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Worldwide, diabetes has reached epidemic proportions.
Although diabetes encompasses a range of disorders (e.g.,
type 1 diabetes mellitus [T1DM], type 2 diabetes mellitus
[T2DM], gestational diabetes mellitus, drug- or chemical-
induced diabetes [from, for example, some second-
generation antipsychotic drugs1 and some anti–human
immunodeficiency virus [HIV] drugs, as well as exposure
to combination antiretroviral therapy2]), most cases of
diabetes—approximately 90% to 95%—are T2DM (hereafter
referred to simply as diabetes). Diabetes affects multiple sys-
tems of the body and can result in serious and debilitating
complications, particularly when an individual has poor
glucose control. In this chapter, we provide an overview
of diabetes and its complications, describe the global bur-
den of diabetes, discuss the causal underpinnings of diabe-
tes, and conclude with a discussion of the future of diabetes
research and prevention.

TYPE 2 DIABETES—DEFINITIONS AND
OUTCOMES

Glucose intolerance ranges from impaired glucose tolerance
(IGT) and impaired fasting glucose (together termed predia-
betes, a precursor to and risk factor for diabetes) to diabetes.
The diagnostic criteria for prediabetes and diabetes are
shown in Table 1-1. Traditionally, diabetes is diagnosed
by fasting plasma glucose (FPG) measurements and/or a
2-hour, 75-g oral glucose tolerance test (considered the gold
standard for diagnosis of diabetes). In 2009, an international
expert committee (including the American Diabetes Associ-
ation [ADA], the International Diabetes Federation [IDF],
and the European Association for the Study of Diabetes)
recommended the use of glycosylated hemoglobin A1c
(HbA1c) for diabetes diagnosis.3

Diabetes can result in severe morbidity and increased mor-
tality as a result of secondary complications, which affect
multiple body systems, including the cardiovascular system
(cerebrovascular disease and coronary heart disease), renal
system (nephropathy), eyes (retinopathy), peripheral ner-
vous system (neuropathy), and limbs (foot ulcers, peripheral
vascular disease, amputations).6–8 For a more thorough dis-
cussion of these diabetes complications, see Chapters 7, 19,
23, 27, and 28.6–8 Diabetes is also associated with other hith-
erto underappreciated complications, namely, infections,
liver and digestive diseases, falls and mental illness, lung dis-
eases, some cancers, and cognitive decline.9 Individuals with
diabetes also are at an increased risk for other conditions
including erectile dysfunction, tuberculosis, sleep apnea,
and periodontal disease,6,10–12 and this population reports a
lower quality of life than other groups.13 Furthermore, individ-
uals with diabetes have an increased risk of death from con-
ditions ranging from cardiovascular diseases and kidney
failure to infections, mental disorders, and liver disease.9

Because of the severity of the conditions associated with dia-
betes, diabetes is associated with an attenuated lifespan.14

Diabetes-related complications are not infrequent, and
they affect public health systems worldwide (Fig. 1-1). Dia-
betic retinopathy is the leading cause of blindness in adults
in developed countries.6,7 An audit of the United Kingdom’s
National Health System’s data showed additional risk for
complications caused by diabetes: compared with the gen-
eral population, people with diabetes were 64.9% more
likely to be admitted to a hospital with heart failure, 48.0%
more likely to have a myocardial infarction (MI), 331% more
likely to have an amputation below the ankle, 210% more
likely to have an above-ankle amputation, 24.9% more likely
to have a stroke, and 139% more likely to require renal
replacement therapy.15 In the United States, diabetes is the
leading cause of nontraumatic amputations of the lower
limbs, blindness, and kidney failure.16

Diabetes is an economically costly disease. Diabetes
and its complications lead to increases in work-place
1



TABLE 1-1 American Diabetes Association Diagnostic Criteria for Diabetes and Prediabetes
DIAGNOSTIC TEST

Fasting Plasma Glucose OGTT* HbA1c

Type 2 diabetes �126 mg/dL (7.0 mmol/L) �200 mg/dL (11.1 mmol/L) �6.5%

Prediabetes Impaired fasting glucose† 100-125 mg/dL
(5.6-6.9 mmol/L)

5.7-6.4%

Impaired glucose tolerance 140-199 mg/dL
(7.8-11.0 mmol/L)

OGTT¼Oral glucose tolerance test.
*Two-hour, 75-g oral glucose tolerance test.
†The World Health Organization (WHO) defines impaired fasting glucose with a narrower range: 110-125 mg/dL (6.1-6.9 mmol/L).5

Data from American Diabetes Association: Standards of medical care in diabetes—2014, Diabetes Care 37(Suppl 1):S14-S80, 2014.4

