
 DuPont et al.,5 also provided estimates of morbidity and mortality cost at $59.83 
billion and $2.30 billion (in 2013 US dollars), respectively. In calculating the mortality 
cost, they adopted the same methodology as ours, but their estimation of morbidity cost 
was based on impairment rate, and thus is not comparable with our findings. 
 
 

Societal Cost 
 
 The societal cost of anxiety disorders were estimated at 48.72 billion in 2013 US 
dollars. Figure 5-1 shows the proportion of each cost component from the societal cost of 
anxiety disorders for the ambulatory adult population of the United States.  
 
 This study used nationally representative databases along with a robust statistical 
analysis technique to provide the most comprehensive and recent estimates of societal 
cost of anxiety disorders among adults in the U.S. The current study demonstrates 
conclusively that anxiety disorders, with the annual societal cost of $48.72 billion in 2013 
US dollars, absorb a significant portion of US healthcare resources and should be 
prioritized by policymakers and healthcare providers who aim to reduce downstream 
costs of mental disorders.  
 
 Almost 70% of societal cost of anxiety disorders was due to direct medical costs. 
We analyzed this category further by looking at the distribution of costs in different 
health delivery settings, and amongst different sub-populations. 
 
 Our findings may also influence policy under the new Affordable Care Act 
(ACA). The ACA, signed into law on March 2010, aims to: expand coverage for all 
Americans, enhance the quality of care, and lower healthcare costs.89 In this regard, 
economic evaluations, such as cost of illness studies, can serve as an important tool in 
creating a healthcare system with lower costs and higher quality of care. Cost of illness 
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Figure 5-1. Percentage of each cost component from the societal cost. 
 
 
studies are also useful in being able track healthcare costs over time to see if the increase 
access to healthcare and the cost-reductions in the ACA are having an effect. Cost of 
illness studies enable policymakers to identify medical conditions that absorb a 
significant portion of the US healthcare budget. These costly medical conditions may be 
investigated further to realize if resources are being distributed inefficiently, or if there is 
a need to invest in new, cost-effective treatment options. All these will lead to prioritizing 
scarce healthcare resources in a more efficient way, which eventually may lower the cost 
of care. However, the ACA lacks a mechanism to directly use economic evaluations, to 
reach these goals. As such, new healthcare policies are needed to support research that 
will help prioritize allocation of scarce healthcare resources. 
 
 

Limitations 
 
 This study has several limitations. Most importantly, our findings might have 
underestimated the direct medical expenditures, as well as indirect cost aspect of 
morbidity, attributable to anxiety disorders. As it was discussed earlier, individuals with 
anxiety disorders were identified as those who reported being diagnosed with this 
condition. So, prevalence of anxiety disorders might be under-reported in MEPS. As 
such, our findings should be interpreted with caution. Results from this study, due to 
potential under-representation of anxiety disorders in MEPS, should be interpreted as a 
conservative estimate of the societal cost of these conditions in the ambulatory adult 
population of the U.S. If we assume that health seeking behavior and healthcare 
utilization of individuals with anxiety disorders, who didn’t report their condition, is not 
systematically different from other individuals in the study population, then we can apply 
the estimated per-person incremental medical cost ($1657.52) to the NCS-R’s estimate of 
the 12-month prevalence of anxiety disorders (i.e. 18.1% of the adult population which is 
equal to 42.13 million persons); and it gives us the total direct medical cost of anxiety 
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disorders at $69.84 billion in 2013 US dollars. Similarly, assuming that productivity loss 
of sufferers who reported their anxiety is consistent with the rest of the population, the 
estimated morbidity cost would be $25.36 billion. 
 
 Second, some covariates such as history and severity of illness were not included 
in the analysis of direct medical cost, due to unavailability of this information in MEPS. 
Third, we studied the societal cost of anxiety disorders in the ambulatory adult population 
of the U.S. A more comprehensive study including all age groups, as well as patients in 
assisted living or nursing home facilities, in analysis would provide a more precise 
estimate of the economic burden of these conditions. Fourth, since only the first three 
digits of ICD-9 codes are shown in MEPS public use files, we couldn’t unbundle the 
umbrella category of anxiety disorders and report costs by each diagnosis of these 
conditions. Finally, in order to find the number of deaths due to anxiety disorders, we 
applied a 10% rate to the total number of suicides. Even though we have adopted this rate 
from previous relevant research, it may not be a very accurate estimate for anxiety-
induced suicides. Unfortunately, the national number of suicides for each specific 
diagnosis of mental illnesses is not still available. 
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The U.S. government does not track death rates for every drug. However, the National Center for
Health Statistics at the Centers for Disease Control and Prevention does collect information on
many of the more commonly used drugs. The CDC also has a searchable database, called CDC
Wonder.

Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 1. National Drug Overdose Deaths—Number Among All Ages, by Gender, 1999-2018.
More than 67,300 Americans died from drug-involved overdose in 2018, including illicit drugs
and prescription opioids. The �gure above is a bar and line graph showing the total number of
U.S. drug overdose deaths involving any illicit or prescription opioid drug from 1999 to 2018.
Drug overdose deaths rose from 38,329 in 2010 to 70,237 in 2017; followed by a signi�cant
decrease in 2018 to 67,367 deaths. The bars are overlaid by lines showing the number of deaths
by gender from 1999 to 2018 (Source: CDC WONDER).
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Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 2. National Drug Overdose Deaths by Speci�c Category—Number Among All Ages,
1999-2018. Overall, drug overdose deaths declined from 2017 to 2018 with 67,637 drug
overdose deaths reported in 2018. Deaths involving other synthetic narcotics other than
methadone (including fentanyl and fentanyl analogs) continued to rise with more than 31,335
overdose deaths reported in 2018. Those involving cocaine or psychostimulants with abuse
potential (mostly methamphetamine) also continued to trend upward (Source: CDC WONDER).

Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 3. National Drug Overdose Deaths Involving Any Opioid—Number Among All Ages,
by Gender, 1999-2018. The �gure above is a bar and line graph showing the total number of
U.S. overdose deaths involving any opioid from 1999 to 2018. Any opioid includes prescription
opioids (and methadone), heroin and other synthetic narcotics (mainly fentanyl or fentanyl
analogs). Opioid-involved overdose deaths rose from 21,088 in 2010 to 47,600 in 2017 and
remained steady in 2018 with 46,802 deaths. The bars are overlaid by lines showing the number
of deaths by gender from 1999 to 2018 (Source: CDC WONDER).
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Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 4. National Overdose Deaths Involving Prescription Opioids—Number Among All
Ages, 1999-2018. The �gure above is a bar and line graph showing the total number of U.S.
overdose deaths involving prescriptions opioids (including methadone) from 1999 to 2018. Drug
overdose deaths involving prescription opioids rose from 3,442 in 1999 to 17,029 in 2017. From
2017 to 2018, however, the number of deaths dropped to 14,975. The bars are overlaid by lines
showing the number of deaths by gender from 1999 to 2018 (Source: CDC WONDER).

 

Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 5. National Overdose Deaths Involving Heroin, by Other Synthetic Narcotic (Opioid)
Involvement, Number Among All Ages, 1999-2018. The �gure above is a bar and line graph
showing the total number of U.S. overdose deaths involving heroin from 1999 to 2018. Drug
overdose deaths involving heroin rose from 1,960 in 1999 to 15,469 in 2016. Since 2016, the
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number of deaths has remained steady with 14,996 deaths reported in 2018. The bars are
overlaid by lines showing the number of deaths involving heroin in combination with or without
other synthetic narcotics (mainly fentanyl or fentanyl analogs) from 1999 to 2018. The number of
deaths involving heroin in combination with synthetic narcotics has been increasing steadily
since 2014 and shows that the increase in deaths involving heroin is driven by the use of
fentanyl (Source: CDC WONDER).

Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 6. National Drug Overdose Deaths Involving Psychostimulants With Abuse Potential
(Including Methamphetamine), by Opioid Involvement, Number Among All Ages, 1999-
2018. The �gure above is a bar and line graph showing the total number of U.S. overdose deaths
involving psychostimulants with abuse potential from 1999 to 2018. Drug overdose deaths rose
from 547 in 1999 to 12,676 in 2018. The bars are overlaid by lines showing the number of deaths
involving psychostimulants with or without any opioid, and involving psychostimulants with or
without other synthetic narcotics. The number of deaths involving psychostimulants has
increased steadily since 2014 regardless of opioid involvement (Source: CDC WONDER).

Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
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on CDC WONDER Online Database, released January, 2020

Figure 7. National Drug Overdose Deaths Involving Cocaine, by Opioid Involvement,
Number Among All Ages, 1999-2018. The �gure above is a bar and line graph showing the total
number of U.S. overdose deaths involving cocaine from 1999 to 2018. Drug overdose deaths
involving cocaine rose from 3,822 in 1999 to 13,942 in 2017 and remained steady in 2018 with
14,666. The bars are overlaid by lines showing the number of deaths involving cocaine with or
without any opioid, and cocaine and other synthetic narcotics. The number of deaths in
combination with any opioid has been increasing steadily since 2014 and is mainly driven by the
involvement of other synthetic narcotics (mainly fentanyl or fentanyl analogs) (Source: CDC
WONDER).

Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 8. National Drug Overdose Deaths Involving Benzodiazepines, by Opioid
Involvement, Number Among All Ages, 1999-2018. The �gure above is a bar and line graph
showing the total number of U.S. overdose deaths involving benzodiazepines from 1999 to 2018.
Drug overdose deaths involving benzodiazepines rose from 1,135 in 1999 to 11,537 in 2017.
Between 2017 and 2018, deaths declined to 10,724.The bars are overlaid by lines showing the
number of deaths involving benzodiazepines with or without any opioid, and benzodiazepines
and other synthetic narcotics. The number of deaths involving benzodiazepines in combination
with other synthetic narcotics has been increasing steadily since 2014, while deaths involving
benzodiazepines without any opioids has remained steady (Source: CDC WONDER).
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Source: Centers for Disease Control and Prevention, National
Center for Health Statistics. Multiple Cause of Death 1999-2018
on CDC WONDER Online Database, released January, 2020

Figure 9. National Drug Overdose Deaths Involving Antidepressants, by Opioid
Involvement–Number Among All Ages, 1999-2018. The �gure above is a bar and line graph
showing the total number of U.S. overdose deaths involving antidepressants from 1999 to 2018.
Drug overdose deaths involving antidepressants has risen steadily from 1,749 in 1999 to 5,269 in
2017. In 2018, deaths remained steady with 5,064. The bars are overlaid by lines showing the
number of deaths involving antidepressants with or without any opioid, and antidepressants
and other synthetic narcotics (Source: CDC WONDER).

The �gures above are bar charts showing the number of U.S. overdose deaths involving
select prescription and illicit drugs from 1999 through 2018. The bars are overlaid by lines
representing gender or concurrent opioid involvement. There were 67,367 drug-involved 
overdose deaths reported in the U.S. in 2018 (Figure 1); 67% of cases occurred among
males (yellow line). Other synthetic narcotics or opioids (mainly fentanyl or fentanyl
analogs) were the main driver of drug overdose deaths with a nearly 12-fold increase from
2012 to 2018 (Figure 2).

Drug overdose deaths involving any opioid―prescription opioids (including methadone),
other synthetic opioids, and heroin―rose from 18,515 deaths in 2007 to 47,600 deaths in
2017; before declining to 46,802 in 2018. More than 68% of deaths occurred among males
(Figure 3). From 2017 to 2018, the number of deaths involving prescription opioids declined
to 14,975 (Figure 4).

Overdose deaths involving heroin decreased from 15,482 deaths in 2017 to 14,996 in 2018
(Figure 5).

From 2015 to 2018, the number of deaths involving psychostimulants (mainly
methamphetamine, Figure 6) or cocaine (Figure 7) have risen signi�cantly to a respective
12,676 and 14,666 deaths.
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The �nal two charts show the number of overdose deaths involving benzodiazepines
(Figure 8) or antidepressants (Figure 9). Benzodiazepines were involved in 10,734 deaths in
2018—a decrease from the 11,537 deaths in 2017. These were driven by the combination
of these prescription drugs with any opioid. Deaths involving antidepressants are also
rising, although at a much slower rate than benzodiazepines. As is the case with
benzodiazepines, deaths involving antidepressants are mainly driven by those also
involving synthetic opioids.

Download presentation �le -  National Drug Overdose Deaths 1999-2018 (Powerpoint, 215KB)

Download  Drug Overdoses data document (XLS, 177KB)

NIDA for Teens: Drug Overdoses in Youth

March 10, 2020
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Overview

Practice Essentials
Oral benzodiazepine (BZD) overdoses, without co-ingestions, rarely result in significant morbidity (eg, aspiration pneumonia,
rhabdomyolysis) or mortality. In mixed overdoses, they can potentiate the effect of alcohol or other sedative-hypnotics. Acute
intravenous administration of BZDs is associated with greater degrees of respiratory depression.

Patients receiving prolonged parenteral administration of BZDs are at risk for propylene glycol poisoning (the diluent used in
parenteral formulations of diazepam and lorazepam). Although rare, this may result in hypotension, cardiac dysrhythmias, lactic
acidosis, seizures, or coma.

In long-term users who have developed dependence, cessation of BZDs can result in a withdrawal syndrome, with
manifestations including anxiety, irritability, confusion, seizures, and sleep disorders.[1]  Alprazolam withdrawal syndrome may
be especially severe, with associated delirium, psychosis, and hyperadrenergic states.[2]  Treatment of BZD withdrawal is
typically with a long-acting BZD (eg, clonazepam), but sucessful use of antiseizure drugs (eg, valproate, carbamazepine) has
also been reported.[2]

Signs and symptoms

Symptoms of BZD overdose may include the following:

Dizziness
Confusion
Drowsiness
Blurred vision
Unresponsiveness
Anxiety
Agitation

Findings on physical examination may include the following:

Nystagmus
Hallucinations
Slurred speech
Ataxia
Coma
Hypotonia
Weakness
Altered mental status, impairment of cognition
Amnesia
Paradoxical agitation
Respiratory depression
Hypotension

See Presentation for more detail.

Diagnosis
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Immunoassay screening techniques are performed most commonly. These tests typically detect BZDs that are metabolized to
desmethyldiazepam or oxazepam; thus, a negative screening result does not rule out the presence of a BZD.

Tests and procedures to obtain depend on the presentation, as follows:

Arterial blood gas (ABG) assay, if respiratory depression is present
ECG, to evaluate for co-ingestants, particularly cyclic antidepressants
Chest radiograph, if respiratory compromise is present
Pregnancy test, in women of childbearing age

In cases of intentional overdose, measure the following:

Serum electrolytes
Glucose
BUN
Creatinine clearance
Ethanol level
Acetaminophen level

See Workup for more detail.

Management

As with any overdose, the first step is an assessment of the patient's airway, breathing, and circulation, and these should be
addressed rapidly as needed. In any patient with an altered mental status, a blood glucose level should be obtained
immediately. The cornerstone of treatment in BZD overdoses is good supportive care and monitoring. Single-dose activated
charcoal is not routinely recommended, as the risks far outweigh the benefit; BZD overdoses are very rarely fatal, and the
resulting altered mental status greatly increases the risk of aspiration following oral charcoal dose.[3]

Flumazenil (Romazicon) is a specific antidote for BZD poisoning, but its use in acute BZD overdose is controversial and its risks
usually outweigh any possible benefit.[4] In long-term BZD users, flumazenil may precipitate withdrawal and seizures; in patients
taking BZDs for a medical condition, flumenazil may result in exacerbation of the condition. The ideal indication for flumazenil is
isolated iatrogenic (eg, during conscious sedation) BZD overdose in BZD-naive patients.

See Treatment and Medication for more detail.

Background
Benzodiazepine (BZD) toxicity may result from overdose or from abuse. Since their introduction in 1960, BZDs have come to be
widely used for a variety of indications, including seizures, anxiety, alcohol withdrawal, insomnia, drug-associated agitation, and
muscle spasm. In addition, BZDs are used as preanesthetic agents, and are frequently combined with other medications
for procedural sedation. BZD overdose often occurs in association with other substances.

For patient education information, see Benzodiazepine Abuse, First Aid for Poisoning in Children, and Child Safety Proofing.

