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Abstract
There has been a continuous increase in the
incidence and prevalence of diabetes mellitus
over the past 20 years, both globally and in
the United States of America. A 20 to 69%
increase was projected from 2010 to 2030 in
developing and developed countries, respec-
tively. The majority of this increase is attributed
to type 2 diabetes (T2DM) the most common
type of diabetes (87 to 95% of cases). In 2015, it
was estimated that 1 in 11 persons in the world
had diabetes. T2DM prevalence in the U.S. has
quadrupled since 1980s. In 2012, the prevalence
was highest amongst American Indians/Alaska
Natives (15.9%), lowest amongst Non-Hispanic
Whites (7.6%) and intermediate amongst Non-
Hispanic Blacks, Hispanics and Asian Ameri-
cans (13.2, 12.8 and 9.0%, respectively). Recent
trends in the U.S. reveal an overall plateau in
prevalence, increased incidence amongst youth
and an almost equal distribution of T2DM in
men and women. This increase in diabetes prev-
alence in the U.S. and throughout the world has
been attributed to an increase in the ability to

diagnose diabetes, an increase in lifespan, and
the worsening obesity and physical inactivity
epidemics seen globally. Differences between
groups exposed to similar environments impli-
cates a genetic contribution to the development
of diabetes. Data suggests that the modern life-
style with consequent obesity and sedentarism
may interact with preexisting diabetes genes and
lead to epigenetic modifications.

The incidence of type 1 diabetes (T1DM) is
also on the rise both globally and in the U.S.,
particularly amongst children under the age of
15. It is estimated that by the year 2050, there
will be a 20 to 70% increase in the prevalence
of T1DM, depending on age and geographic
location. It is unclear whether this is due
to improved ability of diagnosis versus a
true increase in genetically stable populations
under the inducing influence of non-genetic
factors changing over time and place.

Once diabetes is diagnosed, efforts must be
made to prevent secondary complications
through strict glycemic control and control of
other metabolic risk factors such as hyperten-
sion and hyperlipidemia. Recently in the U.S.
there has been a decrease in complications
such as stroke, myocardial infarction, amputa-
tions, and death due to hyperglycemia. Since
many complications are present before T2DM
is diagnosed, early diagnosis and prevention of
T2DM is key to further decreasing the inci-
dence of complications.
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Epidemiology of Type 2 Diabetes
Mellitus

Type 2 diabetes mellitus (T2DM) accounts for
~87–95% [1, 2] of all cases of diabetes in the
world, one of the greatest global health challenges
of the twenty-first century. Type 1 diabetes
accounts for 5–12%, and other types of diabetes
account for less than 5% of all cases of diabetes
according to available reports. T2DM (also
known as non-insulin-dependent or adult-onset
diabetes) is a complex syndrome with hypergly-
cemia as its defining manifestation resulting from
defects in insulin secretion, insulin action, or both
[1]. The chronic hyperglycemia is accompanied in
most cases by other metabolic features conferring
increased risk for vascular and heart disease.
Patients with T2DM have an increased incidence
of atherosclerotic cardiovascular, peripheral arte-
rial, and cerebrovascular disease [1]. Both genetic

and epigenetic predispositions along with behav-
ioral and environmental factors have been impli-
cated as contributing to its pathophysiology [3].

Geographical Variation

Global Prevalence of Diabetes Mellitus:
Regional Trends
The prevalence of diabetes varies in different
regions of the world. In low- and middle-income
countries, reports on prevalence distinguishing
between the various types of diabetes are not
available. Therefore the best estimates of the
regional variation in T2DM prevalence follow
the variation of the overall diabetes prevalence,
as T2DM by far accounts for most cases of diabe-
tes in the world [2]. According to the International
Diabetes Federation (IDF) statistics (Fig. 1), in
2015, globally 415 million people were estimated
to have diabetes, which is roughly one in every
11 adults about 8.8% of the population, (4.72
billion people) [2]. More people with diabetes
live in urban (269.7 million) than in rural (145.1
million) areas. This pattern is similar even in low-
and middle-income countries, with prevalence of
diabetes more in urban areas (186.2 million) than
in rural areas (126.7 million). By 2040, globally
the difference is expected to widen, with 477.9
million diabetics living in urban areas and 163.9
million in rural areas [2].

Due to factors such as improved diagnosis
of diabetes, aging of the population, urbaniza-
tion with subsequent lifestyle changes, and an
increase in obesity - the global diabetes preva-
lence has doubled from 4.7% in 1980 to 8.5% of
the adult population in 2014. According to the
IDF statistics, currently 75% of the population
with diabetes live in low- and middle-income
countries, while 81.1% of the population with
diabetes is undiagnosed globally [2]. Asia has
emerged as the “diabetes epicenter” of the world
due to the rapid increase in prevalence over a
relatively short period of time; this has been
attributed to a disproportionately high diabetes
burden in young to middle-aged adults and to the
presence of the “metabolically obese” pheno-
type [6]. In addition to Asia, the Gulf region in
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the Middle East [4] and Africa [7, 8] are other
hot spots for higher diabetes prevalence, with a
higher proportion of undiagnosed diabetes of
40.6% and 66.7%, respectively [2].