Effects of diabetes on the individual

• Retinopathy
• Cardiovascular disease
• Nephropathy
• Neuropathy
• Foot ulcers, peripheral vascular

disease, and amputations

• Loss of productive life years
• Cost of diabetes care
• Lower quality of life
• Disabilities/early death of family

member with diabetes can affect the
mental health and activities of the
entire family

• Tuberculosis and other infections
• Mental health conditions,

including depression
• Alzheimer disease and

general cognitive decline
• Liver and digestive disease
• Erectile dysfunction
• Periodontal disease
• Sleep apnea

• Elevated risk of other conditions
including:

• Lower reported quality of life
• Increased risk of death and lower

life expectancy

Effects on families:

• Cost of treating diabetes and its
complications

• Increased absenteeism and losses to
the workforce

Effects on society:

FIGURE 1-1 Secondary complications of diabetes. The effects of diabetes go beyond those on the individual—secondary complications in multiple systems of the body and
increased risk of serious diseases and earlier death. Families and society as a whole are negatively affected by diabetes and its complications.
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absenteeism and loss of productive life-years.14,17 In the
United States the cost of diabetes was estimated to be $245
billion dollars in 2012. This includes $176 billon dollars in
direct medical costs (medications, office visits, hospitaliza-
tions, emergency care) and $69 billion in indirect medical
costs (unemployment, absenteeism, and reduced productiv-
ity resulting from diabetes, and the loss to the workforce
because of premature mortality associated with diabetes).18

The costs to individuals with diabetes is also great; U.S.
men and women with diagnosed diabetes have medical
expenditures that are 2.3 times higher than they would have
if the individual did not have diabetes.18 In low- and middle-
income countries (LMICs), the economic ramifications of dia-
betes can be even worse than in high-income countries such
as the United States. A study conducted in India reported that
few patients had health insurance, instead relying on personal
savings, loans, mortgages, and property sales to pay for med-
ical bills associated with diabetes care19; in this situation, the
high costs of routine diabetes care and treatment of diabetes-
related complications are enough to put even comfortable,
middle-class Indian families into poverty.

Given the strong evidence that treatment of multiple risk
factors simultaneously in patients with diabetes improves
outcomes,20,21 expert groups recommend that patients with
diabetes undergo regular preventative examinations (e.g.,
foot and eye examinations, measures of urine protein)
and manage risk factors associated with diabetes-related
complications (e.g., manage blood pressure [BP], plasma
lipids, and blood glucose; eliminate tobacco use; undergo
treatment of albuminuria with angiotensin-converting
enzyme [ACE] inhibitor or angiotensin receptor blocker
[ARB] medications; do regular exercise; be referred to a die-
tician).18,22,23 Unfortunately, achievement of diabetes care
targets is suboptimal. In the United States, even though there
have been improvements in process of care and intermedi-
ate outcomes, two fifths of patients with diabetes have poor
control of low-density lipoprotein (LDL) cholesterol, one
fifth have poor glycemic control, and one third have poor
BP control.22 Data collected during a 5-year observational
study in Asia, Eastern Europe, Latin America, the Middle
East, and Africa show that the situation is worse in LMICs;
among 9901 patients with diabetes, 36% had never had an
HbA1c measurement, 11% to 36% had not been screened
for secondary complications in the previous 2 years, and
only 3.6% had achieved optimal LDL, BP, and HbA1c
targets.24



TABLE 1-3 Countries with the Highest Number of
People with Diabetes (20-79 years), 2013 and 20351

2013 2035
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GLOBAL BURDEN OF DIABETES

The burden of noncommunicable diseases (NCDs), such as
diabetes, is growing worldwide, and these diseases and con-
ditions already contribute to most mortality and morbidity
worldwide. Globally, we are witnessing a major shift from
communicable and undernutrition-related diseases to NCDs
in adulthood.25–27 Disability-adjusted life years (DALYs)
from NCDs increased 25% between 1990 and 2010, whereas
those resulting from communicable diseases and maternal,
neonatal, and nutrition-deficiency disorders decreased by
26.5% in the same time period. A large proportion of the
increase in the burdens of NCDs is driven by population
growth and ageing, yet almost half of the increase in DALYs
from NCDs between 1990 and 2010 resulted from factors
other than population growth and ageing.26

