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SUMMARY

Type 2 diabetes is a heterogeneous disease involving multiple behavioral, metabolic, and genetic factors. The occurrence of diabetes is
characterized by progressive deterioration of glucose tolerance, but not all individuals in the intermediate states of glucose intolerance
progress to a diagnosis of diabetes. Data suggest the onset of type 2 diabetes can be prevented and delayed through improved under-
standing of underlying susceptibility to diabetes and intervening on modifiable risk factors.

Over 29 million people in the United States were estimated to have diabetes in 2012. The type 2 diabetes epidemic has been attributed to
urbanization and environmental transition leading to lifestyle changes. Prospective studies have uncovered roles for individual nutrients,
foods, and dietary patterns in type 2 diabetes prevention. Diets favoring higher intake of whole grains, green leafy vegetables, and coffee;
lower intake of refined grains, red and processed meat, and sugar-sweetened beverages; and moderate intake of alcohol have been linked
with reduced risk of type 2 diabetes. In a randomized trial after 4-year follow-up, a Mediterranean diet with extra virgin olive oil supple-
mentation reduced diabetes risk by 40% compared to a low-fat control diet. Physical inactivity is another behavioral risk factor for type 2
diabetes. A lifestyle that includes physical activity, from brisk walking to higher intensity endurance or resistance training, can reduce the
risk of developing type 2 diabetes. For example, regular brisk walking of =2.5 hours per week has been associated with 30% reduction in
type 2 diabetes risk compared to almost no walking. Many benefits of a healthy lifestyle appear to be mediated through maintenance of a
healthy distribution of body fat. Central obesity, which can be assessed by measuring waist circumference, is a strong predictor of type
2 diabetes. A large, international meta-analysis suggested that the relative risk (RR) of type 2 diabetes per standard deviation in obesity
indicators was slightly more pronounced for higher waist circumference (1.87, 95% confidence interval [CI] 1.58—2.20) than higher body
mass index (1.72, 95% Cl 1.47-2.02).

With the increased prevalence of obesity at a population level, more women are experiencing metabolic abnormalities during pregnancy.
Children who experienced intrauterine exposure to maternal diabetes are more likely to have childhood overweight, followed by impaired
glucose tolerance in early adulthood. For example, intrauterine exposure to maternal diabetes was associated with type 2 diabetes in
youth age 10—22 years (odds ratio 5.7, 95% Cl 2.4—13.4). Therefore, the vicious cycle of diabetes may continue to the next generation,
as they enter childbearing age in the absence of early-life intervention.

Novel biomarkers and intermediate conditions associated with diabetes risk have been identified. Type 2 diabetes is increasingly consid-
ered to be a subclinical pro-inflammatory condition derived from accumulation of excess adipose tissue leading to impaired secretion of
adipokines and inflammatory cytokines by adipocytes. Endothelial dysfunction markers have been associated with type 2 diabetes. In
addition, the metabolic syndrome, a phenomenon of metabolic risk traits clustering, including central obesity, elevated fasting glucose,
triglyceride, and blood pressure levels, and/or low high-density lipoprotein cholesterol levels, has emerged as a powerful risk factor for
developing type 2 diabetes (RR averaging 5.1 in one meta-analysis).

Prospective studies have identified modifiable risk factors for type 2 diabetes, which offer the potential to predict and detect diabetes
risk before the onset of the disease. Although type 2 diabetes cannot be cured at the present time, development of the disease can be
prevented or delayed by intervening on modifiable risk factors at an early stage.

INTRODUCTION

Type 2 diabetes has become a major Type 2 diabetes is a heterogeneous Prospective studies have improved the
public health concern globally and in disease involving complex genetic, understanding of modifiable risk factors
the United States (Figure 13.1) (1). behavioral, and metabolic factors. for type 2 diabetes (2). However, individual
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responses to behavioral and lifestyle risk
factors vary, likely due to many factors,
including differences among individuals in
physiology, intervention adherence,

and the possibility of complex gene-
environment interactions that are not
clearly understood (3). Research on novel
biomarkers and intermediate conditions
associated with diabetes risk may provide
additional information on the disease
progress and etiology (4,5).

Despite advances in the field, multiple
challenges and knowledge gaps remain.
This chapter reviews developments in
understanding type 2 diabetes risk factors,
limitations of present data, and continued
challenges involved in investigating risk
factors for diabetes and its causes and
consequences. Cross-sectional national
survey data are included to provide an
overview of demographic characteristics
of those at increased risk of diabetes.
Large-scale prospective data from the
United States are used to discuss genetic,
behavioral, and metabolic risk factors for
developing type 2 diabetes. Meta-analyses
and longitudinal international collabora-
tion data are also included to help fill the
gaps and strengthen the discussion.
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FIGURE 13.1. Age-Standardized Prevalence of Diagnosed Diabetes Among Adults Age =18
Years, U.S., 1994, 2000, and 2010
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Data are from adults age =18 years based on self-report by telephone survey. Prevalence estimates are age-
standardized to the 2000 U.S. Standard Population using age categories 18—44, 45—-64, 6574, and =75 years.

SOURCE: Reference 1 and Behavioral Risk Factor Surveillance System 1994, 2000, 2010



DEMOGRAPHIC RISK FACTORS

Risk Factors for Type 2 Diabetes

Among individuals age =20 years in the
United States, 29 million people had
diabetes, based on National Health

and Nutrition Examination Surveys
(NHANES) 2009-2012 estimates
applied to 2012 U.S. Census data (6). A
detailed description of prevalence and
incidence of type 2 diabetes is provided
in Chapter 3 Prevalence and Incidence
of Type 2 Diabetes and Prediabetes.

The demographic characteristics of
individuals with type 2 diabetes are
described in Chapter 8 Sociodemographic
Characteristics of Persons With Diabetes.
This section presents information on the
association of each of these characteris-
tics as a risk factor for developing type 2
diabetes.

AGE

Based on NHANES data, the prevalence of
diabetes increases with age (Figure 13.2)
(6). In most populations, the incidence of
type 2 diabetes is low before age 30 years
but increases rapidly and continuously
with older age (7,8). Prospective obser-
vational studies have generally reported
age to be a strong risk factor, independent
of major correlated lifestyle risk factors,
including obesity. This is a particular
concern at a time when life expectancy

is increasing. The International Diabetes
Federation estimated that the number

of adults with diabetes in the United
States will increase from 23.7 million in
2011 to 29.6 million by 2030 (9), largely
attributed to the population aging. Median
ages at diagnosis of diabetes vary among
non-Hispanic white, non-Hispanic black,
and Hispanic Americans based on estima-
tion using data from the National Health
Interview Survey (NHIS) of the National
Center for Health Statistics, Centers for
Disease Control and Prevention, as illus-
trated in Figure 13.3 (1).

SEX

In the European Prospective Investigation
into Cancer and Nutrition (EPIC), higher
risk of diabetes in men compared with
women was observed consistently
across different European countries (10).
However, this consistency was not as

FIGURE 13.2. Estimated Percentage of Adults With Diagnosed and Undiagnosed Diabetes,

by Age, U.S., 2012
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SOURCE: Reference 6 and National Health and Nutrition Examination Surveys 2009-2012 estimates applied to

2012 U.S. Census data.

FIGURE 13.3. Median Age at Diagnosis of Diabetes Among Adult Incident Cases, by

Race/Ethnicity, U.S., 1997-2011
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Data are self-reported from adults age 1879 years.

SOURCE: Reference 1 and National Health Interview Surveys 1997-2011

clearly evident in the United States popu-
lation because the incidence of diabetes
among men compared to women was
higher in 2010 but lower in 2013, based
on NHIS data. Table 13.1 summarizes the
crude and age-standardized incidence of
diagnosed diabetes by sex in the United
States, 1993-2013 (1).

RACE AND ETHNICITY

National survey data from 2007-2009 for
people age =20 years indicate that 7.1%
of non-Hispanic whites, 8.4% of Asian
Americans, 11.8% of Hispanics/Latinos,
and 12.6% of non-Hispanic blacks had
diagnosed diabetes (6). Thus, diabetes

is approximately twice as common in
non-Hispanic blacks and Hispanics as in
non-Hispanic whites in the United States.
Based on national data from 2011-2012,
total diabetes prevalence (combining
diagnosed and undiagnosed diabetes) was
also found to be twice as high in Asian
Americans as in non-Hispanic whites (11).
Ethnic differences can be explained only
in part by differences in the prevalence

of obesity, behavioral risk factors, and
socioeconomic status (SES). For example,
higher risk observed in non-Hispanic black
women compared to non-Hispanic white
women from the NHANES Il was atten-
uated when controlled for differences
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in socioeconomic characteristics (12). TABLE 13.1. Crude and Age-Standardized Incidence of Diagnosed Diabetes Per 1,000
However, this was not the case among Population Age 1879 Years, by Sex, U.S., 1993-2013

men. In the Nurses’ Health Study (NHS),
self-reported Asian, Hispanic, and black
ethnicity were each associated with
higher diabetes risk compared to whites

INCIDENCE (STANDARD ERROR)

Men Women
Crude Age-Standardized Crude Age-Standardized

after adjustment for differences in age, 1993 3.8(0.5) 4.2(0.5) 4.8(0.5) 49(09)
body mass index (BMI), family history of 1994 4.1(0.5) 4.6(0.6) 5.4(0.5) 5.5(0.6)
diabetes, and lifestyle risk factors (i.e., 1995 37(0.5) 4.1(0.6) 5.2 (0.6) 5.3(0.6)
alcohol consumption, smoking, physical 1996 4.0 (0.5) 4.4(0.6) 4.9(0.5) 5.0 (0.5)
activity, and diet) (13). In the Multiethnic 1997 46(05) 50(05) 44(04) 45(04)
Cohort .StUd.y of yolunteers living in Hawai 1998 5.0(0.3) 5.3(0.4) 5.2(0.3) 5.3(0.3)
and California, diabetes risk for Japanese
Americans and Pacific Islanders was about 12 93 j04 22 (04 22 ({0-3) 2 (05
two to three times higher compared to 2000 6.1(0.4) 6.5(0.4) 59(03) 6.0(0.3)
whites, and these associations remained 2001 6.9 (0.4) 7.2 (0.5) 6.2 (0.4) 6.3(0.4)
after adjustment for BMI and education 2002 7.1(0.5) 7.4(0.5) 6.8(0.4) 6.8(0.4)
(14). In addition, diabetes prevalence 2003 71(05) 74.(05) 70(0.4) 70(04)
varies widely among countries worldwide
(Figure 13.4) (9). The contributions of 2004 7.0(0.5) 7.3(0.5) 7.5(0.4) 7.4(0.4)
genetics, migration, and acculturation on 2005 7309 7409 78(0.9) 7.7(04)
type 2 diabetes risk are discussed later in 2006 7:8(0.5) 79(0.5) 7.7(0.9) 76(0.9)
this chapter. 2007 8.1(0.6) 8.2 (0.6) 8.1(0.5) 7.9 (0.5)
2008 9.2(0.7) 9.1(0.7) 8.2(0.7) 7.9(0.6)
2009 9.2(0.7) 9.1(0.7) 8.1(0.6) 7.8(0.6)
2010 8.7(0.7) 8.6 (0.6) 8.0 (0.6) 7.7 (0.6)
2011 7.1(0.4) 7.0 (0.4) 7.9(0.5) 7.5(0.5)
2012 6.6 (0.4) 6.4 (0.4) 8.0 (0.5) 7.6 (0.5)
2013 6.6 (0.5) 6.4 (0.5) 7.5 (0.6) 7.2 (0.5)

Data are age-standardized to the 2000 U.S. Standard Population.
SOURCE: Reference 1 and National Health Interview Surveys 1993-2013

FIGURE 13.4. Global Prevalence of Diabetes, International Diabetes Federation, 2011
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Comparative prevalence (%) of diabetes is reported.
SOURCE: Reference 9, copyright © 2011 International Diabetes Federation, reprinted with permission
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GENETIC RISK FACTORS

Risk Factors for Type 2 Diabetes

Detailed information on genetic risk
factors is provided in Chapter 14 Genetics
of Type 2 Diabetes. This section briefly
summarizes genetics in the development
of type 2 diabetes and discusses its inter-
action with environmental risk factors. A
family history of diabetes has been linked

with increased risk for type 2 diabetes (15).

The concordance rates of type 2 diabetes
are about 34%-58% in monozygotic twins
and 12%—-20% in dizygotic twins (16,17).
Early efforts to identify genetic variants
for type 2 diabetes heritability in epide-
miologic studies involved genome-wide
linkage and candidate gene approaches.
With the introduction of studies incorpo-
rating high-throughput, parallel genotyping
technologies, including genome-wide
association studies (GWAS), the field has
rapidly advanced, identifying and repli-
cating multiple novel loci associated with
type 2 diabetes (3,15,18,19,20,21,22,23,
24,25,26,27,28), as discussed further

in Chapter 14. Many common genetic
variants predisposing to type 2 diabetes
uncovered initially by GWAS have been
located near genes implicated in beta
cell function (29). Subsequently, genetic
variants implicated in insulin resistance
pathways were uncovered by accounting
for differences in BMI (30).

In addition to genetic risk for type 2
diabetes, family members often share
nongenetic environmental risk factors
that contribute to risk for diabetes
(Figure 13.5) (31).

GENE-ENVIRONMENT
INTERACTIONS

Individuals vary in their susceptibility to
environmental risk factors. These genetic
variations may influence modifiable risk
factors for type 2 diabetes. Therefore,
understanding gene-environment interac-
tions has the potential to benefit strategies
for the prevention of type 2 diabetes.

Gene-environment interaction studies
experience methodologic challenges
when investigating small effects of
common gene variants, which require

a large sample size to uncover (32).
Collaborative efforts have been made to

FIGURE 13.5. Diabetes Risk in the Proband and the Complex Interplay Between Genes,
Shared Environment, Shared Behaviors, and Epigenetic Effects
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SOURCE: Reference 31, copyright © 2010 American Diabetes Association, reprinted with permission from the

American Diabetes Association

address these challenges, including the
Cohorts for Heart and Aging Research
in Genomic Epidemiology (CHARGE)
consortium. The consortium conducted
a meta-analysis of 14 cohort studies
comprising about 48,000 participants
of European descent and reported a
nominal interaction between GCKR
(rs780094) variant and whole grain
intake on fasting insulin (p=0.006) (33).
The CHARGE consortium used a similar
approach to report that higher total
zinc intake may attenuate the glucose-
raising effects of the zinc transporter
variant, SLC30A8 (rs11558471) (34).
Constructing a risk score is another
approach that has been used to investi-
gate gene-environment interactions. In
a nested case-control study within the
Health Professionals Follow-up Study
(HPFS) and the NHS, a genetic risk
score was calculated on the basis of 10

polymorphisms in nine loci (35). The asso-
ciation between genetic score and type 2
diabetes was strengthened with the BMI

increase in this study of individuals of

European descent (35). In an intervention

trial, the Diabetes Prevention Program

(36), a high genetic risk score was asso-
ciated with increased risk of developing
type 2 diabetes, but a lifestyle interven-
tion attenuated this risk.

Although it is questionable whether
information on gene-environment inter-
actions improves the prediction of type

2 diabetes (37), better understanding of
genetic susceptibility to the disease and
its influence on environmental risk factors
may assist in developing future prevention
strategies for type 2 diabetes.
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BEHAVIORAL AND LIFESTYLE RISK FACTORS

The type 2 diabetes epidemic has been
attributed to urbanization and environ-
mental transition leading to sedentary
behavior and overnutrition (38). These
environmental transformations include
work pattern changes from heavy labor
to sedentary, increased computerization
and mechanization, and improved public
transportation accompanied by easy
access to fast foods and other energy-
dense and nutrient-poor foods (38). The
lifestyle characteristics of people with type
2 diabetes are described in Chapter 10
Lifestyle Characteristics Among People
With Diabetes and Prediabetes.

This section presents information on
behavioral and lifestyle factors in relation
to the risk of developing type 2 diabetes.

NUTRITION

Dietary intake has been suspected as

a major lifestyle risk factor for type 2
diabetes for a long time, but evidence
from prospective studies evaluating diet
in relation to the incidence of diabetes
has vastly accumulated since the 1990s
(2). These studies investigated the roles of
nutrients, foods, and dietary patterns on
type 2 diabetes progression.

Dietary Carbohydrate and Fiber
Several prospective observational studies

investigated the relation between total carbo-

hydrate intake (expressed as the proportion
of carbohydrate intake of total energy intake
or as energy-adjusted intake quantity in
grams per day) and risk of type 2 diabetes.
The majority of these studies suggested that
the relative carbohydrate proportion of the
diet does not influence the risk of diabetes
(39). A few prospective cohort studies also
investigated specific nutrient substitutions
with heterogeneous results. For example,
no significant relation of higher carbohy-
drate intake at the expense of protein with
risk of diabetes was observed in the NHS
1 (40), but such an isocaloric exchange
was associated with reduced risk in the
EPIC-Potsdam Study (41).

A meta-analysis of eight prospective

cohort studies, including five from the
United States and one each from Finland,
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Australia, and Germany, demonstrated an
inverse association of the intake of dietary
fiber from cereal products with risk of type
2 diabetes (42). Participants with higher
intake had a relative risk (RR) of 0.67

(95% confidence interval [CI] 0.62—0.72)
comparing highest versus lowest intake
categories (42). In contrast to cereal fiber,
total fiber or fiber from fruits or vegetables
was not associated with diabetes risk (42).
The protective effect of cereal fiber was
confirmed by subsequent cohort studies
(43,44), although some prospective
studies did not detect a protective effect
of cereal fiber (45,46).

Carbohydrate quality can be determined
by evaluating the physiologic response

to carbohydrate-rich foods. The glycemic
index reflects the quality of carbohydrates
by ranking the ability of specific foods to
raise postprandial blood glucose levels
(47), whereas the glycemic load is the
cross-product of the glycemic index of a
specific food and the amount of carbohy-
drates, which therefore reflects on both
quality and quantity of the carbohydrates.
The associations of glycemic index and
load with risk of diabetes have been
evaluated by a number of prospective
studies. Meta-analyses of these studies
demonstrated that diets with low average
glycemic index and glycemic load might
be associated with reduced risk for
diabetes compared with high glycemic
index and load (48,49,50). These associ-
ations appear to be independent of the
amount of dietary fiber in the diet.

Dietary Fat

While higher total fat intake has been
hypothesized to contribute to diabetes
directly by inducing insulin resistance

and indirectly by promoting weight gain,
metabolic studies in humans do not
support the idea that high-fat diets have

a detrimental effect on insulin sensitivity
(51). In most observational prospective
studies, total fat intake was not associated
with diabetes risk (Table 13.2). Strong
evidence also comes from the large-scale,
randomized Women'’s Health Initiative
(WHI). The incidence of treated diabetes
was not different among women who

consumed a low-fat diet (24% energy from
fat) compared to women who consumed

a standard U.S. diet (35% energy from

fat) (RR 0.96, 95% CI 0.90-1.03) (52). The
specific type of fat may be more important
than the total intake. Prospective studies
suggest that diets that favor plant fats over
animal fats are advantageous (53,54).

Whether changing the relative proportions
of different fatty acid subgroups is related
to diabetes risk remains a matter of debate.
A higher intake of polyunsaturated fatty
acids (PUFA) was related to lower diabetes
risk in the NHS (55) and the lowa Women's
Study (56). Also, exchanging saturated
fatty acids with PUFA was related to lower
risk in some studies (53). However, the
relationship between long-chain n-3 PUFA
and diabetes risk has been inconsistent:

a meta-analysis including 16 prospective
cohorts with 440,873 participants

and 21,512 cases of incident diabetes
reported a combined relative risk of 1.04
(95% CI 0.97-1.10), comparing the highest
versus lowest intake categories (57).

Micronutrients

Emerging evidence supports the asso-
ciations of specific minerals with type 2
diabetes risk using assessments of dietary
intake and/or biomarkers. A meta-analysis
of four prospective studies conducted

in the United States demonstrated that
higher heme-iron intake was associated
with increased risk of developing type 2
diabetes (RR 1.31, 95% Cl 1.21-1.43),
comparing the highest and lowest intake
categories (58). In the same meta-
analysis paper, higher iron stores,
reflected by elevated ferritin concentra-
tions, were associated with increased risk
of developing type 2 diabetes (RR 1.66,
95% Cl 1.15-2.39).

A meta-analysis of five prospective
studies conducted in the United States
also provided evidence that magnesium
intake was inversely associated with risk of
developing type 2 diabetes (RR 0.78, 95%
Cl10.73—-0.84) (59). This association was
more pronounced among participants with
BMI =25 kg/m? but was not significant
among those with BMI <25 kg/m? (59).



TABLE 13.2. Summary of Prospective Cohort Studies of Total Fat Intake and Type 2 Diabetes

STUDY (REF)

San Luis Valley Diabetes
Study (273)

Seven Countries Study
(274)

lowa Women'’s Health
Study (56)

Nurses’ Health Study (55)

Nurses’ Health Study
(275)

Kuopio Ischaemic Heart
Disease Risk Factor Study
(276)

Health Professionals
Follow-up Study (277)

EPIC-Norfolk Study (278)

EPIC-Potsdam Study (41)

Melbourne Collaborative
Cohort Study (279)

POPULATION

Follow-up 11-40 months (1984—1988);
134 men and women with impaired glucose
tolerance; 20 incident cases

Follow-up 20 years (baseline 1958-1964);
338 men; 26 incident cases

Follow-up 11 years (baseline 1986);
35,988 women; 1,890 incident cases

Follow-up 14 years (baseline 1980);
84,204 women; 2,507 cases

Follow-up 20 years (baseline 1980);
85,059 women; 4,670 cases

Follow-up 4 years (baseline 1984-1989);
895 men; 56 cases with impaired fasting
glucose, 34 diabetes cases

Follow-up 12 years (baseline 1986);
42,504 men; 1,321 cases

Follow-up 37 years (baseline 1993-1997);
23,631 men and women; 414 cases

Follow-up 7 years (1994-1998);
25,067 men and women; 844 cases

Follow-up 4 years (baseline 1990-1994);
3,737 men and women; 346 cases

RESULTS

Participants with diabetes at study end
had higher total fat intake (43.4% energy)
compared to participants with impaired
glucose tolerance (40.6%) or normal
glucose tolerance (38.9%); p=0.02

Men with newly diagnosed diabetes at
study end had higher total fat intake
(41.2% energy) compared to diabetes-free
men (38.7%); p=0.10

RR for Q5 vs. Q1: 0.89 (95% Cl 0.75-1.05)

RR for Q5 vs. Q1: 0.97 (95% CI 0.85-1.11)

RR for decile 10 vs. decile 1: 0.91
(95% ClI 0.79-1.06)

Men with diabetes (34.7% energy) or
impaired fasting glucose (34.2%) at study
end had no different total fat intake at
baseline than men with normal glucose
tolerance (33.7%); p=0.49.

RR for Q5 vs. Q1: 0.97 (95% Cl 0.79-1.18)

OR per 1-standard deviation change:
1.01 (95% Cl1 0.99-1.03)

Isoenergetic substitution of 5% energy
with carbohydrates for fat: RR >1, but
nonsignificant

RR for Q5 vs. Q1: 1.12 (95% CI 0.76-1.73)

Risk Factors for Type 2 Diabetes

COMMENTS

Adjusted for age, sex, race/ethnicity

Adjusted for age, cohort

Adjusted for age, total energy, waist-to-hip
ratio, BMI, physical activity, smoking,
alcohol, education, marital status,
residential area, hormone replacement
therapy, dietary magnesium, cereal fiber

Adjusted for age, time period, BMI, smoking,
family history, alcohol, physical activity,
percentage protein intake, total energy
intake, dietary cholesterol

Adjusted for age, BMI, smoking,
postmenopausal hormone use, physical
activity, alcohol intake, family history,
protein intake, total calories

Unadjusted

Adjusted for age, total energy intake, time
period, physical activity, smoking, alcohol,
hypercholesterolemia, hypertension,
family history, intake of cereal fiber and
magnesium, BMI

Adjusted only for total energy intake

Adjusted for age, sex, education,
occupational activity, sport activity, cycling,
smoking, alcohol intake, total energy intake,
fiber intake, magnesium intake, protein
intake, PUFA:SFA ratio, MUFA:SFA ratio

Adjusted for age, sex, country of birth,
family history of diabetes, physical activity,
alcohol intake, BMI, waist-to-hip ratio

BMI, body mass index; Cl, confidence interval; EPIC, European Prospective Investigation into Cancer and Nutrition; MUFA, monounsaturated fatty acids; OR, odds ratio; PUFA,
polyunsaturated fatty acids; Q, quintile; RR, relative risk; SFA, saturated fatty acids.

SOURCE: References are listed within the table.

Vitamin D is classically known for its role
in bone metabolism and regulation of
calcium, and a potential role for vitamin D
in glucose metabolism has also come to
light. In the Framingham Offspring Study,
higher levels of 25-OH vitamin D were
associated with lower incidence of type

2 diabetes after accounting for potential
confounders (60). This protective effect
was also reported in the NHS, but mainly
in the upper levels of circulating 25-OH
vitamin D and with a stronger effect

in overweight/obese women (61). In
contrast, 25-OH vitamin D levels were not

associated with type 2 diabetes incidence
in the WHI, despite analysis of various
cutoffs and subgroups (62). In addition,
intervention trials investigating the impact
of vitamin D supplementation have been
mainly inconclusive, leaving the question
about the link between vitamin D status

and risk of type 2 diabetes unresolved (63).