It is interesting to note that North America and
the Caribbean region have the highest prevalence
of diabetes per capita with one out of eight adults
with diabetes (12.9%). However the heavily pop-
ulated Western Pacific Region has 153 million
adults with diabetes (9.3%) substantially more
than any other region; 90.2% live in low- and
middle-income countries and account for 36.9%
of the population with diabetes worldwide. In the
South and Central American region, the number
of people with diabetes is currently 29.6 million
(9.4%); the population in this region is relatively
young, and thus the prevalence is expected to
increase by 65% by 2040 as the population ages.
In the Middle East and North African region,
diabetes is largely underdiagnosed with at least
two out of five people not diagnosed. It is
projected to become a hot spot for diabetes
due to urbanization and population aging. It is

particularly challenging to estimate the total num-
ber of people with diabetes in the African region,
as more than three-quarters of countries lack
nationwide data [2].

Prevalence of Type 2 Diabetes Mellitus
in the United States of America
The estimates and prevalence of people with diag-
nosed and undiagnosed diabetes in the United
States (USA) were derived from the 2009 to
2012 National Health and Nutrition Examination
Survey (NHANES), 2010–2012 National Health
Interview Survey (NHIS), 2012 IHS data, and
2012 US resident population estimates. The
United States ranks third in the world with 29.1
million people with diabetes which account for
9.3% of the population. Among them 21 million
people are diagnosed, while 8.1 million (27.8%)
remain undiagnosed [9]. Diagnosed diabetes was
determined by self-report among survey respon-
dents and by diagnostic codes for American
Indians and Alaska Natives. Both fasting glucose
and hemoglobin A1c (HbA1c) levels collected in

Fig. 1 Estimated number of people with diabetes worldwide and per region in 2015 and 2040 (20–79 years) (Adapted
from Ref. [2] with permission)
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a subset of the survey responders were used
to derive estimates for undiagnosed diabetes.
Although this data does not discriminate between
T2DM and other types of diabetes, the facts apply
mostly to T2DM, by far the most common type. In
addition the surveys and blood glucose data were
used to estimate prediabetes in the United States
(impaired fasting glucose or glucose intolerance
and elevated HbA1c). In prediabetes, blood glu-
cose is elevated but not in the diabetes range;
prediabetes confers higher risk for progression
to T2DM. The Centers for Disease Control and
Prevention (CDC) estimates that 86 million adults
(more than 1 in 3 adults) had prediabetes in 2012.
Among the 37% of adults estimated to have pre-
diabetes in the United States, only 11% are aware
of having this condition. The prevalence of predi-
abetes has increased from 29.2% in 1999–2002 to
36.2% in 2007–2010 among adults aged � 18
years of age [10].

Within the United States, the rate of diabetes
varies from 6.2% in Montana up to 11.7% in
Mississippi. The CDC has now defined a geo-
graphical area called the “diabetes belt” [11]. It
is based on the county data; the prevalence of
diabetes in this area is on average 11.7%, whereas
outside this region it is 8.5%. This area includes
644 counties in 15 states in the southeastern part
of the United States. Some of the factors contrib-
uting to the higher prevalence of diabetes in this
region are higher rates of obesity and physical
inactivity, lower levels of education, and the
higher prevalence of certain racial/ethnic groups
who are at higher risk for diabetes.

Temporal Trends

Globally, diabetes was a relatively rare health
problem in developing countries some decades
ago, but a projected increase of 69% from 2010
to 2030 is expected in developing countries com-
pared to 20% in developed countries [4]. For
example, the prevalence of the disease was <1%
in China in 1980 [6]; this has increased signifi-
cantly to 10.6% in 2015 with 109 million people
diagnosed with diabetes. Diabetes is on the rise in
most regions, but the greatest increase is expected

in the low- to middle-income countries [2, 12]. If
the current trends continue, the population living
with diabetes in the Western Pacific Region is
estimated to increase from 153 million to 214.8
million adults by 2040 (Fig. 1). These trends are
likely due to a combination of increased incidence
as well as improved detection due to increased
awareness.

The increase in diabetes incidence is postulated
to be related to the increase in the prevalence of
obesity all over the world, most rapidly occurring
in Asian countries [13]. Add change in lifestyle
with increased energy dense food and decreased
physical activity is the major contributor to these
trends. Higher prevalence of T2DM in immigrants
from theMiddle East living in Sweden than that of
native Swedes has been reported [14], identifying
the importance of the interplay between genetic
predisposition and environmental factors for the
expression of the T2DM phenotype. The variation
in the ethnicity prevalence and heritability of
T2DM (see below) clearly indicates that a genetic
etiology needs to be explored. However, despite
multiple genetic loci found to be associated with
the risk of T2DM, the discriminative ability of
genetic scores based on a number of risk alleles
to predict diabetes incidence has been so far unsat-
isfactory [15]. Epigenetic modifications [16–18]
such as those related to poor fetal and infant
nutrition [19] have also been postulated to confer
risk for the development of T2DM later in life.
Regardless, the rise in T2DM prevalence has
taken place too quickly to be explained by altered
gene frequencies or by sustained epigenetic mod-
ifications alone. Although the wide difference in
prevalence between ethnic groups exposed to sim-
ilar environments implicates a significant genetic
contribution, it can be safely postulated that the
Western lifestyle is what has unmasked the effects
of the preexisting genes [20] and of the epigenetic
modifications.