Pathophysiology
Benzodiazepines (BZDs) act by potentiating the activity of gamma-aminobutyric acid (GABA), which is the major inhibitory
neurotransmitter in the central nervous system (CNS). BZDs bind to a specific receptor on the GABA A receptor complex and
thereby facilitate the binding of GABA to its specific receptor site. BZD binding causes increased frequency of opening of the
chloride channel complexed with the GABA A receptor. Chloride channel opening results in membrane hyperpolarization, which
inhibits cellular excitation.

Enhanced GABA neurotransmission results in sedation, striated muscle relaxation, anxiolysis, and anticonvulsant effects.
Stimulation of peripheral nervous system (PNS) GABA receptors may cause decreased cardiac contractility and vasodilation.
These changes could have the potential to alter tissue perfusion.
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The rate of BZD onset of action is determined by its ability to cross the blood-brain barrier. The relatively lipophilic BZDs (eg,
diazepam) usually have a faster onset of effect than the relatively water-soluble BZDs (eg, lorazepam). BZD effects can be
potentiated when ethanol is present as a coingestant. Peak blood concentrations of most agents occur within 1-3 hours.

After a single dose, the lipophilic agents can have a shorter duration of action (shorter CNS effect) than water-soluble agents
because rapid redistribution from the CNS to peripheral sites (eg, adipose tissue); thus, lorazepam has a longer CNS duration of
action than diazepam. However, diazepam metabolizes to active intermediates with prolonged half-lives, which extend its
therapeutic effects.

BZDs are metabolized predominantly in the liver by oxidation and/or conjugation. Most BZDs are broken down into
pharmacologically active metabolites, which may have longer half-lives than the parent compounds.

Epidemiology
According to the Drug Abuse Warning Network (DAWN) of the Substance Abuse and Mental Health Services Administration
(SAMHSA), total emergency department (ED) visits for nonmedical use of benzodiazepines (BZDs) rose 149% from 2004 to
2011. However, no short-term increases were noted between 2009 and 2011. Records did not always specify the BZD involved,
but alprazolam was indicated in about a third of these ED visits, and in approximately a third of BZD-related suicide attempts.[5]

DAWN was discontinued in 2011. SAMHSA plans to combine DAWN into a new data collection, the Emergency Department
Surveillance System (SEDSS).[6]

From 1996 to 2013, the percentage of US adults filling a BZD prescription increased 67%, from 8.1 million to 13.5 million, and
the median cumulative quantity of BZDs filled over the year increased by 140%. The overdose death rate increased from 0.58 to
3.07 per 100,000 adults, with a plateau seen after 2010, although deaths continued to increase in the elderly and in blacks and
Hispanics. In 2013, BZDs accounted for approximately 31% of fatal overdoses involving prescription drugs in the US. However,
the danger of BZDs may be obscured by the fact that an estimated 75% of deaths involving benzodiazepines also involve an
opioid.[7]

In 2018, a total of 22,995 single-substance exposures to BZDs were reported to US poison control centers. Of these, 469 (2%)
resulted in major toxicity and 19 resulted in death.[8] Inclusion of cases involving BZDs in combination with alcohol or other
drugs yields much higher numbers. DAWN reported that BZDs were involved in 123,572 of the 606,653 ED visits in 2011 that
involved drugs and alcohol taken together (20.4%).[5]

The most reported cases of BZD toxicity are in persons older than 19 years.[8]  The elderly and the very young are more
susceptible to the CNS depressant effects of BZDs than people in other age groups.

Prognosis
Oral benzodiazepine (BZD) overdoses, without co-ingestions, rarely result in significant morbidity (eg, aspiration pneumonia,
rhabdomyolysis) or mortality, although in mixed overdoses they can potentiate the effect of alcohol or other sedative-hypnotics.

Benzodiazepines are commonly misused by individuals with opioid dependence, with prevalence rates of 45–70% for patients in
opioid maintenance treatment.[9]    Although BZDs taken alone are relatively safe in overdose, the combination of BZDs and
opioid analgesics can produce significant respiratory depression. In particular, the combination of alprazolam with opioids may
be fatal. Analysis of a West Virginia forensic database showed that alprazolam contributed to 17% of drug-related deaths; at
least one other drug, typically an opioid, was identified in 97.5% of the alprazolam cases, with concurrent BZDs also found.[10]  

Overdose of ultrashort-acting BZDs (eg, triazolam [Halcion]) is also more likely to result in apnea and death than overdose with
longer-acting BZDs. Of individual BZDs, alprazolam (Xanax) is relatively more toxic than others in overdose.[11]  Deaths
attributed to BZDs increased fivefold from 1999 to 2009. During 2003 to 2009, death rates from alprazolam increased 233.8%;
alprazolam was second only to oxycodone among prescription drugs with the highest increase in death rates.[12]

Similarly, an Australian study reported that alprazolam-positive cases of sudden or unnatural death increased from three cases
in 1997 to 86 cases in 2012. The increase was driven mostly by accidental toxicity in people with known drug and alcohol
problems. Drugs other than alprazolam and its metabolites were present in 94.9% of cases. The most commonly detected
drugs, in order of decreasing frequency, were opioids, other BZDs, and alcohol.[13]
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Presentation

History
Information to elicit when taking the history in cases of possible benzodiazepine (BZD) overdose includes the following:

Time of ingestion
Dose
Co-ingestants, if any
Whether the overdose was accidental or intentional
In patients prescribed BZDs, the duration of BZD use

Symptoms of BZD overdose may include the following:

Dizziness
Confusion
Drowsiness
Blurred vision
Unresponsiveness
Anxiety
Agitation

Physical Examination
Focus the physical examination on the patient's vital signs and cardiorespiratory and neurologic function. "Classic" isolated
benzodiazepine overdose presents as coma with normal vital signs.

Findings on physical examination may include the following:

Nystagmus
Hallucinations
Slurred speech
Ataxia
Coma
Hypotonia
Weakness
Altered mental status, impairment of cognition
Amnesia
Paradoxical agitation
Respiratory depression
Hypotension

 

DDx

Differential Diagnoses
Acute Hypoglycemia

Alcohol Toxicity
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Antidepressant Toxicity

Encephalitis

Hypernatremia in Emergency Medicine

Hyponatremia in Emergency Medicine

Neuroleptic Agent Toxicity

Sedative-Hypnotic Toxicity

Stroke, Ischemic

Toxicity, Antihistamine

Workup
 

Workup

Approach Considerations
Overall, the laboratory detection of benzodiazepines (BZDs) depends upon the screening method used. Immunoassay
screening techniques are performed most commonly and typically detect BZDs that are metabolized to desmethyldiazepam or
oxazepam; thus, a negative screening result does not rule out the presence of a BZD. Qualitative screening of urine or blood
may be performed but rarely influences treatment decisions and has no impact on immediate clinical care.

Tests and procedures to obtain depend on the presentation, as follows:

Arterial blood gas (ABG) assay, if respiratory depression is present
ECG, to evaluate for co-ingestants, particularly cyclic antidepressants
Chest radiograph, if respiratory compromise is present
Pregnancy test, in women of childbearing age

In cases of intentional overdose, measure the following:

Serum electrolytes
Glucose
BUN
Creatinine clearance
Ethanol level
Acetaminophen level

 

Treatment

Approach Considerations
As with any overdose, the first step is to assess the patient's airway, breathing, and circulation and to address those rapidly as
needed. The cornerstone of treatment in benzodiazepine (BZD) overdoses is good supportive care and monitoring.

Single-dose activated charcoal is not routinely recommended, as the risks far outweigh the benefit. BZD are very rarely fatal in
overdoses, and the altered mental status from BZD overdose greatly increases the risk of aspiration following oral charcoal
dosing.[3]

Flumazenil (Romazicon) is a specific antidote for BZDs, but its use in acute BZD overdose is controversial and its risks usually
outweigh any possible benefit.[4] In long-term BZD users, flumazenil may precipitate withdrawal and seizures; in patients taking
BZDs for a medical condition, flumenazil may result in exacerbation of the condition.
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Disposition of patients is as follows:

Patients may be discharged if they remain asymptomatic at least 6 hours post ingestion.
Patients with mild toxicity may be observed in the emergency department until they recover.
Patients with intentional overdoses require psychiatric evaluation before discharge.
Admit patients with hemodynamic instability, coma, or respiratory depression to the intensive care unit (ICU). Respiratory
depression may be treated with assisted ventilation.

The American Psychiatric Association and the National Institute of Clinical Excellence have treatment and diagnostic guidelines
available for cases of substance abuse and self-harm.[14, 15]

Prehospital Care
Prehospital care for patients who have overdosed on benzodiazepines (BZDs) includes the following:

Cardiac monitoring

Supplemental oxygen and airway support

Intravenous (IV) access

Rapid glucose determination (finger stick) and administration of D50 if necessary

Naloxone can be administered at a very low dose (0.05 mg with a gradual increase if needed) if the diagnosis is unclear and an
opioid co-ingestion is suspected (eg, if the patient has severe respiratory depression).

An important caveat is that although the administration of 0.4 mg of naloxone will reverse respiratory depression in most
patients with opioid overdoses, it will also cause severe withdrawal symptoms (nausea, vomiting) in those who are opioid
dependent. This can result in aspiration of gastric contents in patients who are unable to protect their airway because of
sedation from the BZD.

Flumazenil
Flumazenil is a competitive BZD receptor antagonist and is the only available specific antidote for BZDs. Its use in acute BZD is
controversial, however, and its risks usually outweigh any benefit.[4] Common adverse events with flumazenil include agitation
and gastrointestinal symptoms, while serious adverse events include supraventricular arrhythmia and convulsions.[16]

Flumazenil does not consistently reverse central respiratory depression due to BZDs, and over half the patients in a large
multicenter study experienced re-sedation after use.[17]

In long-term BZD users, flumazenil may precipitate withdrawal and seizures; in patients taking BZDs for a medical condition,
flumenazil may result in exacerbation of the condition.

In addition to those patients on long-term BZD use, flumazenil should not be used in any patient at an increased risk of having a
seizure, including those with a seizure history, head injury, co-ingestion of BZD and tricyclic antidepressant or other
proconvulsant, or even a possible ingestion of a proconvulsant.[18]

The ideal consideration for flumazenil use is for isolated iatrogenic BZD overdose in BZD-naive patients (eg, during conscious
sedation of a BZD-naive patient).

 

Medication

Medication Summary
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Flumazenil is a selective competitive antagonist of the gamma-aminobutyric acid (GABA) receptor and is the only available
specific antidote for benzodiazepine (BZD) toxicity; it will reverse the effects of BZDs but must be used with caution.

Antidotes, Other

Flumazenil
Flumazenil is a competitive BZD receptor antagonist and is the only available specific antidote for BZDs, although its use in
acute BZD is controversial and its risks usually outweighs any benefit.

Flumazenil does not consitantly reverse central respiratory depression due to BZDs, and over half the patients in a large
multicenter study experienced re-sedation after use.

In long-term BZD users, flumazenil may precipitate withdrawal and seizures; in patients taking BZDs for a medical condition,
flumenazil may result in exacerbation of the condition.

In addition to those patients on long-term BZD use, flumazenil should not be used in any patient at an increased risk of having a
seizure, including those with a seizure history, head injury, coingestion of BZD and a tricyclic antidepressant or other
proconvulsant, or even a possibly ingestion of a proconvulsant.

The ideal consideration for flumazenil use is isolated iatrogenic BZD overdose in BZD-naive patients (eg, during conscious
sedation on BZD-naive patient).

 

Questions & Answers
DDX

What are the differential diagnoses for Benzodiazepine Toxicity?

Medications

Which medications in the drug class Antidotes, Other are used in the treatment of Benzodiazepine Toxicity?
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A B S T R A C T

Background: Cannabis is commonly used to alleviate symptoms of negative affect. However, a paucity of re-
search has examined the acute effects of cannabis on negative affect in everyday life. The current study provides
a naturalistic account of perceived changes in symptoms of depression, anxiety, and stress as a function of dose
and concentration of Δ9tetrahydrocannabinol (THC) and cannabidiol (CBD).
Method: Data from the app StrainprintTM (which provides medical cannabis users a means of tracking changes in
symptoms as a function of different doses and chemotypes of cannabis) were analyzed using multilevel mod-
eling. In total, 11,953 tracked sessions were analyzed (3,151 for depression, 5,085 for anxiety, and 3,717 for
stress).
Results: Medical cannabis users perceived a 50% reduction in depression and a 58% reduction in anxiety and
stress following cannabis use. Two puffs were sufficient to reduce ratings of depression and anxiety, while 10+
puffs produced the greatest perceived reductions in stress. High CBD (> 9.5%)/low THC (<5.5%) cannabis was
associated with the largest changes in depression ratings, while high CBD (> 11%)/high THC (> 26.5%) can-
nabis produced the largest perceived changes in stress. No changes in the perceived efficacy of cannabis were
detected across time. However, baseline symptoms of depression (but not anxiety or stress) appeared to be
exacerbated across time/tracked sessions.
Limitations: The primary limitations are the self-selected nature of the sample and the inability to control for
expectancy effects.
Conclusions: Cannabis reduces perceived symptoms of negative affect in the short-term, but continued use may
exacerbate baseline symptoms of depression over time.

1. Introduction

Cannabis is commonly used to alleviate depression, anxiety, and
stress. Indeed, one of the most commonly reported motives for cannabis
use is to cope with stress (Hyman and Sinha, 2009), with 72% of daily
cannabis users reporting use of cannabis to relax or relieve tension
(Johnston and O’ Malley, 1986). Further, recent research by
Sexton et al. (2016) revealed that the three most frequently endorsed
reasons for medical cannabis use are for managing pain, anxiety, and
depression, with over 58% of medical cannabis patients reporting use to
manage anxiety and over 50% reporting use for depression. Consistent
with these results, Webb and Webb (2014) found that 50% of medical
cannabis patients – who were using cannabis to treat pain – reported
that it provided relief from anxiety and stress. Nevertheless, only two of
the 32 states, districts, and territories in the United States that permit

medical cannabis use currently recognize anxiety as a qualifying con-
dition, and none overtly recognize depression or high levels of per-
ceived stress as qualifying conditions for a medical cannabis card. This
is largely because of a paucity of evidence for the efficacy of cannabis in
treating negative affect. As such, the primary purpose of the present
study was to examine the perceived efficacy of cannabis in reducing
symptoms of depression, anxiety, and stress in a naturalistic context.

While research on the acute effects of cannabis and its two primary
constituents – Δ9tetrahydrocannabinol (THC) and cannabidiol (CBD) –
on depression, anxiety, and stress is sparse, there is some limited evi-
dence from double-blind, placebo-controlled studies indicating that oral
CBD significantly reduced anxiety and discomfort during a simulated
public speaking task in patients with social anxiety disorder
(Bergamaschi et al., 2011) and in healthy students (Zuardi et al., 1993).
Oral THC has similarly been shown to dose-dependently attenuate the
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subjective response to psychosocial stress (Childs et al., 2017). Further,
in patients being treated for fibromyalgia, regular use of nabilone (an
orally ingested synthetic cannabinoid receptor agonist) significantly
decreased anxiety but had no effects on depression (Skrabek et al.,
2008). Conversely, an oral dose of rimonabant (a cannabinoid receptor
antagonist) has been shown to significantly increase depression
(Christensen et al., 2007) and anxiety (Bergamaschi et al., 2014;
Christensen et al., 2007).

It is important to note, however, that these effects have not always
been consistent. Specifically, Pillard et al. (1974) found no significant
effects of smoking low THC cannabis (1.4%) versus a placebo on an-
xiety following an anxiety-provoking film or public speaking task.
Moreover, a handful of double-blind, placebo-controlled studies ex-
amining depression and anxiety as secondary outcomes in patients with
other primary conditions (e.g., chronic pain, multiple sclerosis, cancer)
found no significant effects of nabilone (Frank et al., 2008), dronabinol
(another orally ingested synthetic cannabinoid receptor agonist)
(Narang et al., 2008), or nabiximol (a cannabis-based oromucosal
spray) (Portenoy et al., 2012; Rog et al., 2005; Wade et al., 2004) on
secondary symptoms of anxiety and depression.