As for the proposed mechanism, it is
unclear whether vitamin D influences beta
cell function and/or insulin resistance in
type 2 diabetes pathophysiology. Vitamin
D may be a marker of an overall healthy

lifestyle, such as frequent outdoor phys-
ical activities that expose an individual
to sunlight. In addition, nutrient-based
associations with type 2 diabetes might
be confounded by other unaccounted
nutrients in food. For example, dairy
products are not only rich in vitamin D,
but also macronutrients and many other
micronutrients (e.g., magnesium), which
have been associated with diabetes risk as
previously discussed (59).
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TABLE 13.3. Summary of Meta-Analyses of Prospective Cohort Studies on Food and Beverage Intake and Type 2 Diabetes

FOOD (REF)

Processed red meat (67) 8 cohort studies

Unprocessed red meat (67)

POPULATIONS

9 cohort studies;

RELATIVE RISK (95% CI)
1.51 (1.25-1.83) per 50 g/d

1.19 (1.04-1.37) per 100 g/d

442,101 participants;
28,228 diabetes cases

Fish/seafood (57)

13 cohort studies;

1.12 (0.94-1.34) per 100 g/d

481,489 participants;
20,830 diabetes cases

White rice (66)

7 cohort studies;
352,384 participants;

1.11 (1.08-1.14) per each
serving/d

13,284 diabetes cases

Green leafy vegetables (70)

4 cohort studies;
169,807 participants;

0.86 (0.77—0.97) comparing
extreme categories

7,422 diabetes cases

Green leafy vegetables (71)

Case-cohort, pooled analysis of five
European cohorts;

0.84 (0.74—0.94) comparing
extreme categories

18,955 diabetes cases

Dairy products (69) 6 cohort studies

Whole grains (65)

Sugar-sweetened beverages (81)

10 cohort studies

8 cohort studies;
310,819 participants;

0.86 (0.79-0.92) comparing
extreme categories

0.68 (0.58-0.81) per 3 servings/d

1.26 (1.12-1.41) comparing
extreme categories

15,043 diabetes cases

Sugar-sweetened beverages (82)

Case-cohort, pooled analysis of eight

1.18(1.06-1.32) per 336 g

European cohorts; (12 oz)/d
11,684 diabetes cases

Alcohol (86) 20 cohort studies; 0.60 (0.52-0.69) at 24 g/d for
477,200 participants; women 0.87 (0.76-1.00) at 22 g/d
12,556 diabetes cases for men compared to abstainers

Decaffeinated coffee (79)

Total coffee (79)

11 cohort studies

28 cohort studies;
1,109,272 participants;

0.80 (0.70—0.91) comparing
extreme categories

0.70 (0.65-0.75) comparing
extreme categories

45,335 diabetes cases

Cl, confidence interval; RR, relative risk.

COMMENTS

Each cohort study consistently had relative risk
above 1.00.

Regional differences were observed (p for
interaction=0.007): the associations were positive in
North America and Europe, but inverse in Asia.

Stronger associations in Asian populations were
observed (p for interaction=0.038).

Total fruits and vegetables had a weaker overall
effect: RR 0.93 (95% CI 0.87-1.00).

Yogurt was associated with diabetes risk: RR 0.83
(95% CI 0.74—0.93).

Inverse associations were observed for subtypes,
including whole grain bread, whole grain cereals,
wheat bran, and brown rice.

Sugar-sweetened beverages are mostly sweetened by
high fructose corn syrup in the United States, while
they are mostly sweetened by sucrose in Europe.

A U-shape relationship was observed: moderate
consumption was the most beneficial.

Inverse associations were in a dose-response manner
for both caffeinated and decaffeinated coffee
consumption.

SOURCE: Reference 2, reprinted from The Lancet copyright © 2014, with permission from Elsevier; references are listed within the table for individual food items.

Food Items and Groups

Intake of several individual food items or
food groups is linked to diabetes risk. The
evidence for these associations has been
summarized by a number of meta-analyses
(Table 13.3) (2). Similar to cereal fiber,
intake of whole grains has been associated
consistently with lower diabetes risk in
prospective studies (64,65), even after
adjustment for potential confounders,
including obesity. Conversely, higher intake
of white rice, which is a processed grain,
was associated with increased risk of
developing type 2 diabetes (66), especially
among Asian populations with markedly
higher amounts of white rice consumption
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(RR 1.55, 95% Cl 1.20-2.01). Frequent
consumption of red and processed meats
was also associated with higher diabetes
risk in prospective cohort studies (67).

The combined analysis of 13 prospective
studies (six from the United States, three
from Asian countries, and two from
European countries) has shown that fish
and/or seafood consumption was not
significantly associated with increased
risk of developing type 2 diabetes (57).
Interestingly, differences in the direction
of the association between fish/seafood
consumption and type 2 diabetes risk
were observed among geographic regions

(p-interaction=0.007) (57). Higher fish/
seafood consumption was associated
with increased risk of developing type 2
diabetes in North America and Europe
(RR 1.38, 95% CI 1.13-1.70), while it

was associated with decreased risk in
Asia (RR 0.89, 95% CI 0.81-0.98) (57).
Similar regional variation was reported by
a meta-analysis of fish consumption and
type 2 diabetes risk (68). This regional
variation might be explained by varying
types of fish consumed and cooking
preparation methods used within different
geographic locations, although further
investigation is needed to confirm this
hypothesis.



Dairy consumption has been associated
with moderately lower type 2 diabetes
risk (69), and the benefits of yogurt seem
to be more consistent than other types of
dairy products.

Although the total intake of fruit and vege-
tables was not associated with risk of type
2 diabetes, higher green leafy vegetable
intake was associated with reduced risk
of developing type 2 diabetes (70,71).
Further, consumption of anthocyanin-rich
foods, particularly blueberries and apples/
pears, was associated with lower risk of
type 2 diabetes (72).

Consumption of nuts, which are high in
PUFA and monounsaturated fatty acid,
has been linked with lower risk of diabetes
(73). However, few prospective studies
have directly evaluated this hypothesis
to date, with available data providing
inconsistent results. For example, higher
nut consumption was associated with
reduced risk for type 2 diabetes in the
NHS (RR comparing extreme categories
0.73, 95% Cl 0.60—-0.89) (74), but this
significant association was not observed
in the Physicians’ Health Study (75). In
the PREvencion con Dleta MEDiterranea
(PREDIMED) trial, supplementation with
nuts significantly reduced incidence of
type 2 diabetes (76). However, the nuts
were supplemented in the context of

the Mediterranean diet in this trial, and
therefore, it is difficult to conclude that the
beneficial results were solely due to nut
consumption.

Coffee

Coffee consumption has been associated
with lower diabetes risk in a number of
prospective studies (Table 13.3). Meta-
analyses clearly indicated a potential
preventive role of coffee consumption
(77,78,79). In addition, both caffeinated
and decaffeinated coffee consumptions
were associated with lower diabetes risk
(79). While the active components of
coffee that offer protection from diabetes
have not been identified, caffeine does
not appear to be a factor, and residual
confounding is unlikely to explain the
reduced risk observed among coffee
consumers. Regular coffee consumption

is generally associated with unfavorable
lifestyle habits in most populations,
and therefore, coffee consumption is
more likely related to increased risk if
confounded.

Sugar-Sweetened Beverages

About 20% of young adults (age 20—34
years) and 12% of adults (age =35 years)
in the United States consume =500
calories per day from sugar-sweetened
beverages based on NHANES 2007-2008
data (80). Prospective studies suggest
that consuming sugar-sweetened bever-
ages increases the risk of developing type
2 diabetes (Table 13.3) (81,82). Sugar-
sweetened beverages, such as soft drinks,
fruit drinks, and energy and vitamin water
drinks, contain naturally derived caloric
sweeteners, including sucrose, high
fructose corn syrup, and/or fruit juice
concentrates. An analysis suggested

that substituting plain water, coffee, or
tea for sugar-sweetened beverages was
associated with lower risk of diabetes (83).
The intake of sugar-sweetened beverages
may contribute to diabetes risk by altering
glucose metabolism when large amounts
of rapidly absorbable carbohydrates

are consumed and by promoting weight
gain by incomplete compensation of
liquid calories resulting in increased total
caloric intake (84). Interaction between
genetic predisposition and sugar-
sweetened beverage intake was investi-
gated in relation to BMI using a genetic
predisposition score calculated based on
32 BMl-associated loci (85). Higher
sugar-sweetened beverage intake was
associated with more pronounced genetic
predisposition to increased BMI and risk
for obesity.

Alcohol Consumption

A U-shaped relation between alcohol
consumption and type 2 diabetes has
been reported from observational studies
(86). Based on a meta-analysis of 20
prospective cohort studies (nine from
the United States, six from Europe, three
from Asia, and two from Australia), the
amount of alcohol consumption was
most protective of diabetes at 24 g per
day among women and at 22 g per day
among men, equating to approximately

Risk Factors for Type 2 Diabetes

one and one-half U.S. standard drinks
per day (Table 13.3) (86). However, risk
of diabetes was particularly high at an
alcohol consumption level above 50 g
per day for women and 60 g per day

for men, approximately four U.S. stan-
dard drinks per day (86). Therefore, the
authors concluded that moderate alcohol
consumption is protective against type

2 diabetes (86). However, the interpre-
tation of the U-shape association must
be taken with caution, because it might
be confounded by some abstainers who
might be “sick quitters.” In a longitudinal
analysis of HPFS participants, increasing
alcohol consumption over time was asso-
ciated with lower risk of type 2 diabetes
among initially rare and light drinkers
(87). In addition, moderate alcohol
consumption has been shown to atten-
uate the positive association between
dietary glycemic load and risk of diabetes
(88). EPIC-InterAct study investigators
reported that the association of alcohol
consumption with type 2 diabetes might
be stronger among women (89). Further,
alcohol consumption was more strongly
associated with reduced risk for type 2
diabetes among overweight compared
with normal weight men and women (89).
Therefore, body fatness may impact the
relationship between alcohol consumption
and type 2 diabetes risk, although further
investigation is needed to confirm the role
of body fat in the observed link between
alcohol and diabetes. In terms of alcohol
types, wine consumption might be most
strongly associated with reduced risk for
type 2 diabetes (89,90).

Dietary Patterns

Instead of considering individual food
items in isolation, the application of
dietary pattern techniques has revealed
a variety of dietary patterns related to
diabetes risk. The strongest evidence for
beneficial effects of a particular dietary
pattern has been accumulated for the
Mediterranean diet, which is character-
ized by high consumption of minimally
processed plant-based foods; olive oil as
the principal source of fat; low-to-
moderate consumption of dairy products,
fish, and poultry; low consumption of red
meat; and low-to-moderate consumption
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of wine with meals. Conclusions from
prospective cohort studies (91,92,93) are
supported by results of the PREDIMED
randomized trial from Spain (Figure

13.6) (76,94). In this trial, after a median
4.1-year follow-up, participants assigned
to a Mediterranean diet without calorie-
restriction had a significant diabetes risk
reduction with extra-virgin olive oil supple-
mentation (hazard ratio [HR] 0.60, 95%

Cl 0.43-0.85) and a nonsignificant risk
reduction with mixed nut supplementation
(HR 0.82, 95% CI 0.61-1.10) compared

to a low-fat control diet with adjustment
for potential confounders (94). Studies
using exploratory methods to define
dietary patterns further support the notion
that dietary patterns that favor fruits,
vegetables, whole grains, and vegetable
fats at the expense of red meats, refined
grains, and sugared soft drinks reduce the
risk of type 2 diabetes (95,96,97,98,99),
while “Westernized” diets rich in red

and processed meats, sugary drinks,

and refined grains are related to higher
diabetes risk (100,101). In addition, an
analysis in the HPFS indicated that eating
patterns, such as breakfast omission,
were associated with increased risk of
type 2 diabetes in men (102).

PHYSICAL INACTIVITY

The prevalence of leisure-time physical
inactivity is increasing rapidly in the
United States, as illustrated in Figure
13.7 (1). Sedentary behaviors, including
increased screen time, are a risk factor
for type 2 diabetes. In a meta-analysis of
four prospective cohort studies, including
three studies from the United States

and one from Germany, higher televi-
sion viewing time was associated with
increased risk for type 2 diabetes (RR per
2 hours 1.20, 95% CI 1.14-1.27) (103).
Based on a worldwide estimate, physical
inactivity, defined as insufficient physical
activity to meet present global recommen-
dations by the World Health Organization
2010 (104), is responsible for 7% (95%

Cl 3.9%—9.6%) of the burden of type 2
diabetes (105).

Physical activity of moderate intensity

can reduce the risk of developing type 2
diabetes based on a meta-analysis of 10
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FIGURE 13.6. Cumulative Incidence of Diabetes by Group of Intervention, PREDIMED,
2003-2009
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Nelson-Aalen curves are shown with the outcome of new-onset diabetes by exposure to each MedDiet intervention
versus the control diet. From 2003 to 2009, participants were enrolled in the trial. EVOO, extra virgin olive oil;
PREDIMED, Prevencion con Dieta Mediterranea trial.

SOURCE: Reference 76, copyright © 2011 American Diabetes Association, reprinted with permission from the
American Diabetes Association

FIGURE 13.7. Age-Standardized Estimates of the Percentage of Adults Age =20 Years Who
Are Physically Inactive, U.S., 2004 and 2011

0-20.0 20.1-24.4 m245-282 m283-327 W=328

Data are from adults age =20 years based on self-report by telephone survey. Physical inactivity is defined as no
reported leisure-time physical activity. Rates were age adjusted by calculating age-specific rates for the following
three age groups: 20—-44, 45—64, and =65 years. A weighted sum based on the distribution of these three age
groups from the 2000 Census was then used to standardize the rates by age using the weights 0.52, 0.31, and 0.17,
respectively.

SOURCE: Reference 1 and Behavioral Risk Factor Surveillance System 2004 and 2011
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FIGURE 13.8. Relative Risks for Walking and Incidence of Type 2 Diabetes for Individual Cohort Studies and All Studies Combined, (A) Without

and (B) With Adjustment for Body Mass Index
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SOURCE: Reference 106, copyright © 2007 American Diabetes Association, reprinted with permission from the American Diabetes Association; references for individual studies

are listed within the figure.

prospective cohort studies, including

one from Japan, three from European
countries, and the others from the United
States (106). Regular walking, defined as
>2.5 hours per week of brisk walking, was
associated with reduced risk for type 2
diabetes compared to almost no walking
(RR0.70, 95% CI 0.58-0.84) (106). This
association remained significant after
adjustment for BMI (Figure 13.8) (106).

Moderate to high intensity exercise is

well known to have beneficial effects on
type 2 diabetes prevention (107,108). In
addition to aerobic exercise (e.g., brisk
walking, jogging, running, bicycling, swim-
ming, tennis, squash, and rowing), weight
training has been associated with lower
risk of developing type 2 diabetes (109). In
the HPFS, engaging in weight training and
doing aerobic exercise for =150 minutes
per week were independently associated
with reduced risk of developing type 2
diabetes by 34% (95% Cl 7%—54%) and

52% (95% Cl 45%—58%), respectively (109).

These independent effects of endurance
and resistance trainings may be explained

by the involvement of distinctive pathways.

Aerobic exercise increases the mito-
chondrial density and oxidative enzyme
activity, improving fatty acid oxidation,
and stimulates insulin-independent, as
well as insulin-dependent, skeletal muscle
glucose uptake. Resistance training
increases the skeletal muscle mass and
glycolytic capacity, enhancing glucose
uptake (110).

OBESITY

The prevalence of obesity in the United
States increased considerably from 1994
to 2010, as illustrated in Figure 13.9 (1).
Excessive body fat is the single largest risk
factor for type 2 diabetes. The diabetes
risk associated with excessive body fat,
measured by BMI (the ratio of body weight
in kilograms to squared height in meters)
or anthropometric indicators, such as a
waist circumference or skinfold thickness,
increases in a continuous fashion. Clinical
risk categories for BMI (normal weight
18.5-24.9 kg/m?, overweight 25—29.9
kg/m?2, and obesity =30 kg/m?) are
associated with a stepwise increase in
diabetes risk. However, diabetes risk
increases even within the normal body
weight range. In the NHS, the relative risk
of diabetes among women with BMI 23.0—
24.9 kg/m? was 2.67 (95% Cl 2.13-3.34)
compared to women with BMI <23.0
kg/m? (111). Also, the majority of diabetes
cases develop in individuals at the normal
weight and overweight ranges, not among
obese individuals (112).

Duration of Obesity

In addition to the level of overweight

and obesity, longer duration of retaining
high body weight is also an important
risk factor for type 2 diabetes. Several
prospective cohort studies reported an
increased risk with longer duration of
obesity, independent of the BMI attained
at baseline (113,114,115,116). The rela-
tive risk per additional 2-year duration

of obesity was 1.11 (95% CI 1.05-1.16)
among men and 1.06 (95% Cl 1.02-1.11)
among women in the Framingham Heart
Study (FHS) after adjustment for age at
the onset of obesity (113). In the EPIC-
Potsdam Study, weight gain during early
adulthood age 25—-40 years was more
strongly associated with diabetes risk
(RR 1.25, 95% Cl 1.21-1.30 in men and
RR 1.24, 95% Cl 1.20—1.27 in women)
compared with weight gain during later
adulthood age 40-55 years (RR 1.13,
95% Cl 1.10-1.16 in men and RR 1.11,
95% CI 1.08-1.14 in women) (117).

Body Fat Distribution

Whether anthropometric measures that
reflect body fat distribution are superior to
measures of total or percent body fat has
been a matter of debate. A meta-analysis
of prospective observational studies from
various geographic regions, including

the United States, Europe, and Asia,
suggested that the relative risk associated
with a higher waist circumference was
slightly stronger than that associated with
higher BMI (Table 13.4) (118). On the
other hand, the association of waist-to-hip
ratio with type 2 diabetes was slightly
weaker compared to BMI.

These findings suggest that waist circum-
ference is a valid alternative to BMI when
assessing type 2 diabetes risk in a clinical
setting or at a population level. However,

the combination of BMI and waist circum-
ference can be informative, since both
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measures are independently associated
with risk. Given the strong correlation
between BMI and waist circumference,
normal weight individuals who have
abdominal obesity or vice versa are
relatively uncommon. However, among
overweight individuals, measuring waist
circumference in addition to BMI allows
for further stratification on diabetes risk.
The prospective EPIC Study suggested
that individuals with overweight and
abdominal obesity (waist circumference
=102 cm among men, =88 cm among
women) have a similar risk compared to
obese individuals (BMI =30 kg/m?) (119).

EARLY-LIFE ENVIRONMENT

With the increased prevalence of obesity
at a population level, more women are
experiencing metabolic abnormalities
during pregnancy, such as gestational
diabetes (120,121,122,123), which

is described in detail in Chapter 4
Gestational Diabetes. Children who
experienced intrauterine exposure to
maternal diabetes are more likely to have
large-for-gestational age birth weight
(124), childhood overweight (125), and
impaired glucose tolerance (IGT) in early
adulthood (126). Since obesity and IGT
are risk factors for gestational diabetes
(124), these metabolic abnormalties

in young adults likely contribute to the
increasing rates of gestational diabetes
(120,121,122,123) and, subsequently,
type 2 diabetes. Therefore, this vicious
cycle may continue to the next generation.

Intrauterine Exposure

Maternal diabetes in pregnancy has

been associated with higher adiposity in
offspring (125,127,128,129,130). In the
multicenter, multinational Hyperglycemia
and Adverse Pregnancy Outcome (HAPO)
Study, as described in Chapter 4, maternal
glucose intolerance between 24 and 32
weeks gestation at glucose concentra-
tions less severe than traditional diabetes
diagnostic thresholds was associated

with neonatal adiposity (sum of skin folds
>90th percentile or percent body fat >90th
percentile) (131). Children exposed to
maternal diabetes in pregnancy are more
likely to have IGT later in life, as discussed
in Chapter 15 Diabetes in Youth (126,132).
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FIGURE 13.9. Age-Standardized Prevalence of Obesity Among Adults Age =18 Years, U.S.,
1994, 2000, and 2010
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Data are from adults age =18 years with body mass index =30 kg/m?based on self-report by telephone survey.
Prevalence is age-standardized to the 2000 U.S. Standard Population using age categories 18—44, 45—-64, 6574,
and =75 years.

SOURCE: Reference 1 and Behavioral Risk Factor Surveillance System 1994, 2000, 2010

TABLE 13.4. Relative Risk of Type 2 Diabetes Per Standard Deviation in Obesity Indicators,
Meta-Analysis of Prospective Studies, 1985-2004

NUMBER OF STUDIES POOLED RELATIVE RISK
INCLUDED IN META-ANALYSIS (95% CONFIDENCE INTERVAL)

OBESITY INDICATORS

Waist circumference 1.87 (1.58-2.20)
Body mass index 18 1.72 (1.47-2.02)
Waist-to-hip ratio 1.88(1.61-2.19)
Body mass index = 1.98 (1.70-2.30)

SOURCE: Reference 118, copyright © 2007 Oxford University Press, reprinted with permission



In the multiethnic SEARCH for Diabetes
in Youth Case-Control Study, intrauterine
exposure to maternal diabetes (odds ratio
[OR] 5.7, 95% Cl 2.4-13.4) and obesity
(OR 2.8, 95% Cl 1.5-5.2) were associated
with type 2 diabetes in youth age 10-22
years (133). The adolescent and young
adult offspring of mothers with type 1
diabetes had an increased occurrence of
IGT, a defective insulin secretory response
(134), higher adiposity, and insulin resis-
tance (135). These studies indicate that
the effect of the intrauterine and early
postnatal exposure to maternal diabetes
and related disorders may be related to
increased diabetes risk in offspring.

Fetal exposure to famine also has been
associated with increased risk of diabetes
later in life. In an investigation among
individuals born around the time of famine
in the Netherlands during 1944-1945,
prenatal exposure to famine, especially
during late gestation, was associated with
compromised glucose tolerance in adult-
hood (136). Similarly, fetal exposure to the
severe Chinese famine during 1959-1961
was associated with increased risk of hyper-
glycemia in adulthood (137). Further, the
association appears to be exacerbated by
a nutritionally rich environment in later life
(137). This association may be mediated
through epigenetic programming (138).

Birth Weight

Meta-analyses including different popu-
lations from Europe, North America,
and Asia have reported a U-shaped
relation between birth weight and risk
of developing type 2 diabetes later in

life (139,140). Compared with a normal
birth weight (2,500—4,000 g), a low birth
weight <2,500 g was associated with
increased risk of type 2 diabetes (OR
1.47,95% Cl 1.26-1.72), while a birth
weight >4,000 g was also associated
with increased risk (OR 1.36, 95% CI
1.07-1.73) (139). A low birth weight by
fetal undernutrition during critical periods
of development could lead to structural
and physiological adaptations and
increased diabetes risk later in life (141).
Similarly, a positive association between
birth weight and type 2 diabetes at a
birth weight >4,000 g is also biologically
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FIGURE 13.10. Maternal Diabetes and Perinatal Programming
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plausible. The fetus in the environment
of maternal diabetes is likely exposed to
higher concentrations of glucose because
glucose travels freely across the placenta
from the mother to the fetus (124). In
response to increased glucose, the fetus
increases its own insulin production,
which can cause the fetus to grow exces-
sively, resulting in macrosomia (124) and,
subsequently, glucose intolerance later
in life (126), as illustrated in Figure 13.10
(142).

Although adjusting for SES did not alter
the reported association of birth weight
with type 2 diabetes (140), the authors
acknowledge that individual socioeco-
nomic markers might not have captured
all dimensions of social position across the
life course. Therefore, the potential effect
of residual socioeconomic confounding
cannot be excluded.

Early Postnatal Exposure

Women from Prospect-EPIC who were
exposed to the 1944-1945 Dutch famine
between ages 0 and 21 years were at
increased risk for developing type 2
diabetes later in life (143). Therefore, a
short period of severe undernutrition
during postnatal development may also
increase type 2 diabetes risk in adulthood.

Early postnatal behavioral exposures,
such as breastfeeding, may have a long-
term protective effect against obesity and

type 2 diabetes later in life (144,145,146).
Previous meta-analyses have demon-
strated that being breastfed during early
life has a protective effect on obesity over
a wide range of ages (144,145). In addi-
tion to childhood obesity, breastfeeding
was associated with lower preprandial
blood glucose and insulin concentrations
among infants (146), and breastfed
children and adults without diabetes had
lower fasting insulin concentrations than
those who were formula-fed (146). A
meta-analysis of seven studies reported
that being breastfed compared to formula-
fed was associated with a reduced risk

of type 2 diabetes later in life (OR 0.61,
95% Cl 0.44—0.85) (146). However, a
randomized breastfeeding promotion
intervention in Belarus was not able to
reduce childhood obesity assessed at age
6.5 years (147). The authors, therefore,
have commented that previous findings
on beneficial effects of breastfeeding on
childhood obesity may have been caused
by confounding and selection bias (147),
including demographic, socioeconomic,
educational, ethnic, cultural, and psycho-
logical factors in addition to maternal

and infant physical and emotional health
(148). Moreover, differences in the
maternal populations might also affect
child care practices, access to medical
care, and child health status (148), which
could subsequently influence anthropo-
metric and adiposity status of the child.
Therefore, it is difficult to extrapolate the
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findings of the intervention study from
Belarus to the setting of the childhood
obesity epidemic in the United States.
Further studies are needed to confirm
these observed associations.

SOCIOECONOMIC STATUS

The socioeconomic characteristics of
people with type 2 diabetes are described
in Chapter 8. This section presents
information on the associations of these
factors with risk of type 2 diabetes.

A meta-analysis of 23 prospective
case-control and cohort studies from
countries in Europe, Asia, Africa, and
the Americas, including the United
States, was conducted to summarize
the overall association of SES with risk
for type 2 diabetes (149). The overall

risk of developing type 2 diabetes was
increased among those in a lower socio-
economic position, including lower levels
of education (RR 1.41, 95% CI 1.28-1.51),
occupation (RR 1.31, 95% CI 1.09-1.57),
and income (RR 1.40, 95% Cl 1.04-1.88)
(149). The associations remained consis-
tent in the sensitivity analysis of studies
from high-income countries, including
the United States. Similarly, in the Black
Women'’s Health Study (150), lower
education, household income, and
neighborhood SES were associated

with increased risk of developing type 2
diabetes, although these associations

were attenuated after adjustment for BMI.

Causal pathways of the association
between SES and type 2 diabetes are

not fully understood. However, SES may
contribute to the development of type 2
diabetes through processes involving lack
of access to health care services, healthy
foods, places to exercise, and occupa-
tional opportunities, leading to unhealthy
lifestyle practices (151).