Among NCDs, the growth of diabetes appears to be espe-
cially dramatic and worrisome. As a cause of death, diabetes
has advanced in ranking from 15 in 1990 to 9 in 2010.25 High
blood glucose and associated cardiometabolic risk factors
(e.g., physical inactivity, overweight and obesity, low fruit
and vegetable intake) are now consistently among the top
10 risk factors for mortality globally, and across high-,
middle-, and low-income countries alike.28,29 Furthermore,
high blood glucose, high body mass index (BMI), diets
low in fruits and vegetables, diets low in whole grains, and
physical inactivity and low physical activity were among
the leading risk factors for DALYs globally in 2010, and they
ranked high as risk factors for DALYs in all regions of the
world.26 Overall, over the past two decades, there has been
a steady and disturbing increase inmean BMI andmean FPG
globally, and this trend is affecting almost all countries of the
world, barring a few exceptions, with the rate of increase
most acute among developing countries undergoing indus-
trial transformation in their economies.30,31 In contrast,
mean BP and mean total cholesterol levels have decreased
globally, largely driven by decreases in high-income coun-
tries, although their levels have increased in many develop-
ing countries.32,33

These changes in BMI and glucose levels have translated
into increases in prevalence of diabetes worldwide. The
number of people with diabetes is increasing in every coun-
try of the world (Table 1-2), although prevalence estimates
are conservative given that in 50% to 80% of those with the
disease it remains undetected.34 According to the latest
IDF Diabetes Atlas, at least 382 million people worldwide
had diabetes in 2013, 80% of whom lived in LMICs. By
2035 the number of people with diabetes will rise to 592
TABLE 1-2 Numbers of People with Diabetes
(in Millions), 2013 and 2035, Globally1

REGION 2013 2035 INCREASE

Africa 19.8 41.4 109%

Middle East and North Africa 34.6 67.9 96%

South-East Asia 72.1 123 71%

South and Central America 24.1 38.5 60%

Western Pacific 138.2 201.8 46%

North America and Caribbean 36.7 50.4 37%

Europe 56.3 68.9 22%

World 381.8 591.9 55%

Data from International Diabetes Foundation (IDF): IDF Diabetes Atlas, Sixth Edition.
Brussels, Belgium: International Diabetes Federation; 2013.
million,34 although the growthmay be greater given the over-
all population trends of increasing weight, aging, and
urbanization.35

Although there are differences in diabetes risk by ethnicity
(e.g., Native Americans, Hispanics, Blacks, and Asians in the
United States have higher risks than non-Hispanic whites;
Indians in the United Kingdom have higher risks than their
Caucasian counterparts; Indians have higher risks than
Chinese and Malays in Singapore),36–38 it is generally true that
the rise in diabetes prevalence is affecting all ethnic groups.34

Similarly, both genders are affected by the increasing preva-
lence of diabetes.34 As a consequence, on a global level
the number of people with diabetes is projected to increase
between 2013 and 2035 in every continent (+109% increase
in Africa; +96% in the Middle East and North Africa; +71%
in South-East Asia; +60% in South and Central America;
+46% in the Western Pacific; +37% in North America and
the Caribbean; and +22% in Europe; see Table 1-2).34

The steepest growth in the number of people with diabe-
tes is occurring in LMICs. In fact, 7 of the top 10 countries
worldwide in terms of number of people with diabetes are
already LMICs, and by 2030 only 1 of the top 10 countries will
be other than an LMIC (Table 1-3).34 The number of adults
with diabetes in LMICs is expected to increase at a pace that
far exceeds that of developing countries (69% increase in
developing countries compared with a 20% increase in
developed countries by 2030).39 In terms of diabetes preva-
lence, the top 10 countries or territories of the world are the
Tokelau (37.5%), Federated States of Micronesia (35%), Mar-
shall Islands (34.9%), Kiribati (28.8%), Cook Island (25.7%),
Vanuatu (24%), Saudi Arabia (24%), Nauru (23.3%), Kuwait
(23.1%), and Qatar (22.9%).34

Although the burden of diabetes is already staggering, two
additional patterns are a cause for further concern. First, the
number of young people with diabetes is high and increas-
ing. The highest numbers of people with diabetes worldwide
are in the economically productive age group of 40 to
59 years, and half the people who die from diabetes are
under the age of 60 years—a pattern of major concern to
global economic productivity and development, the health
and economic costs of the disease itself notwithstand-
ing.34,40 In 2011 there were an estimated 490,100 children
aged 0 to 14 years with T1DM worldwide, and an estimated
COUNTRY (MILLIONS) COUNTRY (MILLIONS)