Some of these conflicting results may pertain to the use of varying
doses and differences in THC vs. CBD content. For instance, a recent
double-blind, placebo-controlled study with healthy adults revealed
that low doses (7.5 mg) of oral THC attenuated the self-reported ne-
gative emotional effects of a psychosocial stressor, while high doses
(12.5 mg) increased subjective distress, anxiety, and depression
(Childs et al., 2017). Consistent with these results, Fusar-
Poli et al. (2008) found that 10mg of oral THC increased anxiety and
other negative emotions relative to a placebo, while oral CBD (600mg)
led to a small decrease in anxiety that was not statistically significant in
their small sample (n=15, p= .06).

In the majority of studies described above, cannabinoids were ad-
ministered orally. However, recent research indicates that only 8% of
medical cannabis patients use oral administration (Sexton et al., 2016),
while over 92% of medical and non-medical cannabis users report using
combustion/inhalation methods of administration (Schauer et al.,
2016). Moreover, in many of these studies cannabinoids were ad-
ministered prior to an objectively stressful task and participants were
asked to evaluate their affective state in response to that acute stressor.
As such, we have a limited understanding of the perceived efficacy of
cannabis in coping with feelings of negative affect in everyday life.
Therefore, the primary objective of this study was to track the perceived
efficacy of inhaled cannabis in coping with feelings of negative affect in
medical cannabis users’ naturalistic environment. Furthermore, given
that symptoms of negative affect are more prevalent in women
(American Psychiatric Association, 2013), and that women are more
likely to use cannabis to cope with symptoms of anxiety (Cuttler et al.,
2016), we further sought to examine potential gender differences in the
perceived efficacy of cannabis in reducing symptoms of depression,
anxiety, and stress.

The present study represents an attempt to complement the existing,
internally valid, double-blind, placebo-controlled studies, with a more
ecologically valid, naturalistic approach. To this end, we obtained the
global back-data from the app StrainprintTM, which offers medical
cannabis users a means to track symptom severity before and after self-
medicating with cannabis. One advantage of this approach is that it
allows us to examine the perceived effects of cannabis over time. In
doing so, we can address two important questions. First, does the per-
ceived efficacy of cannabis in managing negative affect change over
time? In other words, are the perceived effects of cannabis subject to
tolerance? Second, does using cannabis to manage symptoms of de-
pression, anxiety, and stress affect baseline symptoms of negative affect
over time? Chronic cannabis use has been shown to cause down-
regulation of CB1 receptors in areas such as the prefrontal cortex,
anterior cingulate cortex, hippocampus, and parahippocampal gyrus
(Hirvonen et al., 2012), which are known to be implicated in mood and

emotionality (see Drevets et al., 2008 for review); therefore, regular use
of cannabis may have longer-term effects on negative affect (that may
be reversed following a period of abstinence). In the current study, we
used archival data from StrainprintTM to specifically examine: 1) whe-
ther self-reported symptoms of depression, anxiety, and stress are sig-
nificantly reduced after using cannabis, 2) whether there are gender
differences in these putative effects, 3) whether interactions between
THC and CBD predict symptom change, 4) whether symptom change
varies according to dose, 5) whether perceived efficacy of cannabis
changes over time, and 6) whether baseline (i.e., pre-cannabis use)
symptoms of negative affect change over time.

2. Method

2.1. Procedure

To achieve our six aims, we obtained archival data from the medical
cannabis app StrainprintTM. Using this free app, medical cannabis users
can track changes in the severity of their symptoms as a function of
different chemotypes and doses of cannabis. Prior to using the app to
track their medical cannabis use, individuals enter basic demographic
information (i.e., gender and date of birth). Next, they enter all of their
medical conditions and symptoms of those conditions by selecting from
a list of 279 conditions and 46 symptoms. They are further given the
opportunity to enter information about the cannabis that they use by
selecting from a list of products sold by licensed medical cannabis
distributors in Canada. The THC and CBD content for each of these
products were obtained by analyses conducted by one of Health
Canada's licensed dealers and is prepopulated within the app. It is im-
portant to note that Canada is somewhat unique to other countries in
that Health Canada enforces strict production guidelines, quality con-
trol guidelines and mandatory lab testing from all ministry approved
licensed dealers. This mandatory lab testing includes five stages of
processing; preparation, chromatography, general spectrometry, heavy
metal spectrometry, and microbial analysis. Users also have the op-
portunity to enter additional product names and cannabinoid content
(% THC, % CBD) for products that are not prepopulated in the app.
Users can subsequently track their medical cannabis sessions by: 1)
selecting the symptom(s) they are experiencing at the time, 2) rating
the severity of each symptom on a scale of 0 (none) to 10 (extreme), 3)
selecting (or inputting) the product they will use, 4) indicating their
method of administration (smoke, oil, vape, dab bubbler, dab portable,
edible, pill, spray, transdermal, tincture), and 5) indicating the quantity
of use (e.g., number of puffs ranging from 1 to 10+ ). Twenty minutes
after use, individuals are prompted (via a push notification) to re-rate
the severity of their symptom.

For the present study, we obtained anonymous data from medical
cannabis users who used the app to treat symptoms of depression, an-
xiety, and stress. Specifically, we obtained data on these individuals’
anonymous ID codes; gender; ages; medical conditions and symptoms;
self-reported symptom severity before and after each session of medical
cannabis use; duration of time between pre-and post-cannabis use
symptom ratings; cannabinoid content (% THC, % CBD) for the can-
nabis used in each session; as well as the method and quantity of use for
each session. The Office of Research Assurances determined that this
anonymous archival study was exempt from the need for IRB review.

2.2. Inclusion/Exclusion criteria

We obtained data from 1,399 medical cannabis users who collec-
tively used the app a total of 18,392 times to track changes in their
symptoms of depression, anxiety, or stress. Individuals’ use of the app to
track their medical cannabis sessions ranged from 1–972 sessions, with
a mean of 13.15 (SD=38.48) tracked sessions. Given potential dif-
ferences in efficacy and onset across different routes of administration
(e.g., oral vs. inhaled), only tracked sessions in which individuals
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indicated administering cannabis via one of five inhalation methods
(smoking, vaping, concentrates, dab bubbler, dab portable) were se-
lected (n=13,687; 74.42% of data). Tracked sessions that involved
administration via other methods (e.g., tincture, edibles) were ex-
cluded. Given that the acute subjective effects of inhaled cannabis peak
at about 10–30 minutes and taper off after 3–4 h (Grotenhermen, 2003;
Menkes et al., 1991), only the 11,953 tracked inhalation sessions for
those individuals who re-rated their symptoms within 4 h were in-
cluded. The remaining inhalation sessions exceeded this time frame and
were excluded.

2.3. Participants

The final sample comprised 11,953 tracked inhalation sessions.
More specifically, 561 medical cannabis users (262 men, 299 women;
age M=33, SD=10) used the app 3,151 times (Range 1–97;
M=14.30, SD=17.38) to track changes in depression. A total of 770
users (363 men, 407 women; age M=33, SD=10) used the app 5,085
times (Range 1–197; M=23.38, SD=35.62) to track changes in an-
xiety. Finally, 726 people (323 men, 403 women; age M=34, SD=9)
used the app 3,717 times (Range 1–173; M=18.93, SD=28.37) to
track changes in stress.

2.4. Data analysis

Typically, in order to analyze data with both within- and between-
subjects variability to consider, one would use a mixed-factorial ana-
lysis of variance (ANOVA) or a multiple regression analysis. However,
each of these techniques requires equal numbers of within-subjects
observations across participants. Given the differences in the number of
sessions tracked using the app across individuals these approaches are
not appropriate. However, multilevel modeling (also known as linear
mixed models, hierarchical linear models, or mixed-effects models) is a
technique that permits the examination of change considering both
within- and between-subject variability despite differences in the
number of observations across individuals. This technique involves
estimating time-variant slope variables at the within-subject level that
are then used to predict change at the between-subject level. The
models tested in the present study were based on those presented in
Finch and Bolin (2016) with additional modifications and settings
specified according to the guidelines provided by Muthén and
Muthén (2017).

Specifically, multilevel modeling was used to predict changes in
symptom severity as a function of gender, dose, and % THC/CBD. We
also used multilevel modeling to examine changes in efficacy (i.e.,
symptom reduction) and changes in baseline symptoms (i.e., pre-can-
nabis use symptom ratings) across tracked sessions. All models were
tested with maximum likelihood estimation with robust standard errors
using the latest version of Mplus (version 8; Muthén and
Muthén, 2017). All predictor and outcome variables were modeled as
functions of time/sessions at the within-subjects level, and the slopes of
these regressions (i.e., regression coefficients) were used to test for the
between-subjects level effects (e.g., for aim 3, time/sessions was used to
predict % THC, % CBD, and symptom change at the within-subject le-
vels, and the slope values produced at this level were used to test for the
effects of % THC and % CBD on symptom change at the between-sub-
jects level). All estimates of slopes and intercepts were allowed to vary
randomly. For models that included interaction terms, the algorithm
used to estimate model parameters was set to numerical integration
with 7 integration points.

3. Results

3.1. Aim 1: overall change in symptom ratings

3.1.1. Depression
Results of the first multilevel model revealed a significant reduction

in ratings of depression from before (MBefore=6.02, SE=0.17) to after
(MAfter=3.06, SE=0.21) using cannabis, Wald χ2 (1, 560)= 364.08,
p < .001. Further analyses revealed that depression symptom ratings
were reduced in 89.3% of tracked sessions, they were exacerbated in
3.2% of sessions, and there was no change in 7.5% of sessions.

3.1.2. Anxiety
There was also a significant reduction in the ratings of anxiety

(MBefore=5.98, SE=0.12 vs. MAfter=2.50, SE=0.14), Wald χ2 (1,
769)= 659.50, p < .001. Further, anxiety was reduced in 93.5% of
tracked sessions, they were exacerbated in 2.1% of sessions, and there
was no change in symptoms for 4.4% of sessions.

3.1.3. Stress
Analysis of the stress model revealed a significant change in ratings

from before (MBefore=5.99, SE=0.13) to after (MAfter=2.52,
SE=0.14) using cannabis, Wald χ2 (1, 725)= 620.08, p < .001.
Further, stress was reduced in 93.3% of tracked sessions, it increased in
2.7% of sessions, and there was no change in reported levels of stress for
4% of sessions.

3.2. Aim 2: gender differences in change in symptom ratings

3.2.1. Depression
As depicted in Fig. 1 (panel A), results indicated that both women,

Wald χ2 (1, 261)= 380.74, p < .001, and men, Wald χ2= (1,
299)= 137.52, p < .001, reported a significant reduction in symptoms
of depression following cannabis use. There was no significant differ-
ence in the magnitude of change between the genders, Wald chi-square
(1, 261)= 0.02, p= .88.

3.2.2. Anxiety
Both women, Wald χ2 (1, 362)= 582.32, p < .001 and men, Wald

χ2= (1, 407)= 244.61, p < .001, reported a significant reduction in
symptoms of anxiety following cannabis use. Comparisons of the gen-
ders indicated that women perceived a greater reduction in symptoms
of anxiety than did men, Wald χ2 (1, 362)= 10.78, p < .001 (see
Fig. 1, panel B).

3.2.3. Stress
As shown in Fig. 1 (panel C) both women, Wald χ2 (1,

322)= 274.45, p < .001, and men, Wald χ2= (1, 403)= 412.58,
p < .001, reported a significant reduction in stress after using can-
nabis. There was no significant difference in the magnitude of symptom
change between the genders, Wald χ2 (1, 322)= 3.18, p= .07.

3.3. Aim 3: THC × CBD effects on change in symptom ratings

3.3.1. Depression
Models were also tested to examine whether the cannabinoid content

(% THC, % CBD) could predict change in reported symptom severity. The
results of the model tested, to examine whether THC, CBD, and their in-
teraction predict change in symptoms of depression, revealed a significant
THC x CBD interaction, b=−0.03, p=.03. As depicted in Fig. 2 (panel A)
the greatest reduction in ratings of depression were reported after using
cannabis with relatively low levels of THC (one standard deviation [SD]
below the mean of THC) and relatively high levels of CBD (one SD above the
mean of CBD). See Table 1 for overall means and SDs for cannabis used to
treat depression, anxiety, and stress.
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3.3.2. Anxiety
In contrast, results of the model predicting change in symptoms of

anxiety, using THC, CBD and THC x CBD, revealed no significant in-
teraction, b=−0.26, p= .55 (see Fig. 2, panel B). We then removed
the interaction term from the model to test for main effects of THC and
CBD. Results revealed that neither THC, b=−0.05, p= .33, nor CBD
content, b=−0.006, p= .80, were significant predictors of change in
anxiety ratings.

3.3.3. Stress
The multilevel model testing the effects of cannabinoid content on

changes in ratings of stress revealed a significant THC x CBD interaction,

b=1.47, p < .001. As shown in Fig. 2 (panel C), ratings of stress were
reduced the most after using cannabis with relatively high levels of THC
(one SD above the mean of THC) and relatively high levels of CBD (one SD
above themean of CBD). In contrast, there was no appreciable differences in
symptom change following use of cannabis with high THC/low CBD, low

Fig. 1. Symptom ratings of depression (panel A), anxiety (panel B), and stress
(panel C) before and after using cannabis in women and men with standard
error bars.
Note: * denotes significant difference with p < .01.

Fig. 2. THC x CBD interactions predicting change in depression (panel A),
anxiety (panel B), and stress (panel C).
Note: Low=one SD below the mean value; High= one SD above the mean
value. Overall means and SDs are provided in Table 1.

Table 1
Overall means and standard deviations (SDs) of % THC and % CBD.

Depression Anxiety Stress

% THC Mean (SD) 15.76 (10.35) 15.29 (9.13) 16.53 (9.97)
% CBD Mean (SD) 2.90 (6.73) 3.69 (7.93) 2.97 (8.36)
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Fig. 3. Change in depression (panel A), anxiety (panel B), and stress (panel C) across different doses (1 to 10+puffs) of cannabis with standard error bars.

Table 2
Multilevel models testing curvilinear relationships between dose and change in ratings of symptoms of anxiety.

Model 1 (Dose2) Model 2 (Dose3) Model 3 (Dose4)

Predictors b SE p Predictors b SE p Predictors b SE p

Dose 0.17 0.15 .26 Dose 0.17 0.14 .24 Dose 0.17 0.15 .25
Dose2 0.74 0.33 .02 Dose2 0.31 0.14 .04 Dose2 0.21 0.11 .04

Dose3 0.40 0.18 .03 Dose3 0.23 0.11 .04
Dose4 0.29 0.13 .03

Intercept −0.005 0.01 .34 Intercept −0.005 0.01 .34 Intercept −0.005 0.01 .33

Note: b=unstandardized regression coefficient, SE= standard error of estimate.
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THC/high CBD, or low THC/low CBD.

3.4. Aim 4: effects of dose on change in symptom ratings

3.4.1. Depression
Several multilevel models were tested to examine the impact of dose

on change in depression symptom ratings. Results revealed a non-
significant linear effect of dose predicting change, b=0.06, p= .75.
We therefore tested for curvilinear relationships (i.e., dose2, dose3,
dose4); however, none of these models revealed significant effects of
dose on change in symptoms of depression (see Fig. 3, panel A).

3.4.2. Anxiety
Results of models testing change in ratings of anxiety across dif-

ferent doses also revealed a nonsignificant linear effect, b=0.15,
p= .33. We therefore tested several models to explore curvilinear re-
lationships. First, a model was tested wherein we added the quadratic
term for dose (i.e., dose2), and we found a significant curvilinear re-
lationship (see Table 2, Model 1). Another model was tested wherein
we added a cubic term for dose (i.e., dose3) to the previously tested
model, and parameter estimates remained significant (see Table 2,
Model 2). Lastly, a model was tested wherein we added dose to the
fourth power (i.e., dose4). Once again, results revealed a significant,
curvilinear relationship (see Table 2, Model 3). Further contrasts re-
vealed that 1 puff produced significantly smaller changes in ratings of
anxiety than all other doses (2 to 10+), but no other differences across
doses beyond 1 puff were detected (see Fig. 3, panel B).

3.4.3. Stress
The model tested to examine the effect of varying doses on change

in ratings of stress revealed a significant linear effect of dose, b=0.45,
p= .03. As depicted in Fig. 3 (panel C), further contrasts revealed the
following significant differences in doses: 1 puff < 5, 6, 7, 8, and
10+puffs; 2 puffs < 5, 6, 7, 8, and 10 puffs; 10 puffs > 9, 6, 5, 4, 3,
2, and 1 puffs.