MIGRATION AND ACCULTURATION
The process of urbanization and
Westernization associated with inter- and
intra-country migration is a contributing
risk factor for type 2 diabetes (38,152).
Among African descents, stepwise
increases along the sociocultural gradient
were observed in the prevalence of
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FIGURE 13.11. Migration and Its Impact on Type 2 Diabetes
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obesity (5% in Nigeria, 23% in Jamaica,
and 39% in the United States) (153)

and type 2 diabetes (1%, 12%, and 13%,
respectively) (154). As migrants adopt the
attitudes, values, customs, beliefs, and
behaviors of a local culture, a process
termed acculturation, their environmental
risk exposure to type 2 diabetes is
altered. This interplay of multiple factors
after migration resulting in the metabolic
syndrome and type 2 diabetes is illus-
trated in Figure 13.11 (155).

Acculturation is a complex and multidi-
rectional process. For example, within

the Hispanic ethnic group, the prevalence
of diabetes varies by country of origin,
based on NHIS 20002005 data (156).
Acculturation among Hispanic Americans
has been associated with suboptimal
dietary practices and increased smoking,
but also with improved physical activity
levels (157). In addition, the process of
acculturation within a migrant population
varies in degrees of retaining their cultural
roots and integrating the local mainstream
culture (157). It must be also noted that
the study participant selection process
may not reflect general representation of
the source population.

SLEEP

The association between sleep and
diabetes is discussed in detail in Chapter
25 Impact of Sleep and Circadian
Disturbances on Glucose Metabolism

and Type 2 Diabetes. This section briefly
summarizes studies of sleep disturbances
as a risk for type 2 diabetes. Habitual
sleep patterns have changed over the past
several decades in the United States with
an increased proportion of short sleepers
(158), especially among full-time workers
(159). A number of studies have reported
that habitual sleep disturbances are
associated with risk of developing type 2
diabetes (160).

Obstructive Sleep Apnea

Obstructive sleep apnea, a sleep disorder
characterized by repetitive upper airway
obstructions leading to intermittent
hypoxia and sleep fragmentation (161),
is highly prevalent among obese adults
(162). A meta-analysis of six prospective
cohort studies was conducted, including
5,953 participants, 332 diabetes cases,
and follow-up of 2.7-16 years (163).
Moderate-to-severe obstructive sleep
apnea was associated with increased
risk for type 2 diabetes (RR 1.63, 95% ClI
1.09-2.45) (163).

Sleep Quantity and Quality

A meta-analysis of 10 prospective
cohorts of 107,756 male and female
participants with a follow-up range of
4.2-32 years and 3,586 incident cases
of type 2 diabetes was conducted to
assess the associations of quantity and
quality of sleep with the incidence of
type 2 diabetes (160). Short duration of
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FIGURE 13.12. Schematic Representation of Putative Pathways of Sleep Curtailment Linking With Obesity and Type 2 Diabetes
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sleep (=5—6 hours/night) was associated
with increased risk of developing type 2
diabetes (RR 1.28, 95% Cl 1.03-1.60),
while long duration of sleep (>8—9 hours/
night) was also associated with increased
risk (RR 1.48, 95% Cl 1.13-1.96) (160).
Type 2 diabetes risk was also increased
among those with difficulty in initiating
(RR 1.57, 95% Cl 1.25-1.97) or main-
taining sleep (RR 1.84, 95% Cl 1.39-2.43)
(160). In addition, shift work, which
disrupts the normal synchronization of the
light-dark cycle and sleeping, may lead

to a mismatch of circadian rhythms, trig-
gering a cascade of endocrinologic effects
(164). In the NHS | and Il, performing
night shift work for an extended period
was associated with increased risk of
developing type 2 diabetes (165).

Multiple potential mechanisms have
been proposed linking sleep disturbances
and type 2 diabetes, as illustrated in
Figure 13.12 (166). The role of sleep
curtailment has been linked to metabolic
and endocrine alterations, including
decreased glucose tolerance and insulin
sensitivity, increased evening levels

of cortisol, increased levels of ghrelin,
decreased levels of leptin, and increased
hunger and appetite (166,167). These
changes may lead to increases in food
intake and fatigue, favoring decreased

energy expenditure, and subsequently

to insulin resistance and type 2 diabetes.
The underlying mechanism explaining the
association between long sleep duration
and type 2 diabetes is less clear. One
possible explanation could be that psychi-
atric comorbidity, such as depression,
might lead to spending excessive time

in bed, which then leads to exacerbated
sleep fragmentation and reduced daytime
physical activity (168,169).

DEPRESSION AND
ANTIDEPRESSANT MEDICATIONS
The psychiatric topic is discussed in

detail in Chapter 33 Psychiatric and
Psychosocial Issues Among Individuals
Living With Diabetes. Briefly, the relation
between depression and type 2 diabetes
is bidirectional (170). In a meta-analysis
of 13 studies representing 6,916 incident
cases and follow-up of 3-15.6 years,
baseline depression was associated with
incident diabetes (RR 1.60, 95% CI 1.37—
1.88), and baseline diabetes was also
associated with incident depression (RR
1.15, 95% CI 1.02-1.30) (171). In addition,
use of antidepressant medication was
associated with increased risk of type 2
diabetes, based on results from the HPFS
and the NHS and NHS I (HR 1.30, 95%
Cl 1.14-1.49) with multiple adjustment for
diabetes risk factors (172).

SMOKING

Smoking behavior is associated with the
development of type 2 diabetes. In a
meta-analysis of 25 prospective cohort
studies including 1.2 million participants
from the United States, Europe, and
Asia with 45,844 incident cases during
follow-up ranging from 5 to 30 years,
active smokers were at increased risk for
developing type 2 diabetes compared
with nonsmokers (RR 1.44, 95% CI
1.31-1.58) (173). Further, a dose-
response relation was observed between
smoking and type 2 diabetes. Heavier
active smokers had higher risk for type 2
diabetes (RR 1.61, 95% Cl 1.43-1.80),
while the associations were weaker for
lighter active smokers (RR 1.29, 95%

Cl 1.13-1.48) and former smokers (RR
1.23, 95% Cl 1.14-1.33). Smoking cessa-
tion was associated with a short-term
increased risk of diabetes, which is largely
mediated through weight gain (174).
Exposure to passive smoking at work or
home was also associated with increased
risk of developing diabetes (175).

The underlying mechanism whereby
cigarette consumption increases

type 2 diabetes risk is not entirely clear.
In experimental studies, smoking was
linked with IGT and insulin resistance
(176,177). In a double-blind, cross-over,
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placebo-controlled, randomized
experimental study, nicotine infusion
aggravated insulin resistance among
participants with type 2 diabetes, but
not among nondiabetic participants

METABOLIC FACTORS ASSOCIATED WITH RISK OF TYPE 2 DIABETES

(177). Therefore, cigarette smoke may
not initiate but instead promote the

progression of the disease. In addition,
it has been speculated that nicotine or
other agents in cigarette smoke might

directly induce pancreatic injuries (178)
and affect insulin secretion by inducing
oxidative stress in the pancreas and,
subsequently, leading to loss of beta cell
function (179).

Novel biomarkers and intermediate
conditions associated with diabetes risk
offer the potential to detect diabetes risk
at an early stage. These metabolic risk
factors for type 2 diabetes are presented
in this section.

METABOLIC PROGRESSION

TO TYPE 2 DIABETES

Among individuals with normal glucose
tolerance, a hyperbolic relation exists
between beta cell function and insulin
sensitivity (180). When deviation from this
hyperbola occurs, deterioration of glucose
tolerance and the progression to type 2
diabetes occur (Figure 13.13) (181).

Impaired Fasting Glucose and
Impaired Glucose Tolerance

Type 2 diabetes is a progressive disorder
that is defined by specific cutoffs of
glycemia. Impaired fasting glucose (IFG)
and IGT are “prediabetes” states defined
by glycemic levels higher than normal
but below the actual cutoffs for diagnosis
of diabetes. Multiple cutoffs and contro-
versies have influenced the definitions

of IFG and IGT over the years, but the
American Diabetes Association Clinical
Practice Recommendations define IFG

as fasting glucose between 100 mg/dL
(5.55 mmol/L) and 125 mg/dL (6.94
mmol/L) and IGT as glucose 2 hours after
a standard 75 g oral glucose tolerance
test (OGTT) between 140 mg/dL (7.77
mmol/L) and 199 mg/dL (11.04 mmol/L)
(182). More details about diagnostic
criteria and prevalence of type 2 diabetes
are covered in Chapter 1 Classification
and Diagnosis of Diabetes and Chapter 3.

Based on the NHANES, an estimated
34.9% of the U.S. adult population

had prediabetes in 2005-2006, after
excluding type 2 diabetes (183). This
means that more than one-third of U.S.
adults should be classified as prediabetic.
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FIGURE 13.13. Hyperbolic Relation Between Beta Cell Function and Insulin Sensitivity
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SOURCE: Reference 181, reprinted from The Lancet copyright © 2005, with permission from Elsevier

Unfortunately, very few were aware of
their prediabetes status, since only 4.8%
reported that their physician informed
them about being at risk for type 2
diabetes (183), likely because testing for
abnormal glucose levels is rare.

In prospective studies investigating the
progression of type 2 diabetes, individuals
progressed from normoglycemia to impaired
glucose regulation (IFG and/or IGT) before
reaching hyperglycemic levels of type 2
diabetes. Although individuals progressed
from normal glucose tolerance to type 2
diabetes via IFG and/or IGT, one anomaly
does not always precede the other, based
on data from the Baltimore Longitudinal
Study of Aging (BLSA) with a mean follow-up
of 10 years (Figure 13.14) (184). In addi-
tion, many individuals with IFG and/or IGT
do not progress to type 2 diabetes, and

some even return to normoglycemia (184).

Both IFG and IGT in isolation predict an
increased risk, but the combination of

IFG and IGT signifies a particularly high-
risk state. In the Framingham Offspring
Study, a standard OGTT was performed

at examination cycle 5. Follow-up assess-
ment after 7-8 years demonstrated a
type 2 diabetes incidence of 1.3% in
participants with normal glucose toler-
ance at baseline, 4.3% in those with

IGT (OR 3.34), 9.2% in those with IFG
(OR 7.57), and 25.5% in individuals with
both IGT and IFG (OR 25.6) (185). As
mentioned, it should be kept in mind that
the cutoffs used for defining IGT and IFG
have been proposed to help clinicians

to identify individuals at risk, but in
biological terms, the relation between
prediabetes hyperglycemia and the risk
of developing type 2 diabetes is mostly
continuous.

Further, the transition rate may vary
across ethnic background. For example,
the absolute conversion rate from IGT

to type 2 diabetes was 3.58% per year

in the BLSA (mainly Caucasian), while it
was 8.73% per year in Pima Indians (186).
Other risk factors predicting a higher
conversion rate depend on the popula-
tion but often include higher adiposity
(defined by elevated BMI or waist circum-
ference), weight gain, younger age (in
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FIGURE 13.14. Cumulative Proportion of Subjects Progressing From Normal to Abnormal Glucose Tolerance Using Standard Diagnostic

Criteria, Baltimore Longitudinal Study of Aging
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SOURCE: Reference 184, copyright © 2003 American Diabetes Association, reprinted with permission from the American Diabetes Association

most contemporary cohorts), markers of
insulin resistance, and reduced beta cell
function (187).

Beta Cell Dysfunction

Type 2 diabetes is believed to originate from
an imbalance between insulin resistance
and the capacity of the beta cell to produce
insulin in the face of demand. The etiologic
factors leading to beta cell dysfunction
are still a matter of important research,
but genetic variants predisposing to type
2 diabetes are often located near genes
implicated in beta cell function (28).

The acute insulin response (AIR) measured
during a frequently sampled intravenous
glucose tolerance test is a refined
measure of insulin secretion capacity and
represents the first-phase insulin response
(188). A low AIR is associated with risk

of developing type 2 diabetes based on
prospective studies in Pima Indians and
Insulin Resistance Atherosclerosis Study
(IRAS) participants (189,190,191).

Indices of insulin secretion can also

be derived from the OGTT. The most
commonly used is the insulinogenic

index calculated as [A insuling_som.] / [A
glucose,_s,..). The correlation between

the insulinogenic index and the first-
phase insulin secretion based on an
intravenous glucose tolerance test (IVGTT)

is estimated at r=0.58 (192). The San
Antonio Heart Study (SAHS) included
Mexican Americans and non-Hispanic
whites who were followed for 7—8 years
with multiple time points of an OGTT. In
the SAHS, a low insulinogenic index was
associated with increased risk of devel-
oping type 2 diabetes (193). Another
report from the SAHS showed that the
index estimating the later phase of insulin
secretion during OGTT (60—120 minutes)
was also associated with risk of devel-
oping type 2 diabetes, independent of the
insulinogenic index (194).

Proinsulin

Beta cell dysfunction can be assessed by
measuring proinsulin and other products
of insulin processing. High proinsulin
levels in relation to mature insulin circu-
lating levels indicate beta cell stress,
impaired beta cell function, and/or insulin
processing and secretion abnormalities.
In the NHS, women who developed type
2 diabetes had higher proinsulin levels,
proinsulin-to-insulin ratios, and C-peptide
levels at baseline (195). In the Women'’s
Health Study, higher proinsulin levels were
a risk factor for a more rapid transition to
type 2 diabetes (196).

Although both AIR and proinsulin levels
are markers of beta cell function, they
seem to capture complementary

information. In the IRAS, multivariable
logistic regression models demonstrated
that AIR and proinsulin levels were
independently associated with risk of
developing type 2 diabetes, even when
adjusting for potential confounding factors,
such as insulin sensitivity (197).

Insulin Sensitivity

(or Insulin Resistance)

Increased insulin resistance usually
precedes the development of type 2
diabetes by many years and is consid-
ered as a very early step in the
progression towards disease onset.
Various indices of insulin resistance
have been proposed; their abilities to
predict type 2 diabetes incidence are
presented in Table 13.5 (198). The gold
standard to measure insulin resistance
is the M-value based on euglycemic
hyperinsulinemic clamp studies: the
lower the M-value, the higher the insulin
resistance (or lower the insulin sensi-
tivity, its reciprocal). Prospective studies
in Pima Indians demonstrated that a
low M-value predicts type 2 diabetes
incidence (190,199). The mini-model
during an IVGTT is another refined tech-
nique to estimate insulin sensitivity (S)).
In offspring from parents with type 2
diabetes with follow-up of up to 25 years,
S, was the strongest determinant of the
progression to type 2 diabetes (200).
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TABLE 13.5. Ability of Candidate Indices of Insulin Resistance to Predict Incident Type 2
Diabetes

AROC CURVE TOP 10% VERSUS BOTTOM 90%
IGT NGT IGT NGT
INDICES  AROC  Rank  AROC  Rank RR Rank RR Rank
“1Sl120 67.3 1 70.8* 2 1.9 1 2.93 1
-ISlgly_a 58.8 13 68.8 3 1.47 13 2.88 2
-SiM 64.8 5 71.2* 1 177 2 2.76 3
-Slgly_b 65.4 2 68.7 4 1.59 75 274 6.5
-QUICKI 65.4 3 68.6 5 1.59 75 274 6.5
-Stum_nodem  56.0 17 67.2 7 1.26 18 2.52 12
-BFSI 63.9 6 67.0 8 161 4 2.65 9
-1SI-2h 56.6 15 65.2 13 1.26 17 2.53 10
-McAuley 62.2 8 66.5 11 145 14 2.46 16
In(F1) 61.8 9 66.5 12 1.50 11 247 145
Stum_wdem  56.0 16 68.4 6 1.27 16 2.40 17
I8l 65.2 4 66.8 10 1.59 75 274 6.5
BMI 59.2 12 66.8 9 1.59 5 2.53 11
-Raynaud 62.2 7 64.6 14 1.50 11 2.47 145
FIRI 59.7 11 60.8 15 1.59 75 274 6.5
HOMA-IR 59.8 10 59.9 16 162 3 274 4
i 58.1 14 59.9 17 1.50 11 247 13
IGR 55.8 18 55.2 19 1.32 15 1.80 19

Poisson regression analyses using data from the San Antonio Heart Study, Mexico City Diabetes Study, and Insulin
Resistance Atherosclerosis Study. aROC, area under the receiver-operator-characteristic curve; BFSI, Bennett's
fasting insulin sensitivity index; BMI, body mass index; Fl, fasting insulin; FIRI, Duncan’s fasting insulin resistance;
HOMA-IR, homeostasis model assessment insulin resistance; IGR, insulin/glucose ratio; IGT, impaired glucose toler-
ance; ISy, insulin sensitivity index at 0 and 120 min; ISIgly_a, Belfiore (area); ISIgly_b, Belfiore (basal); NGT, normal
glucose tolerance; QUICKI, quantitative insulin sensitivity check index; SiM, Avignon’s insulin sensitivity index; Stum_
nodem, Stumvoll’s index without demographic variables; Stum_wdem, Stumvoll’s index with demographic variables.

*

table, the negative indices are included.

aROC for ISl 1, and SiM are not significantly different. For the consistency in the direction of the association in the

SOURCE: Reference 198, copyright © 2003 American Diabetes Association, reprinted with permission from the

American Diabetes Association

In most large-scale epidemiologic studies,
it is impractical to perform clamp studies
or a sophisticated, multisample IVGTT.
Consequently, a number of simpler indices
to estimate insulin resistance (or insulin
sensitivity) are used. Most of these indices
are derived from measures of insulin and
glucose during the OGTT and sometimes
use solely fasting measurements. Various
insulin resistance indices were compared
in their ability to predict type 2 diabetes
incidence using three prospective studies
(i.e., SAHS, IRAS, Mexico City Diabetes
Study) that included multiple racial/ethnic
backgrounds (i.e., non-Hispanic white,
African American, Hispanic American,
Mexican) (Table 13.5) (198). The Insulin
Sensitivity Index (IS, ,,; that uses the
fasting and 120 minute post-OGTT insulin
and glucose concentrations) proposed by
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Gutt et al. (201) offered the highest predic-
tive values. However, the simpler indices
frequently used are based only on fasting
measures (198).

The homeostasis model assessment of
insulin resistance (HOMA-IR), based simply
on fasting insulin and glucose measure-
ments (202), is commonly used and
accepted as a marker of insulin resistance
in large-scale epidemiologic studies. In the
Framingham Offspring Study, individuals
in the upper quartile of insulin resistance
based on HOMA-IR were twice as likely
(OR 2.05) to develop type 2 diabetes over
7 years of follow-up (using a multivariable
model that included known type 2 diabetes
clinical risk factors in addition to HOMA
beta cell index, calculated using fasting
insulin and glucose measurements as

described by Matthews et al. (202)) (203).
In the WHI Observational Study, higher
HOMA-IR was associated with increased
risk of developing type 2 diabetes

across multiple ethnic groups, including
white, black, Hispanic, and Asian/Pacific
Islanders (204).

Fasting insulin is also used as a surro-
gate for insulin resistance in large-scale
epidemiologic studies. Based on NHANES
reports, the prevalence of hyperinsu-
linemia increased from 25.8% in the
NHANES Il to 34.8% in the NHANES
1999-2002 (p<0.001), a global increase
of 35% in the U.S. adult population (205).
The increase was particularly noted in
non-Hispanic whites, but other racial/
ethnic backgrounds had higher preva-
lences at both assessment periods.

ADIPOKINES, INFLAMMATORY,

AND OTHER BIOMARKERS
Prediabetes and insulin resistance states
are increasingly characterized by a
subclinical pro-inflammatory condition,
likely derived from adipose tissue dysreg-
ulation. With accumulation of excess
weight, macrophages infiltrate adipose
tissue and lead to secretion of pro-
inflammatory cytokines and impaired
secretion of adipokines, which are
proteins secreted by the adipose tissue.
The liver is likely involved in the process by
secretion of C-reactive protein (CRP) and is
sometimes characterized by abnormal fatty
infiltration associated with increased liver
enzymes in the circulation. The inflamma-
tory process is often linked with endothelial
dysfunction markers. Many epidemiologic
studies have tested whether adipokines
and other cytokines are early markers of
risk for developing type 2 diabetes.

Adiponectin

Adiponectin is an adipokine mainly
produced by adipocytes (206). In contrast
to most adipokines and cytokines, circu-
lating adiponectin levels are decreased

in excess weight, especially if centrally
distributed. Small “healthy” adipocytes
produce high levels of adiponectin, which
is believed to have anti-inflammatory and
insulin-sensitizing effects, based on in
vitro and animal studies (207,208,209).



In humans, adiponectin levels are
inversely correlated to insulin resistance
(210). In a meta-analysis reviewing 13
prospective studies conducted in coun-
tries from Europe, Asia, and America,
including the United States, lower
adiponectin levels were consistently
associated with increased risk of devel-
oping type 2 diabetes in populations from
various ethnic backgrounds and wide
ranges of age, sex, and baseline glucose
tolerance (Figure 13.15) (211).

In the Framingham Offspring Study and
in the Cooperative Health Research in
the Region of Augsburg (KORA) study,
low adiponectin levels were associated
with increased risk of developing type 2
diabetes among individuals who were
insulin resistant at baseline (upper
quartile of HOMA-IR), but not among
insulin-sensitive individuals (212). In
contrast, based on analyses from the
Cardiovascular Health Study (CHS), the
association between lower adiponectin
levels and increased risk of type 2
diabetes was stronger in individuals with
lower HOMA-IR (213). Using more refined
measures of insulin sensitivity (S; based
on IVGTT), the association between
adiponectin levels and the type 2 diabetes
incidence was blunted and nonsignificant
after adjusting for S; in the IRAS multi-
ethnic cohort, suggesting that insulin

S, mediated the association (214). The
discrepancies between studies are difficult
to explain, but they indicate that the inter-
actions between adiponectin and insulin
resistance and their association with type
2 diabetes incidence are complex.

Pro-Inflammatory Cytokines

Tumor necrosis factor-alpha (TNFa) was
one of the first proteins to be identified
as part of the adipose tissue inflamma-
tory pathways (215) and is suspected to
directly and indirectly contribute to insulin
resistance by acting on adipose tissue,
liver, and skeletal muscles. In the adipose
tissue, TNFa is produced primarily by
adipose-infiltrating macrophages and

is implicated in inflammation, cell cycle
regulation, cytotoxicity, and production
of other cytokines. Interleukin (IL)-6

is a pro-inflammatory cytokine that is
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FIGURE 13.15. Adiponectin and Risk of Type 2 Diabetes
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SOURCE: Reference 211, reproduced with permission, copyright © 2009 American Medical Association. All rights
reserved.References for individual studies are listed within the figure.

produced by many cell types, including
fibroblasts, endothelial cells, mononuclear
phagocytes, neutrophils, hepatocytes, and
lymphocytes. Both TNFa and IL-6 stim-
ulate the synthesis and secretion of CRP
by the liver. CRP is a sensitive marker of
low-grade systemic inflammation.

Each of these three biomarkers—TNFa,
I-6, and CRP—was associated with
increased risk of developing type 2 diabetes
in prospective studies, but CRP seemed to
offer stronger and more stable association
(216). When including all three biomarkers
in models, only CRP remained significantly
associated with type 2 diabetes incidence
in the NHS (217) and WHI Observational
Study (218). In the EPIC-Norfolk cohort, the
association between elevated CRP and

risk for developing type 2 diabetes was
attenuated to nonsignificance after adjust-
ment for waist-to-hip ratio, serum gamma
glutamyltransferase (GGT), and serum
adiponectin (219). In the Multi-Ethnic Study
of Atherosclerosis (MESA), I.-6 and CRP
were associated with the type 2 diabetes
incidence in white, black, and Hispanic indi-
viduals, but not in participants of Chinese
origin (220). In a meta-analysis regrouping
16 prospective studies from various regions
and populations from Europe, Asia, and

America, high CRP levels were associated
with increased risk of type 2 diabetes
incidence but demonstrated significant
heterogeneity among the studies, partly
explained by the influence of sex distribution,
uneven adjustments for adiposity distribu-
tion, and/or glycemia at baseline (219).

IL-18 is another cytokine likely involved in
pro-inflammatory and insulin resistance
pathways. Its functions include augmenta-
tion of cell adhesion molecules, synthesis
of nitric oxide, chemokine production, and
stimulation of TNFa and IL-6 production.
Elevated IL-18 levels have been associated
with higher risk of incident type 2 diabetes
in the NHS, independent of CRP levels
and other measured cytokines/adipokines
(221). In the Atherosclerosis Risk in
Communities (ARIC) study, higher IL-18
levels were associated with increased

risk of type 2 diabetes in whites, but not
in African American descent participants,
suggesting a potential difference between
these ethnic backgrounds (222).

Coagulation Markers

Plasminogen activator inhibitor-1 (PAI-1)
is mainly produced by endothelial cells
but is also secreted by the adipose tissue.
PAI-1 is an inhibitor of fibrinolysis by its
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action on tissue plasminogen activator
and urokinase-type plasminogen acti-
vator/urokinase. Von Willebrand factor
is a glycoprotein involved in hemostasis,
and increased circulating levels are also
a marker of endothelial dysfunction.
Fibrinogen is a key component of the
coagulation cascade.

In the Framingham Offspring Study, higher
levels of PAI-1 and von Willebrand factor
were associated with increased risk of
developing type 2 diabetes in multivari-
able models that included major diabetes
clinical risk factors in addition to CRP
levels (223). PAI-1 levels were strongly
associated with risk of type 2 diabetes in
multivariable models in the Health, Aging,
and Body Composition Study of black
and white older adults (224) and in the
[RAS cohort (225). In contrast, circulating
fibrinogen levels demonstrated weaker or
nonsignificant associations with type 2
diabetes after accounting for other risk
factors, including BMI (220,225).

Endothelial Dysfunction Markers
Endothelial dysfunction can be detected
by measurement of elevated plasma
levels of cellular adhesion molecules,
including E-selectin, intercellular adhesion
molecule 1, and vascular cell adhesion
molecule 1. These markers were asso-
ciated with risk of developing type 2
diabetes in the NHS (226) and the multi-
ethnic WHI Observational Study (227).

Liver Enzymes

Nonalcoholic steatohepatitis is a liver
condition strongly associated with insulin
resistance and abnormal lipid metabolism
characteristic of the metabolic syndrome,
as described in Chapter 26 Liver and
Gallbladder Disease in Diabetes. An
increase in liver enzymes, mainly GGT and
alanine aminotransferase (ALT), is one of
the first clinical manifestations of nonalco-
holic steatohepatitis.