China 98.4 China 142.7

India 65.1 India 109.0

United States 24.4 United States 29.7

Brazil 11.9 Brazil 19.2

Russian
Federation

10.9 Mexico 15.7

Mexico 8.7 Indonesia 14.1

Indonesia 8.5 Egypt 13.1

Germany 7.6 Pakistan 12.48

Egypt 7.5 Turkey 11.8

Japan 7.2 Russian
Federation

11.2

Data from International Diabetes Foundation (IDF): IDF Diabetes Atlas, Sixth Edition.
Brussels, Belgium: International Diabetes Federation; 2013.
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778,000 new cases of T1DMwere being diagnosed each year,
representing a 3.0% increase in annual incidence. Further-
more, there has been an increase in occurrence of T2DM,
traditionally believed to be a disease of adults, at younger
ages.41 There is uncertainty about the actual prevalence
and incidence of youth-onset diabetes, because data are lim-
ited; however, reports suggest that T2DM may account for
10% to 30% of all youth-onset diabetes patients and that cer-
tain ethnic groups (e.g., Native Americans, Asian Indians)
may be at especially high risk.42 The best-characterized data
available are from the SEARCH for Diabetes in Youth study, a
multicenter investigation in the United States. The SEARCH
study has reported a physician-diagnosed T2DM prevalence
of 0.01/1000 among 0 to 9 year olds, and among 10 to 19 year
olds the prevalence ranged from 1.74/1000 in American
Indians to 0.19/1000 in non-Hispanic whites.43

Second, whereas the growth of diabetes was largely
believed to have been an urban phenomenon, a recent sys-
tematic review of diabetes in rural parts of LMICs indicates
that the diabetes epidemic is rapidly spreading through rural
areas across the world. The pooled prevalence of rural dia-
betes among LMICs was estimated to be 5.6%, andmoreover,
it had quintupled in a 25-year time period.44 Although the
IDF projects a 47% rise in the number of people with diabetes
globally by 2030,34 these rural data suggest that the rise may
be even higher because an estimated 55% of LMIC popula-
tions worldwide live in rural areas.44
CAUSAL UNDERPINNINGS OF DIABETES

Diabetes results from poor insulin resistance paired with
insufficient insulin secretion (Fig. 1-2). Under normal
Glucose homeostasis

Glucose homeostasis

Elevated glucose levels

Glucose uptake as
insulin binds receptors

Increase in
plasma glucose

Normal insulin release

Increased insulin release

Normal or reduced
insulin release

Lowered insulin
sensitivity

Lowered insulin
sensitivity

Healthy
beta cell

Healthy
beta cell

Impaired
beta cell

FIGURE 1-2 Beta cell response in a healthy individual compared with an
individual with impaired beta cells. In a healthy individual, the beta cells are
able to compensate for decreases in insulin sensitivity (because of, for example,
physical inactivity or weight gain) by increasing insulin production and release,
thereby maintaining glucose homeostasis in the blood. In an individual with beta
cell dysfunction, however, beta cells are not able to increase insulin production
sufficiently to overcome insulin resistance, resulting in sustained hyperglycemia. In
the long term, this sustained elevation in blood glucose can lead to the
development of prediabetes and diabetes.
metabolic conditions, pancreatic beta cells can compensate
for decreases in insulin sensitivity (because of, for example,
increasing age, weight gain, or physical inactivity) by pro-
ducing more insulin,45 thereby maintaining glucose homeo-
stasis and avoiding the progression from normal glucose
tolerance to prediabetes and diabetes. However, when the
beta cells are impaired (because of, for example, genetic
predisposition or overuse46,47), they are unable to adjust pro-
duction of insulin to respond to increased glucose levels or
decreased insulin action, leading to a hyperglycemic state.
Over time, frequent or consistent hyperglycemic states will
result in loss in the number of beta cells (in individuals with
prediabetes, beta cell mass is about 60% of normal; it is
about 40% of normal in individuals with T2DM48) and their
functional capacity,45,48–50 making it more andmore difficult
for the body to maintain glucose homeostasis unassisted.
Genes, Epigenetics, and Gene-Environment
Interactions
The development of diabetes and its precursors, insulin
resistance and beta cell dysfunction, is caused by a conflu-
ence of factors, both genetic and environmental. (For more
information on the causal factors of insulin resistance, see
Chapter 2.) Although insulin resistance increases with age,
this is most likely the result of age-related weight gain and
loss of physical activity; among nonobese, fit individuals,
older people are not insulin resistant compared with youn-
ger individuals.47 Inheritance of diabetes is polygenic, and
the associated gene variants act together to confer risk51;
however, the risk conferred by most known gene variants
associated with diabetes is small52 (the exception to this is
the transcription factor 7–like 2 gene [TCF7L2], a transcrip-
tion factor involved in the Wnt signaling pathway53,54). It is
likely that genes alone will not lead to diabetes in most peo-
ple, although lack of underlying genetic risk may explain
why many at-risk (e.g., overweight) people never develop
diabetes.55