3.5. Aim 5: changes in perceived efficacy of cannabis across tracked
sessions

Results of the multilevel analyses examining changes in perceived
efficacy of cannabis (i.e., tolerance effects) across time/sessions re-
vealed no significant change in the perceived efficacy of cannabis on
depression (b=0.003, p= .52), anxiety (b=0.007, p= .07), or stress
(b=0.007, p= .32) across tracked sessions.

3.6. Aim 6: changes in baseline symptom ratings across tracked sessions

Results of the multilevel analysis examining change in baseline
symptom ratings (i.e., ratings of depression immediately before using
cannabis) across tracked sessions indicated that baseline symptoms of
depression significantly increased across time/sessions, b=0.008,
p= .006. In contrast, the analyses examining change in baseline
symptom ratings of anxiety and stress across tracked sessions indicated
no significant changes in baseline symptoms of anxiety (b=0.007,
p= .09), or stress, (b=0.01, p= .26).

4. Discussion

The present study was conducted to provide a naturalistic account
of perceived changes in symptoms of negative affect as a function of
cannabis use. The results indicate that both women and men perceived
a significant reduction in symptoms of depression, anxiety, and stress
after inhaling cannabis. Despite comparable levels of anxiety before
using cannabis, women reported a significantly greater decrease in
anxiety following cannabis consumption compared to men. This is
somewhat consistent with previous findings that women are more likely

than men to report using cannabis to manage anxiety (Cuttler et al.,
2016). Across both genders, self-reported symptoms of depression were
reduced by approximately 50%, while symptoms of anxiety and stress
were reduced by approximately 58%. Moreover, for the vast majority of
tracked sessions, users reported a reduction in symptoms of depression
(89%), anxiety (93%), and stress (93%) after inhaling cannabis. It is
important to note that these percentages are likely inflated in the pre-
sent sample, as individuals who regularly experience symptom ex-
acerbation following use of cannabis may be less likely to continue to
use cannabis to treat their symptoms and/or to track their symptom
changes across time. Nevertheless, results from the present study are
consistent with the reported anxiolytic, stress-alleviating effects of
cannabis, and suggest that users experience significant and substantial
reductions in symptoms of negative affect following cannabis use.

Results from the multilevel models tested to examine THC x CBD
interactions revealed a significant cross-over interaction predicting
change in ratings of depression. Low levels of THC combined with high
levels of CBD predicted the greatest reductions in reported symptoms of
depression, while high levels of THC combined with high levels of CBD
predicted the lowest levels of reported symptom reduction. In contrast,
varying levels of THC (high vs. low) appeared to have little influence on
the degree of symptom reduction when CBD was low. Similarly, varying
levels of THC (high vs. low) appeared to have little influence on change
in stress ratings when CBD was low. However, when CBD was high,
there was an effect of THC such that higher levels of THC predicted
greater reductions in symptoms of stress relative to low levels of THC.
These results suggest that cannabis with relatively high CBD (e.g., >
9.5%) and low THC (e.g., < 5.5%) is perceived to be more effective in
reducing symptoms of depression, while cannabis with high CBD
(e.g., > 11%) and high THC (e.g., > 26.5%) is perceived to be more
effective in reducing stress. The non-medical cannabis market is cur-
rently dominated by the sales of high THC cannabis products
(Smart et al., 2017) but these results suggest that CBD is an important
component of cannabis and that medical cannabis users should seek out
cannabis with CBD levels of 10% or higher. While intriguing, there are
currently no controlled examinations of THC x CBD interactions in the
treatment of depression or stress, and it is possible that anecdotal evi-
dence propagated by bud-tenders and popular culture could be biasing
medical cannabis users’ expectations and experiences. That is, medical
cannabis users’ beliefs regarding the therapeutic efficacy of THC- and/
or CBD-rich chemotypes could have contributed to a potential ex-
pectancy effect. Future studies should examine this possibility in a more
controlled setting.

The results also indicate the presence of a positive, linear, re-
lationship between dose and perceived changes in stress. 10+ puffs
were associated with the greatest change in ratings of stress. In contrast,
models tested to examine the effects of dose on perceived changes in
symptoms of anxiety revealed the presence of significant curvilinear
relationships. Follow-up tests revealed that 1 puff was perceived as less
effective than any other dose; however, there were no other significant
differences across any other doses (e.g., 2 puffs were perceived to be as
effective as 10+ puffs). Finally, we found no evidence for dose effects
on change in ratings of depression. In other words, a single puff resulted
in the same magnitude of change in ratings of depression as 10+ puffs.
These findings may support the notion of “micro-dosing” to alleviate
symptoms of depression and anxiety. Nevertheless, it is important to
note that different methods of administration (e.g., smoking, con-
centrate, dab bubbler) were included together in these analyses and
these different methods of administration would affect the potency of
the cannabis. Therefore, future research is needed to manipulate
method of administration, and then contrast the relative effects of dif-
ferent doses of cannabis, to provide more precise guidance on optimal
doses for different routes of administration.

Collectively, these results appear to suggest that in the short-term,
cannabis effectively reduces perceived levels of depression, anxiety,
and stress in both women and men. But what, if any, longer-term
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consequences are associated with the repeated use of cannabis to
manage states of negative affect? A major advantage of the multilevel
modeling approach is that it affords exploration of change in perceived
efficacy of cannabis in individuals over time. The results of these ana-
lyses revealed no apparent subjective tolerance effects, which is con-
sistent with recent evidence of no objective tolerance to the psycho-
motor effects of THC (Ramaekers et al., 2016).

Finally, examination of whether repeated use of cannabis to manage
states of negative affect results in any appreciable change in baseline
(pre-cannabis use) symptoms over time indicated that baseline ratings
of anxiety and stress remained fairly stable across tracked sessions,
while baseline ratings of depression significantly increased over time/
sessions. The value of the regression coefficient indicates that for every
additional tracked session over time, one would predict a 0.008-unit
increase in baseline ratings of depression (i.e., after 125 treatment
sessions, one would predict a 1-unit increase in baseline depression
ratings on a 0 to 10 scale). This is consistent with recent evidence in-
dicating that using cannabis to cope with distress is associated with
more cannabis-related problems and increased symptoms of depression
(Bonn-Miller et al., 2014; Moitra et al., 2015). Chronic cannabis use
decreases CB1 receptor availability in cortical areas implicated in mood
disorders (Hirvonen et al., 2012), and a growing body of preclinical
evidence indicates that genetic or pharmacological CB1 receptor
blockade produces a phenotype that is strikingly reminiscent of the
symptom profile of major depression (see Gorzalka and Hill, 2011 for
review). Collectively these results suggest that chronic use of cannabis
to cope with symptoms of depression may increase susceptibility for
depression by altering the endocannabinoid system. Fortunately, al-
terations in CB1 receptor availability in chronic cannabis users are re-
versible after only a short (∼2 day) period of abstinence, with no sig-
nificant differences after 28 days of abstinence (D’ Souza et al., 2016).
Finally, it is worthwhile to note that there is evidence that anti-
depressant medications are effective in the short-term, but that longer
duration of use may actually increase vulnerability to relapse upon
discontinuation (Fava, 2003). Thus, similar to more conventional
pharmacological treatments, cannabis may temporarily mask symptoms
of negative affect but may not effectively reduce these symptoms in the
long-term.

4.1. Limitations and strengths

One limitation of the present study is that the sample likely un-
derrepresents individuals who do not find cannabis to be an effective
means for reducing their symptoms of negative affect; such individuals
would be unlikely to continue to use cannabis for this purpose. Another
limitation is the lack of a placebo control group. Given that the data
were obtained from medical cannabis users who were using their own
cannabis in their own environment, it was not possible to obtain a
comparison group. As such, it is possible – and likely – that at least
some of the detected effects are driven by expectations individuals have
about the efficacy of cannabis for treating states of negative affect.
Therefore, it is vital that the results from the present study be further
investigated under double-blind, placebo-controlled conditions.

While the majority of the data on THC and CBD levels were obtained
from licensed producers who are held to strict testing standards by Health
Canada, some of these data were entered by users of the app. As such some
of these data may have more questionable reliability. Future more con-
trolled research involving the testing of a select few products is therefore
needed to further probe potential THC x CBD interactions. Finally, the
failure to consider content of other phytocannabinoids and terpenoids found
in cannabis represents a limitation of the present study. There are over 100
additional phytocannabinoids and at least 120 terpenes in cannabis that
may contribute to its medicinal properties, either independently, or by ex-
acerbating/mitigating the pharmacological effects of THC (Calvi et al.,
2018). The effects of these other compounds will need to be explored in
future research when these data become more readily available.

Nevertheless, these limitations are offset by several noteworthy
strengths. Namely, since the data were obtained from a large sample of
medical cannabis users who were using a variety of cannabis products
in their natural environment, the study has very high ecological va-
lidity, and the results are likely to reflect the actual experiences of
people who use cannabis to treat symptoms of negative affect.
Moreover, medical cannabis users’ motivation for using the app is
predominantly to track their personal symptoms to better understand
the products and doses of cannabis that produce the most beneficial
effects for them. Although Strainprint's™ terms of use indicate that the
data may be used for any purpose deemed appropriate, most users
would be unaware that their data are being used for scientific in-
vestigations. Therefore, it is unlikely that the results are biased by users’
explicit motivations to portray cannabis in a good light.

In summary, the internal validity of the findings of the present study
may be threatened by implicit biases (i.e., expectancy effects), but the
findings are unlikely to be threatened by explicit biases and have high
ecological validity. As such, results from the present study provide an
important complement to the more internally valid, controlled labora-
tory studies.

4.2. Conclusions

Results from the present study indicate that medical cannabis users
report a substantial and significant reduction in symptoms of negative
affect shortly after using cannabis. Importantly, while acute cannabis
intoxication temporarily alleviates perceived states of depression, an-
xiety, and stress, the repeated use of cannabis does not appear to lead to
any longer-term reductions in these symptoms.
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Cannabinoid-related agents in the treatment of anxiety
disorders: current knowledge and future perspectives
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Abstract
Rich evidence has shown that cannabis products exert a broad gamut of effects on emotional
regulation. The main psychoactive ingredient of hemp, Δ9-tetrahydrocannabinol (THC), and its
synthetic cannabinoid analogs have been reported to either attenuate or exacerbate anxiety and
fear-related behaviors in humans and experimental animals. The heterogeneity of cannabis-
induced psychological outcomes reflects a complex network of molecular interactions between the
key neurobiological substrates of anxiety and fear and the endogenous cannabinoid system, mainly
consisting of the arachidonic acid derivatives anandamide and 2-arachidonoylglycerol (2-AG) and
two receptors, respectively termed CB1 and CB2. The high degree of interindividual variability in
the responses to cannabis is contributed by a wide spectrum of factors, including genetic and
environmental determinants, as well as differences in the relative concentrations of THC and other
alkaloids (such as cannabidiol) within the plant itself. The present article reviews the currently
available knowledge on the herbal, synthetic and endogenous cannabinoids with respect to the
modulation of anxiety responses, and highlights the challenges that should be overcome to harness
the therapeutic potential of some of these compounds, all the while limiting the side effects
associated with cannabis consumption.
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INTRODUCTION
Anxiety is generally defined as an emotional state characterized by maladaptive and
excessive emotional responsiveness to potentially dangerous circumstances. The
pathological expression of anxiety leads to enduring emotional perturbations with a
consistent apprehension towards the possibility of future, vaguely defined negative events
[1]. According to the current classification of anxiety disorders in the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [2], the main diagnostic
entities in this category are:

- generalized anxiety disorder (GAD), featuring general irritability, anxiety
attacks, chronic apprehension/anxious expectation and secondary phobic
avoidance.
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- panic disorder, characterized by brief (2-10 min) spells of overwhelming anxiety
or fear, accompanied by somatic and cognitive symptoms;

- social anxiety disorder (or social phobia), defined as extreme agitation in social
contexts and avoidance of social situations;

- obsessive-compulsive disorder (OCD), characterized by recurrent and intrusive
anxiogenic thoughts (obsessions), and stereotyped behaviors (compulsions)
aimed at the reduction of the distress caused by the obsessions.

- post-traumatic stress disorder (PTSD), in which a prior intense trauma results in
a long-lasting anxious response, with re-experiencing/flashback phenomena,
avoidance and emotional numbing.

In keeping with their different clinical features and phenomenological presentations, these
disorders are underpinned by divergent neurobiological alterations and respond to partially
different pharmacotherapeutic strategies (outlined in Table 1). A fundamental contribution
in our understanding of the neural bases of anxiety disorders and in the development of
novel therapies has been afforded by animal models and testing paradigms for anxiety-like
behaviors (summarized in Table 2).

Over the last decades, converging epidemiological, clinical and preclinical data have pointed
to a key implication of cannabis and its endogenous system in the regulation of anxiety. In
the following sections, we will present a brief synopsis on cannabinoids and the available
classes of related agents, with a specific focus on their anxiolytic potential, and the scientific
challenges that should be overcome to fully establish the applicability of such drugs in the
therapy of anxiety disorders.

HERBAL AND SYNTHETIC CANNABINOIDS
Herbal cannabinoids

The three species included in the Cannabis genus (or sub-species, depending on the
taxonomic classification; see [3], for a detailed discussion on the issue), sativa, indica and
ruderalis, feature at least 85 unique terpenophenolic compounds, collectively named
phytocannabinoids [4]. The main classes of phytocannabinoids are outlined in Figure 1.
Quantitative analyses of cannabis constituents are usually performed by chromatographic
techniques (generally Gas Chromatography, but also Thin-Layer Chromatography, or High-
Performance Liquid Chromatography), often coupled with Mass Spectrometry. A detailed
description of the instrumental methods used for classification and source tracing of
Cannabis products (including DNA identification for forensic and intelligence purposes) is
beyond the scope of this review, but can be found in [5-7].

The chemical fingerprinting of hemp products has revealed that the two most abundant
phytocannabinoids are Δ9-tetrahydrocannabinol (THC, also named dronabinol) and
cannabidiol (CBD):

The main psychoactive constituent of Cannabis, THC is a highly lipophilic alkaloid
produced mainly in the leaves, flowers and glandular trichomes of the plant. Most of the
pharmacological effects elicited by hemp products, including emotional and cognitive
changes, analgesia, hypothermia and appetite stimulation, are considered to be reflective of
the action of THC as a partial agonist of cannabinoid CB1 and CB2 receptors (see below).
Additionally, THC has been shown to act as an acetylcholinesterase inhibitor [8-10].

In contrast with THC, CBD is not psychotropic, but has nevertheless been shown to play a
role in the modulation of behavioral effects of cannabis [11]. In fact, the THC: CBD ratio is
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the main criterion to define different cannabis chemotypes [12] and has been posited to
contribute to the variability in neurobehavioral outcomes of marijuana or hashish
consumption [13,14]. Interestingly, most cannabis strains encountered in the illegal markets
generally have elevated amounts of THC [15].

The different characteristics of THC and CBD are underpinned by their distinct mechanisms
of action. Whereas THC has nanomolar affinity for both CB1 (Ki = 25.1 nmol/L) and CB2
(Ki = 35.2 nmol/L) receptors, CBD exhibits much lower affinity for either target [16-20];
however, the latter phytocannabinoid was recently found to act as a highly potent antagonist/
inverse agonist of both CB receptors [21], possibly due to a non-competitive mechanism of
receptor blockade [22]. Additionally, CBD has been shown to exert some of its actions
through other receptors, including the vanilloid receptor VR1 and the serotonin receptor 5-
HT1A (for a general overview of the topic, see [11]).

The other main phytocannabinoids, including cannabigerol (CBG), cannabichromene (CBC)
and cannabinol (CBN) (Fig. 1) [4,23], have been shown to exert antibiotic and
antiinflammatory properties, but have not been strongly associated with the behavioral
effects of Cannabis; nevertheless, the recent discovery that CBG is a highly potent agonist
for α2 adrenoceptor and a blocker of serotonin 5-HT1A receptor [24] underscores the
potential importance of these and other alkaloids in the psychoactive profile of cannabis.

