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Abstract
Purpose of Review South Asia is one of the epicenters of the global diabetes pandemic. Diabetes in south Asians has certain
peculiar features with respect to its pathophysiology, clinical presentation, and management. This review aims to summarize
some of the recent evidence pertaining to the distinct diabetes phenotype in south Asians.
Recent Findings South Asia has high incidence and prevalence rates of diabetes. The progression from “pre-diabetes” to diabetes
also occurs faster in this population. Pancreatic beta cell dysfunction seems to be as important as insulin resistance in the
pathophysiology of diabetes in south Asians. Recent evidence suggests that the epidemic of diabetes in south Asia is spreading
to rural areas and to less affluent sections of society.
Summary Diabetes in south Asians differs significantly from that in white Caucasians, with important implications for preven-
tion, diagnosis, and management.
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Introduction

The epidemic of type 2 diabetes continues to spread
unabated, the latest statistics from the International
Diabetes Federation (IDF) estimating the number of in-
dividuals affected to be 424.9 million, with an increase

to 628.6 million projected by the year 2045 [1•]. These
global statistics, alarming in themselves, mask vast
inter-regional differences in the diabetes burden world-
wide. It is now predicted that the brunt of the diabetes
epidemic will fall disproportionately on certain geo-
graphical locations, South Asia being the prime
example.

In geographical terms, “South Asia” or the “Indian
subcontinent” refers to those countries located between
the Himalayas to the north and the Indian Ocean to the
south. In modern parlance, it comprises the independent
nations of India, Pakistan, Bangladesh, Nepal, Bhutan,
Sri Lanka, the Maldives, and Mauritius. It accounts for
just 11.5% of the world’s land area, but it is the most
densely populated region in the world, home to 1.7 bil-
lion people or more than a quarter of the world’s popu-
lation. Three of the world’s most populous countries are
located in this region. In addition, there is a large south
Asian diaspora across the globe, the numbers of which
are estimated to exceed 20 million [2].

It has long been noticed that individuals of south Asian
ethnicity have a higher risk of certain non-communicable dis-
eases (cardiovascular disease, dyslipidemia, and most impor-
tantly, type 2 diabetes) as compared to white Caucasians [3].
While this propensity was first noted in migrants from south
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Asia to western nations, current evidence shows that it holds
good even for native south Asians in their home countries.
The exact reasons for this excess risk for diabetes have not
been elucidated yet. In addition, type 2 diabetes (T2D) in
south Asians exhibits several unique features, which make
its diagnosis and management challenging. As the south
Asian diaspora expands, clinicians all over the world will need
to be aware of the peculiar features of T2D in this ethnic
group, so as to offer the best possible care to their patients.
In this article, we will review some of the unique features of
diabetes in south Asians with respect to its pathophysiology,
natural history, and clinical presentation.

Magnitude of the Problem

The International Diabetes Atlas, published by the IDF and
now in its eighth edition, is the primary source of information
about the diabetes burden faced by regions and countries
across the world [1]. As per the Atlas, all nations in south
Asia (except Pakistan) are grouped under the South-East
Asia (SEA) Region, while Pakistan is listed under the
Middle East-North Africa (MENA) region.

The SEA region has the second largest number of people
with diabetes in the world (151.4 million), only lagging be-
hind the Western Pacific region, which includes China, the
most populous nation in the world. Among the individual
nations in south Asia, India has the largest number of people
with diabetes (72.9 million) closely followed by Pakistan (7.5
million) [1]. In terms of prevalence,Mauritius ranks first in the
region, followed by Sri Lanka and India.

It should, however, be noted that the statistics for most
countries in the region (and indeed, for most of the world)
are not derived from representative population-based studies,
on account of the paucity of such studies frommost countries.
In India, the nationwide Indian Council of Medical
Research—India Diabetes (ICMR-INDIAB) study has pro-
vided robust population-based estimates of the diabetes bur-
den in the country [4]. An important finding from the ICMR-
INDIAB study is the marked heterogeneity in diabetes preva-
lence between different states and regions of India, as well as
between urban and rural areas ( [5 ••]). Such differences are
likely to exist in other countries of the region as well, but
representative data are scarce.

In addition to high prevalence, the incidence rates of T2D
are also higher in south Asians compared to other ethnic
groups. In a population-based study conducted in urban adults
in southern India, the incidence rate of diabetes was found to
be 22.2 per 1000 person-years, which is one of the highest
reported worldwide and next only to those reported in Pima
Indians [6]. The progression from “pre-diabetes” to diabetes
has also been found to occur faster in this population.