Family history is a strong, independent risk factor for dia-
betes; individuals having two parents with diabetes report a
significantly higher rate of diabetes than individuals having
no family history (16.7 vs. 1.8 cases of diabetes per 1000
person-years).56 Family history as a risk factor reflects not
only genetic inheritance, but also shared lifestyles and envi-
ronments among families and the effects of the environment
on previous generations.57–60 Nutritional or metabolic fac-
tors can lead to temporal changes to genetic factors (so
called “metabolic imprinting”), which can persist through-
out life.42,61–63 The “thrifty phenotype hypothesis” describes
how maternal undernutrition (as occurs during famine or in
less severe food or nutrient shortages) changes the intrauter-
ine environment, resulting in fetal adaptations that can affect
the child throughout life.64–67 Infants born to mothers with
diabetes have an increased risk of glucose intolerance, inde-
pendent of genetic inheritance.68

The interaction of genes and environment in diabetes risk
occurs throughout life and is well illustrated by considering
the Pima Indians, a Native American population living in the
southwest United States and Mexico. Pima Indians living in
Mexico are more physically active (mean physical activity of
27.4 hr/wk) and less obese (13.2% prevalence of obesity)
than Pima Indians living on a reservation in Arizona
(7.6 hr/wk of physical activity and 69.3% obese). Although
both populations share the same elevated genetic risk for
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diabetes, the prevalence of diabetes is much higher among
U.S. Pima Indians (37.5%, the highest of any race-ethnic
group in the United States) than among Pima Indians resid-
ing in Mexico (8.0%).69 A similar pattern can be seen in
populations with low genetic diabetes risk. Japanese Amer-
icans tend to weigh more than their Japanese counterparts
and consume a significantly greater percentage of daily cal-
ories from animal protein70; the prevalence of diabetes is
approximately fourfold higher among second-generation
Japanese-Americans than among native Japanese.71
150� minutes of
moderate physical
activity per week

Educational tools
based on proven

models
of health behavior

FIGURE 1-3 Behaviors associated with reduction of diabetes risk. Evidence
from cohort trials and randomized studies has shown that several factors are
important for successfully preventing diabetes in high-risk individuals. (1) Reaching
and maintaining a healthy weight: In randomized trials a weight loss of 5% to 7%
was sufficient to effect a substantial reduction in diabetes incidence. (2) Reduction
in calorie intake and following a healthy diet: Both low-fat, high-fiber diets and
Mediterranean-style diets have been shown to reduce diabetes risk. (3) Participation
in at least 150 min/wk of moderate-level physical activity. (4) Education tools based
on the science of behavior change: Diabetes prevention requires lifestyle
modifications that many people find difficult to make and sustain. Health care
providers should provide educational tools that are based on proven models of
behavior change.
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Overweight and Obesity and Associated
Lifestyle Behaviors
Diabetes risk is strongly associated with excess body
weight72–75; with each one unit increase in BMI, diabetes risk
increases by 12%.76 Overweight and obesity increase diabe-
tes risk by increasing liver and skeletal muscle insulin resis-
tance.77–82 How body fat is distributed, particularly
abdominal adiposity, contributes to diabetes risk, indepen-
dent of BMI.77,83–85 Visceral fat, as an active endocrine organ,
can lead to the development of insulin resistance and
increased glucose intolerance,86–89 through the release
and accumulation of free fatty acids, cytokines, and other
“toxic messengers” that impair the ability of insulin to limit
glucose production in the liver and promote glucose dis-
posal in the muscle tissue.77–82,90

Conversely, reducing body weight and increasing exer-
cise counter the effects of obesity on hyperglycemia and
reduce the risk for developing diabetes.91–93 Depending
on gender, baseline BMI, and age, a 10% weight loss reduces
diabetes risk by 0.5% to 1.7%.94 Exercise acts directly on glu-
cose intolerance by enhancing insulin sensitivity95 and
improving glucose uptake,96,97 and indirectly by decreasing
concentrations of fatty acid metabolites, thereby improving
insulin resistance.78,98 Exercise also helps prevent diabetes
by promoting healthy body weight. Even short-term interven-
tions that increase moderate-intensity exercise reduce risk
factors for diabetes95,99,100 and cardiovascular disease.101–104