Synthetic cannabinoids
In addition to phytocannabinoids, several classes of synthetic CB receptor agonists have
been developed; among these families, the best characterized are the synthetic analogs of
THC - such as the biciclic compounds CP 47,497, CP 55,244, CP 55,940 and the
benxopyrans HU-210 and nabilone (Fig. 2) - and the aminoalkylindole derivatives -
including WIN 55,212-2, JWH-015, JWH-018, JWH-073, JWH-081 and JWH-398 (for a
general review, see [23]). Of these agents, only nabilone has been approved for clinical use
as an antiemetic treatment and an adjunct analgesic for neuropathic pain [25]. Other more
potent synthetic cannabinoids, such as CP 47,497, HU-210 and most JWH compounds, have
regrettably gained great popularity in the market of recreational substances during the last
decade, under the generic brand names of “Spice” or “K2”. Unlike THC, which is a partial
agonist of CB1 receptors, these agents are full, high-potency CB1 receptor activators [26,27],
thereby eliciting greater psychotropic effects than THC (as CB1 receptors are the key
mediators of the psychotropic actions of cannabis). This characteristic, together with their
legal status (recently revoked across most Western countries, including USA as of March
2011) and lack of available testing procedures for the detection of urinary metabolites, has
unfortunately contributed to the great diffusion of “Spice” blends in Central and Western
Europe, as well as Australasia.

ENDOCANNABINOIDS AND THEIR RECEPTORS
Following the identification of THC in the 1960s [28], extensive research was devoted to the
identification of its biological targets and endogenous counterparts. Both objectives were
met around 30 years later, with the characterization of the two major cannabinoid receptors,
CB1 [29] and CB2 [30] as well as the discovery of two most prominent endocannabinoids N-
arachidonoylethanolamine (commonly named anandamide from the Sanskrit ānanda, bliss)
[31] and 2-arachidonoylglycerol (2-AG) [32,33] (Fig. 3).

CB receptors
Although CB1 and CB2 receptors only share 44% sequence identity (68% in the
transmembrane domains), they are both coupled to Gi/o proteins [34] and activated by both
anandamide and 2-AG. In line with their metabotropic nature, CB receptors mediate their

Tambaro and Bortolato Page 3

Recent Pat CNS Drug Discov. Author manuscript; available in PMC 2013 June 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



intracellular response through a number of changes affecting signaling cascades, such as
inhibition of adenylyl cyclase, activation of G-protein-activated inwardly rectifying
potassium channels (GIRKs) and phosphorylation of extracellular signal-related kinases
(ERKs) [35,36]. The distribution pattern of CB1 and CB2 receptors is strikingly divergent,
indicating diverse physiological functions: CB1 is the most abundant metabotropic receptor
in the brain, and is primarily distributed in the synaptic terminals of neurons across all the
major structures that regulate emotional responsiveness, perception and memory, including
prefrontal cortex, amygdala, septo-hippocampal system, striatum, thalamus, brainstem
nuclei etc. [37-41]. CB1 receptors are typically located on presynaptic terminals [42,43], but
they have also been identified in postsynaptic locations [44,45]. Presynaptic CB1 receptors
are posited to serve critical functions for the regulation of synaptic plasticity and
neurotransmitter release; in particular, they mediate the depolarization-induced suppression
of inhibition (DSI) and depolarization-induced suppression of excitation (DSE), consisting
in the reduction of γ-amino-butyric acid (GABA) or glutamate release, respectively, from
presynaptic boutons following stimulation of the postsynaptic terminals [46-49]. In general,
CB1 activation has been shown to inhibit the neurotransmission of other mediators,
including glycine, acetylcholine, norepinephrine and serotonin [50], but the underpinnings
of these phenomena have not been completely elucidated. Additionally, CB1 receptors have
been implicated in short- and long-term synaptic depression, in relation to phasic or tonic
endocannabinoid release (for a review on these topics, see [51]).

The function of CB1 receptors may vary depending on the specific interactions that they
entertain with other molecular targets. For example, CB1 receptors have been found to
associate with other G-protein complex receptors, such as dopamine D2, orexin Ox1, μ
opioid and adenosine A2a, to form heteromeric complexes (reviewed in [52,53])

The key role of CB1 receptors as mediators of neurochemical homeostasis in the brain is
maintained through a complex regulation of their expression. For example, these receptors
are subjected to a rapid internalization (via clathrin-coated pits) following their binding with
full agonists; on the other hand, the receptors are also recycled, with a process that requires
endosomal acidification and dephosphorilation [54].

While CB2 receptors are abundantly expressed in most peripheral organs (and particularly in
immune cells, where they regulate cytokine secretion and modulate cell trafficking) [55],
their distribution in the brain appears to be sparse and particularly confined to microglial
cells; nevertheless, recent evidence has revealed the presence of CB2 receptors in several
areas of the brain [56-58]. Interestingly, a number of studies suggest that neuronal CB2
receptors may be mainly located in postsynaptic terminals [58,59]; nevertheless, the
functional role of these targets in the brain remains largely elusive and awaits further
characterization.

The existence of cannabinoid receptors other than CB1 and CB2 has been postulated based
on ample experimental evidence [60-62]. Interestingly, a number of investigations have
pointed to GPR55 as a novel putative cannabinoid receptor [63,64]; nevertheless, evidence
on the specificity of this receptor for endocannabinoid is still inconclusive [65].

Endocannabinoids
Both anandamide and 2-AG are derivatives of arachidonic acid, an unsaturated C20 fatty
acid with 4 double bonds, which also serves as the precursor for synthesis of other
eicosanoids, including prostaglandins and leukotriens. Anandamide is found in picomolar
concentrations and acts as a high-affinity partial agonist for both CB1 and CB2 receptors. It
is synthesized on demand by enzymatic hydrolysis of the membrane phospholipid N-
arachidonoyl phosphatidylethanolamine (NAPE), a process catalyzed by several
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phospholipases [66-68]. Following release and activation of CB receptors, anandamide is
rapidly removed from the synaptic cleft by a carrier-mediated system [69-72] and
subsequently hydrolyzed by the membrane enzyme fatty acid amide hydrolase (FAAH)
[73-75]. FAAH serves the catabolism of other substrates, including oleoylethanolamine
(OEA) and palmitoylethanolamine (PEA). Both these compounds do not activate CB1
receptors [76], although they may reduce or slow down anandamide degradation by
competing with it for FAAH activity.

In comparison with anandamide, 2-AG is much more abundant (occurring in nanomolar
concentrations across most tissues) and acts as a full agonist of both CB receptors. It is
produced from 1,2diacylglycerol (DAG) by diacylglycerol lipase (DAGL) [77] and
degraded mainly by the cytosolic serine hydrolase monoacylglycerol lipase (MAGL) [78],
although other enzymes are known to contribute to this process [79].

The divergent neurochemical profiles of anandamide and 2-AG underscore their different
physiological roles. Although our current understanding of the different functions
entertained by each endocannabinoid is still rudimentary, the development of FAAH and
MAGL inhibitors [80,81] has been instrumental to elucidate the implication of each
mediator in synaptic and neurochemical regulation. While 2-AG is known as the retrograde
mediator of DSI [82,83] and DSE [84-87], a number of studies suggest that anandamide may
serve as an activity-dependent regulator of monoaminergic transmission [88-90]. Recent
evidence points to a potential biological antagonism between anandamide and 2-AG [91,92];
on the other hand, emerging evidence points to a similar role of anandamide and 2-AG in the
regulation of anxiety (albeit in relation to different receptors) and pain [93]. The
development of JZL195, a potent FAAH/MAGL inhibitor, has in turn revealed that the
behavioral effects of CB1 receptor agonists can be only recapitulated by the combination of
both endocannabinoid-mediated functions [94].

Other lipids have been indicated as putative endocannabinoids, including 2-
arachidonoylglycerylether (noladin ether) [95] and O-arachidonoylethanolamine
(virodhamine) [96] (Fig. 3). Additionally, recent evidence has identified that CB receptors
may be modulated by peptidic ligands, such as hemopressin and its derivatives [97,98].

EFFECTS OF CANNABIS AND CANNABINOID AGENTS ON ANXIETY
Cannabis, THC and CB1 receptor agonists

The employment of cannabis for its medicinal, relaxing and mood-enhancing properties has
been documented across most ancient civilizations. Originally introduced in Chinese
pharmacopoeia during the third millennium BCE [99,100], cannabis became a popular
remedy throughout Asia and Europe in the following centuries [99,101]. The inclusion of
cannabis in the medical treatises by Dioscorides and Galen secured the herb a stable
reputation in the Roman Empire and the Arabic world [101]. Until the early 20th century, the
plant remained a valuable therapy for a large number of diseases [102]; however, growing
concerns about the psychoactive and narcotic effects of cannabis led to a progressive
restriction and ultimate ban of its usage in the United States and several European countries
[100,103]. Despite its illicit status, cannabis remains one of the most popular recreational
drugs, particular among adolescents and young adults, in view of its mood-enhancing and
euphoriant characteristics [104-106].

Most psychological and behavioral effects of marijuana and other hemp products are
induced by THC through activation of CB1 brain receptors. In fact, although THC and most
synthetic cannabinoids are known to activate both CB1 and CB2 receptors, their actions on
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anxiety-like behaviors and emotional regulation are efficiently countered by selective CB1
receptor antagonists, such as rimonabant (see next section) [107].

The studies on the psychological effects of cannabis and THC have unfolded a highly
complex and often contradictory scenario, fostering a long-standing debate on the potential
harms and benefits of its products. An important aspect of this discussion (particularly in
consideration of its legal aspects and the potential therapeutic applications of hemp
derivatives), revolves around the distinction between use and misuse of cannabis. In
particular, whereas the abuse and dependence liability of cannabis is generally well-
recognized [108,109], the definition of these phenomena has been heavily criticized as
reflective of political agendas rather than scientific bases. For instance, the diagnosis of
substance abuse, according to the criteria listed by the DSM–IV TR, is based on the
manifestation of at least one of four symptoms: interference with major professional or
personal obligations; intoxication in hazardous settings; substance-related legal problems;
continued use in the face of persistent social or interpersonal problems [110]. The
applicability of some of these standards to marijuana and other cannabis derivatives,
however, has been questioned [99], also in view of their lower potential to induce physical
harm in comparison with other legal substances, such as alcohol and tobacco [111].

While the controversies surrounding cannabis are far from subdued (and are often permeated
and masked by conflicting ideological credos), standardized studies on cannabinoids have
highlighted that the psychological and behavioral outcomes of this substance are highly
variable and range from relaxation, euthymia and heightened sociability to panic, paranoid
ideation and psychosis [112-116]. A corollary of this observation is that the high
comorbidity rate between cannabis use disorders and psychiatric conditions [100-105] may
indicate that cannabis consumption is either a concurring cause or a “self-therapeutic”
strategy for anxiety and mood disorders [117-123]. The latter interpretation is supported by
the observation that anxiety-spectrum disturbances and traumas in early developmental
stages are a strong predictor for later cannabis use disorders [124-127]; furthermore, several
lines of evidence suggest that the anxiolytic effects of THC may partially account for the
high prevalence of cannabis use in patients affected by PTSD [128-131] and OCD [132].
Accordingly, recent clinical studies have shown that THC elicits therapeutic effects in OCD
[133] and trichotillomania, an impulse-control disorder characterized by compulsive hair-
pulling [134]. Nevertheless, prospective analyses show that cannabis use and dependence
increase the risk for development of panic disorder [135], suggesting that the effect of
cannabis may vary with respect to the nosological entities within the spectrum of anxiety
disorders. Of note, chronic consumption of cannabis has been hypothesized to exacerbate
depressive or anxious manifestations, and reduce the therapeutic efficacy of anxiolytic
agents [122,136-138]; an interesting theoretical implication of this finding is that long-term
exposure to cannabinoid agents may lead to profound alterations of synaptic plasticity and
neurochemical homeostasis and alter the pathophysiological trajectory of anxiety and mood
disorders. Thus, while cannabis may be initially used as a self-therapy for certain anxiety
disorders, the prolonged exposure to this substance in vulnerable individuals may in turn
alter or aggravate the clinical course of these conditions and render the patients refractory to
standard treatments.

The ability of cannabis to either exacerbate or attenuate emotional reactivity is highly
influenced by numerous factors, including its chemotype, as well as the influence of genetic,
developmental and contextual variables. Unfortunately, little is still known about the
susceptibility factors that govern the behavioral outcomes of cannabis in patients affected by
anxiety-spectrum disorders. Indeed, several components have been shown to play a role in
this link, including genetic background, age, gender, environmental stress and concurrent
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use of other drugs; a detailed analysis of these determinants is outside the scope of the
present work, but the interested reader should refer to [139].

Aside from the influence of vulnerability factors, the available evidence indicates that
cannabis, THC and other CB1 receptor agonists exercise a bidirectional influence on anxiety
responses as a function of the dosage. The majority of users report that consumption of
modest amounts of cannabis and CB1 receptor agonists results in euphoria, relaxation,
heightened perception, sociability and creativity, moderate to high doses have been reported
to elicit phobia, agitation, panic, dysphoria, psychotic manifestations and cognitive
impairments [112-116,124,140-143]. In line with these premises, early studies showed a
robust anxiolytic efficacy of low-dose nabilone in comparison with placebo [144,145].
Additionally, the few available reports on the clinical outcomes of recreational cannabinoids
show that a moderate consumption of “Spice” blends is generally associated with euphoria
and disinhibition [146], but the abuse of these substances is conducive to high levels of
anxiety, panic, paranoid ideation and mood disturbances [147-151].

The biphasic effects of cannabinoids on anxiety-related responses have been extensively
documented in rodents. In agreement with human evidence, preclinical studies have
elucidated that the acute administration of low doses of CB1 receptor agonists elicits
anxiolytic-like in approach/avoidance tasks [152-156]; conversely, high concentrations of
the same compounds are generally associated with the opposite outcomes [157-162] (for
complete reviews of the topic, see [163,164])

The bidirectional action of CB1 receptors on anxiety responses may be related to the
modulatory role of these targets on GABA and glutamate release across amygdala and other
forebrain areas [41,165,166]. As these two major neurotransmitters affect anxiety in an
opposite fashion, different doses of cannabinoids and synthetic CB1 receptor agonists may
indeed produce highly divergent effects, in relation to their ability to affect the homeostasis
and the balance of GABA and glutamate (for a review on these issues, see [163]).
Furthermore, CB1 receptors have been shown to play critical roles in the regulation of most
neurochemical substrates of anxiety, including the neurotransmitters serotonin,
norepinephrine and acetylcholine, as well as stress hormones, colecystokynin and opioid
peptides [50,163].

In line with this concept, the infusion in the periaqueductal grey of arachidonyl-2-
chloroethylamide (ACEA), an anandamide synthetic analog with high CB1 receptor
selectivity, elicited anxiolytic-like effects in rats in an elevated plus maze, with a bell-shaped
dose-response curve [167], the highest doses being associated to no significant behavioral
change. Novel categories of compounds have been patented for potential efficacy as
selective CB1 receptor modulators, including sulfonyl-benzamides [168] and tetrasubstituted
imidazole derivatives [169]. To the best of our knowledge, however, no findings on the
action of these compounds in anxiety regulation have been reported to date.

CB1 receptor antagonists/inverse agonists
The cannabinoid CB1 receptor antagonists/inverse agonist rimonabant was introduced into
clinical practice by Sanofi-Aventis in 2006 as a treatment for obesity [170] and smoking
cessation [171]. The majority of preclinical studies found that these compounds are
anxiogenic at high doses [158,159,172,173] and ineffective at low doses [174,175]. The
anxiogenic properties of CB1 antagonists, were unequivocally confirmed by clinical data on
the psychiatric side effects of rimonabant. The significant increase in anxiety, depression
and suicidality in patients under treatment with rimonabant [176-179], in particular, led to
the withdrawal of the drug from the European market in October, 2008. As a consequence,
several pharmaceutical companies announced the interruption of their clinical research on
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CB1 receptor antagonists, including taranabant (from Merck) and otenabant (from Pfizer),
both in Phase 3 of development. Some of the anxiogenic properties of rimonabant and
analogs have been speculated to be due to their activity as inverse agonists; as a result, the
therapeutic use of newly-developed neutral CB1 antagonists has been proposed, with the
hypothesis that these compounds would not elicit the untoward psychological effects
observed with rimonabant and its analogs [180,181]; this idea is supported by recent
findings, showing that unlike CB1 receptor inverse agonists, the neutral antagonists of this
targets fail to facilitate the acquisition or consolidation of fear [182].