In the Bogalusa Heart Study, liver enzymes
were measured when participants were
age 25 years on average. At follow-up
exams (@ mean of 16 years later), diabetes
status was associated with higher base-
line GGT or ALT levels, independently of
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potential confounding factors, including
alcohol intake, BMI, triglyceride levels, and
HOMA-IR (228). Similarly, the Coronary
Artery Risk Development in Young Adults
(CARDIA) study demonstrated that diabetes
incidence was associated with higher GGT
levels at baseline, independent of potential
confounding factors (229). The associations
between elevated liver enzymes and the
risk of developing type 2 diabetes were
observed consistently, as demonstrated in
a meta-analysis of prospective cohorts of
men and women from various countries

in Europe and Asia, as well as the United
States (230). Interestingly, a cross-sectional
report from the NHANES lll investigating
the association between GGT levels and
diabetes reported an interaction between
BMI and GGT levels: higher diabetes preva-
lence was associated with high BMI only in
individuals with higher GGT levels (231).

Fetuin-A

Fetuin-A, a glycoprotein secreted by the
liver, has been linked with diabetes risk
(232). In a meta-analysis of four prospec-
tive studies (three from the United States
and one from Germany), a positive associ-
ation was observed between high fetuin-A
levels and type 2 diabetes risk (OR 1.69,
95% Cl 1.39—-2.05) comparing extreme
categories (233). In the NHS, adjustment
for liver enzymes did not modify this
positive association (interaction p-values
0.91 for ALT and 0.58 for GGT) (233). The
association between fetuin-A and diabetes
was largely explained by fasting insulin
and glycosylated hemoglobin (Alc) levels
in this study, as further adjustment for
these factors attenuated the significant
association (233). In the EPIC-Potsdam
study, however, fetuin-A remained
significantly associated with diabetes risk
after adjustment for multiple biomarkers,
including high-density lipoprotein (HDL)
cholesterol, triglycerides, glucose, Alc,
GGT, and CRP (234). Further, the associa-
tion was stronger among participants with
higher than normal plasma glucose values,
defined as =100 mg/dL (234).

Insulin-Like Growth Factor Axis
Insulin-like growth factors (IGF), which
are proteins with high sequence similarity
to insulin, are involved in the regulation

of cell growth, proliferation, and survival,
which affect multiple organs in the human
body (235). IGF-1 shares structural
homology with insulin, and laboratory
models suggest that IGF-1 and IGF-binding
proteins (IGFBP) may be linked to diabetes
(235). In the NHS, total IGF-1 levels were
not significantly associated with type 2
diabetes risk (236). However, free IGF-1
was inversely associated with type 2
diabetes risk among women with higher
(above median: 4.6 pU/mL [27.6 pmol/L])
insulin levels (OR 0.48, 95% Cl 0.26—0.90,
comparing extreme quintiles), while it was
positively associated with diabetes risk
among those with lower insulin levels (OR
2.52,95% Cl 1.05-6.06, p-interaction=
0.003) (236). Lower IGFBP-1 and IGFBP-2
levels were associated with reduced risk
for type 2 diabetes (OR 0.42, 95% CI 0.20—
0.90, and OR 0.19, 95% CI 0.09-0.41,
respectively, comparing extreme quintiles),
and higher IGFBP-3 was associated with
increased risk for diabetes (OR 2.07, 95%
Cl 1.16-3.71) (236). However, further
investigation is needed to confirm these
observational findings.

Sex Hormones

In men, higher risk of type 2 diabetes

has been associated with hypogonadism,
even in the subclinical range of testos-
terone levels. In the NHANES I, men

in the lowest tertile of estimated free (or
bioavailable) testosterone were about four
times more likely to have type 2 diabetes
compared with men in the upper tertile,
adjusted for age, ethnic background, BMI,
and waist-to-hip ratio (237). This report
was in line with a meta-analysis demon-
strating that low testosterone in men was
associated with type 2 diabetes in both
cross-sectional and prospective studies
(238). The association between testos-
terone levels and risk of type 2 diabetes
in women is less often investigated but
seems to have the opposite trend. In

the Rancho Bernardo Study, higher risk
of type 2 diabetes was associated with
higher bioavailable testosterone levels in
postmenopausal women (239). In addi-
tion, higher levels of bioavailable estradiol
were associated with higher risk of type 2
diabetes in women (239), but not in men
(239,240).



Sex hormone-binding globulin (SHBG)

is a protein that binds to circulating sex
hormones, regulating the amount of free
hormones available to engender their
biologic effects. Higher insulin resistance
has been associated with lower levels of
SHBG. Lower levels of SHBG were associ-
ated with higher risk of type 2 diabetes; the
relative risk derived from prospective studies
was stronger in women than in men (238).
Lower SHBG levels were associated with
increased risk of developing type 2 diabetes
in both the Physicians’ Health Study and
Women'’s Health Study, and genetic associ-
ation analyses suggested that SHBG could
be implicated in some of the metabolic path-
ways leading to type 2 diabetes, based on
Mendelian randomization analyses (241).

POLYCYSTIC OVARY SYNDROME
Polycystic ovary syndrome (PCOS) is

a syndrome of ovarian dysfunction
characterized by the combination of
hyperandrogenism, menstrual and ovula-
tory alterations, and polycystic ovarian
morphology (242). PCOS has been
associated with increased prevalence
rates of IGT and type 2 diabetes based on
meta-analysis results (243).

However, limited large-scale, long-term
prospective data on PCOS and type 2
diabetes are available. After an 8-year
follow-up of 97 women with PCOS and

95 controls (244), risk of developing type
2 diabetes among those with PCOS was
elevated by twofold, but nonsignificant,
potentially due to a small sample size. In
a more recent prospective study following
women with PCOS (n=255) (245), the
age-standardized prevalence of type 2
diabetes at the end of a mean 17-year
follow-up was 39.3%, which was signifi-
cantly higher than 5.8% from the respective
general population of a similar age.

GESTATIONAL DIABETES MELLITUS
Detailed information on gestational diabetes
is provided in Chapter 4. This section
briefly summarizes the data on gestational
diabetes as a risk factor for type 2 diabetes.

Based on the large Kaiser Permanente
Southern California database, in 2005,
pregnancies were complicated by

gestational diabetes in 4.9% of white, 5.2%
of black, 8.6% of Hispanic, and 10.3% of
Asian/Pacific Islander origin women (122).
As reviewed (246), women with gesta-
tional diabetes are at increased risk for
type 2 diabetes after the index pregnancy.
The progression to type 2 diabetes is
markedly increased within the first 5 years
after delivery and then seems to level

off. The incidence of progression to type

2 diabetes is estimated to be 40%—50%

at 5 years in most cohorts but can reach
up to 70% in Native Americans and with
longer follow-up (246). Interestingly, a
positive 50 g screening test (O'Sullivan
test) during pregnancy is also associated
with increased risk of developing type 2
diabetes, even if women did not reach
gestational diabetes by the diagnostic
criteria on the OGTT (247,248).

In view of this high risk of developing type
2 diabetes among women with a history
of gestational diabetes, clinical guidelines
recommend type 2 diabetes screening

in postpartum (182). Unfortunately, this
recommendation is poorly followed

in clinical settings with postpartum

type 2 diabetes screening performed

in 33%—50% of women with gestational
diabetes, even in academic centers
(249,250,251).

THE METABOLIC SYNDROME

AND ITS COMPONENTS

The “metabolic syndrome” refers to the
phenomenon of risk factor clustering—
the co-occurrence of metabolic traits in
the same individual to a greater degree
than expected by chance, hypothetically
reflecting a unifying underlying patho-
physiology. Metabolic traits that cluster in
the metabolic syndrome include obesity
(particularly central obesity assessed by
waist circumference), high fasting glucose,
high blood pressure, high triglyceride,
and/or low HDL cholesterol levels. The
co-occurrence of metabolic syndrome
traits is closely linked to insulin resistance
and obesity. Five different expert groups
published proposed criteria for the meta-
bolic syndrome, as shown in Table 13.6.
The Third Report of the Expert Panel on
Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (ATP3)

Risk Factors for Type 2 Diabetes

definition has been the most widely
used definition in the medical literature.
In 2009, expert groups agreed upon a
definition of the metabolic syndrome
(252). According to this definition, iden-
tical to the ATP3 definition shown in the
first column of Table 13.6, the metabolic
syndrome is present when at least three
of five risk factors are present.

Prevalence of the Metabolic
Syndrome in the United States

ATP3 metabolic syndrome risk factors
and overall syndrome prevalence, exam-
ined in the NHANES 2003-2006, are
shown in Tables 13.7 and 13.8 (253).
Overall, 34.4% of adults age =20 years
met diagnostic criteria for the metabolic
syndrome. Age-adjusted prevalence was
35.1% for men and 32.6% for women.
Metabolic syndrome prevalence increased
with age. Among men, the age-specific
prevalence was 20.3% among men 20—-39
years, 40.8% for men 40-59 years, and
51.5% for men =60 years of age. Among
women, the age-specific prevalence was
15.6% among women 20-39 years, 37.2%
for women 40-59 years, and 54.4% for
women =60 years of age.

The metabolic syndrome showed a
complex distribution when stratified by
race/ethnicity. It was less common among
non-Hispanic white women (age-adjusted
prevalence 31.5%) than non-Hispanic white
men (37.2%), while it was more common
among non-Hispanic black women
(38.8%) and Mexican American women
(40.6%) than among non-Hispanic black
men (25.3%) and Mexican American men
(33.2%). Overall, metabolic syndrome prev-
alence was highest among non-Hispanic
black and Mexican American women.

Obese individuals had the highest preva-
lence of the metabolic syndrome of any
subgroup. Age-adjusted prevalence was
65.0% among men and 56.1% among
women with BMI =30 kg/m? compared
with 6.8% among men and 9.3% among
women with BMI <25 kg/m?2.

Community surveys demonstrate similar

rates of the metabolic syndrome as the
NHANES. In the FHS of middle-aged
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TABLE 13.6. Five Definitions of the Metabolic Syndrome

NCEP ATP3 2005 (REF. 297)
Required

Number of

abnormalities: =3 of:

=5.6 mmol/L (=100 mg/dL) or
drug treatment for elevated
blood glucose

<1.0 mmol/L (<40 mg/dL)
(men);
<1.3 mmol/L (<50 mg/dL)
(women); or drug treatment for
low HDL-C

Glucose

HDL
cholesterol

Triglycerides =1.7 mmol/L (=150 mg/dL) or
drug treatment for elevated

triglycerides

Obesity Waist =102 ¢cm (men)

or =88 cm (women)

Hypertension =130/85 mmHg or drug

treatment for hypertension

Treatment with one or more of
fibrates or niacin;
in Asian patients,
waist =90 cm (men) or
=80 cm (women)

Comments

IDF 2006 (REF. 298)

Waist =94 cm (men) or
=80 cm (women)

and =2 of:

=5.6 mmol/L (=100 mg/
dL) or diagnosed diabetes

<1.0 mmol/L (<40 mg/dL)
(men);
<1.3 mmol/L (<50 mg/dL)
(women); or drug
treatment for low HDL-C

=1.7 mmol/L (=150 mg/
dL) or drug treatment for
high triglycerides

=130/85 mmHg or
drug treatment for
hypertension

For South Asian and
Chinese patients,
waist =90 ¢cm (men) or
=80 cm (women);
for Japanese patients,
waist =90 cm (men) or
=85 cm (women)

EGIR 1999 (REF. 299)

Insulin resistance or
fasting hyperinsulinemia
in top 25%

and =2 of:

6.1-6.9 mmol/L
(110-125 mg/dL)

<1.0 mmol/L
(<40 mg/dL)

or

=2.0 mmol/L (=180 mg/
dL) or drug treatment for
dyslipidemia

Waist =94 cm (men) or
=80 cm (women)

=140/90 mmHg or
drug treatment for
hypertension

WHO 1998 (REF. 300)

Insulin resistance in top
25%;
glucose =6.1 mmol/L
(=110 mg/dL);
2-h glucose =7.8 mmol/L
(=140 mg/dL)

and =2 of:

<0.9 mmol/L (<35 mg/dL)
(men);
<1.0 mmol/L (<40 mg/dL)
(women)

or

=1.7 mmol/L
(=150 mg/dL)

Waist-to-hip ratio
>0.9 (men) or
>0.85 (women) or
BMI =30 kg/m?

=140/90 mmHg

Insulin resistance
measured using insulin
clamp; the presence of

microalbuminuria is
also counted as one of the
two or more qualifying
traits.

ACE 2003 (REF. 301)

High risk of insulin resistance

or
BMI =25 kg/m? or

waist =102 cm (men) or
=88 cm (women)

and =2 of:

=6.1 mmol/L (=110 mg/dL);
2-h glucose =7.8 mmol/L
(=140 mg/dL)

<1.0 mmol/L (<40 mg/dL)
(men);
<1.3 mmol/L (<50 mg/dL)
(women)

=1.7 mmol/L (=150 mg/dL)

=130/85 mmHg

High risk of being insulin
resistant is indicated by the
presence of at least one
of the following: diagnosis
of CVD, hypertension,
polycystic ovary syndrome,
nonalcoholic fatty liver
disease, or acanthosis
nigricans; family history
of type 2 diabetes,
hypertension, or CVD;
history of gestational
diabetes or glucose
intolerance; nonwhite
ethnicity; sedentary lifestyle;
BMI =25 kg/m? or waist

circumference =94 cm (men)

and =80 cm (women); and
age 40 years.

Conversions for glucose, HDL cholesterol, and triglyceride values are provided in Diabetes in America Appendix 1 Conversions. ACE, American College of Endocrinology; BMI,
body mass index; CVD, cardiovascular disease; EGIR, European Group for the Study of Insulin Resistance; HDL-C, high-density lipoprotein cholesterol; IDF, International Diabetes
Federation; NCEP ATP3, National Cholesterol Education Program Adult Treatment Panel 3; WHO, World Health Organization.

SOURCE: References are listed within the table.

white individuals, the age- and sex-ad-
justed prevalence of ATP3 metabolic
syndrome was 24%; among middle-aged
non-Hispanic white individuals in the
SAHS, prevalence was 23%, while among
similarly aged Mexican American subjects
in the SAHS, the age- and sex-adjusted
prevalence was 31% (254). In the biracial
ARIC Study, the overall prevalence of
ATP3 metabolic syndrome was 36.3%
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among black individuals and 29.7% among
white individuals (255). In the multiracial
MESA, ATP3 metabolic syndrome preva-
lence was 30% among whites, 36% among
African Americans, 43% among Latinos,
and 26% among Chinese Americans

(256). In the Metabolic Syndrome and
Atherosclerosis in South Asians Living in
America study, ATP3 metabolic syndrome
prevalence was 41% (256). In another

study of Asian Indian immigrants in seven
U.S. cities, the age-adjusted prevalence

of ATP3 metabolic syndrome was 33.1%
among men and 32.2% among women
(257). In the New York City Health and
Nutrition Examination Survey 2004, the
overall age-adjusted prevalence of ATP3
metabolic syndrome was 13.3% in whites,
18.0% in blacks, 23.0% in Hispanics, 17.7%
in South Asians, and 9.6% in other Asian
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TABLE 13.7. Prevalence of Individual Components of the Metabolic Syndrome Among Adults Age =20 Years, by Selected Characteristics,

U.S., 2003-2006

PERCENT (STANDARD ERROR)

Abdominal Low HDL
CHARACTERISTICS Obesity Hypertriglyceridemia Cholesterol

Crudet 3,423 53.2(L.3) 31.4(1.0) 24.7 (0.9)
Age-standardizedtt 3,423 52.8(1.1) 31.2(1.0) 24.7(0.9)
Sext

Men 1,794 44.8(1.3) 35.6(1.5) 21.6(1.5)

Women 1,629 60.7 (1.6) 26.5(L.1) 27.8 (1.5)
Men
Age (years)

20-39 607 32.0(2.2) 29.6 (2.1) 21.4(2.5)

40-59 546 52.1(2.5) 41.5(2.5) 23.0(1.9)

=60 641 55.2 (2.4) 36.7 (2.1) 19.5(1.3)
Race/ethnicityt

Non-Hispanic white 967 474 (1.4) 36.6(1.7) 22.6(1.9)

Non-Hispanic black 346 36.0(2.9) 21.2 (2.4) 11.5(1.6)

Mexican American 364 37.6(3.6) 43.7 (2.8) 26.0 (2.8)
BMIF

Underweight/normal weight 532 18.0(2.2) 9.4(1.9)

Overweight 701 35.1(1.8) 37.7 (1.8) 22.6(2.7)

Obese/extremely obese 557 94.4(1.1) 48.6 (2.7) 31.3(3.3)
Women
Age (years)

20-39 488 49.8 (2.7) 17.8 (2.0) 29.4(2.5)

40-59 542 64.1(2.2) 27.3(L.7) 29.4(2.4)

=60 599 74.0 (2.6) 40.1 (3.0) 22.7(2.2)
Race/ethnicityt

Non-Hispanic white 846 58.0(2.3) 27.3(1.5) 27.6(2.1)

Non-Hispanic black 348 76.3(2.1) 14.4 (1.8) 26.8 (2.7)

Mexican American 306 74.9(3.3) 34.6(2.1) 39.6(3.3)
BMIt

Underweight/normal weight 519 13.6(1.5) 12.9(1.3) 12.9(1.7)

Overweight 474 777 (3.1) 32.3(3.0) 30.5(1.8)

Obese/extremely obese 634 99.6 (0.2) 36.8(1.8) 43.1(2.8)

High Blood Pressure  High Fasting Glucose
or Medication Use* or Medication Use
40.0 (1.3) 39.0(1.9)
39.5(L.1) 38.6(1.6)
43.4(1.4) 45.8(1.8)
35.2(1.3) 31.3(1.7)
24.1(2.0) 28.8(1.8)
44.5(2.7) 50.3(3.3)
74.4 (2.7) 67.8 (1.9)
435 (1.7) 44.8(2.2)
51.3(2.8) 409 (2.3)
35.5(2.7) 49.8(3.1)
32.0(1.8) 35.0(2.7)
40.3(2.2) 45.0(2.2)
57.5 (2.4) 55.5 (2.0)
6.8(1.2) 13.4 (1.5)
43.2(2.2) 35.5(3.0)
71.0 (2.6) 55.1(2.7)
33.0(L.5) 28.7 (2.0)
53.4(2.8) 38.7 (2.4)
32.1(3.0) 41.7 (3.8)
26.4(1.9) 15.8(1.7)
31.7(1.9) 31.2(2.3)
46.8 (2.6) 46.9 (2.5)

BMI, body mass index: underweight and normal weight (BMI <25 kg/m?), overweight (BMI 25—-29.9 kg/m?), and obese and extremely obese (BMI =30 kg/m?); HDL, high-density

lipoprotein.

* Blood pressure measurement is the average of up to three blood pressure readings.

T Total includes racial and ethnic groups not shown separately, plus respondents with missing BMI values.
1 Age-standardized estimates using the direct methods of adjustment to the 2000 U.S. Census

§ Indicates a relative standard error of 30% or more. Authors suppressed the estimate because they considered it highly unreliable.

SOURCE: Reference 253

groups (258). In a survey of community-
dwelling women in California, the preva-
lence of the metabolic syndrome was 34%
in Filipinas and 13% in white women (259).

Surveys of Native American populations
show very high rates of the metabolic
syndrome. In 1989-1992, among 3,945
adult men and women from three commu-
nities in Arizona, seven in Southwestern
Oklahoma, and three in South and North
Dakota studied in the Strong Heart Study,
44% of men and 63% of women met
criteria for ATP3 metabolic syndrome
(260). In 2003-2006, among 5,166

adults age 18—88 years residing on two
Northern Plains American Indian reserva-
tions and a Southwestern American Indian
community studied in the Education and
Research Toward Health (EARTH) study,
the age-adjusted prevalence of ATP3
metabolic syndrome was 53.2% among
women and 44.6% among men (261).

Among children and adolescents, esti-
mates of metabolic syndrome prevalence
should be viewed with caution because
about one-half of youth meeting criteria
for the metabolic syndrome on one
examination will not meet criteria on a

second exam conducted within 1-5 years
(262,263). Nonetheless, among 1,826
adolescents age 12—19 years included in
the NHANES 1999-2002, 9.4% of youth
met criteria for the metabolic syndrome,
defined as at least three of: waist circum-
ference =90th percentile for age and

sex, blood pressure =90th percentile,
triglycerides =150 mg/dL (=1.70 mmol/L),
HDL cholesterol <40 mg/dL (<1.04
mmol/L), and fasting glucose =100 mg/dL
(264). Metabolic syndrome prevalence
was higher in boys (13.2%) than girls
(5.3%), lower in black (5.2%) compared
with white (10.7%) or Mexican American
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(11.1%) children, and highly prevalent
among overweight (BMI =85th percen-
tile) (44.2%) versus normal weight (1.6%)
children.

Risk of Incident Type 2 Diabetes
Associated With the Metabolic
Syndrome

The metabolic syndrome is a powerful risk
factor for development of type 2 diabetes.
A meta-analysis of prospective studies of
the metabolic syndrome predicting inci-
dent diabetes over 2—20 years is shown
in Figure 13.16 (5). The presence versus
the absence of ATP3 metabolic syndrome
among individuals without diabetes at
baseline was associated with a 5.3-fold
increased relative risk to develop type 2
diabetes over follow-up. In community
studies, the metabolic syndrome deter-
mined by various definitions has been
associated with increased risk for future
type 2 diabetes in white individuals

(203), black individuals (265), Mexican
Americans (266), and Native Americans
(267,268).

The metabolic syndrome demonstrates a
positive dose-response gradient between
the number of metabolic syndrome traits
and diabetes risk. In the Framingham
Offspring Study, among middle-aged

men and women, the prevalence of ATP3
metabolic syndrome was 26.8% in men
and 16.6% in women (269). Over 8 years
of follow-up, compared with those with no
metabolic syndrome traits, men with one
or two traits had a fourfold increased risk
of type 2 diabetes, and those with three or
more traits had a 24-fold increased risk of
diabetes. Among women, those with one
or two traits had a sixfold increased risk
of type 2 diabetes, and those with three
or more traits had a thirtyfold increased
risk of diabetes. The metabolic syndrome
includes the category of IFG, itself a major
type 2 diabetes risk factor. However, even
individuals without IFG as part of their
metabolic syndrome phenotype are at
elevated diabetes risk. In the Framingham
offspring, 13% of individuals had a large
waist circumference and any other pair of
traits not including IFG; this phenotype
was associated with a fivefold increased
risk of diabetes. Ten percent had high
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TABLE 13.8. Prevalence of the Metabolic Syndrome and Odds Ratios for Prevalence of
the Metabolic Syndrome Among Adults Age =20 Years, by Selected Characteristics, U.S.,

2003-2006
CHARACTERISTICS PERCENT (SE) 0ODDS RATIO (95% CI)
Crude* 34.4(1.3)
Age-adjusted*t 34.0(L.1)
Sex
Men 35.1(1.3) 1.00
Women 32.6(1.6) 0.89 (0.73-1.07)
Men
Age (years)
20-39 20.3(2.0) 1.00
40-59 40.8(2.1) 2.70 (1.96-3.73)
=60 51.5(3.1) 4.18 (3.01-5.79)
Race/ethnicityt
Non-Hispanic white 37.2(1.6) 1.00
Non-Hispanic black 25.3(2.0) 0.54 (0.40-0.73)
Mexican American 33.2(2.9) 0.78 (0.57-1.07)
BMIt
Underweight/normal weight 6.8(1.1) 1.00
Overweight 29.8(2.0) 6.17 (3.96-9.62)
Obese/extremely obese 65.0 (2.4) 31.92 (20.06-50.78)
Women
Age (years)
20-39 15.6(1.8) 1.00
40-59 37.2(2.6) 3.20 (2.32-4.43)
=60 54.4(2.8) 6.44 (4.75-8.72)
Race/ethnicityt
Non-Hispanic white 31.5(2.2) 1.00
Non-Hispanic black 38.8(2.1) 1.44 (1.05-1.98)
Mexican American 40.6 (2.5) 1.55 (1.06-2.29)
BMIt
Underweight/normal weight 9.3(0.9) 1.00
Overweight 33.1(29) 5.48 (3.75-8.02)
Obese/extremely obese 56.1(2.6) 17.14 (12.54-23.44)

BMI, body mass index: underweight and normal weight (BMI <25 kg/m?), overweight (BMI 25-29.9 kg/m?), and

obese and extremely obese (BMI =30 kg/m?); Cl, confidence interval; SE, standard error.

* Total includes racial and ethnic groups not shown separately, plus respondents with missing BMI values.

1 Age-adjusted percent and standard error. The logistic regression models controlled for age group. Reference
groups for logistic regression: sex—male; age—20-39 years; race/ethnicity—non-Hispanic white; BMI—

underweight and normal weight.
SOURCE: Reference 253

triglycerides, hypertension, and low HDL
cholesterol, but not IFG or a large waist

circumference; this phenotype was associ-

ated with a 3.5-fold increased relative risk
of type 2 diabetes.

When combined in prediction models for
future risk of type 2 diabetes, metabolic
syndrome traits have excellent discrimi-
natory capacity. The ability of a prediction
model to discriminate among individuals
who will and will not develop disease in
the future can be assessed by the model’s
c-statistic, or area under the receiver-
operator-characteristic curve (@ROC).

The aROC is a function of the model’s

sensitivity (the probability that the model
correctly identifies an individual with a
subsequent outcome, or the true positive
rate) and false positive rate. The aROC

is the probability that a model correctly
discriminates subjects developing an
outcome from those without an outcome,
where 0.5 is chance discrimination and
1.0 is perfect discrimination. In the FHS, a
diabetes prediction model incorporating
ATP3 metabolic syndrome traits, age,
sex, and parental history of diabetes had
an aROC of 0.85 (203). All FHS subjects
are white; metabolic syndrome traits
discriminated diabetes risk similarly in
the biracial ARIC study (@ROC 0.80) and



among Mexican Americans in the SAHS
(@aROC 0.82) (265,270). However, a review
of several type 2 diabetes risk prediction
tools concluded that risk scores prob-
ably need to be more carefully validated
beyond populations in which they were
developed (271).