The prevalence of diabetes has been increasing
in the United States similar to the increase in the
global diabetes prevalence. The statistics from
CDC show that the prevalence of diagnosed
T2DM was 5.5 million in 1980, which has qua-
drupled to 22 million in 2014 [21]. A recent study
using National Health Interview Survey data
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suggests that diagnosed diabetes prevalence
increased between 1990 and 2008, but remained
steady between 2008 and 2012 [22] (Fig. 2). This
plateauing can be attributed to the obesity trends
in the United States, which showed a leveling off
around the same period [23]; less likely to be
contributing is the use of HbA1c rather than
fasting glucose for the diagnosis of diabetes in a
subset of the surveilled population as HbA1c may
diagnose fewer cases [1]. Regardless, as the inci-
dence of diagnosed diabetes has almost doubled
from 6.9 to 12.1 per 1000 from 1980 to 2014,
these trends cannot be attributed to difference in
the methodology of data collection.

Age

Of the 415 million people reported to have diabe-
tes in the world in 2015, 320.5 million are of
working age (20–64 years), and 94.2 million peo-
ple are aged 65–79 years. T2DM is usually late in
onset and is more common in the older popula-
tion. Global epidemiology of T2DM is changing,
however; from an almost exclusive chronic adult
disorder occurring commonly in middle-aged and
elderly populations to also being increasingly
prevalent in young adults, adolescents, and chil-
dren. These trends are likely due to the increased

rates of obesity in the younger age groups.
Although still lower than in the older individuals,
the incidence of diabetes in children and adoles-
cents has been increasing [20], both globally and
in the United States. The latest data show that the
prevalence of diabetes in the United States includ-
ing diagnosed and undiagnosed individuals in the
age group of 20–44 is 4.3 million (4.1%), between
45 and 64 is 13.4 million (16.2%), and peaks in
the age group 65 and above at 11.2 million
(25.9%) [9] (Fig. 3). The SEARCH study [24]
showed that diabetes affects 191,986 youth aged
<20 years in 2009 (~1 in 433 of the ~3.3 million
youth aged <20 years), a leading chronic disease
in youth. Among these, T2DM accounted for
20,262 as opposed to type 1 diabetes, which
accounted for 166,984. Approximately 4,740
had secondary, other, and unknown diabetes in
the United States in 2009. An increase in the
prevalence of both T1DM and T2DM in youth
occurred between 2001 and 2009 [25].

Gender

Diabetes showed a pronounced female excess in
the first half of the last century (1935–1936) but
then became equally prevalent among men and
women in most populations (by the end of the last
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century), with slight male preponderance in early
middle age [26]. It is possible that men may have
been more susceptible than women to the conse-
quences of the decrease in physical activity
and the rise in obesity, possibly due to the differ-
ences in insulin sensitivity and regional fat depo-
sition [27]. According to IDF statistics in 2015
globally, there were about 15.6 million more men
than women with diabetes (215.2 million men
vs. 199.5 million women). This difference is
expected to marginally decrease to about 15.1
million more men than women (328.4 million
men vs. 313.3 million women) by 2040, since
the difference in incidence rate between men and
women has decreased at present.

Currently, in the United States the difference in
diabetes incidence rates amongmen and women is
minimal. The age-adjusted rates of diagnosed dia-
betes per 100 US civilian, noninstitutionalized
persons was almost similar in both men and
women from 1980 to 2000, then there was a slight
increase in male compared to female from 2000 to
2008 with a peak rate of 7.2 in male in 2010
(Fig. 4) [28]. As per the 2014 statistics, the
age-adjusted rate of diagnosed diabetes in males
was slightly higher at 6.6 compared to 5.9 in
females [28] (Fig. 4).

Race and Ethnicity

In the United States, racial and ethnic groups at
increased risk for T2DM, (which includes most

groups other than non-Hispanic whites) represent
a proportionally increasing percentage of the
population [29]. In 1980, the non-Hispanic black
and Hispanic population represented 11.7% and
6.4% of the United States population diagnosed
with diabetes, respectively, and their numbers
grew to 12.6% and 16.3%, respectively, in 2010
[30, 31].

Among adults aged 20 years or older in the
United States – Alaska Natives or American
Indians report the highest percentage of having
diagnosed diabetes (15.9%), while only 7.6% of
non-Hispanic whites report diabetes diagnosis,
according to the National Health Interview Survey
2010–2012 and the Indian Health Services’
National Patient Information Reporting System in
2012 [32] (Fig. 5). Non-Hispanic blacks, Hispanic,
and Asian-Americans have intermediate preva-
lence at 13.2%, 12.8%, and 9.0% [32] (Fig. 5).
The higher prevalence of diabetes in Native Amer-
icans, in whom this disease was virtually unknown
50 years ago, is likely a result of “collision” of the
old hunter-gatherer genes with the new twentieth-
century way of life [33]. The increased prevalence
in the Asian-American population is again likely
due to lifestyle/environmental factors in a commu-
nity that tends to have more insulin resistance at a
lower body mass index (BMI) compared to the
non-Hispanic whites [34]. The “metabolically
obese” phenotype, with abdominal obesity as the
central feature, might explain the mismatch
between the rates of obesity in general and rates
of diabetes in Asia [35]. Data from the Obesity in
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Asia Collaboration, which includes information on
>263,000 individuals from 21 studies in the Asia-
Pacific region, have shown that measures of central
adiposity, such as waist circumference, have a
stronger association with diabetes prevalence than
BMI [36].

