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Type 2 diabetes mellitus (T2DM) is a global pandemic, as evident from the global
cartographic picture of diabetes by the International Diabetes Federation (http://www.
diabetesatlas.org/). Diabetes mellitus is a chronic, progressive, incompletely understood
metabolic condition chiefly characterized by hyperglycemia. Impaired insulin secretion,
resistance to tissue actions of insulin, or a combination of both are thought to be the
commonest reasons contributing to the pathophysiology of T2DM, a spectrum of disease originally arising from tissue insulin resistance and gradually progressing to a state
characterized by complete loss of secretory activity of the beta cells of the pancreas.
T2DM is a major contributor to the very large rise in the rate of non-communicable diseases affecting developed as well as developing nations. In this mini review, we endeavor
to outline the current management principles, including the spectrum of medications
that are currently used for pharmacologic management, for lowering the elevated blood
glucose in T2DM.
Keywords: diabetes, clinical management, chronic, insulin, primary care

INTRODUCTION
Diabetes mellitus (DM) is a complex chronic illness associated with a state of high blood glucose
level, or hyperglycemia, occurring from deficiencies in insulin secretion, action, or both. The chronic
metabolic imbalance associated with this disease puts patients at high risk for long-term macro- and
microvascular complications, which if not provided with high quality care, lead to frequent hospitalization and complications, including elevated risk for cardiovascular diseases (CVDs) (1). The clinical
diagnosis of diabetes is reliant on either one of the four plasma glucose (PG) criteria: elevated (i) fasting plasma glucose (FPG) (>126 mg/dL), (ii) 2 h PG during a 75-g oral glucose tolerance test (OGTT)
(>200 mg/dL), (iii) random PG (>200 mg/dL) with classic signs and symptoms of hyperglycemia, or
(iv) hemoglobin A1C level >6.5%. Recent American Diabetes Association (ADA) guidelines have
advocated that no one test may be preferred over another for diagnosis. The recommendation is to
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test all adults beginning at age 45 years, regardless of body weight,
and to test asymptomatic adults of any age who are overweight or
obese, present with a diagnostic symptom, and have at least an
additional risk factor for development of diabetes.
Furthermore, a condition called prediabetes or impaired
fasting glucose (IFG), in which the fasting blood glucose is
raised more than normal but does not reach the threshold to
be considered diabetes (110–126 mg/dL), predisposes patients
to diabetes, insulin resistance, and higher risk of cardiovascular
(CV) and neurological pathologies (2, 3). Type 2 diabetes mellitus (T2DM) can co-occur with other medical conditions, such
as gestational diabetes occurring during the second or third trimester of pregnancy or pancreatic disease associated with cystic
fibrosis. T2DM may also be iatrogenically induced, e.g., by use
of glucocorticoids in the inpatient setting or use of highly active
antiretroviral agents like protease inhibitors and nucleoside
reverse transcription inhibitors in HIV-positive individuals (4).
Chemical diabetes or impaired glucose tolerance (IGT) may also
develop with the use of thiazide diuretics, atypical antipsychotic
agents, and statins (5, 6).
Type 2 diabetes mellitus is a common and increasingly
prevalent disease and is thus a major public health concern
worldwide. The International Diabetes Federation estimates
that there are approximately 387 million people diagnosed with
diabetes across the globe (7). According to Centers for Disease
Control and Prevention, in 2012, 29.1 million adults, or 9.3%
of the population, were identified with diabetes in the United
States (US). Also in the same year, 86 million people had prediabetes condition and 15–30% of them developed into full-blown
diabetes (8). In general, 1.4 million newly diagnosed cases in
the US are being reported every year. If this trend continues,
it is projected that in 2050 one in three Americans will have
diabetes. Patients with diabetes have increased risk of serious
health complications including myocardial infarction, stroke,
kidney failure, vision loss, and premature death. Diabetes, with
its associated side effects, remains the seventh leading cause of
mortality in the US. The World Health Organization estimates
that by 2030, mortality related to diabetes will double in number
if not given deliberate attention (9). In addition, epidemiological
studies report that diabetes causes more deaths in Americans
every year compared to breast cancer and acquired immunodeficiency syndrome (AIDS) combined (10). The increasing trend in
the incidence and prevalence of diabetes is worrisome and poses
a great burden on medical costs and in our current healthcare
system.
The ADA has released a range of recommendations called
Standards of Medical Care in Diabetes to improve diabetes outcomes. The recommendations include cost-effective screening,
diagnostic and therapeutic strategies to prevent, delay, or effectively manage T2DM and its life-threatening complications (11).
Per recommendations of ADA and other organizations, modern
approaches to diabetes care should involve a multidisciplinary
team of health professionals working in tandem with the patient
and the family (2). The primary aim of these approaches is to
obtain optimal glycemic control through dietary and lifestyle
modifications and appropriate medications along with regular
blood glucose level monitoring. The burden of diabetes can
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be potentially reduced if the standard of care is implemented
as well as patients’ compliance and participation is clinically
implemented.
The traditional presentations of T2DM occurring only in
adults and type 1 diabetes mellitus (T1DM) only in children are
not entirely correctly representative, as both diseases occur in
both age groups. Occasionally, patients with T2DM may develop
the morbid complication of diabetic ketoacidosis (DKA) (12).
Children with T1DM typically present with polyuria and polydipsia and approximately one-third of them present with DKA,
which may also be the first presenting feature (12). The onset of
T1DM may be variable in adults, and they may not present with
the classic symptoms that are seen in children. The true diagnosis
may become apparent with disease progression. The heterogeneity of the presentations should be kept in mind while caring for
the patient with T2DM.
The scope of this review encompasses current clinical guidelines on the pharmacological management of T2DM.

CLINICAL DIAGNOSIS OF TYPE 2
DIABETES
Diabetes may be identified in low-risk individuals who have
spontaneous glucose testing during routine primary clinical
care, in individuals examined for diabetes risk assessment, and
in frankly symptomatic patients. Early diagnosis of T2DM can be
accomplished through blood tests that measure PG levels. FPG is
the most common test to detect diabetes: a level of ≥126 mg/dL
or 7.0 mmol/L confirmed by repeating the test on another clinic
visit effectively diagnoses the disease. This test requires fasting
for at least the previous 8 h and generates enhanced reliability
when blood is drawn in the morning. Another criterion is the 2 h
PG of ≥200 mg/dL or 11.1 mmol/L in a patient presenting with
the traditional symptoms of diabetes such as polyuria, polydipsia, and/or unexplained weight loss. A positive 2-h OGTT will
show a PG level of ≥200 mg/dL or 11.1 mmol/L after a glucose
load containing 75 g of glucose solution in water. Two-hour PG
OGTT is not commonly used in the clinic because, although it
is more sensitive than FPG test, it is less convenient and more
expensive for patients. Additionally, this test holds less relevance
in routine follow-ups after confirmed diagnosis of diabetes is
obtained.
In the past, the glycated hemoglobin (HbA1C) test was used
mainly to monitor the adequacy of glycemic management and has
strong predictive value for diabetes complications (13). HbA1C
is a chronic marker of hyperglycemia and reflects patient’s blood
glucose level over a period of 3–4 months, coinciding with the
lifespan of the red blood cells (RBCs). However, in 2009 after
its standardization, the International Expert Committee recommended it to be used in diagnosing T2DM but not in T1DM and
gestational diabetes (2). HbA1C level is reported in percentages,
and a normal level is below 5.7%. The main advantage of the
HbA1C test over other blood glucose tests is the convenience it
offers to patients; it does not require fasting and can be done at
any time of the day. However, this test is more expensive and may
not be readily available in certain locations, which may limit its
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usefulness (14, 15). HbA1C may be inaccurate in conditions such
as anemia, hemolysis, and other hemoglobinopathies like sickle
cell disease and hemoglobin (Hb) variants like HbC, HbE, and
HbD, as well as elevated fetal hemoglobin. Thus, HbA1C assay
in people of South Asian, Mediterranean, or African origin merit
taking these issues into account (16). In conditions associated
with increased RBC breakdown, such as in the advanced trimesters of pregnancy, recent hemorrhage, intravascular hemolysis
or transfusion or erythropoietin treatment, only blood glucose
estimation should be used to diagnose diabetes. There are limited
data supporting the use of A1C in diagnosing T2DM in children
and adolescents. Although A1C is not routinely suggested for
diagnosis of diabetes in children with cystic fibrosis or symptoms
that portend development of acute onset of T1DM, the ADA
recommends HbA1C for diagnosis of T2DM in children and
adolescents.
In order to accurately diagnose diabetes and in the absence of
frank hyperglycemia (PG > 200 mg/dL) or hyperglycemic crisis,
it is useful to repeat the same diagnostic test for confirmation.
In situations where there are two different tests with conflicting
results, the test which is positive should be repeated and a diagnosis of diabetes is made after a confirmatory test has been done (2).
For individuals whose test result/s returned negative for diabetes,
repeat testing at 3-year intervals is suggested (17).
The ADA and American Association of Clinical
Endocrinologists recommend screening for prediabetes beginning at age 45 years or earlier for asymptomatic individuals with
strong risk factors such as obesity (BMI ≥ 25 kg/m2), hypertension and family history (first degree relative with diabetes) (18).
IFG level of 100–125 mg/dL (5.6–6.9 mmol/L), IGT with a 2-h
OGTT PG level between 140 and 199 mg/dL (7.9–11.0 mmol/L),
or an HbA1C of 5.7–6.4% indicates prediabetes. Patients with
an HbA1C level of >6% are considered high risk of developing
diabetes, and early detection is necessary to prevent adverse outcomes. Patients diagnosed with prediabetes can be retested after
a year; however, without proper intervention 70% of individuals
diagnosed with prediabetes are most likely to progress to diabetes
in 10 years or even less, depending on their risk factors (18). It
is also important to note that prediabetes may be associated
with obesity, dyslipidemia, and hypertension; therefore, lifestyle
changes such as healthy diet, physical activity, and cessation of
smoking, in addition to the introduction of pharmacological
agents, are deemed important to stop or delay the timeline of
development of diabetes.

Lifestyle Measures

CLINICAL MANAGEMENT OF TYPE 2
DIABETES

Pharmacologic Management

Clinical trials have shown that lifestyle modifications are costeffective in preventing or delaying the onset of diabetes, with
approximately 58% reduction in risk in 3 years (19). It is highly
recommended by the ADA that patients with IGT, IFG or HbA1C
level of 5.7–6.4% be counseled on lifestyle changes such as diet
and exercise. On the other hand, for patients who are already
diagnosed with diabetes, nutrition advice provided by a registered
dietitian is recommended. A goal of moderate weight loss (≈7%
of body weight) is an important component in the prevention and
treatment of diabetes, as it can improve blood glucose levels, and
can also positively impact blood pressure and cholesterol levels
(19). Weight loss can be achieved through a healthy balanced diet,
with control of total calories and free carbohydrates. However,
for patients with diabetes adhering to a low carbohydrate diet,
they should be informed on possible side effects such as hypoglycemia, headache and constipation (20). Other studies have
suggested consumption of complex dietary fiber and whole grains
to improve glycemic control (2, 21).
Studies show that exercise can improve glycemic control
(lower HbA1C level by 0.66%), with or without significant
decrease in body weight, and improve the total well-being of
patients (22). It is considered an integral part in the prevention
and management of both prediabetes and diabetes. According
to the U.S. Department of Health and Human Services, adults
≥18 years of age should do a minimum of 150 min/week of
moderate intensity exercise (e.g., walking at a 15- to 20-min mile
pace) or 75 min/week of vigorous physical activity (e.g., running,
aerobics) spread over at least 3 days/week with no more than two
consecutive days without exercise to achieve maximum benefits
(2, 18). For patients ≤18 years old, 60 min of physical activity
every day is adequate.
Other lifestyle measures that need to be considered in the
treatment plan for patients with diabetes are moderate alcohol
consumption (≤1 drink for women, ≤2 drinks/men) and reduction in sodium intake especially in patients with comorbidities
such as hypertension, habitual tobacco use, and lacking immunizations (influenza, diphtheria, pertussis, tetanus, pneumococcal,
and hepatitis B). Consumption of alcohol, especially in a fasted
state, can precipitate life-threatening hypoglycemia and coma
and should be explicitly counseled to patients during their visits
(23). Moreover, patient education, counseling, and psychosocial
support are very important to successfully combat the deleterious
effects of diabetes.

An “ominous octet” that leads to hyperglycemia, which occur
in isolation or in combination, has been proposed for eight
pathophysiological mechanisms underlying T2DM (24). These
include (i) reduced insulin secretion from pancreatic β-cells, (ii)
elevated glucagon secretion from pancreatic α cells, (iii) increased
production of glucose in liver, (iv) neurotransmitter dysfunction
and insulin resistance in the brain, (v) enhanced lipolysis, (vi)
increased renal glucose reabsorption, (vii) reduced incretin effect
in the small intestine, and (viii) impaired or diminished glucose
uptake in peripheral tissues such as skeletal muscle, liver, and

Comprehensive care for a patient with diabetes requires an
initial evaluation of the patient’s risk factors, the presence or
absence of diabetes complications, and initial review of previous treatment/s (2). This will enable the healthcare providers to
optimally manage patients with either prediabetes or diabetes.
The cornerstones of diabetes management include lifestyle
intervention along with pharmacological therapy and routine
blood glucose monitoring.
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adipose tissue. Currently available glucose-lowering therapies
target one or more of these key pathways.
Good glycemic control remains the main foundation of
managing T2DM. Such approaches play a vital role in preventing
or delaying the onset and progression of diabetic complications.
It is important that a patient-centered approach should be used
to guide the choice of pharmacological agents. The factors to be
considered include efficacy, cost, potential side effects, weight
gain, comorbidities, hypoglycemia risk, and patient preferences.
Pharmacological treatment of T2DM should be initiated when
glycemic control is not achieved or if HbA1C rises to 6.5% after
2–3 months of lifestyle intervention. Not delaying treatment and
motivating patients to initiate pharmacotherapy can considerably
prevent the risk of the irreversible microvascular complications
such as retinopathy and glomerular damage (25). Monotherapy
with an oral medication should be started concomitantly with
intensive lifestyle management.
The major classes of oral antidiabetic medications include
biguanides, sulfonylureas, meglitinide, thiazolidinedione (TZD),
dipeptidyl peptidase 4 (DPP-4) inhibitors, sodium-glucose
cotransporter (SGLT2) inhibitors, and α-glucosidase inhibitors.
If the HbA1C level rises to 7.5% while on medication or if the
initial HbA1C is ≥9%, combination therapy with two oral agents,
or with insulin, may be considered (2, 26). Though these medications may be used in all patients irrespective of their body weight,
some medications like liraglutide may have distinct advantages
in obese patients in comparison to lean diabetics (see below).
A schematic of currently approved medications for T2DM is
summarized in Table 1. A flowchart for guiding clinical decision
making is presented in Figure 1.

unmetabolized in the body and is widely distributed into different tissues such as intestine, liver, and kidney. The primary route
of elimination is via kidney. Metformin is contraindicated in
patients with advanced stages of renal insufficiency, indicated by
a glomerular filtration rate (GFR) <30 mL/min/1.73 m2 (32). If
metformin is used when GFR is significantly diminished, the dose
should be reduced and patients should be advised to discontinue
the medication if nausea, vomiting, and dehydration arises from
any other cause (to prevent ketoacidosis). It is important to assess
renal function prior to starting this medication.
Metformin has an excellent safety profile, though may cause
gastrointestinal disturbances including diarrhea, nausea, and
dyspepsia in almost 30% of subjects after initiation. Introduction
of metformin at low doses often improve tolerance. Extended
release preparations seldom cause any gastrointestinal issues. Very
rarely, metformin may cause lactic acidosis, mainly in subjects
with severe renal insufficiency. Another potential problem arising
from the use of metformin is the reduction in the drug’s efficiency
as diabetes progresses. Metformin is highly efficient when there
is enough insulin production; however, when diabetes reaches
the state of failure of β-cells and resulting in a type 1 phenotype,
metformin loses its efficacy.
Metformin can cause vitamin B12 and folic acid deficiency
(33). This needs to be monitored, especially in elderly patients.
Though very rare, in patients with metformin intolerance or
contraindications, an initial drug from other oral classes may
be used. Although trials have compared dual therapy with
metformin alone, few directly compare drugs as add-on therapy.
A comparative effectiveness meta-analysis suggests that overall
each new class of non-insulin medications introduced in addition
to the initial therapy lowers A1C around 0.9–1.1%. An ongoing
Glycemia Reduction Approaches in Diabetes: A Comparative
Effectiveness Study (GRADE) has compared the effect of four
major drug classes (sulfonylurea, DPP-4 inhibitor, GLP-1 analog,
and basal insulin) over 4 years on glycemic control and other psychosocial, medical, and health economic outcomes (34). Though
it will be a welcome development for introduction of oral agents
for metformin for gestational diabetes, current FDA regulations
do not support it.

Biguanide

The discovery of biguanide and its derivatives for the management of diabetes started in the middle ages. Galega officinalis, a
herbaceous plant, was found to contain guanidine, galegine, and
biguanide, which decreased blood glucose levels (31). Metformin
is a biguanide that is the main first-line oral drug of choice in the
management of T2DM across all age groups. Metformin activates
adenosine monophosphate-activated protein kinase in the liver,
causing hepatic uptake of glucose and inhibiting gluconeogenesis
through complex effects on the mitochondrial enzymes (31).
Metformin is highly tolerated and has only mild side effects, low
risk of hypoglycemia and low chances of weight gain. Metformin
is shown to delay the progression of T2DM, reduce the risk of
complications, and reduce mortality rates in patients by decreasing hepatic glucose synthesis (gluconeogenesis) and sensitizing
peripheral tissues to insulin (31). Furthermore, it improves
insulin sensitivity by activating insulin receptor expression and
enhancing tyrosine kinase activity. Recent evidence also suggest
that metformin lowers plasma lipid levels through a peroxisome
proliferator-activated receptor (PPAR)-α pathway, which prevents CVDs (31). Reduction of food intake possibly occurs by
glucagon-like peptide-1 (GLP-1)-mediated incretin-like actions.
Metformin may thus induce modest weight loss in overweight
and obese individuals at risk for diabetes.
Once ingested, metformin (with a half-life of approximately
5 h) is absorbed by organic cation transporters and remains
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Incretin Mimetics

Incretin effect is the difference in insulin secretory response
from an oral glucose load in comparison to glucose administered
intravenously. The incretin effect is responsible for 50–70% of
total insulin secretion after oral glucose intake (35). The two
naturally occurring incretin hormones that play important roles
in the maintenance of glycemic control: glucose-dependent
insulinotropic polypeptide (GIP, or incretin) and glucagon-like
peptide (GLP-1); these peptides have a short half-life, as these
are rapidly hydrolyzed by DPP-4 inhibitors within 1½ min. In
patients with T2DM, the incretin effect is reduced or absent. In
particular, the insulinotropic action of GIP is lost in patients with
T2DM. Incretins decrease gastric emptying and causes weight
loss. Because of impact on weight loss, these medications may
find increasing use in diabesity.
Targeting the incretin system has become an important
therapeutic approach for treating T2DM. These two drug classes
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Representative
agents

Mechanism of action

T1/2 and
metabolism

HbA1C
reduction
(%)

Risk of
hypoglycemia

Effect
on body
weight

Metabolic
alterations

Cardiovascular
(CV) benefit and
risk

Other adverse effects/
additional comments

Biguanide (o)

Metformin

Insulin sensitizer
Numerous effects on
inhibition of hepatic
glucose production

5 h; unmetabolized,
renal excretion

1–2

None

Mild
weight
loss
due to
anorectic
effect

Lactic acidosis
(very rare)
May cause
nausea/vomiting
or diarrhea after
introduction,
which may result
in electrolyte or
pH alterations

Reduce MI by 39% Vitamin B12 deficiency, which
and coronary deaths may cause anemia and
by 50% (UKPDS)
neuropathy (risk in elderly)
Very safe drug, but stop
metformin if creatinine
>1.5 mg/dL in males and
>1.4 mg/dL in females

Dipeptidyl peptidase
4 (DPP-IV)
inhibitor (o)

Sitagliptin
Saxagliptin
Vidagliptin
Linagliptin
Alogliptin

Inhibition of degradation
of GLP

Excreted by kidneys
(except linagliptin)
(needs dose reduction
in renal failure)

0.5–0.8

Low

Pancreatitis
Long-term trials
Upper RTI infection
to assess CV
risk; decreases
postprandial lipemia,
however, may cause
CHF by degradation
of BNP

Sodium-glucose
cotransporter
(SGLT2) inhibitor (o)

Canagliflozin
Dapagliflozin

Glucosuria due to
blocking (90%) of
glucose reabsorption
in renal PCT; insulinindependent mechanism
of action

Low

Positive CV effect
due to reduction
of sodium and uric
acid absorption and
reduction of BP

Ketoacidosis (rare)
Genital mycosis
May increase LDLc
Bone fractures

Insulin (p)

Short-acting
Regular (R) (Humulin R,
Novolin R)
Intermediate
NPH (N)
Long-acting
Insulin glargine (Lantus)
Insulin detemir
(Levemir)
Insulin degludec
(Tresiba)
Rapid-acting
Humalog (Lispro)

HF if used in
combination with
thiazolidinediones
(TZD)

Lipoatrophy and
lipohypertrophy at sites of
injection
Allergy to injection
components
Levemir Food and Drug
Administration -approved for
gestational diabetes mellitus

5

Class of
antidiabetic
medication (route
of administration)
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Table 1 | Pharmacological agents for glycemic control.

Empagliflozin

Activation of insulin
receptors and
downstream signaling in
multiple sensitive tissues

Prominent

Weight
gain

(Continued)

Antidiabetic Drugs
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1–2.5
30 min-1 r (onset of
action)
Peak 2–5 h
Duration of action 8 h
1.5–4 h (onset of
action)
Peak 4–12 h
Duration of action 24 h
0.8–4 h (onset of
action)
Peak minimal
Duration of action 24 h
10–30 min (onset of
action)

Chaudhury et al.
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Table 1 | Continued
Class of
antidiabetic
medication (route
of administration)

Representative
agents

Mechanism of action

T1/2 and
metabolism

Risk of
hypoglycemia

Effect
on body
weight

0.5–1.5

No [risk if used
in combination
with
sulfonylureas
(SU)]

Prominent
(severe in renal
failure)

Metabolic
alterations

Other adverse effects/
additional comments

24 h
4–6 h (short acting)
7 days (long acting,
extended release)
7 days

GLP-1 agonists (p)

Liraglutide
Exenatide
Dulaglutide

Activate GLP1 receptor
Increased insulin
secretion, decreased
glucagon, delayed gastric
emptying, increased
satiety

Weight
loss

Reduce CV risk

Nausea, vomiting,
pancreatitis, C cell tumor of
thyroid (contraindicated in
MEN type 2)

SU (o)

Glimepiride
Glipizide
Glyburide

Insulin secretion

1–2

Weight
gain

Increased
cardiovascular
disease risk,
mainly due to
hypoglycemia

Use beta-blockers with
caution

TZD (o)

Rosiglitazone
Pioglitazone

True insulin sensitizer

0.5–1.4

Weight
gain

Cardiac failure,
pedal edema

Bladder cancer; fractures

O, oral; p, parenteral; iv, intravenous; sc, subcutaneous.
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Cardiovascular
(CV) benefit and
risk

Peak 30 min–3 h
Duration of action
3–5 h
5–15 min (onset of
action)
Peak dual
Duration of action
10–16 h
30–60 min (onset of
action)
Peak dual
Duration of action
10–16 h

Novolog (Aspart)
Glulisine (Apidra)
Pre-mixed
75% insulin lispro
protamine/25% insulin
lispro (Humalog Mix
75/25)
50% insulin lispro
protamine/50% insulin
lispro (Humalog Mix
50/50)
70% insulin lispro
protamine/30% insulin
aspart (Novolog 70/30)
70% NPH insulin/30%
regular

6

HbA1C
reduction
(%)
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Figure 1 | Flow chart depicting an algorithm for use of drug regimen in treating diabetes mellitus Several concepts presented here are adapted
from American Diabetes Association/European Association for the Study of Diabetes (27–30). Medications in green, causes weight loss; in red, causes
weight gain.

include GLP-1 receptor agonists and DPP-4 inhibitors. Clinical
data have revealed that these therapies improve glycemic control
while reducing body weight (specifically, GLP-1 receptor agonists) and systolic blood pressure in patients with T2DM (36).
Furthermore, hypoglycemia is low (except when used in combination with a sulfonylurea) because of their glucose-dependent
mechanism of action.

loss resulted from treatment with liraglutide in combination
with combined metformin/sulfonylurea (−3.24 kg with 1.8 mg
liraglutide). Liraglutide also diminishes systolic pressure (mean
decrease −2.1 to −6.7 mmHg) (37). Liraglutide is well tolerated,
with only nausea and minor hypoglycemia (risk increased with
use of sulfonylureas).
Serum antibody formation was very low in patients treated
with once-weekly GLP-1 receptor agonists. The formation of
these antibodies did not decrease efficacy of their actions on
blood glucose lowering.

GLP-1 Receptor Agonists

The currently GLP-1 receptor agonists available are exenatide and
liraglutide. These drugs exhibit increased resistance to enzymatic
degradation by DPP4. In young patients with recent diagnosis
of T2DM, central obesity, and abnormal metabolic profile, one
should consider treatment with GLP-1 analogs that would have
a beneficial effect on weight loss and improve the metabolic
dysfunction. GLP-1 analogs are contraindicated in renal failure.

DPP-4 Inhibitors

Dipeptidyl peptidase 4 inhibitors include sitagliptin, saxagliptin, vidagliptin, linagliptin, and alogliptin. These medications
may be used as single therapy, or in addition with metformin,
sulfonylurea, or TZD. This treatment is similar to the other oral
antidiabetic drugs. The gliptins have not been reported to cause
higher incidence of hypoglycemic events compared with controls.
Dipeptidyl peptidase 4 inhibitors impact postprandial lipid
levels. Treatment with vidagliptin for 4 weeks decreases postprandial plasma triglyceride and apolipoprotein B-48-containing
triglyceride-rich lipoprotein particle metabolism after a fat-rich
meal in T2DM patients who have previously not been exposed
to these medications. In diabetic patients with coronary heart
disease, it was demonstrated that treatment with sitagliptin
improved cardiac function and coronary artery perfusion.
The three most commonly reported adverse reactions in clinical trials with gliptins were nasopharyngitis, upper respiratory
tract infection, and headache. Acute pancreatitis was reported in
a fraction of subjects taking sitagliptin or metformin and sitagliptin. An increased incidence of hypoglycemia was observed in
the sulfonylurea treatment group.
In the elderly, DPP-4 inhibitors lower blood glucose but have
minimal effect on caloric intake and therefore less catabolic

Exenatide. Exenatide, an exendin-4 mimetic with 53% sequence
homology to native GLP-1, is currently approved for T2DM treatment as a single drug in the US and in combination with metformin ± sulfonylurea. Because of its half-life of 2.4 h, exenatide
is advised for twice-daily dosing. Treatment with 10 µg exenatide,
as an add-on to metformin, resulted in significant weight loss
(−2.8 kg) in comparison to patients previously treated with metformin alone. Exenatide is generally well tolerated, with mild-tomoderate gastrointestinal effects being the most common adverse
effect.
Liraglutide. Liraglutide is a GLP-1 analog that shares 97%
sequence identity to native GLP-1. Liraglutide has a long duration of action (24 h). Liraglutide causes 1.5% decrease in A1C
in individuals with type 2 diabetes, when used as monotherapy
or in combination with one or more selected oral antidiabetic
drugs. Liraglutide decreases body weight; the greatest weight
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effect on muscle and total body protein mass. In decreased doses,
DPP-4 inhibitors are considered safe in patients with moderate
to severe renal failure.

at higher costs. Concentrated basal insulin preparations such as
U-500 regular is five times more potent per volume of insulin
(i.e., 0.01 mL ~5 U of U-100 regular) than U-100 regular. U-300
glargine and U-200 degludec are other potent, ultra-long acting
preparations.
If basal insulin contributes to acceptable fasting blood glucose,
but A1C persistently remains above target, mealtime insulin may
be added. Rapid-acting insulin analog (lispro, aspart, or glulisine)
may be used and administered just before meals. The glucose
levels should be monitored before meals and after the injections.
Another approach to control the periprandial glucose excursions
may be to add twice-daily premixed (or biphasic) insulin analogs
(70/30 aspart mix, 75/25 or 50/50 lispro mix). The total present
insulin dose may be computed and then one-half of this amount
may be administered as basal and the other half during mealtime,
the latter split equally between three meals. Regular human insulin and human NPH–Regular premixed formulations (70/30)
are less expensive alternatives to rapid-acting insulin analogs
and premixed insulin analogs, respectively, but their unpredictable pharmacodynamic profiles make them inadequate to cover
postprandial glucose changes.
Sometime, bolus insulin needs to be administered in addition to basal insulin. Rapid-acting analogs are used as bolus
formulations due to their prompt onset of action. Insulin pump
(continuous subcutaneous insulin infusion) may be used instead
to avoid multiple injections. Often, patients and physicians are
reluctant to intensify therapy due to the fear of hypoglycemia,
regimen complexity, and increased multiple daily injections.
There is a need for a flexible, alternative intensification option
taking into account individual patient considerations to achieve
or maintain individual glycemic targets. An ideal insulin regimen should mimic physiological insulin release while providing
optimal glycemic control with low risk of hypoglycemia, weight
gain, and fewer daily injections.
Inhaled insulin (Technosphere insulin-inhalation system,
Afrezza) is now available for prandial use. However, the dosing
range is limited. Use of inhaled insulin requires pulmonary function testing prior to and after starting therapy. It is contraindicated
in subjects with asthma or other lung diseases.
During insulin therapy, sulfonylureas, DPP-4 inhibitors, and
GLP-1 receptor agonists are stopped once more complex insulin
regimens beyond basal insulin are used. In patients with inadequate blood glucose control, especially if requiring escalating
insulin doses, TZDs (usually pioglitazone) or SGLT2 inhibitors
may be added as adjunctive therapy to insulin.
Insulin injections can cause weight gain or loss. Insulin drives
potassium into the cell and can cause hypokalemia. Components
of the insulin preparation have the potential to cause allergy.
Insulin injections, along with the use of other drugs like TZDs,
can precipitate cardiac failure.
Stressful events like illness, surgery, and trauma can impede
glycemic control and may lead to development of DKA or nonketotic hyperosmolar state, life-threatening conditions, which
merits immediate medical attention. Any condition that deteriorates glycemic control necessitates more frequent monitoring of
blood glucose in an inpatient setting; ketosis-prone patients also
require urine or blood ketone monitoring. If accompanied by

SGLT2 Inhibitors

Sodium-glucose cotransporter inhibitors are new classes of
glucosuric agents: canagliflozin, dapagliflozin, and empagliflozin.
SGLT2 inhibitors provide insulin-independent glucose lowering
by blocking glucose reabsorption in the proximal renal tubule by
inhibiting SGLT2 (38).
Because of glucose-independent mechanism of action, these
drugs may be effective in advanced stages of T2DM when pancreatic β-cell reserves are permanently lost. These drugs provide
modest weight loss and blood pressure reduction.
Urinary tract infections leading to urosepsis and pyelonephritis, as well as genital mycosis, may occur with SGLT2 inhibitors.
SGLT2 inhibitors may rarely cause ketoacidosis. Patients should
stop taking their SGLT2 inhibitor and seek medical attention
immediately if they have symptoms of ketoacidosis (frank nausea or vomiting, or even non-specific features like tiredness or
abdominal discomfort).

Insulin

If non-insulin monotherapy like metformin at the maximum
tolerated dose does not achieve or maintain the A1C target over
3 months, then a second oral agent may be added to the regimen,
a GLP-1 receptor agonist, or basal insulin. Insulin therapy (with
or without additional agents) should be introduced in patients
with newly identified T2DM and frankly symptomatic (catabolic
features like weight loss, ketosis or features of hyperglycemia
including polyuria/polydipsia) and/or severely elevated blood
glucose levels [≥300–350 mg/dL (16.7–19.4 mmol/L)] or A1C
[≥10–12%] (11).
The clinical picture of T2DM and its therapies should be
regularly and objectively elaborated to patients. Many subjects
with T2DM shall require insulin therapy sometime during the
course of the disease. For patients with T2DM with inadequate
target glycemic goals, insulin therapy should not be postponed.
Providers should advocate insulin as a therapy in a complete nonjudgmental, empathetic, and non-punitive approach to ensure
superior quality of adherence. Self-monitoring of blood glucose
(SMBG) (discussed below) contributes to significant improvement of glycemic control in patients with T2DM initiating
insulin. Close and frequent monitoring of the patient is needed
for any dose titration to achieve target glycemic goals, as well as
to prevent hypoglycemia.
Basal insulin is the initial insulin regimen, beginning at 10 U or
0.1–0.2 U/kg, depending on the hyperglycemia severity (titrating
by 2–3 U every 4–7 days till glycemic goal is reached). Use of basal
insulin greater than 0.5 U/kg indicates the need for use of an additional agent. Basal insulin is usually added to oral metformin and
possibly one additional non-insulin agent like DPP-4 or SGLT-2
inhibitor. NPH (neutral protamine Hagedorn) insulin carries
low risk of hypoglycemia in individuals without any significant
past history, and is low cost. Newer, longer acting, basal insulin
analogs have superior pharmacodynamic profiles, delayed onset
and longer duration of action but low risk of hypoglycemia, albeit
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ketosis, vomiting, or altered mental status, marked hyperglycemia
requires hospital admission. The patient treated with non-insulin
therapies or medical nutrition therapy alone may require insulin.
Patient must be aggressively hydrated and infections should be
controlled.
Without adequate treatment, prolonged hyperglycemia can
cause glucose toxicity that can progressively impair insulin
secretion. Initiation of insulin therapy is critical to reverse the
toxic effect of high blood glucose levels on the pancreas. Once
persistent glycemic control is achieved, insulin can be tapered
off and replaced with oral medications. At some point in the
management of T2DM, β-cell reserves are exhausted, with
phenotypic reversal to a T1DM kind of pathophysiological situation. Meticulous follow-up may identify such states and then the
need for continued reliance on insulin therapy may be carefully
explained to the patients.
Weight gain can raise a barrier to the use of insulin in
T2DM. In the United Kingdom Prospective Diabetes Study
(UKPDS) study, patients gained 6 kg with insulin therapy, when
compared with 1.7–2.6 kg weight gain with sulfonylureas (39).
More recently, the combination of GLP-1 receptor agonists and
insulin has been useful in tackling the weight gain associated
with insulin and circumventing the need for high doses in the
presence of significant insulin resistance. Lipoatrophy with
insulin injections is not seen now; however, lipohypertrophy
due to failure to change the subcutaneous injection sites is still
a common cause of poor insulin absorption and suboptimal
glycemic control.
In the Action to Control Cardiovascular Risk in Diabetes
trial, aggressive treatment of T2DM patients with higher CV risk
was associated with higher all-cause and CV mortality. Post hoc
analyses could not find correlation with faster rates of reduction
of glucose, hypoglycemia, or specific drugs as the causes underlying this finding. Exposure to injected insulin was hypothesized
to increase CV mortality. However, after adjustment for baseline
covariates, no significant association of insulin dose with CV
death remained (40). Older patients with cognitive dysfunction
may not benefit from intensive therapy. Furthermore, hypoglycemia in the elderly may cause cardiac ischemia, arrhythmia,
myocardial infarction, and sudden death (41).

lower doses with less frequency), with the safest profile being that
of glimepiride.
Hypoglycemia is the major side effect of all sulfonylureas,
while minor side effects such as headache, dizziness, nausea,
hypersensitivity reactions, and weight gain are also common.
Sulfonylureas are contraindicated in patients with hepatic
and renal diseases and are also contraindicated in pregnant
patients due to the possible prolonged hypoglycemic effect
to infants. Drugs that can prolong the effect of sulfonylureas
such as aspirin, allopurinol, sulfonamides, and fibrates must be
used with caution to avoid hypoglycemia. Moreover, other oral
antidiabetic medications or insulin can be used in combination
with sulfonylurea and can substantially increase the risk of
hypoglycemia.
Patients on beta-adrenergic antagonists for the management of
hypertension can have hypoglycemia unawareness. Sulfonylureas
should be used with caution in subjects receiving beta blockers.

Meglitinide

Meglitinides (repaglinide and nateglinide) are non-sulfonylurea
secretagogues, which was approved as treatment for T2DM in
1997. Meglitinide shares the same mechanism as that of sulfonylureas; it also binds to the sulfonylurea receptor in β-cells of
the pancreas. However, the binding of meglitinide to the receptor
is weaker than sulfonylurea, and thus considered short-acting
insulin secretagogues, which gives flexibility in its administration. Also, a higher blood sugar level is needed before it can
stimulate β-cells’ insulin secretion, making it less effective than
sulfonylurea. Rapid-acting secretagogues (meglitinides) may
be used in lieu of sulfonylureas in patients with irregular meal
schedules or those who develop late postprandial hypoglycemia
while using a sulfonylurea.

Thiazolidinedione

Like biguanides, TZDs improve insulin action. Rosiglitazone
and pioglitazone are representative agents. TZDs are agonists of
PPAR and facilitate increased glucose uptake in numerous tissues including adipose, muscle, and liver. Mechanisms of action
include diminution of free fatty acid accumulation, reduction in
inflammatory cytokines, rising adiponectin levels, and preservation of β-cell integrity and function, all leading to improvement of
insulin resistance and β-cell exhaustion. However, there are high
concerns of risks overcoming the benefits. Namely, combined
insulin-TZD therapy causes heart failure. Thus, TZDs are not
preferred as first-line or even step-up therapy.

Sulfonylureas

Sulfonylureas lower blood glucose level by increasing insulin
secretion in the pancreas by blocking the KATP channels. They
also limit gluconeogenesis in the liver. Sulfonylureas decrease
breakdown of lipids to fatty acids and reduce clearance of insulin
in the liver (42). Sulfonylureas are currently prescribed as secondline or add-on treatment options for management of T2DM.
They are divided into two groups: first-generation agents, which
includes chlorpropamide, tolazamide, and tolbutamide, and
second-generation agents, which includes glipizide, glimepiride,
and glyburide. The first-generation sulfonylureas are known to
have longer half-lives, higher risk of hypoglycemia, and slower
onset of action, as compared to second-generation sulfonylureas.
Currently, in clinical practice, second-generation sulfonylureas
are prescribed and more preferred over first-generation agents
because they are proven to be more potent (given to patients at
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Other Glucose-Lowering Pharmacologic Agents

Pramlintide, an amylin analog, is an agent that delays gastric
emptying, blunts pancreatic secretion of glucagon, and enhances
satiety. It is a Food and Drug Administration (FDA)-approved
therapy for use in adults with T1DM. Pramlintide induces weight
loss and lowers insulin dose. Concurrent reduction of prandial
insulin dosing is required to reduce the risk of severe hypoglycemia. Other medications that may lower blood sugar include
bromocriptine, alpha-glucosidase inhibitors like voglibose and
acarbose, and bile acid sequestrants like colesevelam. It may be
noted that metformin sequesters bile acids in intestinal lumen and
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thus has a lipid-lowering effect, also the same mechanism may
contribute to gas production and gastrointestinal disturbances.

meeting treatment goals; for patients who are far from their glycemic goals, HbA1C testing may be performed more frequently.

Pharmacologic Management of Diabetes
Complications

SUMMARY/CONCLUSION
Type 2 diabetes mellitus is one of the leading causes of renal failure, ASCVD, non-traumatic lower limb amputation, blindness,
and death worldwide. It is a serious chronic medical condition
that requires a multidisciplinary team approach, consisting of
healthcare professionals, dietitians, patient educators, patients,
and their families. Lifestyle intervention designed to manage
body weight and treat obesity, as well as patient education, are
essential for all patients with diabetes. Treatment options may
be individualized and medication(s) chosen based on a patient’s
risk factors, current HbA1C level, medication efficacy, ease of use,
patient’s financial situation/insurance/costs, and risk of side effects
such as hypoglycemia and weight gain. Effectiveness of therapy
must be evaluated as frequent as possible using diagnostic blood
tests (HbA1C), as well as monitoring for development of diabetic
complications (e.g., retinopathy, nephropathy, neuropathy).
Furthermore, aggressive efforts from physicians and motivating
patients for compliance are the two important aspects of the
prevention and management of diabetes. Sociocultural issues
should be carefully considered. For example, during religious
fasting (e.g., during the holy month of Ramadan), the use of pharmacologic agents that induce hypoglycemia should be used with
care and insulin doses (for example, premix formulations) should
be appropriately titrated and the patient should be educated for
blood glucose monitoring and breaking of fast as needed (43).
By the year 2030, >70% of people with T2DM shall reside in
developing countries (44). Primary prevention of T2DM should
be an urgent public health policy. The disease predominantly
affects working-age people and therefore has a counterproductive economic impact, compounded by the frequent occurrence
and interaction of T2DM with infectious diseases (such as AIDS
and tuberculosis) (45). Evidence from landmark T2DM prevention trials indicates that lifestyle modification is more effective,
cheaper, and safer than medication and provides sustained
benefits. Lifestyle modification may be promising approach to
T2DM prevention in developing countries. This will be useful
for many ethnic groups in the U.S. as well, such as South Asian,
Latino, Pima Indians, and African-American populations, which
may face socioeconomic challenges similar to what is seen in
developing countries. Cost-contained strategies to identify atrisk individuals, followed by the implementation of group-based,
inexpensive lifestyle interventions (“comfortably uncomfortable”
life, as lived by people in blue zones), seem to be the best options
for resource-constrained settings. T2DM pathophysiology is
increasingly understood as a mix of insulin resistance and secretory defects of β-cells (46).
Several options for pharmacologic therapy of lowering blood
glucose are currently available, which have revolutionized longterm management of DM (47). Several antidiabetic drugs may
have important CV complications, which the provider team
should always be aware (48). The polypharmacy issues, management of diabetes, as well as hypertension, hyperlipidemia, and
use of aspirin should be carefully explained to patients to ensure

Important components of the Standards of Medical Care in
Diabetes involves taking care of complications of diabetes and
comorbidities including hypertension, atherosclerotic cardiovascular disease (ASCVD), dyslipidemia, hypercoagulopathy,
endothelial cell dysfunction, nephropathy, and retinopathy.
CVD is the most important cause of morbidity and mortality in
patients with diabetes. The currently recommended goal blood
pressure is ≤140/80 for patients with diabetes and hypertension. Angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers are the preferred antihypertensive medication
(2). Optimal blood pressure and blood glucose control can
effectively delay the progression of nephropathy and retinopathy in these patients. Patients with existing CVD should
be continuously managed with aspirin, including providing
primary prevention in subjects less than 50 years old. Patients
with diabetes are also recommended to undergo annual lipid
profile measurement, and those diagnosed with hyperlipidemia
should be treated with statins with a low-density lipoprotein
goal of <70 mg/dL (2). Moreover, it should be noted that an
important aspect in the success of pharmacotherapy is patient’s
adherence and compliance to medications; therefore, close
and regular patient follow-up, monitoring, and education are
necessary.

Glucose Monitoring

Self-monitoring of blood glucose and HbA1C are integral components of the standards of care in diabetes. They are designed to
assess the effectiveness of a treatment plan and provide guidance
in selecting appropriate medications and dosage/s (2). SMBG
allows patients to assess their own response to medication,
minimize the risk of hypoglycemia, and determine whether
they are achieving glycemic control. Optimal glycemic control is
achieved when FPG is 70–130 mg/dL, 2 h post prandial <180 mg/
dL, and bedtime glucose is 90–150 mg/dL. However, testing six
to eight times daily may burden patients and may result in noncompliance. Therefore, it is recommended to ensure that patients
are properly instructed and are given regular evaluation and
follow-up.
Self-monitoring of blood glucose is essential in patients with
diabetes who are on intense insulin regimen (three to four injections of basal and prandial or insulin pump). It monitors and
prevents hyperglycemia and possible side effect of hypoglycemia.
Blood glucose level is usually checked prior to meals, prior to
exercise, prior to driving, and at bedtime. Evidence is insufficient
to prescribe SMBG for patients not receiving an intensive insulin
regimen (26).
According to the current guideline, HbA1C level should be
assessed regularly in all patients with diabetes. The frequency of
HbA1C testing is flexible and depends primarily on the response
of patients to therapy and the physician’s judgment. HbA1C
testing is performed at least every 6 months for patients who are
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adherence to therapy to prevent significant CV morbidity and
mortality. Careful attention should be paid to development of
insulinopenic states by clinical assessment of C peptide and lack
of control of HbA1C with multiple medications, and complete
lack of secreted insulin conditions should be treated by initiation
of appropriate insulin regimens. Every clinical encounter should
also be utilized to explain the benefit of weight loss and motivated
for such. Even though not yet conclusive, clinical trial and data
support consideration of bariatric surgery as a possible strategy
to monitor blood glucose levels and body weight, especially in
morbid obesity (49). Balanced hypocaloric diets that cause weight
loss must be adopted, and regular interactions with dietitian is
a useful approach. Aerobic training and resistance training can
control increasing lean mass in middle-aged and overweight/
obese individuals. Behavioral strategies for weight loss should be
encouraged in primary care settings and appropriate maintenance
of body weight prior to conception may help after development of
gestational diabetes. Weight loss may be particularly challenging
for incapacitated patients and subjects with disabilities, so comprehensive approaches should be undertaken. Newer molecular
studies have demonstrated the transcriptional link between
inflammatory pathways and increased adipose tissue storage,
contributing to insulin resistance (50). Drug repurposing of the

anti-inflammatory agent for aphthous stomatitis, amlexanox, is
currently undergoing trials as newer agents for management of
diabetes (51).
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Type 2 diabetes mellitus (T2DM) is a global pandemic, as evident from the global
cartographic picture of diabetes by the International Diabetes Federation (http://www.
diabetesatlas.org/). Diabetes mellitus is a chronic, progressive, incompletely understood
metabolic condition chiefly characterized by hyperglycemia. Impaired insulin secretion,
resistance to tissue actions of insulin, or a combination of both are thought to be the
commonest reasons contributing to the pathophysiology of T2DM, a spectrum of disease originally arising from tissue insulin resistance and gradually progressing to a state
characterized by complete loss of secretory activity of the beta cells of the pancreas.
T2DM is a major contributor to the very large rise in the rate of non-communicable diseases affecting developed as well as developing nations. In this mini review, we endeavor
to outline the current management principles, including the spectrum of medications
that are currently used for pharmacologic management, for lowering the elevated blood
glucose in T2DM.
Keywords: diabetes, clinical management, chronic, insulin, primary care

INTRODUCTION
Diabetes mellitus (DM) is a complex chronic illness associated with a state of high blood glucose
level, or hyperglycemia, occurring from deficiencies in insulin secretion, action, or both. The chronic
metabolic imbalance associated with this disease puts patients at high risk for long-term macro- and
microvascular complications, which if not provided with high quality care, lead to frequent hospitalization and complications, including elevated risk for cardiovascular diseases (CVDs) (1). The clinical
diagnosis of diabetes is reliant on either one of the four plasma glucose (PG) criteria: elevated (i) fasting plasma glucose (FPG) (>126 mg/dL), (ii) 2 h PG during a 75-g oral glucose tolerance test (OGTT)
(>200 mg/dL), (iii) random PG (>200 mg/dL) with classic signs and symptoms of hyperglycemia, or
(iv) hemoglobin A1C level >6.5%. Recent American Diabetes Association (ADA) guidelines have
advocated that no one test may be preferred over another for diagnosis. The recommendation is to
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test all adults beginning at age 45 years, regardless of body weight,
and to test asymptomatic adults of any age who are overweight or
obese, present with a diagnostic symptom, and have at least an
additional risk factor for development of diabetes.
Furthermore, a condition called prediabetes or impaired
fasting glucose (IFG), in which the fasting blood glucose is
raised more than normal but does not reach the threshold to
be considered diabetes (110–126 mg/dL), predisposes patients
to diabetes, insulin resistance, and higher risk of cardiovascular
(CV) and neurological pathologies (2, 3). Type 2 diabetes mellitus (T2DM) can co-occur with other medical conditions, such
as gestational diabetes occurring during the second or third trimester of pregnancy or pancreatic disease associated with cystic
fibrosis. T2DM may also be iatrogenically induced, e.g., by use
of glucocorticoids in the inpatient setting or use of highly active
antiretroviral agents like protease inhibitors and nucleoside
reverse transcription inhibitors in HIV-positive individuals (4).
Chemical diabetes or impaired glucose tolerance (IGT) may also
develop with the use of thiazide diuretics, atypical antipsychotic
agents, and statins (5, 6).
Type 2 diabetes mellitus is a common and increasingly
prevalent disease and is thus a major public health concern
worldwide. The International Diabetes Federation estimates
that there are approximately 387 million people diagnosed with
diabetes across the globe (7). According to Centers for Disease
Control and Prevention, in 2012, 29.1 million adults, or 9.3%
of the population, were identified with diabetes in the United
States (US). Also in the same year, 86 million people had prediabetes condition and 15–30% of them developed into full-blown
diabetes (8). In general, 1.4 million newly diagnosed cases in
the US are being reported every year. If this trend continues,
it is projected that in 2050 one in three Americans will have
diabetes. Patients with diabetes have increased risk of serious
health complications including myocardial infarction, stroke,
kidney failure, vision loss, and premature death. Diabetes, with
its associated side effects, remains the seventh leading cause of
mortality in the US. The World Health Organization estimates
that by 2030, mortality related to diabetes will double in number
if not given deliberate attention (9). In addition, epidemiological
studies report that diabetes causes more deaths in Americans
every year compared to breast cancer and acquired immunodeficiency syndrome (AIDS) combined (10). The increasing trend in
the incidence and prevalence of diabetes is worrisome and poses
a great burden on medical costs and in our current healthcare
system.
The ADA has released a range of recommendations called
Standards of Medical Care in Diabetes to improve diabetes outcomes. The recommendations include cost-effective screening,
diagnostic and therapeutic strategies to prevent, delay, or effectively manage T2DM and its life-threatening complications (11).
Per recommendations of ADA and other organizations, modern
approaches to diabetes care should involve a multidisciplinary
team of health professionals working in tandem with the patient
and the family (2). The primary aim of these approaches is to
obtain optimal glycemic control through dietary and lifestyle
modifications and appropriate medications along with regular
blood glucose level monitoring. The burden of diabetes can
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be potentially reduced if the standard of care is implemented
as well as patients’ compliance and participation is clinically
implemented.
The traditional presentations of T2DM occurring only in
adults and type 1 diabetes mellitus (T1DM) only in children are
not entirely correctly representative, as both diseases occur in
both age groups. Occasionally, patients with T2DM may develop
the morbid complication of diabetic ketoacidosis (DKA) (12).
Children with T1DM typically present with polyuria and polydipsia and approximately one-third of them present with DKA,
which may also be the first presenting feature (12). The onset of
T1DM may be variable in adults, and they may not present with
the classic symptoms that are seen in children. The true diagnosis
may become apparent with disease progression. The heterogeneity of the presentations should be kept in mind while caring for
the patient with T2DM.
The scope of this review encompasses current clinical guidelines on the pharmacological management of T2DM.

CLINICAL DIAGNOSIS OF TYPE 2
DIABETES
Diabetes may be identified in low-risk individuals who have
spontaneous glucose testing during routine primary clinical
care, in individuals examined for diabetes risk assessment, and
in frankly symptomatic patients. Early diagnosis of T2DM can be
accomplished through blood tests that measure PG levels. FPG is
the most common test to detect diabetes: a level of ≥126 mg/dL
or 7.0 mmol/L confirmed by repeating the test on another clinic
visit effectively diagnoses the disease. This test requires fasting
for at least the previous 8 h and generates enhanced reliability
when blood is drawn in the morning. Another criterion is the 2 h
PG of ≥200 mg/dL or 11.1 mmol/L in a patient presenting with
the traditional symptoms of diabetes such as polyuria, polydipsia, and/or unexplained weight loss. A positive 2-h OGTT will
show a PG level of ≥200 mg/dL or 11.1 mmol/L after a glucose
load containing 75 g of glucose solution in water. Two-hour PG
OGTT is not commonly used in the clinic because, although it
is more sensitive than FPG test, it is less convenient and more
expensive for patients. Additionally, this test holds less relevance
in routine follow-ups after confirmed diagnosis of diabetes is
obtained.
In the past, the glycated hemoglobin (HbA1C) test was used
mainly to monitor the adequacy of glycemic management and has
strong predictive value for diabetes complications (13). HbA1C
is a chronic marker of hyperglycemia and reflects patient’s blood
glucose level over a period of 3–4 months, coinciding with the
lifespan of the red blood cells (RBCs). However, in 2009 after
its standardization, the International Expert Committee recommended it to be used in diagnosing T2DM but not in T1DM and
gestational diabetes (2). HbA1C level is reported in percentages,
and a normal level is below 5.7%. The main advantage of the
HbA1C test over other blood glucose tests is the convenience it
offers to patients; it does not require fasting and can be done at
any time of the day. However, this test is more expensive and may
not be readily available in certain locations, which may limit its
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usefulness (14, 15). HbA1C may be inaccurate in conditions such
as anemia, hemolysis, and other hemoglobinopathies like sickle
cell disease and hemoglobin (Hb) variants like HbC, HbE, and
HbD, as well as elevated fetal hemoglobin. Thus, HbA1C assay
in people of South Asian, Mediterranean, or African origin merit
taking these issues into account (16). In conditions associated
with increased RBC breakdown, such as in the advanced trimesters of pregnancy, recent hemorrhage, intravascular hemolysis
or transfusion or erythropoietin treatment, only blood glucose
estimation should be used to diagnose diabetes. There are limited
data supporting the use of A1C in diagnosing T2DM in children
and adolescents. Although A1C is not routinely suggested for
diagnosis of diabetes in children with cystic fibrosis or symptoms
that portend development of acute onset of T1DM, the ADA
recommends HbA1C for diagnosis of T2DM in children and
adolescents.
In order to accurately diagnose diabetes and in the absence of
frank hyperglycemia (PG > 200 mg/dL) or hyperglycemic crisis,
it is useful to repeat the same diagnostic test for confirmation.
In situations where there are two different tests with conflicting
results, the test which is positive should be repeated and a diagnosis of diabetes is made after a confirmatory test has been done (2).
For individuals whose test result/s returned negative for diabetes,
repeat testing at 3-year intervals is suggested (17).
The ADA and American Association of Clinical
Endocrinologists recommend screening for prediabetes beginning at age 45 years or earlier for asymptomatic individuals with
strong risk factors such as obesity (BMI ≥ 25 kg/m2), hypertension and family history (first degree relative with diabetes) (18).
IFG level of 100–125 mg/dL (5.6–6.9 mmol/L), IGT with a 2-h
OGTT PG level between 140 and 199 mg/dL (7.9–11.0 mmol/L),
or an HbA1C of 5.7–6.4% indicates prediabetes. Patients with
an HbA1C level of >6% are considered high risk of developing
diabetes, and early detection is necessary to prevent adverse outcomes. Patients diagnosed with prediabetes can be retested after
a year; however, without proper intervention 70% of individuals
diagnosed with prediabetes are most likely to progress to diabetes
in 10 years or even less, depending on their risk factors (18). It
is also important to note that prediabetes may be associated
with obesity, dyslipidemia, and hypertension; therefore, lifestyle
changes such as healthy diet, physical activity, and cessation of
smoking, in addition to the introduction of pharmacological
agents, are deemed important to stop or delay the timeline of
development of diabetes.

Lifestyle Measures

CLINICAL MANAGEMENT OF TYPE 2
DIABETES

Pharmacologic Management

Clinical trials have shown that lifestyle modifications are costeffective in preventing or delaying the onset of diabetes, with
approximately 58% reduction in risk in 3 years (19). It is highly
recommended by the ADA that patients with IGT, IFG or HbA1C
level of 5.7–6.4% be counseled on lifestyle changes such as diet
and exercise. On the other hand, for patients who are already
diagnosed with diabetes, nutrition advice provided by a registered
dietitian is recommended. A goal of moderate weight loss (≈7%
of body weight) is an important component in the prevention and
treatment of diabetes, as it can improve blood glucose levels, and
can also positively impact blood pressure and cholesterol levels
(19). Weight loss can be achieved through a healthy balanced diet,
with control of total calories and free carbohydrates. However,
for patients with diabetes adhering to a low carbohydrate diet,
they should be informed on possible side effects such as hypoglycemia, headache and constipation (20). Other studies have
suggested consumption of complex dietary fiber and whole grains
to improve glycemic control (2, 21).
Studies show that exercise can improve glycemic control
(lower HbA1C level by 0.66%), with or without significant
decrease in body weight, and improve the total well-being of
patients (22). It is considered an integral part in the prevention
and management of both prediabetes and diabetes. According
to the U.S. Department of Health and Human Services, adults
≥18 years of age should do a minimum of 150 min/week of
moderate intensity exercise (e.g., walking at a 15- to 20-min mile
pace) or 75 min/week of vigorous physical activity (e.g., running,
aerobics) spread over at least 3 days/week with no more than two
consecutive days without exercise to achieve maximum benefits
(2, 18). For patients ≤18 years old, 60 min of physical activity
every day is adequate.
Other lifestyle measures that need to be considered in the
treatment plan for patients with diabetes are moderate alcohol
consumption (≤1 drink for women, ≤2 drinks/men) and reduction in sodium intake especially in patients with comorbidities
such as hypertension, habitual tobacco use, and lacking immunizations (influenza, diphtheria, pertussis, tetanus, pneumococcal,
and hepatitis B). Consumption of alcohol, especially in a fasted
state, can precipitate life-threatening hypoglycemia and coma
and should be explicitly counseled to patients during their visits
(23). Moreover, patient education, counseling, and psychosocial
support are very important to successfully combat the deleterious
effects of diabetes.

An “ominous octet” that leads to hyperglycemia, which occur
in isolation or in combination, has been proposed for eight
pathophysiological mechanisms underlying T2DM (24). These
include (i) reduced insulin secretion from pancreatic β-cells, (ii)
elevated glucagon secretion from pancreatic α cells, (iii) increased
production of glucose in liver, (iv) neurotransmitter dysfunction
and insulin resistance in the brain, (v) enhanced lipolysis, (vi)
increased renal glucose reabsorption, (vii) reduced incretin effect
in the small intestine, and (viii) impaired or diminished glucose
uptake in peripheral tissues such as skeletal muscle, liver, and

Comprehensive care for a patient with diabetes requires an
initial evaluation of the patient’s risk factors, the presence or
absence of diabetes complications, and initial review of previous treatment/s (2). This will enable the healthcare providers to
optimally manage patients with either prediabetes or diabetes.
The cornerstones of diabetes management include lifestyle
intervention along with pharmacological therapy and routine
blood glucose monitoring.
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adipose tissue. Currently available glucose-lowering therapies
target one or more of these key pathways.
Good glycemic control remains the main foundation of
managing T2DM. Such approaches play a vital role in preventing
or delaying the onset and progression of diabetic complications.
It is important that a patient-centered approach should be used
to guide the choice of pharmacological agents. The factors to be
considered include efficacy, cost, potential side effects, weight
gain, comorbidities, hypoglycemia risk, and patient preferences.
Pharmacological treatment of T2DM should be initiated when
glycemic control is not achieved or if HbA1C rises to 6.5% after
2–3 months of lifestyle intervention. Not delaying treatment and
motivating patients to initiate pharmacotherapy can considerably
prevent the risk of the irreversible microvascular complications
such as retinopathy and glomerular damage (25). Monotherapy
with an oral medication should be started concomitantly with
intensive lifestyle management.
The major classes of oral antidiabetic medications include
biguanides, sulfonylureas, meglitinide, thiazolidinedione (TZD),
dipeptidyl peptidase 4 (DPP-4) inhibitors, sodium-glucose
cotransporter (SGLT2) inhibitors, and α-glucosidase inhibitors.
If the HbA1C level rises to 7.5% while on medication or if the
initial HbA1C is ≥9%, combination therapy with two oral agents,
or with insulin, may be considered (2, 26). Though these medications may be used in all patients irrespective of their body weight,
some medications like liraglutide may have distinct advantages
in obese patients in comparison to lean diabetics (see below).
A schematic of currently approved medications for T2DM is
summarized in Table 1. A flowchart for guiding clinical decision
making is presented in Figure 1.

unmetabolized in the body and is widely distributed into different tissues such as intestine, liver, and kidney. The primary route
of elimination is via kidney. Metformin is contraindicated in
patients with advanced stages of renal insufficiency, indicated by
a glomerular filtration rate (GFR) <30 mL/min/1.73 m2 (32). If
metformin is used when GFR is significantly diminished, the dose
should be reduced and patients should be advised to discontinue
the medication if nausea, vomiting, and dehydration arises from
any other cause (to prevent ketoacidosis). It is important to assess
renal function prior to starting this medication.
Metformin has an excellent safety profile, though may cause
gastrointestinal disturbances including diarrhea, nausea, and
dyspepsia in almost 30% of subjects after initiation. Introduction
of metformin at low doses often improve tolerance. Extended
release preparations seldom cause any gastrointestinal issues. Very
rarely, metformin may cause lactic acidosis, mainly in subjects
with severe renal insufficiency. Another potential problem arising
from the use of metformin is the reduction in the drug’s efficiency
as diabetes progresses. Metformin is highly efficient when there
is enough insulin production; however, when diabetes reaches
the state of failure of β-cells and resulting in a type 1 phenotype,
metformin loses its efficacy.
Metformin can cause vitamin B12 and folic acid deficiency
(33). This needs to be monitored, especially in elderly patients.
Though very rare, in patients with metformin intolerance or
contraindications, an initial drug from other oral classes may
be used. Although trials have compared dual therapy with
metformin alone, few directly compare drugs as add-on therapy.
A comparative effectiveness meta-analysis suggests that overall
each new class of non-insulin medications introduced in addition
to the initial therapy lowers A1C around 0.9–1.1%. An ongoing
Glycemia Reduction Approaches in Diabetes: A Comparative
Effectiveness Study (GRADE) has compared the effect of four
major drug classes (sulfonylurea, DPP-4 inhibitor, GLP-1 analog,
and basal insulin) over 4 years on glycemic control and other psychosocial, medical, and health economic outcomes (34). Though
it will be a welcome development for introduction of oral agents
for metformin for gestational diabetes, current FDA regulations
do not support it.

Biguanide

The discovery of biguanide and its derivatives for the management of diabetes started in the middle ages. Galega officinalis, a
herbaceous plant, was found to contain guanidine, galegine, and
biguanide, which decreased blood glucose levels (31). Metformin
is a biguanide that is the main first-line oral drug of choice in the
management of T2DM across all age groups. Metformin activates
adenosine monophosphate-activated protein kinase in the liver,
causing hepatic uptake of glucose and inhibiting gluconeogenesis
through complex effects on the mitochondrial enzymes (31).
Metformin is highly tolerated and has only mild side effects, low
risk of hypoglycemia and low chances of weight gain. Metformin
is shown to delay the progression of T2DM, reduce the risk of
complications, and reduce mortality rates in patients by decreasing hepatic glucose synthesis (gluconeogenesis) and sensitizing
peripheral tissues to insulin (31). Furthermore, it improves
insulin sensitivity by activating insulin receptor expression and
enhancing tyrosine kinase activity. Recent evidence also suggest
that metformin lowers plasma lipid levels through a peroxisome
proliferator-activated receptor (PPAR)-α pathway, which prevents CVDs (31). Reduction of food intake possibly occurs by
glucagon-like peptide-1 (GLP-1)-mediated incretin-like actions.
Metformin may thus induce modest weight loss in overweight
and obese individuals at risk for diabetes.
Once ingested, metformin (with a half-life of approximately
5 h) is absorbed by organic cation transporters and remains
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Incretin Mimetics

Incretin effect is the difference in insulin secretory response
from an oral glucose load in comparison to glucose administered
intravenously. The incretin effect is responsible for 50–70% of
total insulin secretion after oral glucose intake (35). The two
naturally occurring incretin hormones that play important roles
in the maintenance of glycemic control: glucose-dependent
insulinotropic polypeptide (GIP, or incretin) and glucagon-like
peptide (GLP-1); these peptides have a short half-life, as these
are rapidly hydrolyzed by DPP-4 inhibitors within 1½ min. In
patients with T2DM, the incretin effect is reduced or absent. In
particular, the insulinotropic action of GIP is lost in patients with
T2DM. Incretins decrease gastric emptying and causes weight
loss. Because of impact on weight loss, these medications may
find increasing use in diabesity.
Targeting the incretin system has become an important
therapeutic approach for treating T2DM. These two drug classes
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Representative
agents

Mechanism of action

T1/2 and
metabolism

HbA1C
reduction
(%)

Risk of
hypoglycemia

Effect
on body
weight

Metabolic
alterations

Cardiovascular
(CV) benefit and
risk

Other adverse effects/
additional comments

Biguanide (o)

Metformin

Insulin sensitizer
Numerous effects on
inhibition of hepatic
glucose production

5 h; unmetabolized,
renal excretion

1–2

None

Mild
weight
loss
due to
anorectic
effect

Lactic acidosis
(very rare)
May cause
nausea/vomiting
or diarrhea after
introduction,
which may result
in electrolyte or
pH alterations

Reduce MI by 39% Vitamin B12 deficiency, which
and coronary deaths may cause anemia and
by 50% (UKPDS)
neuropathy (risk in elderly)
Very safe drug, but stop
metformin if creatinine
>1.5 mg/dL in males and
>1.4 mg/dL in females

Dipeptidyl peptidase
4 (DPP-IV)
inhibitor (o)

Sitagliptin
Saxagliptin
Vidagliptin
Linagliptin
Alogliptin

Inhibition of degradation
of GLP

Excreted by kidneys
(except linagliptin)
(needs dose reduction
in renal failure)

0.5–0.8

Low

Pancreatitis
Long-term trials
Upper RTI infection
to assess CV
risk; decreases
postprandial lipemia,
however, may cause
CHF by degradation
of BNP

Sodium-glucose
cotransporter
(SGLT2) inhibitor (o)

Canagliflozin
Dapagliflozin

Glucosuria due to
blocking (90%) of
glucose reabsorption
in renal PCT; insulinindependent mechanism
of action

Low

Positive CV effect
due to reduction
of sodium and uric
acid absorption and
reduction of BP

Ketoacidosis (rare)
Genital mycosis
May increase LDLc
Bone fractures

Insulin (p)

Short-acting
Regular (R) (Humulin R,
Novolin R)
Intermediate
NPH (N)
Long-acting
Insulin glargine (Lantus)
Insulin detemir
(Levemir)
Insulin degludec
(Tresiba)
Rapid-acting
Humalog (Lispro)

HF if used in
combination with
thiazolidinediones
(TZD)

Lipoatrophy and
lipohypertrophy at sites of
injection
Allergy to injection
components
Levemir Food and Drug
Administration -approved for
gestational diabetes mellitus

5

Class of
antidiabetic
medication (route
of administration)
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Table 1 | Pharmacological agents for glycemic control.

Empagliflozin

Activation of insulin
receptors and
downstream signaling in
multiple sensitive tissues

Prominent

Weight
gain

(Continued)
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1–2.5
30 min-1 r (onset of
action)
Peak 2–5 h
Duration of action 8 h
1.5–4 h (onset of
action)
Peak 4–12 h
Duration of action 24 h
0.8–4 h (onset of
action)
Peak minimal
Duration of action 24 h
10–30 min (onset of
action)

Chaudhury et al.
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Table 1 | Continued
Class of
antidiabetic
medication (route
of administration)

Representative
agents

Mechanism of action

T1/2 and
metabolism

Risk of
hypoglycemia

Effect
on body
weight

0.5–1.5

No [risk if used
in combination
with
sulfonylureas
(SU)]

Prominent
(severe in renal
failure)

Metabolic
alterations

Other adverse effects/
additional comments

24 h
4–6 h (short acting)
7 days (long acting,
extended release)
7 days

GLP-1 agonists (p)

Liraglutide
Exenatide
Dulaglutide

Activate GLP1 receptor
Increased insulin
secretion, decreased
glucagon, delayed gastric
emptying, increased
satiety

Weight
loss

Reduce CV risk

Nausea, vomiting,
pancreatitis, C cell tumor of
thyroid (contraindicated in
MEN type 2)

SU (o)

Glimepiride
Glipizide
Glyburide

Insulin secretion

1–2

Weight
gain

Increased
cardiovascular
disease risk,
mainly due to
hypoglycemia

Use beta-blockers with
caution

TZD (o)

Rosiglitazone
Pioglitazone

True insulin sensitizer

0.5–1.4

Weight
gain

Cardiac failure,
pedal edema

Bladder cancer; fractures

O, oral; p, parenteral; iv, intravenous; sc, subcutaneous.
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Cardiovascular
(CV) benefit and
risk

Peak 30 min–3 h
Duration of action
3–5 h
5–15 min (onset of
action)
Peak dual
Duration of action
10–16 h
30–60 min (onset of
action)
Peak dual
Duration of action
10–16 h

Novolog (Aspart)
Glulisine (Apidra)
Pre-mixed
75% insulin lispro
protamine/25% insulin
lispro (Humalog Mix
75/25)
50% insulin lispro
protamine/50% insulin
lispro (Humalog Mix
50/50)
70% insulin lispro
protamine/30% insulin
aspart (Novolog 70/30)
70% NPH insulin/30%
regular

6

HbA1C
reduction
(%)

Chaudhury et al.
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Figure 1 | Flow chart depicting an algorithm for use of drug regimen in treating diabetes mellitus Several concepts presented here are adapted
from American Diabetes Association/European Association for the Study of Diabetes (27–30). Medications in green, causes weight loss; in red, causes
weight gain.

include GLP-1 receptor agonists and DPP-4 inhibitors. Clinical
data have revealed that these therapies improve glycemic control
while reducing body weight (specifically, GLP-1 receptor agonists) and systolic blood pressure in patients with T2DM (36).
Furthermore, hypoglycemia is low (except when used in combination with a sulfonylurea) because of their glucose-dependent
mechanism of action.

loss resulted from treatment with liraglutide in combination
with combined metformin/sulfonylurea (−3.24 kg with 1.8 mg
liraglutide). Liraglutide also diminishes systolic pressure (mean
decrease −2.1 to −6.7 mmHg) (37). Liraglutide is well tolerated,
with only nausea and minor hypoglycemia (risk increased with
use of sulfonylureas).
Serum antibody formation was very low in patients treated
with once-weekly GLP-1 receptor agonists. The formation of
these antibodies did not decrease efficacy of their actions on
blood glucose lowering.

GLP-1 Receptor Agonists

The currently GLP-1 receptor agonists available are exenatide and
liraglutide. These drugs exhibit increased resistance to enzymatic
degradation by DPP4. In young patients with recent diagnosis
of T2DM, central obesity, and abnormal metabolic profile, one
should consider treatment with GLP-1 analogs that would have
a beneficial effect on weight loss and improve the metabolic
dysfunction. GLP-1 analogs are contraindicated in renal failure.