Excessive caloric intake as well as poor diet quality (e.g.,
low intake of dietary fiber, whole grain cereals, and low-
glycemic carbohydrates or high intake of saturated and trans
fats) increase the risk of cardiometabolic diseases such as
diabetes.81,105–107 On the other hand, following a healthy diet
improves insulin action and reduces hepatic glucose pro-
duction, thereby countering the effects of obesity on hyper-
glycemia.79 A review of the data on obesity interventions
concludes that low-fat diets with exercise or behavioral ther-
apy result in prevention of diabetes and improved glycemic
control.73 Both the DASH diet (Dietary Approaches to Stop
Hypertension; a low-fat, high-fiber diet rich in vegetables,
fruit, and low-fat dairy products)108 and a Mediterranean-
style diet (high intake of vegetables, beans, fruits, nuts, fish,
and olive oils with a low consumption of meat, high-fat dairy
products, and processed foods) supplementedwith extra vir-
gin olive oil or mixed nuts109 are associatedwith reduction in
diabetes risk. Similarly, a healthy diet pattern (low-fat dairy,
whole grains, fruits and vegetables, and moderate alcohol)
significantly reduces diabetes risk (hazard ratio 0.71; 95%
confidence interval [CI] 0.51-0.98) compared with several
other diet patterns and reduces the 15-year risk of diabetes
and death from a coronary event or nonfatal MI compared
with the unhealthy diet pattern (full-fat dairy products,
refined grains, processed meat, and fried foods).110
There is strong evidence from randomized controlled tri-
als111 that diabetes can be prevented, or at least delayed,
through lifestyle education programs, programs that seek
to change behaviors to improve the diets, physical activity
patterns, and often body weights of participants (Fig. 1-3).
The first randomized trial assessing lifestyle education as a
tool for diabetes prevention was the Da Qing IGT and Diabe-
tes Study.112 In this trial, 33 health clinics in Da Qing, China
were randomized to provide patients who had IGT (N¼577)
education on (1) standard diabetes prevention (control);
(2) dietary improvements; (3) increasing daily exercise; or
(4) improving diet and increasing physical activity. Individ-
uals in the intervention groups all showed statistically signif-
icant improvements in diabetes risk; compared with the
control arm, participants in the diet, exercise, and diet-
plus-exercise groups had reductions in diabetes incidence
of 31%, 46%, and 42%, respectively.112 After 20 years of
follow-up, the cumulative incidence of diabetes, after adjust-
ment for age and clustering by clinic, was 43% lower in the
intervention group (all intervention arms combined) com-
pared with the control group.113 The risk reduction was
slightly attenuated over time, which may reflect changing
behaviors of study participants or age-related weight gain or
decreased activity. Alternatively, lifestyle interventions might
only be able to delay diabetes (as opposed to preventing it
entirely),114 possibly because of an inability of lifestyle inter-
ventions to reverse damage to beta cell function115 or because
age-related increases in insulin resistance paired with under-
lying beta cell defects may counteract the improvements in
insulin resistance provided by lifestyle change.

Two other trials, the Finnish Diabetes Prevention Study
(DPS) and the U.S. Diabetes Prevention Program (DPP),
both showed a 58% reduction in diabetes risk in participants
in lifestyle programs compared with controls.116,117 Partici-
pants in the DPS (N¼522 overweight adults with IGT) were
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provided one-on-one counseling to help them reach study
goals: (1) a 5% weight loss; (2) an increase in physical activ-
ity to 30 min/day; (3) a reduction in total fat intake to less
than 30% of total energy; (4) a reduction in saturated fat
intake to less than 10% of total energy; and (5) an increase
in dietary fiber to at least 15 g/1000 kcal. The reduction in rel-
ative risk of diabetes was lower, but still significant at 7 years
follow-up (risk reduction 36%).118 Even participants who
reached only one study goal (e.g., only increased physical
activity) showed improvements compared with controls;
regardless of which goals were reached, the incidence of
diabetes per 100 person-years was 8.4, 7.1, 5.5, 5.8, and 2.0
for participants reaching 0, 1, 2, 3, and 4 or 5 of the study
goals, respectively.118

The DPP was the largest trial of lifestyle intervention for
diabetes prevention. The study included 3234 overweight
adults with IGT and elevated FPG (90 to 125 mg/dL) at 27
sites randomized to control (standard advice on lifestyle
change for diabetes prevention), metformin (a glucose-
lowering drug at 850 mg twice per day), or an individualized
lifestyle education program (a fourth study arm testing the
pharmaceutical agent troglitazone for diabetes prevention
was discontinued because of potential liver toxicity of the
drug). Lifestyle coaches met with lifestyle arm participants
weekly for 16 sessions and monthly for eight sessions and
trained participants on the behaviors and skills needed to
reach the study goals of a 7% weight loss and increase in
moderate-level physical activity to at least 150 min/wk. As
mentioned previously, the participants in the intervention
arm showed a 58% reduction in diabetes incidence com-
pared with controls, significantly greater than the 31% risk
reduction seen in the metformin arm. These results were
consistent across genders and racial or ethnic groups. All
age groups benefited, with oldest participants showing the
greatest reduction in diabetes incidence (71% for ages
60 years or greater compared with 48% for participants aged
24 to 44 years).116 The increased improvements among older
participants were likely a result of the effects of increased
exercise and weight loss overcoming age-related insulin
resistance.119 The lifestyle programwas also effective in over-
weight and obese individuals, although those with the low-
est BMIs (22 to 30 kg/m2) had greater reductions in diabetes
risk than those with BMIs of 35 kg/m2 or greater (65% reduc-
tion in diabetes incidence compared with controls versus
51%, respectively).116 Finally, lifestyle interventions over-
came genetic susceptibility to diabetes,116,120 with lifestyle
essentially negating baseline genetic risk.