Epidemiology of Type 1 Diabetes
Mellitus

Type 1 diabetes (T1DM) is the most common
form of diabetes in childhood and in youth
throughout the world [25]. T1DM is caused by
destruction of the insulin-producing pancreatic
beta cells, which leads to an absolute insulin defi-
ciency. This is usually due to an autoimmune
destruction of the beta cells, specifically seen in

type 1A diabetes [37]. T1DM was reported to
account for roughly 5–10% of all cases of diabetes
worldwide [38]. As of 2012, there are 1.25 million
adults and children living with T1DM in the
United States [9]. T2DM is the most common
form of diabetes throughout the world, while
other types of diabetes account for <5% of cases
and include gestational diabetes, mature-onset
diabetes of the young (MODY), secondary
diabetes, etc.

Geographical Variation

Worldwide Variation in T1DM
Majority of the epidemiologic data on T1DM
throughout the world come from large registries
in Europe and North America. Data on the
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incidence and/or prevalence of T1DM is limited
from countries such as Africa and Asia [2]
(Fig. 6). Two major collaborative projects, the
Diabetes Mondiale study (DIAMOND) [39] and
the Europe and Diabetes study (EURODIAB)
[40], have been instrumental in monitoring trends
in the incidence of T1DM throughout the world.
These studies suggest that the incidence of T1DM
among children is increasing in many countries,
particularly in children under the age of 15. The
estimated number of children under the age of
15 living with T1DM worldwide is 542,000 [2].

According to the IDF, roughly 79,100 children
under 15 years of age are estimated to develop
T1DM annually worldwide [2]. It is estimated that
of all the children living with T1DM, 26% live in
Europe and 22% live in North America and the
Caribbean [2]. Data from the IDF also suggest that
the incidence rates of T1DM vary throughout the
world as seen in Fig. 7 [2]. The prevalence of
T1DM is highest in the United States, India, and
Brazil (Table 1) [2]. The highest incidence rates of
T1DM were found in Finland, Sweden, and
Kuwait (Table 2) [2].

The DIAMOND project focused on children
less than or equal to 14 years of age from

100 centers in 50 different countries [39]. The
DIAMOND project demonstrated a >350-fold
variation in the incidence among 100 different
populations worldwide. The highest incidence of
T1DM was found in Sardinia, Finland, Sweden,
Norway, Portugal, the United Kingdom, Canada,
and New Zealand. The largest age-adjusted inci-
dence of T1DM was in Sardinia and Finland. The
lowest incidence was found in populations from
China and Venezuela [39].

In addition to the variation in incidence
between countries, there was also variation in the
incidence of T1DM within countries as well.
For example, the incidence of T1DM in Sardinia
was three to five times higher than the rates
in continental Italy [39]. DIAMOND [39] and
EURODIAB [40] revealed variations in the inci-
dence of T1DM throughout the globe, but did not
answer the important question as to why these
variations exist. Many studies suggest that these
variations in incidence of T1DM are likely due to
environmental factors which either initiate or
accelerate ongoing beta-cell destruction.

There are many prenatal, perinatal, and post-
natal factors implicated in the development
of autoimmune T1DM [41] (Fig. 8). Some

Number of data sources

0
1

Fig. 6 Countries and territories with data available on the incidence or prevalence of type 1 diabetes in children (0–14
years of age) (Adapted from Ref. [2] with permission)

146 D. Adimoolam et al.



researchers have also suggested other environ-
mental risk factors including distance from the
equator (the farther the distance from the equa-
tor, the higher the incidence of T1DM) [42],
seasonality (specifically being born during cer-
tain months) [43], temperature [44], differences
in environmental exposure and diet leading to

changes in gut microbiota [45], etc. Nutritional
factors tied to increased T1DM incidence
include early introduction of infants to cow’s
milk, short duration of time breastfeeding,
wheat gluten in the diet, and vitamins D and E
deficiencies; however, majority of this data has
been inconsistent [46].