CB2 receptor ligands
Few studies have actually evaluated the role of CB2 receptor in anxiety and stress response.
While this receptor was posited to be mainly expressed mainly in immune cells and
peripheral areas, its identification in the brain under pathological conditions, such as
Alzheimer’s disease, multiple sclerosis and amyotrophic lateral sclerosis spinal cord
[183-185], led to a number of studies aimed at the assessment of its potential role in brain
function and behavioral regulation. Some of these investigations indicated that the
suppression of CB2 receptor in the brain, through intracerebroventricular injection of
antisense nucleotide sequences, elicited anxiolytic effects in rodents [186]. In contrast,
Garcia-Gutierrez and Manzanares [187] recently described that the overexpression of CB2
receptors reduced anxiogenic-related behaviors in the light-dark box and elevated plus maze.
These premises point to the possibility that CB2 receptor ligands may also play a role in the
modulation of anxiety disorders. This hypothesis, however, awaits further examination with
proper pharmacological tools.

CBD
Several studies suggest that THC and CBD may exert opposite actions on brain function and
psychopathology [188], possibly in relation to the action of CBD as a potent CB1 receptor
antagonist/inverse agonist [21] (see above). Several lines of preclinical work have shown
that CBD reduces the effects of THC on several behavioral functions [189-191]. In line with
these data, CBD has been found to reduce the anxiety and improve the sensation of well
being induced by an acute, high THC dose in healthy volunteers [192].

In contrast with these data, a number of studies have shown that CBD pretreatment
potentiated the behavioral effects induced by THC [193-195]. These actions may signify the
ability of CBD to inhibit cytochrome P450-mediated drug metabolism [196,197], which may
increase THC blood and brain concentrations [193,195].

Notably, the behavioral outcomes of CBD do not appear to be only due to potential
pharmacodynamic/pharmacokynetic competition with THC; indeed, recent studies have
shown that CBD exerts inherent anxiolytic effects, both in rodent models [157,198-201] and,
more recently, in patients affected by social phobia [202,203]. The anxiolytic action of CBD
may be linked to 5-HT1A receptor, but not through benzodiazepine receptors [204]. Of note,
the anxiolytic action of CBD also appears to be bidirectional, as only low to moderate doses,
but not high doses, have been associated with exert anxiolytic effects [200,205].

The anxiolytic action of CBD do not appear to be mediated by benzodiazepine receptors
[204], but rather by 5-HT1A serotonin receptors in the bed nucleus of the stria terminalis
[206], a critical component of the amygdaloid complex involved in the regulation of stress
response.

Accordingly, CBD has been shown to reduce amygdalar responses to fearful stimuli [207];
this mechanism may be essential for the anxiolytic effects of this compound in social phobia
[203]. Furthermore, CBD has been shown to elicit antipanic effects through the activation of
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5-HT1A receptors in the dorsal periaqueductal gray, a critical area for the modulation of
emotional reactivity to stress [208,209].

Endocannabinoid transport blockers
The systemic administration of the endocannabinoid transport blocker AM404 (Fig. 4) was
shown to elicit anxiolytic-like behaviors in the elevated plus maze and defensive withdrawal
in adult rats, as well as an attenuation of ultrasonic vocalizations in rat pups [175]. The same
compound was shown to attenuate marble burying (a paradigm for compulsivity testing) in
mice, suggesting that this compound may have some potential efficacy for OCD [206].
Interestingly, the anxiolytic effects of AM404 were shown to be contributed by both CB1
and 5-HT1A receptors [152,210], in a fashion similar to the potent CB1 receptor agonist CP
55,940 [160]. Additionally, AM404 has been suggested to act as a FAAH inhibitor [211],
although evidence in this respect is controversial [72]. Indeed, despite the identification of
potential candidate endocannabinoid binding sites [212], no final evidence is currently
available on the existence and/or molecular identity of the endocannabinoid transporter.

Although the possibility of targeting the endocannabinoid carrier for the development of
anxiolytic compounds is appealing and has been targeted by a patent proposing these
compounds as a pharmacological support for psychotherapy [213], the elusive molecular
identity of the transporter itself has greatly limited the studies. Furthermore, preliminary
data indicate that AM404 elicits reward in animals and is self-administered by squirrel
monkeys [175,214], raising the possibility that endocannabinoid transport blockers may be
addictive.

FAAH inhibitors
The prototypical FAAH inhibitor URB597 (Fig. 4) has been shown to reduce anxiety-like
behaviors in rats, in a rimonabant-sensitive fashion [155,163,215-217]. In addition to its
anxiolytic-like properties, URB597 was found to exert also antidepressant-like effects in
several animal models with high face and predictive validity, such as the forced swim, tail
suspension and chronic mild stress paradigms [89,210,216,218]. The anxiolytic action of
FAAH inhibitors has been suggested to depend on the enhancement of anandamide in the
dorsolateral periaqueductal gray [219]; interestingly, however, only low doses of URB597 in
the prefrontal cortex were found to elicit anxiolytic-like effects, through CB1 receptor
activation. However, higher doses ceased to elicit anxiolysis, in view of their interaction
with TPRV1 vanilloid receptors [220]. Furthermore, the anxiolytic and antidepressant
actions of FAAH inhibitors were observed only under conditions of high environmental
aversiveness, but not under normal conditions [163,218,221]. Importantly, the psychotropic
effects of FAAH inhibitors are partially distinct from those associated with cannabinoids, in
that they appear to fail to reproduce the hedonic and interoceptive states produced by CB
receptor agonists [89] and to induce self-administration in squirrel monkeys [222]. Taken
together, these data suggest that FAAH inhibitors may be promising tools in the therapy of
anxiety and mood disorders with a safer profile than cannabinoid direct agonists. This idea
has been recently endorsed by several authors in recent articles and patents, featuring novel
categories of highly selective and potent FAAH inhibitors [223-225] [226]. However, it
should be noted that recent data have recently shown that URB597 induce a number of side
effects in rats, including social withdrawal, working memory deficits [227] and impairments
in auditory discrimination and reversal of olfactory discrimination [228].

MAGL inhibitors
The role of 2-AG in emotional regulation has been difficult to ascertain until the recent
development of highly selective monoacylglycerol lipase (MAGL) inhibitors [35,223].
Several lines of evidence have suggested that 2-AG plays a pivotal role in the
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pathophysiology of anxiety and defensive behaviors. The prototypical MAGL inhibitor,
JZL184 (Fig. 4), has been shown to enhance the levels of 2-AG, but not anandamide; this
effect is due to its extremely high selectivity for MAGL over FAAH and other brain serine
hydrolases. Recent evidence has shown that this compound exerts anxiolytic-like effects in
the elevated plus maze and in marble buyring, at doses that do not affect locomotor activity
[93,229,230]. Similarly to the effects described for FAAH inhibitors (see above), the
anxiolytic effects of this compound were observed in highly aversive (or anxiogenic)
contextual settings [229]. The neurobiological role of 2-AG in anxiety is still poorly
understood, although several studies have shown that environmental stressors alter its
biosynthesis and degradation in key brain structures controlling emotional regulation,
including periaqueductal grey, amygdala and hippocampus [231,232]. Interestingly, recent
evidence has shown that the anxiolytic properties of JZL184 appear to be mediated by CB2,
rather than CB1 receptors [93], pointing to a potential implication of this receptor in the role
of 2-AG in anxiety regulation.

CURRENT AND FUTURE DEVELOPMENTS
In light of the limitations of our current pharmacological armamentarium for anxiety
disorders, the ability of cannabinoids to modulate emotional responses is extremely
attractive for the development of novel anxiolytic agents [217]. At the same time, great
concern arises from the protean role of cannabinoids on the regulation of these responses, as
well as their misuse liability and other side effects. The identification of operational
strategies for the employment of cannabinoids in the therapy of anxiety disorders is
therefore a fundamental goal in psychiatry research.

As outlined above, clinical evidence strongly suggests that acute administration of low doses
of CB1 receptor agonists results in anxiolytic effects, while excessive activation of these
targets elicits opposite outcomes, following a reverse U-shaped dose-response pattern.
Hence, a primary strategy to harness the anxiolytic properties of cannabinoids could consist
in the employment of partial, low-affinity CB1 agonists, which may ensure a relatively high
therapeutic index and the stabilization of the activation of this target within a range
associated with mood enhancement and/or anxiolysis. This idea is indirectly supported by
the mirroring observation that anecdotal reports on highly potent, high-affinity synthetic
cannabinoids (such as those contained in “Spice” blends) trigger greater psychoactive effects
than the partial CB agonist THC [26]. This concept indicates a potential evolution in the
search for direct CB agonists, in sharp contrast with the previous trend aimed at the
identification of high-affinity CB receptor activators.

An alternative strategy to achieve a similar therapeutic goal may lie in the combination of
CB1 receptor agonists with low dosages of antagonists (preferably neutral, in order to avoid
potential side effects linked to CB1 inverse agonism); this intriguing approach, which has
been indicated in a recent patent [233], is based on the likely mechanism of action of
Sativex®, a cannabinoid mouth spray containing THC and CBD (in a ratio of 1.08:1) and
marketed for the treatment of neuropathic pain, spasticity and overactive bladder, in
consideration of the action of CBD as a CB1 receptor antagonist. However, recent
preliminary clinical studies have shown that this formulation did not significantly reduce
anxiety (in fact, it was reported to induce a mild, yet not significant increase of this
symptom) [234,235], and that CBD did not appear to elicit a significant opposition to the
effect of dronabinol [235], plausibly indicating that a higher concentration of this ingredient
(or lower relative amount of THC) may be necessary to elicit anxiolytic effects.

A third, highly promising avenue for the development of cannabinoid-based anxiolytic
therapies may be afforded by FAAH inhibitors. Unlike endocannabinoid transport blockers
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and direct CB receptor agonists, these compounds exhibit a number of highly desirable
properties for anxiolytic agents: first, they appear to maintain their anxiolytic and
antidepressant effect not only under conditions of acute administration, but also following
long-term treatment [93,210]; second, they appear to elicit their effects only in conditions of
highly aversive environmental circumstances (i.e., similar to those that would in fact require
an anxiolytic treatment); third, they have no apparent addiction liability [89,222]. The
neurobiological bases of this phenomenon are not completely understood, and may be
related to the involvement of other FAAH substrates, such as OEA or PEA; however, recent
investigations suggest that the lack of 2-AG enhancement ensuing FAAH inactivation may
contribute to the lack of reinforcing properties of URB597 [236], potentially suggesting a
different role of anandamide and 2-AG in the modulation of reward; this idea is actually
consistent with the recent finding that 2-AG is induces self-administration in monkeys [237].

A key problem concerning the potential application of cannabinoid-related agents and
cannabinoids is the relatively little information about their long-term effects following
chronic administration. Indeed, the subjective effects of cannabis have been shown to be
typically different in chronic users as compared to occasional marijuana smokers [238,239].
Prolonged consumption of cannabis has been shown to induce affective sequelae, including
alexithymia and avolition [113,240-242]. Interestingly, tolerance has been shown to the
effects of THC [243,244], while no information is available on endocannabinoid-related
agents. Long-term administration of cannabinoids has been shown to result in a number of
neuroplastic adaptive processes, including CB receptor down-regulation [245,246]. Some of
these phenomena may indeed be critical in shaping the different emotional responsiveness to
cannabis throughout life and reflect a potential pathophysiological loop which may
compound the severity of pre-existing anxiety and affective disorders.

Finally, another important step for the employment of cannabinoid-based anxiolytic
therapies will be the analysis of the vulnerability factors implicated in the differential
responses and long-term sequelae induced by cannabis consumption. For example,
numerous meta-analyses and longitudinal studies have established that cannabis
consumption in adolescence is conducive to an increased risk for psychotic disorders
[247-250]. This association is particularly significant in the presence of other genetic
factors, such as the Val108Met allelic variant of the gene encoding Catechol-O-
methyltransferase (COMT) [251,252], one of the main enzymes for the degradation of the
neurotransmitter dopamine. Interestingly, it has been shown that the synergistic effect of
COMT haplotype and cannabis in adolescence is more robust in conjunction with
predisposing environmental variables, such as the exposure to urbanicity and psychosocial
stress [253]. Another gene that may modulate the behavioral responsiveness to cannabinoids
is Nrg1, which encodes for the synaptic protein neuregulin 1. Indeed, the heterozygous
deletion of this gene ablates the development of tolerance to the anxiogenic effects of CB
receptor agonists [254,255]. These findings suggest that the employment of a
pharmacogenetic approach may be a critical screening instrument to identify which patients
may be treated with cannabis for medical purposes without risks of neuropsychiatric side
effects. Notably, the role of genes in the mental sequelae of cannabis may also be
contributed by epigenetic factors, in consideration of the recent finding that THC induces
expression of histone deacetylase 3 [256].

While studies on the biological determinants of different responses to cannabis are still at
their preliminary stages, advances in this area may be essential to allow a personalized
approach for the employment of cannabinoid-based therapies in anxiety and mood disorders.
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Fig. 1.
Chemical structures of the major phytocannabinoids. For more details, see text.
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Fig. 2.
Chemical structures of the synthetic THC analogs CP55,940, CP55,244, CP 47,497 and
HU-210. For more details, see text.
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Fig. 3.
Chemical structures of the major endocannabinoids. For more details, see text.
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Fig. 4.
Chemical structures of endocannabinoid degradation inactivators. For more details, see text.
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Table 1
Current pharmacological strategies for the treatment of anxiety disorders

1 Generalized anxiety disorder

a. Benzodiazepines

b. Buspirone

c. Selective serotonin reuptake inhibitors

2 Panic attack

a. High-potency benzodiazepines

b. Tricyclic antidepressants

c. Selective serotonin reuptake inhibitors

d. Monoamine oxidase inhibitors

3 Post-traumatic stress disorder

a. Selective serotonin reuptake inhibitors

b. Low-dose antipsychotic agents

4 Obsessive-compulsive disorder

a. Tricyclic antidepressants

b. Selective serotonin reuptake inhibitors
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Table 2
Paradigms for testing of anxiety-like behaviors in rodents

1 Unconditioned anxiety

a. Tests for social anxiety

i. Maternal separation-induced ultrasonic vocalizations (for pups)

ii. Social interaction

b. Tests based on approach/avoidance conflict

i. Novel open field

ii. Defensive withdrawal

iii. Elevated plus maze

iv. Elevated T-maze

v. Zero maze

vi. Light/dark box

vii. Emergence test

c. Tests based on antipredator defensive behavior

i. Mouse defense test battery

ii. Predator urine exposure test

iii. Predator exposure test

d. Other tests

i. Novelty-induced feeding suppression

ii. Marble burying

iii. Defensive burying

2 Conditioned anxiety

a. Tests on conditional fear

i. Fear- conditioned freezing

ii. Fear-potentiated startle

iii. Conditional fear-induced analgesia

b. Operant conflict test

i. Geiller-Seifter test (conditioned suppression of eating)

ii. Vogel test (conditioned suppression of drinking)
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Abstract Cannabidiol (CBD), a Cannabis sativa constituent,
is a pharmacologically broad-spectrum drug that in recent
years has drawn increasing interest as a treatment for a range
of neuropsychiatric disorders. The purpose of the current re-
view is to determine CBD’s potential as a treatment for
anxiety-related disorders, by assessing evidence from preclin-
ical, human experimental, clinical, and epidemiological stud-
ies. We found that existing preclinical evidence strongly sup-
ports CBD as a treatment for generalized anxiety disorder,
panic disorder, social anxiety disorder, obsessive–compulsive
disorder, and post-traumatic stress disorder when adminis-
tered acutely; however, few studies have investigated chronic
CBD dosing. Likewise, evidence from human studies sup-
ports an anxiolytic role of CBD, but is currently limited to
acute dosing, also with few studies in clinical populations.
Overall, current evidence indicates CBD has considerable po-
tential as a treatment for multiple anxiety disorders, with need
for further study of chronic and therapeutic effects in relevant
clinical populations.

Keywords Cannabidiol . Endocannabinoids . Anxiety .