DPP-4 Inhibitors

Dipeptidyl peptidase 4 inhibitors include sitagliptin, saxagliptin, vidagliptin, linagliptin, and alogliptin. These medications
may be used as single therapy, or in addition with metformin,
sulfonylurea, or TZD. This treatment is similar to the other oral
antidiabetic drugs. The gliptins have not been reported to cause
higher incidence of hypoglycemic events compared with controls.
Dipeptidyl peptidase 4 inhibitors impact postprandial lipid
levels. Treatment with vidagliptin for 4 weeks decreases postprandial plasma triglyceride and apolipoprotein B-48-containing
triglyceride-rich lipoprotein particle metabolism after a fat-rich
meal in T2DM patients who have previously not been exposed
to these medications. In diabetic patients with coronary heart
disease, it was demonstrated that treatment with sitagliptin
improved cardiac function and coronary artery perfusion.
The three most commonly reported adverse reactions in clinical trials with gliptins were nasopharyngitis, upper respiratory
tract infection, and headache. Acute pancreatitis was reported in
a fraction of subjects taking sitagliptin or metformin and sitagliptin. An increased incidence of hypoglycemia was observed in
the sulfonylurea treatment group.
In the elderly, DPP-4 inhibitors lower blood glucose but have
minimal effect on caloric intake and therefore less catabolic

Exenatide. Exenatide, an exendin-4 mimetic with 53% sequence
homology to native GLP-1, is currently approved for T2DM treatment as a single drug in the US and in combination with metformin ± sulfonylurea. Because of its half-life of 2.4 h, exenatide
is advised for twice-daily dosing. Treatment with 10 µg exenatide,
as an add-on to metformin, resulted in significant weight loss
(−2.8 kg) in comparison to patients previously treated with metformin alone. Exenatide is generally well tolerated, with mild-tomoderate gastrointestinal effects being the most common adverse
effect.
Liraglutide. Liraglutide is a GLP-1 analog that shares 97%
sequence identity to native GLP-1. Liraglutide has a long duration of action (24 h). Liraglutide causes 1.5% decrease in A1C
in individuals with type 2 diabetes, when used as monotherapy
or in combination with one or more selected oral antidiabetic
drugs. Liraglutide decreases body weight; the greatest weight
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effect on muscle and total body protein mass. In decreased doses,
DPP-4 inhibitors are considered safe in patients with moderate
to severe renal failure.

at higher costs. Concentrated basal insulin preparations such as
U-500 regular is five times more potent per volume of insulin
(i.e., 0.01 mL ~5 U of U-100 regular) than U-100 regular. U-300
glargine and U-200 degludec are other potent, ultra-long acting
preparations.
If basal insulin contributes to acceptable fasting blood glucose,
but A1C persistently remains above target, mealtime insulin may
be added. Rapid-acting insulin analog (lispro, aspart, or glulisine)
may be used and administered just before meals. The glucose
levels should be monitored before meals and after the injections.
Another approach to control the periprandial glucose excursions
may be to add twice-daily premixed (or biphasic) insulin analogs
(70/30 aspart mix, 75/25 or 50/50 lispro mix). The total present
insulin dose may be computed and then one-half of this amount
may be administered as basal and the other half during mealtime,
the latter split equally between three meals. Regular human insulin and human NPH–Regular premixed formulations (70/30)
are less expensive alternatives to rapid-acting insulin analogs
and premixed insulin analogs, respectively, but their unpredictable pharmacodynamic profiles make them inadequate to cover
postprandial glucose changes.
Sometime, bolus insulin needs to be administered in addition to basal insulin. Rapid-acting analogs are used as bolus
formulations due to their prompt onset of action. Insulin pump
(continuous subcutaneous insulin infusion) may be used instead
to avoid multiple injections. Often, patients and physicians are
reluctant to intensify therapy due to the fear of hypoglycemia,
regimen complexity, and increased multiple daily injections.
There is a need for a flexible, alternative intensification option
taking into account individual patient considerations to achieve
or maintain individual glycemic targets. An ideal insulin regimen should mimic physiological insulin release while providing
optimal glycemic control with low risk of hypoglycemia, weight
gain, and fewer daily injections.
Inhaled insulin (Technosphere insulin-inhalation system,
Afrezza) is now available for prandial use. However, the dosing
range is limited. Use of inhaled insulin requires pulmonary function testing prior to and after starting therapy. It is contraindicated
in subjects with asthma or other lung diseases.
During insulin therapy, sulfonylureas, DPP-4 inhibitors, and
GLP-1 receptor agonists are stopped once more complex insulin
regimens beyond basal insulin are used. In patients with inadequate blood glucose control, especially if requiring escalating
insulin doses, TZDs (usually pioglitazone) or SGLT2 inhibitors
may be added as adjunctive therapy to insulin.
Insulin injections can cause weight gain or loss. Insulin drives
potassium into the cell and can cause hypokalemia. Components
of the insulin preparation have the potential to cause allergy.
Insulin injections, along with the use of other drugs like TZDs,
can precipitate cardiac failure.
Stressful events like illness, surgery, and trauma can impede
glycemic control and may lead to development of DKA or nonketotic hyperosmolar state, life-threatening conditions, which
merits immediate medical attention. Any condition that deteriorates glycemic control necessitates more frequent monitoring of
blood glucose in an inpatient setting; ketosis-prone patients also
require urine or blood ketone monitoring. If accompanied by

SGLT2 Inhibitors

Sodium-glucose cotransporter inhibitors are new classes of
glucosuric agents: canagliflozin, dapagliflozin, and empagliflozin.
SGLT2 inhibitors provide insulin-independent glucose lowering
by blocking glucose reabsorption in the proximal renal tubule by
inhibiting SGLT2 (38).
Because of glucose-independent mechanism of action, these
drugs may be effective in advanced stages of T2DM when pancreatic β-cell reserves are permanently lost. These drugs provide
modest weight loss and blood pressure reduction.
Urinary tract infections leading to urosepsis and pyelonephritis, as well as genital mycosis, may occur with SGLT2 inhibitors.
SGLT2 inhibitors may rarely cause ketoacidosis. Patients should
stop taking their SGLT2 inhibitor and seek medical attention
immediately if they have symptoms of ketoacidosis (frank nausea or vomiting, or even non-specific features like tiredness or
abdominal discomfort).

Insulin

If non-insulin monotherapy like metformin at the maximum
tolerated dose does not achieve or maintain the A1C target over
3 months, then a second oral agent may be added to the regimen,
a GLP-1 receptor agonist, or basal insulin. Insulin therapy (with
or without additional agents) should be introduced in patients
with newly identified T2DM and frankly symptomatic (catabolic
features like weight loss, ketosis or features of hyperglycemia
including polyuria/polydipsia) and/or severely elevated blood
glucose levels [≥300–350 mg/dL (16.7–19.4 mmol/L)] or A1C
[≥10–12%] (11).
The clinical picture of T2DM and its therapies should be
regularly and objectively elaborated to patients. Many subjects
with T2DM shall require insulin therapy sometime during the
course of the disease. For patients with T2DM with inadequate
target glycemic goals, insulin therapy should not be postponed.
Providers should advocate insulin as a therapy in a complete nonjudgmental, empathetic, and non-punitive approach to ensure
superior quality of adherence. Self-monitoring of blood glucose
(SMBG) (discussed below) contributes to significant improvement of glycemic control in patients with T2DM initiating
insulin. Close and frequent monitoring of the patient is needed
for any dose titration to achieve target glycemic goals, as well as
to prevent hypoglycemia.
Basal insulin is the initial insulin regimen, beginning at 10 U or
0.1–0.2 U/kg, depending on the hyperglycemia severity (titrating
by 2–3 U every 4–7 days till glycemic goal is reached). Use of basal
insulin greater than 0.5 U/kg indicates the need for use of an additional agent. Basal insulin is usually added to oral metformin and
possibly one additional non-insulin agent like DPP-4 or SGLT-2
inhibitor. NPH (neutral protamine Hagedorn) insulin carries
low risk of hypoglycemia in individuals without any significant
past history, and is low cost. Newer, longer acting, basal insulin
analogs have superior pharmacodynamic profiles, delayed onset
and longer duration of action but low risk of hypoglycemia, albeit

Frontiers in Endocrinology | www.frontiersin.org

8

January 2017 | Volume 8 | Article 6

Chaudhury et al.

Antidiabetic Drugs

ketosis, vomiting, or altered mental status, marked hyperglycemia
requires hospital admission. The patient treated with non-insulin
therapies or medical nutrition therapy alone may require insulin.
Patient must be aggressively hydrated and infections should be
controlled.
Without adequate treatment, prolonged hyperglycemia can
cause glucose toxicity that can progressively impair insulin
secretion. Initiation of insulin therapy is critical to reverse the
toxic effect of high blood glucose levels on the pancreas. Once
persistent glycemic control is achieved, insulin can be tapered
off and replaced with oral medications. At some point in the
management of T2DM, β-cell reserves are exhausted, with
phenotypic reversal to a T1DM kind of pathophysiological situation. Meticulous follow-up may identify such states and then the
need for continued reliance on insulin therapy may be carefully
explained to the patients.
Weight gain can raise a barrier to the use of insulin in
T2DM. In the United Kingdom Prospective Diabetes Study
(UKPDS) study, patients gained 6 kg with insulin therapy, when
compared with 1.7–2.6 kg weight gain with sulfonylureas (39).
More recently, the combination of GLP-1 receptor agonists and
insulin has been useful in tackling the weight gain associated
with insulin and circumventing the need for high doses in the
presence of significant insulin resistance. Lipoatrophy with
insulin injections is not seen now; however, lipohypertrophy
due to failure to change the subcutaneous injection sites is still
a common cause of poor insulin absorption and suboptimal
glycemic control.
In the Action to Control Cardiovascular Risk in Diabetes
trial, aggressive treatment of T2DM patients with higher CV risk
was associated with higher all-cause and CV mortality. Post hoc
analyses could not find correlation with faster rates of reduction
of glucose, hypoglycemia, or specific drugs as the causes underlying this finding. Exposure to injected insulin was hypothesized
to increase CV mortality. However, after adjustment for baseline
covariates, no significant association of insulin dose with CV
death remained (40). Older patients with cognitive dysfunction
may not benefit from intensive therapy. Furthermore, hypoglycemia in the elderly may cause cardiac ischemia, arrhythmia,
myocardial infarction, and sudden death (41).

lower doses with less frequency), with the safest profile being that
of glimepiride.
Hypoglycemia is the major side effect of all sulfonylureas,
while minor side effects such as headache, dizziness, nausea,
hypersensitivity reactions, and weight gain are also common.
Sulfonylureas are contraindicated in patients with hepatic
and renal diseases and are also contraindicated in pregnant
patients due to the possible prolonged hypoglycemic effect
to infants. Drugs that can prolong the effect of sulfonylureas
such as aspirin, allopurinol, sulfonamides, and fibrates must be
used with caution to avoid hypoglycemia. Moreover, other oral
antidiabetic medications or insulin can be used in combination
with sulfonylurea and can substantially increase the risk of
hypoglycemia.
Patients on beta-adrenergic antagonists for the management of
hypertension can have hypoglycemia unawareness. Sulfonylureas
should be used with caution in subjects receiving beta blockers.

Meglitinide

Meglitinides (repaglinide and nateglinide) are non-sulfonylurea
secretagogues, which was approved as treatment for T2DM in
1997. Meglitinide shares the same mechanism as that of sulfonylureas; it also binds to the sulfonylurea receptor in β-cells of
the pancreas. However, the binding of meglitinide to the receptor
is weaker than sulfonylurea, and thus considered short-acting
insulin secretagogues, which gives flexibility in its administration. Also, a higher blood sugar level is needed before it can
stimulate β-cells’ insulin secretion, making it less effective than
sulfonylurea. Rapid-acting secretagogues (meglitinides) may
be used in lieu of sulfonylureas in patients with irregular meal
schedules or those who develop late postprandial hypoglycemia
while using a sulfonylurea.

Thiazolidinedione

Like biguanides, TZDs improve insulin action. Rosiglitazone
and pioglitazone are representative agents. TZDs are agonists of
PPAR and facilitate increased glucose uptake in numerous tissues including adipose, muscle, and liver. Mechanisms of action
include diminution of free fatty acid accumulation, reduction in
inflammatory cytokines, rising adiponectin levels, and preservation of β-cell integrity and function, all leading to improvement of
insulin resistance and β-cell exhaustion. However, there are high
concerns of risks overcoming the benefits. Namely, combined
insulin-TZD therapy causes heart failure. Thus, TZDs are not
preferred as first-line or even step-up therapy.

Sulfonylureas

Sulfonylureas lower blood glucose level by increasing insulin
secretion in the pancreas by blocking the KATP channels. They
also limit gluconeogenesis in the liver. Sulfonylureas decrease
breakdown of lipids to fatty acids and reduce clearance of insulin
in the liver (42). Sulfonylureas are currently prescribed as secondline or add-on treatment options for management of T2DM.
They are divided into two groups: first-generation agents, which
includes chlorpropamide, tolazamide, and tolbutamide, and
second-generation agents, which includes glipizide, glimepiride,
and glyburide. The first-generation sulfonylureas are known to
have longer half-lives, higher risk of hypoglycemia, and slower
onset of action, as compared to second-generation sulfonylureas.
Currently, in clinical practice, second-generation sulfonylureas
are prescribed and more preferred over first-generation agents
because they are proven to be more potent (given to patients at
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Other Glucose-Lowering Pharmacologic Agents

Pramlintide, an amylin analog, is an agent that delays gastric
emptying, blunts pancreatic secretion of glucagon, and enhances
satiety. It is a Food and Drug Administration (FDA)-approved
therapy for use in adults with T1DM. Pramlintide induces weight
loss and lowers insulin dose. Concurrent reduction of prandial
insulin dosing is required to reduce the risk of severe hypoglycemia. Other medications that may lower blood sugar include
bromocriptine, alpha-glucosidase inhibitors like voglibose and
acarbose, and bile acid sequestrants like colesevelam. It may be
noted that metformin sequesters bile acids in intestinal lumen and
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thus has a lipid-lowering effect, also the same mechanism may
contribute to gas production and gastrointestinal disturbances.

meeting treatment goals; for patients who are far from their glycemic goals, HbA1C testing may be performed more frequently.

Pharmacologic Management of Diabetes
Complications

SUMMARY/CONCLUSION
Type 2 diabetes mellitus is one of the leading causes of renal failure, ASCVD, non-traumatic lower limb amputation, blindness,
and death worldwide. It is a serious chronic medical condition
that requires a multidisciplinary team approach, consisting of
healthcare professionals, dietitians, patient educators, patients,
and their families. Lifestyle intervention designed to manage
body weight and treat obesity, as well as patient education, are
essential for all patients with diabetes. Treatment options may
be individualized and medication(s) chosen based on a patient’s
risk factors, current HbA1C level, medication efficacy, ease of use,
patient’s financial situation/insurance/costs, and risk of side effects
such as hypoglycemia and weight gain. Effectiveness of therapy
must be evaluated as frequent as possible using diagnostic blood
tests (HbA1C), as well as monitoring for development of diabetic
complications (e.g., retinopathy, nephropathy, neuropathy).
Furthermore, aggressive efforts from physicians and motivating
patients for compliance are the two important aspects of the
prevention and management of diabetes. Sociocultural issues
should be carefully considered. For example, during religious
fasting (e.g., during the holy month of Ramadan), the use of pharmacologic agents that induce hypoglycemia should be used with
care and insulin doses (for example, premix formulations) should
be appropriately titrated and the patient should be educated for
blood glucose monitoring and breaking of fast as needed (43).
By the year 2030, >70% of people with T2DM shall reside in
developing countries (44). Primary prevention of T2DM should
be an urgent public health policy. The disease predominantly
affects working-age people and therefore has a counterproductive economic impact, compounded by the frequent occurrence
and interaction of T2DM with infectious diseases (such as AIDS
and tuberculosis) (45). Evidence from landmark T2DM prevention trials indicates that lifestyle modification is more effective,
cheaper, and safer than medication and provides sustained
benefits. Lifestyle modification may be promising approach to
T2DM prevention in developing countries. This will be useful
for many ethnic groups in the U.S. as well, such as South Asian,
Latino, Pima Indians, and African-American populations, which
may face socioeconomic challenges similar to what is seen in
developing countries. Cost-contained strategies to identify atrisk individuals, followed by the implementation of group-based,
inexpensive lifestyle interventions (“comfortably uncomfortable”
life, as lived by people in blue zones), seem to be the best options
for resource-constrained settings. T2DM pathophysiology is
increasingly understood as a mix of insulin resistance and secretory defects of β-cells (46).
Several options for pharmacologic therapy of lowering blood
glucose are currently available, which have revolutionized longterm management of DM (47). Several antidiabetic drugs may
have important CV complications, which the provider team
should always be aware (48). The polypharmacy issues, management of diabetes, as well as hypertension, hyperlipidemia, and
use of aspirin should be carefully explained to patients to ensure

Important components of the Standards of Medical Care in
Diabetes involves taking care of complications of diabetes and
comorbidities including hypertension, atherosclerotic cardiovascular disease (ASCVD), dyslipidemia, hypercoagulopathy,
endothelial cell dysfunction, nephropathy, and retinopathy.
CVD is the most important cause of morbidity and mortality in
patients with diabetes. The currently recommended goal blood
pressure is ≤140/80 for patients with diabetes and hypertension. Angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers are the preferred antihypertensive medication
(2). Optimal blood pressure and blood glucose control can
effectively delay the progression of nephropathy and retinopathy in these patients. Patients with existing CVD should
be continuously managed with aspirin, including providing
primary prevention in subjects less than 50 years old. Patients
with diabetes are also recommended to undergo annual lipid
profile measurement, and those diagnosed with hyperlipidemia
should be treated with statins with a low-density lipoprotein
goal of <70 mg/dL (2). Moreover, it should be noted that an
important aspect in the success of pharmacotherapy is patient’s
adherence and compliance to medications; therefore, close
and regular patient follow-up, monitoring, and education are
necessary.

Glucose Monitoring

Self-monitoring of blood glucose and HbA1C are integral components of the standards of care in diabetes. They are designed to
assess the effectiveness of a treatment plan and provide guidance
in selecting appropriate medications and dosage/s (2). SMBG
allows patients to assess their own response to medication,
minimize the risk of hypoglycemia, and determine whether
they are achieving glycemic control. Optimal glycemic control is
achieved when FPG is 70–130 mg/dL, 2 h post prandial <180 mg/
dL, and bedtime glucose is 90–150 mg/dL. However, testing six
to eight times daily may burden patients and may result in noncompliance. Therefore, it is recommended to ensure that patients
are properly instructed and are given regular evaluation and
follow-up.
Self-monitoring of blood glucose is essential in patients with
diabetes who are on intense insulin regimen (three to four injections of basal and prandial or insulin pump). It monitors and
prevents hyperglycemia and possible side effect of hypoglycemia.
Blood glucose level is usually checked prior to meals, prior to
exercise, prior to driving, and at bedtime. Evidence is insufficient
to prescribe SMBG for patients not receiving an intensive insulin
regimen (26).
According to the current guideline, HbA1C level should be
assessed regularly in all patients with diabetes. The frequency of
HbA1C testing is flexible and depends primarily on the response
of patients to therapy and the physician’s judgment. HbA1C
testing is performed at least every 6 months for patients who are
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adherence to therapy to prevent significant CV morbidity and
mortality. Careful attention should be paid to development of
insulinopenic states by clinical assessment of C peptide and lack
of control of HbA1C with multiple medications, and complete
lack of secreted insulin conditions should be treated by initiation
of appropriate insulin regimens. Every clinical encounter should
also be utilized to explain the benefit of weight loss and motivated
for such. Even though not yet conclusive, clinical trial and data
support consideration of bariatric surgery as a possible strategy
to monitor blood glucose levels and body weight, especially in
morbid obesity (49). Balanced hypocaloric diets that cause weight
loss must be adopted, and regular interactions with dietitian is
a useful approach. Aerobic training and resistance training can
control increasing lean mass in middle-aged and overweight/
obese individuals. Behavioral strategies for weight loss should be
encouraged in primary care settings and appropriate maintenance
of body weight prior to conception may help after development of
gestational diabetes. Weight loss may be particularly challenging
for incapacitated patients and subjects with disabilities, so comprehensive approaches should be undertaken. Newer molecular
studies have demonstrated the transcriptional link between
inflammatory pathways and increased adipose tissue storage,
contributing to insulin resistance (50). Drug repurposing of the

anti-inflammatory agent for aphthous stomatitis, amlexanox, is
currently undergoing trials as newer agents for management of
diabetes (51).
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KEY MESSAGES

•
•

•

The chronic hyperglycemia of diabetes is associated with signiﬁcant longterm microvascular and cardiovascular complications.
A fasting plasma glucose of ≥7.0 mmol/L, a 2-hour plasma glucose value
in a 75 g oral glucose tolerance test of ≥11.1 mmol/L or a glycated hemoglobin (A1C) of ≥6.5% can predict the development of retinopathy. This
permits the diagnosis of diabetes to be made on the basis of each of these
parameters.
The term “prediabetes” refers to impaired fasting glucose, impaired glucose
tolerance or an A1C of 6.0% to 6.4%, each of which places individuals at
increased risk of developing diabetes and its complications.

KEY MESSAGES FOR PEOPLE WITH DIABETES

•

•
•
•
•
•

There are 2 main types of diabetes. Type 1 diabetes occurs when the pancreas is unable to produce insulin. Type 2 diabetes occurs when the pancreas does not produce enough insulin or when the body does not effectively
use the insulin that is produced.
Gestational diabetes is a type of diabetes that is ﬁrst recognized or begins
during pregnancy.
Monogenic diabetes is a rare disorder caused by genetic defects of beta cell
function.
Prediabetes refers to blood glucose levels that are higher than normal, but
not yet high enough to be diagnosed as type 2 diabetes. Although not everyone with prediabetes will develop type 2 diabetes, many people will.
You should discuss the type of diabetes you have with your diabetes
health-care team.
There are several types of blood tests that can be done to determine if a
person has diabetes and, in most cases, a conﬁrmatory blood test is required
to be sure.

“Prediabetes” is a practical and convenient term referring to
impaired fasting glucose (IFG), impaired glucose tolerance (IGT) (1)
or a glycated hemoglobin (A1C) of 6.0% to 6.4%, each of which places
individuals at high risk of developing diabetes and its complications.

Classiﬁcation of Diabetes
The majority of cases of diabetes can be broadly classiﬁed into
2 categories: type 1 diabetes and type 2 diabetes, although some
cases are diﬃcult to classify. Gestational diabetes (GDM) refers to
glucose intolerance with onset or ﬁrst recognition during pregnancy. The classiﬁcation of diabetes is summarized in Table 1.
Appendix 2 addresses the etiologic classiﬁcation of diabetes, including less common forms associated with genetic mutations, diseases of the exocrine pancreas (such as cystic ﬁbrosis), other diseases
or drug exposure (such as glucocorticoids, medications to treat HIV/
AIDS, and atypical antipsychotics).
Monogenic diabetes is a rare disorder caused by genetic defects
of beta cell function that typically presents in young people (<25
years of age), is noninsulin dependent and is familial, with an autosomal dominant pattern of inheritance (2). Differentiating between
type 1, type 2 and monogenic diabetes is important but can be
diﬃcult at the time of diagnosis in certain situations. Table 2
highlights the main features of type 1 diabetes, including LADA form,
type 2 diabetes and monogenic diabetes. No diagnostic test or clinical

Table 1
Classiﬁcation of diabetes

•
Deﬁnition of Diabetes and Prediabetes
Diabetes mellitus is a heterogeneous metabolic disorder characterized by the presence of hyperglycemia due to impairment of
insulin secretion, defective insulin action or both. The chronic
hyperglycemia of diabetes is associated with relatively speciﬁc longterm microvascular complications affecting the eyes, kidneys and
nerves, as well as an increased risk for cardiovascular disease (CVD).
The diagnostic criteria for diabetes are based on thresholds of
glycemia that are associated with microvascular disease, especially retinopathy.
Conﬂict of interest statements can be found on page S14.

•
•
•

Type 1 diabetes* encompasses diabetes that is primarily a result of
pancreatic beta cell destruction with consequent insulin deﬁciency, which is
prone to ketoacidosis. This form includes cases due to an autoimmune
process and those for which the etiology of beta cell destruction is
unknown.
Type 2 diabetes may range from predominant insulin resistance with
relative insulin deﬁciency to a predominant secretory defect with insulin
resistance. Ketosis is not as common.
Gestational diabetes mellitus refers to glucose intolerance with onset
or ﬁrst recognition during pregnancy.
Other speciﬁc types include a wide variety of relatively uncommon
conditions, primarily speciﬁc genetically deﬁned forms of diabetes or
diabetes associated with other diseases or drug use (see Appendix 2.
Etiologic Classiﬁcation of Diabetes Mellitus).

* Includes latent autoimmune diabetes in adults (LADA); the term used to
describe the small number of people with apparent type 2 diabetes who appear to
have immune-mediated loss of pancreatic beta cells (5).

1499-2671 © 2018 Canadian Diabetes Association.
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Table 2
Clinical features distinguishing type 1 diabetes, type 2 diabetes and monogenic diabetes
Clinical features

Type 1 diabetes

Type 2 diabetes

Monogenic diabetes

Age of onset (years)

Most <25 but can occur at any age (but not
before the age of 6 months)

Usually >25 but incidence increasing in
adolescents, paralleling increasing rate
of obesity in children and adolescents

Usually <25; neonatal diabetes <6 months*

Weight

Usually thin, but, with obesity epidemic,
can have overweight or obesity

>90% at least overweight

Similar to general population

Islet autoantibodies

Usually present

Absent

Absent

C-peptide

Undetectable/low

Normal/high

Normal

Insulin production

Absent

Present

Usually present

First-line treatment

Insulin

Noninsulin antihyperglycemic agents,
gradual dependence on insulin may
occur

Depends on subtype

Family history of diabetes

Infrequent (5%–10%)

Frequent (75%–90%)

Multigenerational, autosomal pattern of
inheritance

DKA

Common

Rare

Rare (except for neonatal diabetes*)

DKA, diabetic ketoacidosis.
* Neonatal diabetes is a form of diabetes with onset <6 months of age, requires genetic testing, and may be amenable to therapy with oral sulfonylurea in place of insulin
therapy (3).

criteria can reliably make this distinction, but additional testing may
be helpful in atypical presentations if knowing the speciﬁc diagnosis may alter management. One monogenic form to highlight is
neonatal diabetes, which typically presents by 6 months of age and
is indistinguishable from type 1 diabetes in its clinical features, but
may be amenable to therapy with oral sulfonylurea in place of insulin
therapy. For this reason, all infants diagnosed before 6 months of
age should have genetic testing. In addition, all people with a diagnosis of type 1 diabetes should be reviewed to determine if diagnosis occurred prior to 6 months of age and, if so, genetic testing
should be performed (3).
Obesity and physical signs of insulin resistance (e.g. acanthosis
nigricans) are more common in children and adolescents with
type 2 diabetes than type 1 diabetes. In adults, a systematic review
of clinical indicators identiﬁed age at diagnosis of diabetes <30 to
40 years, and time to needing insulin <1 to 2 years as more predictive of type 1 diabetes than body mass index (BMI) (4).
The presence of autoimmune markers, such as anti-glutamic acid
decarboxylase (GAD) or anti-islet cell (ICA) autoantibodies, may be
helpful in identifying type 1 diabetes and rapid progression to insulin
requirement (5), but levels wane over time and they do not have
suﬃcient diagnostic accuracy to be used routinely (6). In cases where
it is diﬃcult to distinguish between type 1, type 2 and monogenic
diabetes, presence of 1 or more autoantibodies (GAD and ICA) indicates type 1 diabetes with a need for insulin replacement therapy;
however, the absence of autoantibodies does not rule out type 1
diabetes. If the person has clinical features suggestive of monogenic diabetes (familial diabetes with autosomal dominant pattern
of inheritance >2 generations, onset <25 years, not having obesity),
genetic testing for monogenic diabetes may be performed (7).
While very low C-peptide levels measured after months of
clinical stabilization may favour type 1 diabetes (8), they are not
helpful in acute hyperglycemia (9,10). Combined use of autoantibody testing and C-peptide measurement at diagnosis may have
diagnostic and prognostic utility in pediatric diabetes, but requires
further study (11) (see Type 2 Diabetes in Children and Adolescents chapter, p. S247). One study found that, among individuals
presenting in diabetic ketoacidosis (DKA), those with 3 negative
antibodies and fasting C-peptide levels >0.33 nmol/L (1 to 3 weeks
after resolution of the DKA and 10 hours after the last dose of
rapid- or intermediate-acting insulin or metformin, and 24 hours
after the last dose of sulfonylurea or long-acting insulin) were
often able to discontinue insulin, and be treated with noninsulin
antihyperglycemic agents when blood glucose (BG) rose (12). Genetic

risk scoring for type 1 diabetes may provide marginal additional
information over clinical features and autoantibodies, but it is too
early to know its utility in clinical practice (13). Clinical judgement
with safe management and ongoing follow up is a prudent approach
for all people diagnosed with diabetes, regardless of the type.

Diagnostic Criteria
Diabetes
The diagnostic criteria for diabetes are summarized in Table 3
(1). These criteria are based on venous samples and laboratory
methods (14). A fasting plasma glucose (FPG) level of 7.0 mmol/L
correlates most closely with a 2-hour plasma glucose (2hPG) value
of ≥11.1 mmol/L in a 75 g oral glucose tolerance test (OGTT), and

Table 3
Diagnosis of diabetes
FPG ≥7.0 mmol/L
Fasting = no caloric intake for at least 8 hours
or
A1C ≥6.5% (in adults)
Using a standardized, validated assay in the absence of factors that affect the
accuracy of the A1C and not for suspected type 1 diabetes (see text)
or
2hPG in a 75 g OGTT ≥11.1 mmol/L
or
Random PG ≥11.1 mmol/L
Random = any time of the day, without regard to the interval since the last
meal
In the absence of symptomatic hyperglycemia, if a single laboratory test result
is in the diabetes range, a repeat conﬁrmatory laboratory test (FPG, A1C,
2hPG in a 75 g OGTT) must be done on another day. It is preferable that the
same test be repeated (in a timely fashion) for conﬁrmation, but a random
PG in the diabetes range in an asymptomatic individual should be
conﬁrmed with an alternate test. In the case of symptomatic hyperglycemia,
the diagnosis has been made and a conﬁrmatory test is not required before
treatment is initiated. If results of 2 different tests are available and both are
above the diagnostic thresholds, the diagnosis of diabetes is conﬁrmed.
To avoid rapid metabolic deterioration in individuals in whom type 1 diabetes
is likely (younger or lean or symptomatic hyperglycemia, especially with
ketonuria or ketonemia), the initiation of treatment should not be delayed
in order to complete conﬁrmatory testing.
2hPG, 2-hour plasma glucose; AlC, glycated hemoglobin; FPG, fasting plasma glucose;
OGTT, oral glucose tolerance test; PG, plasma glucose.
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Table 4
Advantages and disadvantages of diagnostic tests for diabetes* (43)
Parameter

Advantages

Disadvantages

FPG

•
•
•
•

Established standard
Fast and easy
Single sample
Predicts microvascular complications

•
•
•
•

Sample not stable
High day-to-day variability
Inconvenient (fasting)
Reﬂects glucose homeostasis at a single point in time

2hPG in a
75 g OGTT

•
•

Established standard
Predicts microvascular complications

•
•
•
•
•

Sample not stable
High day-to-day variability
Inconvenient
Unpalatable
Cost

A1C

•
•
•
•
•
•

Convenient (measure any time of day)
Single sample
Predicts microvascular complications
Better predictor of CVD than FPG or 2hPG in a 75 g OGTT
Low day-to-day variability
Reﬂects long-term glucose concentration

•
•

Cost
Misleading in various medical conditions (e.g. hemoglobinopathies, iron deﬁciency,
hemolytic anemia, severe hepatic or renal disease)
Altered by ethnicity and aging
Standardized, validated assay required
Not for diagnostic use in children and adolescents† (as the sole diagnostic test),
pregnant women as part of routine screening for gestational diabetes‡, those with cystic
ﬁbrosis or those with suspected type 1 diabetes

•
•
•

2hPG, 2-hour plasma glucose; A1C, glycated hemoglobin; CVD, cardiovascular disease; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test.
* Adapted from Sacks D. A1C versus glucose testing: a comparison (43).
† See Type 2 Diabetes in Children and Adolescents chapter, p. S247.
‡
See Diabetes and Pregnancy chapter, p. S255.

each predicts the development of retinopathy (15). The relationship
between A1C and retinopathy is similar to that of FPG or 2hPG
with a threshold at around 6.5% (2,16–22). Although the diagnosis
of diabetes is based on an A1C threshold for developing microvascular disease, A1C is also a continuous cardiovascular (CV) risk
factor and a better predictor of CV events than FPG or 2hPG (23,24).
Although very speciﬁc, A1C is less sensitive to diagnose diabetes
than traditional glucose criteria, there are, however, several advantages to using A1C for diabetes diagnosis (25,26). A1C can be
measured at any time of day and is more convenient than FPG or
2hPG in a 75 g OGTT. A1C testing also avoids the problem of
day-to-day variability of glucose values as it reﬂects the average
plasma glucose (PG) over the previous 2 to 3 months (1). In a
Canadian context, A1C may identify more people as having diabetes than FPG (27). However, other studies suggest A1C may not
identify as many people as having diabetes compared to FPG or
2hPG (28).
In order to use A1C as a diagnostic criterion, A1C must be measured using a validated assay standardized to the National
Glycohemoglobin Standardization Program—Diabetes Control and
Complications Trial reference. It is important to note that A1C may
be misleading in individuals with various hemoglobinopathies,
hemolytic or iron deﬁciency anemias, iron deﬁciency without
anemia, Graves’ disease and severe hepatic and renal disease (29–32),
although some evidence suggests that A1C may not be affected by
these conditions in people without diabetes (33) (see Monitoring
Glycemic Control chapter, p. S47). Studies also show the relationship between glucose levels and A1C varies between people living
at extremes of altitude (34). In addition, studies of various ethnicities
indicate that African Americans, American Indians, Hispanics and
Asians have A1C values that are up to 0.4% higher than those of nonHispanic white individuals at similar levels of glycemia (35–38), suggesting people from these ethnic groups would have a higher chance
of being diagnosed with diabetes by current A1C criteria. Research
is required to determine if A1C levels differ in Canadians of African
descent or Indigenous peoples. The frequency of retinopathy begins
to increase at lower A1C levels in African-Americans than in Caucasians, which suggests a lower threshold for diagnosing diabetes
in persons of African descent may be needed (39), whereas a threshold of 6.5% for predicting retinopathy has been validated in large
Japanese and Asian cohorts (20,21). A1C values also are affected by
age, rising by up to 0.1% per decade of life (40,41). More studies may

help to determine if age- or ethnic-speciﬁc adjusted A1C thresholds are required for diabetes diagnosis. In addition, A1C is
not recommended for diagnostic purposes in children and
adolescents (as the sole diagnostic test), pregnant women as part
of routine screening for gestational diabetes, those with cystic ﬁbrosis (42) or those with suspected type 1 diabetes (see Diabetes and
Pregnancy chapter, p. S255; Type 2 Diabetes in Children and Adolescents chapter, p. S247).
Other measures of glycemia, such as fructosamine, glycated
albumin and 1,5-anhydroglucitol have not been validated for the
diagnosis of diabetes.
The decision of which test to use for diabetes diagnosis is left
to clinical judgement (Table 3). Each diagnostic test has advantages and disadvantages (43) (Table 4). In the absence of
symptomatic hyperglycemia, if a single laboratory test result is in
the diabetes range, a repeat conﬁrmatory laboratory test (FPG,
A1C, 2hPG in a 75 g OGTT) must be done on another day. Such
an approach conﬁrms the diagnosis of diabetes in approximately
40% to 90% of people with an initial positive test (26,44). It is
preferable that the same test be repeated (in a timely fashion)
for conﬁrmation, but a random PG in the diabetes range in an
asymptomatic individual should be conﬁrmed with an alternate
test. In the case of symptomatic hyperglycemia, the diagnosis has
been made and a conﬁrmatory test is not required before treatment is initiated.
In individuals in whom type 1 diabetes is likely (younger or lean
or symptomatic hyperglycemia, especially with ketonuria or ketonemia), conﬁrmatory testing should not delay initiation of treatment to avoid rapid deterioration. If results of 2 different tests are
available and both are above the diagnostic cut points, the diagnosis of diabetes is conﬁrmed. When the results of more than 1 test
are available (among FPG, A1C, 2hPG in a 75 g OGTT) and the results
are discordant, the test whose result is above the diagnostic cut point
should be repeated and the diagnosis made on the basis of the repeat
test.
Prediabetes
The term “prediabetes” refers to IFG, IGT or an A1C of 6.0% to
6.4% (Table 5), each of which places individuals at high risk of
developing diabetes and its complications. Not all individuals with
prediabetes will necessarily progress along the continuum of
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Metabolic Syndrome

Table 5
Diagnosis of prediabetes
Test

Result

Prediabetes category

FPG (mmol/L)
2hPG in a 75 g OGTT (mmol/L)
A1C (%)

6.1–6.9
7.8–11.0
6.0–6.4

IFG
IGT
Prediabetes

2hPG, 2-hour plasma glucose; AlC, glycated hemoglobin; FPG, fasting plasma glucose;
IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OGTT, oral glucose
tolerance test.

Table 6
Harmonized deﬁnition of the metabolic syndrome: ≥3 measures to make the diagnosis of metabolic syndrome* (35)
Measure

Elevated waist circumference (cm)(population
and country speciﬁc cut points):
• Canada; USA.
• Europids; Middle-Eastern; Sub-Saharan
African; Mediterranean
• Asians; Japanese; South and Central
Americans
Elevated TG (mmol/L) (drug treatment for
elevated TG is an alternate indicator†)
Reduced HDL-C (mmol/L) (drug treatment for
reduced HDL-C is an alternate indicator†)
Elevated BP (mmHg) (antihypertensive drug
treatment in a person with a history of
hypertension is an alternate indicator)
Elevated FPG (mmol/L) (drug treatment of
elevated glucose is an alternate indicator)

Categorical thresholds
Men

Women

≥102
≥94

≥88
≥80

≥90

≥80

≥1.7
<1.0

Prediabetes and type 2 diabetes are often manifestations of a
much broader underlying disorder (52), including the metabolic
syndrome, a highly prevalent, multifaceted condition characterized by a constellation of abnormalities that include abdominal
obesity, hypertension, dyslipidemia and elevated BG. Individuals with
the metabolic syndrome are at signiﬁcant risk of developing CVD.
While metabolic syndrome and type 2 diabetes often coexist, those
with metabolic syndrome without diabetes are at signiﬁcant risk
of developing diabetes. Evidence exists to support an aggressive
approach to identifying and treating people, not only those with
hyperglycemia, but also those with the associated CV risk factors
that make up the metabolic syndrome, such as hypertension,
dyslipidemia and abdominal obesity, in the hope of signiﬁcantly
reducing CV morbidity and mortality.
Various diagnostic criteria for the metabolic syndrome have been
proposed. In 2009, a harmonized deﬁnition of the metabolic
syndrome was established, with at least 3 or more criteria required
for diagnosis (53) (Table 6).

RECOMMENDATIONS
<1.3

Systolic ≥130 and/or diastolic
≥85
≥5.6

BP, blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.
* Adapted from: Alberti KG, Eckel R, Grundy S, et al. Harmonizing the metabolic
syndrome (53).
†
The most commonly used drugs for elevated TG and reduced HDL-C are ﬁbrates
and nicotinic acid. A person taking one of these drugs can be presumed to have high
TG and reduced HDL-C. High-dose omega-3 fatty acids presumes high TG.

dysglycemia to develop diabetes. Indeed, a signiﬁcant proportion
of people who are diagnosed with IFG or IGT will revert to
normoglycemia. While people with prediabetes do not have
increased risk for microvascular disease as seen in diabetes, they
are at risk for the development of diabetes and CVD (45–47). Due
to variability in the literature, it seems that IGT may or may not
be more strongly associated with CVD outcomes than IFG, and
A1C may or may not be more strongly associated with CVD outcomes than either IFG or IGT. Individuals identiﬁed as having both
IFG and IGT are at higher risk for diabetes as well as CVD than
people with either IFG or IGT alone. People with prediabetes,
particularly in the context of the metabolic syndrome, would beneﬁt
from CV risk factor modiﬁcation.
While there is no worldwide consensus on the deﬁnition of IFG
(48,49), Diabetes Canada deﬁnes IFG as an FPG value of 6.1 to
6.9 mmol/L due to the higher risk of developing diabetes in these
individuals compared to deﬁning IFG as an FPG value of 5.6 to
6.9 mmol/L (49). While there is a continuum of risk for diabetes in
individuals with A1C levels between 5.5% to 6.4%, population studies
demonstrate that A1C levels of 6.0% to 6.4% are associated with a
higher risk for diabetes compared to levels between 5.5% to 6.0%
(50). While the American Diabetes Association deﬁnes prediabetes as an A1C between 5.7% to 6.4%, Diabetes Canada has based the
deﬁnition on a higher risk group and includes an A1C of 6.0% to 6.4%
as a diagnostic criterion for prediabetes (1). However, A1C levels
<6.0% can indeed be associated with an increased risk for diabetes
(50). The combination of an FPG of 6.1 to 6.9 mmol/L and an A1C
of 6.0% to 6.4% is predictive of 100% progression to type 2 diabetes over a 5-year period (51).

1. Diabetes should be diagnosed by any of the following criteria:
a. FPG ≥7.0 mmol/L [Grade B, Level 2 (54)]
b. A1C ≥6.5% (for use in adults in the absence of factors that affect the
accuracy of A1C and not for use in those with suspected type 1 diabetes) [Grade B, Level 2 (20,21,54)]
c. 2hPG in a 75 g OGTT ≥11.1 mmol/L [Grade B, Level 2 (54)]
d. Random PG ≥11.1 mmol/L [Grade D, Consensus].
In the presence of symptoms of hyperglycemia, a single test result in the
diabetes range is suﬃcient to make the diagnosis of diabetes. In the absence
of symptoms of hyperglycemia, if a single laboratory test result is in the
diabetes range, a repeat conﬁrmatory laboratory test (FPG, A1C, 2hPG in
a 75 g OGTT) must be done on another day. It is preferable that the same
test be repeated (in a timely fashion) for conﬁrmation, but a random PG
in the diabetes range in an asymptomatic individual should be conﬁrmed with an alternate test. If results of 2 different tests are available
and both are above the diagnostic cut points the diagnosis of diabetes is
conﬁrmed [Grade D, Consensus].
To avoid rapid metabolic deterioration in individuals in whom
type 1 diabetes is likely (younger or lean or symptomatic hyperglycemia,
especially with ketonuria or ketonemia), the initiation of treatment should
not be delayed in order to complete conﬁrmatory testing [Grade D,
Consensus].
2. Prediabetes (deﬁned as a state which places individuals at high risk of developing diabetes and its complications) is diagnosed by any of the following criteria:
a. IFG (FPG 6.1–6.9 mmol/L) [Grade A, Level 1 (45)]
b. IGT (2hPG in a 75 g OGTT 7.8–11.0 mmol/L) [Grade A, Level 1 (45)]
c. A1C 6.0%–6.4% (for use in adults in the absence of factors that affect
the accuracy of A1C and not for use in suspected type 1 diabetes)
[Grade B, Level 2 (50)].
Abbreviations:
2hPG, 2-hour plasma glucose; A1C, glycated hemoglobin; BG; blood
glucose; FPG, fasting plasma glucose; DKA, diabetic ketoacidosis; IFG,
impaired fasting glucose; IGT, impaired glucose tolerance; OGTT, oral
glucose tolerance test; PG, plasma glucose.

Other Relevant Guidelines
Screening for Diabetes in Adults, p. S16
Reducing the Risk of Developing Diabetes, p. S20
Type 1 Diabetes in Children and Adolescents, p. S234
Type 2 Diabetes in Children and Adolescents, p. S247
Relevant Appendix
Appendix 2. Etiologic Classiﬁcation of Diabetes
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KEY MESSAGES

•
•

•

The chronic hyperglycemia of diabetes is associated with signiﬁcant longterm microvascular and cardiovascular complications.
A fasting plasma glucose of ≥7.0 mmol/L, a 2-hour plasma glucose value
in a 75 g oral glucose tolerance test of ≥11.1 mmol/L or a glycated hemoglobin (A1C) of ≥6.5% can predict the development of retinopathy. This
permits the diagnosis of diabetes to be made on the basis of each of these
parameters.
The term “prediabetes” refers to impaired fasting glucose, impaired glucose
tolerance or an A1C of 6.0% to 6.4%, each of which places individuals at
increased risk of developing diabetes and its complications.

KEY MESSAGES FOR PEOPLE WITH DIABETES

•

•
•
•
•
•

There are 2 main types of diabetes. Type 1 diabetes occurs when the pancreas is unable to produce insulin. Type 2 diabetes occurs when the pancreas does not produce enough insulin or when the body does not effectively
use the insulin that is produced.
Gestational diabetes is a type of diabetes that is ﬁrst recognized or begins
during pregnancy.
Monogenic diabetes is a rare disorder caused by genetic defects of beta cell
function.
Prediabetes refers to blood glucose levels that are higher than normal, but
not yet high enough to be diagnosed as type 2 diabetes. Although not everyone with prediabetes will develop type 2 diabetes, many people will.
You should discuss the type of diabetes you have with your diabetes
health-care team.
There are several types of blood tests that can be done to determine if a
person has diabetes and, in most cases, a conﬁrmatory blood test is required
to be sure.

“Prediabetes” is a practical and convenient term referring to
impaired fasting glucose (IFG), impaired glucose tolerance (IGT) (1)
or a glycated hemoglobin (A1C) of 6.0% to 6.4%, each of which places
individuals at high risk of developing diabetes and its complications.

Classiﬁcation of Diabetes
The majority of cases of diabetes can be broadly classiﬁed into
2 categories: type 1 diabetes and type 2 diabetes, although some
cases are diﬃcult to classify. Gestational diabetes (GDM) refers to
glucose intolerance with onset or ﬁrst recognition during pregnancy. The classiﬁcation of diabetes is summarized in Table 1.
Appendix 2 addresses the etiologic classiﬁcation of diabetes, including less common forms associated with genetic mutations, diseases of the exocrine pancreas (such as cystic ﬁbrosis), other diseases
or drug exposure (such as glucocorticoids, medications to treat HIV/
AIDS, and atypical antipsychotics).
Monogenic diabetes is a rare disorder caused by genetic defects
of beta cell function that typically presents in young people (<25
years of age), is noninsulin dependent and is familial, with an autosomal dominant pattern of inheritance (2). Differentiating between
type 1, type 2 and monogenic diabetes is important but can be
diﬃcult at the time of diagnosis in certain situations. Table 2
highlights the main features of type 1 diabetes, including LADA form,
type 2 diabetes and monogenic diabetes. No diagnostic test or clinical

Table 1
Classiﬁcation of diabetes

•
Deﬁnition of Diabetes and Prediabetes
Diabetes mellitus is a heterogeneous metabolic disorder characterized by the presence of hyperglycemia due to impairment of
insulin secretion, defective insulin action or both. The chronic
hyperglycemia of diabetes is associated with relatively speciﬁc longterm microvascular complications affecting the eyes, kidneys and
nerves, as well as an increased risk for cardiovascular disease (CVD).
The diagnostic criteria for diabetes are based on thresholds of
glycemia that are associated with microvascular disease, especially retinopathy.
Conﬂict of interest statements can be found on page S14.

•
•
•

Type 1 diabetes* encompasses diabetes that is primarily a result of
pancreatic beta cell destruction with consequent insulin deﬁciency, which is
prone to ketoacidosis. This form includes cases due to an autoimmune
process and those for which the etiology of beta cell destruction is
unknown.
Type 2 diabetes may range from predominant insulin resistance with
relative insulin deﬁciency to a predominant secretory defect with insulin
resistance. Ketosis is not as common.
Gestational diabetes mellitus refers to glucose intolerance with onset
or ﬁrst recognition during pregnancy.
Other speciﬁc types include a wide variety of relatively uncommon
conditions, primarily speciﬁc genetically deﬁned forms of diabetes or
diabetes associated with other diseases or drug use (see Appendix 2.
Etiologic Classiﬁcation of Diabetes Mellitus).

* Includes latent autoimmune diabetes in adults (LADA); the term used to
describe the small number of people with apparent type 2 diabetes who appear to
have immune-mediated loss of pancreatic beta cells (5).

1499-2671 © 2018 Canadian Diabetes Association.
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Table 2
Clinical features distinguishing type 1 diabetes, type 2 diabetes and monogenic diabetes
Clinical features

Type 1 diabetes

Type 2 diabetes

Monogenic diabetes

Age of onset (years)

Most <25 but can occur at any age (but not
before the age of 6 months)

Usually >25 but incidence increasing in
adolescents, paralleling increasing rate
of obesity in children and adolescents

Usually <25; neonatal diabetes <6 months*

Weight

Usually thin, but, with obesity epidemic,
can have overweight or obesity

>90% at least overweight

Similar to general population

Islet autoantibodies

Usually present

Absent

Absent

C-peptide

Undetectable/low

Normal/high

Normal

Insulin production

Absent

Present

Usually present

First-line treatment

Insulin

Noninsulin antihyperglycemic agents,
gradual dependence on insulin may
occur

Depends on subtype

Family history of diabetes

Infrequent (5%–10%)

Frequent (75%–90%)

Multigenerational, autosomal pattern of
inheritance

DKA

Common

Rare

Rare (except for neonatal diabetes*)

DKA, diabetic ketoacidosis.
* Neonatal diabetes is a form of diabetes with onset <6 months of age, requires genetic testing, and may be amenable to therapy with oral sulfonylurea in place of insulin
therapy (3).

criteria can reliably make this distinction, but additional testing may
be helpful in atypical presentations if knowing the speciﬁc diagnosis may alter management. One monogenic form to highlight is
neonatal diabetes, which typically presents by 6 months of age and
is indistinguishable from type 1 diabetes in its clinical features, but
may be amenable to therapy with oral sulfonylurea in place of insulin
therapy. For this reason, all infants diagnosed before 6 months of
age should have genetic testing. In addition, all people with a diagnosis of type 1 diabetes should be reviewed to determine if diagnosis occurred prior to 6 months of age and, if so, genetic testing
should be performed (3).
Obesity and physical signs of insulin resistance (e.g. acanthosis
nigricans) are more common in children and adolescents with
type 2 diabetes than type 1 diabetes. In adults, a systematic review
of clinical indicators identiﬁed age at diagnosis of diabetes <30 to
40 years, and time to needing insulin <1 to 2 years as more predictive of type 1 diabetes than body mass index (BMI) (4).
The presence of autoimmune markers, such as anti-glutamic acid
decarboxylase (GAD) or anti-islet cell (ICA) autoantibodies, may be
helpful in identifying type 1 diabetes and rapid progression to insulin
requirement (5), but levels wane over time and they do not have
suﬃcient diagnostic accuracy to be used routinely (6). In cases where
it is diﬃcult to distinguish between type 1, type 2 and monogenic
diabetes, presence of 1 or more autoantibodies (GAD and ICA) indicates type 1 diabetes with a need for insulin replacement therapy;
however, the absence of autoantibodies does not rule out type 1
diabetes. If the person has clinical features suggestive of monogenic diabetes (familial diabetes with autosomal dominant pattern
of inheritance >2 generations, onset <25 years, not having obesity),
genetic testing for monogenic diabetes may be performed (7).
While very low C-peptide levels measured after months of
clinical stabilization may favour type 1 diabetes (8), they are not
helpful in acute hyperglycemia (9,10). Combined use of autoantibody testing and C-peptide measurement at diagnosis may have
diagnostic and prognostic utility in pediatric diabetes, but requires
further study (11) (see Type 2 Diabetes in Children and Adolescents chapter, p. S247). One study found that, among individuals
presenting in diabetic ketoacidosis (DKA), those with 3 negative
antibodies and fasting C-peptide levels >0.33 nmol/L (1 to 3 weeks
after resolution of the DKA and 10 hours after the last dose of
rapid- or intermediate-acting insulin or metformin, and 24 hours
after the last dose of sulfonylurea or long-acting insulin) were
often able to discontinue insulin, and be treated with noninsulin
antihyperglycemic agents when blood glucose (BG) rose (12). Genetic

risk scoring for type 1 diabetes may provide marginal additional
information over clinical features and autoantibodies, but it is too
early to know its utility in clinical practice (13). Clinical judgement
with safe management and ongoing follow up is a prudent approach
for all people diagnosed with diabetes, regardless of the type.

Diagnostic Criteria
Diabetes
The diagnostic criteria for diabetes are summarized in Table 3
(1). These criteria are based on venous samples and laboratory
methods (14). A fasting plasma glucose (FPG) level of 7.0 mmol/L
correlates most closely with a 2-hour plasma glucose (2hPG) value
of ≥11.1 mmol/L in a 75 g oral glucose tolerance test (OGTT), and

Table 3
Diagnosis of diabetes
FPG ≥7.0 mmol/L
Fasting = no caloric intake for at least 8 hours
or
A1C ≥6.5% (in adults)
Using a standardized, validated assay in the absence of factors that affect the
accuracy of the A1C and not for suspected type 1 diabetes (see text)
or
2hPG in a 75 g OGTT ≥11.1 mmol/L
or
Random PG ≥11.1 mmol/L
Random = any time of the day, without regard to the interval since the last
meal
In the absence of symptomatic hyperglycemia, if a single laboratory test result
is in the diabetes range, a repeat conﬁrmatory laboratory test (FPG, A1C,
2hPG in a 75 g OGTT) must be done on another day. It is preferable that the
same test be repeated (in a timely fashion) for conﬁrmation, but a random
PG in the diabetes range in an asymptomatic individual should be
conﬁrmed with an alternate test. In the case of symptomatic hyperglycemia,
the diagnosis has been made and a conﬁrmatory test is not required before
treatment is initiated. If results of 2 different tests are available and both are
above the diagnostic thresholds, the diagnosis of diabetes is conﬁrmed.
To avoid rapid metabolic deterioration in individuals in whom type 1 diabetes
is likely (younger or lean or symptomatic hyperglycemia, especially with
ketonuria or ketonemia), the initiation of treatment should not be delayed
in order to complete conﬁrmatory testing.
2hPG, 2-hour plasma glucose; AlC, glycated hemoglobin; FPG, fasting plasma glucose;
OGTT, oral glucose tolerance test; PG, plasma glucose.
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Table 4
Advantages and disadvantages of diagnostic tests for diabetes* (43)
Parameter

Advantages

Disadvantages

FPG

•
•
•
•

Established standard
Fast and easy
Single sample
Predicts microvascular complications

•
•
•
•

Sample not stable
High day-to-day variability
Inconvenient (fasting)
Reﬂects glucose homeostasis at a single point in time

2hPG in a
75 g OGTT

•
•

Established standard
Predicts microvascular complications

•
•
•
•
•

Sample not stable
High day-to-day variability
Inconvenient
Unpalatable
Cost

A1C

•
•
•
•
•
•

Convenient (measure any time of day)
Single sample
Predicts microvascular complications
Better predictor of CVD than FPG or 2hPG in a 75 g OGTT
Low day-to-day variability
Reﬂects long-term glucose concentration

•
•

Cost
Misleading in various medical conditions (e.g. hemoglobinopathies, iron deﬁciency,
hemolytic anemia, severe hepatic or renal disease)
Altered by ethnicity and aging
Standardized, validated assay required
Not for diagnostic use in children and adolescents† (as the sole diagnostic test),
pregnant women as part of routine screening for gestational diabetes‡, those with cystic
ﬁbrosis or those with suspected type 1 diabetes

•
•
•

2hPG, 2-hour plasma glucose; A1C, glycated hemoglobin; CVD, cardiovascular disease; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test.
* Adapted from Sacks D. A1C versus glucose testing: a comparison (43).
† See Type 2 Diabetes in Children and Adolescents chapter, p. S247.
‡
See Diabetes and Pregnancy chapter, p. S255.

each predicts the development of retinopathy (15). The relationship
between A1C and retinopathy is similar to that of FPG or 2hPG
with a threshold at around 6.5% (2,16–22). Although the diagnosis
of diabetes is based on an A1C threshold for developing microvascular disease, A1C is also a continuous cardiovascular (CV) risk
factor and a better predictor of CV events than FPG or 2hPG (23,24).
Although very speciﬁc, A1C is less sensitive to diagnose diabetes
than traditional glucose criteria, there are, however, several advantages to using A1C for diabetes diagnosis (25,26). A1C can be
measured at any time of day and is more convenient than FPG or
2hPG in a 75 g OGTT. A1C testing also avoids the problem of
day-to-day variability of glucose values as it reﬂects the average
plasma glucose (PG) over the previous 2 to 3 months (1). In a
Canadian context, A1C may identify more people as having diabetes than FPG (27). However, other studies suggest A1C may not
identify as many people as having diabetes compared to FPG or
2hPG (28).
In order to use A1C as a diagnostic criterion, A1C must be measured using a validated assay standardized to the National
Glycohemoglobin Standardization Program—Diabetes Control and
Complications Trial reference. It is important to note that A1C may
be misleading in individuals with various hemoglobinopathies,
hemolytic or iron deﬁciency anemias, iron deﬁciency without
anemia, Graves’ disease and severe hepatic and renal disease (29–32),
although some evidence suggests that A1C may not be affected by
these conditions in people without diabetes (33) (see Monitoring
Glycemic Control chapter, p. S47). Studies also show the relationship between glucose levels and A1C varies between people living
at extremes of altitude (34). In addition, studies of various ethnicities
indicate that African Americans, American Indians, Hispanics and
Asians have A1C values that are up to 0.4% higher than those of nonHispanic white individuals at similar levels of glycemia (35–38), suggesting people from these ethnic groups would have a higher chance
of being diagnosed with diabetes by current A1C criteria. Research
is required to determine if A1C levels differ in Canadians of African
descent or Indigenous peoples. The frequency of retinopathy begins
to increase at lower A1C levels in African-Americans than in Caucasians, which suggests a lower threshold for diagnosing diabetes
in persons of African descent may be needed (39), whereas a threshold of 6.5% for predicting retinopathy has been validated in large
Japanese and Asian cohorts (20,21). A1C values also are affected by
age, rising by up to 0.1% per decade of life (40,41). More studies may

help to determine if age- or ethnic-speciﬁc adjusted A1C thresholds are required for diabetes diagnosis. In addition, A1C is
not recommended for diagnostic purposes in children and
adolescents (as the sole diagnostic test), pregnant women as part
of routine screening for gestational diabetes, those with cystic ﬁbrosis (42) or those with suspected type 1 diabetes (see Diabetes and
Pregnancy chapter, p. S255; Type 2 Diabetes in Children and Adolescents chapter, p. S247).
Other measures of glycemia, such as fructosamine, glycated
albumin and 1,5-anhydroglucitol have not been validated for the
diagnosis of diabetes.
The decision of which test to use for diabetes diagnosis is left
to clinical judgement (Table 3). Each diagnostic test has advantages and disadvantages (43) (Table 4). In the absence of
symptomatic hyperglycemia, if a single laboratory test result is in
the diabetes range, a repeat conﬁrmatory laboratory test (FPG,
A1C, 2hPG in a 75 g OGTT) must be done on another day. Such
an approach conﬁrms the diagnosis of diabetes in approximately
40% to 90% of people with an initial positive test (26,44). It is
preferable that the same test be repeated (in a timely fashion)
for conﬁrmation, but a random PG in the diabetes range in an
asymptomatic individual should be conﬁrmed with an alternate
test. In the case of symptomatic hyperglycemia, the diagnosis has
been made and a conﬁrmatory test is not required before treatment is initiated.
In individuals in whom type 1 diabetes is likely (younger or lean
or symptomatic hyperglycemia, especially with ketonuria or ketonemia), conﬁrmatory testing should not delay initiation of treatment to avoid rapid deterioration. If results of 2 different tests are
available and both are above the diagnostic cut points, the diagnosis of diabetes is conﬁrmed. When the results of more than 1 test
are available (among FPG, A1C, 2hPG in a 75 g OGTT) and the results
are discordant, the test whose result is above the diagnostic cut point
should be repeated and the diagnosis made on the basis of the repeat
test.
Prediabetes
The term “prediabetes” refers to IFG, IGT or an A1C of 6.0% to
6.4% (Table 5), each of which places individuals at high risk of
developing diabetes and its complications. Not all individuals with
prediabetes will necessarily progress along the continuum of
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Table 5
Diagnosis of prediabetes
Test

Result

Prediabetes category

FPG (mmol/L)
2hPG in a 75 g OGTT (mmol/L)
A1C (%)

6.1–6.9
7.8–11.0
6.0–6.4

IFG
IGT
Prediabetes

2hPG, 2-hour plasma glucose; AlC, glycated hemoglobin; FPG, fasting plasma glucose;
IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OGTT, oral glucose
tolerance test.

Table 6
Harmonized deﬁnition of the metabolic syndrome: ≥3 measures to make the diagnosis of metabolic syndrome* (35)
Measure

Elevated waist circumference (cm)(population
and country speciﬁc cut points):
• Canada; USA.
• Europids; Middle-Eastern; Sub-Saharan
African; Mediterranean
• Asians; Japanese; South and Central
Americans
Elevated TG (mmol/L) (drug treatment for
elevated TG is an alternate indicator†)
Reduced HDL-C (mmol/L) (drug treatment for
reduced HDL-C is an alternate indicator†)
Elevated BP (mmHg) (antihypertensive drug
treatment in a person with a history of
hypertension is an alternate indicator)
Elevated FPG (mmol/L) (drug treatment of
elevated glucose is an alternate indicator)

Categorical thresholds
Men

Women

≥102
≥94

≥88
≥80

≥90

≥80

≥1.7
<1.0

Prediabetes and type 2 diabetes are often manifestations of a
much broader underlying disorder (52), including the metabolic
syndrome, a highly prevalent, multifaceted condition characterized by a constellation of abnormalities that include abdominal
obesity, hypertension, dyslipidemia and elevated BG. Individuals with
the metabolic syndrome are at signiﬁcant risk of developing CVD.
While metabolic syndrome and type 2 diabetes often coexist, those
with metabolic syndrome without diabetes are at signiﬁcant risk
of developing diabetes. Evidence exists to support an aggressive
approach to identifying and treating people, not only those with
hyperglycemia, but also those with the associated CV risk factors
that make up the metabolic syndrome, such as hypertension,
dyslipidemia and abdominal obesity, in the hope of signiﬁcantly
reducing CV morbidity and mortality.
Various diagnostic criteria for the metabolic syndrome have been
proposed. In 2009, a harmonized deﬁnition of the metabolic
syndrome was established, with at least 3 or more criteria required
for diagnosis (53) (Table 6).

RECOMMENDATIONS
<1.3

Systolic ≥130 and/or diastolic
≥85
≥5.6

BP, blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.
* Adapted from: Alberti KG, Eckel R, Grundy S, et al. Harmonizing the metabolic
syndrome (53).
†
The most commonly used drugs for elevated TG and reduced HDL-C are ﬁbrates
and nicotinic acid. A person taking one of these drugs can be presumed to have high
TG and reduced HDL-C. High-dose omega-3 fatty acids presumes high TG.

dysglycemia to develop diabetes. Indeed, a signiﬁcant proportion
of people who are diagnosed with IFG or IGT will revert to
normoglycemia. While people with prediabetes do not have
increased risk for microvascular disease as seen in diabetes, they
are at risk for the development of diabetes and CVD (45–47). Due
to variability in the literature, it seems that IGT may or may not
be more strongly associated with CVD outcomes than IFG, and
A1C may or may not be more strongly associated with CVD outcomes than either IFG or IGT. Individuals identiﬁed as having both
IFG and IGT are at higher risk for diabetes as well as CVD than
people with either IFG or IGT alone. People with prediabetes,
particularly in the context of the metabolic syndrome, would beneﬁt
from CV risk factor modiﬁcation.
While there is no worldwide consensus on the deﬁnition of IFG
(48,49), Diabetes Canada deﬁnes IFG as an FPG value of 6.1 to
6.9 mmol/L due to the higher risk of developing diabetes in these
individuals compared to deﬁning IFG as an FPG value of 5.6 to
6.9 mmol/L (49). While there is a continuum of risk for diabetes in
individuals with A1C levels between 5.5% to 6.4%, population studies
demonstrate that A1C levels of 6.0% to 6.4% are associated with a
higher risk for diabetes compared to levels between 5.5% to 6.0%
(50). While the American Diabetes Association deﬁnes prediabetes as an A1C between 5.7% to 6.4%, Diabetes Canada has based the
deﬁnition on a higher risk group and includes an A1C of 6.0% to 6.4%
as a diagnostic criterion for prediabetes (1). However, A1C levels
<6.0% can indeed be associated with an increased risk for diabetes
(50). The combination of an FPG of 6.1 to 6.9 mmol/L and an A1C
of 6.0% to 6.4% is predictive of 100% progression to type 2 diabetes over a 5-year period (51).

1. Diabetes should be diagnosed by any of the following criteria:
a. FPG ≥7.0 mmol/L [Grade B, Level 2 (54)]
b. A1C ≥6.5% (for use in adults in the absence of factors that affect the
accuracy of A1C and not for use in those with suspected type 1 diabetes) [Grade B, Level 2 (20,21,54)]
c. 2hPG in a 75 g OGTT ≥11.1 mmol/L [Grade B, Level 2 (54)]
d. Random PG ≥11.1 mmol/L [Grade D, Consensus].
In the presence of symptoms of hyperglycemia, a single test result in the
diabetes range is suﬃcient to make the diagnosis of diabetes. In the absence
of symptoms of hyperglycemia, if a single laboratory test result is in the
diabetes range, a repeat conﬁrmatory laboratory test (FPG, A1C, 2hPG in
a 75 g OGTT) must be done on another day. It is preferable that the same
test be repeated (in a timely fashion) for conﬁrmation, but a random PG
in the diabetes range in an asymptomatic individual should be conﬁrmed with an alternate test. If results of 2 different tests are available
and both are above the diagnostic cut points the diagnosis of diabetes is
conﬁrmed [Grade D, Consensus].
To avoid rapid metabolic deterioration in individuals in whom
type 1 diabetes is likely (younger or lean or symptomatic hyperglycemia,
especially with ketonuria or ketonemia), the initiation of treatment should
not be delayed in order to complete conﬁrmatory testing [Grade D,
Consensus].
2. Prediabetes (deﬁned as a state which places individuals at high risk of developing diabetes and its complications) is diagnosed by any of the following criteria:
a. IFG (FPG 6.1–6.9 mmol/L) [Grade A, Level 1 (45)]
b. IGT (2hPG in a 75 g OGTT 7.8–11.0 mmol/L) [Grade A, Level 1 (45)]
c. A1C 6.0%–6.4% (for use in adults in the absence of factors that affect
the accuracy of A1C and not for use in suspected type 1 diabetes)
[Grade B, Level 2 (50)].
Abbreviations:
2hPG, 2-hour plasma glucose; A1C, glycated hemoglobin; BG; blood
glucose; FPG, fasting plasma glucose; DKA, diabetic ketoacidosis; IFG,
impaired fasting glucose; IGT, impaired glucose tolerance; OGTT, oral
glucose tolerance test; PG, plasma glucose.

Other Relevant Guidelines
Screening for Diabetes in Adults, p. S16
Reducing the Risk of Developing Diabetes, p. S20
Type 1 Diabetes in Children and Adolescents, p. S234
Type 2 Diabetes in Children and Adolescents, p. S247
Relevant Appendix
Appendix 2. Etiologic Classiﬁcation of Diabetes
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REVIEW

Diabetes mellitus: The epidemic of the century
Akram T Kharroubi, Hisham M Darwish
region has the highest prevalence of diabetes in
adults (10.9%) whereas, the Western Pacific region
has the highest number of adults diagnosed with
diabetes and has countries with the highest prevalence
of diabetes (37.5%). Different classes of diabetes
mellitus, type 1, type 2, gestational diabetes and other
types of diabetes mellitus are compared in terms of
diagnostic criteria, etiology and genetics. The molecular
genetics of diabetes received extensive attention in
recent years by many prominent investigators and
research groups in the biomedical field. A large array
of mutations and single nucleotide polymorphisms
in genes that play a role in the various steps and
pathways involved in glucose metabolism and the
development, control and function of pancreatic cells
at various levels are reviewed. The major advances in
the molecular understanding of diabetes in relation to
the different types of diabetes in comparison to the
previous understanding in this field are briefly reviewed
here. Despite the accumulation of extensive data at
the molecular and cellular levels, the mechanism of
diabetes development and complications are still not
fully understood. Definitely, more extensive research
is needed in this field that will eventually reflect on
the ultimate objective to improve diagnoses, therapy
and minimize the chance of chronic complications
development.
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Core tip: Diabetes mellitus is rising to an alarming
epidemic level. Early diagnosis of diabetes and prediabetes
is essential using recommended hemoglobin A1c criteria
for different types except for gestational diabetes.
Screening for diabetes especially in underdeveloped
countries is essential to reduce late diagnosis. Diabetes
development involves the interaction between genetic
and non-genetic factors. Biomedical research continues

Abstract
The epidemic nature of diabetes mellitus in different
regions is reviewed. The Middle East and North Africa
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predictors of type 1 diabetes include increased height
[10,11]
growth velocity
and impaired glucose sensitivity
[12]
of β cells . The implications of increased free radicals,
oxidative stress, and many metabolic stressors in
the development, pathogenesis and complications
[13-18]
of diabetes mellitus
are very strong and well
documented despite the inconsistency of the clinical
trials using antioxidants in the treatment regimens of
[19-21]
diabetes
. The female hormone 17-β estradiol acting
through the estrogen receptor-α (ER-α) is essential for
the development and preservation of pancreatic β cell
function since it was clearly demonstrated that induced
oxidative stress leads to β-cell destruction in ER-α
knockout mouse. The ER-α receptor activity protects
pancreatic islets against glucolipotoxicity and therefore
[22]
prevents β-cell dysfunction .

to provide new insights in our understanding of the
mechanism of diabetes development that is reviewed
here. Recent studies may provide tools for the use of
several genes as targets for risk assessment, therapeutic
strategies and prediction of complications.
Kharroubi AT, Darwish HM. Diabetes mellitus: The epidemic
of the century. World J Diabetes 2015; 6(6): 850-867 Available
from: URL: http://www.wjgnet.com/1948-9358/full/v6/i6/850.
htm DOI: http://dx.doi.org/10.4239/wjd.v6.i6.850

DEFINITION OF DIABETES MELLITUS
Diabetes mellitus is a group of metabolic diseases
characterized by chronic hyperglycemia resulting
from defects in insulin secretion, insulin action, or
both. Metabolic abnormalities in carbohydrates, lipids,
and proteins result from the importance of insulin
as an anabolic hormone. Low levels of insulin to
achieve adequate response and/or insulin resistance
of target tissues, mainly skeletal muscles, adipose
tissue, and to a lesser extent, liver, at the level of
insulin receptors, signal transduction system, and/or
effector enzymes or genes are responsible for these
metabolic abnormalities. The severity of symptoms
is due to the type and duration of diabetes. Some of
the diabetes patients are asymptomatic especially
those with type 2 diabetes during the early years of
the disease, others with marked hyperglycemia and
especially in children with absolute insulin deficiency
may suffer from polyuria, polydipsia, polyphagia,
weight loss, and blurred vision. Uncontrolled diabetes
may lead to stupor, coma and if not treated death, due
to ketoacidosis or rare from nonketotic hyperosmolar
[1-3]
syndrome .