Unknown
< 2

> 25

2 - 5
5 - 10
10 - 25

Fig. 7 Estimated new cases of type 1 diabetes in children (0–14 years of age) per 100,000 children per year, 2015
(Adapted from Ref. [2] with permission

Table 1 Top ten countries/territories for number of chil-
dren with type 1 diabetes in children (0–14 years of age),
2015 (Adapted from Ref. [2] with permission)

Rank Country/territory
Number of children with
type 1 diabetes

1 The United States
of America

84,100

2 India 70,200

3 Brazil 30,900

4 China 30,500

5 The United
Kingdom

19,800

6 The Russian
Federation

18,500

7 Saudi Arabia 16,200

8 Germany 15,800

9 Nigeria 14,400

10 Mexico 13,500

Table 2 Top ten countries/territories for number of new
cases of type 1 diabetes in children (0–14 years of age) per
100,000 children per year, 2015 (Adapted from Ref. [2]
with permission)

Rank Country/territory
New cases per 100,000
population per year

1 Finland 62.3

2 Sweden 43.2

3 Kuwait 37.1

4 Norway 32.5

5 Saudi Arabia 31.4

6 The United
Kingdom

28.2

7 Ireland 26.8

8 Canada 25.9

9 Denmark 25.1

10 The United States
of America

23.7
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Given the inconsistent findings pertaining to
environmental factors reported from observa-
tional studies and clinical trials, the Environmen-
tal Determinants of Diabetes in the Young
(TEDDY) was established by the National Insti-
tute for Health [47]. TEDDY assessed newborns
with high-risk HLA-DR, DQ genotypes begin-
ning at age 4.5 months until 15 years of age
from six clinical centers in the United States and
Europe. It is a prospective study identifying envi-
ronmental factors predisposing to, or protective
against, islet autoimmunity and T1DM. The
wealth of data from this study will provide
a foundation for future randomized clinical
trials [47].

T1DM in the United States
The CDC reports 1.25 million adults and children
living with T1DM in the United States in 2012
[9]. This accounts for <1% of the US population.
According to the IDF, the United States is home to
the world’s largest number of children living with
T1DM who are less than 15 years of age, roughly
84,100 children (Table 1) [2].

The SEARCH for Diabetes in Youth Study in
the United States has been designed to examine
diabetes mellitus in individuals <20 years of age,
by sex, age, race/ethnicity, and diabetes type

[24, 25]. The study was performed at ten study
locations in the United States, including Ohio,
Washington, South Carolina, Colorado, Hawaii,
and California. They also gathered data from
American Indian reservations in Arizona and
New Mexico. The SEARCH study revealed an
increase in the prevalence of T1DM in all sex,
age, and race/ethnic subgroups except for those
with the lowest prevalence (i.e., those age 0–4
years and American Indians) between 2001 and
2009. The SEARCH study was limited in that it
did not cover all populations throughout the
United States; therefore, we cannot interpret geo-
graphical trends and/or variations in T1DM inci-
dence/prevalence throughout the United States.

Age and Ethnicity

T1DM typically affects youth and accounts for
>80% of diabetes diagnoses in those less than
20 years of age [48]. It is estimated that 86,000
children under age 15 will develop T1DM annu-
ally worldwide [2].

The DIAMOND project (which evaluated
children less than or equal to 14 years of
age) demonstrated that the incidence of T1DM
increased with age and was highest among

Fig. 8 Prenatal, perinatal, and postnatal factors implicated in the development of autoimmune type 1 diabetes mellitus
(Adapted from Ref. [45] with permission)
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children 10–14 years of age [39]. Most studies
show two peaks in the distribution of the age of
onset of T1DM in children – the first in early
childhood and the second at the time of puberty
[49]. The reason for this bimodal distribution may
be related to certain genotypes and their interac-
tion with different environmental risk factors
(as described in the first section of this chapter).
The SEARCH study estimated that more than
18,000 new cases of T1DM will be diagnosed
among US youth younger than age 20 each year
[24, 25].

The incidence of T1DM is higher in certain
ethnic groups, especially in Europeans versus
non-Europeans, as demonstrated in the DIAMOND
[39] and EURODIAB [40] studies. There are ethnic
differences among those with T1DM living in the
United States. In 2009, the SEARCH study revealed
that 18,436 US youth were newly diagnosed with
T1DM – 12,945 non-Hispanic white; 3,098 His-
panic; 2,070 non-Hispanic black; 276 Asian-Pacific
Islander; and 47 American Indians [25]. Between
2000 and 2009, the SEARCH study revealed an
increased prevalence of T1DM in white, black, His-
panic, and Asian-Pacific Islander youth and in those
aged 5 years or older [24, 25].

There are not many studies evaluating the inci-
dence of T1DM in adulthood. One study in
Kronoberg, Sweden found that the incidence of
T1DM in those <19 years of age was 37.8 (per
100,000 patient years) and 27.1 (per 100 000

patient years) in those between ages 20 and 100.
There appeared to be a bimodal distribution with
equal peaks in the 0–9-year-old age group and in
the 50–80-year-old age group [48] (Fig. 9). These
trends were similar to research findings in earlier
studies in other countries like Denmark and Fin-
land [50, 51]. The reason for the peak in adulthood
is unclear but may be due to the interaction
between genotype and environmental factors
and/or loss of beta-cell function over time
[52]. Some adults might also develop antibodies
associated with T1DM later in life. One study
suggests that roughly 10% of adults initially diag-
nosed with T2DM are found to have pancreatic
autoantibodies associated with T1DM [53].