In addition to reducing risk of diabetes, lifestyle interven-
tions have been shown to improve other markers of disease.
Lifestyle participants show significant improvements in
markers of inflammation, plasma lipid levels, aerobic capac-
ity, BP, whole body insulin sensitivity, and insulin
response.79,115,121–124 Lifestyle interventions have been shown
to be cost-effective for preventing diabetes.125–127 Based on
the findings of the studies described previously and other sim-
ilar trials, expert organizations such as the ADA4 and the
IDF128 recommend lifestyle changes (e.g., increased physical
activity, weight loss) for diabetes prevention.
Other Risk Factors for Diabetes
Although increasing obesity and changes in diet and activity
patterns can explain much of the recent increase in the num-
ber of people with diabetes, they cannot account for all of it.
This has resulted in an increase in the number of researchers
investigating so-called “nontraditional risk factors” for diabe-
tes. For example, sleep, active smoking, and exposure to
environmental contaminants have been hypothesized to
increase risk of diabetes.

Several studies have correlated sleep debt with diabetes.
In one study, the prevalences of diabetes and IGT were sig-
nificantly greater in individuals sleeping either 5 or fewer or
6 hr/night.129 Similar results were seen in an analysis of the
Nurses' Health Study, a large cohort of 70,026 women:
women sleeping less than 5 hr/night had a relative risk of dia-
betes of 1.57 (95% CI 1.28-1.92).130 Compared with the same
individuals in a fully rested situation, forced sleep depriva-
tion of 4 hr/night for six nights was associated with lower glu-
cose tolerance (glucose clearance after injection was 40%
slower, glucose effectiveness was 30% lower, and active insu-
lin response to glucose was 30% lower).131 Sleep may
increase diabetes risk through direct disturbances of glucose
metabolism, but also through increasing obesity and obesity-
associated insulin resistance (sleep deprivation is associated
with upregulation of hormones associated with increased
appetite, can provide more time to eat, and may decrease
energy expenditure).132 On the other end of the sleep spec-
trum, long sleeps (sleeping 9 ormore hr/day) have also been
significantly associated with diabetes and IGT.129,130 The
explanation for the association between long sleep and dia-
betes risk elevation is unclear.

There is strong evidence that individuals with diabetes
who smoke have higher rates of both microvascular and
macrovascular disease than smokers without diabetes.133,134

Furthermore, some studies have suggested a possible rela-
tionship between smoking and insulin resistance and diabe-
tes.133 A meta-analysis of studies assessing this relationship
reported a pooled relative risk for diabetes among smokers
of 1.44 (95% CI 1.31-1.58) compared with nonsmokers. In
addition, there is evidence of a dose response effect, with
heavy smokers having a higher risk of diabetes than lighter
smokers (relative risk 1.61 and 1.29, respectively) and former
smokers (relative risk 1.23).135 Further research is needed to
determine if the association between smoking and diabetes
is causal and to elucidate possible mechanisms of the
association.

Recently an expert workshop was convened to summa-
rize and evaluate evidence on the contribution of environ-
mental chemicals to the current epidemics of diabetes
and obesity. This group reported that there was sufficient evi-
dence of an association between some environmental con-
taminants (e.g., arsenic in high-exposure areas, certain
persistent organic pollutants, bisphenol A [BPA], some pes-
ticides) and diabetes, but further research is needed to show
causality. On the other hand, the evidence for the role of cer-
tain toxins, particularly in utero exposure to nicotine via
maternal smoking, in causing obesity in humans is stron-
ger.136 By increasing obesity in the population, these expo-
sures could indirectly increase diabetes incidence.
THE FUTURE OF DIABETES RESEARCH

Translating successful lifestyle intervention programs, such
as the DPP and the DPS, for high-risk communities is a prom-
ising way to address the high and rising prevalence of diabe-
tes. In public health, translational research attempts to apply
proven clinical programs and public health interventions to



7

1D
efin

itio
n
an

d
Ep

id
em

io
lo
g
y
o
f
Typ

e
2
D
iab

etes
M
ellitu

s

the broader community.137–141 Translational research using
the curricula developed for the DPS and the DPP is under-
way. These studies have shown promising results, with par-
ticipants displaying weight loss and, in some studies,
reductions in BP, FPG, plasma lipids, or diabetes risk.142–147