TYPE 1 DIABETES MELLITUS
Autoimmune type 1 diabetes

This type of diabetes constitutes 5%-10% of subjects
[23]
diagnosed with diabetes
and is due to destruction
[24,25]
of β cells of the pancreas
. Type 1 diabetes
accounts for 80%-90% of diabetes in children and
[2,26]
adolescents
. According to International Diabetes
Federation (IDF), the number of youth (0-14 years)
diagnosed with type 1 diabetes worldwide in 2013 was
497100 (Table 1) and the number of newly diagnosed
[27]
cases per year was 78900 . These figures do not
represent the total number of type 1 diabetes patients
because of the high prevalence of type 1 diabetes in
adolescence and adults above 14 years of age. One
reported estimate of type 1 diabetes in the United
[28,29]
States in 2010 was 3 million
. The number of
youth in the United States younger than 20 years with
type 1 diabetes was estimated to be 166984 in the
[30]
year 2009 . The prevalence of type 1 diabetes in the
world is not known but in the United States in youth
younger than 20 years was 1.93 per 1000 in 2009
(0.35-2.55 in different ethnic groups) with 2.6%-2.7%
[26,31]
relative annual increase
. Type 1 diabetes is mainly
due to an autoimmune destruction of the pancreatic β
cells through T-cell mediated inflammatory response
[25]
(insulitis) as well as a humoral (B cell) response .
The presence of autoantibodies against the pancreatic
islet cells is the hallmark of type 1 diabetes, even
though the role of these antibodies in the pathogenesis
of the disease is not clear. These autoantibodies
include islet cell autoantibodies, and autoantibodies
to insulin (IAA), glutamic acid decarboxylase (GAD,
GAD65), protein tyrosine phosphatase (IA2 and
[32]
IA2β) and zinc transporter protein (ZnT8A) . These
pancreatic autoantibodies are characteristics of type
1 diabetes and could be detected in the serum of
these patients months or years before the onset of
[33]
the disease . Autoimmune type 1 diabetes has
strong HLA associations, with linkage to DR and DQ
genes. HLA-DR/DQ alleles can be either predisposing
[1]
or protective . This autoimmune type 1 diabetes is

CLASSIFICATION OF DIABETES
MELLITUS
Although classification of diabetes is important and has
implications for the treatment strategies, this is not
an easy task and many patients do not easily fit into
[1,4-6]
a single class especially younger adults
and 10%
[7]
of those initially classified may require revision . The
classical classification of diabetes as proposed by the
American Diabetes Association (ADA) in 1997 as type
1, type 2, other types, and gestational diabetes mellitus
(GDM) is still the most accepted classification and
[1]
[8]
adopted by ADA . Wilkin proposed the accelerator
hypothesis that argues “type 1 and type 2 diabetes
are the same disorder of insulin resistance set against
[9]
different genetic backgrounds” . The difference bet
ween the two types relies on the tempo, the faster
tempo reflecting the more susceptible genotype and
earlier presentation in which obesity, and therefore,
insulin resistance, is the center of the hypothesis. Other
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Table 1 Number of subjects with type 1 diabetes in children (0-14 years), with diabetes in adults (20-79 years) and with
hyperglycemia (type 2 or gestational diabetes) in pregnancy (20-49 years)
Region

Type 1 diabetes in children
(0-14 yr)

Diabetes in adults
(20-79 yr)

2013

Africa
Europe
Middle East and North Africa
North America and Caribbean
South and Central America
South East Asia
Western Pacific
World

2013

Hyperglycemia in pregnancy
(20-49 yr)
2035

2013

Number
in
thousands

Newly
diagnosed
in thousands

Number in
millions

Comparative
prevalence

Number in
millions

Comparative
prevalence

Cases in live
births in
millions

Comparative
prevalence

39.1
129.4
64.0
108.6
45.6
77.9
32.5
497.1

6.4
20.0
10.7
16.7
7.3
12.5
5.3
78.9

19.8
56.3
34.6
36.8
24.1
72.1
138.2
381.8

5.7%
6.8%
10.9%
9.6%
8.2%
8.7%
8.1%
8.3%

41.5
68.9
67.9
50.4
38.5
123.0
201.8
592.0

6.0%
7.1%
11.3%
9.9%
8.2%
9.4%
8.4%
8.8%

4.6
1.7
3.4
0.9
0.9
6.3
3.7
21.4

14.4%
12.6%
17.5%
10.4%
11.4%
25.0%
11.9%
14.8%

Data extracted from International Diabetes Federation Diabetes Atlas, 6th ed, 2013.

Idiopathic type 1 diabetes

characterized by the absence of insulin secretion and is
more dominant in children and adolescents.
In addition to the importance of genetic pre
disposition in type 1 diabetes, several environmental
factors have been implicated in the etiology of the
[9,33]
[34,35]
disease
. Viral factors include congenital rubella
,
viral infection with enterovirus, rotavirus, herpes
[36,37]
virus, cytomegalovirus, endogenous retrovirus
and Ljungan virus. Other factors include low vitamin
[38]
D levels , prenatal exposure to pollutants, improved
hygiene and living conditions decreased childhood
infections in countries with high socioeconomic status
leading to increased autoimmune diseases (hygiene
hypothesis), early infant nutrition such as using
[39]
cow’s milk formula instead of breast feeding
in
addition to insulin resistance in early childhood due to
obesity or increased height growth velocity. The role
[40]
of environmental factors remains controversial .
Recent evidence supported the causative effect of viral
[41-43]
infections in diabetes
.
Type 1 diabetes often develops suddenly and
can produce symptoms such as polydipsia, polyuria,
enuresis, lack of energy, extreme tiredness, polyphagia,
sudden weight loss, slow-healing wounds, recurrent
[27]
infections and blurred vision with severe dehydration
and diabetic ketoacidosis in children and adolescents.
The symptoms are more severe in children compared
to adults. These autoimmune type 1 diabetes patients
are also prone to other autoimmune disorders such
as Graves’ disease, Hashimoto’s thyroiditis, Addison’
s disease, vitiligo, celiac sprue, autoimmune hepatitis,
[1]
myasthenia gravis, and pernicious anemia . The
complete dependence on insulin of type 1 diabetes
patients may be interrupted by a honeymoon phase
which lasts weeks to months or in some cases 2-3
years. In some children, the requirement for insulin
therapy may drop to a point where insulin therapy
could be withdrawn temporarily without detectable
[44]
hyperglycemia .

WJD|www.wjgnet.com

A rare form of type 1 diabetes of unknown origin
(idiopathic), less severe than autoimmune type 1
diabetes and is not due to autoimmunity has been
reported. Most patients with this type are of African
or Asian descent and suffer from varying degrees of
[45]
insulin deficiency and episodic ketoacidosis .

Fulminant type 1 diabetes

This is a distinct form of type 1 diabetes, first des
cribed in the year 2000, and has some common
features with idiopathic type 1 diabetes being non[46,47]
immune mediated
. It is characterized by keto
acidosis soon after the onset of hyperglycemia, high
glucose levels (≥ 288 mg/dL) with undetectable
levels of serum C-peptide, an indicator of endogenous
[48]
insulin secretion . It has been described mainly in
East Asian countries and accounted for approximately
20% of acute-onset type 1 diabetes patients in Japan
(5000-7000 cases) with an extremely rapid and
almost complete beta-cell destruction resulting in
[48,49]
nearly no residual insulin secretion
. Both genetic
and environmental factors, especially viral infection,
have been implicated in the disease. Anti-viral immune
response may trigger the destruction of pancreatic
beta cells through the accelerated immune reaction
with no detectable autoantibodies against pancreatic
[48,50]
beta cells
. Association of fulminant type 1 diabetes
[51]
with pregnancy has also been reported .

TYPE 2 DIABETES MELLITUS
The global prevalence of diabetes in adults (20-79
years old) according to a report published in 2013 by
the IDF was 8.3% (382 million people), with 14 million
more men than women (198 million men vs 184
million women), the majority between the ages 40 and
59 years and the number is expected to rise beyond
592 million by 2035 with a 10.1% global prevalence.
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25
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Western Pacific

Middle East and North
Africa

15.59
14.53
14.14
13.08
10.89
10.85
10.42
14.76
South East Asia
12.98
12.45
South and Central
11.35
America
10.87
10.5
10.88
15.86
14.46
14.31
14.31
14.21
14.16
13.59
13.26
12.98
12.96
12.77
12.63
12.62
12.59
12.36
12.1
11.06
10.9
10.44
23.87
23.09
22.87
21.84
18.98
16.8
14.99
14.24
11.4
14.85
Europe
10.11
15.38
12.14
Africa
10.71

35

28.77
25.66
23.97
23.29
22.41
19.49
19.48

Comparative prevalence (%)

40

37.49
35.03
34.89

45

North America and Caribbean

0

Tokelau
Micronesia
Marshall Islands
Kiribati
Cook Island
Vanuatu
Nauru
French Polynesia
New Caledonia
Guam
Solomon Islands
Tuvalu
Tonga
Niue
Fiji
Malaysia
Singapore
Mauritius
Puerto Rico
Nicaragua
Dominican Repubic
Guatemala
El Salvador
Beliza
Guyana
Curaco
Cayman Islands
Martinique
Sint Haarten (Dutch part)
Bahamas
Aruba
Antigua and Barbuda
Trinidad and Tobago
Saint Kitts and Nevis
Bermuda
Mexico
Anguilla
British Virgin Islands
Barbados
US Virgin Islands
Suriname
Dominica
Jamaica
Saudi Arabia
Kuwait
Qatar
Bahrin
United Arab Emirates
Egypt
Lebanon
Oman
Jordan
Turkey
Montenegro
Réunion
Seychelles
Gabon

5

Figure 1 Comparative prevalence of diabetes in adults (20-79 years) in countries with high prevalence (≥ 10%). Data extracted from International Diabetes
Federation Diabetes Atlas, 6th ed, 2013.

With 175 million cases still undiagnosed, the number of
people currently suffering from diabetes exceeds half a
billion. An additional 21 million women are diagnosed
with hyperglycemia during pregnancy. The Middle East
and North Africa region has the highest prevalence
of diabetes (10.9%), however, Western Pacific region
has the highest number of adults diagnosed with
diabetes (138.2 millions) and has also countries with
[27]
the highest prevalence (Figure 1) . Low- and middleincome countries encompass 80% of the cases, “where
[27]
the epidemic is gathering pace at alarming rates” .
Despite the fact that adult diabetes patients are mainly
type 2 patients, it is not clear whether the reported
382 million adults diagnosed with diabetes also include
type 1 diabetes patients.
More than 90%-95% of diabetes patients belong
to this type and most of these patients are adults.
The number of youth (less than 20 years) with type
2 diabetes in the United States in the year 2009 was
0.46 in 1000 and accounted for approximately 20% of
[26]
type 2 diabetes in youth . The increased incidence of
type 2 diabetes in youth is mainly due to the change in
the lifestyle of the children in terms of more sedentary
life and less healthy food. Obesity is the major reason
behind insulin resistance which is mainly responsible
[52-54]
for type 2 diabetes
. The ADA recommends sc
reening of overweight children and adolescence to
[55,56]
detect type 2 diabetes
. The prevalence of obesity
[6]
in children in on the rise which is probably the main
reason for the increased incidence of type 2 diabetes in
the young (30.3% overall increase in type 2 diabetes
in children and adolescence between 2001 and
[26]
2009) .
Insulin resistance in type 2 diabetes patients
increases the demand for insulin in insulin-target
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tissues. In addition to insulin resistance, the increased
demand for insulin could not be met by the pancreatic
[18]
β cells due to defects in the function of these cells .
On the contrary, insulin secretion decreases with the
increased demand for insulin by time due to the gradual
[57]
destruction of β cells
that could transform some of
type 2 diabetes patients from being independent to
become dependent on insulin. Most type 2 diabetes
patients are not dependent on insulin where insulin
secretion continues and insulin depletion rarely occurs.
Dependence on insulin is one of the major differences
from type 1 diabetes. Other differences include the
absence of ketoacidosis in most patients of type 2
diabetes and autoimmune destruction of β cells does
not occur. Both type 1 and type 2 diabetes have genetic
predisposition, however, it is stronger in type 2 but the
genes are more characterized in type 1 (the TCF7L2
[58]
gene is strongly associated with type 2 diabetes) .
Due to the mild symptoms of type 2 diabetes in the
beginning, its diagnosis is usually delayed for years
especially in countries where regular checkup without
symptoms is not part of the culture. This delay
in diagnosis could increase the incidence of longterm complications in type 2 diabetes patients since
hyperglycemia is not treated during this undiagnosed
period.
In addition to diabetes, insulin resistance has
many manifestations that include obesity, neph
ropathy, essential hypertension, dyslipidemia (hyper
triglyceridemia, low HDL, decreased LDL particle
diameter, enhanced postprandial lipemia and remnant
lipoprotein accumulation), ovarian hyperandrogenism
and premature adrenarche, non-alcoholic fatty liver
[6,54]
disease and systemic inflammation
. The presence
of type 2 diabetes in children and adolescence who are
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[77]

[59-61]

not obese
, the occasional severe dehydration and
the presence of ketoacidosis in some pediatric patients
[55]
with type 2 diabetes
had led to the misclassification
of type 2 to type 1 diabetes.
Some patients with many features of type 2 dia
betes have some type 1 characteristics including the
presence of islet cell autoantibodies or autoantibodies
to GAD65 are classified as a distinct type of diabetes
[62]
called latent autoimmune diabetes in adults (LADA) .
People diagnosed with LADA do not require insulin
[63]
treatment. In a recent study, Hawa et al
reported
7.1% of European patients with type 2 diabetes with
a mean age of 62 years, tested positive for GAD
autoantibodies and the prevalence of LADA was higher
in patients diagnosed with diabetes at a younger age.
This classification of LADA as a distinct type of diabetes
[6,64-66]
is still controversial
.

hypertriglyceridemia . Among the factors implicated
in the development of insulin resistance, obesity is
the most predominant risk factor leading to insulin
insensitivity and diabetes which involves several
mechanisms that participate in the pathogenesis of
[78]
the disease . Obesity-induced insulin resistance is
directly linked to increased nutrient flux and energy
accumulation in tissues that directly affect cell res
[77]
ponsiveness to insulin . However, it seems that other
insulin-independent mechanisms are involved in the
overall metabolic disturbances of glucose homeostasis
and diabetes including activities in extra-hepatic
tissues in addition to the central role of liver.

OTHER TYPES OF DIABETES MELLITUS
Monogenic diabetes

Characterization of the genetic etiology of diabetes
enables more appropriate treatment, better prognosis,
[79]
and counseling . Monogenic diabetes is due to a
genetic defect in single genes in pancreatic β cells which
results in disruption of β cell function or a reduction
in the number of β cells. Conventionally, monogenic
diabetes is classified according to the age of onset
as neonatal diabetes before the age of six months or
Maturity Onset Diabetes of the Young (MODY) before
the age of 25 years. However, certain familial defects
are manifested in neonatal diabetes, MODY or adult
[2,9,80]
onset diabetes
. Others believe that classification
of diabetes as MODY and neonatal diabetes is obsolete
and monogenic diabetes is currently used relating
specific genetic etiologies with their specific treatment
[79]
implications . Beta cell differentiation depends on the
expression of the homeodomain transcription factor
PDX1 where mutation in the gene results in early
onset diabetes (MODY) and its expression decreases
[81]
before the onset of diabetes . The angiopoietinlike protein 8 (ANGPTL8) may represent a potential
“betatrophin” that acts to promote the proliferation
of beta cells, however, studies using mice lacking
the ANGPTL8 active gene or overexpressed protein
indicated that it did not seem to play a role in beta
[82]
cells proliferation .
Mitochondrial diabetes is due to a point mutation in
the mitochondrial DNA associated with deafness and
maternal transmission of the mutant DNA can result in
[1,83]
maternally-inherited diabetes
.
Mutations that result in mutant insulin or the
inability to convert proinsulin to insulin result in glucose
intolerance in some of these cases. Genetic defects
in the insulin receptor or in the signal transduction
pathway of insulin have been demonstrated to result in
hyperinsulinemia and modest hyperglycemia to severe
[1]
diabetes .

Insulin resistance and signaling

Defects in the insulin-dependent substrate proteins
IRS-1 and IRS-2 mediated signaling pathway are
implicated in the development of metabolic disorders,
mainly diabetes. This pathway mediates the cellular
response to insulin and involves a large array of
insulin-stimulated protein kinases including the serine/
threonine kinase AKT and protein kinase C (PKC) that
phosphorylate a large number of Ser/Thr residues in
the insulin receptor substrate (IRS) proteins involved
[67]
in the metabolic response to insulin . In addition,
other non-insulin dependent kinases including the
AMP-activated protein kinase, c-Jun N-terminal
protein kinase and G protein-coupled receptor
kinase 2 that are activated under various conditions
can phosphorylate the two insulin responsive
[67-71]
substrates
. Disruption in the AKT and PKC kinases
[72]
is central to the development of diabetes
and is
associated with all major features of the disease
including hyperinsulinemia, dyslipidemia and insulin
[73]
resistance . Replacing the wild type IRS-1 with a
mutant version of the protein having alanine instead
of tyrosine in three locations using genetic knockin approach provided evidence to the central role of
IRS-1 phosphorylation in the development of insulin
[74]
resistance . Using a similar approach to generate
IRS-1 mutant with a single mutation involving a
specific tyrosine residue, confirmed the role of
IRS-1 phosphorylation in the development of insulin
[75]
resistance pathogenesis . The large cumulative
evidence indicates a complex array of factors including
[76]
environmental factors
and a wide range of cellular
disturbances in glucose and lipid metabolism in various
[77]
tissues
contribute to the development of insulin
resistance. This condition generates complex cellular
metabolic changes in a variety of tissues, mainly liver
and muscles, that include the inability of the liver
to transport and dispose glucose, control glucose
production via gluconeogenesis, impaired storage
of glucose as glycogen, de novo lipogenesis and
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Disease of the exocrine pancreas

Damage of the β cells of the pancreas due to diffused
injury of the pancreas can cause diabetes. This damage
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could be due to pancreatic carcinoma, pancreatitis,
[1]
infection, pancreatectomy, and trauma . Atrophy
of the exocrine pancreas leads to progressive loss
[84]
of the β cells . Accumulation of fat in the pancreas
or pancreatic steatosis could lead to diabetes due to
decreased insulin secretion but may require a long
[85]
time before the damage to β cells occurs . In most
cases, extensive damage of the pancreas is required
before diabetes occurs and the exocrine function of the
[86]
pancreas is decreased in these patients . Cirrhosis in
cystic fibrosis may contribute to insulin resistance and
[2]
diabetes .

highest prevalence of prediabetes are in the Middle
East Arab States of the Gulf (Kuwait, Qatar, UAE and
Bahrin with prevalence of 17.9%, 17.1%, 16.6%
[27]
and 16.3%, respectively) . The number of people
diagnosed with prediabetes is different according to
the method and criteria used to diagnose prediabetes.
The number of people with prediabetes defined by
IFG 100-125 mg/dL is 4-5 folds higher than those
diagnosed using the WHO criteria of 110-125 mg/
[93]
dL . Diabetes and prediabetes diagnosed using an
HbA1c criteria give different estimates compared to
methods using FPG or OGTT. Higher percentages of
prediabetes were diagnosed using HbA1c compared
[94-96]
to FPG
. Prediabetes is associated with metabolic
syndrome and obesity (especially abdominal or vis
ceral obesity), dyslipidemia with high triglycerides
[97]
and/or low HDL cholesterol, and hypertension .
Not all individuals with prediabetes develop diabetes
in the future, exercise with a reduction of weight
5%-10% reduces the risk of developing diabetes consi
[98]
derably (40%-70%) . Individuals with an HbA1c of
6.0%-6.5% have twice the risk of developing diabetes
(25%-50%) in five years compared to those with an
[99]
HbA1c of 5.5%-6.0% .

Hormones and drugs

Diabetes has been found in patients with endocrine
diseases that secrete excess hormones like growth
hormone, glucocorticoids, glucagon and epinephrine
in certain endocrinopathies like acromegaly, Cushing’s
syndrome, glucagonoma, and pheochromocytoma,
[1]
respectively . Some of these hormones are used as
drugs such as glucocorticoids to suppress the immune
system and in chemotherapy and growth hormone to
treat children with stunted growth.

Genetic syndromes

Diabetes has been detected in patients with various
genetic syndromes such as Down syndrome, Klinefelter
[1]
syndrome, Turner syndrome and Wolfram syndrome .

DIAGNOSTIC CRITERIA FOR DIABETES
MELLITUS
Diabetes mellitus is diagnosed using either the
estimation of plasma glucose (FPG or OGTT) or
HbA1c. Estimation of the cut off values for glucose
and HbA1c is based on the association of FPG or
HbA1c with retinopathy. Fasting plasma glucose of
≥ 126 mg/dL (7.0 mmol/L), plasma glucose after
2-h OGTT ≥ 200 mg/dL (11.1 mmol/L), HbA1c ≥
6.5% (48 mmol/mol) or a random plasma glucose
≥ 200 mg/dL (11.1 mmol/L) along with symptoms
of hyperglycemia is diagnostic of diabetes mellitus.
In addition to monitor the treatment of diabetes,
HbA1c has been recommended to diagnose diabetes
[100]
by the International Expert Committee in 2009
[101]
and endorsed by ADA
, the Endocrine Society, the
[102]
WHO
and many scientists and related organizations
all over the world. The advantages and disadvantages
of the different tests used to diagnose diabetes have
[103]
been reviewed by Sacks et al
. The advantages of
using HbA1c over FPG to diagnose diabetes include
greater convenience and preanalytical stability, lower
CV (3.6%) compared to FPG (5.7%) and 2h OGTT
(16.6%), stronger correlation with microvascular
complications especially retinopathy, and a marker
for glycemic control and glycation of proteins which is
the direct link between diagnosis of diabetes and its
[104-109]
complications
. It is recommended to repeat the
HbA1c test in asymptomatic patients within two weeks
[110]
to reaffirm a single apparently diagnostic result .
A cut off value for HbA1c of ≥ 6.5% (48 mmol/
mol) has been endorsed by many countries and dif

PREDIABETES
Individuals with prediabetes do not meet the criteria
of having diabetes but are at high risk to develop
type 2 diabetes in the future. According to the ADA
Expert Committee, individuals are defined to have
prediabetes if they have either impaired fasting plasma
glucose (IFG) levels between 100-125 mg/dL (5.6-6.9
mmol/L) or impaired glucose tolerance test (IGT) with
2-h plasma glucose levels in the oral glucose tolerance
test (OGTT) of 140-199 mg/dL (7.8-11.0 mmol/L).
The World Health Organization (WHO) still adopts the
range for IFG from 110-125 mg/dL (6.1-6.9 mmol/
L). Prediabetes has been shown to correlate with
[87,88]
[89]
increased cardiovascular mortality
and cancer .
The definition of prediabetes with the indicated cut off
values is misleading since lower levels of glucose in the
normal range are still correlated with cardiovascular
[90]
disease in a continuous glycemic risk perspective .
In accordance with the recommendation of the ADA
in 2009 to use hemoglobin A1c (HbA1c) to diagnose
diabetes, ADA also recommended the use of an HbA1c
[91]
(5.7%-6.4%) to diagnose prediabetes . The number
of people with IGT according to IDF was 316 million
in 2013 (global prevalence 6.9% in adults) and is
[27]
expected to rise to 471 million in 2030 . According
to a report in 2014 by the Center for Disease Control
and Prevention, 86 million Americans (1 out of 3) have
[92]
prediabetes . Four of the top ten countries with the

WJD|www.wjgnet.com

855

June 25, 2015|Volume 6|Issue 6|

Kharroubi AT et al . Diabetes epidemic
ferent ethnic groups, yet ethnicity seems to affect
[111,112]
the cut off values to diagnose diabetes
. Cut[113]
off values of 5.5% (37 mmol/mol)
and 6.5% (48
[114]
mmol/mol)
have been reported in a Japanese
study, 6.0% (42 mmol/mol) in the National Health
and Nutrition Examination Survey (NHANES III),
6.2% (44 mmol/mol) in a Pima Indian study, 6.3%
(45 mmol/mol) in an Egyptian study as reported by
[105]
[112]
Davidson ; and three cut-off values for Chinese .
The Australians recommended the use of two cutoff values: ≤ 5.5% to “rule-out” and ≥ 7.0% to
[115]
“rule-in” diabetes
. Variations in the prevalence of
[94,116-119]
[120]
diabetes
and prediabetes
due to ethnicity
have been documented. Most studies diagnosed less
subjects with diabetes using HbA1c compared to
[121-123]
FPG or OGTT
. Yet, other studies reported more
[96,124-126]
subjects diagnosed with diabetes using HbA1c
.

140 mg/dL (7.8 mmol/L) is followed by a second step
under fasting conditions after a 100 g glucose load for
those who screened abnormal in the first step. The
diagnosis of gestational diabetes is made when at least
two of the four plasma glucose levels are met. The
four plasma glucose levels according to Carpenter/
Coustan criteria are: FPG ≥ 95 mg/dL (5.3 mmol/L);
1-h ≥ 180 mg/dL (10.0 mmol/L); 2-h ≥ 155 mg/dL
[1]
(8.6 mmol/L); and 3-h ≥ 140 mg/dL (7.8 mmol/L) .
The use IADPSC criteria in comparison with the
Carpenter/Coustan criteria was associated with a
3.5-fold increase in GDM prevalence as well as sig
nificant improvements in pregnancy outcomes, and
[132]
was cost-effective . In another retrospective cohort
study of women diagnosed with gestational diabetes,
[133]
Ethridge et al
have shown that newborns of women
diagnosed with gestational diabetes by IADPSG ap
proach have greater measures of fetal overgrowth
compared with Carpenter-Coustan “two-step” approach
neonates. A strategy of using fasting plasma glucose as
a screening test and to determine the need for OGTT is
[134,135]
[136]
valid
. According to Sacks , correlation of glucose
concentrations and the risk of subsequent complications
will eventually lead to universal guidelines.
The use of ADA/WHO cut off value of HbA1c ≥
6.5% (48 mmol/mol) to diagnose gestational diabetes
is not recommended by the “one step” IADPSC criteria
or the “two-step” NIH criteria. Further investigation
is required in light of recent reports on HbA1c in
combination with OGTT and its usefulness to predict
adverse effect of gestational diabetes or obviate the
[137-141]
use OGTT in all women with gestational diabetes
.

GESTATIONAL DIABETES
Hyperglycemia in pregnancy whether in the form of
type 2 diabetes diagnosed before or during pregnancy
or in the form gestational diabetes has an increased
risk of adverse maternal, fetal and neonatal outcome.
Mothers with gestational diabetes and babies born
to such mothers have increased risk of developing
diabetes later in life. Hyperglycemia in pregnancy is
responsible for the increased risk for macrosomia (birth
weight ≥ 4.5 kg), large for gestational age births,
preeclampsia, preterm birth and cesarean delivery
[127]
due to large babies
. Risk factors for gestational
diabetes include obesity, personal history of gestational
diabetes, family history of diabetes, maternal age,
polycystic ovary syndrome, sedentary life, and ex
[3]
posure to toxic factors .
Diagnosis of type 2 diabetes before or during
pregnancy is based on criteria mentioned before.
Fasting plasma glucose ≥ 126 mg/dL (7.0 mmol/L)
or 2-h plasma glucose ≥ 200 mg/dL (11.1 mmol/L)
after a 75 g oral glucose load. However, gestational
diabetes has been diagnosed at 24-28 wk of gestation
in women not previously diagnosed with diabetes
using two approaches: the first approach is based
on the “one-step” International Association of the
Diabetes and Pregnancy Study Groups (IADPSG)
[128]
[129]
consensus
and recently adopted by WHO
.
Gestational diabetes is diagnosed using this method by
FPG ≥ 92 mg/dL (5.1 mmol/L), 1-h plasma glucose
after a 75 g glucose load ≥ 180 mg/dL (10.0 mmol/L)
or 2-h plasma glucose after a 75 g glucose load ≥
153 mg/dL (8.5 mmol/L). This criteria is derived from
the Hyperglycemia and Adverse Pregnancy Outcome
[127]
(HAPO) study
even though the HAPO study showed
a continuous relationship between hyperglycemia
and adverse short-term pregnancy outcome with no
[130]
threshold reported . The second approach is used in
the United States and is based on the “two-step” NIH
[131]
consensus
. In the first step 1-h plasma glucose
after a 50 g glucose load under nonfasting state ≥
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DIABETES AND GENETICS
Diabetes is a complex disease that involves a wide
range of genetic and environmental factors. Over the
past several years, many studies have focused on
the elucidation of the wide spectrum of genes that
played a role in the molecular mechanism of diabetes
[142-144]
development
. However, despite the vast flow of
genetic information including the identification of many
gene mutations and a large array of single nucleotide
polymorphisms (SNPs) in many genes involved in the
metabolic pathways that affect blood glucose levels,
the exact genetic mechanism of diabetes remains
[145,146]
elusive
. Evidently, a major complication is the
fact that a single gene mutation or polymorphism
will not impose the same effect among different
individuals within a population or different populations.
This variation is directly or indirectly affected by the
overall genetic background at the individual, family
or population levels that are potentially further
complicated by interaction with highly variable en
[147,148]
vironmental modifier factors
.

Molecular genetics and type 2 diabetes

One of the major focuses of biomedical research is to
delineate the collective and broad genetic variants in the
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human genome that are involved in the development
of diabetes. This major effort will potentially provide
the necessary information to understand the molecular
genetics of the different forms of diabetes including
type 1, type 2 and monogenic neonatal diabetes
among individuals of all populations and ethnic groups.
Despite the fact that linkage and association studies
allowed the identification and characterization of
many candidate genes that are associated with type
[144,149,150]
2 diabetes
, however, not all of these genes
showed consistent and reproducible association with
[151]
the disease
. Genome wide association studies
(GWAS) in various populations identified 70 loci
associated with type 2 diabetes and revealed positive
linkage of many mutations and SNPs that influence
the expression and physiological impact of the related
proteins and risk to develop type 2 diabetes. One study
involved several thousand type 2 diabetes patients and
control subjects from the United Kingdom allowed the
identification of several diabetes putative loci positioned
in and around the CDKAL1, CDKN2A/B, HHEX/IDE
and SLC30A8 genes in addition to the contribution
of a large number of other genetic variants that are
[152]
involved in the development of the disease
. Two
similar studies from the Finns and Swedish populations
and the United States resulted in the identification of
[153]
similar single nucleotide variants
that are linked to
[154,155]
the risk of acquiring type 2 diabetes
. The study
in the United States population included in addition to
type 2 diabetes, the association of the identified SNPs
[155]
with the level of triglycerides in the tested subjects .
These SNPs are located near several candidate genes
including IGFBP2 and CDKAL1 and other genes in
addition to several other variants that are located near
or in genes firmly associated with the risk of acquiring
type 2 diabetes. Other GWAS analysis studies were
performed in the Chinese, Malays, and Asian-Indian
populations which are distinct from the European and
United States populations in addition to meta-analysis
of data from other populations in the region revealed
relevant findings among patients with European
[156]
ancestry
. The results of the combined analysis
showed significant association of SNPs in the CDKAL1,
CDKN2A/B, HHEX, KCNQ1 and SLC30A8 genes after
adjustment with gender and body mass index. More
recently, meta-analysis of GWAS data involving African
American type 2 diabetes patients identified similar loci
to the previous studies with the addition of two novel
[157]
loci, HLA-B and INS-IGF
. These results provide
strong evidence of common genetic determinants
including common specific genes that are linked to
diabetes. A small list of specific genetic markers seem
strongly associated with the risk of developing type 2
[158]
[159,160]
diabetes including the TCF7L2
and CAPN10
genes which also play a significant role in the risk and
[158,159]
pathogenesis of the disease
. The association
of TCF7L2 gene variants with type 2 diabetes and
its mechanism of action received special attention
[161,162]
by several investigators
. Over expression of
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the protein was shown to decrease the sensitivity of
[163,164]
beta islet cells to secrete insulin
and was more
precisely involved in the regulation of secretary granule
fusion that constitute a late event in insulin secretion
[165]
pathway
. The role of TCF7L2 in insulin secretion
[166]
was partially clarified
that involves modifying the
effect of incretins on insulin secretion by lowering
the sensitivity of beta cells to incretins. Several other
genes have been found to be significantly associated
with the risk of developing type 2 diabetes including
a specific SNP in a hematopoietically-expressed
[167]
homeobox (HHEX) gene . The islet zinc transporter
[168]
protein (SLC30A8)
showed positive correlation with
the risk of developing type 2 diabetes where variant
mutations in this gene seem protective against the
[169]
disease which provides a potential tool for therapy .
More recently, a low frequency variant of the HNF1A
identified by whole exome sequencing was associated
with the risk of developing type 2 diabetes among
the Latino population and potentially may serve as
[170]
a screening tool
. Genetic variants and specific
combined polymorphisms in the interleukin and related
genes including interlukin-6 (IL-6), tumor necrosis
factor-α and IL-10 genes were found to be associated
[171]
with greater risk of developing type 2 diabetes , in
addition to genetic variants in the genes for IL12B,
[172]
IL23R and IL23A genes
. In a study involving the
hormone sensitive lipase responsible for lipolysis
in adipose tissues, a deletion null mutation, which
resulted in the absence of the protein from adipocytes,
[173]
was reported to be associated with diabetes . Nine
specific rare variants in the peroxisome proliferatoractivated receptor gamma (PPARG) gene that resulted
in loss of the function of the protein in adipocytes
differentiation, were significantly associated with the
[174]
risk of developing type 2 diabetes
. In addition,
certain SNPs in the alpha 2A adrenergic receptor
(ADRA2A) gene, involved in the sympathetic nervous
system control of insulin secretion and lipolysis,
were found to be associated with obesity and type
[175]
2 diabetes
. Link analysis between the melatonin
MT2 receptor (MTNR1B) gene, a G-protein coupled
receptor, identified 14 mutant variants from 40
known variants revealed by exome sequencing, to be
[176]
positively linked with type 2 diabetes . The authors
suggested that mutations in the MT2 gene could
provide a tool with other related genes in modifying
therapy for type 2 diabetes patients based on their
specific genetic background to formulate personalized
therapies which potentially may ensures the optimum
[177,178]
response. Interestingly, mutations in the clock
[179]
and Bmal1
transcription factor genes which are
involved in beta cells biological clock affecting growth,
survival and synaptic vesicle assembly in these cells,
resulted in reduced insulin secretion and diabetes.
Evidently, prominent metabolic functions involve the
production of specific reactive metabolites, leading to
oxidative stress, which affect lipids, proteins and other
biological compounds leading to serious damage in
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various tissues and organs. Mutations and SNPs in the
antioxidant genes, including superoxide dismutase,
catalase and glutathione peroxidase, that decrease their
activity are implicated in the risk and pathogenesis
[180]
of type 2 diabetes
. The metabolic syndrome was
shown to be associated with the development of type
2 diabetes in a population that is described as highly
endogenous especially in individuals over 45 years
[181]
of age
. Since consanguinity marriages is high in
this population, screening for this syndrome among
families could provide an informative marker on the
[181]
risk of developing type 2 diabetes .

genes SNPs could be used for testing infants for these
genetic markers that could provide insights in the
susceptibility to type 1 diabetes development or safe
[197]
prevention of the disease among young children .

Molecular genetics of monogenic diabetes

A large array of genes were identified to be involved
[80]
in the development of monogenic diabetes
which
represent about 2%-5% of diabetes patients. Mono
genic diabetes results primarily from gene defects that
lead to a decrease in beta cell number or function.
Monogenic diabetes genes were identified using linkage
studies or code for proteins that directly affected
glucose homeostasis. The majority of genes responsible
for monogenetic diabetes code for either transcription
factors that participate in the control of nuclear gene
expression or proteins that are located on the cell
membrane, cytoplasm and endoplasmic reticulum,
proteins involved in insulin synthesis and secretion,
exocrine pancreatic proteins and autoimmune diabetes
[80]
proteins . The collective function of these proteins is
their participation in glucose metabolism at different
levels. Evidently, the hierarchy of a specific gene in
the overall glucose metabolism pathway determines
the onset of diabetes in the patient and whether it is
neonataly expressed or have late onset expression
(adulthood). Consequently, molecular defects in the
structure and function of these genes lead to the
disturbance of plasma glucose level, the primary
pathological sign of diabetes. The molecular mechanism
of permanent neonatal diabetes mellitus (PNDP) in
addition to MODY explains the observed phenotype
of monogenetic diabetes that involves loss of function
of the expressed mutant protein. The first gene
implicated in monogenic diabetes was the glucokinase
[198]
(GCK) gene
which functions as a pancreatic sensor
for blood glucose where more than 70 mutations in
[199]
the gene were identified that affected its activity . A
recent study on GCK gene mutations causing neonatal
and childhood diabetes showed that the majority
of mutations resulted in the loss of the enzyme
[148,150]
function primarily due to protein instability
. Two
hepatocytes nuclear factor genes that code for the
HNF4A and HNF1A transcription factors were closely
[148,149]
associated with MODY1 and MODY2
. Definitely,
a whole list of other genes involved in monogenic
diabetes are either overlooked or included in the
genetic determinants of type 1 and type 2 diabetes
which will be identified and clarified through more
careful future studies.

Molecular genetics of type 1 diabetes

Even though type 1 diabetes is basically described as
an autoimmune disease that results in the destruction
of pancreatic beta cells, however, single gene
mutations and SNPs have been found to be associated
with the susceptibility to this type of diabetes. Initially,
two gene mutations were linked to the development
of type 1 diabetes including the autoimmune regulator
(AIRE) gene which affect the immune tolerance to self
[182]
antigens leading to autoimmunity
and the FOXP3
[183]
gene which results in defective regulatory T cells
.
In addition, a mutation in the histone deacetylase
SIRTI gene predominantly expressed in beta cells
[184]
involved in the regulation of insulin secretion
and
played a role in modulating the sensitivity of peripheral
[185]
tissues to insulin
was detected in type 1 diabetes
[186]
patients
. Recently, additional mutations and SNPs
in the CTLA-4 +49A/G and HLA-DQB1 and INS gene
VNTR alleles were found to be associated with type 1
diabetes, which have the advantage of differentiating
between Latent autoimmune type 1 diabetes and type
[187]
2 diabetes
. The HLA-DQB1, in combination with
HLA-DR alleles and a polymorphism in PTPN22 gene
seem to be associated with the age onset of late type
[188,189]
1 diabetes
. Two specific polymorphisms in the
promoter region of a transmembrane protein (DCSIGN) gene expressed in macrophages and played an
important role of T- cell activation and inflammation
[190]
were found to be protective against type 1 diabetes .
An innovative non-parametric SNP enrichment tool
using summary GWAS DATA allowed the identification
of association between several transcription factors
and type 1 diabetes and are located in a type 1
[191]
diabetes susceptibility region
. Nine SNP variants
in several genes associated with type 1 diabetes, not
including the major histocompatibility gene region,
[192]
were identified using extensive GWAS analysis
.
Furthermore, several novel SNPs in a region in ch
romosome 16 located in the CLEC16A gene were
shown to be associated with type 1 diabetes and seem
to function through the reduced expression of DEX1 in
[193]
B lymphoblastoid cells . Since more than 40 regions
in the human genome were identified to be associated
[194-196]
with the susceptibility to type 1 diabetes
, a
weighted risk model was developed utilizing selected
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MOLECULAR GENETICS OF DIABETES
COMPLICATIONS
In addition to the genetic determinants of diabetes,
several gene mutations and polymorphisms have been
associated with the clinical complications of diabetes.
The cumulative data on diabetes patients with a
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variety of micro- and macrovascular complications
support the presence of strong genetic factors involved
[200]
in the development of various complications . A list
of genes have been reported that are associated with
diabetes complications including ACE and AKR1B1 in
nephropathy, VEGF and AKRB1 in retinopathy and
[200]
ADIPOQ and GLUL in cardiovascular diseases
.
A study on Chinese patients revealed a single SNP
in the promoter region of the smooth muscle actin
(ACTA2) gene correlates with the degree of coronary
[201]
artery stenosis in type 2 diabetes patients
.
Furthermore, the alpha kinase 1 gene (ALPK1) iden
tified as a susceptibility gene for chronic kidney
[202]
disease by GWAS
, was demonstrated in type 2
[203]
diabetes patients
. Three additional genes have
been strongly correlated with this risk of diabetic
retinopathy (DR) including the vascular endothelial
growth receptor, aldose reductase and the receptor for
[204]
advanced glycation products genes
where specific
polymorphisms in these genes seem to increase the
[204]
risk of DR development in diabetes patients
. A
significant differential proteome (involving 56 out of
252 proteins) is evident that characterizes vitreous
samples obtained from diabetes patients with the
complication in comparison to diabetes patients
[205]
without the complication and control individuals
.
Interestingly, a large portion of these proteins (30
proteins) belong to the kallikrein-kinin, coagulation
and complement systems including complement
C3, complement factor 1, prothrombin, alpha-1antitrypsin and antithrombin III that are elevated in
[205]
diabetic patients with retinopathy
. In addition,
2 single nucleotides polymorphisms in the human
related B7-I gene seem to mediate podocyte injury
[206]
in diabetic nephropathy
. Furthermore, increased
concentration of the ligand of B7-1 correlates with
the progression of end-stage renal disease (ESRD)
[206]
in diabetes patients
. These results indicate that
B7-I inhibition may serve as a potential target for
diabetes nephropathy prevention and/or treatment.
Recently, it was shown that direct correlation is evident
between circulating levels of tumor necrosis factors 1
and 2 and increased risk of ESRD in American Indian
[207]
patients
. The link between diabetes and proper
bone development and health is evident. Studies using
animal models with major significant reduction in insulin
receptor (IR) in osteoprogenitor cells resulted in thin
[208]
and rod-like weak bones with high risk of fractures .
Similar findings were observed in animal models with
bone-specific IR knockdown animals which points
to the central role of IR in the proper development
[208]
of bones
. Type 2 diabetes is also associated with
mitochondrial dysfunction in adipose tissues. Using
knockout animal models of specific mitochondrial
genes led to significant reduction in key electron
transport complexes expression and eventually
[209]
adipocytes death
. These animals exhibited Insulin
resistance in addition to other complications that can
[209]
potentially lead to cardiovascular disease .
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CONCLUSION
Diabetes mellitus is the epidemic of the century and
without effective diagnostic methods at an early stage,
diabetes will continue to rise. This review focuses
on the types of diabetes and the effective diagnostic
methods and criteria to be used for diagnosis of
diabetes and prediabetes. Evidently, diabetes is a
complex disease with a large pool of genes that are
involved in its development. The precise identification
of the genetic bases of diabetes potentially provides
an essential tool to improve diagnoses, therapy (more
towards individualized patient targeted therapy) and
better effective genetic counseling. Furthermore,
our advanced knowledge of the association between
medical genetics and the chronic complications of
diabetes, will provide an additional advantage to
delay or eradicate these complications that impose an
immense pressure on patient’s quality of life and the
significantly rising cost of health-care services.
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REVIEW

Diabetes mellitus: The epidemic of the century
Akram T Kharroubi, Hisham M Darwish
region has the highest prevalence of diabetes in
adults (10.9%) whereas, the Western Pacific region
has the highest number of adults diagnosed with
diabetes and has countries with the highest prevalence
of diabetes (37.5%). Different classes of diabetes
mellitus, type 1, type 2, gestational diabetes and other
types of diabetes mellitus are compared in terms of
diagnostic criteria, etiology and genetics. The molecular
genetics of diabetes received extensive attention in
recent years by many prominent investigators and
research groups in the biomedical field. A large array
of mutations and single nucleotide polymorphisms
in genes that play a role in the various steps and
pathways involved in glucose metabolism and the
development, control and function of pancreatic cells
at various levels are reviewed. The major advances in
the molecular understanding of diabetes in relation to
the different types of diabetes in comparison to the
previous understanding in this field are briefly reviewed
here. Despite the accumulation of extensive data at
the molecular and cellular levels, the mechanism of
diabetes development and complications are still not
fully understood. Definitely, more extensive research
is needed in this field that will eventually reflect on
the ultimate objective to improve diagnoses, therapy
and minimize the chance of chronic complications
development.
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Core tip: Diabetes mellitus is rising to an alarming
epidemic level. Early diagnosis of diabetes and prediabetes
is essential using recommended hemoglobin A1c criteria
for different types except for gestational diabetes.
Screening for diabetes especially in underdeveloped
countries is essential to reduce late diagnosis. Diabetes
development involves the interaction between genetic
and non-genetic factors. Biomedical research continues

Abstract
The epidemic nature of diabetes mellitus in different
regions is reviewed. The Middle East and North Africa
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predictors of type 1 diabetes include increased height
[10,11]
growth velocity
and impaired glucose sensitivity
[12]
of β cells . The implications of increased free radicals,
oxidative stress, and many metabolic stressors in
the development, pathogenesis and complications
[13-18]
of diabetes mellitus
are very strong and well
documented despite the inconsistency of the clinical
trials using antioxidants in the treatment regimens of
[19-21]
diabetes
. The female hormone 17-β estradiol acting
through the estrogen receptor-α (ER-α) is essential for
the development and preservation of pancreatic β cell
function since it was clearly demonstrated that induced
oxidative stress leads to β-cell destruction in ER-α
knockout mouse. The ER-α receptor activity protects
pancreatic islets against glucolipotoxicity and therefore
[22]
prevents β-cell dysfunction .

to provide new insights in our understanding of the
mechanism of diabetes development that is reviewed
here. Recent studies may provide tools for the use of
several genes as targets for risk assessment, therapeutic
strategies and prediction of complications.
Kharroubi AT, Darwish HM. Diabetes mellitus: The epidemic
of the century. World J Diabetes 2015; 6(6): 850-867 Available
from: URL: http://www.wjgnet.com/1948-9358/full/v6/i6/850.
htm DOI: http://dx.doi.org/10.4239/wjd.v6.i6.850

DEFINITION OF DIABETES MELLITUS
Diabetes mellitus is a group of metabolic diseases
characterized by chronic hyperglycemia resulting
from defects in insulin secretion, insulin action, or
both. Metabolic abnormalities in carbohydrates, lipids,
and proteins result from the importance of insulin
as an anabolic hormone. Low levels of insulin to
achieve adequate response and/or insulin resistance
of target tissues, mainly skeletal muscles, adipose
tissue, and to a lesser extent, liver, at the level of
insulin receptors, signal transduction system, and/or
effector enzymes or genes are responsible for these
metabolic abnormalities. The severity of symptoms
is due to the type and duration of diabetes. Some of
the diabetes patients are asymptomatic especially
those with type 2 diabetes during the early years of
the disease, others with marked hyperglycemia and
especially in children with absolute insulin deficiency
may suffer from polyuria, polydipsia, polyphagia,
weight loss, and blurred vision. Uncontrolled diabetes
may lead to stupor, coma and if not treated death, due
to ketoacidosis or rare from nonketotic hyperosmolar
[1-3]
syndrome .

TYPE 1 DIABETES MELLITUS
Autoimmune type 1 diabetes

This type of diabetes constitutes 5%-10% of subjects
[23]
diagnosed with diabetes
and is due to destruction
[24,25]
of β cells of the pancreas
. Type 1 diabetes
accounts for 80%-90% of diabetes in children and
[2,26]
adolescents
. According to International Diabetes
Federation (IDF), the number of youth (0-14 years)
diagnosed with type 1 diabetes worldwide in 2013 was
497100 (Table 1) and the number of newly diagnosed
[27]
cases per year was 78900 . These figures do not
represent the total number of type 1 diabetes patients
because of the high prevalence of type 1 diabetes in
adolescence and adults above 14 years of age. One
reported estimate of type 1 diabetes in the United
[28,29]
States in 2010 was 3 million
. The number of
youth in the United States younger than 20 years with
type 1 diabetes was estimated to be 166984 in the
[30]
year 2009 . The prevalence of type 1 diabetes in the
world is not known but in the United States in youth
younger than 20 years was 1.93 per 1000 in 2009
(0.35-2.55 in different ethnic groups) with 2.6%-2.7%
[26,31]
relative annual increase
. Type 1 diabetes is mainly
due to an autoimmune destruction of the pancreatic β
cells through T-cell mediated inflammatory response
[25]
(insulitis) as well as a humoral (B cell) response .
The presence of autoantibodies against the pancreatic
islet cells is the hallmark of type 1 diabetes, even
though the role of these antibodies in the pathogenesis
of the disease is not clear. These autoantibodies
include islet cell autoantibodies, and autoantibodies
to insulin (IAA), glutamic acid decarboxylase (GAD,
GAD65), protein tyrosine phosphatase (IA2 and
[32]
IA2β) and zinc transporter protein (ZnT8A) . These
pancreatic autoantibodies are characteristics of type
1 diabetes and could be detected in the serum of
these patients months or years before the onset of
[33]
the disease . Autoimmune type 1 diabetes has
strong HLA associations, with linkage to DR and DQ
genes. HLA-DR/DQ alleles can be either predisposing
[1]
or protective . This autoimmune type 1 diabetes is

CLASSIFICATION OF DIABETES
MELLITUS
Although classification of diabetes is important and has
implications for the treatment strategies, this is not
an easy task and many patients do not easily fit into
[1,4-6]
a single class especially younger adults
and 10%
[7]
of those initially classified may require revision . The
classical classification of diabetes as proposed by the
American Diabetes Association (ADA) in 1997 as type
1, type 2, other types, and gestational diabetes mellitus
(GDM) is still the most accepted classification and
[1]
[8]
adopted by ADA . Wilkin proposed the accelerator
hypothesis that argues “type 1 and type 2 diabetes
are the same disorder of insulin resistance set against
[9]
different genetic backgrounds” . The difference bet
ween the two types relies on the tempo, the faster
tempo reflecting the more susceptible genotype and
earlier presentation in which obesity, and therefore,
insulin resistance, is the center of the hypothesis. Other
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Table 1 Number of subjects with type 1 diabetes in children (0-14 years), with diabetes in adults (20-79 years) and with
hyperglycemia (type 2 or gestational diabetes) in pregnancy (20-49 years)
Region

Type 1 diabetes in children
(0-14 yr)

Diabetes in adults
(20-79 yr)

2013

Africa
Europe
Middle East and North Africa
North America and Caribbean
South and Central America
South East Asia
Western Pacific
World

2013

Hyperglycemia in pregnancy
(20-49 yr)
2035

2013

Number
in
thousands

Newly
diagnosed
in thousands

Number in
millions

Comparative
prevalence

Number in
millions

Comparative
prevalence

Cases in live
births in
millions

Comparative
prevalence

39.1
129.4
64.0
108.6
45.6
77.9
32.5
497.1

6.4
20.0
10.7
16.7
7.3
12.5
5.3
78.9

19.8
56.3
34.6
36.8
24.1
72.1
138.2
381.8

5.7%
6.8%
10.9%
9.6%
8.2%
8.7%
8.1%
8.3%

41.5
68.9
67.9
50.4
38.5
123.0
201.8
592.0

6.0%
7.1%
11.3%
9.9%
8.2%
9.4%
8.4%
8.8%

4.6
1.7
3.4
0.9
0.9
6.3
3.7
21.4

14.4%
12.6%
17.5%
10.4%
11.4%
25.0%
11.9%
14.8%

Data extracted from International Diabetes Federation Diabetes Atlas, 6th ed, 2013.

Idiopathic type 1 diabetes

characterized by the absence of insulin secretion and is
more dominant in children and adolescents.
In addition to the importance of genetic pre
disposition in type 1 diabetes, several environmental
factors have been implicated in the etiology of the
[9,33]
[34,35]
disease
. Viral factors include congenital rubella
,
viral infection with enterovirus, rotavirus, herpes
[36,37]
virus, cytomegalovirus, endogenous retrovirus
and Ljungan virus. Other factors include low vitamin
[38]
D levels , prenatal exposure to pollutants, improved
hygiene and living conditions decreased childhood
infections in countries with high socioeconomic status
leading to increased autoimmune diseases (hygiene
hypothesis), early infant nutrition such as using
[39]
cow’s milk formula instead of breast feeding
in
addition to insulin resistance in early childhood due to
obesity or increased height growth velocity. The role
[40]
of environmental factors remains controversial .
Recent evidence supported the causative effect of viral
[41-43]
infections in diabetes
.
Type 1 diabetes often develops suddenly and
can produce symptoms such as polydipsia, polyuria,
enuresis, lack of energy, extreme tiredness, polyphagia,
sudden weight loss, slow-healing wounds, recurrent
[27]
infections and blurred vision with severe dehydration
and diabetic ketoacidosis in children and adolescents.
The symptoms are more severe in children compared
to adults. These autoimmune type 1 diabetes patients
are also prone to other autoimmune disorders such
as Graves’ disease, Hashimoto’s thyroiditis, Addison’
s disease, vitiligo, celiac sprue, autoimmune hepatitis,
[1]
myasthenia gravis, and pernicious anemia . The
complete dependence on insulin of type 1 diabetes
patients may be interrupted by a honeymoon phase
which lasts weeks to months or in some cases 2-3
years. In some children, the requirement for insulin
therapy may drop to a point where insulin therapy
could be withdrawn temporarily without detectable
[44]
hyperglycemia .

WJD|www.wjgnet.com

A rare form of type 1 diabetes of unknown origin
(idiopathic), less severe than autoimmune type 1
diabetes and is not due to autoimmunity has been
reported. Most patients with this type are of African
or Asian descent and suffer from varying degrees of
[45]
insulin deficiency and episodic ketoacidosis .

Fulminant type 1 diabetes

This is a distinct form of type 1 diabetes, first des
cribed in the year 2000, and has some common
features with idiopathic type 1 diabetes being non[46,47]
immune mediated
. It is characterized by keto
acidosis soon after the onset of hyperglycemia, high
glucose levels (≥ 288 mg/dL) with undetectable
levels of serum C-peptide, an indicator of endogenous
[48]
insulin secretion . It has been described mainly in
East Asian countries and accounted for approximately
20% of acute-onset type 1 diabetes patients in Japan
(5000-7000 cases) with an extremely rapid and
almost complete beta-cell destruction resulting in
[48,49]
nearly no residual insulin secretion
. Both genetic
and environmental factors, especially viral infection,
have been implicated in the disease. Anti-viral immune
response may trigger the destruction of pancreatic
beta cells through the accelerated immune reaction
with no detectable autoantibodies against pancreatic
[48,50]
beta cells
. Association of fulminant type 1 diabetes
[51]
with pregnancy has also been reported .

TYPE 2 DIABETES MELLITUS
The global prevalence of diabetes in adults (20-79
years old) according to a report published in 2013 by
the IDF was 8.3% (382 million people), with 14 million
more men than women (198 million men vs 184
million women), the majority between the ages 40 and
59 years and the number is expected to rise beyond
592 million by 2035 with a 10.1% global prevalence.
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Figure 1 Comparative prevalence of diabetes in adults (20-79 years) in countries with high prevalence (≥ 10%). Data extracted from International Diabetes
Federation Diabetes Atlas, 6th ed, 2013.

With 175 million cases still undiagnosed, the number of
people currently suffering from diabetes exceeds half a
billion. An additional 21 million women are diagnosed
with hyperglycemia during pregnancy. The Middle East
and North Africa region has the highest prevalence
of diabetes (10.9%), however, Western Pacific region
has the highest number of adults diagnosed with
diabetes (138.2 millions) and has also countries with
[27]
the highest prevalence (Figure 1) . Low- and middleincome countries encompass 80% of the cases, “where
[27]
the epidemic is gathering pace at alarming rates” .
Despite the fact that adult diabetes patients are mainly
type 2 patients, it is not clear whether the reported
382 million adults diagnosed with diabetes also include
type 1 diabetes patients.
More than 90%-95% of diabetes patients belong
to this type and most of these patients are adults.
The number of youth (less than 20 years) with type
2 diabetes in the United States in the year 2009 was
0.46 in 1000 and accounted for approximately 20% of
[26]
type 2 diabetes in youth . The increased incidence of
type 2 diabetes in youth is mainly due to the change in
the lifestyle of the children in terms of more sedentary
life and less healthy food. Obesity is the major reason
behind insulin resistance which is mainly responsible
[52-54]
for type 2 diabetes
. The ADA recommends sc
reening of overweight children and adolescence to
[55,56]
detect type 2 diabetes
. The prevalence of obesity
[6]
in children in on the rise which is probably the main
reason for the increased incidence of type 2 diabetes in
the young (30.3% overall increase in type 2 diabetes
in children and adolescence between 2001 and
[26]
2009) .
Insulin resistance in type 2 diabetes patients
increases the demand for insulin in insulin-target
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tissues. In addition to insulin resistance, the increased
demand for insulin could not be met by the pancreatic
[18]
β cells due to defects in the function of these cells .
On the contrary, insulin secretion decreases with the
increased demand for insulin by time due to the gradual
[57]
destruction of β cells
that could transform some of
type 2 diabetes patients from being independent to
become dependent on insulin. Most type 2 diabetes
patients are not dependent on insulin where insulin
secretion continues and insulin depletion rarely occurs.
Dependence on insulin is one of the major differences
from type 1 diabetes. Other differences include the
absence of ketoacidosis in most patients of type 2
diabetes and autoimmune destruction of β cells does
not occur. Both type 1 and type 2 diabetes have genetic
predisposition, however, it is stronger in type 2 but the
genes are more characterized in type 1 (the TCF7L2
[58]
gene is strongly associated with type 2 diabetes) .
Due to the mild symptoms of type 2 diabetes in the
beginning, its diagnosis is usually delayed for years
especially in countries where regular checkup without
symptoms is not part of the culture. This delay
in diagnosis could increase the incidence of longterm complications in type 2 diabetes patients since
hyperglycemia is not treated during this undiagnosed
period.
In addition to diabetes, insulin resistance has
many manifestations that include obesity, neph
ropathy, essential hypertension, dyslipidemia (hyper
triglyceridemia, low HDL, decreased LDL particle
diameter, enhanced postprandial lipemia and remnant
lipoprotein accumulation), ovarian hyperandrogenism
and premature adrenarche, non-alcoholic fatty liver
[6,54]
disease and systemic inflammation
. The presence
of type 2 diabetes in children and adolescence who are
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[77]

[59-61]

not obese
, the occasional severe dehydration and
the presence of ketoacidosis in some pediatric patients
[55]
with type 2 diabetes
had led to the misclassification
of type 2 to type 1 diabetes.
Some patients with many features of type 2 dia
betes have some type 1 characteristics including the
presence of islet cell autoantibodies or autoantibodies
to GAD65 are classified as a distinct type of diabetes
[62]
called latent autoimmune diabetes in adults (LADA) .
People diagnosed with LADA do not require insulin
[63]
treatment. In a recent study, Hawa et al
reported
7.1% of European patients with type 2 diabetes with
a mean age of 62 years, tested positive for GAD
autoantibodies and the prevalence of LADA was higher
in patients diagnosed with diabetes at a younger age.
This classification of LADA as a distinct type of diabetes
[6,64-66]
is still controversial
.

hypertriglyceridemia . Among the factors implicated
in the development of insulin resistance, obesity is
the most predominant risk factor leading to insulin
insensitivity and diabetes which involves several
mechanisms that participate in the pathogenesis of
[78]
the disease . Obesity-induced insulin resistance is
directly linked to increased nutrient flux and energy
accumulation in tissues that directly affect cell res
[77]
ponsiveness to insulin . However, it seems that other
insulin-independent mechanisms are involved in the
overall metabolic disturbances of glucose homeostasis
and diabetes including activities in extra-hepatic
tissues in addition to the central role of liver.

OTHER TYPES OF DIABETES MELLITUS
Monogenic diabetes

Characterization of the genetic etiology of diabetes
enables more appropriate treatment, better prognosis,
[79]
and counseling . Monogenic diabetes is due to a
genetic defect in single genes in pancreatic β cells which
results in disruption of β cell function or a reduction
in the number of β cells. Conventionally, monogenic
diabetes is classified according to the age of onset
as neonatal diabetes before the age of six months or
Maturity Onset Diabetes of the Young (MODY) before
the age of 25 years. However, certain familial defects
are manifested in neonatal diabetes, MODY or adult
[2,9,80]
onset diabetes
. Others believe that classification
of diabetes as MODY and neonatal diabetes is obsolete
and monogenic diabetes is currently used relating
specific genetic etiologies with their specific treatment
[79]
implications . Beta cell differentiation depends on the
expression of the homeodomain transcription factor
PDX1 where mutation in the gene results in early
onset diabetes (MODY) and its expression decreases
[81]
before the onset of diabetes . The angiopoietinlike protein 8 (ANGPTL8) may represent a potential
“betatrophin” that acts to promote the proliferation
of beta cells, however, studies using mice lacking
the ANGPTL8 active gene or overexpressed protein
indicated that it did not seem to play a role in beta
[82]
cells proliferation .
Mitochondrial diabetes is due to a point mutation in
the mitochondrial DNA associated with deafness and
maternal transmission of the mutant DNA can result in
[1,83]
maternally-inherited diabetes
.
Mutations that result in mutant insulin or the
inability to convert proinsulin to insulin result in glucose
intolerance in some of these cases. Genetic defects
in the insulin receptor or in the signal transduction
pathway of insulin have been demonstrated to result in
hyperinsulinemia and modest hyperglycemia to severe
[1]
diabetes .

Insulin resistance and signaling

Defects in the insulin-dependent substrate proteins
IRS-1 and IRS-2 mediated signaling pathway are
implicated in the development of metabolic disorders,
mainly diabetes. This pathway mediates the cellular
response to insulin and involves a large array of
insulin-stimulated protein kinases including the serine/
threonine kinase AKT and protein kinase C (PKC) that
phosphorylate a large number of Ser/Thr residues in
the insulin receptor substrate (IRS) proteins involved
[67]
in the metabolic response to insulin . In addition,
other non-insulin dependent kinases including the
AMP-activated protein kinase, c-Jun N-terminal
protein kinase and G protein-coupled receptor
kinase 2 that are activated under various conditions
can phosphorylate the two insulin responsive
[67-71]
substrates
. Disruption in the AKT and PKC kinases
[72]
is central to the development of diabetes
and is
associated with all major features of the disease
including hyperinsulinemia, dyslipidemia and insulin
[73]
resistance . Replacing the wild type IRS-1 with a
mutant version of the protein having alanine instead
of tyrosine in three locations using genetic knockin approach provided evidence to the central role of
IRS-1 phosphorylation in the development of insulin
[74]
resistance . Using a similar approach to generate
IRS-1 mutant with a single mutation involving a
specific tyrosine residue, confirmed the role of
IRS-1 phosphorylation in the development of insulin
[75]
resistance pathogenesis . The large cumulative
evidence indicates a complex array of factors including
[76]
environmental factors
and a wide range of cellular
disturbances in glucose and lipid metabolism in various
[77]
tissues
contribute to the development of insulin
resistance. This condition generates complex cellular
metabolic changes in a variety of tissues, mainly liver
and muscles, that include the inability of the liver
to transport and dispose glucose, control glucose
production via gluconeogenesis, impaired storage
of glucose as glycogen, de novo lipogenesis and

WJD|www.wjgnet.com

Disease of the exocrine pancreas

Damage of the β cells of the pancreas due to diffused
injury of the pancreas can cause diabetes. This damage
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could be due to pancreatic carcinoma, pancreatitis,
[1]
infection, pancreatectomy, and trauma . Atrophy
of the exocrine pancreas leads to progressive loss
[84]
of the β cells . Accumulation of fat in the pancreas
or pancreatic steatosis could lead to diabetes due to
decreased insulin secretion but may require a long
[85]
time before the damage to β cells occurs . In most
cases, extensive damage of the pancreas is required
before diabetes occurs and the exocrine function of the
[86]
pancreas is decreased in these patients . Cirrhosis in
cystic fibrosis may contribute to insulin resistance and
[2]
diabetes .

highest prevalence of prediabetes are in the Middle
East Arab States of the Gulf (Kuwait, Qatar, UAE and
Bahrin with prevalence of 17.9%, 17.1%, 16.6%
[27]
and 16.3%, respectively) . The number of people
diagnosed with prediabetes is different according to
the method and criteria used to diagnose prediabetes.
The number of people with prediabetes defined by
IFG 100-125 mg/dL is 4-5 folds higher than those
diagnosed using the WHO criteria of 110-125 mg/
[93]
dL . Diabetes and prediabetes diagnosed using an
HbA1c criteria give different estimates compared to
methods using FPG or OGTT. Higher percentages of
prediabetes were diagnosed using HbA1c compared
[94-96]
to FPG
. Prediabetes is associated with metabolic
syndrome and obesity (especially abdominal or vis
ceral obesity), dyslipidemia with high triglycerides
[97]
and/or low HDL cholesterol, and hypertension .
Not all individuals with prediabetes develop diabetes
in the future, exercise with a reduction of weight
5%-10% reduces the risk of developing diabetes consi
[98]
derably (40%-70%) . Individuals with an HbA1c of
6.0%-6.5% have twice the risk of developing diabetes
(25%-50%) in five years compared to those with an
[99]
HbA1c of 5.5%-6.0% .

Hormones and drugs

Diabetes has been found in patients with endocrine
diseases that secrete excess hormones like growth
hormone, glucocorticoids, glucagon and epinephrine
in certain endocrinopathies like acromegaly, Cushing’s
syndrome, glucagonoma, and pheochromocytoma,
[1]
respectively . Some of these hormones are used as
drugs such as glucocorticoids to suppress the immune
system and in chemotherapy and growth hormone to
treat children with stunted growth.

Genetic syndromes

Diabetes has been detected in patients with various
genetic syndromes such as Down syndrome, Klinefelter
[1]
syndrome, Turner syndrome and Wolfram syndrome .

DIAGNOSTIC CRITERIA FOR DIABETES
MELLITUS
Diabetes mellitus is diagnosed using either the
estimation of plasma glucose (FPG or OGTT) or
HbA1c. Estimation of the cut off values for glucose
and HbA1c is based on the association of FPG or
HbA1c with retinopathy. Fasting plasma glucose of
≥ 126 mg/dL (7.0 mmol/L), plasma glucose after
2-h OGTT ≥ 200 mg/dL (11.1 mmol/L), HbA1c ≥
6.5% (48 mmol/mol) or a random plasma glucose
≥ 200 mg/dL (11.1 mmol/L) along with symptoms
of hyperglycemia is diagnostic of diabetes mellitus.
In addition to monitor the treatment of diabetes,
HbA1c has been recommended to diagnose diabetes
[100]
by the International Expert Committee in 2009
[101]
and endorsed by ADA
, the Endocrine Society, the
[102]
WHO
and many scientists and related organizations
all over the world. The advantages and disadvantages
of the different tests used to diagnose diabetes have
[103]
been reviewed by Sacks et al
. The advantages of
using HbA1c over FPG to diagnose diabetes include
greater convenience and preanalytical stability, lower
CV (3.6%) compared to FPG (5.7%) and 2h OGTT
(16.6%), stronger correlation with microvascular
complications especially retinopathy, and a marker
for glycemic control and glycation of proteins which is
the direct link between diagnosis of diabetes and its
[104-109]
complications
. It is recommended to repeat the
HbA1c test in asymptomatic patients within two weeks
[110]
to reaffirm a single apparently diagnostic result .
A cut off value for HbA1c of ≥ 6.5% (48 mmol/
mol) has been endorsed by many countries and dif

PREDIABETES
Individuals with prediabetes do not meet the criteria
of having diabetes but are at high risk to develop
type 2 diabetes in the future. According to the ADA
Expert Committee, individuals are defined to have
prediabetes if they have either impaired fasting plasma
glucose (IFG) levels between 100-125 mg/dL (5.6-6.9
mmol/L) or impaired glucose tolerance test (IGT) with
2-h plasma glucose levels in the oral glucose tolerance
test (OGTT) of 140-199 mg/dL (7.8-11.0 mmol/L).
The World Health Organization (WHO) still adopts the
range for IFG from 110-125 mg/dL (6.1-6.9 mmol/
L). Prediabetes has been shown to correlate with
[87,88]
[89]
increased cardiovascular mortality
and cancer .
The definition of prediabetes with the indicated cut off
values is misleading since lower levels of glucose in the
normal range are still correlated with cardiovascular
[90]
disease in a continuous glycemic risk perspective .
In accordance with the recommendation of the ADA
in 2009 to use hemoglobin A1c (HbA1c) to diagnose
diabetes, ADA also recommended the use of an HbA1c
[91]
(5.7%-6.4%) to diagnose prediabetes . The number
of people with IGT according to IDF was 316 million
in 2013 (global prevalence 6.9% in adults) and is
[27]
expected to rise to 471 million in 2030 . According
to a report in 2014 by the Center for Disease Control
and Prevention, 86 million Americans (1 out of 3) have
[92]
prediabetes . Four of the top ten countries with the
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ferent ethnic groups, yet ethnicity seems to affect
[111,112]
the cut off values to diagnose diabetes
. Cut[113]
off values of 5.5% (37 mmol/mol)
and 6.5% (48
[114]
mmol/mol)
have been reported in a Japanese
study, 6.0% (42 mmol/mol) in the National Health
and Nutrition Examination Survey (NHANES III),
6.2% (44 mmol/mol) in a Pima Indian study, 6.3%
(45 mmol/mol) in an Egyptian study as reported by
[105]
[112]
Davidson ; and three cut-off values for Chinese .
The Australians recommended the use of two cutoff values: ≤ 5.5% to “rule-out” and ≥ 7.0% to
[115]
“rule-in” diabetes
. Variations in the prevalence of
[94,116-119]
[120]
diabetes
and prediabetes
due to ethnicity
have been documented. Most studies diagnosed less
subjects with diabetes using HbA1c compared to
[121-123]
FPG or OGTT
. Yet, other studies reported more
[96,124-126]
subjects diagnosed with diabetes using HbA1c
.

140 mg/dL (7.8 mmol/L) is followed by a second step
under fasting conditions after a 100 g glucose load for
those who screened abnormal in the first step. The
diagnosis of gestational diabetes is made when at least
two of the four plasma glucose levels are met. The
four plasma glucose levels according to Carpenter/
Coustan criteria are: FPG ≥ 95 mg/dL (5.3 mmol/L);
1-h ≥ 180 mg/dL (10.0 mmol/L); 2-h ≥ 155 mg/dL
[1]
(8.6 mmol/L); and 3-h ≥ 140 mg/dL (7.8 mmol/L) .
The use IADPSC criteria in comparison with the
Carpenter/Coustan criteria was associated with a
3.5-fold increase in GDM prevalence as well as sig
nificant improvements in pregnancy outcomes, and
[132]
was cost-effective . In another retrospective cohort
study of women diagnosed with gestational diabetes,
[133]
Ethridge et al
have shown that newborns of women
diagnosed with gestational diabetes by IADPSG ap
proach have greater measures of fetal overgrowth
compared with Carpenter-Coustan “two-step” approach
neonates. A strategy of using fasting plasma glucose as
a screening test and to determine the need for OGTT is
[134,135]
[136]
valid
. According to Sacks , correlation of glucose
concentrations and the risk of subsequent complications
will eventually lead to universal guidelines.
The use of ADA/WHO cut off value of HbA1c ≥
6.5% (48 mmol/mol) to diagnose gestational diabetes
is not recommended by the “one step” IADPSC criteria
or the “two-step” NIH criteria. Further investigation
is required in light of recent reports on HbA1c in
combination with OGTT and its usefulness to predict
adverse effect of gestational diabetes or obviate the
[137-141]
use OGTT in all women with gestational diabetes
.