A Unique Pathophysiology?

T2D is a heterogeneous entity, spanning the whole spectrum
of pathophysiology from a predominant insulin-resistant state
to predominant beta cell failure. The peculiar features of
“south Asian” T2D have interested researchers for decades
and these are summarized in Fig. 1. However, the exact rea-
sons underlying the differences in pathophysiology and clin-
ical presentation remain elusive.

The earliest studies on T2D in south Asians focused on the
role of insulin resistance as the primary driver for dysglycemia
[7,8]. The concept of the “Asian Indian phenotype” was de-
veloped as a corollary to these studies. In a nutshell, the
“Asian Indian phenotype” refers to a situation where, for
any given level of body mass index (BMI), south Asians have
greater total body fat, more visceral fat, more insulin resis-
tance, and a greater propensity to T2D as compared to white
Caucasians [3]. It has been suggested that south Asians, while
anthropometrically thin, are metabolically obese (the “thin fat
Indian”), and this is evident even from infancy [9]. Excess of
visceral and hepatic fat, in association with the perturbations
in adipokine and lipid levels, is postulated to lead to insulin
resistance and compensatory hyperinsulinemia from an early
age in this population. Indeed, studies have shown that south
Asian infants have higher level of insulin their cord blood
compared to Caucasian babies, suggesting that insulin resis-
tance is present even at birth in this population [10].

However, it should be noted that even in the face of extreme
insulin resistance, T2D does not develop unless some degree of
beta cell dysfunction is present. Recent studies have focused on
the role of insulin secretory defects in the pathophysiology of
diabetes in south Asians. Compared to populations with high
levels of insulin resistance (e.g., Pima Indians), south Asians
have been shown to exhibit poorer insulin secretion at baseline
and 30 and 120 min following an oral glucose load ( [11 ••]).

It has also been suggested that beta cell function declines
relatively early among south Asians with dysglycemia. In a
cross-sectional study of south Asian adults, beta cell dysfunc-
tion was noted even in persons with pre-diabetes irrespective
of age, adiposity, family history, and insulin sensitivity [12]. In
both native south Asians as well as migrants residing in the
USA, beta cell dysfunction was more strongly associated with
pre-diabetes and T2D [13, 14]. Studies from the UK have
shown that while south Asians tend to have avid insulin se-
cretory responses at younger ages (compensating for lower
insulin sensitivity and maintaining euglycemia), beta cell
function and glycemic control deteriorate rapidly with age,
reflecting exhaustion of their beta cell reserve consequent to
exposure to high levels of insulin resistance from a young age
[15]. Similarly, studies from the USA have shown that south
Asians tend to have poorer beta cell function compared to
white Caucasians, African-Americans, Hispanics, and
Chinese-Americans [16].
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The reasons for poor beta cell reserve in south Asians are
still not clear. There has been considerable interest in the role
of intrauterine malnutrition in pancreatic development and
function, but most data have linked the intrauterine environ-
ment to insulin resistance rather than insulin secretory defect
[17]. However, in a study from Denmark, low birth weight
was found to be associated with reduction in β cell function in
middle age [18]. It is now thought that an adverse intrauterine
environment is likely to be one of the factors underlying beta
cell dysfunction in south Asians and that the subsequent dete-
rioration of insulin secretory responses and glycemic control
is exacerbated by insulin resistance. Beta cell dysfunction may
also arise as a result of genetic and epigenetic influences or
endocrine disruptors such as pollutants, but it is premature to
attribute major roles to these factors at present [19].

Other Forms of Diabetes in South Asians

While T2D constitutes more than 90% of all cases of diabetes
in the south Asian region (as elsewhere in the world), other
forms of diabetes are also not infrequent in this population.

Populations of non-Caucasian origin have traditionally been
considered to have a low risk of type 1 diabetes (T1D); how-
ever, it should be noted that south Asians have a higher inci-
dence of T1D than either Africans or Chinese [1]. The total
number of children and adolescents living with T1D in the
South-East Asian region is estimated to be 149,300. There is
some evidence that the genetic factors conferring risk of T1D
are different in south Asians compared to Europeans [20]. It
has also been noted that a significant proportion of south
Asian patients with T1D test negative for pancreatic autoanti-
bodies [21], raising the possibility of misclassification.