Generalized anxiety disorder . Post-traumatic stress disorder

Introduction

Fear and anxiety are adaptive responses essential to coping
with threats to survival. Yet excessive or persistent fear may
be maladaptive, leading to disability. Symptoms arising from
excessive fear and anxiety occur in a number of neuropsychi-
atric disorders, including generalized anxiety disorder (GAD),
panic disorder (PD), post-traumatic stress disorder (PTSD),
social anxiety disorder (SAD), and obsessive–compulsive dis-
order (OCD). Notably, PTSD and OCD are no longer classi-
fied as anxiety disorders in the recent revision of the Diagnos-
tic and Statistical Manual of Mental Disorders-5; however,
excessive anxiety is central to the symptomatology of both
disorders. These anxiety-related disorders are associated with
a diminished sense of well-being, elevated rates of unemploy-
ment and relationship breakdown, and elevated suicide risk
[1–3]. Together, they have a lifetime prevalence in the USA
of 29 % [4], the highest of any mental disorder, and constitute
an immense social and economic burden [5, 6].

Currently available pharmacological treatments include sero-
tonin reuptake inhibitors, serotonin–norepinephrine reuptake in-
hibitors, benzodiazepines, monoamine oxidase inhibitors, tricy-
clic antidepressant drugs, and partial 5-hydroxytryptamine (5-
HT)1A receptor agonists. Anticonvulsants and atypical antipsy-
chotics are also used to treat PTSD. These medications are asso-
ciated with limited response rates and residual symptoms, partic-
ularly in PTSD, and adverse effects may also limit tolerability
and adherence [7–10]. The substantial burden of anxiety-related
disorders and the limitations of current treatments place a high
priority on developing novel pharmaceutical treatments.

Cannabidiol (CBD) is a phytocannabinoid constituent of
Cannabis sativa that lacks the psychoactive effects of Δ9-tet-
rahydrocannabinol (THC). CBD has broad therapeutic prop-
erties across a range of neuropsychiatric disorders, stemming
from diverse central nervous system actions [11, 12]. In recent
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years, CBD has attracted increasing interest as a potential
anxiolytic treatment [13–15]. The purpose of this review is
to assess evidence from current preclinical, clinical, and epi-
demiological studies pertaining to the potential risks and ben-
efits of CBD as a treatment for anxiety disorders.

Methods

A search of MEDLINE (PubMed), PsycINFO, Web of Science
Scopus, and the Cochrane Library databases was conducted for
English-language papers published up to 1 January 2015, using
the search terms Bcannabidiol^ and Banxiety^ or Bfear^ or
Bstress^ or Banxiety disorder^ or Bgeneralized anxiety disorder^
or Bsocial anxiety disorder^ or Bsocial phobia^ or Bpost-trau-
matic stress disorder^ or Bpanic disorder^ or Bobsessive com-
pulsive disorder .̂ In total, 49 primary preclinical, clinical, or
epidemiological studies were included. Neuroimaging studies
that documented results from anxiety-related tasks, or resting
neural activity, were included. Epidemiological or clinical stud-
ies that assessed CBD’s effects on anxiety symptoms, or the
potential protective effects of CBD on anxiety symptoms in-
duced by cannabis use (where the CBD content of cannabis is
inferred via a higher CBD:THC ratio), were included.

CBD Pharmacology Relevant to Anxiety

General Pharmacology and Therapeutic Profile

Cannabis sativa, a species of the Cannabis genus of flowering
plants, is one of the most frequently used illicit recreational
substances in Western culture. The 2 major phyto- cannabinoid
constituents with central nervous system activity are THC, re-
sponsible for the euphoric and mind-altering effects, and CBD,
which lacks these psychoactive effects. Preclinical and clinical
studies show CBD possesses a wide range of therapeutic prop-
erties, including antipsychotic, analgesic, neuroprotective, anti-
convulsant, antiemetic, antioxidant, anti-inflammatory, antiar-
thritic, and antineoplastic properties (see [11, 12, 16–19] for
reviews). A review of potential side effects in humans found
that CBD was well tolerated across a wide dose range, up to
1500 mg/day (orally), with no reported psychomotor slowing,
negative mood effects, or vital sign abnormalities noted [20].

CBD has a broad pharmacological profile, including inter-
actions with several receptors known to regulate fear and
anxiety-related behaviors, specifically the cannabinoid type
1 receptor (CB1R), the serotonin 5-HT1A receptor, and the
transient receptor potential (TRP) vanilloid type 1 (TRPV1)
receptor [11, 12, 19, 21]. In addition, CBD may also regulate,
directly or indirectly, the peroxisome proliferator-activated
receptor-γ, the orphan G-protein-coupled receptor 55, the e-
quilibrative nucleoside transporter, the adenosine transporter,

additional TRP channels, and glycine receptors [11, 12, 19,
21]. In the current review of primary studies, the following
receptor-specific actions were found to have been investigated
as potential mediators of CBD’s anxiolytic action: CB1R,
TRPV1 receptors, and 5-HT1A receptors. Pharmacology rele-
vant to these actions is detailed below.

The Endocannabinoid System

Following cloning of the endogenous receptor for THC,
namely the CB1R, endogenous CB1R ligands, or
Bendocannabinoids^ (eCBs) were discovered, namely anan-
damide (AEA) and 2-arachidonoylglycerol (reviewed in [22]).
The CB1R is an inhibitory Gi/o protein-coupled receptor that is
mainly localized to nerve terminals, and is expressed on both
γ-aminobutryic acid-ergic and glutamatergic neurons. eCBs
are fatty acid derivatives that are synthesized on demand in
response to neuronal depolarization and Ca2+ influx, via
cleavage of membrane phospholipids. The primary mecha-
nism by which eCBs regulate synaptic function is retrograde
signaling, wherein eCBs produced by depolarization of the
postsynaptic neuron activate presynaptic CB1Rs, leading to
inhibition of neurotransmitter release [23]. The BeCB system^
includes AEA and 2-arachidonoylglycerol; their respective
degradative enzymes fatty acid amide hydroxylase (FAAH)
and monoacylglycerol lipase; the CB1R and related CB2 re-
ceptor (the latter expressed mainly in the periphery); as well as
several other receptors activated by eCBs, including the
TRPV1 receptor, peroxisome proliferator-activated
receptor-γ, and G protein-coupled 55 receptor, which func-
tionally interact with CB1R signaling (reviewed in [21, 24]).
Interactions with the TRPV1 receptor, in particular, appear to
be critical in regulating the extent to which eCB release leads
to inhibition or facilitation of presynaptic neurotransmitter re-
lease [25]. The TRPV1 receptor is a postsynaptic cation chan-
nel that underlies sensation of noxious heat in the periphery,
with capsacin (hot chili) as an exogenous ligand. TRPV1 re-
ceptors are also expressed in the brain, including the amygdala,
periaqueductal grey, hippocampus, and other areas [26, 27].

The eCB system regulates diverse physiological functions,
including caloric energy balance and immune function [28].
The eCB system is also integral to regulation of emotional
behavior, being essential to forms of synaptic plasticity that
determine learning and response to emotionally salient, par-
ticularly highly aversive events [29, 30]. Activation of CB1Rs
produces anxiolytic effects in various models of uncondi-
tioned fear, relevant to multiple anxiety disorder symptom
domains (reviewed in [30–33]). Regarding conditioned fear,
the effect of CB1R activation is complex: CB1R activation
may enhance or reduce fear expression, depending on brain
locus and the eCB ligand [34]; however, CB1R activation
potently enhances fear extinction [35], and can prevent
fear reconsolidation. Genetic manipulations that impede
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CB1R activation are anxiogenic [35], and individuals with
eCB system gene polymorphisms that reduce eCB tone—
for example, FAAH gene polymorphisms—exhibit physio-
logical, psychological, and neuroimaging features consis-
tent with impaired fear regulation [36]. Reduction of
AEA–CB1R signaling in the amygdala mediates the
anxiogenic effects of corticotropin-releasing hormone
[37], and CB1R activation is essential to negative feedback
of the neuroendocrine stress response, and protects against
the adverse effects of chronic stress [38, 39]. Finally,
chronic stress impairs eCB signaling in the hippocampus
and amygdala, leading to anxiety [40, 41], and people
with PTSD show elevated CB1R availability and reduced
peripheral AEA, suggestive of reduced eCB tone [42].

Accordingly, CB1R activation has been suggested as a tar-
get for anxiolytic drug development [15, 43, 44]. Proposed
agents for enhancing CB1R activation include THC, which
is a potent and direct agonist; synthetic CB1R agonists; FAAH
inhibitors and other agents that increase eCB availability, as
well as nonpsychoactive cannabis phytocannabinoids, includ-
ing CBD. While CBD has low affinity for the CB1R, it func-
tions as an indirect agonist, potentially via augmentation of
CB1R constitutional activity, or via increasing AEA through
FAAH inhibition (reviewed in [21]).

Several complexities of the eCB system may impact upon
the potential of CBD and other CB1R-activating agents to serve
as anxiolytic drugs. First, CB1R agonists, including THC and
AEA, have a biphasic effect: low doses are anxiolytic, but
higher doses are ineffective or anxiogenic, in both preclinical
models in and humans (reviewed in [33, 45]). This biphasic
profile may stem from the capacity of CB1R agonists to
also activate TRPV1 receptors when administered at a high,
but not low dose, as demonstrated for AEA [46]. Activation
of TRPV1 receptors is predominantly anxiogenic, and thus a
critical balance of eCB levels, determining CB1 versus TRPV1
activation, is proposed to govern emotional behavior [27, 47].
CBD acts as a TRPV1 agonist at high concentrations, poten-
tially by interfering with AEA inactivation [48]. In addition to
dose-dependent activation of TRPV1 channels, the anxiogenic
versus anxiolytic balance of CB1R agonists also depends on
dynamic factors, including environmental stressors [33, 49].

5-HT1A Receptors

The 5-HT1A receptor (5-HT1AR) is an established anxiolytic
target. Buspirone and other 5-HT1AR agonists are approved
for the treatment of GAD, with fair response rates [50]. In
preclinical studies, 5-HT1AR agonists are anxiolytic in animal
models of general anxiety [51], prevent the adverse effects of
stress [52], and enhance fear extinction [53]. Both pre- and
postsynaptic 5-HT1ARs are coupled to various members of the
Gi/o protein family. They are expressed on serotonergic neurons
in the raphe, where they exert autoinhibitory function, and

various other brain areas involved in fear and anxiety
[54, 55]. Mechanisms underlying the anxiolytic effects
of 5-HT1AR activation are complex, varying between
both brain region, and pre- versus postsynaptic locus,
and are not fully established [56]. While in vitro studies
suggest CBD acts as a direct 5-HT1AR agonist [57],
in vivo studies are more consistent with CBD acting
as an allosteric modulator, or facilitator of 5-HT1A

signaling [58].

Preclinical Evaluations

Generalized Anxiety Models

Relevant studies in animal models are summarized in chro-
nological order in Table 1. CBD has been studied in a wide
range of animal models of general anxiety, including the
elevated plus maze (EPM), the Vogel-conflict test (VCT),
and the elevated T maze (ETM). See Table 1 for the anxi-
olytic effect specific to each paradigm. Initial studies of
CBD in these models showed conflicting results: high
(100 mg/kg) doses were ineffective, while low (10 mg/kg)
doses were anxiolytic [59, 60]. When tested over a wide
range of doses in further studies, the anxiolytic effects of
CBD presented a bell-shaped dose–response curve, with an-
xiolytic effects observed at moderate but not higher doses
[61, 90]. All further studies of acute systemic CBD without
prior stress showed anxiolytic effects or no effect [62, 65],
the latter study involving intracerebroventricular rather than
the intraperitoneal route. No anxiogenic effects of acute sys-
temic CBD dosing in models of general anxiety have yet
been reported. As yet, few studies have examined chronic
dosing effects of CBD in models of generalized anxiety.
Campos et al. [66] showed that in rat, CBD treatment for
21 days attenuated inhibitory avoidance acquisition [83].
Long et al. [69] showed that, in mouse, CBD produced
moderate anxiolytic effects in some paradigms, with no ef-
fects in others.

Anxiolytic effects of CBD inmodels of generalized anxiety
have been linked to specific receptor mechanisms and brain
regions. The midbrain dorsal periaqueductal gray (DPAG) is
integral to anxiety, orchestrating autonomic and behavioral
responses to threat [91], and DPAG stimulation in humans
produces feelings of intense distress and dread [92]. Microin-
jection of CBD into the DPAG produced anxiolytic effects in
the EPM, VGC, and ETM that were partially mediated by
activation of 5-HT1ARs but not by CB1Rs [65, 68]. The bed
nucleus of the stria terminalis (BNST) serves as a principal
output structure of the amygdaloid complex to coordinate
sustained fear responses, relevant to anxiety [93]. Anxiolytic
effects of CBD in the EPM and VCT occurred upon microin-
jection into the BNST, where they depended on 5-HT1AR
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activation [79], and also upon microinjection into the cen-
tral nucleus of the amygdala [78]. In the prelimbic cortex,
which drives expression of fear responses via connections
with the amygdala [94], CBD had more complex effects: in
unstressed rats, CBD was anxiogenic in the EPM, partially
via 5-HT1AR receptor activation; however, following acute
restraint stress, CBD was anxiolytic [87]. Finally, the anxi-
olytic effects of systemic CBD partially depended on
GABAA receptor activation in the EPM model but not in
the VCT model [61, 62].

As noted, CBD has been found to have a bell-shaped re-
sponse curve, with higher doses being ineffective. This may
reflect activation of TRPV1 receptors at higher dose, as block-
ade of TRPV1 receptors in the DPAG rendered a previously
ineffective high dose of CBD as anxiolytic in the EPM [66].
Given TRPV1 receptors have anxiogenic effects, this may
indicate that at higher doses, CBD’s interaction with TRPV1
receptors to some extent impedes anxiolytic actions,
although was notably not sufficient to produce anxiogenic
effects.

Stress-induced Anxiety Models

Stress is an important contributor to anxiety disorders, and
traumatic stress exposure is essential to the development of
PTSD. Systemically administered CBD reduced acute in-
creases in heart rate and blood pressure induced by restraint
stress, as well as the delayed (24 h) anxiogenic effects of stress
in the EPM, partially by 5-HT1AR activation [67, 73]. How-
ever intra-BNST microinjection of CBD augmented stress-
induced heart rate increase, also partially via 5-HT1AR activa-
tion [85]. In a subchronic study, CBD administered daily 1 h
after predator stress (a proposed model of PTSD) reduced the
long-lasting anxiogenic effects of chronic predator stress, par-
tially via 5-HT1AR activation [77]. In a chronic study, system-
ic CBD prevented increased anxiety produced by chronic un-
predictable stress, in addition to increasing hippocampal
AEA; these anxiolytic effects depended upon CB1R activation
and hippocampal neurogenesis, as demonstrated by genetic
ablation techniques [81]. Prior stress also appears tomodulate
CBD’s anxiogenic effects: microinjection of CBD into the
prelimbic cortex of unstressed animals was anxiogenic in the
EPM but following restraint stress was found to be anxiolytic
[87]. Likewise, systemic CBD was anxiolytic in the EPM
following but not prior to stress [65].

PD and Compulsive Behavior Models

CBD inhibited escape responses in the ETM and increased
DPAG escape electrical threshold [68], both proposed models
of panic attacks [95]. These effects partially depended on 5-
HT1AR activation but were not affected by CB1R blockade.
CBD was also panicolytic in the predator–prey model, which

assesses explosive escape and defensive immobility in re-
sponse to a boa constrictor snake, also partially via 5-HT1AR
activation; however, more consistent with an anxiogenic ef-
fect, CBD was also noted to decrease time spent outside the
burrow and increase defensive attention (not shown in
Table 1) [75, 86] . Finally, CBD, partially via CB1Rs, de-
creased defensive immobility and explosive escape caused
by bicuculline-induced neuronal activation in the superior
colliculus [89]. Anticompulsive effects of CBD were investi-
gated in marble-burying behavior, conceptualized to model
OCD [96]. Acute systemic CBD reduced marble-burying be-
havior for up to 7 days, with no attenuation in effect up to high
(120 mg/kg) doses, and effect shown to depend on CB1Rs but
not 5-HT1ARs [71, 74, 88].