GESTATIONAL DIABETES
Hyperglycemia in pregnancy whether in the form of
type 2 diabetes diagnosed before or during pregnancy
or in the form gestational diabetes has an increased
risk of adverse maternal, fetal and neonatal outcome.
Mothers with gestational diabetes and babies born
to such mothers have increased risk of developing
diabetes later in life. Hyperglycemia in pregnancy is
responsible for the increased risk for macrosomia (birth
weight ≥ 4.5 kg), large for gestational age births,
preeclampsia, preterm birth and cesarean delivery
[127]
due to large babies
. Risk factors for gestational
diabetes include obesity, personal history of gestational
diabetes, family history of diabetes, maternal age,
polycystic ovary syndrome, sedentary life, and ex
[3]
posure to toxic factors .
Diagnosis of type 2 diabetes before or during
pregnancy is based on criteria mentioned before.
Fasting plasma glucose ≥ 126 mg/dL (7.0 mmol/L)
or 2-h plasma glucose ≥ 200 mg/dL (11.1 mmol/L)
after a 75 g oral glucose load. However, gestational
diabetes has been diagnosed at 24-28 wk of gestation
in women not previously diagnosed with diabetes
using two approaches: the first approach is based
on the “one-step” International Association of the
Diabetes and Pregnancy Study Groups (IADPSG)
[128]
[129]
consensus
and recently adopted by WHO
.
Gestational diabetes is diagnosed using this method by
FPG ≥ 92 mg/dL (5.1 mmol/L), 1-h plasma glucose
after a 75 g glucose load ≥ 180 mg/dL (10.0 mmol/L)
or 2-h plasma glucose after a 75 g glucose load ≥
153 mg/dL (8.5 mmol/L). This criteria is derived from
the Hyperglycemia and Adverse Pregnancy Outcome
[127]
(HAPO) study
even though the HAPO study showed
a continuous relationship between hyperglycemia
and adverse short-term pregnancy outcome with no
[130]
threshold reported . The second approach is used in
the United States and is based on the “two-step” NIH
[131]
consensus
. In the first step 1-h plasma glucose
after a 50 g glucose load under nonfasting state ≥
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DIABETES AND GENETICS
Diabetes is a complex disease that involves a wide
range of genetic and environmental factors. Over the
past several years, many studies have focused on
the elucidation of the wide spectrum of genes that
played a role in the molecular mechanism of diabetes
[142-144]
development
. However, despite the vast flow of
genetic information including the identification of many
gene mutations and a large array of single nucleotide
polymorphisms (SNPs) in many genes involved in the
metabolic pathways that affect blood glucose levels,
the exact genetic mechanism of diabetes remains
[145,146]
elusive
. Evidently, a major complication is the
fact that a single gene mutation or polymorphism
will not impose the same effect among different
individuals within a population or different populations.
This variation is directly or indirectly affected by the
overall genetic background at the individual, family
or population levels that are potentially further
complicated by interaction with highly variable en
[147,148]
vironmental modifier factors
.

Molecular genetics and type 2 diabetes

One of the major focuses of biomedical research is to
delineate the collective and broad genetic variants in the
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human genome that are involved in the development
of diabetes. This major effort will potentially provide
the necessary information to understand the molecular
genetics of the different forms of diabetes including
type 1, type 2 and monogenic neonatal diabetes
among individuals of all populations and ethnic groups.
Despite the fact that linkage and association studies
allowed the identification and characterization of
many candidate genes that are associated with type
[144,149,150]
2 diabetes
, however, not all of these genes
showed consistent and reproducible association with
[151]
the disease
. Genome wide association studies
(GWAS) in various populations identified 70 loci
associated with type 2 diabetes and revealed positive
linkage of many mutations and SNPs that influence
the expression and physiological impact of the related
proteins and risk to develop type 2 diabetes. One study
involved several thousand type 2 diabetes patients and
control subjects from the United Kingdom allowed the
identification of several diabetes putative loci positioned
in and around the CDKAL1, CDKN2A/B, HHEX/IDE
and SLC30A8 genes in addition to the contribution
of a large number of other genetic variants that are
[152]
involved in the development of the disease
. Two
similar studies from the Finns and Swedish populations
and the United States resulted in the identification of
[153]
similar single nucleotide variants
that are linked to
[154,155]
the risk of acquiring type 2 diabetes
. The study
in the United States population included in addition to
type 2 diabetes, the association of the identified SNPs
[155]
with the level of triglycerides in the tested subjects .
These SNPs are located near several candidate genes
including IGFBP2 and CDKAL1 and other genes in
addition to several other variants that are located near
or in genes firmly associated with the risk of acquiring
type 2 diabetes. Other GWAS analysis studies were
performed in the Chinese, Malays, and Asian-Indian
populations which are distinct from the European and
United States populations in addition to meta-analysis
of data from other populations in the region revealed
relevant findings among patients with European
[156]
ancestry
. The results of the combined analysis
showed significant association of SNPs in the CDKAL1,
CDKN2A/B, HHEX, KCNQ1 and SLC30A8 genes after
adjustment with gender and body mass index. More
recently, meta-analysis of GWAS data involving African
American type 2 diabetes patients identified similar loci
to the previous studies with the addition of two novel
[157]
loci, HLA-B and INS-IGF
. These results provide
strong evidence of common genetic determinants
including common specific genes that are linked to
diabetes. A small list of specific genetic markers seem
strongly associated with the risk of developing type 2
[158]
[159,160]
diabetes including the TCF7L2
and CAPN10
genes which also play a significant role in the risk and
[158,159]
pathogenesis of the disease
. The association
of TCF7L2 gene variants with type 2 diabetes and
its mechanism of action received special attention
[161,162]
by several investigators
. Over expression of
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the protein was shown to decrease the sensitivity of
[163,164]
beta islet cells to secrete insulin
and was more
precisely involved in the regulation of secretary granule
fusion that constitute a late event in insulin secretion
[165]
pathway
. The role of TCF7L2 in insulin secretion
[166]
was partially clarified
that involves modifying the
effect of incretins on insulin secretion by lowering
the sensitivity of beta cells to incretins. Several other
genes have been found to be significantly associated
with the risk of developing type 2 diabetes including
a specific SNP in a hematopoietically-expressed
[167]
homeobox (HHEX) gene . The islet zinc transporter
[168]
protein (SLC30A8)
showed positive correlation with
the risk of developing type 2 diabetes where variant
mutations in this gene seem protective against the
[169]
disease which provides a potential tool for therapy .
More recently, a low frequency variant of the HNF1A
identified by whole exome sequencing was associated
with the risk of developing type 2 diabetes among
the Latino population and potentially may serve as
[170]
a screening tool
. Genetic variants and specific
combined polymorphisms in the interleukin and related
genes including interlukin-6 (IL-6), tumor necrosis
factor-α and IL-10 genes were found to be associated
[171]
with greater risk of developing type 2 diabetes , in
addition to genetic variants in the genes for IL12B,
[172]
IL23R and IL23A genes
. In a study involving the
hormone sensitive lipase responsible for lipolysis
in adipose tissues, a deletion null mutation, which
resulted in the absence of the protein from adipocytes,
[173]
was reported to be associated with diabetes . Nine
specific rare variants in the peroxisome proliferatoractivated receptor gamma (PPARG) gene that resulted
in loss of the function of the protein in adipocytes
differentiation, were significantly associated with the
[174]
risk of developing type 2 diabetes
. In addition,
certain SNPs in the alpha 2A adrenergic receptor
(ADRA2A) gene, involved in the sympathetic nervous
system control of insulin secretion and lipolysis,
were found to be associated with obesity and type
[175]
2 diabetes
. Link analysis between the melatonin
MT2 receptor (MTNR1B) gene, a G-protein coupled
receptor, identified 14 mutant variants from 40
known variants revealed by exome sequencing, to be
[176]
positively linked with type 2 diabetes . The authors
suggested that mutations in the MT2 gene could
provide a tool with other related genes in modifying
therapy for type 2 diabetes patients based on their
specific genetic background to formulate personalized
therapies which potentially may ensures the optimum
[177,178]
response. Interestingly, mutations in the clock
[179]
and Bmal1
transcription factor genes which are
involved in beta cells biological clock affecting growth,
survival and synaptic vesicle assembly in these cells,
resulted in reduced insulin secretion and diabetes.
Evidently, prominent metabolic functions involve the
production of specific reactive metabolites, leading to
oxidative stress, which affect lipids, proteins and other
biological compounds leading to serious damage in
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various tissues and organs. Mutations and SNPs in the
antioxidant genes, including superoxide dismutase,
catalase and glutathione peroxidase, that decrease their
activity are implicated in the risk and pathogenesis
[180]
of type 2 diabetes
. The metabolic syndrome was
shown to be associated with the development of type
2 diabetes in a population that is described as highly
endogenous especially in individuals over 45 years
[181]
of age
. Since consanguinity marriages is high in
this population, screening for this syndrome among
families could provide an informative marker on the
[181]
risk of developing type 2 diabetes .

genes SNPs could be used for testing infants for these
genetic markers that could provide insights in the
susceptibility to type 1 diabetes development or safe
[197]
prevention of the disease among young children .

Molecular genetics of monogenic diabetes

A large array of genes were identified to be involved
[80]
in the development of monogenic diabetes
which
represent about 2%-5% of diabetes patients. Mono
genic diabetes results primarily from gene defects that
lead to a decrease in beta cell number or function.
Monogenic diabetes genes were identified using linkage
studies or code for proteins that directly affected
glucose homeostasis. The majority of genes responsible
for monogenetic diabetes code for either transcription
factors that participate in the control of nuclear gene
expression or proteins that are located on the cell
membrane, cytoplasm and endoplasmic reticulum,
proteins involved in insulin synthesis and secretion,
exocrine pancreatic proteins and autoimmune diabetes
[80]
proteins . The collective function of these proteins is
their participation in glucose metabolism at different
levels. Evidently, the hierarchy of a specific gene in
the overall glucose metabolism pathway determines
the onset of diabetes in the patient and whether it is
neonataly expressed or have late onset expression
(adulthood). Consequently, molecular defects in the
structure and function of these genes lead to the
disturbance of plasma glucose level, the primary
pathological sign of diabetes. The molecular mechanism
of permanent neonatal diabetes mellitus (PNDP) in
addition to MODY explains the observed phenotype
of monogenetic diabetes that involves loss of function
of the expressed mutant protein. The first gene
implicated in monogenic diabetes was the glucokinase
[198]
(GCK) gene
which functions as a pancreatic sensor
for blood glucose where more than 70 mutations in
[199]
the gene were identified that affected its activity . A
recent study on GCK gene mutations causing neonatal
and childhood diabetes showed that the majority
of mutations resulted in the loss of the enzyme
[148,150]
function primarily due to protein instability
. Two
hepatocytes nuclear factor genes that code for the
HNF4A and HNF1A transcription factors were closely
[148,149]
associated with MODY1 and MODY2
. Definitely,
a whole list of other genes involved in monogenic
diabetes are either overlooked or included in the
genetic determinants of type 1 and type 2 diabetes
which will be identified and clarified through more
careful future studies.

Molecular genetics of type 1 diabetes

Even though type 1 diabetes is basically described as
an autoimmune disease that results in the destruction
of pancreatic beta cells, however, single gene
mutations and SNPs have been found to be associated
with the susceptibility to this type of diabetes. Initially,
two gene mutations were linked to the development
of type 1 diabetes including the autoimmune regulator
(AIRE) gene which affect the immune tolerance to self
[182]
antigens leading to autoimmunity
and the FOXP3
[183]
gene which results in defective regulatory T cells
.
In addition, a mutation in the histone deacetylase
SIRTI gene predominantly expressed in beta cells
[184]
involved in the regulation of insulin secretion
and
played a role in modulating the sensitivity of peripheral
[185]
tissues to insulin
was detected in type 1 diabetes
[186]
patients
. Recently, additional mutations and SNPs
in the CTLA-4 +49A/G and HLA-DQB1 and INS gene
VNTR alleles were found to be associated with type 1
diabetes, which have the advantage of differentiating
between Latent autoimmune type 1 diabetes and type
[187]
2 diabetes
. The HLA-DQB1, in combination with
HLA-DR alleles and a polymorphism in PTPN22 gene
seem to be associated with the age onset of late type
[188,189]
1 diabetes
. Two specific polymorphisms in the
promoter region of a transmembrane protein (DCSIGN) gene expressed in macrophages and played an
important role of T- cell activation and inflammation
[190]
were found to be protective against type 1 diabetes .
An innovative non-parametric SNP enrichment tool
using summary GWAS DATA allowed the identification
of association between several transcription factors
and type 1 diabetes and are located in a type 1
[191]
diabetes susceptibility region
. Nine SNP variants
in several genes associated with type 1 diabetes, not
including the major histocompatibility gene region,
[192]
were identified using extensive GWAS analysis
.
Furthermore, several novel SNPs in a region in ch
romosome 16 located in the CLEC16A gene were
shown to be associated with type 1 diabetes and seem
to function through the reduced expression of DEX1 in
[193]
B lymphoblastoid cells . Since more than 40 regions
in the human genome were identified to be associated
[194-196]
with the susceptibility to type 1 diabetes
, a
weighted risk model was developed utilizing selected
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MOLECULAR GENETICS OF DIABETES
COMPLICATIONS
In addition to the genetic determinants of diabetes,
several gene mutations and polymorphisms have been
associated with the clinical complications of diabetes.
The cumulative data on diabetes patients with a
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variety of micro- and macrovascular complications
support the presence of strong genetic factors involved
[200]
in the development of various complications . A list
of genes have been reported that are associated with
diabetes complications including ACE and AKR1B1 in
nephropathy, VEGF and AKRB1 in retinopathy and
[200]
ADIPOQ and GLUL in cardiovascular diseases
.
A study on Chinese patients revealed a single SNP
in the promoter region of the smooth muscle actin
(ACTA2) gene correlates with the degree of coronary
[201]
artery stenosis in type 2 diabetes patients
.
Furthermore, the alpha kinase 1 gene (ALPK1) iden
tified as a susceptibility gene for chronic kidney
[202]
disease by GWAS
, was demonstrated in type 2
[203]
diabetes patients
. Three additional genes have
been strongly correlated with this risk of diabetic
retinopathy (DR) including the vascular endothelial
growth receptor, aldose reductase and the receptor for
[204]
advanced glycation products genes
where specific
polymorphisms in these genes seem to increase the
[204]
risk of DR development in diabetes patients
. A
significant differential proteome (involving 56 out of
252 proteins) is evident that characterizes vitreous
samples obtained from diabetes patients with the
complication in comparison to diabetes patients
[205]
without the complication and control individuals
.
Interestingly, a large portion of these proteins (30
proteins) belong to the kallikrein-kinin, coagulation
and complement systems including complement
C3, complement factor 1, prothrombin, alpha-1antitrypsin and antithrombin III that are elevated in
[205]
diabetic patients with retinopathy
. In addition,
2 single nucleotides polymorphisms in the human
related B7-I gene seem to mediate podocyte injury
[206]
in diabetic nephropathy
. Furthermore, increased
concentration of the ligand of B7-1 correlates with
the progression of end-stage renal disease (ESRD)
[206]
in diabetes patients
. These results indicate that
B7-I inhibition may serve as a potential target for
diabetes nephropathy prevention and/or treatment.
Recently, it was shown that direct correlation is evident
between circulating levels of tumor necrosis factors 1
and 2 and increased risk of ESRD in American Indian
[207]
patients
. The link between diabetes and proper
bone development and health is evident. Studies using
animal models with major significant reduction in insulin
receptor (IR) in osteoprogenitor cells resulted in thin
[208]
and rod-like weak bones with high risk of fractures .
Similar findings were observed in animal models with
bone-specific IR knockdown animals which points
to the central role of IR in the proper development
[208]
of bones
. Type 2 diabetes is also associated with
mitochondrial dysfunction in adipose tissues. Using
knockout animal models of specific mitochondrial
genes led to significant reduction in key electron
transport complexes expression and eventually
[209]
adipocytes death
. These animals exhibited Insulin
resistance in addition to other complications that can
[209]
potentially lead to cardiovascular disease .
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CONCLUSION
Diabetes mellitus is the epidemic of the century and
without effective diagnostic methods at an early stage,
diabetes will continue to rise. This review focuses
on the types of diabetes and the effective diagnostic
methods and criteria to be used for diagnosis of
diabetes and prediabetes. Evidently, diabetes is a
complex disease with a large pool of genes that are
involved in its development. The precise identification
of the genetic bases of diabetes potentially provides
an essential tool to improve diagnoses, therapy (more
towards individualized patient targeted therapy) and
better effective genetic counseling. Furthermore,
our advanced knowledge of the association between
medical genetics and the chronic complications of
diabetes, will provide an additional advantage to
delay or eradicate these complications that impose an
immense pressure on patient’s quality of life and the
significantly rising cost of health-care services.
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OBJECTIVE

This study updates previous estimates of the economic burden of diagnosed diabetes
and quantiﬁes the increased health resource use and lost productivity associated
with diabetes in 2017.
RESEARCH DESIGN AND METHODS

We use a prevalence-based approach that combines the demographics of the U.S.
population in 2017 with diabetes prevalence, epidemiological data, health care cost,
and economic data into a Cost of Diabetes Model. Health resource use and associated
medical costs are analyzed by age, sex, race/ethnicity, insurance coverage, medical
condition, and health service category. Data sources include national surveys, Medicare standard analytical ﬁles, and one of the largest claims databases for the commercially insured population in the U.S.
RESULTS

The total estimated cost of diagnosed diabetes in 2017 is $327 billion, including $237
billion in direct medical costs and $90 billion in reduced productivity. For the cost
categories analyzed, care for people with diagnosed diabetes accounts for 1 in
4 health care dollars in the U.S., and more than half of that expenditure is directly
attributable to diabetes. People with diagnosed diabetes incur average medical
expenditures of ∼$16,750 per year, of which ∼$9,600 is attributed to diabetes.
People with diagnosed diabetes, on average, have medical expenditures ∼2.3 times
higher than what expenditures would be in the absence of diabetes. Indirect costs
include increased absenteeism ($3.3 billion) and reduced productivity while at work
($26.9 billion) for the employed population, reduced productivity for those not in the
labor force ($2.3 billion), inability to work because of disease-related disability ($37.5
billion), and lost productivity due to 277,000 premature deaths attributed to diabetes
($19.9 billion).
CONCLUSIONS

After adjusting for inﬂation, economic costs of diabetes increased by 26% from 2012
to 2017 due to the increased prevalence of diabetes and the increased cost per
person with diabetes. The growth in diabetes prevalence and medical costs is primarily among the population aged 65 years and older, contributing to a growing
economic cost to the Medicare program. The estimates in this article highlight the
substantial ﬁnancial burden that diabetes imposes on society, in addition to intangible costs from pain and suffering, resources from care provided by nonpaid caregivers, and costs associated with undiagnosed diabetes.
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Diabetes imposes a substantial burden
on society in the form of higher medical
costs, lost productivity, premature mortality, and intangible costs in the form of
reduced quality of life. The estimated economic burden associated with diagnosed
diabetes in the U.S. in 2012 was $245
billion in the form of higher medical costs
($176 billion) and reduced productivity
($69 billion) (1). The population diagnosed with diabetes has continued to
grow, by ;700,000 people annually between 2012 and 2015, with prevalence
projected to continue rising over time as
the population grows and ages (2,3). Furthermore, there continue to be changes
in the demographics of the population
with diabetes, health care use and delivery patterns, technology, medical costs,
insurance coverage, and economic conditions that affect the economic burden
associated with diabetes. This study updates previous estimates, with the goal to
quantify the economic burden of diabetes
at the national and state levels in 2017.
Such information can help inform and motivate strategies to reduce diabetes prevalence and burden.

RESEARCH DESIGN AND METHODS

The methodology used is similar to that of
previous diabetes burden studies sponsored by the American Diabetes Association (1,4), with updated data sources and
modiﬁcations to reﬁne the analyses
where appropriate. Although the primary
focus of this analysis is the national economic burden of disease, the national estimates are calculated by summing the
state-level estimates that reﬂect variation
across states in demographics, health risk
factors and lifestyle choices, prices, and
economic outcomes. (State-level estimates
of diabetes prevalence and costs are provided in Supplementary Table A-16.) All cost
and utilization estimates are extrapolated
to the U.S. population in 2017, with cost
estimates calculated in 2017 dollars using
the hospital services, physician services, and
prescription drug components of the medical consumer price index or total consumer
price index (5).
Inputs to the study include both statelevel and national-level data. Sources for
state-level data include the American
Community Survey (ACS), Behavioral
Risk Factor Surveillance System (BRFSS),
Medicare Current Beneﬁciary Survey
(MCBS), and Long Term Care Minimum
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Data Set (MDS). Sources for national
data (which are extrapolated to the state
level) include the Current Population Survey (CPS), OptumInsight de-identiﬁed
Normative Health Information (dNHI) database, Medical Expenditure Panel Survey
(MEPS), National Ambulatory Medical
Care Survey (NAMCS), National Hospital Ambulatory Medical Care Survey (NHAMCS),
National Home and Hospice Care Survey
(NHHCS), National Health Interview Survey
(NHIS), National (Nationwide) Inpatient
Sample (NIS), and Medicare 5% sample Standard Analytical Files (SAFs). We use the most
recent year’s data available for each of
these data sources, though for certain analyses we combine multiple years of data to
increase sample size. Supplementary Table
A-1 describes how these data sources are
used along with their respective strengths
and limitations as pertinent to this study.
Estimating the Size of the Population
With Diabetes

For each of the 50 states and the District
of Columbia, we estimate the prevalence
of diagnosed diabetes for 480 population
strata deﬁned by age-group (,18, 18–34,
35–44, 45–54, 55–59, 60–64, 65–69,
and $70 years), sex, race/ethnicity
(non-Hispanic white, non-Hispanic black,
non-Hispanic other, and Hispanic), insurance status (commercial; government, including Medicare, Medicaid, Children’s
Health Insurance Program, Veterans Health
Administration, and other governmentsponsored coverage; and uninsured),
and whether residing in the community,
a residential care facility, or a nursing
home. (Government employees and military
personnel and dependents with insurance
are counted under private insurance.) The
reason for modeling the large number of
strata reﬂects differences in diabetes prevalence and costs across these strata and that
different data sources are used to estimate
diabetes prevalence for people residing in
the community, in a residential care facility,
or in a nursing home.
The population database starts with
the 2016 ACS, which contains state-level
population estimates by age, sex, race/
ethnicity, whether the person has medical insurance, and whether the person resides in a group setting. We use random
sampling with replacement to statistically
match each person in the 2016 ACS with a
similar person in a ﬁle containing patient
health information and risk factors. ACS
individuals residing in the community are

matched to a similar individual in the
2015–2016 BRFSS of the same age, sex,
race/ethnicity, state, family income level,
and insurance type. ACS individuals residing in residential care facilities and nursing
homes are matched to a person of similar
age, sex, race/ethnicity, and state from the
2015 MDS and 2013 MCBS, respectively.
Diabetes status in the MDS and MCBS
is based on clinical diagnosis, whereas
diabetes status in the BRFSS is based
on respondents answering “yes” to the
question, “Have you EVER been told by a
doctor or health professional that you
have diabetes or sugar diabetes?” The
prevalence estimates exclude gestational
diabetes mellitus. These sources do not
contain diabetes status for children.
Therefore, we combined the 2014–2016
NHIS ﬁles to estimate national diabetes
prevalence rates for childrendbased on
self-report (6) like the BRFSS informationd
which we then extrapolated to the state
population ﬁles by age (6–12 and 13–17
years), sex, and race/ethnicity.
To estimate diabetes prevalence in
2017, we scaled the state estimates based
on population growth between 2016 and
2017 by demographic group. For validation, when we apply prevalence rates for
each strata (demographic, insurance, state)
to the 2015 population, our national estimate of diagnosed diabetes is slightly
higher than that reported by the Centers
for Disease Control and Prevention (CDC)
(23.4 million vs. 23.0 million). Our higher
estimate possibly reﬂects that our analysis
incorporates data from residential care and
nursing facilities, whereas the CDC estimate
is based on a representative sample of the
noninstitutionalized population.
Estimating the Direct Medical Cost
Attributed to Diabetes

We estimate health resource use among
the population with diabetes in excess of
resource use that would be expected in
the absence of diabetes. Diabetes increases the risk of developing neurological, peripheral vascular, cardiovascular,
renal, endocrine/metabolic, ophthalmic,
and other complications (see Supplementary Appendix 2 for a more comprehensive list of medical conditions and ICD-9
and ICD-10 codes). Diabetes also increases the cost of treating general conditions that are not directly related to
diabetes. Therefore, only the relevant portion of health care expenditures for these
medical conditions is attributed to diabetes.
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The approach used to quantify the excess
health resource use associated with diabetes was inﬂuenced by four data limitations:
1) absence of a single data source for all
estimates, 2) small sample size in some
data sources, 3) correlation of both diabetes and its comorbidities with other
factors such as age and obesity, and 4)
underreporting of diabetes and its comorbidities in certain data sources such as the
NIS, NAMCS, and NHAMCS. Because of
these limitations, we estimate diabetesattributed costs using one of two approaches for each cost component.
For cost components estimated solely
from MEPS (ambulance services, home
health, podiatry, diabetes supplies, and
other equipment and supplies), we use a
comparison of annual per capita health resource use for people with and without diabetes controlling for age, sex, and race/
ethnicity. For nursing/residential facility
use (which is not captured by MEPS) and
for cost components that rely on analysis of
medical encounter data (hospital inpatient,
emergency care, and ambulatory visits), we
employ an attributed risk methodology often used in disease burden studies that relies on population etiological fractions (7).
Etiological fractions estimate the excess
use of health care services among the diabetes population relative to a similar population that does not have diabetes. Both
approaches used in this study are equivalent under a reasonable set of assumptions. However, the ﬁrst approach cannot
be used with some national data sources
analyzedde.g., visit/hospital discharge–
level ﬁles such as NIS, NAMCS, and
NHAMCS, which may not identify the
patient as having diabetes even if the
patient does indeed have diabetes.
The attributable fraction approach
combines etiological fractions («) with total projected U.S. health service use (U) in
2017 for each age-group (a), sex (s), medical condition (c), and care delivery setting
(H), which includes hospital inpatient,
emergency department, and ambulatory
service (physician ofﬁce visits and hospital
outpatient/clinic visits):
Attributed health resource useH 5
∑ ∑ ∑ «H;a;s;c 3 UH;a;s;c
age sex medical
condition

The etiological fraction is calculated using
the diagnosed diabetes prevalence (P)
and the relative rate ratio (R):
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«H;a;s;c 5


Pa;s 3 RH;a;s;c 2 1

Pa;s 3 RH;a;s;c 2 1 1 1

The rate ratio for hospital inpatient days,
emergency visits, and ambulatory visits
represents how annual per capita health
service use for the population with diabetes
compares to the population without
diabetes:
RH;a;s;c 5

annual per capita use for people with diabetesa;s;c
annual per capita use for people without diabetesa;s;c

Diabetes and its comorbidities are correlated with other patient characteristics
such as demographics and body weight. To
mitigate bias caused by correlation, we
estimate age/sex/setting–speciﬁc etiological fractions for each medical condition.
The primary data sources for calculating etiological fractions are the 2015
OptumInsight dNHI data and the 2014
Medicare 5% sample SAF. The dNHI data
contain a complete set of medical claims
for more than 31 million commercially
insured beneﬁciaries in 2015 and allows
patient records to be linked during the
year and across health delivery settings.
This allows us to identify people with a
diabetes ICD-9 (250.xx) or ICD-10 diagnosis
code in at least one of their inpatient medical claims or in two or more separate
noninpatient claims during the year. The
Medicare 5% sample SAF contains claims
data ﬁled on behalf of Medicare beneﬁciaries under both Part A and Part B, and
as with the dNHI data, we identify people
with diabetes based on diabetes ICD-9
diagnosis codes. The large size of these
two claims databases enables the generation of age/sex/setting–speciﬁc rate ratios
for each medical condition that are more
stable than the rates estimated using
MEPS.
Unlike the MEPS data, the dNHI data
and Medicare 5% claims data do not contain race/ethnicity and select patient
characteristics that could affect both patient health status and health-seeking
behaviors. For the 10 medical conditions
that are the largest contributors to the
overall cost of diabetesdgeneral medical
condition, other chronic ischemic heart
disease, myocardial infarction, heart failure, hypertension, conduction disorders
and cardiac dysrhythmias, cellulitis, occlusion of cerebral arteries, end-stage renal
disease (ESRD), and renal failure and its
sequelaedwe estimate two multivariate
Poisson regressions, using data from

2011–2015 MEPS, to determine the extent to which controlling only for age
and sex might bias the rate ratios. First,
we estimate a naive model that produces
diabetes-related rate ratios for hospital
inpatient days, emergency visits, and
ambulatory visits controlling for age
and sex only. Then, we estimate a full
model that includes diabetes status as
the main explanatory variable and various known predictors of health service
utilization including age, sex, education
level, income, marital status, medical
insurance status, and race/ethnicity as
covariates.
For the full model, our focus is not on
the relationship between health care use
and the covariates (other than diabetes);
instead, these covariates are included to
control for patient characteristics not
available in medical claims data that could
be correlated with both medical conditions and health-seeking behavior. The
full model omits indicators for presence
of coexisting conditions or complications
of diabetes (e.g., hypertension), since including such variables could downward
bias the estimated relationship between
diabetes and health care use for each of
the 10 medical conditions. The rate ratio
coefﬁcients for the diabetes ﬂag variable
in the naive and full models are then compared. The ﬁndings suggest statistically
signiﬁcant overestimates of the rate ratios for eight condition categories for
both emergency visits and impatient
days when using the naive model. For
ambulatory visits, we ﬁnd signiﬁcant
overestimates in the rate ratios for ﬁve
condition categories from the MEPSbased naive model compared with the
full model.
To remedy the relative risk overestimation for these condition categories, we
scaled the rate ratios estimated from
dNHI and Medicare 5% sample SAFs using
the regression results from the MEPS
analysis by applying a scalar (with the scalar calculated as the full model rate ratio
divided by the naive model rate ratio). For
emergency department visits, claimsbased rate ratios are scaled down for
other chronic ischemic heart disease
(scale 5 0.89), myocardial infarction
(0.89), heart failure (0.86), hypertension
(0.63), cellulitis (0.89), occlusion of cerebral arteries (0.94), chronic renal failure–
ESRD (0.73), and renal failure and its
sequelae (0.77). For inpatient days, claimsbased rate ratios are scaled down for other
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chronic ischemic heart disease (0.99),
myocardial infarction (0.92), heart failure
(0.81), hypertension (0.69), cellulitis
(0.85), occlusion of cerebral arteries
(0.98), chronic renal failure–ESRD (0.72),
and renal failure and its sequelae (0.64).
Physician ofﬁce visits are scaled down for
myocardial infarction (0.98), heart failure
(0.76), hypertension (0.87), occlusion of
cerebral arteries (0.93), and renal failure
and its sequelae (0.25). We did not ﬁnd a
signiﬁcant overestimate of the rate ratios
for general medical conditions for any of
the three health service delivery settings
comparing the MEPS-based naive model
and the full model. However, a comparison
of the claims-based rate ratios with the
rate ratios calculated from the MEPSbased naive model ﬁnds that the claimsbased rate ratios for general conditions are
signiﬁcantly higher than the MEPS-based
rate ratios for emergency department visits and inpatient days. Therefore, to be
conservative in our cost estimates, we
downward adjusted claims-based rate ratios for emergency department visits (0.52)
and inpatient days (0.50) for the general
condition group by applying a scalar calculated as the MEPS-based naive model rate
ratio divided by the claims-based rate ratio.
Estimates of health resource use attributed to diabetes are combined with
estimates of the average medical cost
per unit of health care utilization, in 2017
dollars, to compute total medical costs
attributed to diabetes. For hospital inpatient days, ofﬁce visits, emergency visits,
and outpatient visits, we use the average
cost per visit/day speciﬁc to the medical
conditions modeled. We pooled the
2011–2015 MEPS ﬁles to estimate average cost per unit of health care utilized.
Although MEPS contains both inpatient
facility and professional expenditures
and NIS contains only facility charges
(which are converted to costs using
hospital-speciﬁc cost-to-charge ratios),
the NIS has a much larger sample (n 5
;7 million discharges in 2014) and also
contains ﬁve-digit diagnosis codes. Therefore, we use the 2014 NIS data to estimate inpatient facility costs and use
the pooled 2011–2015 MEPS ﬁles to estimate the cost for professional services.
Average costs per event or day by medical
condition are shown in Supplementary
Table A-3.
Utilization of prescription medication
(excluding insulin and other antidiabetes
agents) for each medical condition is
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estimated from medications prescribed
during physician ofﬁce, emergency department, and outpatient visits attributed
to diabetes. Average number of medications prescribed during a physician ofﬁce
visit for each age/sex/race stratum is estimated using data from the 2013–2015
NAMCS along with 2012–2014 NHAMCS
for emergency department visits and
2009–2011 NHAMCS for outpatient visits. We calculate the total number of
people with diabetes who use insulin
and other antidiabetes agents by combining diabetes prevalence and the rate of
use for these antidiabetes agents obtained from the 2013–2015 NHIS. Average cost per prescription ﬁlled, yearly
average cost per insulin user, and yearly
average cost per oral agent and other
antidiabetes agent user are obtained
from the 2013–2015 MEPS. We combined
the utilization of these medications with
the average cost per prescription to estimate the cost by age, sex, race/ethnicity,
and insurance status. Average per capita
cost for diabetes supplies by age/sex/race
stratum is calculated from MEPS (excluding over-the-counter medications owing
to lack of data on whether diabetes increases use of such medications).
The 2012 cost study estimated prevalence of diagnosed diabetes among the
population in nursing homes by demographic using the 2004 National Nursing
Home Survey (NNHS) data but scaled the
diabetes prevalence estimates to be consistent with an estimated 32.8% prevalence among nursing home residents
obtained from the existing literature (8).
In this iteration of the study, we use the
2015 Centers for Medicare & Medicaid
Services (CMS) MDS data to estimate diabetes prevalence among this population
and ﬁnd that the estimated prevalence of
diagnosed diabetes is 25% among the
nursing home population in 2017.
Nursing/residential facility use attributed to diabetes is estimated using an
attributable risk approach where the
prevalence of diabetes among residents
is compared with the prevalence of diabetes among the overall population in the
same age/sex stratum. The analysis is
conducted separately for long-stay and
residential facility residents to estimate
total days of care. Unlike the 2012 study,
due to data unavailability there is no
separate analysis done for short stays at
nursing/residential facilities. Similar to
the previous studies, cost per day per

resident is obtained from a geographically
representative cost of care survey for
2017 (9).
Hospice days attributed to diabetes
represent a combination of length of
stay and diabetes prevalence among hospice residents. The 2007 NHHCS is used to
calculate the number of hospice residents
with diabetes and those that have a primary diagnosis of diabetes along with the
average length of stay for each age/sex/
race stratum. Based on more recent estimates available from the National Hospice and Palliative Care Organization
(NHPCO) on diabetes prevalence among
hospice residents (10), the 2007 NHHCSbased prevalence estimates for the various strata are adjusted and updated to
impute the 2017 diabetes prevalence.
Cost per hospice resident per day is based
on the 2017 report from NHPCO (11) and
is combined with hospice days attributed
to diabetes to estimate total cost of hospice care attributed to diabetes.
The 2011–2015 MEPS ﬁles are pooled
to increase sample size to analyze use of
home health, podiatry, ambulance services, and other equipment and supplies.
These cost components are estimated
by comparing annual per capita cost for
people with and without diabetes, controlling for age. Due to small sample size,
sex and race/ethnicity are not included
as a stratum when calculating costs per
capita.
Estimating the Indirect Cost Attributed
to Diabetes

The indirect costs associated with diabetes
include work days missed due to health conditions (absenteeism), reduced work productivity while working due to health conditions
(presenteeism), reduced workforce participation due to disability, household productivity losses, and lost productivity due to
premature mortality (12). The approach
mirrors that used in the 2012 study but
with more recent data.
c

Absenteeism is deﬁned as the number
of work days missed due to poor health
among employed individuals, and prior
research ﬁnds that people with diabetes have higher rates of absenteeism
than the population without diabetes.
Estimates from the literature range
from no statistically signiﬁcant diabetes
effect on absenteeism to studies reporting 1–6 extra missed work days (and
odds ratios of more absences ranging
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from 1.5 to 3.3) (12–14). Analyzing
2014–2016 NHIS data and using a negative binomial regression to control for
overdispersion in self-reported missed
work days, we estimate that people
with diabetes have statistically higher
missed work daysdranging from 1.0
to 4.2 additional days missed per year
by demographic group, or 1.7 days on
averagedafter controlling for agegroup, sex, race/ethnicity, diagnosed
hypertension status (yes/no), and body
weight status (normal, overweight,
obese, unknown). Diabetes is entered
as a dichotomous variable (diagnosed
diabetes 5 1; otherwise 0) as well as
an interaction term with age-group.
Controlling for hypertension and body
weight produces more conservative
estimates of the diabetes impact on
absenteeism, as comorbidities of diabetes are correlated with body weight
status and a portion of hypertension
is attributed to diabetes.
Presenteeism is deﬁned as reduced
productivity while at work among employed individuals and is generally
measured through worker responses
to surveys. These surveys rely on the
self-reported inputs on the number of
reduced productivity hours incurred
over a given time frame. Multiple recent
studies report that individuals with diabetes display higher rates of presenteeism than their peers without diabetes
(12,15–17). We model productivity
loss associated with diabetes-attributed
presenteeism using the estimate (6.6%)
from the 2012 studydwhich is toward
the lower end of the 1.8–38% range
reported in the literature.

c

Inability to work associated with diabetes is estimated using a conservative
approach that focuses on unemployment related to long-term disability.
Logistic regression with 2014–2016
NHIS data suggests that people aged
18–65 years with diabetes are signiﬁcantly less likely to be in the workforce
than people without diabetes. It is unclear to what extent people with diabetes voluntarily leave the workforce
or do so because of diabetes. Therefore, we use a conservative approach
(which likely underestimates the cost
associated with inability to work) to
estimate the economic burden associated with reduced labor force participation. Using logistic regression, we
estimate the relationship between diabetes and receipt of Supplemental
Security Income (SSI) payments for
disabilitydcontrolling for age-group,
sex, race/ethnicity, hypertension status, and body weight status (normal,
overweight, obese). Diabetes status is
included in the regression both as a
separate variable and interacted with
age-group to provide age-speciﬁc
impacts. Study results suggest that
people with diabetes have a 3.1 percentage point higher rate of being out
of the workforce and receiving disability payments compared with their
peers without diabetes. The diabetes
effect increases with age and varies
by demographicdranging from 2.1
percentage points for non-Hispanic
white males aged 60–64 years to 10.6
percentage points for non-Hispanic
black females aged 55–59 years. The
average daily earnings estimated from

c

the CPS for those in the workforce are
used as a proxy for the economic impact of reduced employment due to
chronic disability. SSI payments are
considered transfer payments and
therefore are not included in the cost
estimates.
Reduced productivity for those not in
the workforce is included in our estimate of the national burden. This population includes all adults aged ,65
years who are not employed (including
those voluntarily or involuntarily not in
the workforce). The contribution of
people not in the workforce to national
productivity includes time spent providing child care, household activities,
and other activities such as volunteering in the community. We use per capita absenteeism estimates for the
working population as a proxy for reduced productivity days among the
nonemployed population in a similar
demographic. Whereas each work
day lost due to absenteeism is based
on estimated average daily earnings,
there is no readily available measure
of the value of a day lost for those
not in the workforce. Some studies
use minimum wage as a proxy for the
value of time lost, but this may underestimate the value of time. Using average
earnings for their employed counterparts
will overestimate the value of time. Similar to the 2012 study, we use 75% of the
average earnings for people in the workforce as a productivity proxy for those
aged ,65 years not in the labor force
(which is close to the midpoint between minimum wage and average
hourly wage earned by a demographic

Table 1—Health resource use in the U.S., by diabetes status and type of service, 2017 (in millions of units)
Population with diabetes
Attributed to diabetes

Incurred by people with diabetes

Health resource

Units

% of U.S. total

Units

% of U.S. total

Incurred by population
without diabetes

U.S. total*

Institutional care
Hospital inpatient days
Nursing/residential facility days
Hospice days

22.6
57.3
0.3

13.9
7.5
0.3

40.3
200.0
14.2

24.8
26.1
12.7

122.2
567.3
97.8

162
767
112

Outpatient care
Physician ofﬁce visits
Emergency department visits
Hospital outpatient visits
Home health visits
Medication prescriptions

121.6
7.2
13.5
10.1
664.4

12.5
5.2
11.7
5.0
16.6

208.6
16.8
22.2
43.0
1,092.8

21.5
12.2
19.2
21.2
27.4

760.4
121.1
93.0
159.9
2,898.0

969
138
115
203
3,991

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), and NHHCS (2007), OptumInsight dNHI
(2015), and Medicare 5% SAFs (2014). *Numbers do not necessarily sum to totals because of rounding.
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Table 2—Health care expenditures in the U.S., by diabetes status and type of service, 2017 (in millions of dollars)
Population with diabetes
Attributed to diabetes

Total incurred by people with diabetes

Cost component

Dollars

% of U.S. total

Dollars

% of U.S. total

Population
without diabetes

Total*

Institutional care
Hospital inpatient
Nursing/residential facility
Hospice

69,661
6,439
64

14
7
0.3

122,729
24,484
3,180

25
25
13

362,855
71,934
21,933

485,584
96,419
25,114

Outpatient care
Physician ofﬁce
Emergency department
Ambulance services
Hospital outpatient
Home health
Podiatry

29,990
7,990
332
12,049
3,388
252

12
5
8
10
5
10

51,882
18,651
700
21,012
14,479
607

21
12
17
18
21
25

190,024
133,894
3,356
98,872
53,824
1,835

241,906
152,545
4,056
119,884
68,303
2,442

Outpatient medications and supplies
Insulin
Diabetes supplies
Other antidiabetes agents†
Prescription medications
Other equipment and supplies‡

14,981
3,723
15,855
71,235
1,310

100
100
100
17
4

14,981
3,723
15,855
117,160
4,564

100
100
100
27
16

0
0
0
310,697
24,796

14,981
3,723
15,855
427,856
29,360

Total

237,269

14

414,427

24

1,277,908

1,692,335

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016),
OptumInsight dNHI (2015), and Medicare 5% SAFs (2014). *Numbers do not necessarily sum to totals because of rounding. †Includes oral medications and
noninsulin injectable antidiabetes agents such as exenatide and pramlintide. ‡Includes but is not limited to eyewear, orthopedic items, hearing devices,
prosthesis, bathroom aids, medical equipment, and disposable supplies.

c

similar to the unemployed aged ,65
years).
Premature mortality associated with
diabetes reduces future productivity
(and not just the current year productivity). Ideally, to model the value of

lost productivity in 2017 associated
with premature mortality, one would
calculate the number and characteristics of all people who would have
been alive in 2017 but who died prior
to 2017 because of diabetes. Data

limitations prevent using this approach. Instead, we estimate the number of premature deaths associated
with diabetes in 2017 and calculate
the present value of their expected
future earnings. To estimate the total

Table 3—Health care expenditures attributed to diabetes in the U.S., by age-group and type of service, 2017 (in millions of dollars,
with percentages in parentheses)
Age (years)
,65 (N 5 13.7 million)

$65 (N 5 11.0 million)

Total* (N 5 24.7 million)

Institutional care
Hospital inpatient
Nursing/residential facility
Hospice

24,835 (36)
2,568 (40)
6 (9)

44,826 (64)
3,871 (60)
58 (91)

69,661
6,439
64

Outpatient care
Physician ofﬁce
Emergency department
Ambulance services
Hospital outpatient
Home health
Podiatry

9,591 (32)
4,258 (53)
105 (32)
5,322 (44)
2,588 (76)
94 (37)

20,399 (68)
3,732 (47)
227 (68)
6,728 (56)
801 (24)
158 (63)

29,990
7,990
332
12,049
3,388
252

Outpatient medications and supplies
Insulin
Diabetes supplies
Other antidiabetes agents†
Prescription medications
Other equipment and supplies‡

8,850 (59)
2,272 (61)
8,456 (53)
21,702 (30)
783 (60)

6,132 (41)
1,452 (39)
7,399 (47)
49,534 (70)
527 (40)

14,981
3,723
15,855
71,235
1,310

Total*

91,428 (39)

145,841 (61)

237,269

6,675

13,239

9,601

Cost component

Average cost per person with diabetes (actual dollars)

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016),
OptumInsight dNHI (2015), and Medicare 5% SAFs (2014). *Numbers do not necessarily sum to totals because of rounding. †Includes oral medications
and noninsulin injectable antidiabetes agents. ‡Includes but is not limited to eyewear, orthopedic items, hearing devices, prosthesis, bathroom aids,
medical equipment, and disposable supplies.
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Table 4—Health care expenditures attributed to diabetes in the U.S., by demographic
Diabetes prevalence

Total direct
cost ($, millions)

Average cost per person
with diabetes ($, actual)

Age (years)
,18
18–34
35–44
45–54
55–59
60–64
65–69
$70

110,000
1,020,000
1,920,000
4,060,000
3,050,000
3,530,000
3,590,000
7,430,000

860
6,850
10,510
26,140
22,600
24,460
46,710
99,140

7,510
6,740
5,480
6,440
7,400
6,920
13,030
13,340

Sex
Male
Female

12,810,000
11,900,000

128,830
108,450

10,060
9,110

Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Other, non-Hispanic
Hispanic

15,080,000
4,030,000
1,890,000
3,710,000

150,260
42,240
14,880
29,900

9,800
10,470
7,890
8,050

Characteristics

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014),
MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016), OptumInsight dNHI (2015), and Medicare
5% SAFs (2014).

number of deaths attributable to diabetes, we analyzed the CDC’s 2015
Mortality Multiple Cause File to obtain
mortality data by age, sex, and race/

ethnicity for cardiovascular disease,
cerebrovascular disease, renal failure,
and diabetes. We use the same estimates as our previous study: ;16%

of cardiovascular disease (excluding cerebrovascular disease) deaths can be attributed to diabetes, and ;28% of
deaths listing cerebrovascular disease
as the primary cause and ;55% of
deaths listing renal failure as the
primary cause can be attributed to diabetes. To generate 2017 estimates,
we grow the 2015 CDC mortality data
using the annual population growth
rate from 2015 to 2017 for each age,
sex, and race/ethnicity group.
Productivity loss associated with early
mortality is calculated by taking the net
present value of future productivity
(PVFP) for men and women by age and
race/ethnicity using the same discount
rate (3%), assumptions, and equation
outlined in the 2008 American Diabetes
Association report (4). We combined
average annual earnings from the CPS,
expected mortality rates from the CDC,
and employment rates from the CPS by
age, sex, and race/ethnicity to calculate
the net present value of future earnings of a person who dies prematurely.

Figure 1—Percent of medical condition-speciﬁc expenditures associated with diabetes. Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015),
NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016), OptumInsight dNHI (2015), and Medicare 5% SAFs (2014). See Supplementary Appendix 2 for diagnosis codes for each category of medical condition.
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Employment rates for 2015 are used to
calculate PVFP.
We do not count productivity loss for
the population aged ,18 years. While
children constitute a small proportion of
the population with diabetes, omitting
productivity loss associated with diabetes
among children could bias low the cost
estimates. For example, the economic
cost associated with parents who take
time off from work to take their children
to the doctor for diabetes-related visits is
omitted from these cost estimates.
RESULTS

In 2017, an estimated 24.7 million people
in the U.S. are diagnosed with diabetes,
representing ;7.6% of the total population (and 9.7% of the adult population).
The estimated national cost of diabetes in
2017 is $327 billion, of which $237 billion
(73%) represents direct health care expenditures attributed to diabetes and
$90 billion (27%) represents lost productivity from work-related absenteeism, reduced productivity at work and at home,
unemployment from chronic disability,
and premature mortality. Particularly
noteworthy is that excess costs associated with medications constitute 43% of
the total direct medical burden. This includes nearly $15 billion for insulin, $15.9
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billion for other antidiabetes agents, and
$71.2 billion in excess use of other prescription medications attributed to higher disease prevalence associated with diabetes.
Health Resource Use Attributed
to Diabetes

Table 1 shows estimates of health
resource utilization attributed to diabetes
and incurred by people with diabetes as a
percentage of total national utilization.
For example, of the projected 162 million
hospital inpatient days in the U.S. in 2017,
an estimated 40.3 million days (24.8%)
are incurred by people with diabetes, of
which 22.6 million days are attributed to
diabetes. About one-fourth of all nursing/
residential facility days are incurred by
people with diabetes. About half of all
physician ofﬁce visits, emergency department visits, hospital outpatient visits, and
medication prescriptions (excluding insulin
and other antidiabetes agents) incurred by
people with diabetes are attributed to
their diabetes.
Health Care Expenditures Attributed
to Diabetes

Health care expenditures attributed to
diabetes reﬂect the additional expenditures the nation incurs because of diabetes. This equates to the total health care
expenditures for people with diabetes

minus the projected level of expenditures
that would have occurred for those people in the absence of diabetes. Table 2
summarizes national expenditure for the
cost components included, accounting for
nearly $1.7 trillion in projected expenditure for 2017. Approximately $414 billion
of the total is incurred by people with diabetes, reﬂecting 1 in 4 (24%) of all health
care dollars. Costs attributed to diabetes
exceed $237 billion, or 57% of total medical costs incurred by people with diabetes. For the cost components included,
1 in every 7 health care dollars (14%) is
attributed to diabetes.
National health-related expenditures
are projected to exceed $3.5 trillion in
2017 (18), but slightly less than half of
these expenditures are included in our
analysis. These cost estimates omit national
expenditures (and any portion of such expenditures that might be attributable to
diabetes) for administering government
health and private insurance programs, investment in research and infrastructure,
over-the-counter medications, disease
management and wellness programs,
and ofﬁce visits to nonphysician providers
other than podiatrists (e.g., dentists and
optometrists).
The largest contributors to the cost of
diabetes are higher use of prescription

Table 5—Annual per capita health care expenditures in the U.S., by diabetes status, 2017 (in actual dollars)
Unadjusted

Adjusted for age and sex

With
diabetes ($)

Without
diabetes ($)

Ratio with
to without
diabetes

Without
diabetes ($)

Ratio with
to without
diabetes

Attributed to
diabetes ($)*

Institutional care
Hospital inpatient
Nursing/residential facility
Hospice

4,966
991
129

1,202
238
73

4.1
4.2
1.8

2,147
730
126

2.3
1.4
1.0

2,819
261
3

Outpatient care
Physician ofﬁce
Emergency
Ambulance services
Hospital outpatient and freestanding ambulatory surgical center
Home health
Podiatry

2,099
755
28
850
586
25

629
443
11
327
178
6

3.3
1.7
2.5
2.6
3.3
4.0

886
431
15
363
449
14

2.4
1.7
1.9
2.3
1.3
1.7

1,213
323
13
488
137
10

Outpatient medications and supplies
Insulin
Diabetes supplies
Other antidiabetes agents†
Prescription medications
Other equipment and supplies‡

606
151
642
4,741
185

NA
NA
NA
1,029
82

NA
NA
NA
4.6
2.2

NA
NA
NA
1,858
132

NA
NA
NA
2.6
1.4

606
151
641
2,882
53

Total*

16,752

4,220

4.0

7,151

2.3

9,601

Cost component

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016),
OptumInsight dNHI (2015), Medicare 5% SAFs (2014), and U.S. Census Bureau (2017). NA, not applicable. *Numbers do not necessarily sum to totals
because of rounding. †Includes antidiabetes agents such as exenatide and pramlintide. ‡Includes but is not limited to eyewear, orthopedic items, hearing
devices, prosthesis, bathroom aids, medical equipment, and disposable supplies.
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Table 6—Indirect burden of diabetes in the U.S., 2017 (in billions of dollars)
Cost component

Productivity loss

Total cost attributable
to diabetes ($)

Work days absent

14 million days

3.3

3.7%

Reduced performance at work

114 million days

26.9

29.7%

Proportion of indirect costs*

Reduced productivity days for those not in labor force

14 million days

2.3

2.6%

Reduced labor force participation due to disability

182 million days

37.5

41.7%

Mortality

277,000 deaths

19.9

22.1%

89.9

100%

Total

Data source: analysis of the NHIS (2014–2016), CPS (2016), CDC mortality data, and U.S. Census Bureau population estimates for 2016 and 2017. *Numbers
do not necessarily sum to totals because of rounding.

medications beyond antihyperglycemic
medications ($71.2 billion), higher use of
hospital inpatient services ($69.7 billion),
medications and supplies to directly treat
diabetes ($34.6 billion), and more ofﬁce
visits to physicians and other health providers ($30.0 billion).
Approximately 61% of all health care
expenditures attributed to diabetes are
for health resources used by the population
aged $65 years, much of which is borne
by the Medicare program (Table 3). Dividing total attributed health care expenditures by the number of people with
diabetes, we estimate the average annual
excess expenditures for the population
aged ,65 years and $65 years, respectively, at $6,675 and $13,239. Health care
expenditures attributed to diabetes generally increase with age, although among
younger people, average costs are slightly
higher likely due to a higher proportion of
these cases being type 1 versus type 2
diabetes, are slightly higher for men
(mainly due to men having higher attributable fractions on several key measures),
and are highest for the non-Hispanic black
population due to a higher use of emergency care and hospital outpatient care
(Table 4).
Figure 1 summarizes the proportion of
medical expenditures attributed to diabetes
for each chronic complication over total
U.S. health care expenditure, combining

expenditures for hospital inpatient, hospital outpatient, emergency department,
and physician and other provider ofﬁce
visits as well as prescription medications.
For patients with diabetes who receive
care for peripheral vascular conditions,
39% of these expenditures are attributed to diabetes. For the general medical conditions category (which includes
all care not included in the other categories), 8% of expenditures incurred by
people with diabetes are attributed to
their diabetes.
The population with diabetes is older
and sicker than the population without
diabetes, and consequently annual medical expenditures are much higher (on average) than for people without diabetes
(Table 5). When we compare expenditures for people with diabetes to expenditures for a population of similar age and
sex, people with diabetes have health
care expenditures that are 2.3 times
higher ($16,752 vs. $7,151) than expenditures would be expected for this same
population in the absence of diabetes.
This suggests that diabetes is responsible
for an estimated $9,601 in excess expenditures per year per person with diabetes.
This 2.3 multiple is unchanged from the
2007 and 2012 studies.
After adjusting for inﬂation, the total
cost of insulin and other medications to
control blood glucose increased by 45%

from 2012 to 2017, to a total of $31 billion.
The inﬂation-adjusted cost of insulin increased by 110% during the same period.
These increases are attributable to both
an increase in the number of people using
these medications and the cost of the
medications themselves.
Indirect Costs Attributed to Diabetes

The total indirect cost of diabetes is estimated at $89.9 billion (Table 6). Major
contributors to this burden are reduced
employment ($37.5 billion), presenteeism ($26.9 billion), and premature mortality ($19.9 billion). Work days absent ($3.3
billion) and reduced productivity for
those not in the workforce ($2.3 billion)
represent a relatively small portion of the
total burden.
Of the estimated 24.7 million people
with diagnosed diabetes, analysis of
NHIS data suggests that ;8.1 million are
in the workforce. If people with diabetes
participated in the labor force at rates
similar to their peers without diabetes,
there would be ;2 million additional
people aged 18–64 years in the workforce. However, using a more conservative approach (described previously)
where reduced labor force participation
is associated with receiving disability
payments, we estimate 756,000 fewer
working-age adults in the workforce in
2017dequivalent to 182 million lost

Table 7—Mortality costs attributed to diabetes, 2017
Deaths attributed to diabetes

Total U.S. deaths
(thousands)*

Deaths (thousands)

% of U.S. deaths in category

Value of lost productivity ($, billions)

Diabetes

85

85

100

8.5

Renal disease

72

39

54

1.9

Cerebrovascular disease

150

42

28

1.9

Cardiovascular disease

689

111

16

7.6

Total

NA

277

NA

19.9

Primary cause of death

*Data source: CDC National Vital Statistics Reports for total deaths in 2015 by primary cause of death, scaled to 2017 using the annual diabetes
population growth rate from 2015 to 2017 for each age, sex, and race/ethnicity group. NA, not applicable.
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work days. While disability payments
themselves are a cost to the government,
from a societal perspective they are considered transfer payments and thus not
included in the burden estimates.
The cost of missed work days due to
absenteeism is estimated at $3.3 billion,
representing 14 million days. If people
not in the workforce had similar rates of
days where they are unable to work due
to poor health as their employed peers,
this would equate to 14 million excess
sick days with estimated productivity
loss valued at $2.3 billion.
Reduced performance at work (presenteeism) accounted for 30% of the indirect
cost of diabetes. The estimate of a 6.6%
annual decline in productivity attributed
to diabetes equates to 114 million lost
work days per year.
The estimated number of deaths in
2017 attributable to diabetes is 277,000
(Table 7); for 85,000 deaths, diabetes is
listed as the primary cause. Of the 689,000
deaths where cardiovascular disease is
listed as the primary cause, ;111,000
(16%) are attributable to diabetes. Approximately 42,000 cases where cerebrovascular disease is listed as the
primary cause of death are attributable
to diabetes, and 39,000 cases where renal disease is listed as the primary cause
of death are attributable to diabetes.
The average cost per premature death
declines with age (reﬂecting fewer remaining expected working years), and
across all premature deaths, cost averaged ;$71,700 per case.
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Figure 2—Total direct costs of diabetes, 2007–2017.

prevalence, the average economic cost
associated with diabetes increased from
$11,700 to $13,247 (in 2017 dollars), or
13% growth (Fig. 5).

CONCLUSIONS

This study estimates ;24.7 million people (;9.7% of adults) had diagnosed diabetes in the U.S. in 2017. Diabetes costs

the nation ;$327 billion, which includes
$237 billion in direct medical cost and
$90 billion in lost productivity. Similar to
estimates in 2007 and 2012, after adjusting
for age and sex, annual per capita health
care expenditure is 2.3 times higher for
people with diabetes compared with those
without diabetes. A large portion of medical costs associated with diabetes costs is
for comorbidities.

Trends in Diabetes Costs, 2007–2017

Between 2012 and 2017, we estimate
that medical costs associated with diabetes increased by 26% (from $188 billion to
$237.3 billion) when adjusted for general
inﬂation (Fig. 2). Adjusting for both inﬂation and growth in diabetes prevalence,
the excess medical cost per person with
diabetes grew by 14% (from $8,417 to
$9,601 in 2017 dollars) (Fig. 5).
The indirect costs of diabetes grew
by 23% when adjusted for general inﬂation (Fig. 3), which on a per capita
basis reﬂects 11% growth (from $3,283
to $3,640 per person in 2017 dollars)
(Fig. 5).
Combined, the inﬂation adjusted total
economic burden of diabetes increased
from ;$261 billion in 2012 to $327.3 billion in 2017 (or 25% growth) (Fig. 4). Adjusted for inﬂation and growth in diabetes

Figure 3—Total indirect costs of diabetes, 2007–2017.
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While much of the cost of diabetes
appears to fall on insurers (especially Medicare) and employers (in the form of reduced
productivity at work, missed work days, and
higher employer expenditures for health
care), in reality such costs are passed along
to all of society in the form of higher insurance premiums and taxes, reduced earnings, and reduced standard of living.
Comparing the 2017 estimates with
those produced for 2012, the overall cost
of diabetes appears to have increased by
;25% after adjusting for inﬂation, reﬂecting an 11% increase in national prevalence
of diagnosed diabetes and a 13% increase
in the average annual diabetes-attributed
cost per person with diabetes.
Study limitations include the following:
c

Figure 4—Total economic cost of diabetes, 2007–2017.

For costs that include hospital and ofﬁcebased services as well as prescription medications and supplies, the costs to directly
treat diabetes are estimated at $29.3
billion. An estimated $37.3 billion in
cardiovascular-related spending is associated with diabetes (with the presence
of diabetes contributing to higher medical
expenditures among patients seeking
cardiovascular-related care). Outside of

the chronic complication categories modeled, the presence of diabetes is associated
with greater use of health care services
in generaldincluding longer stays in the
hospital regardless of primary reason for
hospitalization. This underscores that
simply aggregating all costs associated
only with diabetes diagnosis codes grossly
underestimates the medical costs directly
attributable to diabetes.

c

c

c

Figure 5—Average cost of diabetes, 2007–2017 (in 2017 dollars).

Due to data limitations, we omitted from
this analysis potential increase in the use
of over-the-counter medications and
optometry and dental services. Diabetes
increases the risk of periodontal disease,
so one would expect dental costs to be
higher for people with diabetes. Small
sample size in MEPS data prevented
meaningful analysis of these cost components. We also omitted expenditures for
prevention programs targeted to people
with diabetes, research activities, and
health administration costs. These omissions underestimate the full medical
costs associated with diabetes.
The study omits lost productivity associated with care for diabetes of family
members (e.g., time off from work to
care for a child or an elderly parent
with diabetes). The value of informal
care and personal aides is excluded
from our cost estimate. Time and costs
associated with traveling to doctor visits and other medical emergencies are
omitted. These omissions underestimate the indirect costs associated
with diabetes.
Also omitted from the cost estimates are
the intangible costs of diabetes such as
pain, suffering, and reduced quality of life.
A complicating factor in estimating
costs attributed to diabetes is that
health behavior that affects both the
presence of diabetes and the presence
of other comorbidities, unless controlled for, could result in an overestimate of the link between diabetes
and use of health resources. Controlling for demographics helps to control
for this correlation. In addition, for
the top 10 cost drivers we conducted
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c

additional analysis controlling for other
important explanatory variables using
MEPS data, and based on the results
we reduced the etiological fractions
for several diabetes complications
and for the general medical conditions
groupddepending on care delivery
setting. This potential limitation also
applies to the estimates of indirect
costs attributed to diabetes, especially
the estimated productivity loss due to
presenteeism, potentially biasing these
estimates high.
Other study limitations discussed previously include small sample size for some
data sources used, the use of a data
source (dNHI) that overrepresents the
commercially insured population for
the population younger than age
65 years, and the need to use different
approaches to model different cost components because of data limitations.
Another limitation common to claimsbased analysis is the possibility of inaccurate diagnosis codes. Claims data tend
to be less accurate than medical records
in identifying patients with speciﬁc conditions due to reasons such as rule-out
diagnosis, coding error, etc. The direction
of such bias on our risk ratio calculations
is unknown, although it is anticipated to
be small as there is no reason to believe
that the coding of comorbidities would
be signiﬁcantly different for people with
and without diabetes.

Using a methodology that is largely consistent with our previous studies conducted
in 2007 and 2012, with updated national
survey and claims data from previous data
sources, we estimate the total burden of diabetes in 2017. The estimates presented
here show that diabetes places an enormous
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burden on society and has increased over
timedboth in the economic terms presented here and in reduced quality of life.

Duality of Interest. No potential conﬂicts of interest relevant to this article were reported.
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OBJECTIVE

This study updates previous estimates of the economic burden of diagnosed diabetes
and quantiﬁes the increased health resource use and lost productivity associated
with diabetes in 2017.
RESEARCH DESIGN AND METHODS

We use a prevalence-based approach that combines the demographics of the U.S.
population in 2017 with diabetes prevalence, epidemiological data, health care cost,
and economic data into a Cost of Diabetes Model. Health resource use and associated
medical costs are analyzed by age, sex, race/ethnicity, insurance coverage, medical
condition, and health service category. Data sources include national surveys, Medicare standard analytical ﬁles, and one of the largest claims databases for the commercially insured population in the U.S.
RESULTS

The total estimated cost of diagnosed diabetes in 2017 is $327 billion, including $237
billion in direct medical costs and $90 billion in reduced productivity. For the cost
categories analyzed, care for people with diagnosed diabetes accounts for 1 in
4 health care dollars in the U.S., and more than half of that expenditure is directly
attributable to diabetes. People with diagnosed diabetes incur average medical
expenditures of ∼$16,750 per year, of which ∼$9,600 is attributed to diabetes.
People with diagnosed diabetes, on average, have medical expenditures ∼2.3 times
higher than what expenditures would be in the absence of diabetes. Indirect costs
include increased absenteeism ($3.3 billion) and reduced productivity while at work
($26.9 billion) for the employed population, reduced productivity for those not in the
labor force ($2.3 billion), inability to work because of disease-related disability ($37.5
billion), and lost productivity due to 277,000 premature deaths attributed to diabetes
($19.9 billion).
CONCLUSIONS

After adjusting for inﬂation, economic costs of diabetes increased by 26% from 2012
to 2017 due to the increased prevalence of diabetes and the increased cost per
person with diabetes. The growth in diabetes prevalence and medical costs is primarily among the population aged 65 years and older, contributing to a growing
economic cost to the Medicare program. The estimates in this article highlight the
substantial ﬁnancial burden that diabetes imposes on society, in addition to intangible costs from pain and suffering, resources from care provided by nonpaid caregivers, and costs associated with undiagnosed diabetes.
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Diabetes imposes a substantial burden
on society in the form of higher medical
costs, lost productivity, premature mortality, and intangible costs in the form of
reduced quality of life. The estimated economic burden associated with diagnosed
diabetes in the U.S. in 2012 was $245
billion in the form of higher medical costs
($176 billion) and reduced productivity
($69 billion) (1). The population diagnosed with diabetes has continued to
grow, by ;700,000 people annually between 2012 and 2015, with prevalence
projected to continue rising over time as
the population grows and ages (2,3). Furthermore, there continue to be changes
in the demographics of the population
with diabetes, health care use and delivery patterns, technology, medical costs,
insurance coverage, and economic conditions that affect the economic burden
associated with diabetes. This study updates previous estimates, with the goal to
quantify the economic burden of diabetes
at the national and state levels in 2017.
Such information can help inform and motivate strategies to reduce diabetes prevalence and burden.