Fibrocalculous pancreatic diabetes (FCPD) is a unique form
of secondary diabetes occurring as a consequence of non-
alcoholic chronic calcific pancreatitis. Its prevalence is confined
to tropical regions of the world. Specifically, in south Asia, it is
most frequent in the states of Kerala and Tamil Nadu in southern
India. Patients present with recurrent abdominal pain in child-
hood, features of exocrine pancreatic insufficiency in adoles-
cence and insulin-requiring diabetes in early adulthood. Plain
abdominal radiograph will show pancreatic calcification and is
the investigation of choice. The exact etiology is unknown, but
the incidence has been declining in recent years [22].
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Fig. 1 Clinical implications of the
“south Asian phenotype” of type
2 diabetes
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Recently, there has also been considerable interest in the
monogenic forms of diabetes (including maturity onset diabe-
tes of the young (MODY) and neonatal diabetes). There is
little data from south Asia on the prevalence of these syn-
dromes, but studies in the migrant south Asian population in
the UK suggest that the prevalence may be lower than in
White Caucasians [23]. A few clinic-based studies from
southern India have shown that genetic mutations were pres-
ent in only around 10% of patients suspected to have mono-
genic diabetes by clinical criteria [24–26]. Lack of awareness
among patients and clinicians and the high cost and unavail-
ability of genetic testing (the gold standard for diagnosis) are
major stumbling blocks in the wider recognition of these
monogenic forms of diabetes.

In parallel with the increasing prevalence of T2D in south
Asians, gestational diabetes mellitus (GDM) has also become
more common in this population. The prevalence of GDM in
India, which was only around 2% in the 1980s, has rapidly
increased to almost 20% in some urban areas [27]. With the
onset of T2D shifting to younger ages, clinicians are also
increasingly likely to encounter women with pre-gestational
(pre-existing) T2D complicating pregnancy in this ethnic
group. In a study from Sri Lanka, the ratio of pre-gestational
to gestational diabetes among women attending antenatal clin-
ic was found to be 1:4, a much higher figure than reported
among Caucasian populations [28]. Similarly, a Norwegian
study found that the prevalence of pre-gestational diabetes
was twice as high in immigrants from south Asia as compared
to the native population [29].

Changing Face of Type 2 Diabetes in South
Asians

Parallel to the explosive increase in the prevalence of T2D in
south Asia, the clinical presentation of the disease has also
undergone a sea change. T2D has traditionally been consid-
ered a disease of middle to older age groups and has been
noted to disproportionately affect individuals residing in urban
areas and belonging to the higher socioeconomic strata of the
population. All these assumptions are now being challenged
by recent findings.

Studies over the past three decades have clearly shown that
south Asians develop T2D at least a decade earlier thanWhite
Caucasians [30]. Similarly, in the ICMR-INDIAB study, the
take-off point for the prevalence of diabetes was 25 to 34 years
[31]. Earlier onset of disease implies longer exposure to hy-
perglycemia and the likelihood of development of debilitating
and even life-threatening complications during middle age,
which constitutes the prime of most individuals’ productive
lives. With progressive increases in pediatric obesity and
BMI, childhood onset T2D has also started making its appear-
ance in these countries [32].

The prevalence of diabetes in urban areas of south Asia
still significantly exceeds that in rural areas. However,
there have been rapid increases in diabetes prevalence in
the rural parts of these countries as well in recent years.
As most of the population of these countries resides in
rural areas, even a small increase in the rural prevalence
of diabetes will translate into a huge increase in the dia-
betes burden borne by the country. Also, on account of
lower levels of education and lack of affordable and ac-
cessible health care, rural dwellers may be less able to
care for their diabetes than their urban counterparts, plac-
ing them at greater risk for complications.

The most worrying aspect of the changing face of the
diabetes epidemic in south Asia is its spread to the eco-
nomically disadvantaged sections of society. In 2001, a
study conducted in two economically disparate residential
areas of Chennai City in southern India showed that the
prevalence of diabetes in the more prosperous locality was
twice that in the less prosperous locality; by 2011, this
difference was shown to have been all but obliterated
[33]. In the ICMR-INDIAB study, it was shown that in
urban areas of those states of India with high prevalence
of diabetes, the prevalence was higher among individuals
of lower socioeconomic status than in the more prosper-
ous sections of society, clearly indicating that the epidem-
ic is spreading to those individuals who can least afford to
pay for its management [5].

Migrants from south Asia to western countries have long
been considered to be at high risk for diabetes. Throughout the
1980s and 1990s, the prevalence of diabetes in these migrant
communities remained far higher than in the native south
Asian population. However, recent evidence suggests that
the pattern has reversed and native south Asians in some lo-
cations now have a higher prevalence of diabetes than mi-
grants [34]. This indicates that the epidemic of T2D has well
and truly come to stay in south Asia, with significant implica-
tions for the young and growing population of this region.