Risk Factors for Type 2 Diabetes

FIGURE 13.16. ATP3 Metabolic Syndrome Increases Risk for Type 2 Diabetes

Lorenzo et al. (266)
Meigs et al. (302) -
Wang et al. (303)

Cheung et al. (304) -

Mannucci et al. (305) -

Overall
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Horizontal bars represent 95% confidence intervals. ATP3, Adult Treatment Panel 3.

SOURCE: Reference 5, copyright © 2008 American Diabetes Association, reprinted with permission from the
American Diabetes Association; references for individual studies are listed within the figure.

CONCLUSIONS AND IMPLICATIONS

Prospective studies have improved the
understanding of behavioral and lifestyle
risk factors for type 2 diabetes (272).
Howeuver, there is great variation between
individual responses to risk factor interven-
tions, likely due to behavioral, physiologic,
and genetic differences related to

type 2 diabetes risk (3). Therefore, further
advancement in the knowledge of
gene-environment interactions may assist

in the development of targeted prevention

strategies for type 2 diabetes in the future.
In addition, novel biomarkers and interme-

diate conditions associated with diabetes
risk offer potential to detect diabetes risk
at an early stage (4,5). Although type 2
diabetes cannot be cured at this time, the
onset of type 2 diabetes may be delayed
in many individuals at risk and may be
prevented in some at-risk individuals

through identifying metabolic risk factors
at an early stage and intervening in the
progression of the disease through modi-
fication of behavioral and lifestyle risk
factors. Continued work to improve the
understanding of type 2 diabetes risk may
assist in the development of optimal strat-
egies for type 2 diabetes prevention with
a long-term goal of addressing this major
public health concern.

LIST OF ABBREVIATIONS

Alc.......... glycosylated hemoglobin IFG.......... impaired fasting glucose
AR.......... acute insulin response IGF.......... insulin-like growth factor
ALT.......... alanine aminotransferase IGFBP ....... insulin-like growth factor binding protein
ARIC......... Atherosclerosis Risk in Communities Study IGT.......... impaired glucose tolerance
aROC........ area under the receiver-operator-characteristic IL........... interleukin
curve IRAS......... Insulin Resistance Atherosclerosis Study
ATP3 ........ Third Report of the Expert Panel on Detection, IVGTT........ intravenous glucose tolerance test
Evaluation, and Treatment of High Blood MESA........ Multi-Ethnic Study of Atherosclerosis
Cholesterol in Adults NHANES . .... National Health and Nutrition Examination
BLSA........ Baltimore Longitudinal Study of Aging Survey
BMI......... body mass index NHIS ........ National Health Interview Survey
CHARGE ..... Cohorts for Heart and Aging Research in NHS......... Nurses’ Health Study
Genomic Epidemiology consortium OGTT........ oral glucose tolerance test
Cl........... confidence interval OR.......... odds ratio
CRP......... C-reactive protein PAIF1 ........ plasminogen activator inhibitor-1
EPIC......... European Prospective Investigation into PCOS........ polycystic ovary syndrome
Cancer and Nutrition PREDIMED . . .Prevencion con Dieta Mediterranea trial
FHS ......... Framingham Heart Study PUFA........ polyunsaturated fatty acids
GGT......... gamma glutamyltransferase RR.......... relative risk
GWAS ....... genome-wide association studies SAHS........ San Antonio Heart Study
HDL......... high-density lipoprotein SES......... socioeconomic status
HOMA-IR. .... homeostasis model assessment of insulin SHBG........ sex hormone-binding globulin
resistance Si........ L insulin sensitivity assessed by IVGTT
HPFS........ Health Professionals Follow-up Study TNFov . ....... tumor necrosis factor alpha
HR.......... hazard ratio WHI......... Women'’s Health Initiative
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CONVERSIONS

Conversions for glucose, HDL
cholesterol, insulin, and triglyceride
values are provided in Diabetes in
America Appendix 1 Conversions.

REFERENCES

ACKNOWLEDGMENTS/
FUNDING

Dr. Meigs was supported by a
grant from the National Institute of
Diabetes and Digestive and Kidney
Diseases (DK080140).

DUALITY OF INTEREST

Drs. Ley, Schulze, Hivert, Meigs, and
Hu reported no conflicts of interest.

1. Centers for Disease Control and
Prevention: Diabetes home [article onling],
2016. Available from http://www.cdc.gov/
diabetes. Accessed 8 July 2015

2. Ley SH, Hamdy O, Mohan V, Hu FB:
Prevention and management of type 2
diabetes: dietary components and nutri-
tional strategies. Lancet 383:1999-2007,
2014

3. Cornelis MC, Hu FB: Gene-environment
interactions in the development of type 2
diabetes: recent progress and continuing
challenges. Annu Rev Nutr 32:245-259,
2012

4. Tataranni PA, Ortega E: A burning ques-
tion: does an adipokine-induced activation
of the immune system mediate the effect
of overnutrition on type 2 diabetes?
Diabetes 54:917-927, 2005

5. Ford ES, Li C, Sattar N: Metabolic
syndrome and incident diabetes: current
state of the evidence. Diabetes Care
31:1898-1904, 2008

6. Centers for Disease Control and
Prevention: National Diabetes Statistics
Report: Estimates of Diabetes and
Its Burden in the United States, 2014.
Atlanta, GA: U.S. Department of Health
and Human Services, Centers for Disease
Control and Prevention, 2014

7. Geiss LS, Pan L, Cadwell B, Gregg EW,
Benjamin SM, Engelgau MM: Changes
in incidence of diabetes in U.S. adults,
1997-2003. Am J Prev Med 30:371-377,
2006

8. Gonzalez EL, Johansson S, Wallander MA,
Rodriguez LA: Trends in the prevalence
and incidence of diabetes in the UK:
1996-2005. J Epidemiol Community
Health 63:332-336, 2009

9. International Diabetes Federation: IDF
Diabetes Atlas, 5th Ed. Brussels, Belgium:
International Diabetes Federation, 2011

10. The InterAct Consortium; Langenberg C,
Sharp S, Forouhi NG, Franks PW, Schulze
MB, Kerrison N, Ekelund U, Barroso |,
Panico S, Tormo MJ, Spranger J, Griffin S,
van der Schouw YT, Amiano P, Ardanaz E,
Arriola L, Balkau B, Barricarte A, Beulens
JW, Boeing H, Bueno-de-Mesquita HB,

13-26

11.

12.

13.

14.

15.

16.

Buijsse B, Chirlaque Lopez MD, Clavel-
Chapelon F, Crowe FL, de Lauzon-Guillan
B, Deloukas P, Dorronsoro M, Drogan D,
Froguel P, Gonzalez C, Grioni S, Groop L,
Groves C, Hainaut P, Halkjaer J, Hallmans

G, Hansen T, Huerta Castano JM, Kaaks R,

Key TJ, Khaw KT, Koulman A, Mattiello A,
Navarro C, Nilsson P, Norat T, Overvad K,
Palla L, Palli D, Pedersen O, Peeters PH,
Quiros JR, Ramachandran A, Rodriguez-
Suarez L, Rolandsson O, Romaguera

D, Romieu |, Sacerdote C, Sanchez

MJ, Sandbaek A, Slimani N, Sluijs I,
Spijkerman AM, Teucher B, Tjonneland A,
Tumino R, van der A DL, Verschuren WM,
Tuomilehto J, Feskens E, McCarthy M,
Riboli E, Wareham NJ: Design and cohort
description of the InterAct Project: an
examination of the interaction of genetic
and lifestyle factors on the incidence

of type 2 diabetes in the EPIC Study.
Diabetologia 54:2272-2282, 2011
Menke A, Casagrande S, Geiss L, Cowie
CC: Prevalence of and trends in diabetes
among adults in the United States, 1988—
2012. JAMA 314:1021-1029, 2015
Robbins JM, Vaccarino V, Zhang H, Kasl
SV: Excess type 2 diabetes in African-
American women and men aged 40—74
and socioeconomic status: evidence
from the Third National Health and
Nutrition Examination Survey. J Epidemiol
Community Health 54:839-845, 2000
Shai |, Jiang R, Manson JE, Stampfer MJ,
Willett WC, Colditz GA, Hu FB: Ethnicity,
obesity, and risk of type 2 diabetes

in women: a 20-year follow-up study.
Diabetes Care 29:1585-1590, 2006
Maskarinec G, Grandinetti A, Matsuura
G, Sharma S, Mau M, Henderson BE,
Kolonel LN: Diabetes prevalence and
body mass index differ by ethnicity: the
Multiethnic Cohort. Ethn Dis 19:49-55,
2009

Ahlqgvist E, Ahluwalia TS, Groop L:
Genetics of type 2 diabetes. Clin Chem
57:241-254, 2011

Kaprio J, Tuomilehto J, Koskenvuo M,
Romanov K, Reunanen A, Eriksson J,
Stengard J, Kesaniemi Y: Concordance

17.

18.

19.

20.

21.

for type 1 (insulin-dependent) and type 2
(non-insulin-dependent) diabetes mellitus
in a population-based cohort of twins

in Finland. Diabetologia 35:1060-1067,
1992

Newman B, Selby JV, King MC,

Slemenda C, Fabsitz R, Friedman GD:
Concordance for type 2 (non-insulin-de-
pendent) diabetes mellitus in male twins.
Diabetologia 30:763—768, 1987
Wellcome Trust Case Control Consortium:
Genome-wide association study of 14,000
cases of seven common diseases and
3,000 shared controls. Nature 447:661—
678, 2007

Sladek R, Rocheleau G, Rung J, Dina

C, Shen L, Serre D, Boutin P, Vincent D,
Belisle A, Hadjadj S, Balkau B, Heude

B, Charpentier G, Hudson TJ, Montpetit
A, Pshezhetsky AV, Prentki M, Posner

BI, Balding DJ, Meyre D, Polychronakos
C, Froguel P: A genome-wide association
study identifies novel risk loci for type 2
diabetes. Nature 445:881-885, 2007
Zeggini E, Weedon MN, Lindgren CM,
Frayling TM, Elliott KS, Lango H, Timpson
NJ, Perry JR, Rayner NW, Freathy RM,
Barrett JC, Shields B, Morris AP, Ellard S,
Groves CJ, Harries LW, Marchini JL, Owen
KR, Knight B, Cardon LR, Walker M, Hitman
GA, Morris AD, Doney AS; Wellcome
Trust Case Control Consortium (WTCCC),
McCarthy MI, Hattersley AT: Replication
of genome-wide association signals in UK
samples reveals risk loci for type 2 diabetes.
Science 316:1336-1341, 2007

Diabetes Genetics Initiative of Broad
Institute of Harvard and MIT, Lund
University, and Novartis Institutes

of BioMedical Research; Saxena R,
Voight BF, Lyssenko V, Burtt NP, de
Bakker PI, Chen H, Roix JJ, Kathiresan

S, Hirschhorn JN, Daly MJ, Hughes TE,
Groop L, Altshuler D, Almgren P, Florez
JC, Meyer J, Ardlie K, Bengtsson Bostrom
K, Isomaa B, Lettre G, Lindblad U, Lyon
HN, Melander O, Newton-Cheh C, Nilsson
P, Orho-Melander M, Rastam L, Speliotes
EK, Taskinen MR, Tuomi T, Guiducci

C, Berglund A, Carlson J, Gianniny L,


http://www.cdc.gov/diabetes
http://www.cdc.gov/diabetes

22.

23.

24,

Hackett R, Hall L, Holmkvist J, Laurila E,
Sjogren M, Sterner M, Surti A, Svensson
M, Svensson M, Tewhey R, Blumenstiel
B, Parkin M, Defelice M, Barry R, Brodeur
W, Camarata J, Chia N, Fava M, Gibbons J,
Handsaker B, Healy C, Nguyen K, Gates C,
Sougnez C, Gage D, Nizzari M, Gabriel SB,
Chirn GW, Ma Q, Parikh H, Richardson

D, Ricke D, Purcell S: Genome-wide asso-
ciation analysis identifies loci for type 2
diabetes and triglyceride levels. Science
316:1331-1336, 2007

Scott LJ, Mohlke KL, Bonnycastle LL,
Willer CJ, Li'Y, Duren WL, Erdos MR,
Stringham HM, Chines PS, Jackson AU,
Prokunina-Olsson L, Ding CJ, Swift AJ,
Narisu N, Hu T, Pruim R, Xiao R, Li XY,
Conneely KN, Riebow NL, Sprau AG, Tong
M, White PP, Hetrick KN, Barnhart MW,
Bark CW, Goldstein JL, Watkins L, Xiang F,
Saramies J, Buchanan TA, Watanabe RM,
Valle TT, Kinnunen L, Abecasis GR, Pugh
EW, Doheny KF, Bergman RN, Tuomilehto
J, Collins FS, Boehnke M: A genome-wide
association study of type 2 diabetes in
Finns detects multiple susceptibility vari-
ants. Science 316:1341-1345, 2007
Steinthorsdottir V, Thorleifsson

G, Reynisdottir |, Benediktsson R,
Jonsdottir T, Walters GB, Styrkarsdottir

U, Gretarsdottir S, Emilsson V, Ghosh

S, Baker A, Snorradottir S, Bjarnason

H, Ng MC, Hansen T, Bagger Y, Wilensky
RL, Reilly MP, Adeyemo A, ChenY,

Zhou J, Gudnason V, Chen G, Huang

H, Lashley K, Doumatey A, So WY, Ma
RC, Andersen G, Borch-Johnsen K,
Jorgensen T, van Vliet-Ostaptchouk JV,
Hofker MH, Wijmenga C, Christiansen C,
Rader DJ, Rotimi C, Gurney M, Chan JC,
Pedersen O, Sigurdsson G, Gulcher JR,
Thorsteinsdottir U, Kong A, Stefansson

K: A variant in CDKALL influences insulin
response and risk of type 2 diabetes. Nat
Genet 39:770-775, 2007

Zeggini E, Scott LJ, Saxena R, Voight BF,
Marchini JL, Hu T, de Bakker PI, Abecasis
GR, Aimgren P, Andersen G, Ardlie K,
Bostrom KB, Bergman RN, Bonnycastle
LL, Borch-Johnsen K, Burtt NP, Chen H,
Chines PS, Daly MJ, Deodhar P, Ding CJ,
Doney AS, Duren WL, Elliott KS, Erdos
MR, Frayling TM, Freathy RM, Gianniny

L, Grallert H, Grarup N, Groves CJ,
Guiducci C, Hansen T, Herder C, Hitman
GA, Hughes TE, Isomaa B, Jackson

AU, Jorgensen T, Kong A, Kubalanza

K, Kuruvilla FG, Kuusisto J, Langenberg
C, Lango H, Lauritzen T, Li Y, Lindgren
CM, Lyssenko V, Marvelle AF, Meisinger
C, Midthjell K, Mohlke KL, Morken MA,
Morris AD, Narisu N, Nilsson P, Owen KR,
Palmer CN, Payne F, Perry JR, Pettersen

25.

26.

27.

28.

E, Platou C, Prokopenko I, Qi L, Qin L,
Rayner NW, Rees M, Roix JJ, Sandbaek
A, Shields B, Sjogren M, Steinthorsdottir
V, Stringham HM, Swift AJ, Thorleifsson
G, Thorsteinsdottir U, Timpson NJ, Tuomi
T, Tuomilehto J, Walker M, Watanabe

RM, Weedon MN, Willer CJ; Wellcome
Trust Case Control Consortium, lllig T,
Hveem K, Hu FB, Laakso M, Stefansson
K, Pedersen O, Wareham NJ, Barroso

|, Hattersley AT, Collins FS, Groop L,
McCarthy MI, Boehnke M, Altshuler D:
Meta-analysis of genome-wide association
data and large-scale replication identifies
additional susceptibility loci for type 2
diabetes. Nat Genet 40:638—645, 2008
Yasuda K, Miyake K, Horikawa Y, Hara

K, Osawa H, Furuta H, Hirota Y, Mori H,
Jonsson A, Sato Y, Yamagata K, Hinokio
Y, Wang HY, Tanahashi T, Nakamura N,
OkaY, Iwasaki N, Iwamoto Y, Yamada Y,
Seino Y, Maegawa H, Kashiwagi A, Takeda
J, Maeda E, Shin HD, Cho YM, Park KS,
Lee HK, Ng MC, Ma RC, So WY, Chan
JC, Lyssenko V, Tuomi T, Nilsson P, Groop
L, Kamatani N, Sekine A, Nakamura

Y, Yamamoto K, Yoshida T, Tokunaga K,
Itakura M, Makino H, Nanjo K, Kadowaki T,
Kasuga M: Variants in KCNQ1 are associ-
ated with susceptibility to type 2 diabetes
mellitus. Nat Genet 40:1092—-1097, 2008
Unoki H, Takahashi A, Kawaguchi T, Hara
K, Horikoshi M, Andersen G, Ng DP,
Holmkvist J, Borch-Johnsen K, Jorgensen
T, Sandbaek A, Lauritzen T, Hansen T,
Nurbaya S, Tsunoda T, Kubo M, Babazono
T, Hirose H, Hayashi M, Iwamoto Y,
Kashiwagi A, Kaku K, Kawamori R, Tai
ES, Pedersen O, Kamatani N, Kadowaki T,
Kikkawa R, Nakamura Y, Maeda S: SNPs
in KCNQLI are associated with suscep-
tibility to type 2 diabetes in East Asian
and European populations. Nat Genet
40:1098-1102, 2008

Rung J, Cauchi S, Albrechtsen A, Shen

L, Rocheleau G, Cavalcanti-Proenca

C, Bacot F, Balkau B, Belisle A, Borch-
Johnsen K, Charpentier G, Dina C,
Durand E, Elliott P, Hadjad;j S, Jarvelin
MR, Laitinen J, Lauritzen T, Marre M,
Mazur A, Meyre D, Montpetit A, Pisinger
C, Posner B, Poulsen P, Pouta A, Prentki
M, Ribel-Madsen R, Ruokonen A,
Sandbaek A, Serre D, Tichet J, Vaxillaire
M, Wojtaszewski JF, Vaag A, Hansen T,
Polychronakos C, Pedersen O, Froguel

P, Sladek R: Genetic variant near IRS1 is
associated with type 2 diabetes, insulin
resistance and hyperinsulinemia. Nat
Genet 41:1110-1115, 2009

Voight BF, Scott LJ, Steinthorsdottir V,
Morris AP, Dina C, Welch RP, Zeggini

E, Huth C, Aulchenko YS, Thorleifsson

29.

30.

Risk Factors for Type 2 Diabetes

G, McCulloch LJ, Ferreira T, Grallert H,
Amin N, Wu G, Willer CJ, Raychaudhuri S,
McCarroll SA, Langenberg C, Hofmann
OM, Dupuis J, Qi L, Segre AV, van

Hoek M, Navarro P, Ardlie K, Balkau B,
Benediktsson R, Bennett AJ, Blagieva R,
Boerwinkle E, Bonnycastle LL, Bengtsson
Bostrom K, Bravenboer B, Bumpstead

S, Burtt NP, Charpentier G, Chines PS,
Cornelis M, Couper DJ, Crawford G,
Doney AS, Elliott KS, Elliott AL, Erdos MR,
Fox CS, Franklin CS, Ganser M, Gieger

C, Grarup N, Green T, Griffin S, Groves
CJ, Guiducci C, Hadjadj S, Hassanali N,
Herder C, Isomaa B, Jackson AU, Johnson
PR, Jorgensen T, Kao WH, Klopp N, Kong
A, Kraft P, Kuusisto J, Lauritzen T, Li M,
Lieverse A, Lindgren CM, Lyssenko V,
Marre M, Meitinger T, Midthjell K, Morken
MA, Narisu N, Nilsson P, Owen KR,

Payne F, Perry JR, Petersen AK, Platou C,
Proenca C, Prokopenko |, Rathmann W,
Rayner NW, Robertson NR, Rocheleau G,
Roden M, Sampson MJ, Saxena R, Shields
BM, Shrader P, Sigurdsson G, Sparso

T, Strassburger K, Stringham HM, Sun

Q, Swift AJ, Thorand B, Tichet J, Tuomi

T, van Dam RM, van Haeften TW, van
Herpt T, van Vliet-Ostaptchouk JV, Walters
GB, Weedon MN, Wijmenga C, Witteman
J, Bergman RN, Cauchi S, Collins FS,
Gloyn AL, Gyllensten U, Hansen T, Hide
WA, Hitman GA, Hofman A, Hunter DJ,
Hveem K, Laakso M, Mohlke KL, Morris
AD, Palmer CN, Pramstaller PP, Rudan

|, Sijbrands E, Stein LD, Tuomilehto J,
Uitterlinden A, Walker M, Wareham NJ,
Watanabe RM, Abecasis GR, Boehm

BO, Campbell H, Daly MJ, Hattersley

AT, Hu FB, Meigs JB, Pankow JS,
Pedersen O, Wichmann HE, Barroso |,
Florez JC, Frayling TM, Groop L, Sladek

R, Thorsteinsdottir U, Wilson JF, lllig T,
Froguel P, van Duijn CM, Stefansson K,
Altshuler D, Boehnke M, McCarthy MI;
MAGIC investigators; GIANT Consortium:
Twelve type 2 diabetes susceptibility loci
identified through large-scale association
analysis. Nat Genet 42:579-589, 2010
Florez JC: Newly identified loci highlight
beta cell dysfunction as a key cause of
type 2 diabetes: where are the insulin
resistance genes? Diabetologia 51:1100—
1110, 2008

Manning AK, Hivert MF, Scott RA, Grimsby
JL, Bouatia-Naji N, Chen H, Rybin D, Liu
CT, Bielak LF, Prokopenko I, Amin N,
Barnes D, Cadby G, Hottenga JJ, Ingelsson
E, Jackson AU, Johnson T, Kanoni S,
Ladenvall C, Lagou V, Lahti J, Lecoeur

C, Liu'Y, Martinez-Larrad MT, Montasser
ME, Navarro P, Perry JR, Rasmussen-
Torvik LJ, Salo P, Sattar N, Shungin

13-27



DIABETES IN AMERICA, 3rd Edition

D, Strawbridge RJ, Tanaka T, van Duijn
CM, An P, de Andrade M, Andrews JS,
Aspelund T, Atalay M, Aulchenko Y, Balkau
B, Bandinelli S, Beckmann JS, Beilby JP,
Bellis C, Bergman RN, Blangero J, Boban
M, Boehnke M, Boerwinkle E, Bonnycastle
LL, Boomsma DI, Borecki IB, Bottcher

Y, Bouchard C, Brunner E, Budimir

D, Campbell H, Carlson O, Chines PS,
Clarke R, Collins FS, Corbaton-Anchuelo
A, Couper D, de Faire U, Dedoussis

GV, Deloukas P, Dimitriou M, Egan JM,
Eiriksdottir G, Erdos MR, Eriksson JG,
Eury E, Ferrucci L, Ford |, Forouhi NG, Fox
CS, Franzosi MG, Franks PW, Frayling TM,
Froguel P, Galan P, de Geus E, Gigante

B, Glazer NL, Goel A, Groop L, Gudnason
V, Hallmans G, Hamsten A, Hansson O,
Harris TB, Hayward C, Heath S, Hercberg
S, Hicks AA, Hingorani A, Hofman A, Hui
J, Hung J, Jarvelin MR, Jhun MA, Johnson
PC, Jukema JW, Jula A, Kao WH, Kaprio
J, Kardia SL, Keinanen-Kiukaanniemi S,
Kivimaki M, Kolcic I, Kovacs P, Kumari

M, Kuusisto J, Kyvik KO, Laakso M,

Lakka T, Lannfelt L, Lathrop GM, Launer
LJ, Leander K, Li G, Lind L, Lindstrom

J, Lobbens S, Loos RJ, Luan J, Lyssenko
V, Magi R, Magnusson PK, Marmot M,
Meneton P, Mohlke KL, Mooser V, Morken
MA, Milikovic I, Narisu N, O'Connell J,
Ong KK, Oostra BA, Palmer LJ, Palotie

A, Pankow JS, Peden JF, Pedersen NL,
Pehlic M, Peltonen L, Penninx B, Pericic
M, Perola M, Perusse L, Peyser PA,
Polasek O, Pramstaller PP, Province MA,
Raikkonen K, Rauramaa R, Rehnberg

E, Rice K, Rotter JI, Rudan I, Ruokonen
A, Saaristo T, Sabater-Lleal M, Salomaa

V, Savage DB, Saxena R, Schwarz P,
Seedorf U, Sennblad B, Serrano-Rios

M, Shuldiner AR, Sijbrands EJ, Siscovick
DS, Smit JH, Small KS, Smith NL, Smith
AV, Stancakova A, Stirrups K, Stumvoll

M, Sun YV, Swift AJ, Tonjes A, Tuomilehto
J, Trompet S, Uitterlinden AG, Uusitupa
M, Vikstrom M, Vitart V, Vohl MC, Voight
BF, Vollenweider P, Waeber G, Waterworth
DM, Watkins H, Wheeler E, Widen E, Wild
SH, Willems SM, Willemsen G, Wilson JF,
Witteman JC, Wright AF, Yaghootkar H,
Zelenika D, Zemunik T, Zgaga L; DIAbetes
Genetics Replication And Meta-analysis
(DIAGRAM) Consortium; Multiple Tissue
Human Expression Resource (MUTHER)
Consortium, Wareham NJ, McCarthy

MI, Barroso |, Watanabe RM, Florez JC,
Dupuis J, Meigs JB, Langenberg C: A
genome-wide approach accounting for
body mass index identifies genetic vari-
ants influencing fasting glycemic traits and
insulin resistance. Nat Genet 44:659-669,
2012

13-28

31.

32.

33.

34.

35.

36.