Gender

While most autoimmune conditions affect women
more than males, T1DM impacts both genders
equally. Some studies have revealed that there is
a higher prevalence in males, especially when
looking at European people age 15–40 years old.
One study reports an approximate 3:2 male to
female ratio. This ratio has remained constant in
young adults over two or three generations in
some populations [26]. Gender differences also
appear to vary by age. A large study in Sweden
revealed no gender differences in children 0–14
years of age with T1DM, but did find a twofold
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male preponderance in subjects 15–39 years of
age [54]. Although T1DM is mainly due to loss
of insulin secretion via destruction of the beta
cells, some authors hypothesize that the male pre-
ponderance in T1DM from age 15 to 40–50 could
be due to hormonal influences associated with
higher peripheral insulin resistance among men
in young adulthood and middle age.

Temporal Trends

Just as the incidence of T2DM is increasing
throughout the world, so is the incidence of
T1DM. Diabetes was not common in the eigh-
teenth century. The 1892 edition of Osler’s Prin-
ciples and Practice of Medicine had 10 pages of
text dedicated to diabetes (compared with >50
pages for other illnesses) and mentions that only
10 of 35,000 patients treated at Johns Hopkins had
diabetes during that time [55]. In the 1930s, there
was an improvement with data collection and
statistics. The NHIS in the late twentieth century
reported an incidence of diabetes mellitus (all
types) of 1.30 (per 1,000 person years) in 1973
and 1.60 (per 1,000 person years) in 1976 in those
under age 16 [56].

Data collected from 37 different studies in
27 countries from 1960 to 1996 showed a signif-
icant increase in the incidence of T1DM over time
at roughly 3% each year, on average [57]. Data
collected from the twenty-first century suggests an
annual increase in the incidence of T1DM world-
wide to be similar at 3% [2, 39, 40].

The multinational trial in Europe,
EURODIAB, attempted to predict 15-year inci-
dence trends in children less than 5 years of age
diagnosed with T1DM. The trial estimated a dou-
bling of new cases of T1DM in European children
(less than 5 years of age) between 2005 and 2020.
Researchers suspect the prevalence of T1DM in
those less than 15 years of age will also rise by
70% between 2005 and 2020 [40] (Fig. 10).

The data seem to suggest that the incidence of
T1DM has been increasing in the United States
similarly to the rest of the world [38]. The
SEARCH study conducted in the United States
confirmed that there was a 21.1% increase in

T1DM between 2001 and 2009 [25]. Another
study group used the 2001 prevalence and the
2002 incidence data of T1DM from the
SEARCH for Diabetes in Youth Study and US
Census Bureau population demographic projec-
tions to predict future incidence rates in T1DM in
the United States in people less than 20 years of
age – The study projected that the number of
youth with T1DM would rise from 166,018 in
2010 to 203,382 in 2050 [58].

The Epidemiology of Complications
Due to Diabetes Mellitus

The accurate global prevalence of most complica-
tions associated with diabetes is difficult to obtain
due to the lack of internationally agreed standards
for diagnosis and assessment of diabetes complica-
tions [2]. Complications associated with diabetes
mellitus, both T2DM and T1DM, are still common
despite some recent decreasing trends reported in
the United States. These trends are likely a result of
increased detection of diabetes associated with an
increase in the prevalence of diabetes and a
decrease in the overall mortality of the population
[59]. A large proportion of people with T2DM
(50% or more in some studies) have at least one
complication at the time of diagnosis [60].

Complications are thought to be largely a con-
sequence of long-term exposure to elevated blood
glucose [61–63] and associated risk factors such
as elevated blood pressure [64–66] and other com-
ponents of the metabolic syndrome [67, 68]. In
general, diabetes-related complications can be
prevented or delayed by maintaining blood glu-
cose as close to normal as possible as evidenced
by the Diabetes Control and Complications Trial
(DCCT) [69] and follow-up Epidemiology of Dia-
betes Interventions and Complications (EDIC)
study [61] for T1DM and the United Kingdom
Prospective Diabetes Study (UKPDS) [62, 63]
and Kumamoto study [70] for T2DM. The
UKPDS conducted in patients newly diagnosed
with T2DM showed that a 1% reduction in
HgbA1c can reduce the risk of complications by
35% [62]. Further, in the DCCT conducted in
patients with T1DM, intensive glycemic control
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(maintaining a HgbA1c of 7% vs. 9% in the
control group for 6.5 years) was associated with
76% risk reduction for retinopathy, 50% for
nephropathy and 60% for neuropathy, and
a 35–76% reduction in overall microvascular dia-
betes complication [69]. EDIC, a follow-up study
for the DCCT, showed that the reduction in the
microvascular complications in the intensive glu-
cose control group persisted over time despite the
HgbA1c being no different in the two study
groups during the follow-up period, suggesting
that the earlier intensive glucose control over
6.5 years had a lasting, “memory” effect in
reducing complications [61]. The “metabolic
memory” postulates that both early and long-
term reduction in blood glucose may further

decrease microvascular complications. In addition
in EDIC, there was a 42% risk reduction in car-
diovascular disease (CVD) events and a 57%
reduction in CVD mortality related to the inten-
sive control of blood glucose [71].