RESEARCH DESIGN AND METHODS

The methodology used is similar to that of
previous diabetes burden studies sponsored by the American Diabetes Association (1,4), with updated data sources and
modiﬁcations to reﬁne the analyses
where appropriate. Although the primary
focus of this analysis is the national economic burden of disease, the national estimates are calculated by summing the
state-level estimates that reﬂect variation
across states in demographics, health risk
factors and lifestyle choices, prices, and
economic outcomes. (State-level estimates
of diabetes prevalence and costs are provided in Supplementary Table A-16.) All cost
and utilization estimates are extrapolated
to the U.S. population in 2017, with cost
estimates calculated in 2017 dollars using
the hospital services, physician services, and
prescription drug components of the medical consumer price index or total consumer
price index (5).
Inputs to the study include both statelevel and national-level data. Sources for
state-level data include the American
Community Survey (ACS), Behavioral
Risk Factor Surveillance System (BRFSS),
Medicare Current Beneﬁciary Survey
(MCBS), and Long Term Care Minimum
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Data Set (MDS). Sources for national
data (which are extrapolated to the state
level) include the Current Population Survey (CPS), OptumInsight de-identiﬁed
Normative Health Information (dNHI) database, Medical Expenditure Panel Survey
(MEPS), National Ambulatory Medical
Care Survey (NAMCS), National Hospital Ambulatory Medical Care Survey (NHAMCS),
National Home and Hospice Care Survey
(NHHCS), National Health Interview Survey
(NHIS), National (Nationwide) Inpatient
Sample (NIS), and Medicare 5% sample Standard Analytical Files (SAFs). We use the most
recent year’s data available for each of
these data sources, though for certain analyses we combine multiple years of data to
increase sample size. Supplementary Table
A-1 describes how these data sources are
used along with their respective strengths
and limitations as pertinent to this study.
Estimating the Size of the Population
With Diabetes

For each of the 50 states and the District
of Columbia, we estimate the prevalence
of diagnosed diabetes for 480 population
strata deﬁned by age-group (,18, 18–34,
35–44, 45–54, 55–59, 60–64, 65–69,
and $70 years), sex, race/ethnicity
(non-Hispanic white, non-Hispanic black,
non-Hispanic other, and Hispanic), insurance status (commercial; government, including Medicare, Medicaid, Children’s
Health Insurance Program, Veterans Health
Administration, and other governmentsponsored coverage; and uninsured),
and whether residing in the community,
a residential care facility, or a nursing
home. (Government employees and military
personnel and dependents with insurance
are counted under private insurance.) The
reason for modeling the large number of
strata reﬂects differences in diabetes prevalence and costs across these strata and that
different data sources are used to estimate
diabetes prevalence for people residing in
the community, in a residential care facility,
or in a nursing home.
The population database starts with
the 2016 ACS, which contains state-level
population estimates by age, sex, race/
ethnicity, whether the person has medical insurance, and whether the person resides in a group setting. We use random
sampling with replacement to statistically
match each person in the 2016 ACS with a
similar person in a ﬁle containing patient
health information and risk factors. ACS
individuals residing in the community are

matched to a similar individual in the
2015–2016 BRFSS of the same age, sex,
race/ethnicity, state, family income level,
and insurance type. ACS individuals residing in residential care facilities and nursing
homes are matched to a person of similar
age, sex, race/ethnicity, and state from the
2015 MDS and 2013 MCBS, respectively.
Diabetes status in the MDS and MCBS
is based on clinical diagnosis, whereas
diabetes status in the BRFSS is based
on respondents answering “yes” to the
question, “Have you EVER been told by a
doctor or health professional that you
have diabetes or sugar diabetes?” The
prevalence estimates exclude gestational
diabetes mellitus. These sources do not
contain diabetes status for children.
Therefore, we combined the 2014–2016
NHIS ﬁles to estimate national diabetes
prevalence rates for childrendbased on
self-report (6) like the BRFSS informationd
which we then extrapolated to the state
population ﬁles by age (6–12 and 13–17
years), sex, and race/ethnicity.
To estimate diabetes prevalence in
2017, we scaled the state estimates based
on population growth between 2016 and
2017 by demographic group. For validation, when we apply prevalence rates for
each strata (demographic, insurance, state)
to the 2015 population, our national estimate of diagnosed diabetes is slightly
higher than that reported by the Centers
for Disease Control and Prevention (CDC)
(23.4 million vs. 23.0 million). Our higher
estimate possibly reﬂects that our analysis
incorporates data from residential care and
nursing facilities, whereas the CDC estimate
is based on a representative sample of the
noninstitutionalized population.
Estimating the Direct Medical Cost
Attributed to Diabetes

We estimate health resource use among
the population with diabetes in excess of
resource use that would be expected in
the absence of diabetes. Diabetes increases the risk of developing neurological, peripheral vascular, cardiovascular,
renal, endocrine/metabolic, ophthalmic,
and other complications (see Supplementary Appendix 2 for a more comprehensive list of medical conditions and ICD-9
and ICD-10 codes). Diabetes also increases the cost of treating general conditions that are not directly related to
diabetes. Therefore, only the relevant portion of health care expenditures for these
medical conditions is attributed to diabetes.
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The approach used to quantify the excess
health resource use associated with diabetes was inﬂuenced by four data limitations:
1) absence of a single data source for all
estimates, 2) small sample size in some
data sources, 3) correlation of both diabetes and its comorbidities with other
factors such as age and obesity, and 4)
underreporting of diabetes and its comorbidities in certain data sources such as the
NIS, NAMCS, and NHAMCS. Because of
these limitations, we estimate diabetesattributed costs using one of two approaches for each cost component.
For cost components estimated solely
from MEPS (ambulance services, home
health, podiatry, diabetes supplies, and
other equipment and supplies), we use a
comparison of annual per capita health resource use for people with and without diabetes controlling for age, sex, and race/
ethnicity. For nursing/residential facility
use (which is not captured by MEPS) and
for cost components that rely on analysis of
medical encounter data (hospital inpatient,
emergency care, and ambulatory visits), we
employ an attributed risk methodology often used in disease burden studies that relies on population etiological fractions (7).
Etiological fractions estimate the excess
use of health care services among the diabetes population relative to a similar population that does not have diabetes. Both
approaches used in this study are equivalent under a reasonable set of assumptions. However, the ﬁrst approach cannot
be used with some national data sources
analyzedde.g., visit/hospital discharge–
level ﬁles such as NIS, NAMCS, and
NHAMCS, which may not identify the
patient as having diabetes even if the
patient does indeed have diabetes.
The attributable fraction approach
combines etiological fractions («) with total projected U.S. health service use (U) in
2017 for each age-group (a), sex (s), medical condition (c), and care delivery setting
(H), which includes hospital inpatient,
emergency department, and ambulatory
service (physician ofﬁce visits and hospital
outpatient/clinic visits):
Attributed health resource useH 5
∑ ∑ ∑ «H;a;s;c 3 UH;a;s;c
age sex medical
condition

The etiological fraction is calculated using
the diagnosed diabetes prevalence (P)
and the relative rate ratio (R):
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«H;a;s;c 5


Pa;s 3 RH;a;s;c 2 1

Pa;s 3 RH;a;s;c 2 1 1 1

The rate ratio for hospital inpatient days,
emergency visits, and ambulatory visits
represents how annual per capita health
service use for the population with diabetes
compares to the population without
diabetes:
RH;a;s;c 5

annual per capita use for people with diabetesa;s;c
annual per capita use for people without diabetesa;s;c

Diabetes and its comorbidities are correlated with other patient characteristics
such as demographics and body weight. To
mitigate bias caused by correlation, we
estimate age/sex/setting–speciﬁc etiological fractions for each medical condition.
The primary data sources for calculating etiological fractions are the 2015
OptumInsight dNHI data and the 2014
Medicare 5% sample SAF. The dNHI data
contain a complete set of medical claims
for more than 31 million commercially
insured beneﬁciaries in 2015 and allows
patient records to be linked during the
year and across health delivery settings.
This allows us to identify people with a
diabetes ICD-9 (250.xx) or ICD-10 diagnosis
code in at least one of their inpatient medical claims or in two or more separate
noninpatient claims during the year. The
Medicare 5% sample SAF contains claims
data ﬁled on behalf of Medicare beneﬁciaries under both Part A and Part B, and
as with the dNHI data, we identify people
with diabetes based on diabetes ICD-9
diagnosis codes. The large size of these
two claims databases enables the generation of age/sex/setting–speciﬁc rate ratios
for each medical condition that are more
stable than the rates estimated using
MEPS.
Unlike the MEPS data, the dNHI data
and Medicare 5% claims data do not contain race/ethnicity and select patient
characteristics that could affect both patient health status and health-seeking
behaviors. For the 10 medical conditions
that are the largest contributors to the
overall cost of diabetesdgeneral medical
condition, other chronic ischemic heart
disease, myocardial infarction, heart failure, hypertension, conduction disorders
and cardiac dysrhythmias, cellulitis, occlusion of cerebral arteries, end-stage renal
disease (ESRD), and renal failure and its
sequelaedwe estimate two multivariate
Poisson regressions, using data from

2011–2015 MEPS, to determine the extent to which controlling only for age
and sex might bias the rate ratios. First,
we estimate a naive model that produces
diabetes-related rate ratios for hospital
inpatient days, emergency visits, and
ambulatory visits controlling for age
and sex only. Then, we estimate a full
model that includes diabetes status as
the main explanatory variable and various known predictors of health service
utilization including age, sex, education
level, income, marital status, medical
insurance status, and race/ethnicity as
covariates.
For the full model, our focus is not on
the relationship between health care use
and the covariates (other than diabetes);
instead, these covariates are included to
control for patient characteristics not
available in medical claims data that could
be correlated with both medical conditions and health-seeking behavior. The
full model omits indicators for presence
of coexisting conditions or complications
of diabetes (e.g., hypertension), since including such variables could downward
bias the estimated relationship between
diabetes and health care use for each of
the 10 medical conditions. The rate ratio
coefﬁcients for the diabetes ﬂag variable
in the naive and full models are then compared. The ﬁndings suggest statistically
signiﬁcant overestimates of the rate ratios for eight condition categories for
both emergency visits and impatient
days when using the naive model. For
ambulatory visits, we ﬁnd signiﬁcant
overestimates in the rate ratios for ﬁve
condition categories from the MEPSbased naive model compared with the
full model.
To remedy the relative risk overestimation for these condition categories, we
scaled the rate ratios estimated from
dNHI and Medicare 5% sample SAFs using
the regression results from the MEPS
analysis by applying a scalar (with the scalar calculated as the full model rate ratio
divided by the naive model rate ratio). For
emergency department visits, claimsbased rate ratios are scaled down for
other chronic ischemic heart disease
(scale 5 0.89), myocardial infarction
(0.89), heart failure (0.86), hypertension
(0.63), cellulitis (0.89), occlusion of cerebral arteries (0.94), chronic renal failure–
ESRD (0.73), and renal failure and its
sequelae (0.77). For inpatient days, claimsbased rate ratios are scaled down for other
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chronic ischemic heart disease (0.99),
myocardial infarction (0.92), heart failure
(0.81), hypertension (0.69), cellulitis
(0.85), occlusion of cerebral arteries
(0.98), chronic renal failure–ESRD (0.72),
and renal failure and its sequelae (0.64).
Physician ofﬁce visits are scaled down for
myocardial infarction (0.98), heart failure
(0.76), hypertension (0.87), occlusion of
cerebral arteries (0.93), and renal failure
and its sequelae (0.25). We did not ﬁnd a
signiﬁcant overestimate of the rate ratios
for general medical conditions for any of
the three health service delivery settings
comparing the MEPS-based naive model
and the full model. However, a comparison
of the claims-based rate ratios with the
rate ratios calculated from the MEPSbased naive model ﬁnds that the claimsbased rate ratios for general conditions are
signiﬁcantly higher than the MEPS-based
rate ratios for emergency department visits and inpatient days. Therefore, to be
conservative in our cost estimates, we
downward adjusted claims-based rate ratios for emergency department visits (0.52)
and inpatient days (0.50) for the general
condition group by applying a scalar calculated as the MEPS-based naive model rate
ratio divided by the claims-based rate ratio.
Estimates of health resource use attributed to diabetes are combined with
estimates of the average medical cost
per unit of health care utilization, in 2017
dollars, to compute total medical costs
attributed to diabetes. For hospital inpatient days, ofﬁce visits, emergency visits,
and outpatient visits, we use the average
cost per visit/day speciﬁc to the medical
conditions modeled. We pooled the
2011–2015 MEPS ﬁles to estimate average cost per unit of health care utilized.
Although MEPS contains both inpatient
facility and professional expenditures
and NIS contains only facility charges
(which are converted to costs using
hospital-speciﬁc cost-to-charge ratios),
the NIS has a much larger sample (n 5
;7 million discharges in 2014) and also
contains ﬁve-digit diagnosis codes. Therefore, we use the 2014 NIS data to estimate inpatient facility costs and use
the pooled 2011–2015 MEPS ﬁles to estimate the cost for professional services.
Average costs per event or day by medical
condition are shown in Supplementary
Table A-3.
Utilization of prescription medication
(excluding insulin and other antidiabetes
agents) for each medical condition is
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estimated from medications prescribed
during physician ofﬁce, emergency department, and outpatient visits attributed
to diabetes. Average number of medications prescribed during a physician ofﬁce
visit for each age/sex/race stratum is estimated using data from the 2013–2015
NAMCS along with 2012–2014 NHAMCS
for emergency department visits and
2009–2011 NHAMCS for outpatient visits. We calculate the total number of
people with diabetes who use insulin
and other antidiabetes agents by combining diabetes prevalence and the rate of
use for these antidiabetes agents obtained from the 2013–2015 NHIS. Average cost per prescription ﬁlled, yearly
average cost per insulin user, and yearly
average cost per oral agent and other
antidiabetes agent user are obtained
from the 2013–2015 MEPS. We combined
the utilization of these medications with
the average cost per prescription to estimate the cost by age, sex, race/ethnicity,
and insurance status. Average per capita
cost for diabetes supplies by age/sex/race
stratum is calculated from MEPS (excluding over-the-counter medications owing
to lack of data on whether diabetes increases use of such medications).
The 2012 cost study estimated prevalence of diagnosed diabetes among the
population in nursing homes by demographic using the 2004 National Nursing
Home Survey (NNHS) data but scaled the
diabetes prevalence estimates to be consistent with an estimated 32.8% prevalence among nursing home residents
obtained from the existing literature (8).
In this iteration of the study, we use the
2015 Centers for Medicare & Medicaid
Services (CMS) MDS data to estimate diabetes prevalence among this population
and ﬁnd that the estimated prevalence of
diagnosed diabetes is 25% among the
nursing home population in 2017.
Nursing/residential facility use attributed to diabetes is estimated using an
attributable risk approach where the
prevalence of diabetes among residents
is compared with the prevalence of diabetes among the overall population in the
same age/sex stratum. The analysis is
conducted separately for long-stay and
residential facility residents to estimate
total days of care. Unlike the 2012 study,
due to data unavailability there is no
separate analysis done for short stays at
nursing/residential facilities. Similar to
the previous studies, cost per day per

resident is obtained from a geographically
representative cost of care survey for
2017 (9).
Hospice days attributed to diabetes
represent a combination of length of
stay and diabetes prevalence among hospice residents. The 2007 NHHCS is used to
calculate the number of hospice residents
with diabetes and those that have a primary diagnosis of diabetes along with the
average length of stay for each age/sex/
race stratum. Based on more recent estimates available from the National Hospice and Palliative Care Organization
(NHPCO) on diabetes prevalence among
hospice residents (10), the 2007 NHHCSbased prevalence estimates for the various strata are adjusted and updated to
impute the 2017 diabetes prevalence.
Cost per hospice resident per day is based
on the 2017 report from NHPCO (11) and
is combined with hospice days attributed
to diabetes to estimate total cost of hospice care attributed to diabetes.
The 2011–2015 MEPS ﬁles are pooled
to increase sample size to analyze use of
home health, podiatry, ambulance services, and other equipment and supplies.
These cost components are estimated
by comparing annual per capita cost for
people with and without diabetes, controlling for age. Due to small sample size,
sex and race/ethnicity are not included
as a stratum when calculating costs per
capita.
Estimating the Indirect Cost Attributed
to Diabetes

The indirect costs associated with diabetes
include work days missed due to health conditions (absenteeism), reduced work productivity while working due to health conditions
(presenteeism), reduced workforce participation due to disability, household productivity losses, and lost productivity due to
premature mortality (12). The approach
mirrors that used in the 2012 study but
with more recent data.
c

Absenteeism is deﬁned as the number
of work days missed due to poor health
among employed individuals, and prior
research ﬁnds that people with diabetes have higher rates of absenteeism
than the population without diabetes.
Estimates from the literature range
from no statistically signiﬁcant diabetes
effect on absenteeism to studies reporting 1–6 extra missed work days (and
odds ratios of more absences ranging
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from 1.5 to 3.3) (12–14). Analyzing
2014–2016 NHIS data and using a negative binomial regression to control for
overdispersion in self-reported missed
work days, we estimate that people
with diabetes have statistically higher
missed work daysdranging from 1.0
to 4.2 additional days missed per year
by demographic group, or 1.7 days on
averagedafter controlling for agegroup, sex, race/ethnicity, diagnosed
hypertension status (yes/no), and body
weight status (normal, overweight,
obese, unknown). Diabetes is entered
as a dichotomous variable (diagnosed
diabetes 5 1; otherwise 0) as well as
an interaction term with age-group.
Controlling for hypertension and body
weight produces more conservative
estimates of the diabetes impact on
absenteeism, as comorbidities of diabetes are correlated with body weight
status and a portion of hypertension
is attributed to diabetes.
Presenteeism is deﬁned as reduced
productivity while at work among employed individuals and is generally
measured through worker responses
to surveys. These surveys rely on the
self-reported inputs on the number of
reduced productivity hours incurred
over a given time frame. Multiple recent
studies report that individuals with diabetes display higher rates of presenteeism than their peers without diabetes
(12,15–17). We model productivity
loss associated with diabetes-attributed
presenteeism using the estimate (6.6%)
from the 2012 studydwhich is toward
the lower end of the 1.8–38% range
reported in the literature.

c

Inability to work associated with diabetes is estimated using a conservative
approach that focuses on unemployment related to long-term disability.
Logistic regression with 2014–2016
NHIS data suggests that people aged
18–65 years with diabetes are signiﬁcantly less likely to be in the workforce
than people without diabetes. It is unclear to what extent people with diabetes voluntarily leave the workforce
or do so because of diabetes. Therefore, we use a conservative approach
(which likely underestimates the cost
associated with inability to work) to
estimate the economic burden associated with reduced labor force participation. Using logistic regression, we
estimate the relationship between diabetes and receipt of Supplemental
Security Income (SSI) payments for
disabilitydcontrolling for age-group,
sex, race/ethnicity, hypertension status, and body weight status (normal,
overweight, obese). Diabetes status is
included in the regression both as a
separate variable and interacted with
age-group to provide age-speciﬁc
impacts. Study results suggest that
people with diabetes have a 3.1 percentage point higher rate of being out
of the workforce and receiving disability payments compared with their
peers without diabetes. The diabetes
effect increases with age and varies
by demographicdranging from 2.1
percentage points for non-Hispanic
white males aged 60–64 years to 10.6
percentage points for non-Hispanic
black females aged 55–59 years. The
average daily earnings estimated from

c

the CPS for those in the workforce are
used as a proxy for the economic impact of reduced employment due to
chronic disability. SSI payments are
considered transfer payments and
therefore are not included in the cost
estimates.
Reduced productivity for those not in
the workforce is included in our estimate of the national burden. This population includes all adults aged ,65
years who are not employed (including
those voluntarily or involuntarily not in
the workforce). The contribution of
people not in the workforce to national
productivity includes time spent providing child care, household activities,
and other activities such as volunteering in the community. We use per capita absenteeism estimates for the
working population as a proxy for reduced productivity days among the
nonemployed population in a similar
demographic. Whereas each work
day lost due to absenteeism is based
on estimated average daily earnings,
there is no readily available measure
of the value of a day lost for those
not in the workforce. Some studies
use minimum wage as a proxy for the
value of time lost, but this may underestimate the value of time. Using average
earnings for their employed counterparts
will overestimate the value of time. Similar to the 2012 study, we use 75% of the
average earnings for people in the workforce as a productivity proxy for those
aged ,65 years not in the labor force
(which is close to the midpoint between minimum wage and average
hourly wage earned by a demographic

Table 1—Health resource use in the U.S., by diabetes status and type of service, 2017 (in millions of units)
Population with diabetes
Attributed to diabetes

Incurred by people with diabetes

Health resource

Units

% of U.S. total

Units

% of U.S. total

Incurred by population
without diabetes

U.S. total*

Institutional care
Hospital inpatient days
Nursing/residential facility days
Hospice days

22.6
57.3
0.3

13.9
7.5
0.3

40.3
200.0
14.2

24.8
26.1
12.7

122.2
567.3
97.8

162
767
112

Outpatient care
Physician ofﬁce visits
Emergency department visits
Hospital outpatient visits
Home health visits
Medication prescriptions

121.6
7.2
13.5
10.1
664.4

12.5
5.2
11.7
5.0
16.6

208.6
16.8
22.2
43.0
1,092.8

21.5
12.2
19.2
21.2
27.4

760.4
121.1
93.0
159.9
2,898.0

969
138
115
203
3,991

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), and NHHCS (2007), OptumInsight dNHI
(2015), and Medicare 5% SAFs (2014). *Numbers do not necessarily sum to totals because of rounding.

5

6

ADA Statement

Diabetes Care

Table 2—Health care expenditures in the U.S., by diabetes status and type of service, 2017 (in millions of dollars)
Population with diabetes
Attributed to diabetes

Total incurred by people with diabetes

Cost component

Dollars

% of U.S. total

Dollars

% of U.S. total

Population
without diabetes

Total*

Institutional care
Hospital inpatient
Nursing/residential facility
Hospice

69,661
6,439
64

14
7
0.3

122,729
24,484
3,180

25
25
13

362,855
71,934
21,933

485,584
96,419
25,114

Outpatient care
Physician ofﬁce
Emergency department
Ambulance services
Hospital outpatient
Home health
Podiatry

29,990
7,990
332
12,049
3,388
252

12
5
8
10
5
10

51,882
18,651
700
21,012
14,479
607

21
12
17
18
21
25

190,024
133,894
3,356
98,872
53,824
1,835

241,906
152,545
4,056
119,884
68,303
2,442

Outpatient medications and supplies
Insulin
Diabetes supplies
Other antidiabetes agents†
Prescription medications
Other equipment and supplies‡

14,981
3,723
15,855
71,235
1,310

100
100
100
17
4

14,981
3,723
15,855
117,160
4,564

100
100
100
27
16

0
0
0
310,697
24,796

14,981
3,723
15,855
427,856
29,360

Total

237,269

14

414,427

24

1,277,908

1,692,335

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016),
OptumInsight dNHI (2015), and Medicare 5% SAFs (2014). *Numbers do not necessarily sum to totals because of rounding. †Includes oral medications and
noninsulin injectable antidiabetes agents such as exenatide and pramlintide. ‡Includes but is not limited to eyewear, orthopedic items, hearing devices,
prosthesis, bathroom aids, medical equipment, and disposable supplies.

c

similar to the unemployed aged ,65
years).
Premature mortality associated with
diabetes reduces future productivity
(and not just the current year productivity). Ideally, to model the value of

lost productivity in 2017 associated
with premature mortality, one would
calculate the number and characteristics of all people who would have
been alive in 2017 but who died prior
to 2017 because of diabetes. Data

limitations prevent using this approach. Instead, we estimate the number of premature deaths associated
with diabetes in 2017 and calculate
the present value of their expected
future earnings. To estimate the total

Table 3—Health care expenditures attributed to diabetes in the U.S., by age-group and type of service, 2017 (in millions of dollars,
with percentages in parentheses)
Age (years)
,65 (N 5 13.7 million)

$65 (N 5 11.0 million)

Total* (N 5 24.7 million)

Institutional care
Hospital inpatient
Nursing/residential facility
Hospice

24,835 (36)
2,568 (40)
6 (9)

44,826 (64)
3,871 (60)
58 (91)

69,661
6,439
64

Outpatient care
Physician ofﬁce
Emergency department
Ambulance services
Hospital outpatient
Home health
Podiatry

9,591 (32)
4,258 (53)
105 (32)
5,322 (44)
2,588 (76)
94 (37)

20,399 (68)
3,732 (47)
227 (68)
6,728 (56)
801 (24)
158 (63)

29,990
7,990
332
12,049
3,388
252

Outpatient medications and supplies
Insulin
Diabetes supplies
Other antidiabetes agents†
Prescription medications
Other equipment and supplies‡

8,850 (59)
2,272 (61)
8,456 (53)
21,702 (30)
783 (60)

6,132 (41)
1,452 (39)
7,399 (47)
49,534 (70)
527 (40)

14,981
3,723
15,855
71,235
1,310

Total*

91,428 (39)

145,841 (61)

237,269

6,675

13,239

9,601

Cost component

Average cost per person with diabetes (actual dollars)

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016),
OptumInsight dNHI (2015), and Medicare 5% SAFs (2014). *Numbers do not necessarily sum to totals because of rounding. †Includes oral medications
and noninsulin injectable antidiabetes agents. ‡Includes but is not limited to eyewear, orthopedic items, hearing devices, prosthesis, bathroom aids,
medical equipment, and disposable supplies.
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Table 4—Health care expenditures attributed to diabetes in the U.S., by demographic
Diabetes prevalence

Total direct
cost ($, millions)

Average cost per person
with diabetes ($, actual)

Age (years)
,18
18–34
35–44
45–54
55–59
60–64
65–69
$70

110,000
1,020,000
1,920,000
4,060,000
3,050,000
3,530,000
3,590,000
7,430,000

860
6,850
10,510
26,140
22,600
24,460
46,710
99,140

7,510
6,740
5,480
6,440
7,400
6,920
13,030
13,340

Sex
Male
Female

12,810,000
11,900,000

128,830
108,450

10,060
9,110

Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Other, non-Hispanic
Hispanic

15,080,000
4,030,000
1,890,000
3,710,000

150,260
42,240
14,880
29,900

9,800
10,470
7,890
8,050

Characteristics

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014),
MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016), OptumInsight dNHI (2015), and Medicare
5% SAFs (2014).

number of deaths attributable to diabetes, we analyzed the CDC’s 2015
Mortality Multiple Cause File to obtain
mortality data by age, sex, and race/

ethnicity for cardiovascular disease,
cerebrovascular disease, renal failure,
and diabetes. We use the same estimates as our previous study: ;16%

of cardiovascular disease (excluding cerebrovascular disease) deaths can be attributed to diabetes, and ;28% of
deaths listing cerebrovascular disease
as the primary cause and ;55% of
deaths listing renal failure as the
primary cause can be attributed to diabetes. To generate 2017 estimates,
we grow the 2015 CDC mortality data
using the annual population growth
rate from 2015 to 2017 for each age,
sex, and race/ethnicity group.
Productivity loss associated with early
mortality is calculated by taking the net
present value of future productivity
(PVFP) for men and women by age and
race/ethnicity using the same discount
rate (3%), assumptions, and equation
outlined in the 2008 American Diabetes
Association report (4). We combined
average annual earnings from the CPS,
expected mortality rates from the CDC,
and employment rates from the CPS by
age, sex, and race/ethnicity to calculate
the net present value of future earnings of a person who dies prematurely.

Figure 1—Percent of medical condition-speciﬁc expenditures associated with diabetes. Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015),
NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016), OptumInsight dNHI (2015), and Medicare 5% SAFs (2014). See Supplementary Appendix 2 for diagnosis codes for each category of medical condition.
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Employment rates for 2015 are used to
calculate PVFP.
We do not count productivity loss for
the population aged ,18 years. While
children constitute a small proportion of
the population with diabetes, omitting
productivity loss associated with diabetes
among children could bias low the cost
estimates. For example, the economic
cost associated with parents who take
time off from work to take their children
to the doctor for diabetes-related visits is
omitted from these cost estimates.
RESULTS

In 2017, an estimated 24.7 million people
in the U.S. are diagnosed with diabetes,
representing ;7.6% of the total population (and 9.7% of the adult population).
The estimated national cost of diabetes in
2017 is $327 billion, of which $237 billion
(73%) represents direct health care expenditures attributed to diabetes and
$90 billion (27%) represents lost productivity from work-related absenteeism, reduced productivity at work and at home,
unemployment from chronic disability,
and premature mortality. Particularly
noteworthy is that excess costs associated with medications constitute 43% of
the total direct medical burden. This includes nearly $15 billion for insulin, $15.9
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billion for other antidiabetes agents, and
$71.2 billion in excess use of other prescription medications attributed to higher disease prevalence associated with diabetes.
Health Resource Use Attributed
to Diabetes

Table 1 shows estimates of health
resource utilization attributed to diabetes
and incurred by people with diabetes as a
percentage of total national utilization.
For example, of the projected 162 million
hospital inpatient days in the U.S. in 2017,
an estimated 40.3 million days (24.8%)
are incurred by people with diabetes, of
which 22.6 million days are attributed to
diabetes. About one-fourth of all nursing/
residential facility days are incurred by
people with diabetes. About half of all
physician ofﬁce visits, emergency department visits, hospital outpatient visits, and
medication prescriptions (excluding insulin
and other antidiabetes agents) incurred by
people with diabetes are attributed to
their diabetes.
Health Care Expenditures Attributed
to Diabetes

Health care expenditures attributed to
diabetes reﬂect the additional expenditures the nation incurs because of diabetes. This equates to the total health care
expenditures for people with diabetes

minus the projected level of expenditures
that would have occurred for those people in the absence of diabetes. Table 2
summarizes national expenditure for the
cost components included, accounting for
nearly $1.7 trillion in projected expenditure for 2017. Approximately $414 billion
of the total is incurred by people with diabetes, reﬂecting 1 in 4 (24%) of all health
care dollars. Costs attributed to diabetes
exceed $237 billion, or 57% of total medical costs incurred by people with diabetes. For the cost components included,
1 in every 7 health care dollars (14%) is
attributed to diabetes.
National health-related expenditures
are projected to exceed $3.5 trillion in
2017 (18), but slightly less than half of
these expenditures are included in our
analysis. These cost estimates omit national
expenditures (and any portion of such expenditures that might be attributable to
diabetes) for administering government
health and private insurance programs, investment in research and infrastructure,
over-the-counter medications, disease
management and wellness programs,
and ofﬁce visits to nonphysician providers
other than podiatrists (e.g., dentists and
optometrists).
The largest contributors to the cost of
diabetes are higher use of prescription

Table 5—Annual per capita health care expenditures in the U.S., by diabetes status, 2017 (in actual dollars)
Unadjusted

Adjusted for age and sex

With
diabetes ($)

Without
diabetes ($)

Ratio with
to without
diabetes

Without
diabetes ($)

Ratio with
to without
diabetes

Attributed to
diabetes ($)*

Institutional care
Hospital inpatient
Nursing/residential facility
Hospice

4,966
991
129

1,202
238
73

4.1
4.2
1.8

2,147
730
126

2.3
1.4
1.0

2,819
261
3

Outpatient care
Physician ofﬁce
Emergency
Ambulance services
Hospital outpatient and freestanding ambulatory surgical center
Home health
Podiatry

2,099
755
28
850
586
25

629
443
11
327
178
6

3.3
1.7
2.5
2.6
3.3
4.0

886
431
15
363
449
14

2.4
1.7
1.9
2.3
1.3
1.7

1,213
323
13
488
137
10

Outpatient medications and supplies
Insulin
Diabetes supplies
Other antidiabetes agents†
Prescription medications
Other equipment and supplies‡

606
151
642
4,741
185

NA
NA
NA
1,029
82

NA
NA
NA
4.6
2.2

NA
NA
NA
1,858
132

NA
NA
NA
2.6
1.4

606
151
641
2,882
53

Total*

16,752

4,220

4.0

7,151

2.3

9,601

Cost component

Data sources: NIS (2014), CMS MDS (2013), NAMCS (2013–2015), NHAMCS (2012–2014), MEPS (2011–2015), NHHCS (2007), NHIS (2014–2016),
OptumInsight dNHI (2015), Medicare 5% SAFs (2014), and U.S. Census Bureau (2017). NA, not applicable. *Numbers do not necessarily sum to totals
because of rounding. †Includes antidiabetes agents such as exenatide and pramlintide. ‡Includes but is not limited to eyewear, orthopedic items, hearing
devices, prosthesis, bathroom aids, medical equipment, and disposable supplies.
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Table 6—Indirect burden of diabetes in the U.S., 2017 (in billions of dollars)
Cost component

Productivity loss

Total cost attributable
to diabetes ($)

Work days absent

14 million days

3.3

3.7%

Reduced performance at work

114 million days

26.9

29.7%

Proportion of indirect costs*

Reduced productivity days for those not in labor force

14 million days

2.3

2.6%

Reduced labor force participation due to disability

182 million days

37.5

41.7%

Mortality

277,000 deaths

19.9

22.1%

89.9

100%

Total

Data source: analysis of the NHIS (2014–2016), CPS (2016), CDC mortality data, and U.S. Census Bureau population estimates for 2016 and 2017. *Numbers
do not necessarily sum to totals because of rounding.

medications beyond antihyperglycemic
medications ($71.2 billion), higher use of
hospital inpatient services ($69.7 billion),
medications and supplies to directly treat
diabetes ($34.6 billion), and more ofﬁce
visits to physicians and other health providers ($30.0 billion).
Approximately 61% of all health care
expenditures attributed to diabetes are
for health resources used by the population
aged $65 years, much of which is borne
by the Medicare program (Table 3). Dividing total attributed health care expenditures by the number of people with
diabetes, we estimate the average annual
excess expenditures for the population
aged ,65 years and $65 years, respectively, at $6,675 and $13,239. Health care
expenditures attributed to diabetes generally increase with age, although among
younger people, average costs are slightly
higher likely due to a higher proportion of
these cases being type 1 versus type 2
diabetes, are slightly higher for men
(mainly due to men having higher attributable fractions on several key measures),
and are highest for the non-Hispanic black
population due to a higher use of emergency care and hospital outpatient care
(Table 4).
Figure 1 summarizes the proportion of
medical expenditures attributed to diabetes
for each chronic complication over total
U.S. health care expenditure, combining

expenditures for hospital inpatient, hospital outpatient, emergency department,
and physician and other provider ofﬁce
visits as well as prescription medications.
For patients with diabetes who receive
care for peripheral vascular conditions,
39% of these expenditures are attributed to diabetes. For the general medical conditions category (which includes
all care not included in the other categories), 8% of expenditures incurred by
people with diabetes are attributed to
their diabetes.
The population with diabetes is older
and sicker than the population without
diabetes, and consequently annual medical expenditures are much higher (on average) than for people without diabetes
(Table 5). When we compare expenditures for people with diabetes to expenditures for a population of similar age and
sex, people with diabetes have health
care expenditures that are 2.3 times
higher ($16,752 vs. $7,151) than expenditures would be expected for this same
population in the absence of diabetes.
This suggests that diabetes is responsible
for an estimated $9,601 in excess expenditures per year per person with diabetes.
This 2.3 multiple is unchanged from the
2007 and 2012 studies.
After adjusting for inﬂation, the total
cost of insulin and other medications to
control blood glucose increased by 45%

from 2012 to 2017, to a total of $31 billion.
The inﬂation-adjusted cost of insulin increased by 110% during the same period.
These increases are attributable to both
an increase in the number of people using
these medications and the cost of the
medications themselves.
Indirect Costs Attributed to Diabetes

The total indirect cost of diabetes is estimated at $89.9 billion (Table 6). Major
contributors to this burden are reduced
employment ($37.5 billion), presenteeism ($26.9 billion), and premature mortality ($19.9 billion). Work days absent ($3.3
billion) and reduced productivity for
those not in the workforce ($2.3 billion)
represent a relatively small portion of the
total burden.
Of the estimated 24.7 million people
with diagnosed diabetes, analysis of
NHIS data suggests that ;8.1 million are
in the workforce. If people with diabetes
participated in the labor force at rates
similar to their peers without diabetes,
there would be ;2 million additional
people aged 18–64 years in the workforce. However, using a more conservative approach (described previously)
where reduced labor force participation
is associated with receiving disability
payments, we estimate 756,000 fewer
working-age adults in the workforce in
2017dequivalent to 182 million lost

Table 7—Mortality costs attributed to diabetes, 2017
Deaths attributed to diabetes

Total U.S. deaths
(thousands)*

Deaths (thousands)

% of U.S. deaths in category

Value of lost productivity ($, billions)

Diabetes

85

85

100

8.5

Renal disease

72

39

54

1.9

Cerebrovascular disease

150

42

28

1.9

Cardiovascular disease

689

111

16

7.6

Total

NA

277

NA

19.9

Primary cause of death

*Data source: CDC National Vital Statistics Reports for total deaths in 2015 by primary cause of death, scaled to 2017 using the annual diabetes
population growth rate from 2015 to 2017 for each age, sex, and race/ethnicity group. NA, not applicable.
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work days. While disability payments
themselves are a cost to the government,
from a societal perspective they are considered transfer payments and thus not
included in the burden estimates.
The cost of missed work days due to
absenteeism is estimated at $3.3 billion,
representing 14 million days. If people
not in the workforce had similar rates of
days where they are unable to work due
to poor health as their employed peers,
this would equate to 14 million excess
sick days with estimated productivity
loss valued at $2.3 billion.
Reduced performance at work (presenteeism) accounted for 30% of the indirect
cost of diabetes. The estimate of a 6.6%
annual decline in productivity attributed
to diabetes equates to 114 million lost
work days per year.
The estimated number of deaths in
2017 attributable to diabetes is 277,000
(Table 7); for 85,000 deaths, diabetes is
listed as the primary cause. Of the 689,000
deaths where cardiovascular disease is
listed as the primary cause, ;111,000
(16%) are attributable to diabetes. Approximately 42,000 cases where cerebrovascular disease is listed as the
primary cause of death are attributable
to diabetes, and 39,000 cases where renal disease is listed as the primary cause
of death are attributable to diabetes.
The average cost per premature death
declines with age (reﬂecting fewer remaining expected working years), and
across all premature deaths, cost averaged ;$71,700 per case.
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Figure 2—Total direct costs of diabetes, 2007–2017.

prevalence, the average economic cost
associated with diabetes increased from
$11,700 to $13,247 (in 2017 dollars), or
13% growth (Fig. 5).

CONCLUSIONS

This study estimates ;24.7 million people (;9.7% of adults) had diagnosed diabetes in the U.S. in 2017. Diabetes costs

the nation ;$327 billion, which includes
$237 billion in direct medical cost and
$90 billion in lost productivity. Similar to
estimates in 2007 and 2012, after adjusting
for age and sex, annual per capita health
care expenditure is 2.3 times higher for
people with diabetes compared with those
without diabetes. A large portion of medical costs associated with diabetes costs is
for comorbidities.

Trends in Diabetes Costs, 2007–2017

Between 2012 and 2017, we estimate
that medical costs associated with diabetes increased by 26% (from $188 billion to
$237.3 billion) when adjusted for general
inﬂation (Fig. 2). Adjusting for both inﬂation and growth in diabetes prevalence,
the excess medical cost per person with
diabetes grew by 14% (from $8,417 to
$9,601 in 2017 dollars) (Fig. 5).
The indirect costs of diabetes grew
by 23% when adjusted for general inﬂation (Fig. 3), which on a per capita
basis reﬂects 11% growth (from $3,283
to $3,640 per person in 2017 dollars)
(Fig. 5).
Combined, the inﬂation adjusted total
economic burden of diabetes increased
from ;$261 billion in 2012 to $327.3 billion in 2017 (or 25% growth) (Fig. 4). Adjusted for inﬂation and growth in diabetes

Figure 3—Total indirect costs of diabetes, 2007–2017.
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While much of the cost of diabetes
appears to fall on insurers (especially Medicare) and employers (in the form of reduced
productivity at work, missed work days, and
higher employer expenditures for health
care), in reality such costs are passed along
to all of society in the form of higher insurance premiums and taxes, reduced earnings, and reduced standard of living.
Comparing the 2017 estimates with
those produced for 2012, the overall cost
of diabetes appears to have increased by
;25% after adjusting for inﬂation, reﬂecting an 11% increase in national prevalence
of diagnosed diabetes and a 13% increase
in the average annual diabetes-attributed
cost per person with diabetes.
Study limitations include the following:
c

Figure 4—Total economic cost of diabetes, 2007–2017.

For costs that include hospital and ofﬁcebased services as well as prescription medications and supplies, the costs to directly
treat diabetes are estimated at $29.3
billion. An estimated $37.3 billion in
cardiovascular-related spending is associated with diabetes (with the presence
of diabetes contributing to higher medical
expenditures among patients seeking
cardiovascular-related care). Outside of

the chronic complication categories modeled, the presence of diabetes is associated
with greater use of health care services
in generaldincluding longer stays in the
hospital regardless of primary reason for
hospitalization. This underscores that
simply aggregating all costs associated
only with diabetes diagnosis codes grossly
underestimates the medical costs directly
attributable to diabetes.

c

c

c

Figure 5—Average cost of diabetes, 2007–2017 (in 2017 dollars).

Due to data limitations, we omitted from
this analysis potential increase in the use
of over-the-counter medications and
optometry and dental services. Diabetes
increases the risk of periodontal disease,
so one would expect dental costs to be
higher for people with diabetes. Small
sample size in MEPS data prevented
meaningful analysis of these cost components. We also omitted expenditures for
prevention programs targeted to people
with diabetes, research activities, and
health administration costs. These omissions underestimate the full medical
costs associated with diabetes.
The study omits lost productivity associated with care for diabetes of family
members (e.g., time off from work to
care for a child or an elderly parent
with diabetes). The value of informal
care and personal aides is excluded
from our cost estimate. Time and costs
associated with traveling to doctor visits and other medical emergencies are
omitted. These omissions underestimate the indirect costs associated
with diabetes.
Also omitted from the cost estimates are
the intangible costs of diabetes such as
pain, suffering, and reduced quality of life.
A complicating factor in estimating
costs attributed to diabetes is that
health behavior that affects both the
presence of diabetes and the presence
of other comorbidities, unless controlled for, could result in an overestimate of the link between diabetes
and use of health resources. Controlling for demographics helps to control
for this correlation. In addition, for
the top 10 cost drivers we conducted
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c

additional analysis controlling for other
important explanatory variables using
MEPS data, and based on the results
we reduced the etiological fractions
for several diabetes complications
and for the general medical conditions
groupddepending on care delivery
setting. This potential limitation also
applies to the estimates of indirect
costs attributed to diabetes, especially
the estimated productivity loss due to
presenteeism, potentially biasing these
estimates high.
Other study limitations discussed previously include small sample size for some
data sources used, the use of a data
source (dNHI) that overrepresents the
commercially insured population for
the population younger than age
65 years, and the need to use different
approaches to model different cost components because of data limitations.
Another limitation common to claimsbased analysis is the possibility of inaccurate diagnosis codes. Claims data tend
to be less accurate than medical records
in identifying patients with speciﬁc conditions due to reasons such as rule-out
diagnosis, coding error, etc. The direction
of such bias on our risk ratio calculations
is unknown, although it is anticipated to
be small as there is no reason to believe
that the coding of comorbidities would
be signiﬁcantly different for people with
and without diabetes.

Using a methodology that is largely consistent with our previous studies conducted
in 2007 and 2012, with updated national
survey and claims data from previous data
sources, we estimate the total burden of diabetes in 2017. The estimates presented
here show that diabetes places an enormous
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burden on society and has increased over
timedboth in the economic terms presented here and in reduced quality of life.

Duality of Interest. No potential conﬂicts of interest relevant to this article were reported.
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Efficacy and Safety of Cannabidiol
and Tetrahydrocannabivarin on
Glycemic and Lipid Parameters in
Patients With Type 2 Diabetes: A
Randomized, Double-Blind,
Placebo-Controlled, Parallel Group
Pilot Study

1777

Khalid A. Jadoon,1 Stuart H. Ratcliffe,2
David A. Barrett,3 E. Louise Thomas,4
Colin Stott,5 Jimmy D. Bell,4
Saoirse E. O’Sullivan,1 and Garry D. Tan6

Diabetes Care 2016;39:1777–1786 | DOI: 10.2337/dc16-0650

Cannabidiol (CBD) and D9-tetrahydrocannabivarin (THCV) are nonpsychoactive
phytocannabinoids affecting lipid and glucose metabolism in animal models. This
study set out to examine the effects of these compounds in patients with type 2
diabetes.
RESEARCH DESIGN AND METHODS

In this randomized, double-blind, placebo-controlled study, 62 subjects with noninsulin-treated type 2 diabetes were randomized to ﬁve treatment arms: CBD
(100 mg twice daily), THCV (5 mg twice daily), 1:1 ratio of CBD and THCV
(5 mg/5 mg, twice daily), 20:1 ratio of CBD and THCV (100 mg/5 mg, twice daily),
or matched placebo for 13 weeks. The primary end point was a change in HDLcholesterol concentrations from baseline. Secondary/tertiary end points included
changes in glycemic control, lipid proﬁle, insulin sensitivity, body weight, liver
triglyceride content, adipose tissue distribution, appetite, markers of inﬂammation, markers of vascular function, gut hormones, circulating endocannabinoids,
and adipokine concentrations. Safety and tolerability end points were also
evaluated.
RESULTS

Compared with placebo, THCV signiﬁcantly decreased fasting plasma glucose
(estimated treatment difference [ETD] = 21.2 mmol/L; P < 0.05) and improved
pancreatic b-cell function (HOMA2 b-cell function [ETD = 244.51 points; P <
0.01]), adiponectin (ETD = 25.9 3 106 pg/mL; P < 0.01), and apolipoprotein A
(ETD = 26.02 mmol/L; P < 0.05), although plasma HDL was unaffected. Compared
with baseline (but not placebo), CBD decreased resistin (2898 pg/ml; P < 0.05) and
increased glucose-dependent insulinotropic peptide (21.9 pg/ml; P < 0.05). None
of the combination treatments had a signiﬁcant impact on end points. CBD and
THCV were well tolerated.
CONCLUSIONS

THCV could represent a new therapeutic agent in glycemic control in subjects with
type 2 diabetes.
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CBD and THCV in Humans With Type 2 Diabetes

The endocannabinoid system (ECS)
modulates food intake and energy homeostasis (1,2), and chronic overactivation of the ECS has been identiﬁed in
obesity and type 2 diabetes (3). The
ECS exerts some of its actions by activating cannabinoid receptors 1 (CB1) and
2 (CB2). Modulation of CB1 receptors
with rimonabant (a synthetic cannabinoid) led to a signiﬁcant reduction in
body weight, waist circumference, and
triglyceride (TG) concentrations, and an
increase in HDL cholesterol (HDL-C) and
adiponectin concentrations (4), as well
as a reduction in HbA1c in subjects with
type 2 diabetes (20.8 to 21.25%; P ,
0.001). However, marketing authorization for rimonabant was withdrawn in
2008 because of an increased incidence
of psychiatric adverse events (AEs) (5).
Rimonabant is thought to be a CB1 receptor antagonist/inverse agonist, but it
is unclear whether modulation of other
cannabinoid receptor activity could have
beneﬁcial metabolic effects without significant psychiatric effects.
Cannabidiol (CBD) is one of the major
phytocannabinoids obtained from the
Cannabis sativa L. plant. In rodent studies, CBD has multiple desirable effects in
the context of hyperglycemia, mainly
through its anti-inﬂammatory and antioxidant properties (6–10). In animal
models of obesity (ob/ob genetically
obese mice), 4 weeks of treatment
with CBD 3 mg/kg produced a 55%
increase in HDL-C concentration and
reduced total cholesterol by .25%
(C.S., unpublished data). In addition,
the same dose reduced liver TGs and
increased both liver glycogen and adiponectin concentration. There is also evidence from animal studies showing that
CBD modulates cardiovascular response
to stress (11).
Unlike the related molecule Δ 9 tetrahydrocannabinol (THC), CBD does
not activate CB1 receptors in the brain
and therefore lacks the psychotropic actions of THC. Indeed, CBD may reduce
psychosis (12) and mitigate the psychoses associated with cannabis misuse
(13). Other receptor sites implicated in
the actions of CBD include the orphan
G-protein–coupled receptor-55 (GPR55),
the putative endothelial cannabinoid receptor, the transient receptor potential vanilloid 1 (TRPV1) receptor, a1-adrenoceptors,
m opioid receptors, and the adenosine
transporter and serotonin-1A receptors
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(14). CBD also activates and has physiological responses mediated by peroxisome proliferator–activated receptor g
(15–17). A CBD/THC combination (Sativex/
Nabiximols; GW Pharmaceuticals) is currently licensed in most European Union
countries and in Canada, New Zealand,
Australia, Malaysia, the United Arab
Emirates, and Kuwait, for the symptomatic treatment of spasticity in moderate
to severe multiple sclerosis, and CBD
alone (Epidiolex; GW Pharmaceuticals)
was granted orphan drug designation
by the U.S. Food and Drug Administration in February 2014 in Dravet and
Lennox-Gastaut syndromes in children,
with phase 3 clinical trials ongoing in
those conditions.
D9 -Tetrahydrocannabivarin (THCV)
is a naturally occurring analog of THC,
but with different pharmacological effects. It is has been reported to behave
as both a CB1/CB2 agonist and/or a CB1/
CB2-neutral antagonist (20–24), probably dose-dependent, with agonism observed at high doses and antagonism
at low doses (19). However, there is little
evidence of CB1 agonism in vivo compared
with the observed in vivo effects of THC at
similar doses. Other target sites of action
include GPR55 (23) and transient receptor
potential channels (24,25).
Acute intraperitoneal administration
of THCV in rodents at 3, 10, and 30
mg/kg body weight caused hypophagia
and weight loss, with food intake and
body weight returning to normal on
day 2 (26). The effect was similar to
that of a CB1 antagonist, AM251, also
used in the same study. In another
study, involving diet-induced obese
mice, oral THCV (2.5–12.5 mg/kg) reduced body fat content, increased energy expenditure, and reduced fasting
insulin and 30-min insulin response to
oral glucose tolerance test (OGTT) (27).
In the same study, in genetically obese
(ob/ob) mice, a similar increase in 24-h
energy expenditure was observed with
3 mg/kg THCV, whereas 12.5 mg/kg
THCV caused a signiﬁcant reduction in
liver TGs (27). In genetically obese mice
(ob/ob), a 1:1 ratio of a combination of
THCV and CBD (3:3 mg/kg) reduced
change to total cholesterol levels by
19% and increased HDL-C by 50%. The
same combination reduced liver TG, increased liver glycogen levels, reduced
fasting insulin, and increased energy expenditure (C.S., unpublished data).

The ﬁndings from these preclinical
studies demonstrate a potential beneﬁcial effect of both CBD and THCV, alone
or in combination, in diabetes and lipid
metabolism, with very distinct pharmacological proﬁles, and therefore different side effects, to rimonabant. This
prompted the ﬁrst-ever investigation
of the effects of CBD and THCV on dyslipidemia and glycemic control in subjects
with type 2 diabetes.
RESEARCH DESIGN AND METHODS
Subjects and Study Design

This randomized, double-blind, placebocontrolled, parallel-group, phase IIa
proof-of-concept study was conducted
at four U.K. centers. The protocol was
reviewed and approved by the East
Midlands–Leicester Multi Centre Research
Ethics Committee (10/H0406/42) and
local research and development departments as required and conducted in accordance with the Declaration of Helsinki.
All subjects provided written informed
consent.
Subjects aged $18 years with type 2
diabetes and HbA1c #10% (86 mmol/mol),
HDL-C #1.3 mmol/L in females and
#1.2 mmol/L in males, and plasma TGs
#10 mmol/L were eligible. Subjects
needed to either receive no oral hypoglycemic agents or take stable doses of
prespeciﬁed, noninsulin glucose-lowering
therapies (metformin, sulfonylurea, dipeptidyl peptidase-4 inhibitor, or glucagon-like
peptide 1 [GLP-1] therapy) for 3 months
prior to screening. Subjects not on statin
therapy or on a stable dose of a statin for
at least 4 weeks prior to randomization
were eligible for inclusion. Subjects were
also required not to make any changes to
their diet or exercise for 4 weeks prior to
randomization and during the course of
the study.
Main exclusion criteria (see Supplementary Data for full details) included
use of prohibited medications (insulin,
ﬁbrates, thiazolidinediones, therapeutic
omega-3 fatty acids, and a-glucosidase
inhibitors), recent or current use of cannabis, history of signiﬁcant depression,
planned travel outside the U.K. during
the course of study, genetic dyslipidemia, or signiﬁcant cardiac, renal, or hepatic impairment.
There was a 1- to 5-week period between screening (visit 1) and treatment
randomization (visit 2). Visit 1 could be
split into two separate visits (1A and 1B)
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to allow a 21-day washout period of the
prohibited medications prior to blood
sampling for eligibility. Remaining visits
occurred 4, 8, and 13 weeks after initiation of treatment (visits 3, 4, and 5, respectively) or earlier if patients withdrew.
A safety follow-up visit occurred 7 days
after study completion or withdrawal
(visit 6). Visits 4 and 6 were telephone
assessments.
Patients were required to take study
medication in the fasted state, twice daily,
30 min before breakfast and 30 min before evening meal, typically 12 h apart
for 13 weeks.
Study End Points and Assessments

The primary end point was change in
mean serum HDL-C from baseline, in
CBD and THCV groups, compared with
the change in placebo group at week
13. Secondary end points included
changes in lipid proﬁle, glycemic control,
insulin sensitivity, body weight, visceral adiposity, appetite, and cardiovascular function. Tertiary end points were changes in
markers of inﬂammation, vascular function, adipokines, endocannabinoids, and
gut hormone concentrations.
Serum lipid concentrations were analyzed with the Roche modular system
using enzymatic calorimetric assays.
Nonesteriﬁed fatty acid concentrations
were quantiﬁed on the Roche COBAS
311 system (Roche), using an acyl-CoA
synthetase/acyl-CoA oxidase method.
Apolipoprotein markers were analyzed
on the Roche COBAS 311 system (Roche)
using immunoturbidimetric assays based
on the principle of immunological agglutination. Plasma VLDL cholesterol
(VLDL-C) concentrations were determined
by ultracentrifugation.
A standard 75-g OGTT was performed,
and plasma glucose and serum insulin
were analyzed using the Roche modular
system (Roche) and Advia Centaur immunoassay analyzer (Siemens Healthcare),
respectively. HOMA-insulin resistance, insulin sensitivity, and b-cell function were
calculated using the HOMA2 Calculator
v2.2 (Diabetes Trials Unit, University of
Oxford).
Plasma endocannabinoids N-arachidonoylethanolamine (AEA), 2-arachidonoylglycerol (2-AG), oleoylethanolamine
(OEA), and palmitoylethanolamine (PEA)
were analyzed using liquid chromatographytandem mass spectrometry, based on a
previously published method (28). Ketones,

Jadoon and Associates

orexin A, and retinol-binding protein
4 (RBP-4) were analyzed using immunoassay, whereas all other tertiary end
points including adiponectin, resistin,
leptin, E-selectin, vascular cell adhesion
molecule, Von Willebrand factor, C-reactive
protein (CRP), interleukin-6, tumor necrosis
factor-a, glucose-dependent insulinotropic
peptide (GIP), ghrelin, and GLP-1 were
analyzed by multiplex analysis, using
commercially available kits (Milliplex,
HMHMAG-34K, HCVD1-67AK, HADK-161K-A, HCVD2-67BK, BPHCVD05-6; Merck
Millipore).
Resting blood pressure was measured
using a digital blood pressure monitor,
whereas cardiovascular parameters including systolic, diastolic, and mean arterial pressure, heart rate, stroke volume,
cardiac output, interbeat interval, ejection
time, and total peripheral resistance were
measured using a Finometer (Finapres
Medical Systems), which uses a ﬁngerclamp method to detect beat-to-beat
changes in digital arterial diameter with
an infrared photoplethysmograph.
Adipose tissue distribution was assessed using whole-body MRI; images
were analyzed by a blinded investigator
using sliceOmatic (TomoVision, Magog,
Canada). Body weight and seven-point
skinfold measures were also recorded.
Hepatic TG concentration was assessed
using MRS and analyzed using JMRUI
software.
Patient’s Global Impression of Change
(PGIC) and Clinician’s Global Impression
of Change (CGIC) were assessed using an
ordinal seven-point Likert scale (1, very
much improved, to 7, very much worse).
Changes in appetite were established
using patients’ scores of their appetites
that they recorded on daily basis using
an appetite 0–10 numerical rating scale
(NRS), in which 0 is no appetite (do not
feel hungry) and 10 is maximum appetite (completely hungry all the time)
(29). The change from mean baseline
score (mean of 7 days before start of
treatment) was compared with the
mean score from the last 7 days on
treatment (end of 13 weeks).
Safety assessments included reporting
for AEs and serious AEs (SAEs), recording
vital signs, pre- and posttreatment laboratory sampling and electrocardiograms, and
change from baseline in Beck Depression
Inventory-II (BDI-II) scores.
The BDI-II questionnaire, an assessment for anxiety and depression, is a

multiple-choice, self-reported inventory
and is one of the most widely used and
validated instruments for measuring severity of depression (30).
Statistical Methods

An independent statistician produced a
schedule for random treatment allocation, which was held centrally and not
divulged to any other person involved in
the study until the database had been
locked. Patients were randomly allocated to treatment groups in a 1:1:1 ratio, stratiﬁed by center, according to the
randomization schedule. Study site staff
identiﬁed the pack number to be dispensed to the subject at each of visits
2 and 3 according to the randomization
schedule.
Analysis was performed using the
intention-to-treat population; all subjects who were randomized received at
least one dose of study medication and
had on-treatment efﬁcacy data. All statistical tests were two-sided at the 5%
signiﬁcance level. Between-group differences and 95% CIs were also calculated. The primary end point and the
majority of secondary end points were
analyzed using ANCOVA of the changes
from baseline to the end of treatment in
the associated parameter, with the exception of the PGIC and CGIC, which
were analyzed with ordinal logistic regression using the cumulative proportional odds model. The parameter’s
baseline values were included as a covariate, and treatment was included as a
factor. The tertiary variables were analyzed using ANCOVA with baseline value
as covariate and treatment group and
sex as factors or using pairwise Fisher
exact test, as appropriate. The null hypothesis was one of no difference in the
effects of any of the active treatments
compared individually with placebo.
As this study was a phase 2a proof-ofconcept study, no formal sample size calculation was performed.
Changes from baseline in all the
plasma markers were analyzed post hoc
using a paired t test, and the glucose response to OGTT was analyzed using repeated-measures two-way ANOVA.
RESULTS

A total of 125 patients was screened and
62 randomized to the 5 treatment arms.
The disposition of subjects enrolled is
presented in Fig. 1. Subjects were similar
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Figure 1—Summary of breakdown of patients enrolled in the study. A total of 125 subjects were screened and 62 randomized to this study.

between treatment groups (Table 1) in
terms of baseline characteristics.
Lipids

THCV had no effect on HDL-C concentrations (Table 2), but it increased apolipoprotein A (Apo A) concentrations compared
with placebo from baseline to the end of
treatment (from 48.5 to 49.1 mmol/L in
the THCV vs. 47.3 to 43.9 mmol/L in the placebo group; P , 0.05) (Fig. 2A). THCV had
no effect on LDL cholesterol (LDL-C) concentrations. CBD alone and in combination with THCV did not affect any of the
lipid parameters (Table 2).
Glycemic Control

THCV reduced fasting plasma glucose
concentration compared with placebo
from baseline to the end of treatment
(from 7.4 to 6.7 mmol/L in the THCV vs.
7.6 to 8.0 mmol/L in the placebo group;
estimated treatment difference [ETD] =
21.24 6 0.6 [SEM]; P , 0.05) (Fig. 3A).
In line with this, there was a signiﬁcant
increase in HOMA2 b-cell function in the
THCV treatment group compared with
placebo from baseline to the end of
treatment (from 105.1 to 144.4 in the
THCV group vs. 96.4 to 94.7 in the placebo group; ETD = 44.6 6 16.1 [SEM];
P , 0.01) (Table 2 and Fig. 3B). There
was no signiﬁcant difference in glucose

response to OGTT at 2 h. However, when
compared with baseline, THCV signiﬁcantly improved 3-h blood glucose
response (P , 0.05) (Fig. 3C). CBD
alone or in combination with THCV
had no effect on glycemic parameters
(Table 2).

Markers of Inﬂammation

Both THCV and CBD, or their combination, had no signiﬁcant effect on plasma
markers of inﬂammation (CRP, tumor
necrosis factor-a, and interleukin-6)
(Supplementary Table 1).
Gut Hormones

Vascular Function

Compared with placebo, CBD and THCV,
alone and in combination, had no effect
on cardiovascular parameters (Table 2)
or plasma markers of vascular function
(Supplementary Table 1).
Adipokines

There was an increase from baseline in
adiponectin concentration in the THCV
group and a reduction in placebo group;
the treatment difference was statistically signiﬁcant in favor of THCV treatment (ETD 25.9 3 106 pg/mL; P , 0.01)
(Fig. 3B). Plasma concentrations of leptin and resistin remained unchanged
with THCV treatment. Compared with
baseline rather than placebo, CBD
caused a signiﬁcant reduction in the
concentration of resistin (2898 pg/mL;
P , 0.05) (Fig. 3C), but had no effect on
leptin or adiponectin. Subjects taking a
combination of CBD and THCV had no
change in adipokine levels (Supplementary Table 1).

THCV, on its own and in combination
with CBD, had no effect on the concentrations of gut signaling hormones including
GLP-1, GIP, and ghrelin (Supplementary
Table 1). However, in a post hoc analysis,
for which posttreatment concentrations
were compared with baseline (rather
than placebo), CBD caused a signiﬁcant increase in the concentration of
GIP (21.2 pg/mL; P , 0.05) (Fig. 3D),
without any effect on GLP-1 or ghrelin
concentrations.
Body Weight

Baseline mean body weight (kg 6 SD) in
the CBD, THCV, 1:1 CBD/THCV, 20:1
CBD/THCV, and placebo groups were
97.1 6 13.8, 98.3 6 17.5, 100.7 6
14.5, 100.5 6 17.9, and 94.2 6 19.1,
respectively. There were no statistically
signiﬁcant changes in anthropometric
parameters including weight, waist circumference, waist-to-hip ratio, and
skinfold thickness in any of the treatment groups (Table 2).
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Table 1—Summary of patient demographics and concomitant therapy
CBD
(n = 13)

THCV
(n = 12)

1:1 CBD/THCV
(n = 11)

20:1 CBD/THCV
(n = 12)

Placebo
(n = 14)

Total
(n = 62)

Male, number of subjects (%)

10 (77)

10 (83)

6 (55)

9 (75)

7 (50)

42 (68)

Female, number of subjects (%)

3 (23)

2 (17)

5 (45)

3 (25)

7 (50)

20 (32)

Age (years), mean (SD)

56.8 (9.9)

62.5 (12.6)

59.3 (8.8)

58.0 (8.1)

58.6 (7.7)

59.0 (9.4)

Weight (kg), mean (SD)

97.2 (13.8)

98.3 (17.5)

100.7 (14.5)

100.5 (17.9)

94.2 (19.1)

98.0 (16.4)

BMI (kg/m2), mean (SD)

33.2 (5.4)

34.0 (6.5)

36.4 (5.6)

35.4 (4.6)

33.4 (7.0)

34.4 (5.8)

Duration since diagnosis of
diabetes (years), mean (SD)

2.8 (3.3)

4.8 (3.6)

4.4 (2.7)

5.1 (3.3)

3.8 (3.5)

4.2 (3.3)

9 (69)
1 (8)
3 (23)
9 (69)

9 (75)
1 (8)
5 (42)
11 (92)

10 (91)
1 (9)
4 (36)
10 (91)

11 (92)
1 (8)
3 (25)
8 (67)

12 (86)
1 (7)
4 (29)
13 (93)

51 (82)
5 (8)
19 (31)
51 (82)

Number (%) of patients on antidiabetic
and lipid-lowering therapy
Metformin
DPP-4 inhibitors
Sulfonylureas
Statins
DPP-4, dipeptidyl peptidase 4.

Visceral Adiposity and Liver TGs

There were no changes in visceral adiposity or liver TG (Table 2) as assessed by
MRI/MRS in any of the treatment groups.
Appetite

None of the treatments had any signiﬁcant impact on appetite as assessed by
0–10 NRS scores (Table 2).
PGIC and CGIC

A full summary of the PGIC and CGIC
assessment responses is presented in
Supplementary Figs. 1 and 2. Analysis
of these responses showed a treatment
difference in favor of all the active treatments, to varying degrees, but most notably between the 1:1 CBD/THCV and
placebo treatment groups on CGIC.
There were reported improvements in
7 out of 11 (63.6%) patients in the CGIC
on 1:1 CBD/THCV treatment, compared
with only 2 of the 14 (14.3%) patients on
placebo, with a recorded improvement on
CGIG. This translated to a statistically signiﬁcant treatment effect of 1:1 CBD/THCV
treatment compared with placebo, with
an odds ratio of 9.529 (P , 0.05) in the
CGIC. No other statistically signiﬁcant effects were calculated for any other active
treatment in either assessment.
Endocannabinoids

There was no signiﬁcant change in the levels of circulating AEA, 2-AG, OEA, and PEA
after 13 weeks of any treatment (Table 2).
Post Hoc Analysis in THCV Group
Analyzing Glucose Response to OGTT
and Changes in HbA1c

An improvement in glucose response
to OGTT was noted in the THCV group at

3 h (Fig. 3C). When subjects on any form
of diabetes treatment other than diet/
metformin were excluded from analysis,
this effect became more pronounced
(P , 0.05 at 1 h and P , 0.01 at 3 h;
n = 6) (Fig. 3D). In the same group of
patients receiving diet/metformin only,
compared with placebo, a signiﬁcant improvement in HbA1c was also observed
(P , 0.05) (Fig. 3E).
Safety

The study medication was well tolerated, with the majority of subjects experiencing AEs that were mild or moderate
in severity. Treatment-emergent (all
causality) AEs were reported by 11 of
13 (84.6%) subjects in the CBD group,
11 of 12 (91.7%) in the THCV group,
7 of 11 (63.6%) in the 1:1 CBD/THCV
group, and 8 of 11 (66.7%) in the 20:1
CBD/THCV group, compared with 13 of
14 subjects (92.9%) receiving placebo.
The more common treatment-related
AE reported by subjects in all the groups,
except for 20:1 CBD/THCV, was decreased appetite (two subjects [15.4%]
receiving CBD, four subjects [33.3%] receiving THCV, one subject [9.1%] receiving 1:1 CBD/THCV, and two subjects
[14.3%] receiving placebo). None of
the subjects in the 20:1 CBD/THCV
group experienced an AE of decreased
appetite. Two subjects reported diarrhea with THCV, compared with no subjects in the placebo group. Two subjects
(14.3%) on placebo also reported dizziness. All other treatment-related AEs
were reported in individual subjects.
No deaths occurred during the study.
There were two SAEs in this study. One

patient (8.3%) taking 20:1 CBD/THCV
treatment experienced an SAE of myocardial infarction that was considered
moderate in severity, had recovered by
the end of study, and was not considered to be treatment related. One placebo patient experienced an SAE of
myocardial ischemia that was not considered to be treatment related, was
mild in severity and occurred on day
92 of the study; the SAE was still ongoing
at the end of the study.
Mean changes from screening to the
end of treatment in BDI-II scores for the
CBD, THCV, and 1:1 CBD/THCV treatment groups were 0.85, 0.58, and 0.27
points, respectively, which were not
statistically signiﬁcant from placebo
(change from baseline of 20.08 points),
and remained within the “minimal depression” range for all treatments. The
largest change from baseline to the end
of treatment in BDI-II score was in the
20:1 CBD/THCV treatment group (4.91
points). Although this remained in the
“minimal depression” bracket, it was
statistically signiﬁcant compared with
placebo (ETD = 4.77; P , 0.01).
Conclusions

The aim of this pilot study was to investigate the clinical effect and tolerability
of two phytocannabinoids, THCV and
CBD, alone and in combination, in subjects
with type 2 diabetes and dyslipidemia.
THCV signiﬁcantly decreased fasting
plasma glucose, and increased b-cell
function, adiponectin, and Apo A concentrations, and was well tolerated in
patients. These ﬁndings suggest that
THCV may represent a new therapeutic
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Treatment
1.0 6 0.3
4.3 6 0.7
2.4 6 0.6
0.4 6 0.2
1.0 6 0.5
2.3 6 1.3
43.6 6 6.6
3.3 6 0.7
0.7 6 0.2
0.5 6 0.3
22.2 6 17.1
8.4 6 2.8
256.8 6 44.6
7.0 6 1.1
6.6 6 2.7
454.8 6 387.5
123.8 6 60.8
0.9 6 0.2
2.6 6 1.5
53.0 6 36.2
69.6 6 31.5
33.0 6 4.9
108.0 6 10.6
1.0 6 0.1
42.1 6 3.7
8.5 6 2.2
4.9 6 1.0
132.2 6 13.0
70.6 6 8.8
70.5 6 15.7
4.6 6 3.7
0.2 6 0.05
4.7 6 2.9
1.8 6 0.7
1.8 6 0.7

Baseline

1.0 6 0.3
4.5 6 0.9
2.5 6 0.7
0.5 6 0.2
0.8 6 0.4
2.2 6 1.4
48.6 6 9.7
3.1 6 0.8
0.6 6 0.2
0.6 6 0.2
26.9 6 16.9
8.0 6 2.3
259.5 6 34.4
6.9 6 0.9
7.4 6 2.4
604.1 6 605.2
110.3 6 42.8
0.9 6 0.2
2.3 6 0.9
51.3 6 20.1
70.9 6 27.2
33.2 6 5.4
107.7 6 10.8
1.0 6 0.05
42.4 6 3.3
8.1 6 1.9
5.6 6 1.0
133.4 6 16.4
70.1 6 8.8
71.5 6 17.7
3.8 6 3.5
0.2 6 0.1
5.0 6 2.9
2.4 6 1.1
2.7 6 1.9

Baseline
1.1 6 0.1
3.8 6 0.9
2.0 6 0.6
0.6 6 0.3
1.0 6 0.7
1.7 6 1.1
48.5 6 7.0
2.6 6 0.6
0.5 6 0.1
0.6 6 0.1
11.9 6 8.0
7.4 6 2.3
238.2 6 25.0
6.6 6 0.6
5.7 6 3.1
661.0 6 381.2
152.9 6 94.2
1.0 6 0.3
3.0 6 1.9
47.3 6 32.4
105.1 6 64.7
34.0 6 6.5
115.3 6 13.1
1.0 6 0.05
42.8 6 3.8
9.1 6 3.5
5.4 6 1.7
135.9 6 13.4
70.6 6 12.2
74.5 6 12.3
2.8 6 3.8
0.2 6 0.1
4.3 6 1.7
2.4 6 1.0
2.7 6 1.1

1.1 6 0.2
3.7 6 1.0
2.0 6 0.8
0.6 6 0.3
0.9 6 0.7
1.8 6 1.5
49.1 6 6.4b
2.7 6 1.0
0.5 6 0.2a
0.6 6 0.2
11.5 6 13.5
6.7 6 1.9b
239.3 6 28.7
6.5 6 0.7
6.2 6 2.7
724.9 6 589.6
203.5 6 197.7
1.1 6 0.5
3.8 6 3.3
53.5 6 44.3
144.4 6 110.3b
33.8 6 6.7
114.9 6 13.8
1.0 6 0.06
42.8 6 3.6
9.0 6 3.5
5.0 6 1.5
132.8 6 17.1
71.0 6 9.4
74.1 6 12.4
3.3 6 3.3
0.2 6 0.1
13.6 6 28.6
2.3 6 0.6
2.5 6 0.7

Treatment

Baseline
1.0 6 0.2
4.2 6 1.1
2.2 6 0.8
0.5 6 0.2
1.0 6 0.5
2.4 6 1.6
48.7 6 11.1
3.0 6 0.9
0.6 6 0.2
0.7 6 0.3
33.3 6 18.3
8.5 6 2.5
254.4 6 35.7
7.2 6 1.1
8.7 6 3.8
789.5 6 677.2
175.3 6 86.1
1.2 6 0.2
3.5 6 1.6
34.9 6 17.1
95.7 6 50.7
36.4 6 5.6
115.4 6 9.5
1.0 6 0.1
42.7 6 3.3
8.5 6 3.0
4.7 6 1.2
126.4 6 11.6
73.2 6 6.8
80.1 6 12.2
4.5 6 5.2
0.2 6 0.1
6.2 6 3.1
2.5 6 0.8
2.5 6 0.7

1.0 6 0.3
3.8 6 0.7
2.0 6 0.5
0.6 6 0.2
1.0 6 0.4
2.2 6 1.2
46.8 6 7.4
2.9 6 0.7
0.6 6 0.2
0.6 6 0.2
32.2 6 26.2
8.7 6 2.0
256.0 6 55.2
7.4 6 1.5
8.8 6 2.5
900.2 6 875.8
185.7 6 67.6
1.2 6 0.3
3.7 6 1.3
30.4 6 12.9
93.8 6 47.5
36.1 6 5.7
116.2 6 11.8
1.0 6 0.05
42.2 6 3.8
8.6 6 2.7
3.6 6 1.6
134.3 6 12.8
77.5 6 7.7
76.6 6 8.0
4.7 6 5.0
0.2 6 0.1
5.0 6 1.5
2.2 6 0.7
2.4 6 0.6

Treatment
1.0 6 0.1
4.6 6 0.9
2.8 6 0.6
0.4 6 0.1
1.1 6 0.4
1.9 6 0.7
48.7 6 10.0
3.4 6 0.7
0.7 6 0.2
0.7 6 0.2
23.2 6 14.3
8.4 6 2.8
253.3 6 34.8
7.2 6 0.9
5.6 6 3.4
659.3 6 570.4
197.6 6 107.9
1.1 6 0.3
4.2 6 2.9
30.2 6 11.4
103.7 6 60.6
35.4 6 4.6
113.7 6 13.1
1.0 6 0.1
42.8 6 3.6
9.1 6 2.5
5.0 6 2.2
132.7 6 11.0
73.5 6 10.4
77.1 6 12.1
2.8 6 2.7
0.2 6 0.04
3.8 6 1.5
2.2 6 0.5
2.5 6 1.2

Baseline
1.0 6 0.1
4.2 6 0.6
2.5 6 0.5
0.4 6 0.1
1.0 6 0.3
1.9 6 0.7
45.7 6 6.3
3.4 6 0.6
0.7 6 0.1
0.6 6 0.2
25.4 6 17.4
8.8 6 3.1
268.8 6 58.2
7.3 6 1.3
6.6 6 2.3
651.6 6 730.0
192.2 6 69.1
1.2 6 0.3
4.0 6 1.5
28.9 6 11.5
97.9 6 50.5
35.4 6 4.4
113.5 6 12.1
1.0 6 0.1
42.5 6 4.0
10.2 6 2.2
4.1 6 1.9
134.2 6 14.8
72.2 6 10.5
82.0 6 15.8
7.9 6 7.6
0.2 6 0.1
3.7 6 1.7
2.2 6 0.8
2.6 6 1.7

Treatment

20:1 CBD/THCV (n = 12)
1.0 6 0.3
4.0 6 0.7
2.2 6 0.6
0.5 6 0.1
1.0 6 0.5
2.1 6 1.4
47.3 6 8.8
2.9 6 0.7
0.6 6 0.2
0.6 6 0.2
20.5 6 15.1
7.6 6 1.4
241.4 6 19.3
7.0 6 0.7
7.9 6 2.6
653.6 6 381.5
171.7 6 105.0
1.0 6 0.4
3.4 6 2.1
42.4 6 29.2
96.4 6 41.4
33.4 6 7.0
109.2 6 13.0
1.0 6 0.1
41.7 6 4.8
7.2 6 2.4
5.1 6 1.3
137.2 6 11.9
73.0 6 9.5
72.1 6 10.8
3.5 6 3.9
0.2 6 0.1
5.0 6 3.3
2.4 6 0.5
2.9 6 1.3

Baseline

1.0 6 0.2
3.9 6 0.9
2.2 6 0.7
0.5 6 0.1
0.9 6 0.4
2.0 6 1.1
43.9 6 7.2
3.0 6 0.6
0.7 6 0.1
0.6 6 0.2
18.5 6 15.4
8.0 6 1.6
253.7 6 32.0
7.3 6 1.0
8.4 6 2.2
619.7 6 455.3
179.7 6 75.7
1.1 6 0.4
3.6 6 1.5
37.8 6 32.2
94.7 6 39.2
32.9 6 7.7
108.4 6 13.1
1.0 6 0.1
41.1 6 4.8
7.5 6 3.4
4.5 6 1.3
140.4 6 11.2
72.3 6 10.6
75.5 6 7.3
3.5 6 3.2
0.2 6 0.1
5.3 6 3.4
2.1 6 0.5
2.0 6 0.4

Treatment

Placebo (n = 14)

CBD and THCV in Humans With Type 2 Diabetes

Data are mean 6 SD. Apo B, apolipoprotein B; BP, blood pressure; HOMA2-IR, HOMA2–insulin resistance; NEFA, nonesteriﬁed fatty acid; Total-C, total cholesterol; UC, ultracentrifugation. aP , 0.05; bP , 0.01
compared with placebo.