Franks PW: Diabetes family history: a
metabolic storm you should not sit out.
Diabetes 59:2732-2734, 2010

Franks PW: Gene x environment interac-
tions in type 2 diabetes. Curr Diab Rep
11:552-561, 2011

Nettleton JA, McKeown NM, Kanoni S,
Lemaitre RN, Hivert MF, Ngwa J, van
Rooij FJ, Sonestedt E, Wojczynski MK, Ye
Z, Tanaka T, Garcia M, Anderson JS, Follis
JL, Djousse L, Mukamal K, Papoutsakis
C, Mozaffarian D, Zillikens MC, Bandinelli
S, Bennett AJ, Borecki IB, Feitosa

MF, Ferrucci L, Forouhi NG, Groves CJ,
Hallmans G, Harris T, Hofman A, Houston
DK, Hu FB, Johansson I, Kritchevsky SB,
Langenberg C, Launer L, Liu Y, Loos RJ,
Nalls M, Orho-Melander M, Renstrom F,
Rice K, Riserus U, Rolandsson O, Rotter JI,
Saylor G, Sijbrands EJ, Sjogren P, Smith
A, Steingrimsdottir L, Uitterlinden AG,
Wareham NJ, Prokopenko |, Pankow JS,
van Duijn CM, Florez JC, Witteman JC;
MAGIC Investigators, Dupuis J, Dedoussis
GV, Ordovas JM, Ingelsson E, Cupples

L, Siscovick DS, Franks PW, Meigs JB:
Interactions of dietary whole-grain intake
with fasting glucose- and insulin-related
genetic loci in individuals of European
descent: a meta-analysis of 14 cohort
studies. Diabetes Care 33:2684—-2691,
2010

Kanoni S, Nettleton JA, Hivert MF, Ye

Z, van Rooij FJ, Shungin D, Sonestedt

E, Ngwa JS, Wojczynski MK, Lemaitre
RN, Gustafsson S, Anderson JS, Tanaka
T, Hindy G, Saylor G, Renstrom F, Bennett
AJ, van Duijn CM, Florez JC, Fox CS,
Hofman A, Hoogeveen RC, Houston

DK, Hu FB, Jacques PF, Johansson |,

Lind L, Liu Y, McKeown N, Ordovas J,
Pankow JS, Sijbrands EJ, Syvanen AC,
Uitterlinden AG, Yannakoulia M, Zillikens
MC; MAGIC Investigators, Wareham NJ,
Prokopenko |, Bandinelli S, Forouhi NG,
Cupples LA, Loos RJ, Hallmans G, Dupuis
J, Langenberg C, Ferrucci L, Kritchevsky
SB, McCarthy MI, Ingelsson E, Borecki IB,
Witteman JC, Orho-Melander M, Siscovick
DS, Meigs JB, Franks PW, Dedoussis

GV: Total zinc intake may modify the
glucose-raising effect of a zinc transporter
(SLC30A8) variant: a 14-cohort meta-anal-
ysis. Diabetes 60:2407-2416, 2011
Cornelis MC, Qi L, Zhang C, Kraft P,
Manson J, Cai T, Hunter DJ, Hu FB: Joint
effects of common genetic variants on
the risk for type 2 diabetes in U.S. men
and women of European ancestry. Ann
Intern Med 150:541-550, 2009

Hivert MF, Jablonski KA, Perreault

L, Saxena R, McAteer JB, Franks

PW, Hamman RF, Kahn SE, Haffner

37.

38.

39.

40.

4]1.

42.

43.

44.

45.

S; DIAGRAM Consortium, Meigs JB,
Altshuler D, Knowler WC, Florez JC;
Diabetes Prevention Program Research
Group: Updated genetic score based

on 34 confirmed type 2 diabetes loci

is associated with diabetes incidence
and regression to normoglycemia in the
Diabetes Prevention Program. Diabetes
60:1340-1348, 2011

Aschard H, Chen J, Cornelis MC, Chibnik
LB, Karlson EW, Kraft P: Inclusion of
gene-gene and gene-environment inter-
actions unlikely to dramatically improve
risk prediction for complex diseases. Am J
Hum Genet 90:962-972, 2012

Zimmet P, Alberti KG, Shaw J: Global
and societal implications of the diabetes
epidemic. Nature 414:782—787, 2001
Hauner H, Bechthold A, Boeing H,
Bronstrup A, Buyken A, Leschik-Bonnet
E, Linseisen J, Schulze M, Strohm D,
Wolfram G; German Nutrition Society:
Evidence-based guideline of the German
Nutrition Society: carbohydrate intake
and prevention of nutrition-related
diseases. Ann Nutr Metab 60(Suppl
1):1-58, 2012

Schulze MB, Liu S, Rimm EB, Manson
JE, Willett WC, Hu FB: Glycemic index,
glycemic load, and dietary fiber intake
and incidence of type 2 diabetes in
younger and middle-aged women. Am J
Clin Nutr 80:348-356, 2004

Schulze MB, Schulz M, Heidemann C,
Schienkiewitz A, Hoffmann K, Boeing
H: Carbohydrate intake and incidence
of type 2 diabetes in the European
Prospective Investigation into Cancer and
Nutrition (EPIC)-Potsdam Study. Br J Nutr
99:1107-1116, 2008

Schulze MB, Schulz M, Heidemann C,
Schienkiewitz A, Hoffmann K, Boeing

H: Fiber and magnesium intake and inci-
dence of type 2 diabetes: a prospective
study and meta-analysis. Arch Intern Med
167:956-965, 2007

Hopping BN, Erber E, Grandinetti A,
Verheus M, Kolonel LN, Maskarinec G:
Dietary fiber, magnesium, and glycemic
load alter risk of type 2 diabetes ina
multiethnic cohort in Hawaii. J Nutr
140:68-74, 2010

Krishnan S, Rosenberg L, Singer M, Hu
FB, Djousse L, Cupples LA, Palmer JR:
Glycemic index, glycemic load, and cereal
fiber intake and risk of type 2 diabetes
in US black women. Arch Intern Med
167:2304-2309, 2007

Barclay AW, Flood VM, Rochtchina E,
Mitchell P, Brand-Miller JC: Glycemic
index, dietary fiber, and risk of type 2
diabetes in a cohort of older Australians.
Diabetes Care 30:2811-2813, 2007



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Wannamethee SG, Whincup PH, Thomas
MC, Sattar N: Associations between
dietary fiber and inflammation, hepatic
function, and risk of type 2 diabetes in
older men: potential mechanisms for the
benefits of fiber on diabetes risk. Diabetes
Care 32:1823-1825, 2009

Jenkins DJ, Wolever TM, Taylor RH,
Barker H, Fielden H, Baldwin JM, Bowling
AC, Newman HC, Jenkins AL, Goff DV:
Glycemic index of foods: a physiological
basis for carbohydrate exchange. Am J
Clin Nutr 34:362-366, 1981

Liu S, Chou EL: Dietary glycemic load and
type 2 diabetes: modeling the glucose-
raising potential of carbohydrates for
prevention. Am J Clin Nutr 92:675—677,
2010

Dong JY, Zhang L, Zhang YH, Qin LQ:
Dietary glycaemic index and glycaemic
load in relation to the risk of type 2
diabetes: a meta-analysis of prospective
cohort studies. BrJ Nutr 106:1649-1654,
2011

Bhupathiraju SN, Tobias DK, Malik VS,
Pan A, Hruby A, Manson JE, Willett

WC, Hu FB: Glycemic index, glycemic
load, and risk of type 2 diabetes: results
from 3 large US cohorts and an updated
meta-analysis. Am J Clin Nutr 100:218—
232,2014

Riserus U, Willett WC, Hu FB: Dietary fats
and prevention of type 2 diabetes. Prog
Lipid Res 48:44-51, 2009

Tinker LF, Bonds DE, Margolis KL, Manson
JE, Howard BV, Larson J, Perri MG,
Beresford SA, Robinson JG, Rodriguez

B, Safford MM, Wenger NK, Stevens VJ,
Parker LM; Women's Health Initiative:
Low-fat dietary pattern and risk of treated
diabetes mellitus in postmenopausal
women: the Women'’s Health Initiative
randomized controlled dietary modifica-
tion trial. Arch Intern Med 168:1500-1511,
2008

Hu FB, van Dam RM, Liu S: Diet and risk
of type Il diabetes: the role of types of fat
and carbohydrate. Diabetologia 44:805—
817,2001

Melanson EL, Astrup A, Donahoo WT: The
relationship between dietary fat and fatty
acid intake and body weight, diabetes,
and the metabolic syndrome. Ann Nutr
Metab 55:229-243, 2009

Salmeron J, Hu FB, Manson JE, Stampfer
MJ, Colditz GA, Rimm EB, Willett WC:
Dietary fat intake and risk of type 2
diabetes in women. Am J Clin Nutr
73:1019-1026, 2001

Meyer KA, Kushi LH, Jacobs DR, Jr.,
Folsom AR: Dietary fat and incidence

of type 2 diabetes in older lowa women.
Diabetes Care 24:1528-1535, 2001

57.

58.

50.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Wu JH, Micha R, Imamura F, Pan A, 69.

Biggs ML, Ajaz O, Djousse L, Hu FB,
Mozaffarian D: Omega-3 fatty acids and
incident type 2 diabetes: a systematic
review and meta-analysis. Br J Nutr

107(Suppl 2):5214-5227, 2012 70.

Zhao Z, Li S, Liu G, Yan F, Ma X, Huang Z,
Tian H: Body iron stores and heme-iron
intake in relation to risk of type 2 diabetes:
a systematic review and meta-analysis.

PLOS ONE 7:e41641, 2012 71.

Dong JY, Xun P, He K, Qin LQ: Magnesium
intake and risk of type 2 diabetes: meta-
analysis of prospective cohort studies.
Diabetes Care 34:2116-2122, 2011

Liu E, Meigs JB, Pittas AG, Economos
CD, McKeown NM, Booth SL, Jacques
PF: Predicted 25-hydroxyvitamin D

score and incident type 2 diabetes in the
Framingham Offspring Study. Am J Clin
Nutr 91:1627-1633, 2010

Pittas AG, Sun Q, Manson JE,
Dawson-Hughes B, Hu FB: Plasma
25-hydroxyvitamin D concentration and
risk of incident type 2 diabetes in women.
Diabetes Care 33:2021-2023, 2010

Robinson JG, Manson JE, Larson J, Liu S, 72.

Song Y, Howard BV, Phillips L, Shikany JM,
Allison M, Curb JD, Johnson KC, Watts
N: Lack of association between 25(0H)
D levels and incident type 2 diabetes in
older women. Diabetes Care 34:628-634,

2011 73.

Mitri J, Muraru MD, Pittas AG: Vitamin D
and type 2 diabetes: a systematic review.

Eur J Clin Nutr 65:1005-1015, 2011 74.

de Munter JS, Hu FB, Spiegelman D, Franz
M, van Dam RM: Whole grain, bran, and
germ intake and risk of type 2 diabetes: a

prospective cohort study and systematic 75.

review. PLoS Med 4:¢261, 2007
Aune D, Norat T, Romundstad P, Vatten LJ:
Whole grain and refined grain consump-

tion and the risk of type 2 diabetes: a 76.

systematic review and dose-response
meta-analysis of cohort studies. EurJ
Epidemiol 28:845-858, 2013

Hu EA, Pan A, Malik V, Sun Q: White rice
consumption and risk of type 2 diabetes:
meta-analysis and systematic review. BMJ
344:e1454, 2012

Pan A, Sun Q, Bernstein AM, Schulze MB,
Manson JE, Willett WC, Hu FB: Red meat 77.
consumption and risk of type 2 diabetes:
3 cohorts of US adults and an updated
meta-analysis. Am J Clin Nutr 94:1088—
1096, 2011

Wallin A, Di Giuseppe D, Orsini N, Patel
PS, Forouhi NG, Wolk A: Fish consump-
tion, dietary long-chain n-3 fatty acids,

and risk of type 2 diabetes: systematic 78.

review and meta-analysis of prospective
studies. Diabetes Care 35:918-929, 2012

Risk Factors for Type 2 Diabetes

Tong X, Dong JY, Wu ZW, Li W, Qin LQ:
Dairy consumption and risk of type 2
diabetes mellitus: a meta-analysis of
cohort studies. Eur J Clin Nutr 65:1027—
1031, 2011

Carter P, Gray LJ, Troughton J, Khunti

K, Davies MJ: Fruit and vegetable intake
and incidence of type 2 diabetes mellitus:
systematic review and meta-analysis.
BMJ 341:¢4229, 2010

Cooper AJ, Forouhi NG, Ye Z, Buijsse B,
Arriola L, Balkau B, Barricarte A, Beulens
JW, Boeing H, Buchner FL, Dahm CC, de
Lauzon-Guillain B, Fagherazzi G, Franks
PW, Gonzalez C, Grioni S, Kaaks R, Key TJ,
Masala G, Navarro C, Nilsson P, Overvad
K, Panico S, Ramon Quiros J, Rolandsson
0, Roswall N, Sacerdote C, Sanchez

MJ, Slimani N, Sluijs I, Spijkerman AM,
Teucher B, Tjonneland A, Tumino R, Sharp
SJ, Langenberg C, Feskens EJ, Riboli E,
Wareham NJ; InterAct Consortium: Fruit
and vegetable intake and type 2 diabetes:
EPIC-InterAct prospective study and
meta-analysis. Eur J Clin Nutr 66:1082—
1092, 2012

Wedick NM, Pan A, Cassidy A, Rimm EB,
Sampson L, Rosner B, Willett W, Hu FB,
Sun Q, van Dam RM: Dietary flavonoid
intakes and risk of type 2 diabetes in US
men and women. Am J Clin Nutr 95:925—
933, 2012

Kendall CW, Josse AR, Esfahani A, Jenkins
DJ: Nuts, metabolic syndrome and
diabetes. BrJ Nutr 104:465—-473, 2010
Jiang R, Manson JE, Stampfer MJ, Liu S,
Willett WC, Hu FB: Nut and peanut butter
consumption and risk of type 2 diabetes
in women. JAMA 288:2554-2560, 2002
Kochar J, Gaziano JM, Djousse L: Nut
consumption and risk of type Il diabetes
in the Physicians’ Health Study. Eur J Clin
Nutr 64:75-79, 2009

Salas-Salvado J, Bullo M, Babio N, Martinez-
Gongzalez MA, Ibarrola-Jurado N, Basora
J, Estruch R, Covas MI, Corella D, Aros F,
Ruiz-Gutierrez V, Ros E; PREDIMED Study
Investigators: Reduction in the incidence
of type 2 diabetes with the Mediterranean
diet: results of the PREDIMED-Reus nutri-
tion intervention randomized trial. Diabetes
Care 34:14-19, 2011

Huxley R, Lee CM, Barzi F, Timmermeister
L, Czernichow S, Perkovic V, Grobbee

DE, Batty D, Woodward M: Coffee,
decaffeinated coffee, and tea consump-
tion in relation to incident type 2

diabetes mellitus: a systematic review
with meta-analysis. Arch Intern Med
169:2053-2063, 2009

van Dam RM, Hu FB: Coffee consumption
and risk of type 2 diabetes: a systematic
review. JAMA 294:97-104, 2005

13-29



DIABETES IN AMERICA, 3rd Edition

79.

80.

8l.

82.

83.

84.

85.

86.

87.

88.

Ding M, Bhupathiraju SN, Chen M, van
Dam RM, Hu FB: Caffeinated and decaf-
feinated coffee consumption and risk of
type 2 diabetes: a systematic review and
a dose-response meta-analysis. Diabetes
Care 37:569-586, 2014

Han E, Powell LM: Consumption patterns
of sugar-sweetened beverages in the
United States. J Acad Nutr Diet 113:43—
53,2013

Malik VS, Popkin BM, Bray GA, Despres
JP, Willett WC, Hu FB: Sugar-sweetened
beverages and risk of metabolic syndrome
and type 2 diabetes: a meta-analysis.
Diabetes Care 33:2477-2483, 2010
InterAct Consortium, Romaguera D,
Norat T, Wark PA, Vergnaud AC, Schulze
MB, van Woudenbergh GJ, Drogan D,
Amiano P, Molina-Montes E, Sanchez

MJ, Balkau B, Barricarte A, Beulens JW,
Clavel-Chapelon F, Crispim SP, Fagherazzi
G, Franks PW, Grote VA, Huybrechts

|, Kaaks R, Key TJ, Khaw KT, Nilsson

P, Overvad K, Palli D, Panico S, Quiros
JR, Rolandsson O, Sacerdote C, Sieri S,
Slimani N, Spijkerman AM, Tjonneland A,
Tormo MJ, Tumino R, van den Berg SW,
Wermeling PR, Zamara-Ros R, Feskens
EJ, Langenberg C, Sharp SJ, Forouhi

NG, Riboli E, Wareham NJ: Consumption
of sweet beverages and type 2 diabetes
incidence in European adults: results from
EPIC-InterAct. Diabetologia 56:1520—
1530, 2013

Pan A, Malik VS, Schulze MB, Manson
JE, Willett WC, Hu FB: Plain-water intake
and risk of type 2 diabetes in young and
middle-aged women. Am J Clin Nutr
95:1454-1460, 2012

Malik VS, Hu FB: Sweeteners and risk of
obesity and type 2 diabetes: the role of
sugar-sweetened beverages. Curr Diab
Rep 12:195-203, 2012

Qi Q, Chu AY, Kang JH, Jensen MK,
Curhan GC, Pasquale LR, Ridker

PM, Hunter DJ, Willett WC, Rimm

EB, Chasman DI, Hu FB, Qi L: Sugar-
sweetened beverages and genetic risk of
obesity. N Engl J Med 367:1387-1396,
2012

Baliunas DO, Taylor BJ, Irving H, Roerecke
M, Patra J, Mohapatra S, Rehm J: Alcohol
as a risk factor for type 2 diabetes: a
systematic review and meta-analysis.
Diabetes Care 32:2123-2132, 2009
Joosten MM, Chiuve SE, Mukamal KJ, Hu
FB, Hendriks HF, Rimm EB: Changes in
alcohol consumption and subsequent
risk of type 2 diabetes in men. Diabetes
60:74-79, 2011

Mekary RA, Rimm EB, Giovannucci E,
Stampfer MJ, Willett WC, Ludwig DS, Hu
FB: Joint association of glycemic load

13-30

89.

90.

91

92.

93.

94.

and alcohol intake with type 2 diabetes
incidence in women. Am J Clin Nutr
94:1525-1532, 2011

Beulens JW, van der Schouw YT,
Bergmann MM, Rohrmann S, Schulze MB,
Buijsse B, Grobbee DE, Arriola L, Cauchi
S, Tormo MJ, Allen NE, van der A DL,
Balkau B, Boeing H, Clavel-Chapelon F,
de Lauzon-Guillan B, Franks P, Froguel P,
Gonzales C, Halkaer J, Huerta JM, Kaaks
R, Key TJ, Khaw KT, Krogh V, Molina-
Montes E, Nilsson P, Overvad K, Palli D,
Panico S, Ramon Quiros J, Ronaldsson
0, Romieu I, Romaguera D, Sacerdote C,
Sanchez MJ, Spijkerman AM, Teucher B,
Tjonneland A, Tumino R, Sharp S, Forouhi
NG, Langenberg C, Feskens EJ, Riboli

E, Wareham NJ; InterAct Consortium:
Alcohol consumption and risk of type 2
diabetes in European men and women:
influence of beverage type and body size.
The EPIC-InterAct study. J Intern Med
272:358-370, 2012

Cullmann M, Hilding A, Ostenson CG:
Alcohol consumption and risk of pre-dia-
betes and type 2 diabetes development
in a Swedish population. Diabet Med
29:441-452, 2012

Martinez-Gonzalez MA, de la Fuente-
Arrillaga C, Nunez-Cordoba JM,
Basterra-Gortari FJ, Beunza JJ, Vazquez
Z, Benito S, Tortosa A, Bes-Rastrollo M:
Adherence to Mediterranean diet and

risk of developing diabetes: prospective
cohort study. BMJ 336:1348-1351, 2008
de Koning L, Chiuve SE, Fung TT, Willett
WC, Rimm EB, Hu FB: Diet-quality scores
and the risk of type 2 diabetes in men.
Diabetes Care 34:1150-1156, 2011
InterAct Consortium, Romaguera D,
Guevara M, Norat T, Langenberg C,
Forouhi NG, Sharp S, Slimani N, Schulze
MB, Buijsse B, Buckland G, Molina-
Montes E, Sanchez MJ, Moreno-Iribas MC,
Bendinelli B, Grioni S, van der Schouw
YT, Arriola L, Beulens JW, Boeing H,
Clavel-Chapelon F, Cottet V, Crowe FL, de
Lauzon-Guillan B, Franks PW, Gonzalez
C, Hallmans G, Kaaks R, Key TJ, Khaw

K, Nilsson P, Overvad K, Palla L, Palli

D, Panico S, Quiros JR, Rolandsson

0, Romieu |, Sacerdote C, Spijkerman
AM, Teucher B, Tjonneland A, Tormo MJ,
Tumino R, van der AD, Feskens EJ, Riboli
E, Wareham NJ: Mediterranean diet and
type 2 diabetes risk in the European
Prospective Investigation into Cancer and
Nutrition (EPIC) study: the InterAct project.
Diabetes Care 34:1913-1918, 2011
Salas-Salvado J, Bullo M, Estruch

R, Ros E, Covas MI, Ibarrola-Jurado

N, Corella D, Aros F, Gomez-Gracia E,
Ruiz-Gutierrez V, Romaguera D, Lapetra

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

J, Lamuela-Raventos RM, Serra-Majem

L, Pinto X, Basora J, Munoz MA, Sorli

JV, Martinez-Gonzalez MA: Prevention

of diabetes with Mediterranean diets: a
subgroup analysis of a randomized trial.
Ann Intern Med 160:1-10, 2014
Heidemann C, Hoffmann K, Spranger J,
Klipstein-Grobusch K, Mohlig M, Pfeiffer
A, Boeing H; European Prospective
Investigation into Cancer and Nutrition
(EPIC)—Potsdam Study Cohort: A dietary
pattern protective against type 2 diabetes
in the European Prospective Investigation
into Cancer and Nutrition (EPIC)—
Potsdam Study cohort. Diabetologia
48:1126-1134, 2005

Imamura F, Lichtenstein AH, Dallal GE,
Meigs JB, Jacques PF: Generalizability of
dietary patterns associated with incidence
of type 2 diabetes mellitus. Am J Clin Nutr
90:1075-1083, 2009

Liese AD, Weis KE, Schulz M, Tooze JA:
Food intake patterns associated with
incident type 2 diabetes: the Insulin
Resistance Atherosclerosis Study.
Diabetes Care 32:263-268, 2009
McNaughton SA, Mishra GD, Brunner

EJ: Dietary patterns, insulin resistance,
and incidence of type 2 diabetes in

the Whitehall Il Study. Diabetes Care
31:1343-1348, 2008

Schulze MB, Hoffmann K, Manson

JE, Willett WC, Meigs JB, Weikert C,
Heidemann C, Colditz GA, Hu FB: Dietary
pattern, inflammation, and incidence of
type 2 diabetes in women. Am J Clin Nutr
82:675-684, 2005

Fung TT, Schulze M, Manson JE, Willett
WC, Hu FB: Dietary patterns, meat intake,
and the risk of type 2 diabetes in women.
Arch Intern Med 164:2235-2240, 2004
van Dam RM, Rimm EB, Willett WC,
Stampfer MJ, Hu FB: Dietary patterns and
risk for type 2 diabetes mellitus in U.S.
men. Ann Intern Med 136:201-209, 2002
Mekary RA, Giovannucci E, Willett WC,
van Dam RM, Hu FB: Eating patterns and
type 2 diabetes risk in men: breakfast
omission, eating frequency, and snacking.
Am J Clin Nutr 95:1182-1189, 2012
Grontved A, Hu FB: Television viewing
and risk of type 2 diabetes, cardiovas-
cular disease, and all-cause mortality: a
meta-analysis. JAMA 305:2448-2455,
2011

World Health Organization: Global
Recommendations on Physical Activity
for Health. Geneva, Switzerland: World
Health Organization, 2010

Lee IM, Shiroma EJ, Lobelo F, Puska

P, Blair SN, Katzmarzyk PT; Lancet
Physical Activity Series Working Group:
Effect of physical inactivity on major



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

non-communicable diseases worldwide:
an analysis of burden of disease and life
expectancy. Lancet 380:219-229, 2012
Jeon CY, Lokken RP, Hu FB, van Dam RM:
Physical activity of moderate intensity
and risk of type 2 diabetes: a systematic
review. Diabetes Care 30:744—752, 2007
Manson JE, Stampfer MJ, Colditz GA,
Willett WC, Rosner B, Hennekens CH,
Speizer FE, Rimm EB, Krolewski AS:
Physical activity and incidence of non-in-
sulin-dependent diabetes mellitus in
women. Lancet 338:774-778, 1991
Meisinger C, Lowel H, Thorand B, Doring
A: Leisure time physical activity and

the risk of type 2 diabetes in men and
women from the general population. The
MONICA/KORA Augsburg Cohort Study.
Diabetologia 48:27-34, 2005

Grontved A, Rimm EB, Willett WC,
Andersen LB, Hu FB: A prospective
study of weight training and risk of type 2
diabetes mellitus in men. Arch Intern Med
172:1306-1312, 2012

LeBrasseur NK, Walsh K, Arany Z:
Metabolic benefits of resistance training
and fast glycolytic skeletal muscle. Am J
Physiol Endocrinol Metab 300:E3—E10,
2011

Hu FB, Manson JE, Stampfer MJ, Colditz
G, Liu S, Solomon CG, Willett WC: Diet,
lifestyle, and the risk of type 2 diabetes
mellitus in women. N Engl J Med
345:790-797, 2001

Wang Y, Rimm EB, Stampfer MJ, Willett
WC, Hu FB: Comparison of abdominal
adiposity and overall obesity in predicting
risk of type 2 diabetes among men. Am J
Clin Nutr 81:555-563, 2005

Abdullah A, Stoelwinder J, Shortreed

S, Wolfe R, Stevenson C, Walls H, de
Courten M, Peeters A: The duration of
obesity and the risk of type 2 diabetes.
Public Health Nutr 14:119-126, 2011
Everhart JE, Pettitt DJ, Bennett PH,
Knowler WC: Duration of obesity
increases the incidence of NIDDM.
Diabetes 41:235-240, 1992

Sakurai Y, Teruya K, Shimada N, Umeda
T, Tanaka H, Muto T, Kondo T, Nakamura
K, Yoshizawa N: Association between
duration of obesity and risk of non-in-
sulin-dependent diabetes mellitus. The
Sotetsu Study. Am J Epidemiol 149:256—
260, 1999

Wannamethee SG, Shaper AG: Weight
change and duration of overweight and

obesity in the incidence of type 2 diabetes.

Diabetes Care 22:1266-1272, 1999
Schienkiewitz A, Schulze MB, Hoffmann
K, Kroke A, Boeing H: Body mass index
history and risk of type 2 diabetes:
results from the European Prospective

118.