To help ensure success of the program, translational
research projects should include components shared by
the most effective lifestyle programs (see Fig. 1-3). One
important component of effective diabetes prevention pro-
grams is weight loss goals for overweight participants. In
the DPP, decreases in measures of adiposity (specifically,
weight, BMI, and waist circumference in men and women
and waist-to-hip ratio and subcutaneous and visceral fat in
men) were significant predictors of diabetes risk reduc-
tion,91 and weight loss was determined to be the most impor-
tant factor in reducing diabetes risk.148 Successful diabetes
prevention programs also promote increased physical activ-
ity, most often recommending moderate physical activity for
at least 150 min/wk.91–93,112 Diabetic Prevention Study par-
ticipants who increased moderate to vigorous physical activ-
ity the most had a 63% to 65% reduction in diabetes
incidence compared with other study participants.92 In addi-
tion, following a healthy, well-balanced diet that is low in fat
(<30% of total calories from fat and <10% of calories from
saturated fat) and high in fiber is an important component
of diabetes prevention programs. The diet recommended
in the DPS (a low-fat, high-fiber diet) was associated with
reduced diabetes risk and had a dose-dependent effect on
sustained weight loss.149 Successful diabetes prevention pro-
grams use proven health behavior theories (e.g., the Health
Beliefs model150 or Prochaska’s Stages of Change model151)
to design behavior change curriculums. Certain skills are
required to successfully implement and maintain lifestyle
behavior changes. For example, individuals need to be able
to identify barriers to behavior change and ways to over-
come these barriers152; increasing social support for lifestyle
changes has been shown to be an effective tool for improv-
ing outcomes in weight loss and physical activity pro-
grams153–155; and in the DPP, physical activity was
significantly and positively associated with exercise self-effi-
cacy.156 Finally, in LMIC settings where the need for effective
diabetes prevention programs is greatest, community-based
interventions (e.g., within families and at schools, commu-
nity centers, or clinics) should include culturally tailored
information, promote community ownership of the pro-
gram, and be designed to be cost-effective and simple to sus-
tain and disseminate.
For the scope of the diabetes problem to be addressed,

future research is needed. Although lifestyle programs are
effective at reducing diabetes risk, they are unable to
completely prevent the condition; after 10 or more years
of follow-up, 40% to 70% of lifestyle participants still progress
to diabetes, despite weight loss and/or behavior modifica-
tion during the trial, indicating that lifestyle change alone
may not be sufficient to prevent diabetes.113,118,157 Also,
despite a pronounced effect on peripheral insulin resis-
tance,79,122 lifestyle improvements may have limited effects
on beta cell dysfunction.158 Current and future research
on behavior change and the psychosocial determinants of
weight gain or loss, diet choices, and other lifestyle behav-
iors can be used to strengthen lifestyle programs. In addition,
other interventions, perhaps including pharmaceutical ther-
apies, are required to address the gaps in prevention. Better
surveillance data are needed in LMIC settings, where
available data indicate that most diabetes cases occur. Also,
researchers are only beginning to understand the role of
casual factors in different populations, and differences in
how diabetes develops in different groups need to be stud-
ied (e.g., beta cell dysfunction may play a more important
role than insulin resistance in the development of diabetes
in Asian Indian populations159). Finally, there is a need to
address the growing problems of poor nutrition, sedentary
lifestyles, and expanding body sizes in all regions of the
world, and research is required to identify effective policies,
programs, and interventions to address these problems on
the broader level (i.e., in cities, states, and countries).
SUMMARY

Diabetes is a serious public health problem with serious sec-
ondary complications. The global burden of diabetes is large
and growing, affecting populations in every region of the
world. The largest burden of diabetes occurs is in LMICs, set-
tings with limited resources and, often, the dual public
health burden of chronic and communicable diseases. Dia-
betes is caused by a confluence of factors, both genetic and
environmental. Lifestyle behaviors, particularly physical
inactivity and high-calorie, low-fiber diets, and resulting adi-
posity, worsen beta cell function and insulin sensitivity,
resulting in a progression from normal glucose tolerance
to prediabetes and diabetes in at-risk individuals. There is
strong evidence from randomized controlled trials that dia-
betes can be prevented, or at least delayed, through lifestyle
change programs; lifestyle interventions with intensive par-
ticipant engagement (e.g., weekly classes) have been shown
to reduce diabetes incidence by 30% to 60% in individuals
with IGT or combined IGT-Impaired Fasting Glucose com-
pared with low or no intervention. To address this epidemic,
future research is needed to better understand how diabetes
affects different populations and how to effectively translate,
disseminate, and sustain proven diabetes prevention pro-
grams in communities around the world.
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