HDL-C (mmol/L)
Total-C (mmol/L)
LDL-C (mmol/L)
HDL/LDL-C ratio
UC VLDL-C (mmol/L)
TG (mmol/L)
Apo A (mmol/L)
Apo B (mmol/L)
Apo B/Apo A ratio
NEFA (mmol/L)
Liver TG (%)
Fasting glucose (mmol/L)
Fructosamine (mmol/L)
HbA1c (%)
Glucose, 2-h OGTT (mmol/L)
Insulin, 2-h OGTT (pmol/L)
Fasting insulin (pmol/L)
C-peptide (nmol/L)
HOMA2-IR
HOMA2 insulin sensitivity
HOMA2 b-cell function
BMI (kg/m2)
Waist circumference (cm)
Waist-to-hip ratio
Neck circumference (cm)
Visceral abdominal fat (L)
Appetite 0–10 NRS score
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse rate (bpm)
BDI-II score
AEA
2-AG
OEA
PEA

Variable

Table 2—Clinical data before (baseline) and after (treatment) 13 weeks of randomized treatment
CBD (n = 13)
THCV (n = 12)
1:1 CBD/THCV (n = 11)
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Figure 2—Compared with placebo, THCV alone caused a signiﬁcant improvement in the concentration of Apo A (A) and adiponectin (B). Data were
analyzed by ANCOVA and presented as mean 6 SEM. CBD caused a signiﬁcant reduction in resistin (C) and an increase in GIP concentration (D), when
compared with pretreatment values. Data were analyzed post hoc using paired t test and presented as mean 6 SEM. BID, twice daily. *P , 0.05;
**P , 0.01.

agent for glycemic control in subjects
with type 2 diabetes.
The ECS plays an important role in
modulating energy intake and expenditure (for reviews, see Refs. 1,2), and a
chronically overactive ECS may have a
role in diabetes and its various complications (2). A recent cross-sectional
study showed that marijuana use was
associated with lower concentrations
of fasting insulin, insulin resistance,
and waist circumference (31). Some of
the favorable metabolic effects seen
with smoking cannabis may be due to
partial CB 1 agonists like THC, which
may act as a functional antagonist in
conditions of increased endocannabinoid tonelike obesity, because of its
lower CB1 binding afﬁnity and efﬁcacy
in comparison with 2-AG, for which levels are elevated in visceral obesity (32).
Rimonabant, a CB1 receptor antagonist,
was the ﬁrst in its class to be used as
antiobesity drug, but led to signiﬁcant
psychiatric AEs (5). Preclinical studies
with the plant-derived compound
THCV have shown that it produces hypophagia and weight reduction in lean
mice (26) and improves glucose tolerance and insulin sensitivity in dietinduced obese mice (27). Similar results
have been seen with CBD in ob/ob
mice (C.S., unpublished data), and CBD
has been reported to lower the incidence of diabetes in nonobese diabetic mice (33) and arrest the onset
of autoimmune diabetes in nonobese

diabetic mice (34). Given the positive
metabolic effects of both THCV and
CBD in preclinical studies and their potent anti-inﬂammatory and antioxidant
properties (20,35,36), we decided to investigate, for the ﬁrst time, their efﬁcacy
and tolerability in subjects with type 2
diabetes.
THCV Alone

THCV treatment alone had no effect on
HDL-C concentration. It did, however,
produce a signiﬁcant rise in serum Apo
A, when compared with placebo. Apo A
makes up 90% of HDL protein and constitutes an important structural component of the HDL particle. Apo A I, which
accounts for 70% of the Apo A (the remaining 20% accounted for by Apo A II),
plays an important role in reverse cholesterol transport (37). The signiﬁcance
of this result remains unclear.
THCV signiﬁcantly reduced fasting
blood glucose concentrations, improved
HOMA2 b-cell function, and improved
the 3-h blood glucose response to OGTT,
without any signiﬁcant difference in insulin response. These ﬁndings are in
keeping with the recent animal data, in
which THCV improved fasting glucose
and 30-min glucose response to OGTT
and also improved insulin sensitivity by
reducing fasting and post–glucose insulin concentrations (27). In the same
study, THCV treatment improved insulin-induced phosphorylation of Akt (also
known as protein kinase B) in insulinresistant human hepatocytes and mice

myotubes, suggesting improved insulin
signaling as one of the possible mechanisms of action.
Although there was an improvement
in fasting and 3-h post-OGTT blood glucose, there were no changes in body
weight and gut hormone concentrations. In fact, a rise in the concentration
of RBP-4 was observed with THCV, an
adipokine that has been associated with
obesity and insulin resistance (38).
Therefore, the mechanism by which
THCV improves glycemic control remains
unclear.
THCV signiﬁcantly increased adiponectin concentrations. Adiponectin
enhances hepatic insulin sensitivity, increases fatty acid oxidation, and has important antiatherogenic properties. Its
concentrations are reduced in obesity
and type 2 diabetes (39).
Positive metabolic effects of THCV on
glycemic control and adiponectin concentrations were also seen with rimonabant, the ﬁrst CB 1 antagonist to be
licensed as antiobesity medication that
was later withdrawn from market due to
increased incidence of psychiatric AEs
(5). It is, however, important to emphasize that although rimonabant consistently reduced body weight in all the
reported randomized clinical trials, no
such change was seen with THCV, suggesting clear differences in the mechanisms of action of these compounds.
Recent animal data with THCV similarly
showed no effect on body weight (27).
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Figure 3—Compared with placebo, THCV alone caused signiﬁcant improvement in fasting glucose (A), and in keeping with this, there was a highly
signiﬁcant improvement in b-cell function measured by HOMA2 (B). THCV caused signiﬁcant improvement in 3-h glucose response during OGTT (C),
when compared with pretreatment values. Data were analyzed using two-way ANOVA and presented as mean 6 SEM. D: Compared with pretreatment values, there was a highly signiﬁcant improvement in 3-h glucose response to OGTT with THCV, when subjects on any oral hypoglycemic
therapy other than diet and/or metformin were excluded from analysis (n = 6). In the same subgroup (analyzed post hoc), compared with placebo,
there was a statistically signiﬁcant improvement in HbA1c (E). Data were analyzed post hoc using repeated-measures two-way ANOVA and paired
t test, respectively, and presented as mean 6 SEM. BID, twice daily. *P , 0.05; **P , 0.01.

Moreover, rimonabant improved the
lipid proﬁle (increased HDL-C and reduced TG levels), whereas THCV had no
effect on lipid parameters in our study
(4). There is also a clear difference in
chemical structure between THCV and
rimonabant. It is therefore reasonable
to believe that THCV and rimonabant
have different pharmacological and
safety proﬁles. At micromolar concentrations, THCV inhibits the activity of
both fatty acid amide hydrolase and
monoacyl glycerol lipase, thereby inhibiting the hydrolysis of AEA and 2-AG, respectively (40). THCV, therefore, can act
as an indirect agonist at the cannabinoid
receptors, by enhancing the activity of
the ECS. Because such a change was

not seen in our study, it is reasonable
to believe that, at the dose tested,
THCV was unable to modulate the ECS.
Recent animal data from Wargent et al.
(27) showed that most of the positive
metabolic effects of THCV were seen
with 5 and 12.5 mg/kg doses given orally
in rodents. In comparison with this, the
dose used on our study (10 mg/day, ;0.1
mg/kg in humans) was much lower.
CBD Alone

Although CBD did not produce any effects on the primary and secondary efﬁcacy outcomes compared with placebo,
it reduced circulating resistin concentrations from baseline, while increasing
the concentration of circulating GIP.
Increased concentrations of resistin are

associated with obesity and insulin resistance (41). GIP is one of the incretin
hormones produced by K cells in the
proximal duodenum, which is known
to have insulinotropic and pancreatic
b-cell–preserving properties (42). Despite having positive effects on resistin
and GIP, CBD did not produce any improvement in glycemic control.
CBD is known for its indirect agonism
at the CB1 receptors, by either increasing
CB1 constitutional activity or the endocannabinoid tone. CBD has been reported
to inhibit hydrolysis of AEA by fatty acid
amide hydrolase (but only at high micromolar levels) and also increases 2-AG
levels (39). In a recent clinical study, in
subjects with schizophrenia, 800 mg/day

care.diabetesjournals.org

of CBD treatment signiﬁcantly increased
serum AEA levels and was associated
with an improvement in clinical proﬁle
of these subjects (12). In our study, CBD
(albeit at a much lower dose), alone or in
combination with THCV, had no effect on
the plasma levels of endocannabinoids,
suggesting that it had minimal interaction
with the ECS at the doses investigated.
Studies in rodents have used intraperitoneal CBD in a dose ranging from
1 mg/kg/day to 20 mg/kg/day, with positive effects on the metabolism seen only
with higher dose ranges (7–9). In a 70-kg
individual, a 20 mg/kg/day dose equates
to 1,400 mg/day. Similarly, human studies
have used CBD in higher doses (12,43). The
dose used in our study was 200 mg/day,
which could possibly explain lack of therapeutic effects seen with CBD.
Combination of CBD and THCV

Except for an improvement in CGIC assessments with 1:1 CBD/THCV treatment, none of the efﬁcacy parameters
were affected by 1:1 or 20:1 combination of CBD and THCV. There was a trend
toward an improvement in most lipid
parameters and the overall incidence
of all-causality treatment-related AEs
was lowest in the 1:1 CBD/THCV treatment group; these factors could have
led to an impression of improvement
in subjects’ overall condition with this
treatment. Although the combination
of CBD and THCV did not produce any
favorable effects on any of the parameters, the favorable effects of THCV were
also lost in the combination treatment.
Similarly, the positive effects of CBD on GIP
and resistin were not seen in any of the
combination treatments. This suggests
that CBD and THCV in combination may
counteract their individual therapeutic effects at least in the ratios and doses tested
in this study. This may be at the level of
receptors or due to interference with each
other’s metabolism or therapeutic half-life
and requires further investigation.
Safety

Both CBD and THCV were well tolerated,
with the majority of patients experiencing AEs that were mild in severity. The
most common AE was reduced appetite
with similar incidence across all of the
treatment groups. There were no reports
of depression and no clinically signiﬁcant
abnormalities on electrocardiogram and
laboratory results, including blood count
and liver and renal biochemistry, in any
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treatment groups. There was one SAE of
myocardial ischemia in the placebo group
and one SAE of myocardial infarction in the
20:1 CBD/THCV group; both were considered unrelated to study medication. With
regards to the BDI-II scale, although the
change in 20:1 CBD/THCV treatment
group was statistically signiﬁcant, all
mean active treatments and placebo
scores remained in the “minimal depression” range.
CONCLUSIONS

In this clinical study, the ﬁrst to study
the effects of CBD and THCV in subjects
with type 2 diabetes and dyslipidemia,
THCV improved glycemic control and
therefore warrants further investigation
in this therapeutic area. CBD failed to
show any detectable metabolic effects
despite producing desirable changes in
some adipokines and gut hormone concentrations. The incidence of AEs was
similar between treatment groups, and
both CBD and THCV were well tolerated.
No new safety concerns were identiﬁed
in the study.
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Cannabidiol (CBD) and D9-tetrahydrocannabivarin (THCV) are nonpsychoactive
phytocannabinoids affecting lipid and glucose metabolism in animal models. This
study set out to examine the effects of these compounds in patients with type 2
diabetes.
RESEARCH DESIGN AND METHODS

In this randomized, double-blind, placebo-controlled study, 62 subjects with noninsulin-treated type 2 diabetes were randomized to ﬁve treatment arms: CBD
(100 mg twice daily), THCV (5 mg twice daily), 1:1 ratio of CBD and THCV
(5 mg/5 mg, twice daily), 20:1 ratio of CBD and THCV (100 mg/5 mg, twice daily),
or matched placebo for 13 weeks. The primary end point was a change in HDLcholesterol concentrations from baseline. Secondary/tertiary end points included
changes in glycemic control, lipid proﬁle, insulin sensitivity, body weight, liver
triglyceride content, adipose tissue distribution, appetite, markers of inﬂammation, markers of vascular function, gut hormones, circulating endocannabinoids,
and adipokine concentrations. Safety and tolerability end points were also
evaluated.
RESULTS

Compared with placebo, THCV signiﬁcantly decreased fasting plasma glucose
(estimated treatment difference [ETD] = 21.2 mmol/L; P < 0.05) and improved
pancreatic b-cell function (HOMA2 b-cell function [ETD = 244.51 points; P <
0.01]), adiponectin (ETD = 25.9 3 106 pg/mL; P < 0.01), and apolipoprotein A
(ETD = 26.02 mmol/L; P < 0.05), although plasma HDL was unaffected. Compared
with baseline (but not placebo), CBD decreased resistin (2898 pg/ml; P < 0.05) and
increased glucose-dependent insulinotropic peptide (21.9 pg/ml; P < 0.05). None
of the combination treatments had a signiﬁcant impact on end points. CBD and
THCV were well tolerated.
CONCLUSIONS

THCV could represent a new therapeutic agent in glycemic control in subjects with
type 2 diabetes.
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The endocannabinoid system (ECS)
modulates food intake and energy homeostasis (1,2), and chronic overactivation of the ECS has been identiﬁed in
obesity and type 2 diabetes (3). The
ECS exerts some of its actions by activating cannabinoid receptors 1 (CB1) and
2 (CB2). Modulation of CB1 receptors
with rimonabant (a synthetic cannabinoid) led to a signiﬁcant reduction in
body weight, waist circumference, and
triglyceride (TG) concentrations, and an
increase in HDL cholesterol (HDL-C) and
adiponectin concentrations (4), as well
as a reduction in HbA1c in subjects with
type 2 diabetes (20.8 to 21.25%; P ,
0.001). However, marketing authorization for rimonabant was withdrawn in
2008 because of an increased incidence
of psychiatric adverse events (AEs) (5).
Rimonabant is thought to be a CB1 receptor antagonist/inverse agonist, but it
is unclear whether modulation of other
cannabinoid receptor activity could have
beneﬁcial metabolic effects without significant psychiatric effects.
Cannabidiol (CBD) is one of the major
phytocannabinoids obtained from the
Cannabis sativa L. plant. In rodent studies, CBD has multiple desirable effects in
the context of hyperglycemia, mainly
through its anti-inﬂammatory and antioxidant properties (6–10). In animal
models of obesity (ob/ob genetically
obese mice), 4 weeks of treatment
with CBD 3 mg/kg produced a 55%
increase in HDL-C concentration and
reduced total cholesterol by .25%
(C.S., unpublished data). In addition,
the same dose reduced liver TGs and
increased both liver glycogen and adiponectin concentration. There is also evidence from animal studies showing that
CBD modulates cardiovascular response
to stress (11).
Unlike the related molecule Δ 9 tetrahydrocannabinol (THC), CBD does
not activate CB1 receptors in the brain
and therefore lacks the psychotropic actions of THC. Indeed, CBD may reduce
psychosis (12) and mitigate the psychoses associated with cannabis misuse
(13). Other receptor sites implicated in
the actions of CBD include the orphan
G-protein–coupled receptor-55 (GPR55),
the putative endothelial cannabinoid receptor, the transient receptor potential vanilloid 1 (TRPV1) receptor, a1-adrenoceptors,
m opioid receptors, and the adenosine
transporter and serotonin-1A receptors
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(14). CBD also activates and has physiological responses mediated by peroxisome proliferator–activated receptor g
(15–17). A CBD/THC combination (Sativex/
Nabiximols; GW Pharmaceuticals) is currently licensed in most European Union
countries and in Canada, New Zealand,
Australia, Malaysia, the United Arab
Emirates, and Kuwait, for the symptomatic treatment of spasticity in moderate
to severe multiple sclerosis, and CBD
alone (Epidiolex; GW Pharmaceuticals)
was granted orphan drug designation
by the U.S. Food and Drug Administration in February 2014 in Dravet and
Lennox-Gastaut syndromes in children,
with phase 3 clinical trials ongoing in
those conditions.
D9 -Tetrahydrocannabivarin (THCV)
is a naturally occurring analog of THC,
but with different pharmacological effects. It is has been reported to behave
as both a CB1/CB2 agonist and/or a CB1/
CB2-neutral antagonist (20–24), probably dose-dependent, with agonism observed at high doses and antagonism
at low doses (19). However, there is little
evidence of CB1 agonism in vivo compared
with the observed in vivo effects of THC at
similar doses. Other target sites of action
include GPR55 (23) and transient receptor
potential channels (24,25).
Acute intraperitoneal administration
of THCV in rodents at 3, 10, and 30
mg/kg body weight caused hypophagia
and weight loss, with food intake and
body weight returning to normal on
day 2 (26). The effect was similar to
that of a CB1 antagonist, AM251, also
used in the same study. In another
study, involving diet-induced obese
mice, oral THCV (2.5–12.5 mg/kg) reduced body fat content, increased energy expenditure, and reduced fasting
insulin and 30-min insulin response to
oral glucose tolerance test (OGTT) (27).
In the same study, in genetically obese
(ob/ob) mice, a similar increase in 24-h
energy expenditure was observed with
3 mg/kg THCV, whereas 12.5 mg/kg
THCV caused a signiﬁcant reduction in
liver TGs (27). In genetically obese mice
(ob/ob), a 1:1 ratio of a combination of
THCV and CBD (3:3 mg/kg) reduced
change to total cholesterol levels by
19% and increased HDL-C by 50%. The
same combination reduced liver TG, increased liver glycogen levels, reduced
fasting insulin, and increased energy expenditure (C.S., unpublished data).

The ﬁndings from these preclinical
studies demonstrate a potential beneﬁcial effect of both CBD and THCV, alone
or in combination, in diabetes and lipid
metabolism, with very distinct pharmacological proﬁles, and therefore different side effects, to rimonabant. This
prompted the ﬁrst-ever investigation
of the effects of CBD and THCV on dyslipidemia and glycemic control in subjects
with type 2 diabetes.
RESEARCH DESIGN AND METHODS
Subjects and Study Design

This randomized, double-blind, placebocontrolled, parallel-group, phase IIa
proof-of-concept study was conducted
at four U.K. centers. The protocol was
reviewed and approved by the East
Midlands–Leicester Multi Centre Research
Ethics Committee (10/H0406/42) and
local research and development departments as required and conducted in accordance with the Declaration of Helsinki.
All subjects provided written informed
consent.
Subjects aged $18 years with type 2
diabetes and HbA1c #10% (86 mmol/mol),
HDL-C #1.3 mmol/L in females and
#1.2 mmol/L in males, and plasma TGs
#10 mmol/L were eligible. Subjects
needed to either receive no oral hypoglycemic agents or take stable doses of
prespeciﬁed, noninsulin glucose-lowering
therapies (metformin, sulfonylurea, dipeptidyl peptidase-4 inhibitor, or glucagon-like
peptide 1 [GLP-1] therapy) for 3 months
prior to screening. Subjects not on statin
therapy or on a stable dose of a statin for
at least 4 weeks prior to randomization
were eligible for inclusion. Subjects were
also required not to make any changes to
their diet or exercise for 4 weeks prior to
randomization and during the course of
the study.
Main exclusion criteria (see Supplementary Data for full details) included
use of prohibited medications (insulin,
ﬁbrates, thiazolidinediones, therapeutic
omega-3 fatty acids, and a-glucosidase
inhibitors), recent or current use of cannabis, history of signiﬁcant depression,
planned travel outside the U.K. during
the course of study, genetic dyslipidemia, or signiﬁcant cardiac, renal, or hepatic impairment.
There was a 1- to 5-week period between screening (visit 1) and treatment
randomization (visit 2). Visit 1 could be
split into two separate visits (1A and 1B)
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to allow a 21-day washout period of the
prohibited medications prior to blood
sampling for eligibility. Remaining visits
occurred 4, 8, and 13 weeks after initiation of treatment (visits 3, 4, and 5, respectively) or earlier if patients withdrew.
A safety follow-up visit occurred 7 days
after study completion or withdrawal
(visit 6). Visits 4 and 6 were telephone
assessments.
Patients were required to take study
medication in the fasted state, twice daily,
30 min before breakfast and 30 min before evening meal, typically 12 h apart
for 13 weeks.
Study End Points and Assessments

The primary end point was change in
mean serum HDL-C from baseline, in
CBD and THCV groups, compared with
the change in placebo group at week
13. Secondary end points included
changes in lipid proﬁle, glycemic control,
insulin sensitivity, body weight, visceral adiposity, appetite, and cardiovascular function. Tertiary end points were changes in
markers of inﬂammation, vascular function, adipokines, endocannabinoids, and
gut hormone concentrations.
Serum lipid concentrations were analyzed with the Roche modular system
using enzymatic calorimetric assays.
Nonesteriﬁed fatty acid concentrations
were quantiﬁed on the Roche COBAS
311 system (Roche), using an acyl-CoA
synthetase/acyl-CoA oxidase method.
Apolipoprotein markers were analyzed
on the Roche COBAS 311 system (Roche)
using immunoturbidimetric assays based
on the principle of immunological agglutination. Plasma VLDL cholesterol
(VLDL-C) concentrations were determined
by ultracentrifugation.
A standard 75-g OGTT was performed,
and plasma glucose and serum insulin
were analyzed using the Roche modular
system (Roche) and Advia Centaur immunoassay analyzer (Siemens Healthcare),
respectively. HOMA-insulin resistance, insulin sensitivity, and b-cell function were
calculated using the HOMA2 Calculator
v2.2 (Diabetes Trials Unit, University of
Oxford).
Plasma endocannabinoids N-arachidonoylethanolamine (AEA), 2-arachidonoylglycerol (2-AG), oleoylethanolamine
(OEA), and palmitoylethanolamine (PEA)
were analyzed using liquid chromatographytandem mass spectrometry, based on a
previously published method (28). Ketones,
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orexin A, and retinol-binding protein
4 (RBP-4) were analyzed using immunoassay, whereas all other tertiary end
points including adiponectin, resistin,
leptin, E-selectin, vascular cell adhesion
molecule, Von Willebrand factor, C-reactive
protein (CRP), interleukin-6, tumor necrosis
factor-a, glucose-dependent insulinotropic
peptide (GIP), ghrelin, and GLP-1 were
analyzed by multiplex analysis, using
commercially available kits (Milliplex,
HMHMAG-34K, HCVD1-67AK, HADK-161K-A, HCVD2-67BK, BPHCVD05-6; Merck
Millipore).
Resting blood pressure was measured
using a digital blood pressure monitor,
whereas cardiovascular parameters including systolic, diastolic, and mean arterial pressure, heart rate, stroke volume,
cardiac output, interbeat interval, ejection
time, and total peripheral resistance were
measured using a Finometer (Finapres
Medical Systems), which uses a ﬁngerclamp method to detect beat-to-beat
changes in digital arterial diameter with
an infrared photoplethysmograph.
Adipose tissue distribution was assessed using whole-body MRI; images
were analyzed by a blinded investigator
using sliceOmatic (TomoVision, Magog,
Canada). Body weight and seven-point
skinfold measures were also recorded.
Hepatic TG concentration was assessed
using MRS and analyzed using JMRUI
software.
Patient’s Global Impression of Change
(PGIC) and Clinician’s Global Impression
of Change (CGIC) were assessed using an
ordinal seven-point Likert scale (1, very
much improved, to 7, very much worse).
Changes in appetite were established
using patients’ scores of their appetites
that they recorded on daily basis using
an appetite 0–10 numerical rating scale
(NRS), in which 0 is no appetite (do not
feel hungry) and 10 is maximum appetite (completely hungry all the time)
(29). The change from mean baseline
score (mean of 7 days before start of
treatment) was compared with the
mean score from the last 7 days on
treatment (end of 13 weeks).
Safety assessments included reporting
for AEs and serious AEs (SAEs), recording
vital signs, pre- and posttreatment laboratory sampling and electrocardiograms, and
change from baseline in Beck Depression
Inventory-II (BDI-II) scores.
The BDI-II questionnaire, an assessment for anxiety and depression, is a

multiple-choice, self-reported inventory
and is one of the most widely used and
validated instruments for measuring severity of depression (30).
Statistical Methods

An independent statistician produced a
schedule for random treatment allocation, which was held centrally and not
divulged to any other person involved in
the study until the database had been
locked. Patients were randomly allocated to treatment groups in a 1:1:1 ratio, stratiﬁed by center, according to the
randomization schedule. Study site staff
identiﬁed the pack number to be dispensed to the subject at each of visits
2 and 3 according to the randomization
schedule.
Analysis was performed using the
intention-to-treat population; all subjects who were randomized received at
least one dose of study medication and
had on-treatment efﬁcacy data. All statistical tests were two-sided at the 5%
signiﬁcance level. Between-group differences and 95% CIs were also calculated. The primary end point and the
majority of secondary end points were
analyzed using ANCOVA of the changes
from baseline to the end of treatment in
the associated parameter, with the exception of the PGIC and CGIC, which
were analyzed with ordinal logistic regression using the cumulative proportional odds model. The parameter’s
baseline values were included as a covariate, and treatment was included as a
factor. The tertiary variables were analyzed using ANCOVA with baseline value
as covariate and treatment group and
sex as factors or using pairwise Fisher
exact test, as appropriate. The null hypothesis was one of no difference in the
effects of any of the active treatments
compared individually with placebo.
As this study was a phase 2a proof-ofconcept study, no formal sample size calculation was performed.
Changes from baseline in all the
plasma markers were analyzed post hoc
using a paired t test, and the glucose response to OGTT was analyzed using repeated-measures two-way ANOVA.
RESULTS

A total of 125 patients was screened and
62 randomized to the 5 treatment arms.
The disposition of subjects enrolled is
presented in Fig. 1. Subjects were similar
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Figure 1—Summary of breakdown of patients enrolled in the study. A total of 125 subjects were screened and 62 randomized to this study.

between treatment groups (Table 1) in
terms of baseline characteristics.
Lipids

THCV had no effect on HDL-C concentrations (Table 2), but it increased apolipoprotein A (Apo A) concentrations compared
with placebo from baseline to the end of
treatment (from 48.5 to 49.1 mmol/L in
the THCV vs. 47.3 to 43.9 mmol/L in the placebo group; P , 0.05) (Fig. 2A). THCV had
no effect on LDL cholesterol (LDL-C) concentrations. CBD alone and in combination with THCV did not affect any of the
lipid parameters (Table 2).
Glycemic Control

THCV reduced fasting plasma glucose
concentration compared with placebo
from baseline to the end of treatment
(from 7.4 to 6.7 mmol/L in the THCV vs.
7.6 to 8.0 mmol/L in the placebo group;
estimated treatment difference [ETD] =
21.24 6 0.6 [SEM]; P , 0.05) (Fig. 3A).
In line with this, there was a signiﬁcant
increase in HOMA2 b-cell function in the
THCV treatment group compared with
placebo from baseline to the end of
treatment (from 105.1 to 144.4 in the
THCV group vs. 96.4 to 94.7 in the placebo group; ETD = 44.6 6 16.1 [SEM];
P , 0.01) (Table 2 and Fig. 3B). There
was no signiﬁcant difference in glucose

response to OGTT at 2 h. However, when
compared with baseline, THCV signiﬁcantly improved 3-h blood glucose
response (P , 0.05) (Fig. 3C). CBD
alone or in combination with THCV
had no effect on glycemic parameters
(Table 2).

Markers of Inﬂammation

Both THCV and CBD, or their combination, had no signiﬁcant effect on plasma
markers of inﬂammation (CRP, tumor
necrosis factor-a, and interleukin-6)
(Supplementary Table 1).
Gut Hormones

Vascular Function

Compared with placebo, CBD and THCV,
alone and in combination, had no effect
on cardiovascular parameters (Table 2)
or plasma markers of vascular function
(Supplementary Table 1).
Adipokines

There was an increase from baseline in
adiponectin concentration in the THCV
group and a reduction in placebo group;
the treatment difference was statistically signiﬁcant in favor of THCV treatment (ETD 25.9 3 106 pg/mL; P , 0.01)
(Fig. 3B). Plasma concentrations of leptin and resistin remained unchanged
with THCV treatment. Compared with
baseline rather than placebo, CBD
caused a signiﬁcant reduction in the
concentration of resistin (2898 pg/mL;
P , 0.05) (Fig. 3C), but had no effect on
leptin or adiponectin. Subjects taking a
combination of CBD and THCV had no
change in adipokine levels (Supplementary Table 1).

THCV, on its own and in combination
with CBD, had no effect on the concentrations of gut signaling hormones including
GLP-1, GIP, and ghrelin (Supplementary
Table 1). However, in a post hoc analysis,
for which posttreatment concentrations
were compared with baseline (rather
than placebo), CBD caused a signiﬁcant increase in the concentration of
GIP (21.2 pg/mL; P , 0.05) (Fig. 3D),
without any effect on GLP-1 or ghrelin
concentrations.
Body Weight

Baseline mean body weight (kg 6 SD) in
the CBD, THCV, 1:1 CBD/THCV, 20:1
CBD/THCV, and placebo groups were
97.1 6 13.8, 98.3 6 17.5, 100.7 6
14.5, 100.5 6 17.9, and 94.2 6 19.1,
respectively. There were no statistically
signiﬁcant changes in anthropometric
parameters including weight, waist circumference, waist-to-hip ratio, and
skinfold thickness in any of the treatment groups (Table 2).
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Table 1—Summary of patient demographics and concomitant therapy
CBD
(n = 13)

THCV
(n = 12)

1:1 CBD/THCV
(n = 11)

20:1 CBD/THCV
(n = 12)

Placebo
(n = 14)

Total
(n = 62)

Male, number of subjects (%)

10 (77)

10 (83)

6 (55)

9 (75)

7 (50)

42 (68)

Female, number of subjects (%)

3 (23)

2 (17)

5 (45)

3 (25)

7 (50)

20 (32)

Age (years), mean (SD)

56.8 (9.9)

62.5 (12.6)

59.3 (8.8)

58.0 (8.1)

58.6 (7.7)

59.0 (9.4)

Weight (kg), mean (SD)

97.2 (13.8)

98.3 (17.5)

100.7 (14.5)

100.5 (17.9)

94.2 (19.1)

98.0 (16.4)

BMI (kg/m2), mean (SD)

33.2 (5.4)

34.0 (6.5)

36.4 (5.6)

35.4 (4.6)

33.4 (7.0)

34.4 (5.8)

Duration since diagnosis of
diabetes (years), mean (SD)

2.8 (3.3)

4.8 (3.6)

4.4 (2.7)

5.1 (3.3)

3.8 (3.5)

4.2 (3.3)

9 (69)
1 (8)
3 (23)
9 (69)

9 (75)
1 (8)
5 (42)
11 (92)

10 (91)
1 (9)
4 (36)
10 (91)

11 (92)
1 (8)
3 (25)
8 (67)

12 (86)
1 (7)
4 (29)
13 (93)

51 (82)
5 (8)
19 (31)
51 (82)

Number (%) of patients on antidiabetic
and lipid-lowering therapy
Metformin
DPP-4 inhibitors
Sulfonylureas
Statins
DPP-4, dipeptidyl peptidase 4.

Visceral Adiposity and Liver TGs

There were no changes in visceral adiposity or liver TG (Table 2) as assessed by
MRI/MRS in any of the treatment groups.
Appetite

None of the treatments had any signiﬁcant impact on appetite as assessed by
0–10 NRS scores (Table 2).
PGIC and CGIC

A full summary of the PGIC and CGIC
assessment responses is presented in
Supplementary Figs. 1 and 2. Analysis
of these responses showed a treatment
difference in favor of all the active treatments, to varying degrees, but most notably between the 1:1 CBD/THCV and
placebo treatment groups on CGIC.
There were reported improvements in
7 out of 11 (63.6%) patients in the CGIC
on 1:1 CBD/THCV treatment, compared
with only 2 of the 14 (14.3%) patients on
placebo, with a recorded improvement on
CGIG. This translated to a statistically signiﬁcant treatment effect of 1:1 CBD/THCV
treatment compared with placebo, with
an odds ratio of 9.529 (P , 0.05) in the
CGIC. No other statistically signiﬁcant effects were calculated for any other active
treatment in either assessment.
Endocannabinoids

There was no signiﬁcant change in the levels of circulating AEA, 2-AG, OEA, and PEA
after 13 weeks of any treatment (Table 2).
Post Hoc Analysis in THCV Group
Analyzing Glucose Response to OGTT
and Changes in HbA1c

An improvement in glucose response
to OGTT was noted in the THCV group at

3 h (Fig. 3C). When subjects on any form
of diabetes treatment other than diet/
metformin were excluded from analysis,
this effect became more pronounced
(P , 0.05 at 1 h and P , 0.01 at 3 h;
n = 6) (Fig. 3D). In the same group of
patients receiving diet/metformin only,
compared with placebo, a signiﬁcant improvement in HbA1c was also observed
(P , 0.05) (Fig. 3E).
Safety

The study medication was well tolerated, with the majority of subjects experiencing AEs that were mild or moderate
in severity. Treatment-emergent (all
causality) AEs were reported by 11 of
13 (84.6%) subjects in the CBD group,
11 of 12 (91.7%) in the THCV group,
7 of 11 (63.6%) in the 1:1 CBD/THCV
group, and 8 of 11 (66.7%) in the 20:1
CBD/THCV group, compared with 13 of
14 subjects (92.9%) receiving placebo.
The more common treatment-related
AE reported by subjects in all the groups,
except for 20:1 CBD/THCV, was decreased appetite (two subjects [15.4%]
receiving CBD, four subjects [33.3%] receiving THCV, one subject [9.1%] receiving 1:1 CBD/THCV, and two subjects
[14.3%] receiving placebo). None of
the subjects in the 20:1 CBD/THCV
group experienced an AE of decreased
appetite. Two subjects reported diarrhea with THCV, compared with no subjects in the placebo group. Two subjects
(14.3%) on placebo also reported dizziness. All other treatment-related AEs
were reported in individual subjects.
No deaths occurred during the study.
There were two SAEs in this study. One

patient (8.3%) taking 20:1 CBD/THCV
treatment experienced an SAE of myocardial infarction that was considered
moderate in severity, had recovered by
the end of study, and was not considered to be treatment related. One placebo patient experienced an SAE of
myocardial ischemia that was not considered to be treatment related, was
mild in severity and occurred on day
92 of the study; the SAE was still ongoing
at the end of the study.
Mean changes from screening to the
end of treatment in BDI-II scores for the
CBD, THCV, and 1:1 CBD/THCV treatment groups were 0.85, 0.58, and 0.27
points, respectively, which were not
statistically signiﬁcant from placebo
(change from baseline of 20.08 points),
and remained within the “minimal depression” range for all treatments. The
largest change from baseline to the end
of treatment in BDI-II score was in the
20:1 CBD/THCV treatment group (4.91
points). Although this remained in the
“minimal depression” bracket, it was
statistically signiﬁcant compared with
placebo (ETD = 4.77; P , 0.01).
Conclusions

The aim of this pilot study was to investigate the clinical effect and tolerability
of two phytocannabinoids, THCV and
CBD, alone and in combination, in subjects
with type 2 diabetes and dyslipidemia.
THCV signiﬁcantly decreased fasting
plasma glucose, and increased b-cell
function, adiponectin, and Apo A concentrations, and was well tolerated in
patients. These ﬁndings suggest that
THCV may represent a new therapeutic
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Treatment
1.0 6 0.3
4.3 6 0.7
2.4 6 0.6
0.4 6 0.2
1.0 6 0.5
2.3 6 1.3
43.6 6 6.6
3.3 6 0.7
0.7 6 0.2
0.5 6 0.3
22.2 6 17.1
8.4 6 2.8
256.8 6 44.6
7.0 6 1.1
6.6 6 2.7
454.8 6 387.5
123.8 6 60.8
0.9 6 0.2
2.6 6 1.5
53.0 6 36.2
69.6 6 31.5
33.0 6 4.9
108.0 6 10.6
1.0 6 0.1
42.1 6 3.7
8.5 6 2.2
4.9 6 1.0
132.2 6 13.0
70.6 6 8.8
70.5 6 15.7
4.6 6 3.7
0.2 6 0.05
4.7 6 2.9
1.8 6 0.7
1.8 6 0.7

Baseline

1.0 6 0.3
4.5 6 0.9
2.5 6 0.7
0.5 6 0.2
0.8 6 0.4
2.2 6 1.4
48.6 6 9.7
3.1 6 0.8
0.6 6 0.2
0.6 6 0.2
26.9 6 16.9
8.0 6 2.3
259.5 6 34.4
6.9 6 0.9
7.4 6 2.4
604.1 6 605.2
110.3 6 42.8
0.9 6 0.2
2.3 6 0.9
51.3 6 20.1
70.9 6 27.2
33.2 6 5.4
107.7 6 10.8
1.0 6 0.05
42.4 6 3.3
8.1 6 1.9
5.6 6 1.0
133.4 6 16.4
70.1 6 8.8
71.5 6 17.7
3.8 6 3.5
0.2 6 0.1
5.0 6 2.9
2.4 6 1.1
2.7 6 1.9

Baseline
1.1 6 0.1
3.8 6 0.9
2.0 6 0.6
0.6 6 0.3
1.0 6 0.7
1.7 6 1.1
48.5 6 7.0
2.6 6 0.6
0.5 6 0.1
0.6 6 0.1
11.9 6 8.0
7.4 6 2.3
238.2 6 25.0
6.6 6 0.6
5.7 6 3.1
661.0 6 381.2
152.9 6 94.2
1.0 6 0.3
3.0 6 1.9
47.3 6 32.4
105.1 6 64.7
34.0 6 6.5
115.3 6 13.1
1.0 6 0.05
42.8 6 3.8
9.1 6 3.5
5.4 6 1.7
135.9 6 13.4
70.6 6 12.2
74.5 6 12.3
2.8 6 3.8
0.2 6 0.1
4.3 6 1.7
2.4 6 1.0
2.7 6 1.1

1.1 6 0.2
3.7 6 1.0
2.0 6 0.8
0.6 6 0.3
0.9 6 0.7
1.8 6 1.5
49.1 6 6.4b
2.7 6 1.0
0.5 6 0.2a
0.6 6 0.2
11.5 6 13.5
6.7 6 1.9b
239.3 6 28.7
6.5 6 0.7
6.2 6 2.7
724.9 6 589.6
203.5 6 197.7
1.1 6 0.5
3.8 6 3.3
53.5 6 44.3
144.4 6 110.3b
33.8 6 6.7
114.9 6 13.8
1.0 6 0.06
42.8 6 3.6
9.0 6 3.5
5.0 6 1.5
132.8 6 17.1
71.0 6 9.4
74.1 6 12.4
3.3 6 3.3
0.2 6 0.1
13.6 6 28.6
2.3 6 0.6
2.5 6 0.7

Treatment

Baseline
1.0 6 0.2
4.2 6 1.1
2.2 6 0.8
0.5 6 0.2
1.0 6 0.5
2.4 6 1.6
48.7 6 11.1
3.0 6 0.9
0.6 6 0.2
0.7 6 0.3
33.3 6 18.3
8.5 6 2.5
254.4 6 35.7
7.2 6 1.1
8.7 6 3.8
789.5 6 677.2
175.3 6 86.1
1.2 6 0.2
3.5 6 1.6
34.9 6 17.1
95.7 6 50.7
36.4 6 5.6
115.4 6 9.5
1.0 6 0.1
42.7 6 3.3
8.5 6 3.0
4.7 6 1.2
126.4 6 11.6
73.2 6 6.8
80.1 6 12.2
4.5 6 5.2
0.2 6 0.1
6.2 6 3.1
2.5 6 0.8
2.5 6 0.7

1.0 6 0.3
3.8 6 0.7
2.0 6 0.5
0.6 6 0.2
1.0 6 0.4
2.2 6 1.2
46.8 6 7.4
2.9 6 0.7
0.6 6 0.2
0.6 6 0.2
32.2 6 26.2
8.7 6 2.0
256.0 6 55.2
7.4 6 1.5
8.8 6 2.5
900.2 6 875.8
185.7 6 67.6
1.2 6 0.3
3.7 6 1.3
30.4 6 12.9
93.8 6 47.5
36.1 6 5.7
116.2 6 11.8
1.0 6 0.05
42.2 6 3.8
8.6 6 2.7
3.6 6 1.6
134.3 6 12.8
77.5 6 7.7
76.6 6 8.0
4.7 6 5.0
0.2 6 0.1
5.0 6 1.5
2.2 6 0.7
2.4 6 0.6

Treatment
1.0 6 0.1
4.6 6 0.9
2.8 6 0.6
0.4 6 0.1
1.1 6 0.4
1.9 6 0.7
48.7 6 10.0
3.4 6 0.7
0.7 6 0.2
0.7 6 0.2
23.2 6 14.3
8.4 6 2.8
253.3 6 34.8
7.2 6 0.9
5.6 6 3.4
659.3 6 570.4
197.6 6 107.9
1.1 6 0.3
4.2 6 2.9
30.2 6 11.4
103.7 6 60.6
35.4 6 4.6
113.7 6 13.1
1.0 6 0.1
42.8 6 3.6
9.1 6 2.5
5.0 6 2.2
132.7 6 11.0
73.5 6 10.4
77.1 6 12.1
2.8 6 2.7
0.2 6 0.04
3.8 6 1.5
2.2 6 0.5
2.5 6 1.2

Baseline
1.0 6 0.1
4.2 6 0.6
2.5 6 0.5
0.4 6 0.1
1.0 6 0.3
1.9 6 0.7
45.7 6 6.3
3.4 6 0.6
0.7 6 0.1
0.6 6 0.2
25.4 6 17.4
8.8 6 3.1
268.8 6 58.2
7.3 6 1.3
6.6 6 2.3
651.6 6 730.0
192.2 6 69.1
1.2 6 0.3
4.0 6 1.5
28.9 6 11.5
97.9 6 50.5
35.4 6 4.4
113.5 6 12.1
1.0 6 0.1
42.5 6 4.0
10.2 6 2.2
4.1 6 1.9
134.2 6 14.8
72.2 6 10.5
82.0 6 15.8
7.9 6 7.6
0.2 6 0.1
3.7 6 1.7
2.2 6 0.8
2.6 6 1.7

Treatment

20:1 CBD/THCV (n = 12)
1.0 6 0.3
4.0 6 0.7
2.2 6 0.6
0.5 6 0.1
1.0 6 0.5
2.1 6 1.4
47.3 6 8.8
2.9 6 0.7
0.6 6 0.2
0.6 6 0.2
20.5 6 15.1
7.6 6 1.4
241.4 6 19.3
7.0 6 0.7
7.9 6 2.6
653.6 6 381.5
171.7 6 105.0
1.0 6 0.4
3.4 6 2.1
42.4 6 29.2
96.4 6 41.4
33.4 6 7.0
109.2 6 13.0
1.0 6 0.1
41.7 6 4.8
7.2 6 2.4
5.1 6 1.3
137.2 6 11.9
73.0 6 9.5
72.1 6 10.8
3.5 6 3.9
0.2 6 0.1
5.0 6 3.3
2.4 6 0.5
2.9 6 1.3

Baseline

1.0 6 0.2
3.9 6 0.9
2.2 6 0.7
0.5 6 0.1
0.9 6 0.4
2.0 6 1.1
43.9 6 7.2
3.0 6 0.6
0.7 6 0.1
0.6 6 0.2
18.5 6 15.4
8.0 6 1.6
253.7 6 32.0
7.3 6 1.0
8.4 6 2.2
619.7 6 455.3
179.7 6 75.7
1.1 6 0.4
3.6 6 1.5
37.8 6 32.2
94.7 6 39.2
32.9 6 7.7
108.4 6 13.1
1.0 6 0.1
41.1 6 4.8
7.5 6 3.4
4.5 6 1.3
140.4 6 11.2
72.3 6 10.6
75.5 6 7.3
3.5 6 3.2
0.2 6 0.1
5.3 6 3.4
2.1 6 0.5
2.0 6 0.4

Treatment

Placebo (n = 14)

CBD and THCV in Humans With Type 2 Diabetes

Data are mean 6 SD. Apo B, apolipoprotein B; BP, blood pressure; HOMA2-IR, HOMA2–insulin resistance; NEFA, nonesteriﬁed fatty acid; Total-C, total cholesterol; UC, ultracentrifugation. aP , 0.05; bP , 0.01
compared with placebo.

HDL-C (mmol/L)
Total-C (mmol/L)
LDL-C (mmol/L)
HDL/LDL-C ratio
UC VLDL-C (mmol/L)
TG (mmol/L)
Apo A (mmol/L)
Apo B (mmol/L)
Apo B/Apo A ratio
NEFA (mmol/L)
Liver TG (%)
Fasting glucose (mmol/L)
Fructosamine (mmol/L)
HbA1c (%)
Glucose, 2-h OGTT (mmol/L)
Insulin, 2-h OGTT (pmol/L)
Fasting insulin (pmol/L)
C-peptide (nmol/L)
HOMA2-IR
HOMA2 insulin sensitivity
HOMA2 b-cell function
BMI (kg/m2)
Waist circumference (cm)
Waist-to-hip ratio
Neck circumference (cm)
Visceral abdominal fat (L)
Appetite 0–10 NRS score
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse rate (bpm)
BDI-II score
AEA
2-AG
OEA
PEA

Variable

Table 2—Clinical data before (baseline) and after (treatment) 13 weeks of randomized treatment
CBD (n = 13)
THCV (n = 12)
1:1 CBD/THCV (n = 11)
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Figure 2—Compared with placebo, THCV alone caused a signiﬁcant improvement in the concentration of Apo A (A) and adiponectin (B). Data were
analyzed by ANCOVA and presented as mean 6 SEM. CBD caused a signiﬁcant reduction in resistin (C) and an increase in GIP concentration (D), when
compared with pretreatment values. Data were analyzed post hoc using paired t test and presented as mean 6 SEM. BID, twice daily. *P , 0.05;
**P , 0.01.

agent for glycemic control in subjects
with type 2 diabetes.
The ECS plays an important role in
modulating energy intake and expenditure (for reviews, see Refs. 1,2), and a
chronically overactive ECS may have a
role in diabetes and its various complications (2). A recent cross-sectional
study showed that marijuana use was
associated with lower concentrations
of fasting insulin, insulin resistance,
and waist circumference (31). Some of
the favorable metabolic effects seen
with smoking cannabis may be due to
partial CB 1 agonists like THC, which
may act as a functional antagonist in
conditions of increased endocannabinoid tonelike obesity, because of its
lower CB1 binding afﬁnity and efﬁcacy
in comparison with 2-AG, for which levels are elevated in visceral obesity (32).
Rimonabant, a CB1 receptor antagonist,
was the ﬁrst in its class to be used as
antiobesity drug, but led to signiﬁcant
psychiatric AEs (5). Preclinical studies
with the plant-derived compound
THCV have shown that it produces hypophagia and weight reduction in lean
mice (26) and improves glucose tolerance and insulin sensitivity in dietinduced obese mice (27). Similar results
have been seen with CBD in ob/ob
mice (C.S., unpublished data), and CBD
has been reported to lower the incidence of diabetes in nonobese diabetic mice (33) and arrest the onset
of autoimmune diabetes in nonobese

diabetic mice (34). Given the positive
metabolic effects of both THCV and
CBD in preclinical studies and their potent anti-inﬂammatory and antioxidant
properties (20,35,36), we decided to investigate, for the ﬁrst time, their efﬁcacy
and tolerability in subjects with type 2
diabetes.
THCV Alone

THCV treatment alone had no effect on
HDL-C concentration. It did, however,
produce a signiﬁcant rise in serum Apo
A, when compared with placebo. Apo A
makes up 90% of HDL protein and constitutes an important structural component of the HDL particle. Apo A I, which
accounts for 70% of the Apo A (the remaining 20% accounted for by Apo A II),
plays an important role in reverse cholesterol transport (37). The signiﬁcance
of this result remains unclear.
THCV signiﬁcantly reduced fasting
blood glucose concentrations, improved
HOMA2 b-cell function, and improved
the 3-h blood glucose response to OGTT,
without any signiﬁcant difference in insulin response. These ﬁndings are in
keeping with the recent animal data, in
which THCV improved fasting glucose
and 30-min glucose response to OGTT
and also improved insulin sensitivity by
reducing fasting and post–glucose insulin concentrations (27). In the same
study, THCV treatment improved insulin-induced phosphorylation of Akt (also
known as protein kinase B) in insulinresistant human hepatocytes and mice

myotubes, suggesting improved insulin
signaling as one of the possible mechanisms of action.
Although there was an improvement
in fasting and 3-h post-OGTT blood glucose, there were no changes in body
weight and gut hormone concentrations. In fact, a rise in the concentration
of RBP-4 was observed with THCV, an
adipokine that has been associated with
obesity and insulin resistance (38).
Therefore, the mechanism by which
THCV improves glycemic control remains
unclear.
THCV signiﬁcantly increased adiponectin concentrations. Adiponectin
enhances hepatic insulin sensitivity, increases fatty acid oxidation, and has important antiatherogenic properties. Its
concentrations are reduced in obesity
and type 2 diabetes (39).
Positive metabolic effects of THCV on
glycemic control and adiponectin concentrations were also seen with rimonabant, the ﬁrst CB 1 antagonist to be
licensed as antiobesity medication that
was later withdrawn from market due to
increased incidence of psychiatric AEs
(5). It is, however, important to emphasize that although rimonabant consistently reduced body weight in all the
reported randomized clinical trials, no
such change was seen with THCV, suggesting clear differences in the mechanisms of action of these compounds.
Recent animal data with THCV similarly
showed no effect on body weight (27).
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Figure 3—Compared with placebo, THCV alone caused signiﬁcant improvement in fasting glucose (A), and in keeping with this, there was a highly
signiﬁcant improvement in b-cell function measured by HOMA2 (B). THCV caused signiﬁcant improvement in 3-h glucose response during OGTT (C),
when compared with pretreatment values. Data were analyzed using two-way ANOVA and presented as mean 6 SEM. D: Compared with pretreatment values, there was a highly signiﬁcant improvement in 3-h glucose response to OGTT with THCV, when subjects on any oral hypoglycemic
therapy other than diet and/or metformin were excluded from analysis (n = 6). In the same subgroup (analyzed post hoc), compared with placebo,
there was a statistically signiﬁcant improvement in HbA1c (E). Data were analyzed post hoc using repeated-measures two-way ANOVA and paired
t test, respectively, and presented as mean 6 SEM. BID, twice daily. *P , 0.05; **P , 0.01.

Moreover, rimonabant improved the
lipid proﬁle (increased HDL-C and reduced TG levels), whereas THCV had no
effect on lipid parameters in our study
(4). There is also a clear difference in
chemical structure between THCV and
rimonabant. It is therefore reasonable
to believe that THCV and rimonabant
have different pharmacological and
safety proﬁles. At micromolar concentrations, THCV inhibits the activity of
both fatty acid amide hydrolase and
monoacyl glycerol lipase, thereby inhibiting the hydrolysis of AEA and 2-AG, respectively (40). THCV, therefore, can act
as an indirect agonist at the cannabinoid
receptors, by enhancing the activity of
the ECS. Because such a change was

not seen in our study, it is reasonable
to believe that, at the dose tested,
THCV was unable to modulate the ECS.
Recent animal data from Wargent et al.
(27) showed that most of the positive
metabolic effects of THCV were seen
with 5 and 12.5 mg/kg doses given orally
in rodents. In comparison with this, the
dose used on our study (10 mg/day, ;0.1
mg/kg in humans) was much lower.
CBD Alone

Although CBD did not produce any effects on the primary and secondary efﬁcacy outcomes compared with placebo,
it reduced circulating resistin concentrations from baseline, while increasing
the concentration of circulating GIP.
Increased concentrations of resistin are

associated with obesity and insulin resistance (41). GIP is one of the incretin
hormones produced by K cells in the
proximal duodenum, which is known
to have insulinotropic and pancreatic
b-cell–preserving properties (42). Despite having positive effects on resistin
and GIP, CBD did not produce any improvement in glycemic control.
CBD is known for its indirect agonism
at the CB1 receptors, by either increasing
CB1 constitutional activity or the endocannabinoid tone. CBD has been reported
to inhibit hydrolysis of AEA by fatty acid
amide hydrolase (but only at high micromolar levels) and also increases 2-AG
levels (39). In a recent clinical study, in
subjects with schizophrenia, 800 mg/day

care.diabetesjournals.org

of CBD treatment signiﬁcantly increased
serum AEA levels and was associated
with an improvement in clinical proﬁle
of these subjects (12). In our study, CBD
(albeit at a much lower dose), alone or in
combination with THCV, had no effect on
the plasma levels of endocannabinoids,
suggesting that it had minimal interaction
with the ECS at the doses investigated.
Studies in rodents have used intraperitoneal CBD in a dose ranging from
1 mg/kg/day to 20 mg/kg/day, with positive effects on the metabolism seen only
with higher dose ranges (7–9). In a 70-kg
individual, a 20 mg/kg/day dose equates
to 1,400 mg/day. Similarly, human studies
have used CBD in higher doses (12,43). The
dose used in our study was 200 mg/day,
which could possibly explain lack of therapeutic effects seen with CBD.
Combination of CBD and THCV

Except for an improvement in CGIC assessments with 1:1 CBD/THCV treatment, none of the efﬁcacy parameters
were affected by 1:1 or 20:1 combination of CBD and THCV. There was a trend
toward an improvement in most lipid
parameters and the overall incidence
of all-causality treatment-related AEs
was lowest in the 1:1 CBD/THCV treatment group; these factors could have
led to an impression of improvement
in subjects’ overall condition with this
treatment. Although the combination
of CBD and THCV did not produce any
favorable effects on any of the parameters, the favorable effects of THCV were
also lost in the combination treatment.
Similarly, the positive effects of CBD on GIP
and resistin were not seen in any of the
combination treatments. This suggests
that CBD and THCV in combination may
counteract their individual therapeutic effects at least in the ratios and doses tested
in this study. This may be at the level of
receptors or due to interference with each
other’s metabolism or therapeutic half-life
and requires further investigation.
Safety

Both CBD and THCV were well tolerated,
with the majority of patients experiencing AEs that were mild in severity. The
most common AE was reduced appetite
with similar incidence across all of the
treatment groups. There were no reports
of depression and no clinically signiﬁcant
abnormalities on electrocardiogram and
laboratory results, including blood count
and liver and renal biochemistry, in any
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treatment groups. There was one SAE of
myocardial ischemia in the placebo group
and one SAE of myocardial infarction in the
20:1 CBD/THCV group; both were considered unrelated to study medication. With
regards to the BDI-II scale, although the
change in 20:1 CBD/THCV treatment
group was statistically signiﬁcant, all
mean active treatments and placebo
scores remained in the “minimal depression” range.
CONCLUSIONS

In this clinical study, the ﬁrst to study
the effects of CBD and THCV in subjects
with type 2 diabetes and dyslipidemia,
THCV improved glycemic control and
therefore warrants further investigation
in this therapeutic area. CBD failed to
show any detectable metabolic effects
despite producing desirable changes in
some adipokines and gut hormone concentrations. The incidence of AEs was
similar between treatment groups, and
both CBD and THCV were well tolerated.
No new safety concerns were identiﬁed
in the study.
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22. Bátkai S, Mukhopadhyay P, Horváth B, et al.
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Abstract
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A randomized, double-blinded, placebo controlled crossover study was conducted in 16 patients
with painful diabetic peripheral neuropathy to assess the short-term efficacy and tolerability of
inhaled cannabis. In a cross-over design, each participant was exposed to a single dosing session
of placebo, low (1% tetrahydrocannabinol, THC), medium (4% THC), or high (7% THC) doses of
cannabis. Baseline spontaneous pain, evoked pain and cognitive testing were performed. Subjects
were then administered aerosolized cannabis or placebo and the pain intensity and subjective
highness score was measured at 5, 15, 30, 45, and 60 minutes and then every 30 minutes for an
additional 3 hours. Cognitive testing was performed at 5 and 30 minutes and then every 30
minutes for an additional 3 hours. The primary analysis compared differences in spontaneous pain
over time between doses using linear mixed effects models. There was a significant difference in
spontaneous pain scores between doses (p<0.001). Specific significant comparisons were placebo
versus low, medium, high dose (p = 0.031, 0.04 and <0.001 respectively) and high versus low,
medium (both p<0.001). There was a significant effect of the high dose on foam brush and von
Frey evoked pain (both p<0.001). There was a significant negative effect (impaired performance)
of the high dose on two of the three neuropsychological tests (Paced Auditory Serial Addition
Test, Trail Making Test B.

INTRODUCTION
Author Manuscript

The prevalence of diabetic peripheral neuropathy (DPN) appears to be increasing so that it
now effects an estimated 366 million individuals worldwide.[1] DPN occurs in
approximately 50% of patients with diabetes with about 15% being painful.[2, 3]. DPN can
present in several forms ranging from mononeuropathy to distal polyneuropathy. Patients
often complain of pain and hyperalgesia in their feet, usually worse at night. Other
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symptoms include numbness, paresthesia, sensitivity to touch, unsteadiness and weakness.
[4] Multiple studies have demonstrated the adverse impact and high healthcare costs of DPN
with one study showing a 1.5-4 times higher expense than for postherpetic neuralgia.[5-7]
There are currently 2 FDA approved medications for the treatment of diabetic peripheral
neuropathy. Many patients do not achieve satisfactory relief with current treatments., which
suggests there is a need for research into additional therapeutic approaches to treat this
condition.[8]

Author Manuscript

Preclinical studies show that a major cannabinoid receptor, CB1, is expressed in regions
involved in dorsal root ganglion [9], dorsal horn of the spinal cord [10], periaquaductal grey
and raphe nucleus [11, 12] and forebrain. [13] In addition, animal models of nerve injury
have demonstrated an upregulation of cannabinoid receptors, suggesting a possible role of
the cannabinoids in the treatment of neuropathic pain. [14-16] The cannabinoids have been
shown to be effective in a number of animal models of neuropathic pain including diabetic
neuropathy [17, 18] and chronic nerve constriction.[19, 20] Although 4 recent studies on the
effect of inhaled cannabis on neuropathic pain have been promising, none have focused
specifically on painful DPN.[21-24]
In a randomized, short-term, placebo controlled, four-period cross-over study we studied the
effects of low, medium, and high-dose inhaled vaporized cannabis on the pain and
hyperalgesia of DPN. Our hypothesis was that cannabis would result in a dose-dependent
reduction in spontaneous and evoked pain with a concomitant dose-dependent effect on
cognitive function.

METHODS
Author Manuscript

A randomized, double-blinded, placebo controlled crossover study was conducted in sixteen
patients with painful diabetic peripheral neuropathy to assess the short-term efficacy and
tolerability of inhaled cannabis. Subjects participated in four sessions, separated by 2 weeks,
where they were exposed to placebo, or to low (1% tetrahydrocannabinol, THC), medium
(4% THC), or high (7% THC) dose of cannabis. Baseline assessments of spontaneous pain,
evoked pain and cognitive testing were performed. Subjects were then administered
aerosolized cannabis or placebo and pain intensity and subjective “highness” scores was
measured at 5, 15, 30, 45, and 60 minutes and then every 30 minutes for an additional 3
hours. Cognitive testing was performed at 5 and 30 minutes and then every 30 minutes for
an additional 3 hours.

Author Manuscript

This trial was performed as an outpatient study at the General Clinical Research Center at
the University of California, San Diego (UCSD) Medical Center. The study was approved
and monitored by the UCSD Institutional Review Board, the Research Advisory Panel of
California, the US Food and Drug Administration, the US Drug Enforcement
Administration, the US Department of Health and Human Services, and the University of
California Center for Medicinal Cannabis Research.
All active and placebo cannabis was provided by the National Institute on Drug Abuse and
was constructed of the same base material. Active strengths ranged from 1% to 7% Δ -9-
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tetrahydrocannabinol [THC] concentration by weight. Cannabidiol concentration was <1%.
Placebo cannabis was whole plant material from which the cannabinoids had been extracted
and was identical in appearance to active cannabis. Cannabis was placed in an airtight
container and stored in a locked, alarmed freezer at the UCSD Medical Center
Investigational Drug Service Pharmacy. Cannabis was humidified at room temperature
within a dessicator using a saturated sodium chloride solution for 12–24 h before use. The
potency of the cannabis was provided by the Research Triangle Institute, a sub-contractor to
the NIDA Drug Supply Program and the University of Mississippi. Under the contract
arrangement, RTI prepares, analyzes, stores, and ships marijuana to recipients designated by
NIDA. Confirmatory testing for the potency of cannabis used in this study was not done.
However, prior CMCR studies conducted initial periodic testing to confirm the potency and
stability of each batch of cannabis material provided by NIDA. Cannabis cigarettes were
selected from each batch, and the entire content of each cannabis cigarette was extracted into
Folch's reagent (chloroform:methanol, 2:1) for analysis by gas chromatography. This
internal testing demonstrated adequate agreement between the labeled potency and actual
potency, and confirmed the stability of stored cannabis material over the life of the study.
Nurses weighed material before and after vaporization and returned all used and unused
medication to the pharmacy Investigational Drug Service for appropriate disposal.
Randomization was performed by a research pharmacist using a random number
permutations, and the key to study assignment was withheld from investigators until
completion statistical analyses.[25]

Author Manuscript
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Participants were men and women 1) age 18 or older with 2) diabetes mellitus type 1 or type
2, who had stable glycemia (HbA1c ≤ 11%) and were maintained by diet or a stable regimen
of diabetic therapy for at least 12 weeks before the evaluation, 3) presence of both
spontaneous and evoked pain in the feet, 4) at least a six-month history of painful diabetic
peripheral neuropathy diagnosed according to research diagnostic criteria (using the
Michigan Neuropathy Screening Instrument)[26], which included the presence of abnormal
bilateral physical findings (reduced distal tendon reflexes, distal sensory loss) or
electrophysiological abnormalities (distal leg sensory nerve conduction studies), plus
paresthesiae and a pain of intensity of ≥ 4 on the 11-point Numeric Rating Scale. Exclusion
criteria were current DSM-IV substance use disorders; (2) lifetime history of dependence on
cannabis; (3) lifetime history of DSM-IV schizophrenia, bipolar disorder, generalized
anxiety or panic disorder, or previous psychosis with or intolerance to cannabinoids; (4)
Current use of cannabis within the past 30 days; positive urine toxicology screen for
cannabinoids during the wash-in week before initiating study treatment; (6) pregnant or
planning pregnancy; or positive urine pregnancy test at baseline; (7) serious medical
conditions that might affect participant safety or the conduct of the trial (e.g., cardiac or
pulmonary disease); (8) other medical conditions that are associated with peripheral
neuropathy or pain of vascular origin that might confound the assessment of painful DPN;
(9) lower extremity amputations other than toes; and documented unstable blood glucose
(fasting < 70mg/dl or random blood glucose >250mg/dl). If subjects were taking
medications to treat the DPN pain, they were required to maintain a stable dose for 30 days
prior and for the duration of the study.
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Subjects passing a brief telephone screening directed towards painful diabetic neuropathy
were invited to in person interviews which included: 1) Medical History: A systematic semistructured interview was conducted, and as above, individuals with cardiovascular disease,
uncontrolled hypertension, and chronic pulmonary disease [e.g., asthma, COPD], were
excluded; 2) Substance Abuse History: The Substance Abuse Module of the Diagnostic
Interview Schedule for DSM-IV[27] was administered to exclude individuals with current
substance use disorders or a past history of dependence on cannabis; and 3) Psychiatric
Screen: The Screening Module of the Structured Clinical Interview for DSM-IV [SCID-IV]
was used to identify individuals reporting potential histories of anxiety or psychotic
disorders using the appropriate module of the SCID-IV, and excluded if these disorders were
diagnosed. All subjects were provided information about the range of subjective effects they
may experience from inhaling marijuana, and were instructed in relaxation techniques,
should those effects become disturbing. None of the subjects required these relaxation
techniques. Vital signs were monitored throughout the protocol, and subjects remained in the
laboratory under direct observation by staff for two hours after the cannabis dosing was
completed. Before the participant was released from the clinic, a final vital sign and selfreport status check was made, and the subject was transported from the clinic by taxicab or
prearranged transportation.

Author Manuscript

At each session prior to study drug delivery, the following were measured in order: 1) a
spontaneous and evoked pain score; 2) Beck Depression Inventory-II; 3) cognitive testing;
and 4) a baseline blood pressure, heart rate, respiratory rate, and temperature were measured.
After study drug administration, the following were assessed in order: 1) spontaneous and
evoked pain scores at 5, 15, 30, 45, 60 minutes and every 30 minutes thereafter for 4 hours.
2) subjective “highness” scores, euphoria and somnolence at 30, 60, 90, 120, and 240
minutes; 3) cognitive testing at 5 minutes, 30 minutes and 30 minutes thereafter for 4 hours.

Author Manuscript

Each subject received placebo and a single dosing session of three doses of cannabis (1%,
4%, and 7% THC). A washout period of two weeks between dose administrations was
implemented to minimize a carry-over effect of the cannabis treatment. Study treatments
were administered under direct observation by a study nurse using a cued-inhalation
procedure. Subjects were given verbal instructions prior to initiation of the procedure. The
respective dose of cannabis or placebo cigarette was aerosolized using the VOLCANOSystem-Vaporizer [VSV][Storz and Bickel, Oakland, CA]. Cannabis was heated to 200° C
(below the point of combustion), at which point the VSV released the active ingredients of
the cannabis through vaporization by hot air. This vapor was captured in a bag attached to
the VSV, and a mouthpiece attached to the bag allowed for inhalation. The subject was
seated in a chair in the designated smoking room and given the bag containing aerosolized
cannabis. Using a modified Foltin procedure [28] study nurse provided verbal cues from an
adjacent room. The nurse instructed the participant to inhale for 5 seconds. The participant
was then instructed to remove the mouthpiece from the lips, hold the inhalation for 10
seconds [if possible], and then to exhale fully. The participant was given a 40-second resting
period. This process was repeated three more times, at which time the cannabis content of
the bag would be fully depleted. Dosing levels were controlled by administration of cannabis
with measured THC concentrations of 0, 1, 4 and 7 percent by weight. At a weight of 400mg
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of plant material per administration, dosing therefore was controlled at 0, 4, 16 or 28 mg
THC per dosing session.
Pain scores were measured using a Visual Analog Scale. This consists of a 10 cm line with
“no pain” written at one end and the “worst imaginable pain” written at the other end. The
patient was asked to place a mark along the line, which corresponded with their pain. The
distance, in centimeters (cm), from the “no pain” end to the location of the mark gives a
measurement of the pain. Subjects were asked to rate their spontaneous pain and evoked
pain to a gentle stroke with a 1 inch foam brush and pinprick with a 5.18 von Frey hair
filament on the dorsum of the most painful foot. The foam brush was gently stroked over 1
second and the von Frey filament was applied until bending observed for 3 seconds followed
by a pain score.
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Psychomotor speed, attention and cognitive sequencing was measured using the TrailMaking Test [29]. In Part A, subjects were asked to quickly connect [in ascending order] a
series of randomly arranged dots numbered from 1 to 25. Part B requires subjects to arrange
a series of randomly arranged circles in a designated sequential order, based on alternating
numbers and letters [i.e., 1 to A to 2 to B, etc.] In addition to the skills required in Part A of
this test, shifting cognitive sets was required for Part B. The primary outcome was the time
to complete each task.
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Attention, working memory, and information processing speed was measured using
thePaced Auditory Serial Attention Test [PASAT] [30]. In this test, a set of randomized
digits was serially presented via tape recording. Subjects were to add the current number to
the number that preceded it and responded with the total. Thus, after each new digit was
presented, a new total was achieved. The number of correct responses was the primary
outcome variable.
Subjective highness was assessed by asking the participants to rate their feeling of “high” on
a 10-point scale from 0 (“not high at all” ) to 10 (“the highest you've ever been”) at each
assessment point.[31] Euphoria and somnolence was assessed using a “yes/no” format. Any
other adverse effects that the subjects voluntarily reported were recorded.
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Baseline depression was assessed using the Beck Depression Inventory-II [BDI-II]. The
BDI-II consists of 21 questions, each graded on a four-point scale ranging from 0 to 3;
statements are ordered to show increasing severity of the cognitive and somatic dimensions
of depressed mood. Scores range from 0-63, with higher scores indicating more depressed
mood. Scores from 0-13 indicate minimal depressive symptoms, 14-19 mild depression,
20-28 moderate depression, and 29-63 severe depression. The items of the BDI were
clinically derived and have undergone extensive testing for reliability and internal
consistency. [32]
Three types of pain were statistically analyzed: spontaneous, evoked foam brush, and evoked
von Frey. Mixed effects models with subject-specific random intercepts were used for all
analyses, unless stated otherwise. Changes in pain scores over 240 minutes following the
inhalation were analyzed using two end points. First, pain score at each time point were
regressed on log10-transformed time and drug dose. Time-dose interactions were
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investigated, but excluded from the final models due to non-significant p-values. A
significant interaction term would indicate differences in slopes [a measure of change in pain
over time] between different doses. Without the interactions, models assume differences in
pain scores between doses to be constant at all time points. Log transformation of time was
used, because the observed pain scores exhibited a steep initial decrease in their values
[Figure 1], followed by a more gradual change. Such patterns are consistent with logarithmic
functions. To evaluate a potential unblinding effect of the order of the placebo dose [first
visit versus other] on mean pain scores, it was added as a covariate, but it did not have a
significant effect on the outcomes, thus it was not kept in the models. Separately, an
indicator for previous study treatment condition (5 levels: none, placebo, low, medium, and
high) was added to the models as a covariate to assess a potential carryover effect. The
secondary end points for analyzing change in pain scores over time were individual
differences in pain scores between prior to and after inhalation for each time point. Lower
values of change in pain correspond to better pain relief. These changes were compared
between doses with the repeated measures ANCOVA, where pain scores at baseline [time =
0] were used as covariate. This method was also used to compare doses on the average
minimum achieved pain level over the span of 240 minutes and the average time it took to
achieve the lowest pain. Tukey's HSD test for multiple testing was used to perform post hoc
pair-wise comparisons. Cohen's d, referred to as simply d in the following text, was used to
estimate effect size for the mean differences between any two doses.
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Following recent recommendations for reporting outcomes from clinical trials we also
calculated percent reduction in pain from baseline [time 0] to minimum achieved pain was
calculated for each type of pain. . Using a commonly-cited cut-off criterion of 30% as
clinically relevant response to pain treatment[33], proportions of participants who achieved
pain reduction of 30% or more were compared between doses using repeated measures
analyses with mixed effects logistic regressions. Due to concerns that this approach results
in greatly reduced power [34-36] we also analyzed percent pain reduction on a continuous
scale. (https://painconsortium.nih.gov/NIH_Pain_Programs/Task_Force/
cLBP_RTF_FullReport.pdf) The average percent reduction in pain scores were analyzed
using repeated measures ANCOVA with baseline pain score as a covariate. P-values for pairwise one-sided comparisons of cannabis doses with placebo were adjusted for multiple
comparisons using Dunnet method.
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Statistical methods described above were also applied to evaluate effects of dose on
neurocognitive performance as measured by change in scores of three tests: Trail Making
Test A, Trail Making Test B, and PASAT-50, for which raw scores were converted to a
standardized scale in which a lower score indicates worse performance. Participants showed
improvement in test performance over the four visits, therefore visit order was included in
these models to control for practice effects. Baseline [time = 0] performance score was also
included to account for initial differences between doses. Lower values (i.e., larger negative
numbers) in the change in scaled scores for neurocognitive testing correspond to worse
performance.
Similarly, changes in Subjective Highness Score were evaluated using repeated measures
ANCOVA models to regress change in scores on treatment and baseline value as covariate.
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Larger changes in Subjective Highness scores correspond to greater feeling of highness
measured over time.
Finally, the proportions of people who experienced euphoria and somnolence during the
experiment were compared between doses, using mixed effects logistic regressions with
random subject effect. Where appropriate, Firth's correction was applied. [37]
All tests were two-sided and deemed significant if p-value was less than 0.05. Assumptions
appropriate for parametric methods were checked prior to each analysis and, when
necessary, outcome transformations were used. All analyses were performed using statistical
software R version 3.0.1 [www.R-project.org].
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Prior to the study, power analyses were performed and showed that a sample size of 20 was
needed to detect a significant beta coefficient in a repeated measures regression model at
alpha level = 0.05 and 80% power, where the size of the coefficient is equivalent to a partial
correlation of 0.45 between cannabis and pain outcome.