119.

120.

121.

122.

123.

124.

125.

Investigation into Cancer and Nutrition
(EPIC)—Potsdam Study. Am J Clin Nutr
84:427-433, 2006

Vazquez G, Duval S, Jacobs DR, Jr.,
Silventoinen K: Comparison of body mass
index, waist circumference, and waist/
hip ratio in predicting incident diabetes:
a meta-analysis. Epidemiol Rev 29:115—
128, 2007

InterAct Consortium, Langenberg C,
Sharp SJ, Schulze MB, Rolandsson

0, Overvad K, Forouhi NG, Spranger

J, Drogan D, Huerta JM, Arriola L, de
Lauzon-Guillan B, Tormo MJ, Ardanaz

E, Balkau B, Beulens JW, Boeing H,
Bueno-de-Mesquita HB, Clavel-Chapelon
F, Crowe FL, Franks PW, Gonzalez

CA, Grioni S, Halkjaer J, Hallmans G,
Kaaks R, Kerrison ND, Key TJ, Khaw KT,
Mattiello A, Nilsson P, Norat T, Palla L,
Palli D, Panico S, Quiros JR, Romaguera
D, Romieu |, Sacerdote C, Sanchez

MJ, Slimani N, Sluijs I, Spijkerman AM,
Teucher B, Tjonneland A, Tumino R, van
der A DL, van der Schouw YT, Feskens
EJ, Riboli E, Wareham NJ: Long-term risk
of incident type 2 diabetes and measures
of overall and regional obesity: the EPIC-
InterAct case-cohort study. PLoS Med
9:1001230, 2012

Getahun D, Nath C, Ananth CV, Chavez
MR, Smulian JC: Gestational diabetes in
the United States: temporal trends 1989
through 2004. Am J Obstet Gynecol
198:525.e1-525.€5, 2008

Dabelea D, Snell-Bergeon JK, Hartsfield
CL, Bischoff KJ, Hamman RF, McDuffie
RS; Kaiser Permanente of Colorado
GDM Screening Program: Increasing
prevalence of gestational diabetes
mellitus (GDM) over time and by birth
cohort: Kaiser Permanente of Colorado
GDM Screening Program. Diabetes Care
28:579-584, 2005

Lawrence JM, Contreras R, Chen W,
Sacks DA: Trends in the prevalence of
preexisting diabetes and gestational
diabetes mellitus among a racially/
ethnically diverse population of pregnant
women, 1999-2005. Diabetes Care
31:899-904, 2008

Ferrara A, Kahn HS, Quesenberry CP,
Riley C, Hedderson MM: An increase in
the incidence of gestational diabetes

mellitus: Northern California, 1991-2000.

Obstet Gynecol 103:526—-533, 2004
Reece EA, Leguizamon G, Wiznitzer A:
Gestational diabetes: the need for a
common ground. Lancet 373:1789-1797,
2009

Lawlor DA, Lichtenstein P, Langstrom N:
Association of maternal diabetes mellitus
in pregnancy with offspring adiposity

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Risk Factors for Type 2 Diabetes

into early adulthood: sibling study in a
prospective cohort of 280,866 men from
248,293 families. Circulation 123:258—
265, 2011

Silverman BL, Metzger BE, Cho NH,
Loeb CA: Impaired glucose tolerance in
adolescent offspring of diabetic mothers.
Relationship to fetal hyperinsulinism.
Diabetes Care 18:611-617, 1995
Silverman BL, Rizzo TA, Cho NH, Metzger
BE: Long-term effects of the intra-
uterine environment. The Northwestern
University Diabetes in Pregnancy Center.
Diabetes Care 21(Suppl 2):B142—-B149,
1998

Vohr BR, McGarvey ST: Growth patterns
of large-for-gestational-age and appro-
priate-for-gestational-age infants of
gestational diabetic mothers and control
mothers at age 1 year. Diabetes Care
20:1066-1072, 1997

Vohr BR, McGarvey ST, Tucker R: Effects
of maternal gestational diabetes on
offspring adiposity at 4—7 years of age.
Diabetes Care 22:1284-1291, 1999
Catalano PM, Thomas A, Huston-Presley
L, Amini SB: Increased fetal adiposity:

a very sensitive marker of abnormal in
utero development. Am J Obstet Gynecol
189:1698-1704, 2003

HAPO Study Cooperative Research
Group: Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) Study: asso-
ciations with neonatal anthropometrics.
Diabetes 58:453—-459, 2009

Plagemann A, Harder T, Kohlhoff R,
Rohde W, Dorner G: Glucose tolerance
and insulin secretion in children of
mothers with pregestational IDDM

or gestational diabetes. Diabetologia
40:1094-1100, 1997

Dabelea D, Mayer-Davis E, Lamichhane
A, D'Agostino RB, Jr., Liese AD, Vehik
KS, Narayan KM, Zeitler P, Hamman

RF: Association of intrauterine exposure
to maternal diabetes and obesity with
type 2 diabetes in youth: the SEARCH
Case-Control Study. Diabetes Care
31:1422-1426, 2008

Sobngwi E, Boudou P, Mauvais-Jarvis
F, Leblanc H, Velho G, Vexiau P, Porcher
R, Hadjadj S, Pratley R, Tataranni PA,
Calvo F, Gautier JF: Effect of a diabetic
environment in utero on predisposition
to type 2 diabetes. Lancet 361:1861—
1865, 2003

Weiss PA, Scholz HS, Haas J, Tamussino
KF, Seissler J, Borkenstein MH: Long-term
follow-up of infants of mothers with type
1 diabetes: evidence for hereditary and
nonhereditary transmission of diabetes
and precursors. Diabetes Care 23:905—
911, 2000

13-31



DIABETES IN AMERICA, 3rd Edition

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Ravelli AC, van der Meulen JH, Michels
RP, Osmond C, Barker DJ, Hales CN,
Bleker OP: Glucose tolerance in adults
after prenatal exposure to famine. Lancet
351:173-177, 1998

LiY,HeY, Qi L, Jaddoe VW, Feskens EJ,
Yang X, Ma G, Hu FB: Exposure to the
Chinese famine in early life and the risk

of hyperglycemia and type 2 diabetes in
adulthood. Diabetes 59:2400-2406, 2010
Fradin D, Bougneres P: T2DM: why
epigenetics? J Nutr Metab 2011:647514,
2011

Harder T, Rodekamp E, Schellong K,
Dudenhausen JW, Plagemann A: Birth
weight and subsequent risk of type 2
diabetes: a meta-analysis. Am J Epidemiol
165:849-857, 2007

Whincup PH, Kaye SJ, Owen CG, Huxley
R, Cook DG, Anazawa S, Barrett-Connor E,
Bhargava SK, Birgisdottir BE, Carlsson S,
de Rooij SR, Dyck RF, Eriksson JG, Falkner
B, Fall C, Forsen T, Grill V, Gudnason

V, Hulman S, Hypponen E, Jeffreys M,
Lawlor DA, Leon DA, Minami J, Mishra

G, Osmond C, Power C, Rich-Edwards
JW, Roseboom TJ, Sachdev HS, Syddall
H, Thorsdottir |, Vanhala M, Wadsworth
M, Yarbrough DE: Birth weight and risk

of type 2 diabetes: a systematic review.
JAMA 300:2886—2897, 2008

Roseboom TJ, van der Meulen JH, Ravelli
AC, Osmond C, Barker DJ, Bleker OP:
Effects of prenatal exposure to the Dutch
famine on adult disease in later life: an
overview. Mol Cell Endocrinol 185:93-98,
2001

Plagemann A: Maternal diabetes and
perinatal programming. Early Hum Dev
87:743-747, 2011

van Abeelen AF, Elias SG, Bossuyt

PM, Grobbee DE, van der Schouw YT,
Roseboom TJ, Uiterwaal CS: Famine
exposure in the young and the risk of

type 2 diabetes in adulthood. Diabetes
61:2255-2260, 2012

Owen CG, Martin RM, Whincup PH, Smith
GD, Cook DG: Effect of infant feeding on
the risk of obesity across the life course: a
quantitative review of published evidence.
Pediatrics 115:1367-1377, 2005

Arenz S, Ruckerl R, Koletzko B, von Kries
R: Breast-feeding and childhood obesi-
ty—a systematic review. Int J Obes Relat
Metab Disord 28:1247-1256, 2004

Owen CG, Martin RM, Whincup PH, Smith
GD, Cook DG: Does breastfeeding influ-
ence risk of type 2 diabetes in later life? A
quantitative analysis of published evidence.
Am J Clin Nutr 84:1043-1054, 2006
Kramer MS, Matush L, Vanilovich |, Platt
RW, Bogdanovich N, Sevkovskaya Z,
Dzikovich I, Shishko G, Collet JP, Martin

13-32

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

RM, Smith GD, Gillman MW, Chalmers

B, Hodnett E, Shapiro S: A randomized
breast-feeding promotion intervention did
not reduce child obesity in Belarus. J Nutr
139:4175-421S, 2009

Sauls HS: Potential effect of demographic
and other variables in studies comparing
morbidity of breast-fed and bottle-fed
infants. Pediatrics 64:523-527, 1979
Agardh E, Allebeck P, Hallgvist J, Moradi
T, Sidorchuk A: Type 2 diabetes inci-
dence and socio-economic position: a
systematic review and meta-analysis. Int J
Epidemiol 40:804-818, 2011

Krishnan S, Cozier YC, Rosenberg L,
Palmer JR: Socioeconomic status and
incidence of type 2 diabetes: results from
the Black Women'’s Health Study. Am J
Epidemiol 171:564-570, 2010

Brown AF, Ettner SL, Piette J, Weinberger
M, Gregg E, Shapiro MF, Karter AJ,
Safford M, Waitzfelder B, Prata PA,
Beckles GL: Socioeconomic position

and health among persons with diabetes
mellitus: a conceptual framework and
review of the literature. Epidemiol Rev
26:63-77, 2004

Zimmet P: Globalization, coca-coloniza-
tion and the chronic disease epidemic:
can the Doomsday scenario be averted? J
Intern Med 247:301-310, 2000

Luke A, Guo X, Adeyemo AA, Wilks R,
Forrester T, Lowe W, Jr., Comuzzie AG,
Martin LJ, Zhu X, Rotimi CN, Cooper RS:
Heritability of obesity-related traits among
Nigerians, Jamaicans and US black
people. Int J Obes Relat Metab Disord
25:1034-1041, 2001

Rotimi CN, Cooper RS, Okosun IS,
Olatunbosun ST, Bella AF, Wilks R,
Bennett F, Cruickshank JK, Forrester TE:
Prevalence of diabetes and impaired
glucose tolerance in Nigerians, Jamaicans
and US blacks. Ethn Dis 9:190-200, 1999
Misra A, Ganda OP: Migration and its
impact on adiposity and type 2 diabetes.
Nutrition 23:696—708, 2007

Pabon-Nau LP, Cohen A, Meigs JB, Grant
RW: Hypertension and diabetes preva-
lence among U.S. Hispanics by country
of origin: the National Health Interview
Survey 2000-2005. J Gen Intern Med
25:847-852, 2010

Perez-Escamilla R, Putnik P: The role of
acculturation in nutrition, lifestyle, and
incidence of type 2 diabetes among
Latinos. J Nutr 137:860-870, 2007
National Center for Health Statistics:
QuickStats: Percentage of adults who
reported an average of <6 hours of sleep
per 24-hour period, by sex and age
group—United States, 1985 and 2004.
MMWR 54:933, 2005

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Knutson KL, Van Cauter E, Rathouz PJ,
DelLeire T, Lauderdale DS: Trends in the
prevalence of short sleepers in the USA:
1975-2006. Sleep 33:37-45, 2010
Cappuccio FP, D'Elia L, Strazzullo P, Miller
MA: Quantity and quality of sleep and
incidence of type 2 diabetes: a systematic
review and meta-analysis. Diabetes Care
33:414-420, 2010

Tasali E, Mokhlesi B, Van Cauter E:
Obstructive sleep apnea and type 2
diabetes: interacting epidemics. Chest
133:496-506, 2008

Young T, Peppard PE, Taheri S: Excess
weight and sleep-disordered breathing. J
Appl Physiol 99:1592-1599, 2005

Wang X, Bi Y, Zhang Q, Pan F: Obstructive
sleep apnoea and the risk of type 2
diabetes: a meta-analysis of prospective
cohort studies. Respirology 18:140-146,
2013

Kivimaki M, Batty GD, Hublin C: Shift
work as a risk factor for future type 2
diabetes: evidence, mechanisms, impli-
cations, and future research directions.
PLoS Med 8:¢1001138, 2011

Pan A, Schernhammer ES, Sun Q, Hu FB:
Rotating night shift work and risk of type 2
diabetes: two prospective cohort studies
in women. PLoS Med 8:¢1001141, 2011
Lucassen EA, Rother Kl, Cizza G:
Interacting epidemics? Sleep curtailment,
insulin resistance, and obesity. Ann N'Y
Acad Sci 1264:110-134, 2012

Zimberg IZ, Damaso A, Del Re M,
Carneiro AM, de Sa Souza H, de Lira

FS, Tufik S, de Mello MT: Short sleep
duration and obesity: mechanisms and
future perspectives. Cell Biochem Funct
30:524-529, 2012

Stranges S, Dorn JM, Shipley MJ, Kandala
NB, Trevisan M, Miller MA, Donahue

RP, Hovey KM, Ferrie JE, Marmot MG,
Cappuccio FP: Correlates of short and
long sleep duration: a cross-cultural
comparison between the United Kingdom
and the United States: the Whitehall Il
Study and the Western New York Health
Study. Am J Epidemiol 168:1353-1364,
2008

Youngstedt SD, Kripke DF: Long sleep and
mortality: rationale for sleep restriction.
Sleep Med Rev 8:159-174, 2004

Pan A, Lucas M, Sun Q, van Dam RM,
Franco OH, Manson JE, Willett WC,
Ascherio A, Hu FB: Bidirectional asso-
ciation between depression and type 2
diabetes mellitus in women. Arch Intern
Med 170:1884-1891, 2010

Mezuk B, Eaton WW, Albrecht S, Golden
SH: Depression and type 2 diabetes over
the lifespan: a meta-analysis. Diabetes
Care 31:2383-2390, 2008



172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Pan A, Sun Q, Okereke Ol, Rexrode

KM, Rubin RR, Lucas M, Willett WC,
Manson JE, Hu FB: Use of antidepressant
medication and risk of type 2 diabetes:
results from three cohorts of US adults.
Diabetologia 55:63—72, 2012

Willi C, Bodenmann P, Ghali WA, Faris PD,
Cornuz J: Active smoking and the risk of
type 2 diabetes: a systematic review and
meta-analysis. JAMA 298:2654—-2664,
2007

Yeh HC, Duncan BB, Schmidt MI, Wang
NY, Brancati FL: Smoking, smoking
cessation, and risk for type 2 diabetes
mellitus: a cohort study. Ann Intern Med
152:10-17, 2010

Zhang L, Curhan GC, Hu FB, Rimm EB,
Forman JP: Association between passive
and active smoking and incident type

2 diabetes in women. Diabetes Care
34:892-897, 2011

Frati AC, Iniestra F, Ariza CR: Acute effect
of cigarette smoking on glucose tolerance
and other cardiovascular risk factors.
Diabetes Care 19:112-118, 1996
Axelsson T, Jansson PA, Smith U, Eliasson
B: Nicotine infusion acutely impairs insulin
sensitivity in type 2 diabetic patients

but not in healthy subjects. J Intern Med
249:539-544, 2001

Chowdhury P, MacLeod S, Udupa KB,
Rayford PL: Pathophysiological effects of
nicotine on the pancreas: an update. Exp
Biol Med (Maywood) 227:445-454, 2002
Xie XT, Liu Q, Wu J, Wakui M: Impact

of cigarette smoking in type 2 diabetes
development. Acta Pharmacol Sin
30:784-787, 2009

Kahn SE, Hull RL, Utzschneider KM:
Mechanisms linking obesity to insulin
resistance and type 2 diabetes. Nature
444:840-846, 2006

Stumvoll M, Goldstein BJ, van Haeften
TW: Type 2 diabetes: principles of
pathogenesis and therapy. Lancet
365:1333-1346, 2005

American Diabetes Association: (2)
Classification and diagnosis of diabetes.
Diabetes Care 38(Suppl):S8-S16, 2015
Karve A, Hayward RA: Prevalence, diag-
nosis, and treatment of impaired fasting
glucose and impaired glucose tolerance
in nondiabetic U.S. adults. Diabetes Care
33:2355-2359, 2010

Meigs JB, Muller DC, Nathan DM, Blake
DR, Andres R; Baltimore Longitudinal
Study of Aging: The natural history of
progression from normal glucose toler-
ance to type 2 diabetes in the Baltimore
Longitudinal Study of Aging. Diabetes
52:1475-1484, 2003

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Wilson PW, D’Agostino RB, Fox CS,
Sullivan LM, Meigs JB: Type 2 diabetes
risk in persons with dysglycemia: the
Framingham Offspring Study. Diabetes
Res Clin Pract 92:124—127, 2011
Edelstein SL, Knowler WC, Bain RP,
Andres R, Barrett-Connor EL, Dowse GK,
Haffner SM, Pettitt DJ, Sorkin JD, Muller
DC, Collins VR, Hamman RF: Predictors
of progression from impaired glucose
tolerance to NIDDM: an analysis of six
prospective studies. Diabetes 46:701-710,
1997

Fonseca VA: Defining and characterizing the
progression of type 2 diabetes. Diabetes
Care 32(Suppl 2):S151-S156, 2009
Korytkowski MT, Berga SL, Horwitz

MJ: Comparison of the minimal model
and the hyperglycemic clamp for
measuring insulin sensitivity and acute
insulin response to glucose. Metabolism
44:1121-1125, 1995

Weyer C, Bogardus C, Mott DM, Pratley
RE: The natural history of insulin secretory
dysfunction and insulin resistance in the
pathogenesis of type 2 diabetes mellitus.
J Clin Invest 104:787—-794, 1999

Lillioja S, Mott DM, Spraul M, Ferraro R,
Foley JE, Ravussin E, Knowler WC, Bennett
PH, Bogardus C: Insulin resistance and
insulin secretory dysfunction as precursors
of non-insulin-dependent diabetes mellitus.
Prospective studies of Pima Indians.

N Engl J Med 329:1988-1992, 1993
Lorenzo C, Wagenknecht LE, D'Agostino
RB, Jr., Rewers MJ, Karter AJ, Haffner
SM: Insulin resistance, beta-cell dysfunc-
tion, and conversion to type 2 diabetes

in a multiethnic population: the Insulin
Resistance Atherosclerosis Study.
Diabetes Care 33:67-72, 2010
Stancakova A, Javorsky M, Kuulasmaa

T, Haffner SM, Kuusisto J, Laakso M:
Changes in insulin sensitivity and insulin
release in relation to glycemia and
glucose tolerance in 6,414 Finnish men.
Diabetes 58:1212-1221, 2009
Abdul-Ghani MA, Williams K, DeFronzo

R, Stern M: Risk of progression to type 2
diabetes based on relationship between
postload plasma glucose and fasting
plasma glucose. Diabetes Care 29:1613—
1618, 2006

Lorenzo C, Williams K, Haffner SM:
Insulin secretion based on the late oral
glucose tolerance test period and incident
diabetes: the San Antonio Heart Study.
Diabet Med 29:¢151-e158, 2012
Schulze MB, Solomon CG, Rifai N, Cohen
RM, Sparrow J, Hu FB, Manson JE:
Hyperproinsulinaemia and risk of type 2
diabetes mellitus in women. Diabet Med
22:1178-1184, 2005

196.

197.

198.

199.

200.

201.

202.

203.

204.

Risk Factors for Type 2 Diabetes

Pradhan AD, Manson JE, Meigs JB, Rifai
N, Buring JE, Liu S, Ridker PM: Insulin,
proinsulin, proinsulin:insulin ratio, and the
risk of developing type 2 diabetes mellitus
in women. Am J Med 114:438-444,
2003

Hanley AJ, D'Agostino R, Jr.,
Wagenknecht LE, Saad MF, Savage

PJ, Bergman R, Haffner SM; Insulin
Resistance Atherosclerosis Study:
Increased proinsulin levels and decreased
acute insulin response independently
predict the incidence of type 2 diabetes
in the Insulin Resistance Atherosclerosis
Study. Diabetes 51:1263-1270, 2002
Hanley AJ, Williams K, Gonzalez C,
D’Agostino RB, Jr., Wagenknecht LE,
Stern MP, Haffner SM; San Antonio

Heart Study; Mexico City Diabetes Study;
Insulin Resistance Atherosclerosis Study:
Prediction of type 2 diabetes using simple
measures of insulin resistance: combined
results from the San Antonio Heart Study,
the Mexico City Diabetes Study, and the
Insulin Resistance Atherosclerosis Study.
Diabetes 52:463—-469, 2003

Weyer C, Tataranni PA, Bogardus C,
Pratley RE: Insulin resistance and insulin
secretory dysfunction are independent
predictors of worsening of glucose toler-
ance during each stage of type 2 diabetes
development. Diabetes Care 24:89-94,
2001

Martin BC, Warram JH, Krolewski AS,
Bergman RN, Soeldner JS, Kahn CR:
Role of glucose and insulin resistance in
development of type 2 diabetes mellitus:
results of a 25-year follow-up study.
Lancet 340:925-929, 1992

Gutt M, Davis CL, Spitzer SB, Llabre MM,
Kumar M, Czarnecki EM, Schneiderman
N, Skyler JS, Marks JB: Validation of

the insulin sensitivity index (IS1(0,120)):
comparison with other measures.
Diabetes Res Clin Pract 47:177-184,
2000

Matthews DR, Hosker JP, Rudenski

AS, Naylor BA, Treacher DF, Turner RC:
Homeostasis model assessment: insulin
resistance and beta-cell function from
fasting plasma glucose and insulin
concentrations in man. Diabetologia
28:412-419, 1985

Wilson PW, Meigs JB, Sullivan L, Fox

CS, Nathan DM, D’Agostino RB, Sr.:
Prediction of incident diabetes mellitus

in middle-aged adults: the Framingham
Offspring Study. Arch Intern Med
167:1068-1074, 2007

Song Y, Manson JE, Tinker L, Howard BV,
Kuller LH, Nathan L, Rifai N, Liu S: Insulin
sensitivity and insulin secretion deter-
mined by homeostasis model assessment

13-33



DIABETES IN AMERICA, 3rd Edition

205.

206.

207.

208.

200.

210.

211.

212.

213.

and risk of diabetes in a multiethnic
cohort of women: the Women'’s Health
Initiative Observational Study. Diabetes
Care 30:1747-1752, 2007

Ford ES, Li C, Imperatore G, Cook S:

Age, sex, and ethnic variations in serum
insulin concentrations among U.S. youth:
findings from the National Health and
Nutrition Examination Survey 1999-2002.
Diabetes Care 29:2605-2611, 2006
Scherer PE, Williams S, Fogliano M,
Baldini G, Lodish HF: A novel serum
protein similar to Clq, produced
exclusively in adipocytes. J Biol Chem
270:26746—-26749, 1995

Kadowaki T, Yamauchi T, Kubota N, Hara
K, Ueki K, Tobe K: Adiponectin and
adiponectin receptors in insulin resistance,
diabetes, and the metabolic syndrome. J
Clin Invest 116:1784-1792, 2006

Ouchi N, Kihara S, Arita Y, Okamoto Y,
Maeda K, Kuriyama H, Hotta K, Nishida
M, Takahashi M, Muraguchi M, Ohmoto
Y, Nakamura T, Yamashita S, Funahashi

T, Matsuzawa Y: Adiponectin, an adipo-
cyte-derived plasma protein, inhibits
endothelial NF-kappaB signaling through
a cAMP-dependent pathway. Circulation
102:1296-1301, 2000

Berg AH, Combs TP, Du X, Brownlee

M, Scherer PE: The adipocyte-secreted
protein Acrp30 enhances hepatic insulin
action. Nat Med 7:947-953, 2001

Hivert MF, Sullivan LM, Fox CS, Nathan
DM, D’Agostino RB, Sr., Wilson PW, Meigs
JB: Associations of adiponectin, resistin,
and tumor necrosis factor-alpha with
insulin resistance. J Clin Endocrinol Metab
93:3165-3172, 2008

Li S, Shin HJ, Ding EL, van Dam RM:
Adiponectin levels and risk of type

2 diabetes: a systematic review and
meta-analysis. JAMA 302:179-188, 2009
Hivert MF, Sullivan LM, Shrader P, Fox
CS, Nathan DM, D’Agostino RB, Sr.,
Wilson PW, Kowall B, Herder C, Meisinger
C, Thorand B, Rathmann W, Meigs JB:
Insulin resistance influences the associ-
ation of adiponectin levels with diabetes
incidence in two population-based
cohorts: the Cooperative Health Research
in the Region of Augsburg (KORA) S4/

F4 study and the Framingham Offspring
Study. Diabetologia 54:1019-1024, 2011
Kizer JR, Arnold AM, Benkeser D, Ix

JH, Djousse L, Zieman SJ, Barzilay JI,
Tracy RP, Mantzoros CS, Siscovick DS,
Mukamal KJ: Total and high-molecu-
lar-weight adiponectin and risk of incident
diabetes in older people. Diabetes Care
35:415-423, 2012

13-34

214.

215.

216.

217.

218.

219.

220.

22

—_

222.

223.

224.