Complications of Diabetes in South Asians

Much of the morbidity and mortality due to diabetes can be
attributed to its chronic complications. There is some evidence
to show that there are ethnic differences in susceptibility to
various diabetic complications. Studies in migrant south
Asian populations in the 1980s supported the notion that these
individuals were more prone to microvascular complications,
particularly nephropathy, as compared to White Caucasians.
However, recent studies on the native south Asian population
have failed to confirm this. Indeed, there is some evidence that
the prevalence of diabetic retinopathy and nephropathy might
be lower in south Asians with diabetes, compared to the fig-
ures reported for other ethnic groups [35,36]. Similarly, a
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study from the UK suggested that individuals of south Asian
ancestry had lower prevalence of diabetic neuropathy com-
pared toWhite Caucasians; however, subsequent studies have
failed to confirm this [37,38].

South Asians are considered to be a high-risk group
for the development of atherosclerotic cardiovascular dis-
ease and the coexistence of diabetes likely worsens the
risk [39]. South Asians, even in the absence of diabetes,
tend to have an atherogenic lipid profile, characterized by
low levels of high-density lipoprotein (HDL) and high
levels of triglycerides. Even after adjusting for age, gen-
der, smoking status, hypertension, and obesity, migrant
south Asians with diabetes are three to four times more
likely to develop ASCVD than their white Caucasian
counterparts [40]. However, there is little data on the
excess risk of ASCVD conferred by diabetes among na-
tive Asian Indians.

Clinical and Policy Implications

The unique features of diabetes in south Asians described
earlier have important implications with respect to the diagno-
sis, prevention, and management of the disease.

Global guidelines on screening for T2D focus on “at
risk” groups such as individuals with high BMI, family
history of diabetes, or prior diagnosis of pre-diabetes
[41]. These criteria may not hold good in the south
Asian population for reasons already mentioned.
Therefore, most guidelines now recommend universal
screening for T2D in the south Asian population, starting
at earlier ages. While universal screening would be ideal,
cost and logistic constraints limit its use in most coun-
tries of this region. Identifying “extreme high-risk” indi-
viduals in the population using validated risk scores such
as the Indian Diabetes Risk Score (IDRS) (Table 1) rep-
resents a feasible means of diabetes screening in this
region [42].

Several large randomized trials have demonstrated the
feasibility of preventing T2D in individuals with pre-dia-
betes, by means of lifestyle modification, drugs, or a com-
bination of the two [43–45]. However, in the Indian
Diabetes Prevention Program, the magnitude of reduction
in diabetes incidence in the intervention arms (both life-
style modification and metformin) was significantly lower
than in the U.S. Diabetes Prevention Program, which uti-
lized the same methodology [46]. It is possible that earlier
development of beta cell dysfunction in the south Asian

Table 1 Indian Diabetes Risk
Score (IDRS) Particulars Score

Age

< 35 years 0

35–49 years 20

≥ 50 years 30

Waist circumference

Waist < 80 cm (female), < 90 cm (male) 0

Waist ≥ 80–89 cm (female), ≥ 90–99 cm (male) 10

Waist ≥ 90 cm (female), ≥ 100 cm (male) 20

Physical activity

Vigorous exercise (regular) or strenuous (manual) work at home/work 0

Moderate exercise (regular) or moderate physical activity at home/work 10

Mild exercise (regular) or mild physical activity at home/work 20

No exercise and sedentary activities at home/work 30

Family history of diabetes

No diabetes in parents 0

One parent has diabetes 10

Both parents have diabetes 20

If the score is…

≥ 60: Very HIGHRISK of having diabetes. Oral glucose tolerance test is recommended to rule out diabetes. If this
is not possible, at least a random blood sugar or a fasting blood sugar should be done

30–50: The risk of having diabetes is MODERATE . It is still recommended to have the above checkup

< 30: Risk of having diabetes is probably LOW

Note: The Indian Diabetes Risk Score applies only to type 2 diabetes. People with other forms of diabetes need not
have high-risk score

(Reproduced with permission from: Indian J Endocrinol Metab. 2013;17:31–36) [42]
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population renders them less responsive to the benefits of
lifestyle modification and metformin, both of which work
by improving insulin sensitivity with minimal effects on
beta cell function [11]. This is particularly so in individ-
uals with isolated impaired fasting glucose (IFG), where
the primary defect lies in early phase insulin secretion
[47]. Also, as south Asians tend to progress rapidly from
normoglycemia to T2D, targeting prevention strategies to
individuals with pre-diabetes may be too late [6]. For the
best results, lifestyle modification should be directed at
individuals at high risk for diabetes (e.g., as defined by
the IDRS) even if they are currently normoglycemic.