RESULTS

Author Manuscript

Thirty-one individuals were screened. Of these, 7 were not eligible for medical (N=2) or
psychiatric (N=1) reasons, or insufficient pain intensity/type (e.g., nighttime pain only).
Additional 8 subjects were excluded for other reasons, resulting in 16 consenting
participants that were randomized. One participant completed only 2 treatments [placebo
and high dose]; those data were used in analyses as appropriate. Baseline characteristics of
the study's cohort are given in Table 1. In general, the sample consisted of approximately
equal numbers of men and women, of African-American or White ethnicity, who were
middle-aged or older, and who had longstanding, often insulin-requiring, diabetes mellitus.
Patients reported chronic neuropathic pain of moderately severe intensity. One third of the
group had a BMI in the obese range. The 8 participants who reported use of analgesic
medications did not statistically differ from the rest of the group on most baseline
characteristics, including baseline pain score, duration of diabetes and pain [all p > 0.10;
detailed results are not shown], with the exception of height. Users of analgesic medications
were on average 3.6 inches taller than non-users [p = 0.027].

Author Manuscript

Mixed effects model shows that, with every 1 log10 units of time, spontaneous pain intensity
score decreased, on average, by 1.1 points. There was significant difference in spontaneous
pain scores between doses [p < 0.001] [Figure 1A]. Specifically, average pain intensity score
in the placebo dose was 0.44 points higher than the pain score in the low dose [p = 0.031],
0.42 points higher as compared to the medium dose [p = 0.04], and 1.2 points higher as
compared to the high dose [p < 0.001]. There was no statistical difference between the low
and the medium dose [p = 0.92], but the average pain score in the high dose was 0.73 and
0.75 points lower than the average scores in the low and the medium doses, respectively
[both p < 0.001]. The overall effect of dose on pain remained significant [p < 0.001] after
controlling for prior dose level, which was also a significant predictor of pain [p < 0.001].
On the dose level, only the differences in pain scores between high dose and other doses
remained significant. Specifically, the adjusted mean pain scores for high dose were 1.1
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points lower than in placebo, 1.01 points lower than in low dose, and 0.9 points lower than
in medium dose [all p < 0.001].
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For evoked foam brush pain the average reduction in pain was 0.86 points for every 1 log10
units of time [Figure 1B], and significant differences in mean pain scores were observed
between the placebo and the medium doses [dif = 0.41, p = 0.045], between the placebo and
the high doses [dif = 1.06, p < 0.001], between the low and the high doses [dif = 0.75, p <
0.001], and between the medium and the high doses [dif = 0.65, p = 0.002]. After adjusting
for prior treatment, significant differences [all p < 0.001] in mean evoked foam brush pain
scores were observed between the placebo and the high dose [dif = 1.1], the low and the
high doses [dif = 0.92], and the medium and the high doses [dif = 0.73]. Similarly, for
evoked von Frey pain the average reduction in pain was 0.94 points for every 1 log10 units of
time [Figure 1C], and significant differences in mean pain scores were observed between the
placebo and the high doses [dif = 0.70, p < 0.001], between the low and the high doses [dif =
0.54, p = 0.007], and between the medium and the high doses [dif = 0.40, p = 0.04]. These
differences remained significant, after adjusting for prior treatment [placebo vs high: dif =
0.66, p = 0.001; low vs high: dif = 0.69, p = 0.001; medium vs high: dif = 0.52, p = 0.013].
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Mean change in pain intensity scores was compared between conditions at every time point.
Table 2 lists estimated means and standard deviations of change in pain adjusted for baseline
pain values, where negative values indicate decrease in pain as compared to baseline. The
repeated measures ANCOVA analyses showed that decreases in spontaneous pain for the
high dose cannabis were significantly greater than decreases in the placebo after 30 minutes
[d = −1.02, p = 0.026], 45 minutes [d = −1.15, p = 0.006], and 60 minutes [d = −1.05, p =
0.016]. For changes in foam brush evoked pain, when comparing high dose cannabis and
placebo the effect sizes were d = −.089 (p = 0.06) and d = −.89 (p = .12) at 45 and 60
minutes, respectively. A significantly greater effect of high dose compared to placebo was
also seen in analysis of changes in von Frey pain after 15 minutes [d = −0.94, p = 0.04], 45
minutes [d = −0.88, p = 0.06], and 60 minutes [d = −0.94, p = 0.04].
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The minimum pain score achieved during each 4-hour session was obtained for every
participant, as well as the time (in minutes) it took to achieve it. The unadjusted average
values for these measures are given in Table 3, separately for each dose and pain type. On
average, the lowest minimum pain score was achieved in the high dose and the highest
minimum pain score was in the placebo dose. However, models that adjusted for baseline
pain score, showed that these differences did not reach statistical significance, although, for
spontaneous pain, the effects size between the medium and the placebo doses was d = −0.61,
and between the high and the placebo doses d = −0.60. There were no statistical differences
between doses in average time it took to reach the lowest pain score.
Table 3 also shows results of the analyses of percent (%) reduction in pain scores from
baseline to the time point when the pain was the lowest. Pairwise comparisons showed that
the meanpercent reduction in spontaneous pain for the high dose was significantly greater
compared to the placebo dose [70% vs 53%, d = 0.81, p = 0.032], while comparison
between the medium and the placebo doses approached significance [65% vs 53%, d = 0.72,
p = 0.06]. Comparison of the proportions of participants who achieved at least 30%
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reduction in spontaneous pain scores did not show statistically significant results. Analyses
of percebt reduction in foam brush evoked and, separately, von Frey evoked pain scores did
not show statistically significant differences between doses.

Author Manuscript

Results for the neurocognitive testing scaled scores at each time point are shown in Figures
2A-C. The overall tests for differences between doses in mean changes from baseline at each
time point were not significant for any of the cognitive tests. However, using a less
conservative pairwise analysis and adjusting for visit order and baseline scaled score [time =
0], performance on the PASAT during placebo differed from medium [d = −1.03, p = .024]
and high doses [d = −1.14, p = .008] at 15 minutes, while Trail Making Part B differed
between placebo and high dose only at 120 minutes [d = −1.15, p = 0.009]. There were no
significant differences between treatment conditions on Trail Making Part A at any time
point. The largest mean scaled score changes with treatment, compared to baseline, were
typically < 1.5 scaled score points. Given the small sample size and limited power, we also
examined effect sizes. Effect sizes were greater than 0.5 on Trail Making Part A at 15
minutes for high vs. low [d = −0.63] and high vs. medium doses [d = −0.80]; Trail Making
Part B at 15 minutes [medium vs. low dose; d = −0.56], 60 minutes [high vs. placebo; d =
−0.53], 120 minutes [high, medium, and low vs. placebo; d = −1.15, −0.71, and −0.75,
respectively]; and on the PASAT at 15 minutes [high, medium, low vs. placebo; d = −1.14,
−1.03, and −0.72 respectively] and 60 minutes [high vs. placebo {d = −0.81}, high vs. low
{d = −0.70}].
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Analyses of changes in Subjective Highness Score showed a stair-step effect of dose that
mostly wore off after 4 hours [Table 4]. Significant differences in changes [all ps < 0.05]
were observed at 30 minutes [medium vs. placebo d = 1.14], at 60 minutes [medium vs.
placebo d = 1.49, high vs. placebo d = 1.64, high vs. low d = 1.01], at 90 minutes [medium
vs. placebo d = 0.97, high vs. placebo d = 1.21, high vs. low d = 1.13], and at 120 minutes
[medium vs. placebo d = 1.25, high vs. placebo d = 1.47, medium vs. low = 1.11, high vs.
low d = 1.34], but not at 240 minutes. Additionally, mixed effects models were used to
correlate Subjective Highness Score with spontaneous pain score. The analysis estimated
that, as Highness Score increased by 1 point, the pain score decreased on average by 0.32
points [p < 0.001].
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Adverse effects of cannabis were defined as experiences of euphoria and somnolence [Table
5]. The proportion of participants experiencing euphoria ranged from 100% for high dose
cannabis to nearly 60% for placebo. Mixed-effects logistic regressions showed that the
differences in proportions were significant for high [p = 0.002] and medium [p = 0.042]
doses in contrast to placebo. Compared to placebo, only the high dose cannabis had a
significantly larger proportion of participants reporting somnolence [p = 0.018].

DISCUSSION
Our short-term, single session, crossover study in general found a dose dependent reduction
in pain intensity in response to inhaled cannabis in patients with DPN. Overall, our finding
of an analgesic effect of cannabis is consistent with other trials of cannabis in diverse
neuropathic pain syndromes. [21-24, 38, 39]
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Nevertheless, there is some uncertainty regarding the dosing range that results in analgesia
after administration of cannabis. Some recent studies on the potential effectiveness of
cannabis have shown that a medium dose [3.5% THC] is as effective as the high dose [7%
THC]. [21, 22, 38] Another dose-finding study examined doses of inhaled cannabis ranging
from 0-9.4% THC on 23 patients with chronic neuropathic pain. This translated into a daily
dose ranging from approximately 2mg to 7mg THC. Only the high dose separated from
placebo. [23] That high dose is lower than most of those delivered in our protocol (eg, 4mg,
16mg, and 28mg THC). Studies in experimentally-induced pain suggest that high doses may
increase pain. [31, 40] In addition, a phase IIb study in cancer pain showed that a sublingual
spray of a THC: Cannabidiol [CBD] combination was only effective at the low and medium
dose but not the high dose. [41] The uncertainty of dosing from these studies may reflect
differences in pain mechanism, small sample size or psychosocial status of the subjects.
[42-44]
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There was a significant dose dependent effect of cannabis on both spontaneous and evoked
pain in our study. However, the effect on spontaneous pain was more consistent than the
effect on evoked pain. A previous study we performed in healthy volunteers using the same
doses as those used in our current study showed a significant reduction in capsaicin-induced
spontaneous and evoked pain but not secondary hyperalgesia. [31] Our current findings
taken together with the previous study in healthy volunteers suggest a supraspinal
mechanism of cannabis, as hyperalgesia and allodynia are likely spinally mediated.
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Marijuana contains nearly 500 known compounds, of which over 80 are classified as
cannabinoids. [45] The most abundant and main psychoactive compound in cannabis is
THC. [46] Other major cannabinoids found in cannabis are cannabidiol (CBD) and
cannabinol (CBN). CBD is the second most abundant compound in the plant. [47] CBD is
less psychoactive than THC and appears to enhance the effects of THC, although it is
unclear whether this is due to a pharmacokinetic or pharmacodynamics interaction. [48]
Nabiximols is a sublingual spray containing both THC and CBD that is currently in phase III
trials for cancer pain. A preliminary study in 177 cancer patients showed that the THC:CBD
combination was superior to THC alone. [49]. Since the CBD concentration in the cannabis
used in this study was so low (<1%), the effects observed are most likely due to THC.
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With respect to cognition, there were modest effects of treatment. Attention/working
memory, as measured by the PASAT, showed the greatest impact at 15 minutes posttreatment, with some residual, albeit non-significant, differences in high vs. low dose and
placebo at 60 minutes. Interestingly, the effect on speeded set switching was greatest at 120
minutes, with the high dose vs. placebo difference reaching statistical significance, and
medium and low dose showing non-significant effect sizes of approximately .7 when
compared to placebo. Of note, most of the scaled score differences were less than 1.5 points
lower than baseline and did not drop below a score of 8 [in normative groups, scaled scores
have a mean of 10 and standard deviation of 3], indicating that there were no dramatic
declines in cognition, and not into the impaired range. However, it is possible that these
changes could impact tasks requiring intact attention and speeded processing [e.g.,
automobile driving] and as such these activities should be avoided in the hours after
treatment, particularly at higher doses. This may limit the clinical usefulness with some
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patients. However, whether repeated dosing at low, clinically-effective levels results in
increased tolerance to the psychoactive effects is not known and is an area in need of future
research.. In addition, this study utilized a very brief battery, and thus did not address
cognitive functions such as learning and memory, or psychomotor speed [e.g., Grooved
Pegboard], which have been impacted in other clinical trials of cannabis for the treatment of
pain. [24]
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Our study used vaporization of the cannabis leaf as the delivery method. Heating the
cannabis leaves to below combustion temperatures [175-225 degrees C] releases the
cannabinoids in a vapor that is easily inhaled and titrated to effect. Vaporization is an
attractive delivery method for research since it permits the inhalation of volatilized gases
without exposure to hazardous pyrroles and the high concentrations of carbon monoxide
than occurs with combustion. [39] In addition, the pharmacokinetics of inhalation are
superior to ingestion as peak effects occur quickly and are more easily titrated. As shown in
figure 1, there is an initial steep drop in pain within the first 15 minutes followed by a slower
decrease in pain over time. By comparison ingestion of cannabinoids results in a delayed
and highly variable onset and offset of action across individuals, a reduced ability to titrate
dosing, and more side effects. On the other hand, in clinical settings many individuals may
find vaporization to be inconvenient or adverse in its own right. This may further limit the
clinical applicability of cannabis. . Finally all patients reported either euphoria or
somnolence as adverse effects, which may limit the acceptability of cannabis for analgesia,
as is the case for many patients who are prescribed opioids for pain relief. In any event this
was a single dose study and no conclusions can be drawn over the long term tolerability as
compared with currently available therapeutics dosed over weeks. [42]
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Limitations of our study include possible lack of blinding due to the psychoactive effects of
THC and cross-over design, the brief duration of the trial, a restricted assessment of
neuropsychiatric and other adverse effects, and the small number of subjects in the study.
There are two cross-over trials of cannabis that assessed blinding. Results suggest that with
the acute delivery, subjects (whether naïve or experienced users) are no more likely than by
chance to guess assignment. However with continued exposure, the chance of guessing
correctly increases. [23] Another study showed that subjects who received placebo first were
less likely to guess correctly as compared to those who received cannabis first. [22][20]
Studies in healthy volunteers show that even placebo cannabis results in reports of “high
feeling” although less than with active cannabis, showing dose dependent increase in reports
of “highness”. [31] However, in our study, after adjusting for previous exposures, the results
remained significant. Another limitation is the small number of subjects in the study. Power
analysis showed that we would need a total of 20 subjects to detect an effect, however the
study was discontinued at 16 subjects due to difficulties with recruitment during the timeframe of funding. We chose to focus on anticipated AEs (subjective highness, euphoria,
somnolence and cognitive impairment) and relied on the subjects to voluntarily report other
AEs. Therefore, we may have missed more AEs than reported. In addition, we used the
Michigan Neuropathy Screening Instrument. Although this instrument is a validated
screening tool, the requirement for either reduced DTRs or abnormal electrophysiological
abnormalities will push the selection of patients with at least a component of large fiber
neuropathy, essentially excluding those with predominant small fiber neuropathy.
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Furthermore, there may have been an indirect effect on pain through a reduction in anxiety
that results from cannabis.[50] We tried to control for this by excluding patients with a
history of anxiety.
Despite these limitations, these preliminary findings, along with prior studies, suggest that
cannabis might have analgesic effects in neuropathic pain syndromes, including in patients
with treatment-refractory DPN. Larger randomized trials with longer-term follow-up are
warranted to assess the analgesic effectiveness of cannabis.
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Perspective
This small, short-term, placebo-controlled trial of inhaled cannabis demonstrated a dose
dependent reduction in diabetic peripheral neuropathy pain in patients with treatmentrefractory pain. This adds preliminary evidence to support further research on the efficacy
of the cannabinoids in neuropathic pain.
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Figure 1.

Raw (left panel) and predicted (right panel) mean pain scores (±SE) for (A) Spontaneous
pain, (B) Evoked pain (Foam Brush), and (C) Evoked pain (von Frey) from the randomized,
double-blinded, placebo controlled crossover study on effect of inhaled cannabis on diabetic
peripheral neuropathy pain (n=16). Raw mean scores are means of actual values recorded
during the experiment. Predicted mean scores are estimates obtained from the mixed effects
models.
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Figure 2.

Observed mean scaled scores (±SE) for (A) Trails Making Part A, (B) Trails Making Part B,
and (C) PASAT-50 tests from a brief neuropsychological test battery that assessed changes in
participants’ cognitive abilities after cannabis inhalation (N=16). Using a pair-wise
approach, significant differences (p<0.05) are detected between [a] high and placebo doses,
[b] medium and placebo doses.
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Demographic and clinical characteristics of the study sample of patients with diabetes mellitus (N=16).
Baseline Characteristic
Age (years)

Mean (SD) or N (%)
56.9 (8.2)

Male

9 (56%)

Ethnicity
Black

8 (50%)

Caucasian

8 (44%)

Hispanic

1 (6%)

a

Baseline pain intensity
Years of pain

4.8 (2.6)

Years of diabetes

9 (7.5)

Insulin requiring

5 (36%)

Author Manuscript

b, c

30.2 (5.7)

BMI

HBA1c

d

7.3 (2.1)

Analgesic Medications

e

Opioids

5 (31%)

Antidepressants

4 (25%)

f

3 (19%)

NSAID

Beck Depression Score

a

6.7 (1.6)

11.3 (9.1)

Numeric Pain Rating Scale

b

N=13

Author Manuscript

c

BMI = Body mass index

d

HBA1c = Hemglobin A1c

e
Total N=8
f

NSAID = Non-steroidal anti-inflammatory drugs

Author Manuscript
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Changes in pain scores from baseline [time=0]. Values are given as mean ± standard deviation, where lower
values indicate better pain relief.
Time (minutes)

Placebo

Low Dose (1% THC)

Medium Dose (4% THC)

High Dose (7% THC)

Changes in Spontaneous Pain

Author Manuscript
Author Manuscript
Author Manuscript

5

−1.05±0.19

−1.51±0.20

−1.00±0.20

−1.58±0.19

15

−1.17±0.31

−2.06±0.38

−1.98±0.39

30

−1.69±0.35

−2.10±0.24

−2.72±0.25

45

−1.88±0.32

−2.38±0.32

−2.78±0.33

60

−1.97±0.31

−2.72±0.38

−3.06±0.39

90

−2.22±0.33

−2.61±0.47

−3.14±0.48

−3.36±0.47

120

−2.55±0.40

−2.55±0.47

−3.47±0.48

−3.41±0.47

150

−2.32±0.45

−2.65±0.40

−3.23±0.41

−3.47±0.38

180

−2.06±0.48

−2.65±0.47

−3.18±0.48

−2.97±0.45

210

−2.04±0.51

−2.36±0.42

−3.18±0.43

−2.82±0.40

240

−2.07±0.54

−2.23±0.44

−3.02±0.45

−3.14±0.42

5

−1.17±0.28

−1.23±0.39

−0.60±0.39

−1.75±0.38

15

−1.26±0.39

−1.60±0.44

−1.50±0.46

−2.37±0.43

30

−1.41±0.43

−1.55±0.28

−1.98±0.28

−2.28±0.28

45

−1.44±0.41

−1.92±0.42

−2.17±0.42

60

−1.45±0.37

−2.33±0.43

−2.49±0.43

−2.87±0.42

90

−1.78±0.38

−2.21±0.47

−2.55±0.47

−2.55±0.47

120

−2.11±0.42

−1.91±0.53

−2.54±0.53

−2.66±0.54

150

−1.97±0.45

−2.10±0.41

−2.67±0.41

−2.54±0.39

180

−1.68±0.52

−1.90±0.51

−2.61±0.51

−2.57±0.50

210

−1.68±0.54

−2.16±0.43

−2.48±0.43

−2.31±0.42

240

−1.79±0.55

−1.89±0.45

−2.41±0.45

−2.74±0.43

5

−0.55±0.27

−1.21±0.21

−1.00±0.22

15

−0.89±0.41

−1.50±0.38

−1.64±0.41

30

−1.41±0.45

−1.74±0.27

−1.98±0.28

45

−1.42±0.40

−2.07±0.37

−2.57±0.38

60

−1.40±0.40

−2.39±0.38

−2.41±0.39

90

−1.76±0.43

−1.99±0.50

−2.60±0.51

−2.64±0.50

120

−2.13±0.45

−2.11±0.41

−2.79±0.42

−2.64±0.40

150

−2.04±0.49

−2.24±0.34

−2.93±0.35

−2.58±0.33

*

−2.68±0.37

**

−3.07±0.24

**

−3.68±0.31

**

−3.76±0.36

Changes in Evoked Pain (Foam brush)

*

−3.03±0.41

Changes in Evoked Pain (von Frey)
−1.05±0.20

**

−2.49±0.37

−2.30±0.27

*

−2.89±0.36

**

−2.99±0.36
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Time (minutes)

Author Manuscript

Placebo

Low Dose (1% THC)

Medium Dose (4% THC)

High Dose (7% THC)

180

−1.74±0.51

−2.07±0.47

−2.68±0.48

−2.49±0.45

210

−1.68±0.56

−2.17±0.39

−2.74±0.40

−2.52±0.37

240

−1.75±0.56

−1.87±0.43

−2.57±0.45

−2.62±0.41

Comparing to Placebo:

**

p<0.05

*

p<0.10

Author Manuscript
Author Manuscript
Author Manuscript
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Table 3

Author Manuscript

Minimum pain score achieved in 240 minutes, time (minutes) it took to achieve the minimum, percent (%)
reduction in pain associated with the minimum pain, and proportion of participants who have achieved 30% or
more in pain reduction. Values are shown as mean (standard deviation) or N(%). Lower minimum pain scores
and greater % pain reduction indicate better pain relief. Lower times to minimum pain indicate faster pain
relief.
Placebo

Low Dose (1% THC)

Medium Dose (4% THC)

High Dose (7% THC)

3.1 (2.8)

2.6 (2.7)

2.6 (2.8)

2.1 (2.4)

107 (81)

95 (68)

Spontaneous Pain
Minimum Pain Score
Time to Min Pain

76 (63)

103 (94)

% Reduction in Pain

52.8 (40)

63.8 (37)

Pain Reduction ≥ 30%

10 (62%)

10 (67%)

12 (80%)

13 (81%)

Minimum Pain Score

2.5 (2.8)

2.0 (2.3)

2.3 (2.8)

1.6 (2.0)

Time to Min Pain

76 (65)

103 (96)

118 (89)

80 (59)

*

64.8 (36)

**

69.6 (32)

Author Manuscript

Evoked Pain (Foam brush)

% Reduction in Pain

60.0 (39)

63.8 (39)

66.7 (36)

68.6 (33)

Pain Reduction ≥ 30%

10 (62%)

11 (73%)

12 (80%)

14 (88%)

2.5 (3.0)

2.0 (2.6)

2.2 (3.0)

1.9 (2.4)

Evoked Pain (von Frey)
Minimum Pain Score
Time to Min Pain

74 (63)

79 (81)

107 (94)

65 (70)

% Reduction in Pain

61.2 (42)

66.7 (37)

70.3 (37)

65.5 (37)

Pain Reduction ≥ 30%

12 (75%)

12 (80%)

11 (73%)

13 (81%)

Comparing to Placebo:

**

p<0.05

Author Manuscript

*

p<0.10

Author Manuscript
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Table 4

Author Manuscript

Changes in Subjective Highness Score from baseline [time=0]. Values are shown as mean±standard deviation,
where higher values are associated with stronger feeling of high over time.
Time (minutes)

Placebo

Low Dose (1% THC)

Medium Dose (4% THC)

High Dose (7% THC)

Changes in Subjective Highness Score
30

2.76±0.46

3.66±0.89

60

2.13±0.34

3.56±0.65

90

2.24±0.37

2.43±0.75

120

1.16±0.33

1.47±0.67

240

0.91±0.25

0.44±0.44

**

5.67±0.90

**

5.47±0.68

**

4.60±0.81

**

4.01±0.73

1.23±0.44

*

5.08±0.87

**

5.81±0.65

**

5.17±0.81

**

4.52±0.68

2.02±0.42

Comparing to Placebo:

Author Manuscript

**

p<0.05

*

p<0.10

Author Manuscript
Author Manuscript
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Table 5

Author Manuscript

Adverse effects (N=16).

#

Euphoria, % (p-value)

#

Somnolence, % (p-value)

Placebo

Low Dose (1% THC)

Medium Dose (4% THC)

High Dose (7% THC)

56.2%

66.7% (0.43)

86.7% (0.042)

100% (0.002)

37.5%

26.7% (0.49)

60.0% (0.12)

73.3% (0.018)

#

Comparing to placebo.

Author Manuscript
Author Manuscript
Author Manuscript
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Abstract
Marijuana is classified as Cannabis saiva L, one type of hemp. Traditionally, Marijuana is considered as
Schedule I drug due to its acute bad effects on human health. However, its medical use has been widely
recognized today. Delta-9-tetrahydrocannabinol (9-THC) is a compound extracted from Marijuana, which
has been used in several drugs approved by United States Food and Drug Administration (FDA). 9-THC
functions through cannabinoid receptor in neural system or peripheral tissues. For diabetes patients, 9-THC
has been reported to have preventative or treatment effects. In this paper, we will review recent research
progress in association between cannabis use and diabetes, as well as known mechanism of how 9-THC
functions in human from the perspective of free radicals.
Keywords: cannabis,diabetes,Delta-9-tetrahydrocannabinol,free radicals
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1. Introduction
Traditionally,federal laws classify marijuana
as Schedule I (strictest) drug along with heroine and
other hallucinogens by the Controlled Substances
Act (1970) due to its high potency for abuse.
Marijuana is known to cause a series of acute
effects for the users [1] such as anxiety, impaired
attention and short-term memory loss, as well as
attenuated motor coordination, which pose risks in
public settings, such as traffic accident. For longterm marijuana users, the impairment on cognition
and memory could be prolonged and irreversible [2].
Once heavy marijuana users stopped its intake, they
often experience persistent withdrawal symptoms
such as nausea, insomnia and depression [2]. If not
properly regulated, use of marijuana would cause
tremendous social crisis and economic loss.
Therefore, almost all countries have strict laws
regulating use and usage of marijuana.
People often use the name hemp and
marijuana
interchangeably.The
biological
classification by the U.S. Department of Agriculture
is that hemp is the common name for the genus
called “Cannabis L.” while marijuana referred to the
species “Cannabis sativa L.” Moreover, hemp
contains only 0.3% of psychoactive chemicals and
mainly planted for its strong fiber that can be used
for building materials and textiles. Hemp seeds can
also be used to produce hempseed oil which is a
legal consumer product in the U.S and research has
shown that hempseed oil is rich in essential fatty
acids such as omega-6 and omega-3 believed by
some as “super food” boasting beneficial effects
against obesity, diabetes and arthritis. The U.S.
imports around $500 million worth of hemp product
annually from countries such as Canada and China,
however, federal laws still prohibit growing of
hemp in the U.S. In recent years, states legislatures
have taken initiatives to endorse industrial hemp
growth, so far 16 states allow industrial hemp
growth and 20 states permit research use of hemp
growth or pilot program for industrial hemp
production. One the other hand, marijuana has
about 10% on average of psychoactive chemicals,
which is around 30 times higher than that is found
in hemp. In addition, attempts have been made to
appeal for reclassification of cannabis including

marijuana. Marijuana is now legalized in eight
states for adult recreational use; twenty-nine states
and Washington, DC imposed laws for allowing
medical use of marijuana.
Scientific research on cannabis and its
extracted chemicals can be dated as early as 19th
century [3]. Until 1963, Mechoulam and coworkers
[4-6]
determined the structure and stereochemistry of
the primary psychoactive component of cannabis,
i.e. 9-tetrahydrocannabinol (9-THC), Figure 1a
and cannabidiol (CBD), Figure 1b.
Zhang and coworkers recently reviewed
extraction and analysis of 9-THC [7]. So far, the
FDA approved two synthetic cannabinoid
prescription drugs that derived from 9-THC,
namely Marinol and Cesamet that can be used for
treatment of nausea and neuropathic pain after
cancer chemotherapy. Chemotherapy drugs, for
example, cisplatin induces excessive inflammation
and oxidative stress on kidney, renal and neuro
system. Meng and coworkers [8] reported a phenolic
aldehyde named protocatechuic aldehyde as
antioxidant and possible suppress oxidative stress
and inflammation poised by cisplatin, potentially
operates in a similar fashion as 9-THC. Extensive
research has been carried out to elucidate the
underlying nature for the psychoactive compound
9-THC. In 1990, Matsuda and coworkers [9]
reported for the first time the THC receptor in
mouse brain cells is a G-protein coupled receptor
and isolated a complementary DNA sequence that
later used to clone the cannabinoid (9-THC)
receptor. Gerard and coworkers [10] were able to
clone a human cannabinoid receptor using human
brain stem cell cDNA. To illuminate the native
function of the cannabinoid receptor in the brain,
Mechoulam and coworkers [11] isolated and
identified the endogenous ligand for the
cannabinoid receptor to be anandamide that could
act as neurotransmitter for controlling of pleasure.
Munro and coworkers [12] reported finding of
cannabinoid receptor in the peripheral immune
systems such as macrophage cells. The cannabinoid
receptors found in the brain as well as central neural
systems are often named as CB1 and the ones found
in peripheral tissues for controlling of inflammation
and immunological reactions are classified as CB2.
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Figure 1. a) Chemical Structure of

9-THC. b) Chemical Structure of CBD.
[18, 19]

2.Main text
2.1Diabetes as the No.1 health risk
With the legalization of cannabis and related
product, it is necessary to review some of the health
consequences for people with regular intake of
marijuana. We hereby focus on the recent research
data between cannabis product and incidents of
diabetes mellitus. Diabetes is becoming the most
expensive disease in the U.S., costing over $100
billion for diagnosis and treatment per year since
2013 [13]. As of 2014, centers for disease control and
prevention (CDC) published statistic data of total
diabetes patients in the U.S. to be around 29
million, over 80 million people have prediabetes.
Recent advancement in portable personal electronic
monitoring device helped with diagnosis of
prediabetes [14-16]. The total number of diabetes
patients in the world was estimated to be around
285 million; the number is projected to be more
than 438 million by 2030, Table 1 [17].
Diabetes mellitus can be classified as type 1
and type 2. Type 1 diabetes arises from auto
immune disorders led by destruction of insulin
secretary pancreatic beta-cells[17]. From a
geographical perspective, the prevalence of type 1
diabetes is higher in area with less sunlight such as
Finland and lower in area with more sunlight, e.g.
India. Furthermore, more cases of type 1 diabetes
were diagnosed in winter where sunlight is minimal.
This trend is similar to what was found for people
with less vitamin D3 synthesis by their skin cells
where exposure to sunlight radiation was at reduced
amount and higher incidence of cancer, for example

. From a genetic perspective, certain mutations
or disruption of DNA nucleotide base pairs [20], for
example, single-nucleotide polymorphism in the
gene encoding lymphoid protein tyrosine
phosphatase (an enzyme found to attenuate T-cell
activation) [21] are associated with type 1 diabetes.
The cause of type 2 diabetes is complex and can be
attributed to many factors such as high-energy diet
and lack of exercise. Wang and coworkers [22]
reported inhibition of tyrosine phosphatase
enhances insulin sensitivity and could provide
therapeutic potential for type 2 diabetes. Cruz and
coworkers [23] reported glycine (amino acid
normally exists in microhydrated zwitterionic form
[24]
) could increase insulin sensitivity and reduce
level of glycated hemoglobin.
2.2Epidemiological studies that link cannabinoid
and decreased diabetes
Epidemiological studies have linked
decreased diabetes incidence with the use of
cannabinoid. In 2012, Rajavashisth and coworkers
[25]
analyzed data collected by the National Health
and Nutrition Examination Survey and found that
current light marijuana users have lower diabetes
prevalence than current heavy users and past
marijuana users, Figure 2. Also, all marijuana users
(past or current) are less likely to be diagnosed as
diabetes compared to non-marijuana users (Figure
2) after adjustment with confronting factors such as
age, race and alcohol use. Using logistic regression
assessment of the data, the odds ratio (OR) for
current light users is 0.29 (95% CI 0.13 to 0.65)
compared to non-users. Past marijuana users have
odds ratio of 0.44 (95% CI 0.33 to 0.59) and current
heavy users have odds ratio of 0.47 (95% CI 0.22 to
0.98) then non-marijuana users, Figure 2.
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Table 1. Estimated numbers of adults aged 20-79 with any type of diabetes mellitus and prevalence, by region, in
2010 and projected for 2030. [17]
2010
Number
of adults
with
diabetes
(million)
12.1
26.6
55.4
37.4
18.0

2030

Prevalence
(%)*

Number
of adults
with
diabetes
(million)
23.9
51.7
66.5
53.2
29.6

Percentage increase in
number

Prevalence
(%)*

Africa
3.8%
4.7%
98.1%
EMME
9.3%
10.8%
93.9%
Europe
6.9%
8.1%
20.0%
North America
10.2%
12.1%
42.4%
South and Central
6.6%
7.8%
65.1%
America
Southeast Asia
58.7
7.6%
101.0
9.1%
72.1%
West Pacific
76.7
4.7%
112.8
5.7%
47.0%
Worldwide
284.8
6.4%
438.7
7.7%
54.1%
EMME = Eastern Mediterranean and Middle East. *For each region values are standardized to world age distribution for that year.

1

0.98

Upper CI

OR

Lower CI

OR of having DM

0.8

0.6

0.4

0.65
0.59
0.47

0.44
0.33

0.29
0.22

0.2
0.13
0
Past users

Current light users

Current heavy users

Marijuana users
Figure 2. Odds ratio (OR) and 95% CI of having diabetes mellitus (DM) among past and current marijuana users
relative to non-marijuana users.

Later in 2013, Mittleman and coworkers [26]
analyzed data from the National Health and
Nutrition
Examination
Survey
(NHANES)
including 4657 adult men and women from 2005
and 2010. They reported that the correlation
between marijuana use and lower fasting insulin
level and less insulin resistant is statistically

significant, Table 2. The current marijuana users
have lower insulin level (7.5 U/mL) than nonusers (10.1 U/ml) on average while past users have
insulin level between the two groups (8.8 U/ml).
Glucose level is also higher for the non-users (103.5
mg/dL) than current marijuana users (99.7 mg/dL)
and for past users the level is (100.6 mg/dL).

Am. J. Biomed. Sci. 2017,9(4),200-210;doi:10.5099/aj170400200 © 2017 by NWPII. All rights reserved

203

Homeostasis model assessment of insulin resistant
(HOMA-IR) is again lower for current marijuana
users (1.8) when compared to past users (2.2) and
non-users (2.5).
The hemoglobin A1c (HbA1c), triglycerides
and high-density lipoprotein cholesterol (HDL-C)
levels are similar for current, past and non-

marijuana users. Body mass index (BMI) is higher
for non-marijuana users (29.1 kg/m2) the number
found in past marijuana users (28.5 kg/m2) as well
as current marijuana user (27.2 kg/m2). Current
marijuana users also tend to have smaller waist
circumference (93.6 cm) than past marijuana users
(97.6 cm) and non-marijuana users.

Table 2. Mean values (Standard Errors) of Fasting Insulin and Glucose According to Average Marijuana Use Among
Participants from the National Health and Nutrition Examination Survey (NHANES), 2005 to 2010.
Frequency of Cannabis Use
No. of
Persons

Never

Past Use

Current Use

P Value

Insulin (µU/mL)*

4606

10.1 (0.2)

8.8 (0.2)

7.5 (0.3)

<.0001

Glucose (mg/dL)

4657

103.5 (0.7)

100.6 (0.7)

99.7 (1.1)

.007

HOMA-IR*

4606

2.5 (0.05)

2.2 (0.06)

1.8 (0.07)

<.0001

HbA1c (%)

3076

5.5 (0.03)

5.4 (0.03)

5.4 (0.05)

.03

Triglycerides* (mg/dL)
HDL-C (mg/dL)

4627
4635

108.5 (2.0)
53.4 (0.4)

111.1 (2.0)
53.9 (0.6)

110.8 (2.9)
53.9 (0.7)

.37
.78

BMI (kg/m2)
Waist circumference (cm)
SBP (mm Hg)

4633
4602
4347

29.1 (0.2)
97.4 (0.5)
117.4 (0.6)

28.5 (0.2)
97.6 (0.5)
117.0 (0.4)

27.2 (0.3)
93.6 (0.8)
118.8 (0.7)

<.0001
.0002
.08

DBP (mm Hg)

4330

70.4 (0.4)

70.5 (0.4)

69.3 (0.6)

.17

HOMA-IR = homeostasis model assessment of insulin resistance; HbA1c = hemoglobin A1c; HDL-C = high-density
lipoprotein cholesterol; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure.
*Means for insulin, HOMA-IR and triglycerides are geometric.

Anthony and coworkers [27] analyzed data
from both National Health and Nutrition
Examination Survey (NHANES) as well as the
National Surveys on Drug Use and Health
(NSDUH) using eight independent sample pools,
Table 3 and found that the unadjusted odds ratio of
marijuana users to have diabetes mellitus is 0.4
(95% CI, 0.3 – 0.5) averaging, Table 3. After
adjustments for age, sex, ethnics, education,
income, alcohol and cigarette smoking, the odds
ratio of marijuana users to have diabetes mellitus is
0.7 (95% CI 0.6 -0.8) which is still statistically
lower than non-marijuana users to develop diabetes
mellitus.
Agardh
and
coworkers[28]
gathered
longitudinal data by questionnaires for about 18,000
Swedish men and women and reported marijuana
users had lower risk of type 2 diabetes with odds
ratio = 0.68 (95% CI 0.47 to 0.99). In addition,
Agardh and coworkers computed the odds ratio fell

to 0.94 (95% CI 0.63 to 1.39) after adjustment for
age, Table 4. However, in their adjusted odds ratio
0.94 (95% CI 0.63 to 1.39), they did not
differentiate current marijuana users or past
marijuana population. In fact, Agardh and
coworkers did mention in the paper that the odds
ratio is 0.97 for people who used marijuana more
than one year ago and the same odds ratio fell to
0.74 when combining the cases in which people
used marijuana in the past month or the past year.
This result is actually similar to what Anthony and
coworkers [28] obtained when they studied data from
the National Health and Nutrition Examination
Survey (NHANES) and the National Surveys on
Drug Use and Health (NSDUH) and obtained the
adjusted odds ratio 0.7 (95% CI 0.6 -0.8).
Therefore, based on the lengthened epidemiological
studies, marijuana did show at least protective
effects again diabetes mellitus.
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3. The role of Cannabinoid and cannabidiol as
antioxidant
Unhealthy diets usually contain high sugar
and energy; the resulting energy surplus can impose
great oxidative and nitrosative stress on
metabolism. Reactive oxygen species are often
generated by molecular oxygen binding to redox
active metals such as copper and iron in the human
body as side product for energy production.
Formation and reactivity of reactive oxygen species
are well characterized in ligand copper oxygen
model chemistry, for example [29-31]. Inoguchi and

coworkers [32] reported that high glucose level
significantly increases reactive oxygen species
production in cultured smooth muscle cells (SMCs)
and endothelial cells (ECs) detected by electron
spin resonance spectroscopy. Rosen and Lander and
coworkers [33] examined the causal effects of
reactive oxygen species on the insulin resistant and
found that reduced level of reactive oxygen species
greatly enhances insulin sensitivity. Insulin resistant
is generally considered as the major hallmark of
type 2 diabetes. Therefore, reactive oxygen species
play a significant role in the development of type 2
diabetes.

Table 3. Study-specific estimates of odds ratios that quantify associations linking occurrence of diabetes mellitus
among recently active cannabis smokers: Data for the United States based on eight independent replications from the
National Health and Nutrition Examination Survey (NHANES) and the National Surveys on Drug Use and Health
(NSDUH), 2005-2012

0.3 (0.2, 0.7)

Covariatea adjusted
odds ratio
(95% CI)
0.6 (0.3, 1.2)

Covariate adjusted odds ratio
additionally adjusted for BMI
(95% CI)b
0.8 (0.4, 1.5)

NSDUH 2005-06

0.3 (0.2, 0.4)

0.7 (0.5, 1.0)

---------------

NHANES 2007-08

0.3 (0.2, 0.5)

0.4 (0.2, 0.7)

0.4 (0.2, 0.8)

NSDUH 2007-08

0.3 (0.2, 0.4)

0.5 (0.4, 0.7)

---------------

NHANES 2009-10

0.5 (0.3, 1.1)

0.9 (0.4, 2.1)

1.0 (0.4, 2.1)

NSDUH 2009-10

0.4 (0.3, 0.6)

0.8 (0.5, 1.1)

---------------

NHANES 2011-12

0.5 (0.3, 0.8)

0.7 (0.4, 1.2)

0.8 (0.4, 1.4)

NSDUH 2011-12

0.5 (0.4, 0.6)

0.9 (0.6, 1.2)

---------------

Meta-analytic odds ratio

0.4 (0.3, 0.5)

0.7 (0.6, 0.8)

0.7 (0.5, 0.97)

12.9 (0.08)

9.8 (0.20)

2.7 (0.43)

Independent replication sample

Unadjusted CS-DM
odds ratio (95% CI)

NHANES 2005-06

c

summary

Heterogeneity test statistic (p
value)
a

Covariate adjustments for age (years), sex (male and female), ethnic self-identification (non-Hispanic Whites, nonHispanic Blacks, Hispanics, and all others), education (less than high school, high school, and above high school),
income-poverty ratio (<1 and ≥1), past-year alcohol drinking (never user, used before but not in the 12 months prior to
the interview, and used in the 12 months prior to the interview) and tobacco cigarette smoking (never, former, nondaily, and daily smoker), using the multiple logistic regression model. bAdditionally adjusted for BMI (kg/m2). The
NSDUH study does not collect data on BMI. cThis ‘random effects’ meta-analysis summary estimate makes an
allowance for between-replication variability in the effect estimates. The heterogeneity test statistic (degrees of
freedom =7) suggests no appreciable variation (i.e., as gauged in relation to alpha set at 0.05); nonetheless, the
‘random effects’ summary estimate was retained, with resulting standard errors (and 95% CI) slightly larger than those
obtained using the ‘fixed effects’ meta-analysis summary estimation approach.
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Table 4. Odds ratios (ORs) and 95% Confidence Intervals (Cis) for the association between cannabis use in 2002 and
subsequent type 2 diabetes (2003 -2011).
Cannabis use
Never

Ever

Crude estimate Adjusted for

1

ORs
0.68

Sex
Age
Tobacco smoking
Physical inactivity
BMI
Alcohol use
Occupational position
Multiadjusted*

1
1
1
1
1
1
1
1

0.65
0.94
0.60
0.66
0.75
0.67
0.75
0.94

(95% CIs)
(0.47-0.99)
(0.44-0.95)
(0.63-1.39)
(0.41-0.87)
(0.46-0.97)
(0.51-1.10)
(0.44-1.02)
(0.51-1.09)
(0.63-1.42)

*Adjusted for age, BMI, tobacco smoking, and occupational position, which changed the OR > 10%.

Cannabinoids were compared with BHT
(butylated hydroxytoluene, a common antioxidant)
for their ability to prevent tert-butyl hydroperoxideinduced oxidation of dihydrorhodamine. Data
represent mean values SEM from a single
experiment with three replicates. This experiment
was repeated four times with essentially the same
results [34].
The neuroprotective roles of cannabinoid
(9-THC) and cannabidiol (CBD) have long been
reported as antioxidant against reactive oxygen and
nitrogen species. Hampson and coworkers [34]
reported the protective role of cannabidiol and
cannabinoid against hydrogen peroxide [34] where
tert-butyl hydroperoxide-induced toxicity was
examined in the presence of cannabidiol. The y-axis
represents lactate dehydrogenase (LDH) released
into the media by dying cells in percentage against
control group. Cannabidiol (9-THC) exhibits half
maximal effective concentration (EC50) to be 6.2 ±
0.1 M and the maximum protective effect again
hydrogen peroxide is around 90%. In a separate
experiment, Hampson and coworkers [34] tested
cannabinoid (9-THC), cannabidiol (CBD) and
butylated hydroxytoluene (BHT, a common
antioxidant) for their ability to prevent tert-butyl
hydroperoxide-induced
oxidation
of
dihydrorhodamine, which is a fluorescent reagent
for detection of reactive oxygen species [34].
Cannabinoid (9-THC) is shown as effective as
NHT with half maximal effective concentration

(EC50) to be 18 ± 1 M which cannabidiol (CBD) is
more effective with half maximal effective
concentration (EC50) to be 11 ± 1 M [34]. In
addition, both cannabinoid (9-THC) and
cannabidiol (CBD) have shown protective roles
against toxic amount of glutamate, which is an
important neurotransmitter [34]. Downregulation
mechanism for cannabinoid (9-THC) and
cannabidiol (CBD) have been proposed by Jourdan
and coworkers [35] on the cannabinoid receptors.
This means rather than activation of CB1 receptor,
cannabinoid (9-THC) was shown to desensitize the
cannabinoid receptors and exhibited protective
effects of chronic cannabinoid (9-THC)
administration.
4.Anti-inflammatory role of cannabidiol
Type 1 diabetes is an autoimmune disorder
disease led by immune-associated destruction of
insulin-producing pancreatic β cells [17]. Immune
system can be activated by inducible nitric oxide
synthase (iNOS) [36] upon invading pathogens or
NOx pollution in the atmosphere [37]. Nitric oxide is
also a signaling agent and it can be detected via a
number of spectroscopic techniques [38]. However,
excessive nitric oxide production can lead to tissue
damaging effects via formation of reactive nitrogen
species. In the case of inflammation and immune
reactions, reactive nitrogen species are generated
and could result in post-translational modification
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on protein, lipids and DNAs. One example is shown
as tyrosine nitration imposed by iron or copper
peroxynitrite complex [31, 39, 40]. Weiss and
coworkers reported [41] that treating type 1 diabetes

prone mice with 5 mg/kg of cannabidiol (CBD)
significantly reduce occurrences of type 1 diabetes,
compared to vehicle control and untreated mice,
Figure 3.

100
90

% Diabetes Free

80
70

60
50
40
30
20
10
0
0
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10

CBD(25)

15

20

25
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Emulsifier(21)
Ctrl(21)

Figure 3. Incidence of diabetes in NOD mice treated with 5 mg/kg of CBD, vehicle control and untreated mice. The
incidence of diabetes in the CBD treated group, compared with vehicle-treated mice and untreated controls was
significant p<0.001 (log tank test) [41]

After about 21 weeks, untreated mice all
developed diabetes while over 80% of vehicletreated mice have also developed diabetes, Figure 3.
With CBD treated group, the incidence of diabetes
mice plateaued at 18 weeks and only 30% mice
developed diabetes through 25 weeks, Figure 3.
Since cannabidiol is neither agonist or antagonist
for the cannabinoid receptor, a cannabinoid
receptor-independent mechanism was proposed for
the protective effects of cannabidiol [35].

5. Summary
Recent research of cannabis products has
shed light on diabetes diseases, though researchers

and pharmaceutical companies are still cautious due
to strict federal law regulation and traditional
opinion of these products. Decreased prevalence of
diabetes was found in current light marijuana users,
compared to current heavy users and past users.
Lower fasting insulin level and less insulin
resistance was correlated with marijuana use. To
pursue the mechanism of how marijuana protects
human from diabetes, Delta-9-tetrahydrocannabinol
(9-THC) and cannabidiol were brought into
researchers’ attention. Reduced reactive oxygen
species are found to greatly enhance insulin
sensitivity. Insulin resistance is a major hallmark of
type 2 diabetes. 9-THC has been repeatedly
reported as antioxidant against reactive oxygen
species and nitrogen species, such as hydrogen
peroxide. 9-THC has shown capability to
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desensitize the cannabinoid receptor and exhibited
protective effects of chronic cannabinoid
administration. The diabetic syndromes were
significantly relieved in diabetic type 1 mice after
treatment of cannabidiol. All these evidences have
shown promising medical effect of THC and
cannabidiol. Further work may focus on further
elucidation of mechanisms, toxicity of different
doses and clinical trials.
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Abstract
Marijuana is classified as Cannabis saiva L, one type of hemp. Traditionally, Marijuana is considered as
Schedule I drug due to its acute bad effects on human health. However, its medical use has been widely
recognized today. Delta-9-tetrahydrocannabinol (9-THC) is a compound extracted from Marijuana, which
has been used in several drugs approved by United States Food and Drug Administration (FDA). 9-THC
functions through cannabinoid receptor in neural system or peripheral tissues. For diabetes patients, 9-THC
has been reported to have preventative or treatment effects. In this paper, we will review recent research
progress in association between cannabis use and diabetes, as well as known mechanism of how 9-THC
functions in human from the perspective of free radicals.
Keywords: cannabis,diabetes,Delta-9-tetrahydrocannabinol,free radicals
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1. Introduction
Traditionally,federal laws classify marijuana
as Schedule I (strictest) drug along with heroine and
other hallucinogens by the Controlled Substances
Act (1970) due to its high potency for abuse.
Marijuana is known to cause a series of acute
effects for the users [1] such as anxiety, impaired
attention and short-term memory loss, as well as
attenuated motor coordination, which pose risks in
public settings, such as traffic accident. For longterm marijuana users, the impairment on cognition
and memory could be prolonged and irreversible [2].
Once heavy marijuana users stopped its intake, they
often experience persistent withdrawal symptoms
such as nausea, insomnia and depression [2]. If not
properly regulated, use of marijuana would cause
tremendous social crisis and economic loss.
Therefore, almost all countries have strict laws
regulating use and usage of marijuana.
People often use the name hemp and
marijuana
interchangeably.The
biological
classification by the U.S. Department of Agriculture
is that hemp is the common name for the genus
called “Cannabis L.” while marijuana referred to the
species “Cannabis sativa L.” Moreover, hemp
contains only 0.3% of psychoactive chemicals and
mainly planted for its strong fiber that can be used
for building materials and textiles. Hemp seeds can
also be used to produce hempseed oil which is a
legal consumer product in the U.S and research has
shown that hempseed oil is rich in essential fatty
acids such as omega-6 and omega-3 believed by
some as “super food” boasting beneficial effects
against obesity, diabetes and arthritis. The U.S.
imports around $500 million worth of hemp product
annually from countries such as Canada and China,
however, federal laws still prohibit growing of
hemp in the U.S. In recent years, states legislatures
have taken initiatives to endorse industrial hemp
growth, so far 16 states allow industrial hemp
growth and 20 states permit research use of hemp
growth or pilot program for industrial hemp
production. One the other hand, marijuana has
about 10% on average of psychoactive chemicals,
which is around 30 times higher than that is found
in hemp. In addition, attempts have been made to
appeal for reclassification of cannabis including

marijuana. Marijuana is now legalized in eight
states for adult recreational use; twenty-nine states
and Washington, DC imposed laws for allowing
medical use of marijuana.
Scientific research on cannabis and its
extracted chemicals can be dated as early as 19th
century [3]. Until 1963, Mechoulam and coworkers
[4-6]
determined the structure and stereochemistry of
the primary psychoactive component of cannabis,
i.e. 9-tetrahydrocannabinol (9-THC), Figure 1a
and cannabidiol (CBD), Figure 1b.
Zhang and coworkers recently reviewed
extraction and analysis of 9-THC [7]. So far, the
FDA approved two synthetic cannabinoid
prescription drugs that derived from 9-THC,
namely Marinol and Cesamet that can be used for
treatment of nausea and neuropathic pain after
cancer chemotherapy. Chemotherapy drugs, for
example, cisplatin induces excessive inflammation
and oxidative stress on kidney, renal and neuro
system. Meng and coworkers [8] reported a phenolic
aldehyde named protocatechuic aldehyde as
antioxidant and possible suppress oxidative stress
and inflammation poised by cisplatin, potentially
operates in a similar fashion as 9-THC. Extensive
research has been carried out to elucidate the
underlying nature for the psychoactive compound
9-THC. In 1990, Matsuda and coworkers [9]
reported for the first time the THC receptor in
mouse brain cells is a G-protein coupled receptor
and isolated a complementary DNA sequence that
later used to clone the cannabinoid (9-THC)
receptor. Gerard and coworkers [10] were able to
clone a human cannabinoid receptor using human
brain stem cell cDNA. To illuminate the native
function of the cannabinoid receptor in the brain,
Mechoulam and coworkers [11] isolated and
identified the endogenous ligand for the
cannabinoid receptor to be anandamide that could
act as neurotransmitter for controlling of pleasure.
Munro and coworkers [12] reported finding of
cannabinoid receptor in the peripheral immune
systems such as macrophage cells. The cannabinoid
receptors found in the brain as well as central neural
systems are often named as CB1 and the ones found
in peripheral tissues for controlling of inflammation
and immunological reactions are classified as CB2.
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Figure 1. a) Chemical Structure of

9-THC. b) Chemical Structure of CBD.
[18, 19]

2.Main text
2.1Diabetes as the No.1 health risk
With the legalization of cannabis and related
product, it is necessary to review some of the health
consequences for people with regular intake of
marijuana. We hereby focus on the recent research
data between cannabis product and incidents of
diabetes mellitus. Diabetes is becoming the most
expensive disease in the U.S., costing over $100
billion for diagnosis and treatment per year since
2013 [13]. As of 2014, centers for disease control and
prevention (CDC) published statistic data of total
diabetes patients in the U.S. to be around 29
million, over 80 million people have prediabetes.
Recent advancement in portable personal electronic
monitoring device helped with diagnosis of
prediabetes [14-16]. The total number of diabetes
patients in the world was estimated to be around
285 million; the number is projected to be more
than 438 million by 2030, Table 1 [17].
Diabetes mellitus can be classified as type 1
and type 2. Type 1 diabetes arises from auto
immune disorders led by destruction of insulin
secretary pancreatic beta-cells[17]. From a
geographical perspective, the prevalence of type 1
diabetes is higher in area with less sunlight such as
Finland and lower in area with more sunlight, e.g.
India. Furthermore, more cases of type 1 diabetes
were diagnosed in winter where sunlight is minimal.
This trend is similar to what was found for people
with less vitamin D3 synthesis by their skin cells
where exposure to sunlight radiation was at reduced
amount and higher incidence of cancer, for example

. From a genetic perspective, certain mutations
or disruption of DNA nucleotide base pairs [20], for
example, single-nucleotide polymorphism in the
gene encoding lymphoid protein tyrosine
phosphatase (an enzyme found to attenuate T-cell
activation) [21] are associated with type 1 diabetes.
The cause of type 2 diabetes is complex and can be
attributed to many factors such as high-energy diet
and lack of exercise. Wang and coworkers [22]
reported inhibition of tyrosine phosphatase
enhances insulin sensitivity and could provide
therapeutic potential for type 2 diabetes. Cruz and
coworkers [23] reported glycine (amino acid
normally exists in microhydrated zwitterionic form
[24]
) could increase insulin sensitivity and reduce
level of glycated hemoglobin.
2.2Epidemiological studies that link cannabinoid
and decreased diabetes
Epidemiological studies have linked
decreased diabetes incidence with the use of
cannabinoid. In 2012, Rajavashisth and coworkers
[25]
analyzed data collected by the National Health
and Nutrition Examination Survey and found that
current light marijuana users have lower diabetes
prevalence than current heavy users and past
marijuana users, Figure 2. Also, all marijuana users
(past or current) are less likely to be diagnosed as
diabetes compared to non-marijuana users (Figure
2) after adjustment with confronting factors such as
age, race and alcohol use. Using logistic regression
assessment of the data, the odds ratio (OR) for
current light users is 0.29 (95% CI 0.13 to 0.65)
compared to non-users. Past marijuana users have
odds ratio of 0.44 (95% CI 0.33 to 0.59) and current
heavy users have odds ratio of 0.47 (95% CI 0.22 to
0.98) then non-marijuana users, Figure 2.
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Table 1. Estimated numbers of adults aged 20-79 with any type of diabetes mellitus and prevalence, by region, in
2010 and projected for 2030. [17]
2010
Number
of adults
with
diabetes
(million)
12.1
26.6
55.4
37.4
18.0

2030

Prevalence
(%)*

Number
of adults
with
diabetes
(million)
23.9
51.7
66.5
53.2
29.6

Percentage increase in
number

Prevalence
(%)*

Africa
3.8%
4.7%
98.1%
EMME
9.3%
10.8%
93.9%
Europe
6.9%
8.1%
20.0%
North America
10.2%
12.1%
42.4%
South and Central
6.6%
7.8%
65.1%
America
Southeast Asia
58.7
7.6%
101.0
9.1%
72.1%
West Pacific
76.7
4.7%
112.8
5.7%
47.0%
Worldwide
284.8
6.4%
438.7
7.7%
54.1%
EMME = Eastern Mediterranean and Middle East. *For each region values are standardized to world age distribution for that year.

1

0.98

Upper CI

OR

Lower CI

OR of having DM

0.8

0.6

0.4

0.65
0.59
0.47

0.44
0.33

0.29
0.22

0.2
0.13
0
Past users

Current light users

Current heavy users

Marijuana users
Figure 2. Odds ratio (OR) and 95% CI of having diabetes mellitus (DM) among past and current marijuana users
relative to non-marijuana users.

Later in 2013, Mittleman and coworkers [26]
analyzed data from the National Health and
Nutrition
Examination
Survey
(NHANES)
including 4657 adult men and women from 2005
and 2010. They reported that the correlation
between marijuana use and lower fasting insulin
level and less insulin resistant is statistically

significant, Table 2. The current marijuana users
have lower insulin level (7.5 U/mL) than nonusers (10.1 U/ml) on average while past users have
insulin level between the two groups (8.8 U/ml).
Glucose level is also higher for the non-users (103.5
mg/dL) than current marijuana users (99.7 mg/dL)
and for past users the level is (100.6 mg/dL).
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Homeostasis model assessment of insulin resistant
(HOMA-IR) is again lower for current marijuana
users (1.8) when compared to past users (2.2) and
non-users (2.5).
The hemoglobin A1c (HbA1c), triglycerides
and high-density lipoprotein cholesterol (HDL-C)
levels are similar for current, past and non-

marijuana users. Body mass index (BMI) is higher
for non-marijuana users (29.1 kg/m2) the number
found in past marijuana users (28.5 kg/m2) as well
as current marijuana user (27.2 kg/m2). Current
marijuana users also tend to have smaller waist
circumference (93.6 cm) than past marijuana users
(97.6 cm) and non-marijuana users.

Table 2. Mean values (Standard Errors) of Fasting Insulin and Glucose According to Average Marijuana Use Among
Participants from the National Health and Nutrition Examination Survey (NHANES), 2005 to 2010.
Frequency of Cannabis Use
No. of
Persons

Never

Past Use

Current Use

P Value

Insulin (µU/mL)*

4606

10.1 (0.2)

8.8 (0.2)

7.5 (0.3)

<.0001

Glucose (mg/dL)

4657

103.5 (0.7)

100.6 (0.7)

99.7 (1.1)

.007

HOMA-IR*

4606

2.5 (0.05)

2.2 (0.06)

1.8 (0.07)

<.0001

HbA1c (%)

3076

5.5 (0.03)

5.4 (0.03)

5.4 (0.05)

.03

Triglycerides* (mg/dL)
HDL-C (mg/dL)

4627
4635

108.5 (2.0)
53.4 (0.4)

111.1 (2.0)
53.9 (0.6)

110.8 (2.9)
53.9 (0.7)

.37
.78

BMI (kg/m2)
Waist circumference (cm)
SBP (mm Hg)

4633
4602
4347

29.1 (0.2)
97.4 (0.5)
117.4 (0.6)

28.5 (0.2)
97.6 (0.5)
117.0 (0.4)

27.2 (0.3)
93.6 (0.8)
118.8 (0.7)

<.0001
.0002
.08

DBP (mm Hg)

4330

70.4 (0.4)

70.5 (0.4)

69.3 (0.6)

.17

HOMA-IR = homeostasis model assessment of insulin resistance; HbA1c = hemoglobin A1c; HDL-C = high-density
lipoprotein cholesterol; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure.
*Means for insulin, HOMA-IR and triglycerides are geometric.

Anthony and coworkers [27] analyzed data
from both National Health and Nutrition
Examination Survey (NHANES) as well as the
National Surveys on Drug Use and Health
(NSDUH) using eight independent sample pools,
Table 3 and found that the unadjusted odds ratio of
marijuana users to have diabetes mellitus is 0.4
(95% CI, 0.3 – 0.5) averaging, Table 3. After
adjustments for age, sex, ethnics, education,
income, alcohol and cigarette smoking, the odds
ratio of marijuana users to have diabetes mellitus is
0.7 (95% CI 0.6 -0.8) which is still statistically
lower than non-marijuana users to develop diabetes
mellitus.
Agardh
and
coworkers[28]
gathered
longitudinal data by questionnaires for about 18,000
Swedish men and women and reported marijuana
users had lower risk of type 2 diabetes with odds
ratio = 0.68 (95% CI 0.47 to 0.99). In addition,
Agardh and coworkers computed the odds ratio fell

to 0.94 (95% CI 0.63 to 1.39) after adjustment for
age, Table 4. However, in their adjusted odds ratio
0.94 (95% CI 0.63 to 1.39), they did not
differentiate current marijuana users or past
marijuana population. In fact, Agardh and
coworkers did mention in the paper that the odds
ratio is 0.97 for people who used marijuana more
than one year ago and the same odds ratio fell to
0.74 when combining the cases in which people
used marijuana in the past month or the past year.
This result is actually similar to what Anthony and
coworkers [28] obtained when they studied data from
the National Health and Nutrition Examination
Survey (NHANES) and the National Surveys on
Drug Use and Health (NSDUH) and obtained the
adjusted odds ratio 0.7 (95% CI 0.6 -0.8).
Therefore, based on the lengthened epidemiological
studies, marijuana did show at least protective
effects again diabetes mellitus.
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3. The role of Cannabinoid and cannabidiol as
antioxidant
Unhealthy diets usually contain high sugar
and energy; the resulting energy surplus can impose
great oxidative and nitrosative stress on
metabolism. Reactive oxygen species are often
generated by molecular oxygen binding to redox
active metals such as copper and iron in the human
body as side product for energy production.
Formation and reactivity of reactive oxygen species
are well characterized in ligand copper oxygen
model chemistry, for example [29-31]. Inoguchi and

coworkers [32] reported that high glucose level
significantly increases reactive oxygen species
production in cultured smooth muscle cells (SMCs)
and endothelial cells (ECs) detected by electron
spin resonance spectroscopy. Rosen and Lander and
coworkers [33] examined the causal effects of
reactive oxygen species on the insulin resistant and
found that reduced level of reactive oxygen species
greatly enhances insulin sensitivity. Insulin resistant
is generally considered as the major hallmark of
type 2 diabetes. Therefore, reactive oxygen species
play a significant role in the development of type 2
diabetes.

Table 3. Study-specific estimates of odds ratios that quantify associations linking occurrence of diabetes mellitus
among recently active cannabis smokers: Data for the United States based on eight independent replications from the
National Health and Nutrition Examination Survey (NHANES) and the National Surveys on Drug Use and Health
(NSDUH), 2005-2012

0.3 (0.2, 0.7)

Covariatea adjusted
odds ratio
(95% CI)
0.6 (0.3, 1.2)

Covariate adjusted odds ratio
additionally adjusted for BMI
(95% CI)b
0.8 (0.4, 1.5)

NSDUH 2005-06

0.3 (0.2, 0.4)

0.7 (0.5, 1.0)

---------------

NHANES 2007-08

0.3 (0.2, 0.5)

0.4 (0.2, 0.7)

0.4 (0.2, 0.8)

NSDUH 2007-08

0.3 (0.2, 0.4)

0.5 (0.4, 0.7)

---------------

NHANES 2009-10

0.5 (0.3, 1.1)

0.9 (0.4, 2.1)

1.0 (0.4, 2.1)

NSDUH 2009-10

0.4 (0.3, 0.6)

0.8 (0.5, 1.1)

---------------

NHANES 2011-12

0.5 (0.3, 0.8)

0.7 (0.4, 1.2)

0.8 (0.4, 1.4)

NSDUH 2011-12

0.5 (0.4, 0.6)

0.9 (0.6, 1.2)

---------------

Meta-analytic odds ratio

0.4 (0.3, 0.5)

0.7 (0.6, 0.8)

0.7 (0.5, 0.97)

12.9 (0.08)

9.8 (0.20)

2.7 (0.43)

Independent replication sample

Unadjusted CS-DM
odds ratio (95% CI)

NHANES 2005-06

c

summary

Heterogeneity test statistic (p
value)
a

Covariate adjustments for age (years), sex (male and female), ethnic self-identification (non-Hispanic Whites, nonHispanic Blacks, Hispanics, and all others), education (less than high school, high school, and above high school),
income-poverty ratio (<1 and ≥1), past-year alcohol drinking (never user, used before but not in the 12 months prior to
the interview, and used in the 12 months prior to the interview) and tobacco cigarette smoking (never, former, nondaily, and daily smoker), using the multiple logistic regression model. bAdditionally adjusted for BMI (kg/m2). The
NSDUH study does not collect data on BMI. cThis ‘random effects’ meta-analysis summary estimate makes an
allowance for between-replication variability in the effect estimates. The heterogeneity test statistic (degrees of
freedom =7) suggests no appreciable variation (i.e., as gauged in relation to alpha set at 0.05); nonetheless, the
‘random effects’ summary estimate was retained, with resulting standard errors (and 95% CI) slightly larger than those
obtained using the ‘fixed effects’ meta-analysis summary estimation approach.
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Table 4. Odds ratios (ORs) and 95% Confidence Intervals (Cis) for the association between cannabis use in 2002 and
subsequent type 2 diabetes (2003 -2011).
Cannabis use
Never

Ever

Crude estimate Adjusted for

1

ORs
0.68

Sex
Age
Tobacco smoking
Physical inactivity
BMI
Alcohol use
Occupational position
Multiadjusted*

1
1
1
1
1
1
1
1

0.65
0.94
0.60
0.66
0.75
0.67
0.75
0.94

(95% CIs)
(0.47-0.99)
(0.44-0.95)
(0.63-1.39)
(0.41-0.87)
(0.46-0.97)
(0.51-1.10)
(0.44-1.02)
(0.51-1.09)
(0.63-1.42)

*Adjusted for age, BMI, tobacco smoking, and occupational position, which changed the OR > 10%.

Cannabinoids were compared with BHT
(butylated hydroxytoluene, a common antioxidant)
for their ability to prevent tert-butyl hydroperoxideinduced oxidation of dihydrorhodamine. Data
represent mean values SEM from a single
experiment with three replicates. This experiment
was repeated four times with essentially the same
results [34].
The neuroprotective roles of cannabinoid
(9-THC) and cannabidiol (CBD) have long been
reported as antioxidant against reactive oxygen and
nitrogen species. Hampson and coworkers [34]
reported the protective role of cannabidiol and
cannabinoid against hydrogen peroxide [34] where
tert-butyl hydroperoxide-induced toxicity was
examined in the presence of cannabidiol. The y-axis
represents lactate dehydrogenase (LDH) released
into the media by dying cells in percentage against
control group. Cannabidiol (9-THC) exhibits half
maximal effective concentration (EC50) to be 6.2 ±
0.1 M and the maximum protective effect again
hydrogen peroxide is around 90%. In a separate
experiment, Hampson and coworkers [34] tested
cannabinoid (9-THC), cannabidiol (CBD) and
butylated hydroxytoluene (BHT, a common
antioxidant) for their ability to prevent tert-butyl
hydroperoxide-induced
oxidation
of
dihydrorhodamine, which is a fluorescent reagent
for detection of reactive oxygen species [34].
Cannabinoid (9-THC) is shown as effective as
NHT with half maximal effective concentration

(EC50) to be 18 ± 1 M which cannabidiol (CBD) is
more effective with half maximal effective
concentration (EC50) to be 11 ± 1 M [34]. In
addition, both cannabinoid (9-THC) and
cannabidiol (CBD) have shown protective roles
against toxic amount of glutamate, which is an
important neurotransmitter [34]. Downregulation
mechanism for cannabinoid (9-THC) and
cannabidiol (CBD) have been proposed by Jourdan
and coworkers [35] on the cannabinoid receptors.
This means rather than activation of CB1 receptor,
cannabinoid (9-THC) was shown to desensitize the
cannabinoid receptors and exhibited protective
effects of chronic cannabinoid (9-THC)
administration.
4.Anti-inflammatory role of cannabidiol
Type 1 diabetes is an autoimmune disorder
disease led by immune-associated destruction of
insulin-producing pancreatic β cells [17]. Immune
system can be activated by inducible nitric oxide
synthase (iNOS) [36] upon invading pathogens or
NOx pollution in the atmosphere [37]. Nitric oxide is
also a signaling agent and it can be detected via a
number of spectroscopic techniques [38]. However,
excessive nitric oxide production can lead to tissue
damaging effects via formation of reactive nitrogen
species. In the case of inflammation and immune
reactions, reactive nitrogen species are generated
and could result in post-translational modification
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on protein, lipids and DNAs. One example is shown
as tyrosine nitration imposed by iron or copper
peroxynitrite complex [31, 39, 40]. Weiss and
coworkers reported [41] that treating type 1 diabetes

prone mice with 5 mg/kg of cannabidiol (CBD)
significantly reduce occurrences of type 1 diabetes,
compared to vehicle control and untreated mice,
Figure 3.
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Figure 3. Incidence of diabetes in NOD mice treated with 5 mg/kg of CBD, vehicle control and untreated mice. The
incidence of diabetes in the CBD treated group, compared with vehicle-treated mice and untreated controls was
significant p<0.001 (log tank test) [41]

After about 21 weeks, untreated mice all
developed diabetes while over 80% of vehicletreated mice have also developed diabetes, Figure 3.
With CBD treated group, the incidence of diabetes
mice plateaued at 18 weeks and only 30% mice
developed diabetes through 25 weeks, Figure 3.
Since cannabidiol is neither agonist or antagonist
for the cannabinoid receptor, a cannabinoid
receptor-independent mechanism was proposed for
the protective effects of cannabidiol [35].