Hanley AJ, Wagenknecht LE, Norris

JM, Bergman R, Anderson A, Chen Y,
Lorenzo C, Haffner SM: Adiponectin

and the incidence of type 2 diabetes

in Hispanics and African Americans:

the IRAS Family Study. Diabetes Care
34:2231-2236, 2011

Hotamisligil GS, Shargill NS, Spiegelman
BM: Adipose expression of tumor necrosis
factor-alpha: direct role in obesity-linked
insulin resistance. Science 259:87-91,
1993

Pradhan AD, Manson JE, Rifai N, Buring
JE, Ridker PM: C-reactive protein, inter-
leukin 6, and risk of developing type 2
diabetes mellitus. JAMA 286:327-334,
2001

Hu FB, Meigs JB, Li TY, Rifai N, Manson
JE: Inflammatory markers and risk of
developing type 2 diabetes in women.
Diabetes 53:693-700, 2004

Liu S, Tinker L, Song Y, Rifai N, Bonds
DE, Cook NR, Heiss G, Howard BV,
Hotamisligil GS, Hu FB, Kuller LH,
Manson JE: A prospective study of inflam-
matory cytokines and diabetes mellitus in
a multiethnic cohort of postmenopausal
women. Arch Intern Med 167:1676-1685,
2007

Lee CC, Adler Al, Sandhu MS, Sharp SJ,
Forouhi NG, Erqgou S, Luben R, Bingham
S, Khaw KT, Wareham NJ: Association of
C-reactive protein with type 2 diabetes:
prospective analysis and meta-analysis.
Diabetologia 52:1040-1047, 2009
Bertoni AG, Burke GL, Owusu JA,
Carnethon MR, Vaidya D, Barr RG, Jenny
NS, Ouyang P, Rotter JI: Inflammation
and the incidence of type 2 diabetes: the
Multi-Ethnic Study of Atherosclerosis
(MESA). Diabetes Care 33:804-810, 2010

. Hivert MF, Sun Q, Shrader P, Mantzoros

CS, Meigs JB, Hu FB: Circulating I1.-18
and the risk of type 2 diabetes in women.
Diabetologia 52:2101-2108, 2009

Negi SI, Pankow JS, Fernstrom K,
Hoogeveen RC, Zhu N, Couper D,
Schmidt MI, Duncan BB, Ballantyne
CM: Racial differences in association of
elevated interleukin-18 levels with type
2 diabetes: the Atherosclerosis Risk

in Communities study. Diabetes Care
35:1513-1518, 2012

Meigs JB, O'Donnell CJ, Tofler GH,
Benjamin EJ, Fox CS, Lipinska I, Nathan
DM, Sullivan LM, D’Agostino RB, Wilson
PW: Hemostatic markers of endothelial
dysfunction and risk of incident type

2 diabetes: the Framingham Offspring
Study. Diabetes 55:530-537, 2006
Kanaya AM, Wassel Fyr C, Vittinghoff

E, Harris TB, Park SW, Goodpaster BH,
Tylavsky F, Cummings SR: Adipocytokines

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

and incident diabetes mellitus in older
adults: the independent effect of plasmin-
ogen activator inhibitor 1. Arch Intern Med
166:350-356, 2006

Festa A, D’Agostino R, Jr., Tracy

RP, Haffner SM; Insulin Resistance
Atherosclerosis Study: Elevated levels

of acute-phase proteins and plasmin-
ogen activator inhibitor-1 predict the
development of type 2 diabetes: the
Insulin Resistance Atherosclerosis Study.
Diabetes 51:1131-1137, 2002

Meigs JB, Hu FB, Rifai N, Manson JE:
Biomarkers of endothelial dysfunction
and risk of type 2 diabetes mellitus. JAMA
291:1978-1986, 2004

Song Y, Manson JE, Tinker L, Rifai N,
Cook NR, Hu FB, Hotamisligil GS, Ridker
PM, Rodriguez BL, Margolis KL, Oberman
A, Liu S: Circulating levels of endothelial
adhesion molecules and risk of diabetes
in an ethnically diverse cohort of women.
Diabetes 56:1898-1904, 2007

Nguyen QM, Srinivasan SR, Xu JH,

Chen W, Hassig S, Rice J, Berenson

GS: Elevated liver function enzymes are
related to the development of prediabetes
and type 2 diabetes in younger adults:

the Bogalusa Heart Study. Diabetes Care
34:2603-2607, 2011

Lee DH, Jacobs DR, Jr., Gross M, Kiefe

Cl, Roseman J, Lewis CE, Steffes M:
Gamma-glutamyltransferase is a predictor
of incident diabetes and hypertension:
the Coronary Artery Risk Development in
Young Adults (CARDIA) Study. Clin Chem
49:1358-1366, 2003

Fraser A, Harris R, Sattar N, Ebrahim S,
Davey Smith G, Lawlor DA: Alanine amino-
transferase, gamma-glutamyltransferase,
and incident diabetes: the British Women's
Heart and Health Study and meta-analysis.
Diabetes Care 32:741-750, 2009

Lim JS, Lee DH, Park JY, Jin SH, Jacobs
DR, Jr.: A strong interaction between
serum gamma-glutamyltransferase and
obesity on the risk of prevalent type 2
diabetes: results from the Third National
Health and Nutrition Examination Survey.
Clin Chem 53:1092-1098, 2007

Rasul S, Wagner L, Kautzky-Willer A:
Fetuin-A and angiopoietins in obesity

and type 2 diabetes mellitus. Endocrine
42:496-505, 2012

Sun Q, Cornelis MC, Manson JE, Hu FB:
Plasma levels of fetuin-A and hepatic
enzymes and risk of type 2 diabetes in
women in the U.S. Diabetes 62:49-55,
2013

Stefan N, Fritsche A, Weikert C, Boeing

H, Joost HG, Haring HU, Schulze MB:
Plasma fetuin-A levels and the risk of type
2 diabetes. Diabetes 57:2762-2767, 2008



235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

Rajpathak SN, Gunter MJ, Wylie-Rosett J,
Ho GY, Kaplan RC, Muzumdar R, Rohan
TE, Strickler HD: The role of insulin-like
growth factor-| and its binding proteins in
glucose homeostasis and type 2 diabetes.
Diabetes Metab Res Rev 25:3-12, 2009
Rajpathak SN, He M, Sun Q, Kaplan

RC, Muzumdar R, Rohan TE, Gunter

MJ, Pollak M, Kim M, Pessin JE, Beasley
J, Wylie-Rosett J, Hu FB, Strickler HD:
Insulin-like growth factor axis and risk

of type 2 diabetes in women. Diabetes
61:2248-2254, 2012

Selvin E, Feinleib M, Zhang L, Rohrmann
S, Rifai N, Nelson WG, Dobs A, Basaria

S, Golden SH, Platz EA: Androgens

and diabetes in men: results from the
Third National Health and Nutrition
Examination Survey (NHANES Il).
Diabetes Care 30:234-238, 2007

Ding EL, Song Y, Malik VS, Liu S: Sex
differences of endogenous sex hormones
and risk of type 2 diabetes: a system-

atic review and meta-analysis. JAMA
295:1288-1299, 2006

0Oh JY, Barrett-Connor E, Wedick NM,
Wingard DL; Rancho Bernardo Study:
Endogenous sex hormones and the devel-
opment of type 2 diabetes in older men
and women: the Rancho Bernardo study.
Diabetes Care 25:55-60, 2002

Haffner SM, Shaten J, Stern MP, Smith
GD, Kuller L: Low levels of sex hormone-
binding globulin and testosterone predict
the development of non-insulin-dependent
diabetes mellitus in men. MRFIT Research
Group. Multiple Risk Factor Intervention
Trial. Am J Epidemiol 143:889-897, 1996
Ding EL, Song Y, Manson JE, Hunter DJ,
Lee CC, Rifai N, Buring JE, Gaziano JM,
Liu S: Sex hormone-binding globulin and
risk of type 2 diabetes in women and men.
N EnglJ Med 361:1152-1163, 2009
Rotterdam ESHRE/ASRM-Sponsored
PCOS Consensus Workshop Group:
Revised 2003 consensus on diagnostic
criteria and long-term health risks related
to polycystic ovary syndrome. Fertil Steril
81:19-25, 2004

Moran LJ, Misso ML, Wild RA, Norman
RJ: Impaired glucose tolerance, type

2 diabetes and metabolic syndrome in
polycystic ovary syndrome: a systematic
review and meta-analysis. Hum Reprod
Update 16:347-363, 2010

Boudreaux MY, Talbott EO, Kip KE,
Brooks MM, Witchel SF: Risk of T2DM and
impaired fasting glucose among PCOS
subjects: results of an 8-year follow-up.
Curr Diab Rep 6:77-83, 2006

Gambineri A, Patton L, Altieri P, Pagotto U,
Pizzi C, Manzoli L, Pasquali R: Polycystic
ovary syndrome is a risk factor for type

246.

247.

248.

249.

250.

251.

252.

253.

2 diabetes: results from a long-term
prospective study. Diabetes 61:2369—
2374, 2012

Kim C, Newton KM, Knopp RH:
Gestational diabetes and the incidence of
type 2 diabetes. Diabetes Care 25:1862—
1868, 2002

Retnakaran R, Qi Y, Sermer M, Connelly
P, Hanley AJ, Zinman B: Glucose intol-
erance in pregnancy and future risk of
pre-diabetes or diabetes. Diabetes Care
31:2026-2031, 2008

Retnakaran R, Qi Y, Sermer M, Connelly
PW, Hanley AJ, Zinman B: The ante-
partum glucose values that predict
neonatal macrosomia differ from those
that predict postpartum prediabetes or
diabetes: implications for the diagnostic
criteria for gestational diabetes. J Clin
Endocrinol Metab 94:840-845, 2009
Smirnakis KV, Chasan-Taber L, Wolf M,
Markenson G, Ecker JL, Thadhani R:
Postpartum diabetes screening in women
with a history of gestational diabetes.
Obstet Gynecol 106:1297-1303, 2005
Lawrence JM, Black MH, Hsu JW, Chen
W, Sacks DA: Prevalence and timing of
postpartum glucose testing and sustained
glucose dysregulation after gestational
diabetes mellitus. Diabetes Care 33:569—
576, 2010

Stasenko M, Cheng YW, McLean T, Jelin
AC, Rand L, Caughey AB: Postpartum
follow-up for women with gestational
diabetes mellitus. Am J Perinatol 27:737—
742, 2010

Alberti KG, Eckel RH, Grundy SM, Zimmet
PZ, Cleeman JI, Donato KA, Fruchart

JC, James WP, Loria CM, Smith SC, Jr.;
International Diabetes Federation Task
Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute;
American Heart Association; World Heart
Federation; International Atherosclerosis
Society; International Association for

the Study of Obesity: Harmonizing the
metabolic syndrome: a joint interim
statement of the International Diabetes
Federation Task Force on Epidemiology
and Prevention; National Heart, Lung,
and Blood Institute; American Heart
Association; World Heart Federation;
International Atherosclerosis Society; and
International Association for the Study

of Obesity. Circulation 120:1640-1645,
2009

Ervin RB: Prevalence of metabolic
syndrome among adults 20 years of age
and over, by sex, age, race and ethnicity,
and body mass index: United States,
2003-2006. Natl Health Stat Report
5:1-7, 2009

254.

255.

256.

257.

258.

250.

260.

261.

262.

263.

Risk Factors for Type 2 Diabetes

Meigs JB, Wilson PW, Nathan DM,
D’Agostino RB, Sr., Williams K, Haffner
SM: Prevalence and characteristics of the
metabolic syndrome in the San Antonio
Heart and Framingham Offspring Studies.
Diabetes 52:2160-2167, 2003

Bradshaw PT, Monda KL, Stevens J:
Metabolic syndrome in healthy obese,
overweight, and normal weight indi-
viduals: the Atherosclerosis Risk in
Communities Study. Obesity (Silver
Spring) 21:203-209, 2013

Kanaya AM, Wassel CL, Mathur D,
Stewart A, Herrington D, Budoff MJ,
Ranpura V, Liu K: Prevalence and
correlates of diabetes in South Asian
Indians in the United States: findings
from the Metabolic Syndrome and
Atherosclerosis in South Asians Living in
America Study and the Multi-Ethnic Study
of Atherosclerosis. Metab Syndr Relat
Disord 8:157-164, 2010

Misra R, Patel T, Kotha P, Raji A, Ganda

0, Banerji M, Shah V, Vijay K, Mudaliar S,
lyer D, Balasubramanyam A: Prevalence of
diabetes, metabolic syndrome, and cardio-
vascular risk factors in US Asian Indians:
results from a national study. J Diabetes
Complications 24:145-153, 2010
Rajpathak SN, Gupta LS, Waddell EN,
Upadhyay UD, Wildman RP, Kaplan R,
Wassertheil-Smoller S, Wylie-Rosett J:
Elevated risk of type 2 diabetes and meta-
bolic syndrome among Asians and South
Asians: results from the 2004 New York
City HANES. Ethn Dis 20:225-230, 2010
Araneta MR, Wingard DL, Barrett-Connor
E: Type 2 diabetes and metabolic
syndrome in Filipina-American women: a
high-risk nonobese population. Diabetes
Care 25:494-499, 2002

de Simone G, Devereux RB, Chinali M,
Best LG, Lee ET, Galloway JM, Resnick
HE; Strong Heart Study Investigators:
Prognostic impact of metabolic syndrome
by different definitions in a population
with high prevalence of obesity and
diabetes: the Strong Heart Study.
Diabetes Care 30:1851-1856, 2007
Sinclair KA, Bogart A, Buchwald D,
Henderson JA: The prevalence of meta-
bolic syndrome and associated risk
factors in Northern Plains and Southwest
American Indians. Diabetes Care 34:118—
120, 2011

Goodman E, Daniels SR, Meigs JB, Dolan
LM: Instability in the diagnosis of meta-
bolic syndrome in adolescents. Circulation
115:2316-2322, 2007

Gustafson JK, Yanoff LB, Easter BD,
Brady SM, Keil MF, Roberts MD, Sebring
NG, Han JC, Yanovski SZ, Hubbard VS,
Yanovski JA: The stability of metabolic

13-35



DIABETES IN AMERICA, 3rd Edition

264.

265.

266.

267.

268.

2609.

270.

271.

272.

273.

274.

syndrome in children and adolescents. J
Clin Endocrinol Metab 94:4828—-4834,
2009

Cook S, Auinger P, Li C, Ford ES:
Metabolic syndrome rates in United States
adolescents, from the National Health
and Nutrition Examination Survey, 1999—
2002. J Pediatr 152:165-170, 2008
Schmidt MI, Duncan BB, Bang H, Pankow
JS, Ballantyne CM, Golden SH, Folsom
AR, Chambless LE; Atherosclerosis Risk
in Communities Investigators: Identifying
individuals at high risk for diabetes: the

Atherosclerosis Risk in Communities Study.

Diabetes Care 28:2013-2018, 2005
Lorenzo C, Williams K, Hunt KJ, Haffner
SM: The National Cholesterol Education
Program—~Adult Treatment Panel Ill,
International Diabetes Federation, and
World Health Organization definitions of
the metabolic syndrome as predictors

of incident cardiovascular disease and
diabetes. Diabetes Care 30:8-13, 2007
Hanson RL, Imperatore G, Bennett PH,
Knowler WC: Components of the “meta-
bolic syndrome” and incidence of type 2
diabetes. Diabetes 51:3120—-3127, 2002
Russell M, de Simone G, Resnick HE,
Howard BV: The metabolic syndrome in
American Indians: the Strong Heart Study.
J Cardiometab Syndr 2:283-287, 2007
Wilson PW, D’Agostino RB, Parise H,
Sullivan L, Meigs JB: Metabolic syndrome
as a precursor of cardiovascular disease
and type 2 diabetes mellitus. Circulation
112:3066-3072, 2005

Stern MP, Williams K, Haffner SM:
Identification of persons at high risk for
type 2 diabetes mellitus: do we need the
oral glucose tolerance test? Ann Intern
Med 136:575-581, 2002

Buijsse B, Simmons RK, Griffin SJ,
Schulze MB: Risk assessment tools for
identifying individuals at risk of developing
type 2 diabetes. Epidemiol Rev 33:46—-62,
2011

Schulze MB, Hu FB: Primary prevention
of diabetes: what can be done and how
much can be prevented? Annu Rev Public
Health 26:445—-467, 2005

Marshall JA, Hoag S, Shetterly S,
Hamman RF: Dietary fat predicts conver-
sion from impaired glucose tolerance to
NIDDM. The San Luis Valley Diabetes
Study. Diabetes Care 17:50-56, 1994
Feskens EJ, Virtanen SM, Rasanen L,
Tuomilehto J, Stengard J, Pekkanen J,
Nissinen A, Kromhout D: Dietary factors
determining diabetes and impaired
glucose tolerance. A 20-year follow-up

of the Finnish and Dutch cohorts of the
Seven Countries Study. Diabetes Care
18:1104-1112, 1995

13-36

275.

276.

277.

278.

279.

280.

28

—_

282.

283.

284.

285.

286.

Halton TL, Liu S, Manson JE, Hu FB:
Low-carbohydrate-diet score and risk of
type 2 diabetes in women. Am J Clin Nutr
87:339-346, 2008

Laaksonen DE, Lakka TA, Lakka HM,
Nyyssonen K, Rissanen T, Niskanen LK,
Salonen JT: Serum fatty acid composition
predicts development of impaired fasting
glycaemia and diabetes in middle-aged
men. Diabet Med 19:456—-464, 2002
van Dam RM, Willett WC, Rimm EB,
Stampfer MJ, Hu FB: Dietary fat and meat
intake in relation to risk of type 2 diabetes
in men. Diabetes Care 25:417-424, 2002
Harding AH, Day NE, Khaw KT, Bingham
S, Luben R, Welsh A, Wareham NJ:
Dietary fat and the risk of clinical type

2 diabetes: the European Prospective
Investigation of Cancer-Norfolk study. Am
J Epidemiol 159:73-82, 2004

Hodge AM, English DR, O’Dea K, Sinclair
AJ, Makrides M, Gibson RA, Giles GG:
Plasma phospholipid and dietary fatty
acids as predictors of type 2 diabetes:
interpreting the role of linoleic acid. Am J
Clin Nutr 86:189-197, 2007

Helmrich SP, Ragland DR, Leung RW,
Paffenbarger RS, Jr.: Physical activity and
reduced occurrence of non-insulin-de-
pendent diabetes mellitus. N Engl J Med
325:147-152, 1991

. Hu FB, Sigal RJ, Rich-Edwards JW, Colditz

GA, Solomon CG, Willett WC, Speizer

FE, Manson JE: Walking compared with
vigorous physical activity and risk of type
2 diabetes in women: a prospective study.
JAMA 282:1433-1439, 1999

Hu FB, Leitzmann MF, Stampfer MJ,
Colditz GA, Willett WC, Rimm EB: Physical
activity and television watching in relation
to risk for type 2 diabetes mellitus in men.
Arch Intern Med 161:1542—1548, 2001
Weinstein AR, Sesso HD, Lee IM, Cook
NR, Manson JE, Buring JE, Gaziano

JM: Relationship of physical activity vs
body mass index with type 2 diabetes in
women. JAMA 292:1188-1194, 2004
Hsia J, Wu L, Allen C, Oberman A, Lawson
WE, Torrens J, Safford M, Limacher MC,
Howard BV; Women's Health Initiative
Research Group: Physical activity and
diabetes risk in postmenopausal women.
Am J Prev Med 28:19-25, 2005

Lindsay RS, Funahashi T, Hanson RL,
Matsuzawa Y, Tanaka S, Tataranni PA,
Knowler WC, Krakoff J: Adiponectin and
development of type 2 diabetes in the
Pima Indian population. Lancet 360:57—
58,2002

Daimon M, Oizumi T, Saitoh T, Kameda
W, Hirata A, Yamaguchi H, Ohnuma

H, Igarashi M, Tominaga M, Kato T,
Funagata Study: Decreased serum levels

of adiponectin are a risk factor for the
progression to type 2 diabetes in the
Japanese population: the Funagata Study.
Diabetes Care 26:2015—2020, 2003
Snehalatha C, Mukesh B, Simon
M, Viswanathan V, Haffner SM,
Ramachandran A: Plasma adiponectin
is an independent predictor of type 2
diabetes in Asian Indians. Diabetes Care
26:3226-3229, 2003
288. Spranger J, Kroke A, Mohlig M, Bergmann
MM, Ristow M, Boeing H, Pfeiffer AF:
Adiponectin and protection against type
2 diabetes mellitus. Lancet 361:226—-228,
2003
289. Choi KM, Lee J, Lee KW, Seo JA, Oh
JH, Kim SG, Kim NH, Choi DS, Baik SH:
Serum adiponectin concentrations predict
the developments of type 2 diabetes
and the metabolic syndrome in elderly
Koreans. Clin Endocrinol (Oxf) 61:75—-80,
2004
Duncan BB, Schmidt MI, Pankow JS,
Bang H, Couper D, Ballantyne CM,
Hoogeveen RC, Heiss G: Adiponectin
and the development of type 2 diabetes:
the Atherosclerosis Risk in Communities
Study. Diabetes 53:2473-2478, 2004
Koenig W, Khuseyinova N, Baumert J,
Meisinger C, Lowel H: Serum concen-
trations of adiponectin and risk of type
2 diabetes mellitus and coronary heart
disease in apparently healthy middle-
aged men: results from the 18-year
follow-up of a large cohort from southern
Germany. J Am Coll Cardiol 48:1369—
1377, 2006
Nakashima R, Kamei N, Yamane K,
Nakanishi S, Nakashima A, Kohno N:
Decreased total and high molecular
weight adiponectin are independent risk
factors for the development of type 2
diabetes in Japanese-Americans. J Clin
Endocrinol Metab 91:3873-3877, 2006
293. Snijder MB, Heine RJ, Seidell JC, Bouter
LM, Stehouwer CD, Nijpels G, Funahashi
T, Matsuzawa Y, Shimomura |, Dekker JM:
Associations of adiponectin levels with
incident impaired glucose metabolism
and type 2 diabetes in older men and
women: the Hoorn Study. Diabetes Care
29:2498-2503, 2006
294. Wannamethee SG, Lowe GD, Rumley
A, Cherry L, Whincup PH, Sattar N:
Adipokines and risk of type 2 diabetes in
older men. Diabetes Care 30:1200-1205,
2007
295. Heidemann C, Sun Q, van Dam RM, Meigs
JB, Zhang C, Tworoger SS, Mantzoros CS,
Hu FB: Total and high-molecular-weight
adiponectin and resistin in relation to the
risk for type 2 diabetes in women. Ann
Intern Med 149:307-316, 2008

287.

290.

291

292.



296. Ley SH, Harris SB, Connelly PW,
Mamakeesick M, Gittelsohn J, Hegele
RA, Retnakaran R, Zinman B, Hanley AJ:
Adipokines and incident type 2 diabetes
in an Aboriginal Canadian population: the
Sandy Lake Health and Diabetes Project.
Diabetes Care 31:1410-1415, 2008

297. Grundy SM, Cleeman JI, Daniels SR,
Donato KA, Eckel RH, Franklin BA,
Gordon DJ, Krauss RM, Savage PJ, Smith
SC, Spertus JA, Costa F; American Heart
Association; National Heart, Lung, and
Blood Institute: Diagnosis and management
of the metabolic syndrome: an American
Heart Association/National Heart, Lung,
and Blood Institute Scientific Statement.
Circulation 112:2735-2752, 2005

298. Alberti KG, Zimmet P, Shaw J: Metabolic
syndrome—a new world-wide defini-
tion. A consensus statement from the
International Diabetes Federation. Diabet
Med 23:469-480, 2006

299. Balkau B, Charles MA: Comment on the
provisional report from the WHO consul-
tation. European Group for the Study of
Insulin Resistance (EGIR). Diabet Med
16:442-443, 1999

300. Alberti KG, Zimmet PZ: Definition, diag-
nosis and classification of diabetes
mellitus and its complications. Part 1:
diagnosis and classification of diabetes
mellitus provisional report of a WHO
consultation. Diabet Med 15:539-553,
1998

301. Einhorn D, Reaven GM, Cobin RH, Ford
E, Ganda OP, Handelsman Y, Hellman
R, Jellinger PS, Kendall D, Krauss RM,
Neufeld ND, Petak SM, Rodbard HW,
Seibel JA, Smith DA, Wilson PW: American
College of Endocrinology position state-
ment on the insulin resistance syndrome.
Endocr Pract 9:237-252, 2003

302. Meigs JB, Rutter MK, Sullivan LM, Fox CS,
D’Agostino RB, Sr., Wilson PW: Impact
of insulin resistance on risk of type 2
diabetes and cardiovascular disease
in people with metabolic syndrome.
Diabetes Care 30:1219-1225, 2007

303. Wang JJ, Li HB, Kinnunen L, Hu G,
Jarvinen TM, Miettinen ME, Yuan S,
Tuomilehto J: How well does the meta-
bolic syndrome defined by five definitions
predict incident diabetes and incident
coronary heart disease in a Chinese
population? Atherosclerosis 192:161-168,
2007

304. Cheung BM, Wat NM, Man YB, Tam
S, Thomas GN, Leung GM, Cheng
CH, Woo J, Janus ED, Lau CP, Lam TH,
Lam KS: Development of diabetes in
Chinese with the metabolic syndrome: a
6-year prospective study. Diabetes Care
30:1430-1436, 2007

305. Mannucci E, Monami M, Cresci B, Pala
L, Bardini G, Petracca MG, Dicembrini
|, Pasqua A, Buiatti E, Rotella CM:

National Cholesterol Education Program

and International Diabetes Federation

definitions of metabolic syndrome in the
prediction of diabetes. Results from the

Flrenze-Bagno A Ripoli study. Diabetes
Obes Metab 10:430-435, 2008

Risk Factors for Type 2 Diabetes

13-37



	CHAPTER 13
	Risk Factors for Type 2 Diabetes
	Summary
	Introduction
	Demographic Risk Factors
	Age
	Sex
	Race and Ethnicity

	Genetic Risk Factors
	Gene-Environment Interactions

	Behavioral and Lifestyle Risk Factors
	Nutrition
	Physical Inactivity
	Obesity
	Early-Life Environment
	Socioeconomic Status
	Migration and Acculturation
	Sleep
	Depression and Antidepressant Medications
	Smoking

	Metabolic Factors Associated with Risk of Type 2 Diabetes
	Metabolic Progression to Type 2 Diabetes
	Adipokines, Inflammatory, and Other Biomarkers
	Polycystic Ovary Syndrome
	Gestational Diabetes Mellitus
	The Metabolic Syndrome and Its Components

	Conclusions and Implications
	List of Abbreviations
	References
	Conversions
	Acknowledgments/Funding
	Duality of Interest





Accessibility Report





		Filename: 

		NIDDK_DIA_C13_05-12-17.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 3



		Passed manually: 0



		Failed manually: 0



		Skipped: 1



		Passed: 25



		Failed: 3







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Failed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Needs manual check		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top