As a corollary, there is also some evidence to show that
south Asians respond better to insulin-providing antidia-
betic therapies than insulin sensitizing agents, compared
to other ethnic groups. In a multinational trial evaluating
the efficacy of the dipeptidyl peptidase-4 (DPP-4) inhibi-
tor sitagliptin as monotherapy for T2D, the greatest
glycated hemoglobin (HbA1c) reductions were found in
Indian patients as compared to Koreans and Chinese [48].
However, these findings need to be confirmed by larger
trials; also, it is not clear whether this finding holds good
for other insulin secretagogues such as sulfonylureas,
meglitinide analogues, or other DPP-4 inhibitors.

Conclusions

South Asia faces a double burden of disease, with com-
municable diseases still accounting for much morbidity
and mortality, while non-communicable diseases such as
diabetes are gaining ground as accompaniments of eco-
nomic progress and urbanization. The diabetes epidemic
in south Asia affects, directly or indirectly, more than a
fourth of humanity. The societal and economic costs of
the disease and its complications are correspondingly im-
mense. Research over the past several decades has uncov-
ered a great deal of information about the nature of dia-
betes in south Asians and its peculiar features. While
much remains to be learned, the immediate challenge is
to translate current knowledge into action and ensure that
the epidemic is halted in its tracks or at least slowed
down, so that south Asia will be spared of the epithet
“Diabetes Capital of the World.”

Compliance with Ethical Standards

Conflict of Interest Ranjit Unnikrishnan, Prasanna Kumar Gupta, and
Viswanathan Mohan declare that they have no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1.• International Diabetes Federation. IDF Diabetes Atlas eighth edi-
tion 2017, Brussels, Belgium, 2017. Available at http://
www.diabetesatlas.org/resources/2017-atlas.html/ [Accessed on
30th January 2018] Publication providing the most up-to-date
information on diabetes burden faced by countries and regions.

2. Rai R, Reeves P, editors. The south Asian diaspora: transnational
networks and changing identities. Routledge: Oxford; 2009.

3. Unnikrishnan R, Anjana RM, Mohan V. Diabetes in south Asians:
is the phenotype different? Diabetes. 2014;63:53–5.

4. Anjana RM, Pradeepa R, Deepa M, Datta M, Sudha V,
Unnikrishnan R, et al. The Indian Council of Medical Research-
India Diabetes (ICMR-INDIAB) study: methodological details. J
Diabetes Sci Technol. 2011;5:906–14.

5.•• Anjana RM, Deepa M, Pradeepa R, Mahanta J, Narain K, Das HK,
et al. ICMR–INDIAB Collaborative Study Group. Prevalence of
diabetes and prediabetes in 15 states of India: results from the
ICMR-INDIAB population-based cross-sectional study. Lancet
Diabetes Endocrinol. 2017;5:585–96.Article based on the largest
epidemiological study on diabetes in India, providing clear ev-
idence about the changing nature of the diabetes epidemic.

6. Anjana RM, Shanthi Rani CS, Deepa M, Pradeepa R, Sudha V,
Divya Nair H, et al. Incidence of diabetes and prediabetes and
predictors of progression among Asian Indians: 10-year follow-up
of the Chennai Urban Rural Epidemiology Study (CURES).
Diabetes Care. 2015;38(8):1441–8.

7. Mohan V, Sharp PS, Cloke HR, Burrin JM, Schumer B, Kohner
EM. Serum immunoreactive insulin responses to a glucose load in
Asian Indian and European type 2 (non-insulin-dependent) diabetic
patients and control subjects. Diabetologia. 1986;29:235–7.

8. McKeigue PM, Shah B, Marmot MG. Relation of central obesity
and insulin resistance with high diabetes prevalence and cardiovas-
cular risk in south Asians. Lancet. 1991;337:382–6.

9. Yajnik CS, Fall CH, Coyaji KJ, Hirve SS, Rao S, Barker DJ, et al.
Neonatal anthropometry: the thin-fat Indian baby. The Pune
Maternal Nutrition Study. Int J Obes Relat Metab Disord.
2003;27:173–80.