Contextual Fear Conditioning, Fear Extinction,
and Reconsolidation Blockade

Several studies assessed CBD using contextual fear condition-
ing. Briefly, this paradigm involves pairing a neutral context,
the conditioned stimulus (CS), with an aversive unconditioned
stimulus (US), a mild foot shock. After repeated pairings, the
subject learns that the CS predicts the US, and subsequent CS
presentation elicits freezing and other physiological re-
sponses. Systemic administration of CBD prior to CS
re-exposure reduced conditioned cardiovascular re-
sponses [63], an effect reproduced by microinjection of
CBD into the BNST, and partially mediated by 5-
HT1AR activation [79]. Similarly, CBD in the prelimbic
cortex reduced conditioned freezing [70], an effect
prevented by 5-HT1AR blockade [87]. By contrast,
CBD microinjection in the infralimbic cortex enhanced
conditioned freezing [70]. Finally, El Batsh et al. [80]
reported that repeated CBD doses over 21 days, that is
chronic as opposed to acute treatment, facilitated condi-
tioned freezing. In this study, CBD was administered
prior to conditioning rather than prior to re-exposure
as in acute studies, thus further directly comparable
studies are required.

CBD has also been shown to enhance extinction of
contextually conditioned fear responses. Extinction train-
ing involves repeated CS exposure in the absence of the
US, leading to the formation of a new memory that
inhibits fear responses and a decline in freezing over
subsequent training sessions. Systemic CBD administra-
tion immediately before training markedly enhanced ex-
tinction, and this effect depended on CB1R activation,
without involvement of TRPV1 receptors [65]. Further
studies showed CB1Rs in the infralimbic cortex may be
involved in this effect [82].

CBD also blocked reconsolidation of aversive memo-
ries in rat [76]. Briefly, fear memories, when reactivated
by re-exposure (retrieval), enter into a labile state in
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which the memory trace may either be reconsolidated or
extinguished [97], and this process may be pharmacolog-
ically modulated to achieve reconsolidation blockade or
extinction. When administered immediately following re-
trieval, CBD prevented freezing to the conditioned con-
text upon further re-exposure, and no reinstatement or
spontaneous recovery was observed over 3 weeks, con-
sistent with reconsolidation blockade rather than extinc-
tion [76]. This effect depended on CB1R activation but
not 5-HT1AR activation [76].

Summary and Clinical Relevance

Overall, existing preclinical evidence strongly supports
the potential of CBD as a treatment for anxiety disor-
ders. CBD exhibits a broad range of actions, relevant to
multiple symptom domains, including anxiolytic,
panicolytic, and anticompulsive actions, as well as a
d e c r e a s e i n a u t o n om i c a r o u s a l , a d e c r e a s e
in conditioned fear expression, enhancement of fear ex-
tinction, reconsolidation blockade, and prevention of the
long-term anxiogenic effects of stress. Activation of 5-
HT1ARs appears to mediate anxiolytic and panicolytic
effects, in addition to reducing conditioned fear expres-
sion, although CB1R activation may play a limited role.
By contrast, CB1R activation appears to mediate CBD’s
anticompulsive effects, enhancement of fear extinction,
reconsolidation blockade, and capacity to prevent the
long-term anxiogenic consequences of stress, with in-
volvement of hippocampal neurogenesis.

While CBD predominantly has acute anxiolytic ef-
fects, some species discrepancies are apparent. In addi-
tion, effects may be contingent on prior stress and vary
according to brain region. A notable contrast between
CBD and other agents that target the eCB system, in-
cluding THC, direct CB1R agonists and FAAH inhibi-
tors, is a lack of anxiogenic effects at a higher dose.
Further receptor-specific studies may elucidate the recep-
tor specific basis of this distinct dose response profile.
Further studies are also required to establish the efficacy
of CBD when administered in chronic dosing, as rela-
tively few relevant studies exist, with mixed results, in-
cluding both anxiolytic and anxiogenic outcomes.

Overall, preclinical evidence supports systemic CBD
as an acute treatment of GAD, SAD, PD, OCD, and
PTSD, and suggests that CBD has the advantage of
not producing anxiogenic effects at higher dose, as dis-
tinct from other agents that enhance CB1R activation. In
particular, results show potential for the treatment of
multiple PTSD symptom domains, including reducing
arousal and avoidance, preventing the long-term adverse
effects of stress, as well as enhancing the extinction and
blocking the reconsolidation of persistent fear memories.

Human Experimental and Clinical Studies

Evidence from Acute Psychological Studies

Relevant studies are summarized in Table 2. The anxiolytic
effects of CBD in humans were first demonstrated in the con-
text of reversing the anxiogenic effects of THC. CBD reduced
THC-induced anxiety when administered simultaneously with
this agent, but had no effect on baseline anxiety when admin-
istered alone [99, 100]. Further studies using higher doses
supported a lack of anxiolytic effects at baseline [101, 107].
By contrast, CBD potently reduces experimentally induced
anxiety or fear. CBD reduced anxiety associated with a simu-
lated public speaking test in healthy subjects, and in subjects
with SAD, showing a comparable efficacy to ipsapirone (a 5-
HT1AR agonist) or diazepam [98, 105]. CBD also reduced the
presumed anticipatory anxiety associated with undergoing a
single-photon emission computed tomography (SPECT) im-
aging procedure, in both healthy and SAD subjects [102, 104].
Finally, CBD enhanced extinction of fear memories in healthy
volunteers: specifically, inhaled CBD administered prior to or
after extinction training in a contextual fear conditioning par-
adigm led to a trend-level enhancement in the reduction of
skin conductance response during reinstatement, and a signif-
icant reduction in expectancy (of shock) ratings during rein-
statement [106].

Evidence from Neuroimaging Studies

Relevant studies are summarized in Table 3. In a SPECTstudy
of resting cerebral blood flow (rCBF) in normal subjects,
CBD reduced rCBF in left medial temporal areas, including
the amygdala and hippocampus, as well as the hypothalamus
and left posterior cingulate gyrus, but increased rCBF in the
left parahippocampal gyrus. These rCBF changes were not
correlated with anxiolytic effects [102]. In a SPECT study,
by the same authors, in patients with SAD, CBD reduced
rCBF in overlapping, but distinct, limbic and paralimbic areas;
again, with no correlations to anxiolytic effects [104].

In a series of placebo-controlled studies involving 15
healthy volunteers, Fusar-Poli et al. investigated the effects
of CBD and THC on task-related blood-oxygen-level depen-
dent functional magnetic resonance imaging activation, spe-
cifically the go/no-go and fearful faces tasks [109, 110]. The
go/no-go task measures response inhibition, and is associated
with activation of medial prefrontal, dorsolateral prefrontal,
and parietal areas [111]. Response activation is diminished
in PTSD and other anxiety disorders, and increased activation
predicts response to treatment [112]. CBD produced no
changes in predicted areas (relative to placebo) but reduced
activation in the left insula, superior temporal gyrus, and trans-
verse temporal gyrus. The fearful faces task activates the
amygdala, and other medial temporal areas involved in

Cannabidiol as a Potential Treatment for Anxiety Disorders 831



Table 2 Human psychological studies

Study Subjects,
design

CBD route,
dose

Measure Effect

Karniol et al. [99] HV,
DBP

Oral, 15, 30, 60 mg, alone
or with THC,

acute, at 55, 95, 155, and
185 min

Anxiety and pulse rate after
THC and at baseline

↓ THC-induced increases in
subjective anxiety and
pulse rate

No effect at
baseline

Zuardi et al., [100] HV,
DBP

Oral 1 mg/kg alone or with
THC, acute, 80 min

STAI score after THC ↓ THC-induced increases in
STAI scores

Zuardi et al. [98] HV,
DBP

Oral 300 mg,
acute, 80 min

VAMS, STAI and BP
following SPST

↓ STAI scores
↓ VAMS scores
↓ BP

Martin-Santos et al. [101] HV,
DBP

Oral 600 mg,
acute, 1, 2, 3 h

Baseline anxiety and
pulse rate

No effect

Crippa et al. [102] 10 HV,
DBP

Oral 400 mg,
acute, 60 and 75 min

VAMS before SPECT
SPECT

↓ VAMS scores

Bhattacharyya et al. [103] 15 HV
DBP

Oral 600 mg,
acute, 1, 2, 3 h

STAI scores
VAMS scores

↓ STAI scores
↓ VAMS scores

Crippa et al. [104] SAD and HC
DBP

Oral 400 mg,
acute, 75 and 140 min

VAMS before SPECT
SPECT

↓ VAMS scores

Bergamaschi et al. [105] SAD and HC DBP Oral 600 mg, acute,
1, 2, 3 h

VAMS, SSPS-N, cognitive
impairment, SCR, HR
after SPST

↓ VAMS, SSPS-N and cognitive
impairment, no effect on SCR
or HR

Das et al. [106] HV
DBP

Inhaled, 32 mg, acute,
immediately following,
before, after extinction

SCR and shock expectancy
following extinction

CBD after extinction training
produced trend level reduction
in SCR and decreased shock
expectancy

Hindocha et al. [107] Varying in schizotypy and
cannabis use, DBP

Inhaled, 16 mg, acute Baseline VAS anxiety No significant effect of CBD

HV= healthy volunteers; DBP = double-blind placebo; SAD = social anxiety disorder; HC = healthy controls; THC = Δ 9-tetrahydrocannabinol; STAI =
Spielberger’s state trait anxiety inventory; VAMS = visual analog mood scale; BP = blood pressure; SPST = simulated public speaking test; SCR = skin
conductance response; SPECT = single-photon emission computed tomography; SSPS-N = negative self-evaluation subscale; HR = heart rate; VAS =
visual analog scale, CBD = cannabidiol

Table 3 Neuroimaging studies

Study Subjects, design CBD route, dose, timing Measure Effect of CBD

Crippa et al. [102] 10 HV,
DBP

Oral 400 mg,
acute, 60 and 75 min

SPECT, resting (rCBF) ↓ rCBF in left medial temporal cluster,
including amygdala and HPC, also ↓ rCBF
in the HYP and posterior cingulate gyrus

↑ rCBF in left PHG

Borgwardt et al. [108] 15 HV,
DBP

Oral 600 mg,
acute, 1–2 h

fMRI during oddball and
go/no-go task

↓ Activation in left insula, STG and MTG

Fusar-Poli et al. [109] 15 HV,
DBP

Oral 600 mg,
acute, 1–2 h

fMRI activation during
fearful faces task

↓ Activation in left medial temporal region,
including amygdala and anterior PHG, and
in right ACC and PCC

Fusar-Poli et al. [110] 15 HV,
DBP

Oral 600 mg,
acute, 1–2 h

fMRI functional connectivity
during fearful faces task

↓ Functional connectivity between L) AMY
and ACC

Crippa et al. [104] SAD and HC
DBP

Oral 400 mg,
acute, 75 and 140 min

SPECT, resting (rCBF) ↓ rCBF in the left PHG, HPC and ITG.
↑ rCBF in the right posterior cingulate gyrus

CBD = cannabidiol; HV = healthy controls; DBP = double-blind placebo; SAD = social anxiety disorder; HC = healthy controls; SPECT = single-photo
emission computed tomography; rCBF = regional cerebral blood flow; fMRI = functional magnetic resonance imaging; HPC = hippocampus; HYP =
hypothalamus; PHG = parahippocampal gyrus; STG = superior temporal gyrus; MTG =medial temporal gyrus; ACC = anterior cingulate cortex; PCC =
posterior cingulate cortex
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emotion processing, and heightened amygdala response acti-
vation has been reported in anxiety disorders, including GAD
and PTSD [113, 114]. CBD attenuated blood-oxygen-level
dependent activation in the left amygdala, and the anterior
and posterior cingulate cortex in response to intensely fearful
faces, and also reduced amplitude in skin conductance fluctu-
ation, which was highly correlated with amygdala activation
[109]. Dynamic causal modeling analysis in this data set fur-
ther showed CBD reduced forward functional connectivity
between the amygdala and anterior cingulate cortex [110].

Evidence from Epidemiological and Chronic Studies

Epidemiological studies of various neuropsychiatric disorders
indicate that a higher CBD content in chronically consumed
cannabis may protect against adverse effects of THC, includ-
ing psychotic symptoms, drug cravings, memory loss, and
hippocampal gray matter loss [115–118] (reviewed in [119]).
As THC acutely induces anxiety, this pattern may also be
evident for chronic anxiety symptoms. Two studies were iden-
tified, including an uncontrolled retrospective study in civilian
patients with PTSD patients [120], and a case study in a pa-
tient with severe sexual abuse-related PTSD [121], which
showed that chronic cannabis use significantly reduces PTSD
symptoms; however, these studies did not include data on the
THC:CBD ratio. Thus, overall, no outcome data are currently
available regarding the chronic effects of CBD in the treat-
ment of anxiety symptoms, nor do any data exist regarding the
potential protective effects of CBD on anxiety potentially in-
duced by chronic THC use.

Summary and Clinical Relevance

Evidence from human studies strongly supports the potential
for CBD as a treatment for anxiety disorders: at oral doses
ranging from 300 to 600 mg, CBD reduces experimentally
induced anxiety in healthy controls, without affecting baseline
anxiety levels, and reduces anxiety in patients with SAD.
Limited results in healthy subjects also support the efficacy
of CBD in acutely enhancing fear extinction, suggesting po-
tential for the treatment of PTSD, or for enhancing cognitive
behavioral therapy. Neuroimaging findings provide evidence
of neurobiological targets that may underlie CBD’s anxiolytic
effects, including reduced amygdala activation and altered
medial prefrontal amygdala connectivity, although current
findings are limited by small sample sizes, and a lack of inde-
pendent replication. Further studies are also required to estab-
lish whether chronic, in addition to acute CBD dosing is an-
xiolytic in human. Also, clinical findings are currently limited
to SAD, whereas preclinical evidence suggests CBD’s poten-
tial to treat multiple symptom domains relevant to GAD, PD,
and, particularly, PTSD.

Conclusions

Preclinical evidence conclusively demonstrates CBD’s effica-
cy in reducing anxiety behaviors relevant to multiple disor-
ders, including PTSD, GAD, PD, OCD, and SAD, with a
notable lack of anxiogenic effects. CBD’s anxiolytic actions
appear to depend upon CB1Rs and 5-HT1ARs in several brain
regions; however, investigation of additional receptor actions
may reveal further mechanisms. Human experimental find-
ings support preclinical findings, and also suggest a lack of
anxiogenic effects, minimal sedative effects, and an excellent
safety profile. Current preclinical and human findings mostly
involve acute CBD dosing in healthy subjects, so further stud-
ies are required to establish whether chronic dosing of CBD
has similar effects in relevant clinical populations. Overall,
this review emphasizes the potential value and need for further
study of CBD in the treatment of anxiety disorders.

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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Vincent Paolone, M.D.
Adult and Adolescent Psychiatry

8166 MarketStreet, Unit B

Boardman, OH 44512

Office Phone: (330)758-8528, Office Fax: (330)758-8529

www. board man psychiatrist.co m

December 21, 2020

Dear Medical Board ofthe State of Ohio,

lam writingthis letter in supportofadding the diagnosis of Panic Disorderwith Agoraphobia (F40.01) to the approved
diagnoses for medical marijuana in Ohio. I am a psychiatrist with almost 30 yearsof experience practicingin the
Youngstown area. I became certified for medical marijuana to have another treatment modality available for my
patients. I have had many patie nts who experienced therapeutic benefrt f rom marijuana. I have also had manypatients
who did not benefit from traditionaltreatments or could not tolerate them. I completely understand the Ohio Medical
Board's decision to limit approved d iagnoses for medicalmaruuana. Now that the program hasbeenactive foralmost 3
years,lfeelitis timetoadd Panic Disorde r with Agoraphobia to the list of approved diagnoses. PanicDisorderis a major
cost to society. lt isone ofthe major causes for applications forsocial security. I found on line an estimate that panic

d isorder and other anxiety d isorde rs cost our society almost 49 billion dollars yearly. Medical marijuana would help limit
the use of benzodiazepines, which havethe burden oftolerance and withdrawal. lrespectfullyrequestthattheOhio
Medical Board consider adding FzlO.01 to the list of approved diagnoses for med ical marijuana.

fulr^
Vincent Paolone, M.D,
Ohio Medical License #35066876

Diplomat of the American Board of Psychiatry and Neurology since 1997
Fellow of the American Psychiatric Association since 2014
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