5. Summary
Recent research of cannabis products has
shed light on diabetes diseases, though researchers

and pharmaceutical companies are still cautious due
to strict federal law regulation and traditional
opinion of these products. Decreased prevalence of
diabetes was found in current light marijuana users,
compared to current heavy users and past users.
Lower fasting insulin level and less insulin
resistance was correlated with marijuana use. To
pursue the mechanism of how marijuana protects
human from diabetes, Delta-9-tetrahydrocannabinol
(9-THC) and cannabidiol were brought into
researchers’ attention. Reduced reactive oxygen
species are found to greatly enhance insulin
sensitivity. Insulin resistance is a major hallmark of
type 2 diabetes. 9-THC has been repeatedly
reported as antioxidant against reactive oxygen
species and nitrogen species, such as hydrogen
peroxide. 9-THC has shown capability to
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desensitize the cannabinoid receptor and exhibited
protective effects of chronic cannabinoid
administration. The diabetic syndromes were
significantly relieved in diabetic type 1 mice after
treatment of cannabidiol. All these evidences have
shown promising medical effect of THC and
cannabidiol. Further work may focus on further
elucidation of mechanisms, toxicity of different
doses and clinical trials.
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The Endocannabinoid System and Plant-Derived
Cannabinoids in Diabetes and Diabetic Complications
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Oxidative stress and inflammation play critical roles
in the development of diabetes and its complications.
Recent studies provided compelling evidence that the
newly discovered lipid signaling system (ie, the endocannabinoid system) may significantly influence reactive oxygen species production, inflammation, and subsequent tissue injury, in addition to its well-known
metabolic effects and functions. The modulation of the
activity of this system holds tremendous therapeutic
potential in a wide range of diseases, ranging from cancer, pain, neurodegenerative, and cardiovascular diseases to obesity and metabolic syndrome, diabetes,
and diabetic complications. This review focuses on
the role of the endocannabinoid system in primary
diabetes and its effects on various diabetic complications, such as diabetic cardiovascular dysfunction, nephropathy, retinopathy, and neuropathy, particularly
highlighting the mechanisms beyond the metabolic
consequences of the activation of the endocannabinoid system. The therapeutic potential of targeting
the endocannabinoid system and certain plant-derived cannabinoids, such as cannabidiol and ⌬9-tetrahydrocannabivarin, which are devoid of psychotropic effects and possess potent anti-inflammatory
and/or antioxidant properties, in diabetes and diabetic complications is also discussed. (Am J Pathol
2012, 180:432– 442; DOI: 10.1016/j.ajpath.2011.11.003)

Endocannabinoids (ECs) are endogenous, bioactive lipid
mediators that exert their effects mainly through specific
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G protein– coupled (primarily Gi/o) receptors: cannabinoid-1 (CB1) receptor and cannabinoid-2 (CB2) receptor.
The signaling of these receptors is complex and, depending on the cell type, may involve inhibition (also
activation in certain cases) of adenyl cyclase activity,
activation of various mitogen-activated protein kinases
(MAPKs) (eg, p38- and p44/42-MAPKs, c-Jun N-terminal
kinase, and extracellular signal–regulated kinase), protein kinases A and C, and modulation of various Ca2⫹
and K⫹ channels.1–3 Previously, it was thought that the
CB1 receptor was predominantly expressed in the central
nervous system, mediating undesirable psychoactive effects, whereas the CB2 receptor was expressed mainly in
immune and hematopoietic cells, modulating immune activities. However, recent studies also have demonstrated
the expression of these receptors in various other cell
types, both centrally and in the peripheral organs, implicating these receptors in a wide range of physiologic and
pathologic functions and activities.1,4,5 In addition to their
primary target cannabinoid receptors, ECs and possibly
their metabolites may also activate multiple receptor-dependent and -independent mechanisms.3
The two main ECs are anandamide (AEA) and 2-arachidonoyl glycerol (2-AG).6,7 They are synthesized “on demand,” not stored in the cell, and are degraded quickly to
have a transient and localized effect.5 Their synthesis is
mainly dependent on intracellular Ca2⫹ concentrations
because AEA is mainly formed via a two-step pathway
composed of a Ca2⫹-dependent N-acyltransferase and
N-acylphosphatidylethanolamine-hydrolyzing phospholipase D, whereas diacylglycerol lipase and phosphoSupported by the Intramural Research Program of the National Institute of
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lipase C-␤ are mainly responsible for the synthesis of
2-AG. Their main metabolizing enzymes are fatty acid
hydrolase (FAAH) and monoacylglycerol lipase (MAGL),
the former favoring AEA and the latter favoring 2-AG
catabolism.8 AEA and 2-AG bind to both the CB1 and
CB2 receptors; however, AEA binds with higher affinity to
the CB1 receptor, whereas 2-AG favors the CB2 receptor.1 Because of rapid degradation, ECs and their metabolites may also exert multiple, important biological effects
unrelated to the activation of conventional cannabinoid
receptors.1–3 The ECs, their specific receptors, and the
synthesizing and metabolizing enzymes form the EC system (ECS).5,8 The modulation of the ECS has therapeutic
potential in a wide range of disparate diseases and
pathologic conditions that affect humans, including neurodegenerative, kidney, and gastrointestinal diseases,
pain, cancer, bone and cardiovascular disorders, obesity
and metabolic syndrome, and inflammation, just to mention a few.1,4,5
The cannabinoid receptors are, at least in part, also responsible for the effects of several natural constituents of
Cannabis sativa (ie, the marijuana plant).3,9 The most characterized plant-derived cannabinoid, ⌬9-tetrahydrocannabinol (THC), was previously considered the only active
ingredient of marijuana, responsible for its undesirable psychotropic effects mediated by central CB1 receptors,
greatly limiting its potential therapeutic use. Numerous recent studies have also focused on two natural plant-derived
constituents with very negligible psychotropic effects and
great therapeutic potential in inflammatory diseases, diabetes, and diabetic complications: cannabidiol (CBD) and
⌬9-tetrahydrocannabivarin (THCV).3,9 CBD is the most
abundant nonpsychotropic constituent of C. sativa and
has been reported to exert protective effects in multiple
disease models,9 including diabetes10,11 and diabetic
complications.12–15 CBD is well tolerated without adverse
effects when administered in the long term to humans
and has been approved for the treatment of inflammation,
pain, and spasticity associated with multiple sclerosis in
Canada, the United Kingdom, and Spain. THCV seems to
be a promising therapeutic compound because it has been
shown to behave as a CB1 receptor antagonist; at the same
time, it activates CB2 receptors, thereby decreasing inflammation and oxidative stress,16,17 which are key processes
in the development of diabetes and diabetic complications.
Diabetes mellitus affects 8.3% of the US population
and is the seventh leading cause of death in the United
States.18 Type 1 diabetes mellitus (insulin-dependent or
juvenile onset) commonly has an increased prevalence of
autoantibodies against pancreatic islet cells, which are
thought to play an important role in the destruction of
insulin-producing ␤-cells. This type of diabetes is usually
diagnosed in individuals younger than 30 years and has
a prevalence of 0.2% to 0.5%. Patients have a lean body
build and are prone to ketosis, owing to absent insulin
production. Type 2 diabetes (non–insulin-dependent or
maturity onset) is often characterized by a combination of
a progressive insulin secretory defect in pancreatic
␤-cells and resistance to the effects of insulin in peripheral target tissues. This type of diabetes has a prevalence
of 2% to 4% and is more common in men. Patients are

usually older than 40 years and obese. Both types of
diabetes are characterized by high blood glucose levels
(hyperglycemia) and consequent metabolic alterations,
which eventually lead to the development of multiple
complications.
Most diabetic complications are associated with pathologic alterations in the vascular wall; the most common
macrovascular complication of diabetes is atherosclerosis,
which increases the risk of myocardial infarction, stroke,
and peripheral artery disease, whereas microvascular complications underlie nephropathy, retinopathy, and peripheral neuropathy.19 Diabetic complications have tremendous physical, emotional, and economic impact because
diabetes is the leading cause of kidney failure, nontraumatic lower-limb amputation, and new cases of blindness
among adults in the United States.18 Hyperglycemia,
caused by either a lack of insulin or insulin resistance,
triggers tissue damage via a multiple complex mechanism, leading to the accumulation of sorbitol and advanced glycation end products, while increasing the expression of its receptor. Hyperglycemia also activates
protein kinase C and the hexosamine pathway. Several
studies have indicated that the common upstream event
in the pathogenesis of diabetic complications is the formation of reactive oxygen species (ROS) and reactive
nitrogen species.20,21 We provide a brief overview of the
role of the ECS in the pathogenesis of diabetes and
diabetic complications and the therapeutic potential of
the modulation of this endogenous system and certain
natural (plant-derived) cannabinoids with antioxidant and
anti-inflammatory properties.

Role of the ECS in Diabetes and Diabetic
Complications
Primary Diabetes
Diabetes is characterized by hyperglycemia caused by
either a lack of insulin (due to autoimmune destruction of
islet cells) or insulin resistance. Obesity is the main risk
factor for type 2 diabetes, leading to insulin resistance.
Exogenous cannabinoids and ECs increase food intake
and promote weight gain in animals by activating central
CB1 receptors.22 Furthermore, activation of the peripheral ECS has been observed in human obesity,23 leading
to adipogenesis, lipogenesis, hepatic steatosis, and increased insulin resistance, most likely involving both peripheral and central CB1 receptors.24,25 Blockade of CB1
receptors with rimonabant (RIO) has been promising in
clinical trials, leading to weight loss and improvements in
several metabolic risk factors (eg, decreased waist circumference, increased high-density lipoprotein cholesterol levels, and decreased triglyceride levels) that cannot be explained by the observed weight loss.26 –28 The
CRESCENDO trial, testing RIO for the prevention of cardiovascular events, however, was abruptly terminated
because of the drug’s neuropsychiatric adverse effects.29 However, the fact that a peripheral CB1 receptor
antagonist was also able to efficiently reduce weight and
improve metabolic risk factors in a mouse model of obe-
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sity30 gave hope that modulation of the ECS might still be
a viable option to tackle human obesity.25 Indeed, there
is considerable interest in the development of peripheral
CB1 receptor antagonists.25
The presence and function of the ECS in islet cells
have been intensively investigated. The results regarding
the expression of cannabinoid receptors have been contradictory and show a strong species dependence. In
mouse islet cells, both CB1 and CB2 receptors are expressed31–34; however, the specific cell type that expresses these receptors is still under debate. It has also
been shown that EC-synthesizing enzymes are also present in ␣-cells, whereas the metabolizing enzymes are
restricted to ␤-cells33,35 with questionable expression of
MAGL in ␣-cells.35 There is consensus that CB1 receptors are expressed in rat pancreatic islets; however, the
presence of CB2 receptors is debated.32,36,37 MAGL is
expressed in ␦-cells, and FAAH is expressed in ␣-cells.36
More importantly, in the human pancreas, CB1 receptor,
MAGL, and FAAH expression has been confirmed, but
there is no agreement about either their localization or
CB2 receptor expression.35,36,38 Although there is a lot of
controversy, it seems that most studies agree that CB1
receptors are expressed in islet cells; recently, CB1 receptor also has been implicated in insulin secretion. A
CB1 receptor agonist was shown to increase insulin secretion in RINm5F cells,39 MIN6 cells,40 rat islet cells,37
and mouse islet cells.34 Similar findings were confirmed
in human islets cells.38 There is only one report that
showed that AEA and a CB1 agonist decreased insulin
production.41 Results regarding the role of the CB2 receptor in insulin secretion are also contradictory. Although one group found an increase in insulin release on
CB2 receptor activation,34,40 others have shown its attenuation.31,38 CB1 receptor inhibition has recently been reported to increase ␤-cell proliferation, which is exciting
from a therapeutic point of view.35
It seems that the debate has not yet settled about the
exact role of cannabinoids in pancreatic islet cells, and
the conflicting results might be attributable to the different
species and experimental conditions used in these studies. The most important fact is, however, that clinical trials
are sending a clear message about the role of the ECS in
the pathogenesis of primary diabetes. The first clinical
trial (RIO Diabetes) aimed to clarify the efficacy and
safety of the CB1 antagonist RIO in obese or overweight
patients with type 2 diabetes inadequately controlled by
either metformin or sulfonylureas.42 Patients receiving
RIO treatment showed greater weight loss, reduction in
waist circumference, hemoglobin A1c levels, and fasting
glucose concentrations compared with placebo. There
was also a significant improvement in high-density lipoprotein cholesterol, triglyceride, and non– high-density lipoprotein cholesterol levels, as well as in systolic blood
pressure. In drug-naive patients with type 2 diabetes,
RIO showed a similar efficacy and caused significant
improvements in glycemic control, body weight, and metabolic profile (SERENADE trial).43 Recently, an interesting study investigated the effects of CB1 antagonist therapy in insulin-treated patients with type 2 diabetes
(ARPEGGIO trial),44 and the addition of RIO to the pa-

tients’ standard insulin treatment improved glycemic control and cardiometabolic risk factors.
The pivotal role of the ECS in the pathogenesis of
diabetes was further supported by elevated EC levels in
diabetic patients. Patients with type 2 diabetes had
higher serum levels of both AEA and 2-AG than did
healthy volunteers,39 and AEA levels were also increased
in the subcutaneous tissues of these individuals.45
There is also considerable interest in the use of certain
natural and similar synthetic cannabinoid ligands to modulate a wide variety of immune responses, including
T-lymphocyte activation and subsequent cytokine production.17,46 THC was shown to attenuate the severity of
autoimmune responses in an experimental model of autoimmune diabetes as evidenced by the significantly
lower number of infiltrating lymphocytic cells and reduced expression levels of interferon-␥, interleukin-12,
and tumor necrosis factor-␣ (TNF-␣).47 The treatment
also preserved pancreatic insulin content and led to
lower blood glucose levels compared with the untreated
diabetic group. Even though THC shows excellent immunosuppressive ability, the psychoactive effects of the
compound limit its usefulness for therapeutic purposes.
This is the reason why the study10 that showed that CBD
exerts similar beneficial effects is crucially important.
CBD reduced the incidence of diabetes in nonobese
diabetic mice, the mouse model of type 1 diabetes. The
effect was paired with reduced insulitis, which was due to
a shift of the immune response from Th1 to Th2 dominance, resulting in decreased levels of proinflammatory
cytokines, such as interferon-␥ and TNF-␣. CBD was also
able to ameliorate the disease when given at the time of
the development of initial symptoms of diabetes in nonobese diabetic mice.11
Collectively, even though the ECS seems to play an
important role in the development and control of primary
diabetes, the exact mechanisms and cellular targets are
still not completely understood. In the near future, the role
of cannabinoid receptors in the regulation of islet cell
function must be further investigated, and it is important
to develop a peripheral CB1 receptor antagonist suitable
for clinical trials. Plant-derived cannabinoids, which are
not toxic to humans and devoid of psychoactive effects,
such as cannabidiol, may represent a promising new
avenue to target autoimmune diabetes and protect pancreatic ␤-cells from oxidative injury.

Cardiovascular Complications
Accurate glucose, blood pressure, and plasma lipid controls, as well as preventive care practices, are effective in
reducing the number of complications in certain patient
cohorts with diabetes; however, they have their own limitations. For example, although intensive glucose-lowering therapy reduces glycated hemoglobin levels, it increases 5-year mortality compared with standard therapy
(ACCORD trial).48 The understanding of the pathogeneses of microvascular and macrovascular complications in
diabetes is paramount for the development of new therapeutic targets. Recently, several studies highlighted the
important role of the ECS in the regulation of vascular
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inflammation, oxidative stress, and atherosclerosis,49
suggesting that the modulation of the ECS and the administration of plant-derived cannabinoids with antioxidant and anti-inflammatory properties might be beneficial
in the treatment of cardiovascular complications associated with diabetes.
Both CB1 and CB2 receptors are expressed in the cells
of the cardiovascular system, including cardiomyocytes,
fibroblasts, endothelial and vascular smooth muscle
cells, and infiltrating immune cells.49 CB1 receptor activation by AEA or synthetic agonists induces ROS production, MAPK activation, and cell death in human coronary endothelial cells,50 mimicking the pathogenesis of
diabetes-induced endothelial dysfunction.21 The activation of MAPK is only partially mediated by ROS, suggesting direct CB1 receptor–mediated MAPK activation. Furthermore, activation of CB1 receptors leads to increased
angiotensin-1 receptor expression and nicotinamide adenine dinucleotide phosphate oxidase activity, which contribute to ROS production.51 In contrast to CB1 receptor activation, the activation of the CB2 receptor is coupled with
decreased endothelial cell activation, monocyte-endothelial adhesion, and transendothelial monocyte migration after TNF-␣ or lipopolysaccharide stimulation,52 hallmarks of the development of atherosclerosis. Activation
of the CB2 receptor also attenuates TNF-␣–triggered activation of both NF-B and Rho, up-regulation of adhesion
molecules, and increased expression levels of monocyte
chemoattractant protein-1 (MCP-1) in endothelial cells.
CB1 receptor activation by ECs and/or synthetic ligands
also promotes ROS generation, MAPK activation, and
inflammatory responses in macrophages and neutrophils,53,54 whereas CB2 receptor activation exerts opposing functions.4
Vascular smooth muscle proliferation and migration
are also key events in the pathogenesis of atherosclerosis and, therefore, in all macrovascular complications of
diabetes. CB1 receptors were suggested to play an important role in this event because receptor blockade was
able to inhibit vascular smooth muscle proliferation and
migration in response to platelet-derived growth factor
stimulation by inhibiting Ras and extracellular signal–regulated kinase 1/2 activation.55 The application of a CB2
receptor agonist showed a similar efficacy in the attenuation of vascular smooth muscle proliferation,56 indicating an opposing role of the cannabinoid receptors in both
endothelial cell activation and vascular smooth muscle
proliferation.
The first direct evidence that cannabinoid receptors
play a key role in the pathogenesis of atherosclerosis
came from an ApoE⫺/⫺ mouse model.57 THC treatment
reduced the development of atherosclerotic plaques and
macrophage content through the activation of CB2 receptors. The antiatherosclerotic properties of THC were associated with a reduction of the TH1 response and an
inhibition of monocyte/macrophage migration to the site
of inflammation. Later, it was shown that the CB1 receptor
antagonist RIO was also able to inhibit atherosclerosis in
mouse models.58,59 Its beneficial effects paralleled an
improved metabolic profile and a decreased inflamma-

tory cytokine level, decreasing thioglycollate-induced
macrophage recruitment.
The relevance of these described findings in metabolic
syndrome was investigated by long-term RIO treatment in
obese Zucker rats.60 RIO was able to attenuate increased systolic blood pressure and metabolic abnormalities without altering endothelium-dependent relaxation and restored vascular contraction induced by
␣-adrenergic agonists. RIO also increased cyclooxygenase 2 expression and prostacyclin production in the aortas of obese Zucker rats.61 In a rat model of prediabetic
metabolic syndrome, long-term RIO treatment did not
alter macrovascular response, as shown by the unaltered
endothelial function of aortic rings and the incidence of
ischemic myocardial lesions, but it diminished microvascular complications, reducing the albumin-creatinine ratio, an index of renal vascular function, and the fraction of
sclerotic glomeruli.62
The first clinical trial investigating the potential benefit
of long-term CB1 receptor blockade with RIO on the progression of atherosclerosis in obese patients with coronary artery disease did not have a clear conclusion
(STRADIVARIUS trial).63 Although RIO failed to alter disease progression for the primary end point (ie, atheroma
volume), it showed a favorable effect on the secondary
end point (ie, total atheroma volume). Additional post hoc
exploratory analyses revealed that the changes in mean
maximum atheroma thickness were favorably affected by
RIO. However, changes in atheroma volume in the most
diseased 10-mm subsegments showed no significant difference between treatments. To clarify whether this secondary end point result can be translated into a clinical
benefit (eg, myocardial infarction, stroke, and cardiovascular death reduction), the CRESCENDO trial was
launched.29 The trial, however, was prematurely terminated because of increasing concerns related to increased anxiety and suicide rates in the RIO treatment
group. Additional trials are needed to clarify whether
modification of the ECS can lead to a clinically relevant
decrease in macrovascular complications of diabetes,
as soon as an effective peripheral CB1 receptor antagonist30 or a CB2 receptor agonist4 reaches the clinical
phase of development.
Independent from macrovascular complications, diabetic cardiomyopathy is a distinct primary disease process that leads to heart failure in diabetic patients. Diabetic cardiomyopathy is characterized by left ventricular
hypertrophy and diastolic dysfunction due to myocardial
collagen and advanced glycation end product deposition.64 ROS have been implicated in all stages of the
development of heart failure, including cardiac hypertrophy, fibrosis, and contractile dysfunction.65 The role of
the ECS in diabetic cardiomyopathy has not been investigated in detail, even though several studies have shown
the involvement of cannabinoid receptors in oxidative
stress–related cardiac dysfunction. CB1 receptors can
mediate oxidative stress and cell death in doxorubicininduced cardiomyopathy models and in human cardiomyocytes66,67; this damage is enhanced in mice deficient
in the main EC, AEA-metabolizing enzyme, FAAH.54 CB1
receptor inhibition by RIO was also shown to be protec-

436
Horváth et al
AJP February 2012, Vol. 180, No. 2

tive in a myocardial infarction model in which mice were
fed a standard or high-fat diet.68 In contrast, the activation of CB2 receptors showed cardioprotective effects,69
which were mediated by three different mechanisms: reduced superoxide production, increased levels of extracellular signal–regulated kinase 1/2 and signal transducer and activator of transcription-3 phosphorylation,
and inhibited neutrophil recruitment. Although direct involvement of the ECS has not yet been proven in diabetic
cardiomyopathy, the plant-derived cannabinoid CBD attenuates inflammation, oxidative stress, cell death, myocardial dysfunction, and fibrosis in a diabetic cardiomyopathy model.14 These beneficial effects involve the
attenuation of diabetes-induced myocardial NF-B and
MAPK activation and the promotion of survival mechanisms (eg, AKT/protein kinase B activation).

Diabetic Nephropathy
Diabetes is a leading cause of renal failure, accounting
for 44% of all new cases in 2008.18 Hyperglycemia stimulates ROS generation, which ultimately leads (via diverse pathways) to diabetic nephropathy characterized
by mesangial expansion, thickening of the glomerular
basement membrane, and glomerular sclerosis.70 There
is strong evidence that both the synthetic and degradative pathways of the ECS are present in the kidney,71 and
the CB1 receptor is expressed in both glomeruli and
tubular epithelial cells.72 In intrarenal arteries, the CB1
receptor is present in the endothelium,72 and the CB2
receptor is present in mesangial cells.71 Cannabinoid
receptors play opposing roles in the regulation of oxidative stress in the kidney, as observed in a murine nephropathy model induced by cisplatin. The CB1 receptor
promotes inflammation, oxidative/nitrative stress, and cell
death through the activation of the p38-MAPK pathway.73
In contrast, CB2 receptor agonists limit damage after
cisplatin administration by reducing oxidative stress, inflammation, and apoptosis.74 For therapeutic purposes, it
is important that plant-derived CBD is also able to ameliorate cisplatin-induced nephrotoxicity.75
The first direct indication that the ECS plays an important role in the pathogenesis of diabetic nephropathy
came from a murine model of metabolic syndrome.72
Blockade of CB1 receptors by RIO prolonged the lifespan
of obese Zucker rats, even at a dose that did not influence the development of obesity. This effect was concurrent with a delay in the progression of renal failure as
shown by the prevention of the development of proteinuria, improved creatinine clearance, and reduction of
glomerular injury and renal hypertrophy compared with
vehicle-treated rats. Similarly, RIO was also able to reduce the albumin-creatinine ratio and glomerular sclerosis in a prediabetic rat model of metabolic syndrome.62
Definitive proof for the direct involvement of CB1 receptors in diabetic nephropathy arose from a type 1 diabetic
model in which metabolic effects did not confound the
outcome.76 The CB1 receptor was found to be overexpressed by glomerular podocytes after streptozotocin
treatment. The selective CB1 antagonist AM-251 reduced
proteinuria by preventing a decrease in the mRNA and

protein levels of the slit diaphragm molecules nephrin,
podocin, and zonula occludens-1 in diabetic kidneys.76
Similar to the cisplatin-induced nephropathy model, an
opposing protective effect of CB2 receptor activation was
demonstrated in the type 1 diabetic nephropathy model.
CB2 agonists ameliorated albuminuria, podocyte protein
down-regulation, and glomerular monocyte infiltration
without affecting early markers of fibrosis and reduced
chemokine receptor-2 expression in both the renal cortex
and cultured podocytes, suggesting that CB2 receptor
activation may interfere with the deleterious effects of
MCP-1 signaling.77 Podocytes express the CB2 receptor
both in vitro and in vivo. The CB2 receptor was downregulated in kidney biopsy specimens from patients with
advanced diabetic nephropathy, and renal levels of the
CB2 ligand 2-AG were reduced in diabetic mice, suggesting impaired CB2 signaling.77
The in vivo results were supported by in vitro findings
that provided more mechanistic insight as to how the ECS
influences the pathogenesis of renal failure in diabetes
and the role of tubular processes in the effects of ECs
during the development of diabetic kidney damage. In
vitro, AEA significantly increases the hypertrophy of proximal tubular cells.78 CB1 antagonists reduced and CB2
antagonists increased the observed hypertrophy. In another study, the hyperlipidemia-induced tubular cell dysfunction observed in diabetic kidneys was modeled by
palmitic acid–induced apoptosis in HK-2 cells.79 In this
system, CB1 receptor overexpression was observed in a
cyclooxygenase-dependent manner. Blockade of CB1
receptors was able to ameliorate palmitic acid–induced
endoplasmic reticulum stress and the subsequent apoptosis. In rat mesangial cells, high glucose levels up-regulate CB1 mRNA expression levels and internalization in
NF-B– and cytosolic phospholipase A2– dependent
manners.80 CB1 antagonism prevented high glucose
concentration–induced apoptosis via the attenuation of
endoplasmic reticulum stress, providing further evidence
of the potential beneficial effects of CB1 receptor blockade in diabetic nephropathy.

Diabetic Retinopathy
Diabetes is the leading cause of new cases of blindness and preventable blindness among adults. Vascular inflammation and endothelial cell death caused by
oxidative and nitrative stress are characteristics of diabetic retinopathy.21 In the early stages, retinopathy is
characterized by microaneurysm formation and microvascular lesions and later by extensive intraretinal
hemorrhage that culminates in proliferative diabetic
retinopathy with neovascularization and either preretinal or vitreous hemorrhage.81
The ECS is present in the retina as shown by the
presence of AEA, 2-AG, and the metabolizing enzymes
FAAH and MAGL.82 CB1 receptors are expressed in the
layers of the retina, ciliary body, iris, and choroid,
whereas CB2 receptors are localized to the retina.83 It has
been shown that EC levels are elevated in the eyes of
patients with diabetic retinopathy.84 2-AG levels are elevated in the iris, whereas AEA levels are increased in the
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cornea, ciliary body, retina, and the choroid. The role of
such an increase gained importance when we received
insight into the role of CB1 receptor activation in diabetic
retinopathy. Deletion of the CB1 receptor or treatment
with a CB1 receptor antagonist prevented retinal cell
death in a murine diabetes model.85 Treatment of diabetic mice or human retinal cells with CB1 receptor antagonists after exposure to high glucose levels attenuated oxidative/nitrative stress, reduced NF-B activation
and adhesion molecule levels, and attenuated MAPK activation. These observations were supported by the fact
that hyperglycemia up-regulated CB1 receptor expression and induced apoptosis in retina pigment epithelial
cells, effects that were preventable with a CB1 receptor
antagonist.86 Interestingly, hyperglycemia also decreased FAAH expression, leading to a locally increased
concentration of AEA and thereby increasing apoptosis
via CB1 receptor signaling.
The effect of CBD was also examined in experimental
diabetic retinopathy. CBD was able to reduce oxidative
stress, inflammation, cell death, and vascular hyperpermeability associated with diabetes.12 Consistent with
these findings, CBD also inhibited p38-MAPK signaling.
Furthermore, CBD also attenuated high glucose–induced
endothelial cell dysfunction, ROS generation, and barrier
disruption in primary human coronary artery endothelial
cells.52 The protective effects of CBD on retinal cell death
were, at least in part, due to the reduction of tyrosine
nitration of glutamine synthase in macroglial cells,

thereby preventing the accumulation and excitotoxicity of
glutamine through N-methyl-D-aspartate receptors.87

Diabetic Neuropathy
Approximately 60% to 70% of people with diabetes have
some kind of nervous system damage.18 The typical presentation is chronic, length-dependent sensorimotor neuropathy, which develops in a background of long-standing hyperglycemia and is associated with alterations of
microvessels; it can be stabilized with rigorous glycemic
control.88 Autonomic dysfunction and pain may develop
over time as well.88,89
CB1 receptors are widely expressed throughout the central and peripheral nervous systems, whereas CB2 receptors are primarily restricted to the cells of the peripheral
nervous system, microglia, and dorsal horn neurons. ECs
are retrograde messengers with agonistic activity on presynaptic CB1 receptors, slowing neurotransmission. A
good example of this effect is the suppression of nociceptive transmission in the periphery at the level of the
posterior horn of the spinal cord.90 It has been proven
that these peripheral CB1 receptors play a key role in
cannabinoid-induced analgesia.91 Interestingly, although
CB1 and CB2 agonists are effective in animal models of
acute and chronic pain, in clinical trials, they only perform
well in patients with chronic pain syndrome.92 Sativex
spray containing THC and CBD is already approved for
the treatment of pain in patients with multiple sclerosis

Figure 1. Effects of CB1 receptor activation on diabetes and diabetic complications. CB1 receptor activation may indirectly (via its metabolic consequences) or
directly enhance diabetes-associated inflammation and ROS generation, promoting tissue injury and the development of diabetic complications. AT rec,
angiotensin II receptor type 1; CNS, central nervous system; PMNs, polymorphonuclear leukocytes.
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and cancer pain unresponsive to opioid therapy in Canada, the United Kingdom, and Spain.
The first indication of the role of the ECS in diabetic
neuropathy came from a murine diabetes model. A dual
CB1/CB2 receptor agonist inhibited capsaicin-induced
calcitonin gene–related peptide release, a measure of
sensory neuron function, which was prevented by a CB1
antagonist.93 AEA also inhibited capsaicin-induced calcitonin gene–related peptide release in a non-CB1/CB2
receptor– dependent fashion, which was interestingly
lacking in diabetic mice. Mechanical allodynia in diabetic
rats can also be attenuated by treatment with a nonselective cannabinoid agonist.94 A highly significant finding
was that both CB1 and CB2 agonists demonstrated antinociceptive effects in mice with streptozotocin-induced
diabetes, and there were no pronociceptive effects for
either CB1 or CB2 antagonists.95 Even more promising is
(in terms of developing and using CB1 antagonists in the

treatment of primary diabetes and diabetic complications) that subchronic CB1 receptor antagonism has
been shown to evoke a -opiate– dependent analgesia
by increasing the transcription of genes encoding the
opioid system in the spinal cord.96
Both in vitro and in vivo findings regarding the role of
cannabinoid receptors in the pathogenesis of diabetic
peripheral neuropathy are contradictory. CB1 receptor
expression has been shown to be down-regulated in
PC-12 cells exposed to high glucose levels and in dorsal
root ganglia removed from diabetic rats97; the synthetic
cannabinoid HU-210 was able to restore impaired nerve
growth factor–induced neurite outgrowth in cells exposed
to high glucose levels in a CB1 receptor– dependent
manner,98 consistent with the earlier finding that HU-210
attenuates neural damage.99 In vivo, however, the CB1
receptor antagonist RIO shows a beneficial effect in diabetic peripheral neuropathy.100,101 RIO improves de-

Figure 2. Possible beneficial effects of CB2 receptor activation on diabetes and diabetic complications. CB2 receptor stimulation may exert beneficial effects
against various diabetic complications by attenuating high glucose–induced endothelial cell activation and inflammatory response; chemotaxis, transmigration,
adhesion, and activation of inflammatory cells; and subsequent proinflammatory responses and ROS generation. PMNs, polymorphonuclear leukocytes; VCAM-1,
vascular adhesion molecule-1.
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creased intraepidermal nerve fiber density and alleviates
increased current perception threshold, which is closely
associated with the attenuation of skin capillary loss, increase in blood flow, and reduction of TNF-␣ levels.101
RIO also ameliorates mechanical allodynia in diabetic mice,
reduces oxidative stress in peripheral nerves, inhibits TNF-␣
overproduction in the spinal cord, and restores NGF content.100 The alleviation of mechanical allodynia with RIO was
attributed to diminished sensitization of the transient receptor potential vanilloid receptor via CB1 receptor antagonism.102
In summary, CB1 receptor antagonism appears to be a
viable option for halting the progression of diabetic neuropathy and may provide some analgesic effects through
a -opiate– dependent pathway. The natural cannabinoid
CBD offers a further possible therapeutic advantage because it was able to attenuate the development of neuropathic pain. This effect was associated with the restriction in the elevations of microglial density in the spinal
cord and of phosphorylated p38-MAPK.95 The first clinical trial with Sativex has already been conducted in patients with painful diabetic neuropathy.103 Although the
trial failed to show any advantage compared with placebo treatment, further analysis is needed because several confounding factors were present.

Conclusion and Perspectives
Although there is much controversy in the field of EC
research, experimental evidence and clinical trials have
clearly shown that ECS plays a key role in the development of primary diabetes and various diabetic complications. Although inhibition of CB1 receptors has proven to
be effective in clinical trials of obesity and metabolic
syndrome, this approach has ultimately failed because of
increasing patient anxiety. However, recent preclinical
studies clearly showed that peripherally restricted CB1
antagonists may represent a viable therapeutic strategy
to avoid the previously mentioned adverse effects.25,30
Importantly, CB1 inhibition, as discussed in this review,
may also directly attenuate inflammatory responses and
ROS and reactive nitrogen species generation in endothelial, immune, and other cell types, as well as in target
tissues of diabetic complications, far beyond its known
beneficial metabolic consequences. The main effects of
CB1 receptor activation on the development of diabetes
and diabetic complications are summarized in Figure 1.
CB2 agonists may exert beneficial effects on diabetes
and diabetic complications by attenuating inflammatory
response and ensuing oxidative stress (Figure 2). Natural
cannabinoids, such as CBD and THCV, also have tremendous therapeutic potential. CBD is a potent antioxidant and anti-inflammatory agent that does not appear to
exert its beneficial effects through conventional CB receptors104 and is already approved for human use. THCV
and its derivatives, which may combine the beneficial
effects of simultaneous CB1 inhibition and CB2 stimulation, are still under intense preclinical investigation. It will
be interesting to see how newly developed, peripherally
restricted CB1 receptor antagonists and/or CB2 receptor

agonists and certain natural cannabinoids, such as CBD
and THCV, will influence the clinical outcomes of diabetic
patients. We hope that some of these new approaches
will be useful in clinical practice in the near future to aid
patients with diabetes.
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Abstract

Background—increased legalization of cannabis has resulted in renewed
interest in its effects on body weight and cardiometabolic risk. There are
limited data regarding the relationship between cannabinoids and metabolic
processes. Epidemiologic studies have found lower prevalence rates of obesity
and diabetes mellitus in cannabis users compared with people who have never
used cannabis, suggesting a relationship between cannabinoids and peripheral
metabolic processes. To date, no study has investigated the relationship
between cannabis use and fasting insulin, glucose, and insulin resistance.
Objective—To assess the metabolic profile and cardiovascular risk factors as
well as body weight and waist circumference among Bikaner adults cannabis
users.
Methods—A cross sectional study design involving 100 male-subjects aged
between 25 and 65 years. This study was conducted at Department of
Biochemistry, Sardar Patel Medical College, Bikaner (Rajasthan) India. Study
included Socio-demographic (age and race), laboratory, as well as clinical data
such as blood pressure, weight, BMI, waist circumference, presence of
diabetes, hypertension and hyperlipidemia were collected. Laboratory values
were extracted from medical records and done within the past 3 months; they
included total cholesterol, triglycerides (TG), LDL and HDL cholesterol,
blood glucose, and hemoglobin A1C.
Results—Of the 100 patients surveyed, 100% were male. The mean (±SEM)
age of the entire cohort was age range, 26–68 years. The mean body mass
index (BMI) was 33.4 kg/m 2±0.74; SBP=127.7 mmHg±2.79; DBP=73.4
mmHg±1.58. Current five years cannabis users had the lowest waist
circumference compared to one year cannabis user or never users respectively
(40.1±1.50 vs. 35.9±0.88 vs. 33.4±0.74), p<0.01. Diastolic blood pressure in
mmHg was significantly higher among one year cannabis users compared to
current or never users, (80.0±2.13 vs. 82.3±3.42 vs. 73.4±1.58), p<0.02.
Current cannabis users showed a tendency (not statistically significant)
towards lower total cholesterol, Triglycerides (TG), High Density Lipoprotein
(HDL)-cholesterol, Low Density Lipoprotein (LDL)-cholesterol, body mass
index (BMI) and systolic blood pressure, compared to one year users or never
users.
Conclusions: We found that cannabis use was associated with lower levels of
fasting insulin and HOMA-IR, and smaller waist circumference.
Keywords: Cannabis sativa user; Metabolic risk factors; Body weight;
Hypertension.
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INTRODUCTION
Cannabis is the most commonly used illegal substance worldwide [1]. At least 160
million people or approximately 4.0% of the world’s population between the ages of
15 and 64 years have been estimated to use cannabis at least once in the past year [2,3].
Emerging data from the 2013 National Survey on Drug Use and Health showed that
adults older than 26 years reported marijuana use as the most frequently used drug,
with a 5.6% current marijuana use rate [3]. Nearly twenty million individuals (aged 12
years old and above) used marijuana within the past month. Changes among adults
aged 50 years and older show that the highest increase in reported current marijuana
use was among 55–59 year olds [4].
Marijuana is associated with an acute increase in appetite and high caloric intake. For
example, in the Coronary Artery Risk Development in Young Adults (CARDIA)
study [5], using 15 years of longitudinal data from 3,617 participants with 1,365
reporting the use of marijuana, the more extensive use was associated with higher
caloric intake. Interestingly, in this study, despite increased caloric intake, there was
no increase in BMI, lipid or glucose values [5]. Furthermore, the increased caloric
intake was largely attributed in this study to the associated increase in alcohol
consumption [5]. Increased caloric intake was largely thought to be mediated through
cannabinoid receptors type 1 (CB1) [6]. These findings led to the development of
Rimonabant, a selective blocker of the cannabinoid receptor type 1 (CB1) for the
treatment of multiple cardiometabolic risk factors, including abdominal obesity [7].
In the United States, some medications containing delta-9-tetrahydrocannabinol
(THC) are approved by the Food and Drug administration (FDA) for treating
chemotherapy and acquired immunodeficiency syndrome-induced anorexia and
nausea [8]. The higher caloric intake among marijuana users, compared to non-users,
was also demonstrated in other studies [2,8,9]. While some data suggest marijuana use
to confer cardiometabolic benefits such as reductions in Lower Density Lipoprotein
(LDL), fasting insulin, glucose, and hemoglobin A1C levels [2], Other studies show
that marijuana users have a lower adipocyte insulin resistance index, lower plasma
High Density Lipoprotein (HDL), and higher percent abdominal visceral fat, which
are important risk factors for diabetes and cardiovascular disease [9,10]. Therefore,
although marijuana is a frequently abused drug, its lasting effects on cardiovascular
risk factors are not clear. Given the paucity of data on metabolic significance of
marijuana use, particularly among the black population, the objective of the study was
to investigate the potential effects of marijuana on metabolic risk factors and body
weight among black patients.
MATERIALS AND METHODS
The present study was conducted on 100 male-subjects aged between 25 and 65
years during the period of june 2009 to january 2011.They were randomly selected
irrespective their caste and creed. Those individuals who were suffering from other
inflammatory conditions like tuberculosis, leprosy, pregnancy, cancer, skin diseases,

4

Dr. Ghanshyam Gahlot et al.

gout, liver and kidney diseases were excluded to rule out any increase in
inflammatory markers due to causes other than DM. Only those subjects included in
the present study, who were taking 5 to 10 gm of cannabis per day and who was
willing and able to sign an informed consent during the clinic visit. Sociodemographic (age and race), laboratory, as well as clinical data such as blood
pressure, weight, BMI, waist circumference, presence of diabetes, hypertension and
hyperlipidemia were collected. Laboratory values were extracted from medical
records and done within the past 3 months; they included total cholesterol,
triglycerides (TG), LDL and HDL cholesterol, blood glucose, and hemoglobin A1C.
In addition, information on lifestyle behavior (physical activity, cigarette smoking,
alcohol consumption, and drug as well as marijuana use history) was collected.
Survey participants (SPs) answered “Yes” or “No” to the question “Have you ever,
even once, used hashish / cannabis?” Five years cannabis user and current cannabis
users were determined by the question “How long has it been since you last used
marijuana or hashish?” with answers given as a numerical value in days, months or
years. Frequency of marijuana consumption was assessed by asking the SPs “During
the past 30 days, on how many days did you use marijuana or hashish?” Marijuana
users who had smoked the drug within the last one year were categorized as current
users, while individuals who had use marijuana at least once but not in the last 180
days were considered former users. And individuals who had not smoked marijuana at
all were classified as never users.
STATISTICAL ANALYSIS:
Frequencies, proportions, means, and SDs were used to describe the overall sample,
and the marijuana users and non-users. Student’s t-test and chi-square tests were used
to compare the descriptive statistics depending on data type. Data was analyzed using
SPSS statistical package version 21 (SPSS, Inc, Chicago, IL).
RESULTS
The present study was conducted on 100 male-subjects aged between 25 and 65 years.
The mean body mass index (BMI) 32.6 kg/m 2±0.64; SBP=122.0 mmHg±1.82;
DBP=86.1 mmHg ± 1.21 (Table 1). Dyslipidemia was reported in 19% of the cohort,
11% had coronary heart disease and 22% were ex- smokers. Alcohol consumed over
the past 3 months was reported in 08% of the cohort.Ten percent of the study cohort
had diabetes, 16% had hypertension; while 14% suffered both diabetes and
hypertension. Patients who have used cannabis in the past one year had a significantly
higher waist circumference(inches) in inches than current users or never users
respectively (40.1±1.50 vs. 35.9±0.88 vs. 34.4±0.74), p<0.0175; as well as
significantly greater diastolic blood pressure in mmHg (82.3±3.42 vs. 80.0±2.13 vs.
73.4±1.58), p<0.0245 (Table 2). In addition, five years cannabis users had higher
cholesterol levels in mg/dl (168.9±10.42) than one year cannabis user (189.0±8.10)
and never users (181.8±6.97), this was marginally non-significant, p<0.0569. There
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was no significant difference in the levels of HDL in mg/dL (52.3±4.65 vs. 57.6±5.05
vs. 54.6±3.90), p=NS; LDL in mg/dl (102.5±8.75 vs. 105.9±7.92 vs. 103.8±6.64),
p=NS; BMI in Kg/m2 (32.5±2.22 vs. 31.1±1.17 vs. 29.6±1.00), p=NS; and
triglyceride in mg/dl (95.9±10.58 vs. 133.0±15.0 vs. 120.3±12.30), p=NS; among
using cannabis 5 to 10 gm per day for the last between five years, one year and never
using cannabis respectively.(Table 2) Between the patients who had used cannabis at
least once in their lifetime and non- users, there were no significant differences in any
of the metabolic parameters examined (Table 3). The proportion of patients with
diabetes was not significantly different among cannabis users and non-users, 26.7%
versus 20.3%, P=0.57 for users and non-users respectively. There was also no
significant difference in the mean ages of current, former, and never users, or the
frequency of marijuana users by sex.
Table 1: Metabolic clinical characteristics of study participants
Parameters
Cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Glucose (mg/dL)
Hemoglobin A1c (%)
BMI (Kg/m2)
Waist circumference (inches)
Systolic Blood Pressure (mm Hg)
Diastolic Blood Pressure (mm Hg)

Mean Std error
194.6
5.98
128.8
9.43
113.6
4.48
60.5
4.69
118.0
4.90
5.87
0.24
32.6
0.64
32.8
0.58
122.0
1.82
86.1
1.21

Clinical features
Age
Hypertension %
Diabetes %
Hypertension and Diabetes %
Dyslipidemia %
Coronary Heart disease %
Former cigarette smokers %
Alcohol consumption over the past 3 months %



LDL = low density lipoprotein,



HDL = high density lipoprotein,



BMI = body mass index (kg/m2)

25 – 65 years
16
10
14
19
11
22
08
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Table 2: Comparison of metabolic markers Using Cannabis 5 To 10 gm Per Day For
The Last between Five Years, One Year and never using Cannabis.
Using Cannbis 5 To 10 Five (±SEM) One (±SEM)
Never
(±SEM) pgm Per Day
Years
Year
Cannabis user
value
For The Last
Cholesterol (mg/dL)
168.9 10.42 189.0
8.10
181.8
6.97 0.0569
Triglycerides (mg/dL)
95.9
10.58 133.0 15.00
120.3
12.30 0.1245
LDL-cholesterol
102.5
8.75
105.9
7.92
103.8
6.64 0.5527
(mg/dL)
HDL-cholesterol
52.3
4.65
57.6
5.05
54.6
3.90 0.4737
(mg/dL)
Glucose (mg/dL)
98.7
14.27 108.7
6.82
112.6
8.39 0.9287
Hemoglobin A1c (%)
6.8
1.20
6.4
0.39
6.5
0.30 0.6252
BMI (Kg/m2)
32.5
2.22
31.1
1.17
29.6
1.00 0.0906
Waist circumference
40.1
1.50
35.9
0.88
33.4
0.74 0.0175
(inches)
Systolic Blood Pressure 136.0
3.80
129.5
2.52
127.7
2.79 0.7593
(mm Hg)
Diastolic Blood
82.3
3.42
80.0
2.13
73.4
1.58 0.0245
Pressure (mm Hg)



LDL = low density lipoprotein,



HDL = high density lipoprotein,



BMI = body mass index (kg/m2)
Table 3: Metabolic markers in cannabis users and non-users

Cholesterol
Triglycerides
LDL-cholesterol
HDL-cholesterol
Glucose
HbA1C
BMI
Waist circumference
(inches)
Systolic Blood Pressure
Diastolic Blood Pressure



Cannabis user
Mean
Std error
181.1
6.93
118.5
10.8
102.9
6.09
55.3
3.71
108.9
6.00
6.6
0.40
29.6
1.03
34.6
0.74

Cannabis non-user
Mean
Std error
p-value
181.8
6.97
0.9529
120.3
12.3
0.9186
103.8
6.64
0.9294
54.6
3.90
0.8956
112.6
8.39
0.7093
6.5
0.30
0.8176
29.6
1.00
0.9745
33.4
0.74
0.2692

128.0
77.9

127.7
73.4

LDL = low density lipoprotein,

2.16
1.62

2.79
1.58

0.9330
0.0673
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DISCUSSION
Our study showed that current cannabis users have significantly smaller waist
circumferences compared to former users, or non-users (Table 1). There was also
tendency towards a lower BMI among current cannabis users, however, that did not
reach statistical significance, likely due to the small sample size. These findings are
quite important given the current epidemic of obesity and its attendant cardiovascular
risk and the fact that waist circumference is an important predictor for cardiovascular
risk, more so than BMI itself [10–13]. However, in our study we are unable to ascertain
if the significantly lower waist circumference is due to a decrease in subcutaneous fat
or intra-abdominal fat content. This is quite important since the increased
cardiovascular risk associated with abdominal obesity is largely attributed to visceral
fat [14–16]. To illustrate this point, a recent study that is well-conducted, at the National
Institute of Health by Muniyappa et al. [10] on the metabolic effects of chronic
cannabis smoking showed that chronic cannabis use, compared to control, is
associated with visceral adiposity and insulin resistance in the adipose tissue [10]. This
study is quite relevant to ours for enrolling a large percentage of blacks (73%) and it
showed no association of cannabinoid use on total cholesterol, LDL- cholesterol,
fasting glucose level or triglycerides [10]; data that is consistent with that shown here
by our group (Table 1). Furthermore, our study also assessed hemoglobin A1c which
is a surrogate measure of chronic (2–3 months) glucose control and there was no
difference in A1c between the users and non-users of marijuana (Tables 1, 2).
Interestingly, data from Muniyappa group [10] also showed lower HDL-cholesterol
among cannabis users compared to non-users (49±14 versus 55±13 mg/dl, P= 0.02),
our data showed a trend towards lower HDL- cholesterol among users of marijuana
compared to former users or never users, however the difference did not reach
statistical significance, again likely due to a small sample size (Table 1). Our data is
also consistent with a large study by Penner et al. [2] that included 4,657 adult men and
women from the National Health and Nutrition Examination Survey (NHANES)
conducted between 2005 to 2010. In this study, Current cannabis use was significantly
associated with smaller waist circumferences. However there was no significant doseresponse identified [2].
Consistent with our study also, this large data set showed no differences among
current, past, or never used marijuana groups in the cardiovascular parameters
including systolic blood pressure, triglycerides, or HDL-cholesterol levels. In contrast
to our study, however, there was statistically significant lower hemoglobin A1C
among current marijuana users compared to past users or never users (5.4% versus
5.4% versus 5.5%, P < 0.3), for current, past and never marijuana users respectively
[2]
. This difference however is minimal and clinically insignificant and likely
influenced by the large sample size of the study that also showed significantly lower
BMI among current marijuana users [2], a finding that our study also demonstrated but
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it did not reach statistical significance (Table 2). It is important, however to note that
in contrast to our data which involves mainly a Black population, NHANES data set
used by Penner et al. Contained, only 20% blacks with the majority (44%) of the
population being Caucasians and 30% Hispanics [2].
Another study from the NHANES III, 1988–1994 data set conducted at the National
Center for Health Statistics of the Centers for Disease Control and Prevention by
Rajavashisth et al. [17] with 10,896 adult US population showed significantly lower
odds of DM among marijuana users (adjusted OR 0.36, 95% CI 0.24 to 0.55;
p<0.0001) [17]. This is in contrast to our study where we found no difference in
diabetes rate among current, past, and never marijuana users. It is important to note
that Rajavashisth et al. [17] concluded that a causal relationship could not be
established and recommended against the use of marijuana to prevent diabetes.
Finally, it is important also to note that highest waist circumference in our study was
observed among former marijuana users compared to current and never users (35.9
versus 32.1 versus 33.4 (inches), P 0.017) for former, current, and never users
respectively. Former marijuana users also tended to have higher BMI, total
cholesterol, LDL-cholesterol, and triglycerides; none of these metabolic parameters
however reached statistical significance although certainly demonstrated a trend for
unfavourable cardiometabolic profile among marijuana quitters. Therefore, our study
suggests that marijuana quitting is associated with deleterious effects on waist
circumference, weight, and other metabolic parameters that are consistent with the
plethora of data on weight gain and other cardiovascular risk factors after cessation of
cigarette smoking [18–22]; findings that are still of undetermined significance on
cardiovascular outcomes compared to the effects of continued smoking that is
certainly harmful [22].
CONCLUSION
Our study on the cardio-metabolic effects on marijuana use among
Bikaner(Rajasthan) population from an inner city institution showed consistent results
on the association of cannabis use with lower waist circumference that has been
demonstrated previously among populations that are largely white. Our study is also
consistent with data showing lack of cardio-metabolic benefits of cannabis use, as in
the landmark Coronary Artery Risk Development in Young Adults (CARDIA) study
where no beneficial effects of cannabis use were demonstrated.
Finally, while lower waist circumference has beneficial effects on cardiovascular risk,
in the context of cannabis use this benefit is uncertain since the lower waist
circumference appears to be primarily due to subcutaneous fat decrease as opposed to
abdominal visceral fat which was actually higher in percentage among chronic
marijuana users in a recently published study. Therefore, until further research is
performed to determine the effects of cannabis on hard endpoints such as coronary
artery disease, we do not recommend cannabis use for cardio-metabolic benefits; we
also do not recommend cannabis for diabetes prevention or weight loss, given the
uncertain and largely conflicting data shown in various studies.

The Metabolic Impact of Cannabis User on Biochemical Markers Among Bikaner Adults

9

Strength / Limitations
Our study adds to the growing literature on the value of cannabis in controlling
metabolic syndrome. Consecutive family clinic patients were included in this series,
thus limiting any selection bias because all patients who attended the clinic were
offered the study questionnaire instrument to be part of the study Limitations of the
study include the small sample size. Another important limitation relates to the fact
that marijuana use was based on self-reported data and therefore subject to underestimation or denial of illicit drug use. The study was performed at an inner city
family medicine clinic, and the results are not generalizable to other communities.
Future studies should examine whether other metabolic parameters such as LDL,
HDL, glucose, hemoglobin A1c, BMI, or SBP would show significant effects in a
larger sample size.
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KEY MESSAGES

•

•

•

•

Heart failure is still under-recognized and misdiagnosed. This has signiﬁcant clinical implications as the prognosis of untreated or undertreated heart
failure is poor, and yet very effective proven therapies are widely available to most.
Diabetes can cause heart failure independently of ischemic heart disease
by causing a diabetic cardiomyopathy that may manifest in the setting of
normal or reduced left ventricular ejection fraction. The incidence of heart
failure is 2- to 4-fold higher in people with diabetes compared to those
without and, when present, occurs at an earlier age.
Even though heart failure in people with diabetes should be treated similarly to heart failure in those without diabetes, they are less likely to receive
appropriate therapies. The presence of diabetes should not affect the decision for treatment of heart failure.
Comorbidities, such as renal dysfunction and propensity for hyperkalemia, are more prevalent in people with diabetes and may inﬂuence heart
failure drug doses and monitoring of therapy but not therapeutic targets.

KEY MESSAGES FOR PEOPLE WITH DIABETES

•
•
•
•

Heart failure is a type of heart disease in which the heart no longer pumps
suﬃcient blood to meet the body’s needs. Diabetes is a risk factor for heart
failure.
Symptoms of heart failure include shortness of breath, persistent coughing, fatigue, chest pain, weight gain or swelling of the feet, ankles and legs.
A number of effective drug treatments are available to keep heart failure
in check. Your health-care provider will discuss these with you.
Certain glucose-lowering medications have the potential to worsen or help
heart failure. If you have heart failure, this will inﬂuence which glucoselowering medications your health-care provider selects for you.

Introduction
Type 2 diabetes often occurs in association with other cardiovascular (CV) risk factors, such as hypertension, dyslipidemia,
smoking and obesity, which, together, are strongly associated with
atherosclerosis, ischemic heart disease and left ventricular (LV)
dysfunction (1). LV dysfunction can be clinically silent or associated with the typical clinical signs and symptoms of heart failure
(e.g. peripheral edema, shortness of breath, fatigue), although the
elderly may have atypical symptoms (2). These symptoms need
to be differentiated from other conditions that may have similar
Conﬂict of interest statements can be found on page S199.

presentations, such as chronic obstructive pulmonary disease, pneumonia, anemia, varicose veins, depression, etc.

Heart Failure in People with Diabetes
The diagnosis of heart failure is made by association of typical
clinical signs and symptoms with objective evidence, such as that
obtained from a chest x-ray, an echocardiogram or plasma natriuretic peptide testing (brain natriuretic peptide [BNP] and prohormone of BNP [NT-pro-BNP]) (2). Documentation of systolic and
diastolic myocardial function is recommended at the time of diagnosis of heart failure or with any signiﬁcant change in clinical stability. Heart failure can occur over the entire range of left ventricular
ejection fractions (LVEF), from <10% to >60%. The measurement of
plasma BNP and NT-pro-BNP, which are acutely released by ventricular myocytes when the myocardium is stretched due to
increased ﬁlling pressures, may help make an accurate diagnosis
where clinical uncertainty exists (3). However, the practicing healthcare provider may still under-recognize and misdiagnose heart
failure. This has signiﬁcant clinical implications as the prognosis of
untreated or undertreated heart failure is poor, yet very effective
proven therapies are widely available. Because of this, many studies
have explored the clinical utility of screening people with diabetes for the presence of reduced LV function with BNP/NT-pro- BNP
testing. The results to date are mixed, with no clear consensus to
institute this strategy. A recent analysis of the Action in Diabetes
and Vascular disease: PreterAx and Diamicron MR Controlled Evaluation (ADVANCE) study assessed a number of biomarkers, including high sensitive C-reactive protein (hs-CRP), highly sensitive
troponin T (hs-TnT) assay and interleukin 6. In a cohort of 3,098 participants in the ADVANCE study who underwent a nested casecohort study, only NT-pro-BNP strongly and consistently improved
the prediction of heart failure (4).
Diabetes is associated with increased prevalence of heart failure,
both systolic (commonly deﬁned as LVEF <40% or heart failure with
a reduced ejection fraction) and diastolic (commonly deﬁned as LVEF
>50%, but also referred to as preserved systolic function or heart
failure with preserved EF). However, the overlap between heart
failure with preserved EF and reduced EF is considerable, and many
people have a combination of systolic and diastolic dysfunction,
although one is often reported to be predominant. Current tests,
such as echocardiography, do usually fully characterize all aspects
of systolic and diastolic dysfunction in individuals.
It is recognized that diabetes can cause heart failure
independently of ischemic heart disease by causing a diabetic
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cardiomyopathy (5). Epidemiological studies have shown that the
incidence of heart failure is 2- to 4-fold higher in people with diabetes compared to those without diabetes (6,7). Additionally, studies
have shown the occurrence of asymptomatic abnormalities of
ventricular systolic and diastolic function, independently from ischemic heart disease or systemic hypertension. While an increase in
glycated hemoglobin (A1C) among individuals with diabetes is a
recognized risk factor for heart failure (8–12), no prospective study
to date has demonstrated that improved glycemic control signiﬁcantly reduces the incidence of heart failure (13). Albuminuria is
also an independent risk factor for heart failure, especially in people
with diabetes. In individuals with and without diabetes, an increasing urinary albumin to creatinine ratio (ACR) is associated with a
stepwise increase (2- to 4-fold) in the risk of heart failure development (10,14). Blockade of the renin angiotensin aldosterone
system (RAAS) has been shown in large clinical trials of participants with cardiovascular disease (CVD) or diabetes to lower the
risk of new-onset heart failure (15–17).

Treatment of Individuals with Both Diabetes and Heart Failure
In nearly every clinical trial involving people with heart failure,
diabetes is present in over one-third of subjects. In the large landmark clinical trials of heart failure, subgroup analysis of populations
with diabetes has shown that, despite their increased risk of morbidity and mortality, they derive greater absolute beneﬁt from
eﬃcacious therapies as compared to people without diabetes
(17–19). This was again demonstrated in the Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality
and Morbidity in Heart Failure (PARADIGM-HF) trial in which
8,442 participants with class II, III or IV heart failure and an EF of
≤40% were randomized to receive either LCZ696 (sacubitril/
valsartan at a dose of 200 mg twice daily) or enalapril (at a dose
of 10 mg twice daily), in addition to routine heart failure therapy.
The primary outcome was a composite of death from CV causes
or hospitalization for heart failure. LCZ696 was superior to enalapril
in reducing the risks of death and of hospitalization for heart
failure (p<0.001) (20). An analysis of 4,013 participants in the trial
who had a diagnosis of diabetes based on A1C or prior history
demonstrated that LCZ696 remained similarly eﬃcacious, regardless of glycemic status (21). A similar ﬁnding was observed with
the Systolic Heart failure treatment with the If inhibitor ivabradine
(SHIFT) trial (22), a randomized trial of ivabradine vs. placebo in
6,505 participants with sinus rhythm, systolic heart failure, ejection fraction <35% and a resting heart rate >70 bpm. There were
1,979 participants with diabetes who achieved the primary composite endpoint of hospitalization for worsening heart failure or
CV death more frequently than those without diabetes (Hazard
Ratio [HR] 1.18, 95% Conﬁdence Interval [CI] 1.07–1.31, p=0.001).
Serious adverse events were not different between the ivabradine
or placebo group, regardless of diabetes status. Overall, ivabradine
is effective in this patient group irrespective of diabetic status. As
such, heart failure in people with diabetes should be treated similarly to those without diabetes (23).

Therapeutic Considerations for Individuals with Both Diabetes
and Heart Failure
People with diabetes are at increased risk for development of
hyperkalemia and worsening renal dysfunction in the setting of RAAS
blocking agents (24–29). Clinicians should be aware of this potential complication, especially in view of current guidelines advocating the expanded use of combined RAAS blockade in people with
mild-to-moderate heart failure and low EF.
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Three beta blockers have been shown to reduce morbidity and
mortality for people with heart failure, reduced EF and diabetes:
carvedilol, bisoprolol and metoprolol succinate. While overall glycemic control generally improves as heart failure is treated with
evidence-based therapies, (30–32), carvedilol, in comparison to other
beta blockers, has been shown to speciﬁcally improve glycemic
control (19,33). For this reason, some clinicians prefer carvedilol as
the beta blocker of choice in people with diabetes and heart failure.
While there is a theoretical concern for the occurrence of severe
hypoglycemia without awareness associated with the use of nonselective beta blockers, this has not been reported in clinical trials.
Numerous registries and reports indicate that persons with diabetes are less likely than those without diabetes to receive eﬃcacious and evidence-based therapies for systolic heart failure. Perhaps
this is due, in part, to the increased incidence of side effects and/or
intolerance to RAAS blockade and the increased prevalence of renal
disease in people with diabetes. However, even when controlled for
these conditions, the differences persist. This is particularly concerning considering the increased absolute beneﬁt the agents confer
to people with heart failure and diabetes in comparison to unselected
heart failure populations. As such, health-care prescribers must be
diligent in providing these therapies.
Antihyperglycemic Agents and Heart Failure
Despite substantial understanding of the impact of
antihyperglycemic therapy upon glucose control and microvascular disease, the heart failure speciﬁc response to intensive glycemic control and the various antihyperglycemic agents (discussed
below) remains poorly understood (34).
Metformin
Metformin is an effective noninsulin antihyperglycemic agent
but, based on isolated case reports and a biochemical rationale for
a risk of lactic acidosis, it is approved for use under a warning in
the setting of several conditions, including heart failure. Metaanalyses have evaluated the occurrence of lactic acidosis with
the use of metformin (over 70,000 patient-years) or other
antihyperglycemic agents (over 55,000 patient-years) and they have
consistently shown no increase in lactic acidosis in the metformin
group (35,36). In fact, CV outcomes in people with heart failure
taking metformin were better than in those taking other conventional antihyperglycemic agents (37). The current evidence suggests that people with heart failure fare at least as well, if not better,
with metformin than with other antihyperglycemic agents if they
have only mild-to-moderate renal dysfunction (eGFR >30 mL/
min) (37). As such, metformin should still be considered as ﬁrstline therapy in people with diabetes with heart failure with mildto-moderate renal dysfunction (38).
Thiazolidinediones
Thiazolidinediones (TZDs) are known to cause ﬂuid retention,
although this is generally mild. Recent studies suggest that this is
not a direct toxic effect on the myocardium. The Prospective
Pioglitazone Clinical Trial In Macrovascular Events (PROACTIVE) study
of pioglitazone in individuals at risk of cardiac ischemic events
showed that TZDs were associated with fewer cardiac ischemic
events, but at the cost of an increase in heart failure hospitalizations (2% absolute excess over 2.8 years, or <1% per year) (39). Similarly, The Diabetes Reduction Assessment With Ramipril and
Rosiglitazone Medication (DREAM) study demonstrated a small
excess of new-onset heart failure (0.4% absolute excess).
The RECORD trial (Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of glycaemia in Diabetes) was a multicentre,
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open-label study that randomized 4,447 people with type 2 diabetes
on metformin or sulfonylurea monotherapy to add-on rosiglitazone
(n=2,220) or to a combination of metformin and sulfonylurea
(n=2,227) (40). In the rosiglitazone group, the risk of heart failure
death or hospitalization was doubled (HR 2.10, 95% CI 1.35–3.27):
the excess heart failure event rate was 2.6 (95% CI 1.1–4.1) per 1,000
person-years. These ﬁndings conﬁrm the increased risk of heart
failure events in people treated with rosiglitazone. Since January
2012, Health Canada has advised that, “Avandia is contraindicated in patients with New York Heart Association (NYHA) Class I,
II, III or IV heart failure.” Further, under serious warnings and precautions, it states that “Avandia, like other thiazolidenediones, can
cause ﬂuid retention and congestive heart failure”. A meta-analysis
has not conﬁrmed any difference in the risk of congestive heart
failure (CHF) between rosiglitazone and pioglitazone (41,42).
CV outcome trials to assess for non-inferiority (CV safety) or
superiority of new antihyperglycemic therapies have been undertaken in different diabetic populations with pre-speciﬁed secondary heart failure endpoints reported as mandated by the Food and
Drug Administration (FDA) in December 2008. These CV safety
studies include incretin agents (DPP-4 inhibitors and GLP-1 receptor agonists), as well as SGLT2 inhibitors. The mechanism of action
and antihyperglycemic effects of these agents are detailed in the
Pharmacologic Glycemic Management of Type 2 Diabetes in Adults
chapter, p. S88. The information detailed below pertains directly
to heart failure outcomes in people with diabetes. Of relevance,
these trials were not heart failure trials per se and included only a
small proportion of people with heart failure and reduced EF, hence
the ﬁndings are limited in their generalizability to a broader heart
failure population.

Pharmacologic Glycemic Management of Type 2 Diabetes in Adults
chapter (see S88). In each trial, heart failure hospitalization was a
pre-speciﬁed endpoint. The Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER) trial
(49), the Evaluation of CV outcomes in patients with type 2 diabetes after ACS using Lixisenatide (ELIXA) trial (50), and the
Semaglutide and Cardiovascular Outcomes in Patients with Type 2
Diabetes (SUSTAIN)-6 trial (51) were recently reported and demonstrated no excessive risk for heart failure hospitalization.
Treatment with liraglutide in the LEADER trial was associated with
a non-signiﬁcant 13% reduction in heart failure hospitalization
(HR 0.87, 95% CI 0.73–1.05, p=0.14), lixisenatide treatment in the
ELIXA trial demonstrated a HR of 0.96, 95% CI 0.75–1.23, p=0.63)
and semaglutide therapy in the SUSTAIN-6 trial demonstrated a HR
of 1.11, 95% CI 0.77–1.6), with a nonsigniﬁcant p value of 0.57. Heart
failure was present at baseline in ~17.8%, ~22.4% and ~23.6% of participants in LEADER, ELIXA and SUSTAIN-6, respectively. Finally, the
impact of liraglutide on people with reduced EF was studied by
Margulies et al. in the Functional impact of GLP-1 for Heart failure
treatment (FIGHT) study. Three hundred participants (59% with diabetes) with a mean LVEF of 25% who were on evidence-based heart
failure therapy were randomized to placebo or liraglutide. The
primary endpoint was time to death, time to rehospitalization for
heart failure and time-averaged proportional change in N-terminal
pro-B-type natriuretic peptide level from baseline to 180 days. There
was no difference in the primary endpoint (HR 1.10, 95% CI 0.57–
2.14, p=0.78). However, in people with diabetes, the HR was 1.54
(95% CI 0.97–2.46, p=0.07) for the endpoint of death or hospitalization for heart failure. These ﬁndings suggest no beneﬁt from
liraglutide in that clinical situation (52).

DPP-4 inhibitors

SGLT2 inhibitors

In the Saxagliptin Assessment of Vascular Outcomes Recorded
in Patients with Diabetes Mellitus (SAVOR)–Thrombolysis in Myocardial Infarction (TIMI) 53 trial (SAVOR-TIMI 53) (43), the sitagliptin
cardiovascular outcome study (TECOS) (44) and the Examination
of Cardiovascular Outcomes with Alogliptin vs. Standard of Care
(EXAMINE) (45), the endpoint of noninferiority, but not superiority was reached, suggesting these drugs have a neutral CV proﬁle.
There was an unexpected ﬁnding of increased hospitalization for
heart failure noted with saxagliptin that was not seen in CV trials
with the other DPP-4 inhibitors (46). Chronic kidney disease, elevated
natriuretic peptide levels and previous heart failure were associated with an increased risk for heart failure hospitalization in SAVORTIMI 53. A secondary analysis of the EXAMINE trial did not
demonstrate excess risk for heart failure hospitalization (46). Recent
post-marketing, large registries and meta-analyses demonstrate
overall neutrality for the class as a whole regarding heart failure
(47). However, as a result of an excess risk demonstrated in the SAVORTIMI 53 trial, both the FDA and Health Canada have issued a warning
for saxagliptin and heart failure, and the FDA has issued a similar
warning for alogliptin. Speciﬁcally, the recommendation from the
FDA for saxagliptin and alogliptin reads: “Healthcare professionals
should consider discontinuing medications containing saxagliptin
and alogliptin in patients who develop heart failure and monitor
their diabetes control.” In Canada, the product monograph for
saxagliptin states, under warnings and precautions: “Caution is warranted if ONGLYZA (saxagliptin) is used in patients with history of
congestive heart failure (especially in those patients who also have
renal impairment and/or history of MI)” (48).

The Empagliﬂozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes (EMPA-REG OUTCOME) trial (53) demonstrated
CV superiority with reduction in CV death, hospitalization for heart
failure and all-cause mortality compared to placebo. While only
10.5% of participants enrolled in this study had pre-existing heart
failure, there was a 35% reduction in heart failure hospitalization
(p=0.0017, 95% CI 0.50–0.85). Furthermore, empagliﬂozin reduced
the risk of heart failure hospitalization by a similar degree regardless of whether the participants had a prior history of heart failure
or not. The mechanisms of beneﬁt remains speculative. The other
SGLT2 inhibitor trial with canagliﬂozin, CANagliﬂozin cardioVascular
Assessment Study (CANVAS) trial (54) was recently reported. This
met the prespeciﬁed noninferiority MACE endpoint and demonstrated superiority over standard care (p=0.02, HR 0.86, 95% CI
0.75–0.97). However, based on hierarchical sequential testing, the
trial did not demonstrate a reduction in all-cause mortality and,
therefore, all other prespeciﬁed endpoints were considered
exploratory. Hospitalization for heart failure was reduced (HR 0.67,
95% CI 0.52–0.87), although not considered statistically signiﬁcant. The Dapagliﬂozin (Multicenter Trial to Evaluate the Effect of
Dapagliﬂozin on the Incidence of Cardiovascular Events (DECLARETIMI 58) will report in November 2018 (ClinicalTrials.gov Identiﬁer:
NCT01730534).
Importantly, heart failure studies will soon commence utilizing SGLT2 inhibitors irrespective of glycemia status. The effect of
dapagliﬂozin on time to ﬁrst worsening heart failure event or CV
death in people with heart failure and reduced EF, irrespective of
glycemic status, has begun recruiting (ClinicalTrials.gov Identiﬁer: NCT03036124) (55) and 2 trials are underway in patients with
heart failure with a preserved ejection fraction (HFpEF) and heart
failure with reduced ejection fraction (HFrEF) using empagliﬂozin
(ClinicalTrials.gov Identiﬁer: NCT03057977 and NCT03057951)
(56,57).

GLP-1 receptor agonists
Three large trials investigating GLP-1 receptor agonists were
recently reported. The primary outcomes are reported in the
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A detailed discussion of the rationale and evidence for the treatment approach to people with heart failure is available in the
Canadian Cardiovascular Society consensus recommendations
(http://www.ccsguidelineprograms.ca) (23).

RECOMMENDATIONS
1. Individuals with diabetes and heart failure should receive the same heart
failure therapies as those identiﬁed in the evidence-based Canadian
Cardiovascular Society Heart Failure recommendations (http://
www.onlinecjc.ca/article/S0828-282X(17)30973-X/pdf) [Grade D, Consensus (23)].
2. Unless contraindicated, metformin may be used in people with type 2 diabetes and heart failure [Grade C, Level 3 (18,38)]. Metformin should be
temporarily withheld if renal function acutely worsens, and should be discontinued if renal function signiﬁcantly and chronically worsens [Grade D,
Consensus].
3. For people with NYHA class I-IV, exposure to TZDs should be avoided
[Grade A, Level 1 (41)].
4. Beta blockers should be prescribed when indicated for heart failure with
reduced ejection fraction, as they provide similar beneﬁts in people with
or without diabetes [Grade B, Level 2 (19,33)].
5. In adults with type 2 diabetes with clinical CVD in whom glycemic targets
are not achieved with existing antihyperglycemic medication(s) and with
an eGFR >30 mL/min/1.73 m2, an SGLT2 inhibitor with demonstrated heart
failure hospitalization reduction may be added to reduce the risk of heart
failure hospitalization [Grade B, Level 2 (53) for empagliﬂozin; Grade C,
Level 2 (54) for canagliﬂozin].
6. In adults with diabetes and heart failure with an eGFR <60 mL/min/
1.73m2 and/or if combined RAAS blockade is employed:
a. Starting doses of ACE inhibitors or ARBs should be halved [Grade D,
Consensus]
b. Serum electrolytes and creatinine, BP and body weight, as well as
heart failure symptoms and signs, should be monitored within 7–10
days of any initiation or titration of therapy [Grade D, Consensus]
c. Dose-up titration should be more gradual (with monitoring of BP,
serum potassium and creatinine) [Grade D, Consensus].
Abbreviations:
A1C, glycated hemoglobin; ACE, angiotensin-converting enzyme; ACR;
albumin to creatinine ratio; ARB, angiotensin receptor blocker; BNP, brain
natriuretic peptide; BP, blood pressure; CI, conﬁdence interval; CV, cardiovascular; EF, ejection fraction; eGFR; estimated glomerular ﬁltration rate;
FDA; Food and Drug Administration; HR, hazard ratio; LV, left ventricular;
LVEF, left ventricular ejection fraction; NT-pro-BNP, pro-hormone of BNP;
NYHA, New York Heart Association; RAAS, renin angiotensin aldosterone
system; TZD, thiazolidinedione.

Other Relevant Guidelines
Pharmacologic Glycemic Management of Type 2 Diabetes in
Adults, p. S88
Chronic Kidney Disease in Diabetes, p. S201
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