Retinopathy

Diabetic retinopathy (DR) occurs due to microvas-
cular changes in the blood vessels of the retina. It is
staged based on the International Clinical Diabetic
Retinopathy Scale into mild, moderate, and severe
nonproliferative DR (NPDR) based on the severity
of changes observed upon dilated ophthalmoscopy
[72]. Later, new blood vessel formation occurs due
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to growth factors leading to proliferative diabetic
retinopathy (PDR) [72]. The retinal thickening that
occurs due to the leaking blood vessels leads to
diabetic macular edema (DME) which can develop
at all stages of retinopathy. Tractional retinal
detachment, preretinal or vitreous hemorrhage,
and neovascular glaucoma are further complica-
tions following neovascularization in PDR and
can result in loss of vision. DR may be present at
the time of diagnosis and can progress fast to an
advanced stage before vision is affected. Retinop-
athy can develop as early as 7 years before diabetes
is diagnosed in patients with T2DM [73]. Thus,
regular screening, early diagnosis, and interven-
tions with treatments like panretinal laser photoco-
agulation and the use of anti-vascular endothelial
growth factors are of significance to prevent or
reverse loss of vision [74].

The global estimate of DR prevalence,
obtained by pooled analysis of individual data
from population-based studies around the world,
was about 93 million (age standardized to the
2010 world population age 20–79 years). Approx-
imately 28 million had vision-threatening DR,
17 million people had PDR, and 21 million people
had DME [75]. The prevalence of any DR was
34.6%, PDR was 7.0%, DME was 6.8%, and
vision-threatening DR (VTDR) was 10.2% in the
diabetic population. Higher prevalence rates were
observed in T1DM, in those with increased dura-
tion of diabetes, and also in cases of poor glyce-
mic control, inadequate blood pressure control
and poor lipid control.

In the United States, DR is the leading cause
of new cases of blindness in American adults
aged 20–74 years [76]. The National Eye Insti-
tute statistics have reported an 89% increase
in the prevalence of DR, from 4.06 million in
2000 to 7.69 million in 2010. According to the
2012 data, the prevalence of DR varied based
on ethnicity with 68% non-Hispanic whites
affected compared to 16% Hispanics and 11%
blacks. The prevalence was almost equal in
both men and women. In parallel to the
projected massive increase in diabetes preva-
lence, the prevalence of DR is expected to
nearly double, from 7.7 million in 2010 to 14.6
million in 2050.

CVD

CVD is the most common cause of death and
disability among people with diabetes. The CVD
that accompanies diabetes includes angina, myo-
cardial infarction, cerebrovascular disease and
stroke, peripheral arterial disease, and congestive
heart failure. There is a twofold to fourfold
increased risk for CVD in T2DM compared to
the population without diabetes. Both established
diabetes and prediabetes (impaired fasting glu-
cose and impaired glucose tolerance) have been
proven to be independent risk factors for the
development of CVD, as well as independent pre-
dictors of CV mortality after adjusting for other
CVD risk factors [77].

In most of the regions in the world, higher-
than-optimum blood glucose is a leading cause
of cardiovascular mortality. One in five deaths
from ischemic heart disease (21%) and one in
eight (13%) deaths from stroke are attributable to
high blood glucose as per the comparative risk
assessment done to estimate global and regional
mortality attributable to high blood glucose
[78]. More than three-quarters of cardiovascular
deaths due to high blood glucose have occurred in
the low- and middle-income countries.

In 2010, in the United States, the age-adjusted
population statistics, according to the CDC, show
that CVD death was 1.7 times higher in people
with diabetes aged 18 years or older compared to
people without diabetes. Similarly the hospitali-
zation rates for CVD and stroke were 1.8 times
and 1.5 times higher in those with diabetes than
without [9, 79]. Among people with diabetes in
the United States, aged 35 years and above, 5 mil-
lion self-reported having coronary heart disease,
3.7 million reported having other heart disease,
and 2.1 million reported having stroke [80].

Hypertension and dyslipidemia, that commonly
coexist with diabetes, are clear risk factors for
CVD, but diabetes alone confers an independent
risk. During the period of 1999–2010, there has
been significant improvement in the control of risk
factors for microvascular and macrovascular com-
plications among US adults with diabetes [81]. The
rate of CVD mortality for the same period has
decreased as evidenced by the decline in crude
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and age-adjusted hospital discharge rates for major
cardiovascular disease based on the first-listed
diagnosis per 1,000 diabetic population [82].

Diabetic Foot Complications

Microvascular and macrovascular changes in dia-
betes may lead to nerve damage of various
degrees as well as impaired circulation in the
lower limbs leading to increased risk and devel-
opment of ulcerations, pathological fractures, and
bone damage. Infections and amputations ensue.
With strict glycemic control, the nerve damage
can be prevented, as shown in the DCCT, EDIC,
and UKPDS [61, 63]. Regular foot examinations
and intensive and early detection and care of
ulcerations, infections, and pathological fractures
can prevent amputations of any part of the lower
limbs [74].

In 2010, the number of nontraumatic amputa-
tions among the US adult population with diag-
nosed diabetes aged 20 years or older was 73,000,
and this accounted for 60% of the total number of
nontraumatic lower limb amputations [9]. As per
the 1999–2000 NHANES data, the prevalence of
peripheral arterial disease (PAD) was 9.5%,
peripheral neuropathy (PN) was 28.5%, and any
lower-extremity disease (LED) was 30.2% among
the population diagnosed with diabetes aged
�40 years; this was approximately twice as high
compared to the overall prevalence of PAD (5%),
PN (15%), and LED (19%) in the general popula-
tion. The prevalence of foot ulcers in those with
diabetes was 7.7%, which was almost three times
higher than the general population [83].

Kidney Disease

Diabetes is one of the leading causes of chronic
kidney disease. The disease is caused by
hyperglycemia-related microvascular changes in
the kidney leading to progressive decrease in
renal function and culminating in renal failure
over decades. Hypertension, dyslipidemia, and
smoking are the other main risk factors for chronic
kidney disease [84]. Diabetic nephropathy is

clinically characterized by the presence of
macroalbuminuria (>300 mg/24 h). This is often
preceded by microalbuminuria, which is defined
as albumin excretion of 30–299 mg/24 h. Without
intervention, microalbuminuria typically pro-
gresses to macroalbuminuria and overt diabetic
nephropathy. Microalbuminuria may be present
in about 7% of T2DM patients at the time of
diagnosis.

The international comparison of pooled data
from 54 countries reports that the percentage of
incident end-stage renal disease (ESRD) patients
due to diabetes varies from 12% in Ukraine to
66% in Singapore [85]. In 2011 diabetes was the
leading cause of kidney failure in the United
States accounting for 44% of all new cases. The
number of patients with diabetes in all age groups
starting treatment for ESRD was 49,677, and the
number of patients with diabetes of all ages on
chronic dialysis or with a kidney transplant was
228,924 [9].

Prevention of Complications

Complications of diabetes mellitus can be
reduced, delayed, and prevented by maintaining
tight glycemic control along with control of
comorbidities like elevated blood pressure and
abnormal blood lipids. Early detection of the com-
plications of diabetes by regular screening is
essential as early treatment can reduce the mor-
bidity and mortality due to complications.
Recently published data in the United States has
shown that between 1990 and 2010, there has
been a decline in the rates of diabetes complica-
tions such as myocardial infarction, stroke, lower-
extremity amputations, end-stage renal disease,
and deaths due to hyperglycemic crisis likely as
a result of significantly improved preventive care
in the United States [79]. Figure 11 demonstrates
that the rates of myocardial infarction and deaths
due to hyperglycemic crisis among adults diag-
nosed with diabetes decreased by more than 60%
between 1990 and 2010. Rates of stroke and
amputations of the legs and feet fell by about
50%, and rates of kidney failure fell by about
30% [79]. This decline in diabetes complications
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can be attributed to advances in clinical care,
increased availability of preventive measures,
control of risk factors, and increased awareness
of the potential complications of diabetes.

Summary

There has been a continuous increase in diabetes
incidence and prevalence over the past 20 years,
both globally and in the United States. Although
data collection methodology did not allow pre-
cise identification of cases as T2DM or other
cases of diabetes, the very large increases and
the fact that T2DM is by far the most common
type of diabetes (87–95% of cases) point to the
majority of the increase in prevalence and inci-
dence being attributed to T2DM. With an
increase in the ability to diagnose T2DM, the
aging of the population and increased life span,
and no reprieve from the relentless obesity and
physical inactivity epidemics, (especially in the

developing countries), these global trends are
expected to continue. This will be true in all
regions of the world with variations which will
follow the aforementioned factors. Improved
early detection of risk, including detection
of prediabetes, followed by aggressive and
widely applied public health preventive mea-
sures in those at highest risk for developing
T2DM, will hopefully slow these increasing
trends.

Currently it is unclear whether the increase in
incidence of T1DM is due to improved ability of
diagnosis and screening versus a true increase in
genetically stable populations under the inducing
influence of non-genetic factors changing over
time and place. Given that the prevalence of
T1DM is also predicted to increase over time
throughout the world, it is essential for all
healthcare providers to familiarize themselves
with the clinical signs and symptoms of diabetes
in youth and the possibility of T1DM in late
adulthood. Early recognition and diagnosis can
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help prevent hospitalizations for life-threatening
diabetic ketoacidosis (DKA) and complications of
diabetes. Education early on can help improve
lifelong compliance with insulin treatment and
allow for a better quality of life.

Once diabetes is established, efforts to second-
arily prevent complications include tight glucose
control, routine screening for diabetic complica-
tions (i.e., foot examinations, monofilament test-
ing, urine microalbumin testing, dilated eye
examinations, podiatric evaluation, etc.), and con-
trol of other metabolic risk factors. Secondary
prevention efforts have recently been fruitful
with encouraging results. Since many complica-
tions are present before T2DM is diagnosed, early
diagnosis of risk and prevention of T2DM is key
in further decreasing the incidence of complica-
tions. Prevention of T2DM is possible as shown
by the The Diabetes Prevention Program (DPP)
and other trials [86]; T2DM prevention is a team
effort and requires the support of physicians, dia-
betes educators, dietitians, and the patient. Fur-
thermore, both primary and secondary prevention
programs need to be more individualized and
centered on the patient in order to have the
greatest impact on prevention and control of dia-
betes and its complications.
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