10. Yajnik CS, Lubree HG, Rege SS, Naik SS, Deshpande JA,
Deshpande SS, et al. Adiposity and hyperinsulinemia in Indians
are present at birth. J Clin Endocrinol Metab. 2002;87:5575–80.

11.•• Narayan KM. Type 2 diabetes: why we are winning the battle but
losing the war? 2015 Kelly West Award Lecture. Diabetes Care.
2016;39:653–63. In-depth review about the mechanistic aspects
of type 2 diabetes in south Asians.

12. Staimez LR, Weber MB, Ranjani H, Ali MK, Echouffo-Tcheugui
JB, Phillips LS, et al. Evidence of reduced β-cell function in Asian
Indians with mild dysglycemia. Diabetes Care. 2013;36:2772–8.

13. Mohan V, Amutha A, Ranjani H, Unnikrishnan R, DattaM, Anjana
RM, et al. Associations of β-cell function and insulin resistance
with youth-onset type 2 diabetes and prediabetes among Asian
Indians. Diabetes Technol Ther. 2013;15:315–22.

14. Gujral UP, Narayan KM, Kahn SE, Kanaya AM. The relative asso-
ciations of β-cell function and insulin sensitivity with glycemic
status and incident glycemic progression in migrant Asian Indians
in the United States: the MASALA study. J Diabetes Complicat.
2014;28:45–50.

15. Ikehara S, Tabák AG, Akbaraly TN, Hulmán A, Kivimäki M,
Forouhi NG, et al. Age trajectories of glycaemic traits in non-

 30 Page 6 of 7 Curr Diab Rep  (2018) 18:30 



diabetic south Asian and white individuals: the Whitehall II cohort
study. Diabetologia. 2015;58:534–42.

16. Kanaya AM, Herrington D, Vittinghoff E, Ewing SK, Liu K, Blaha
MJ, et al. Understanding the high prevalence of diabetes in U.S.
south Asians compared with four racial/ethnic groups: the
MASALA and MESA studies. Diabetes Care. 2014;37:1621–8.

17. Bavdekar A, Yajnik CS, Fall CH, Bapat S, Pandit AN, Deshpande
V, et al. Insulin resistance syndrome in 8-year-old Indian children:
small at birth, big at 8 years, or both? Diabetes. 1999;48:2422–9.

18. Pilgaard K, Færch K, Carstensen B, Poulsen P, Pisinger C, Pedersen
O, et al. Low birthweight and premature birth are both associated
with type 2 diabetes in a random sample of middle-aged Danes.
Diabetologia. 2010;53:2526–30.

19. Gujral UP, Pradeepa R,Weber MB, Narayan KM,Mohan V. Type 2
diabetes in south Asians: similarities and differences with white
Caucasian and other populations. Ann N YAcad Sci. 2013;1281:
51–63.

20. Kanga U, Vaidyanathan B, Jaini R, Menon PS, Mehra NK. HLA
haplotypes associated with type 1 diabetes mellitus in north Indian
children. Hum Immunol. 2004;65:47–53.

21. Balasubramanian K, Dabadghao P, Bhatia V, Colman PG, Gellert
SA, Bharadwaj U, et al. High frequency of type 1B (idiopathic)
diabetes in north Indian children with recent-onset diabetes.
Diabetes Care. 2003;26:2697.

22. Unnikrishnan R, Mohan V. Fibrocalculous pancreatic diabetes
(FCPD). Acta Diabetol. 2015;52:1–9.

23. Misra S, Shields B, Colclough K, Johnston DG, Oliver NS, Ellard
S, et al. South Asian individuals with diabetes who are referred for
MODY testing in the UK have a lower mutation pick-up rate than
white European people. Diabetologia. 2016;59:2262–5.

24. Radha V, Ek J, Anuradha S, Hansen T, Pedersen O, Mohan V.
Identification of novel variants in the hepatocyte nuclear factor-1
alpha gene in south Indian patients with maturity onset diabetes of
young. J Clin Endocrinol Metab. 2009;94:1959–65.

25. Anuradha S, Radha V, Mohan V. Association of novel variants in
the hepatocyte nuclear factor 4A gene with maturity onset diabetes
of the young and early onset type 2 diabetes. Clin Genet. 2011;80:
541–9.

26. Chapla A, Mruthyunjaya MD, Asha HS, Varghese D, Varshney M,
Vasan SK, et al. Maturity onset diabetes of the young in India—a
distinctive mutation pattern identified through targeted next-
generation sequencing. Clin Endocrinol. 2015;82:533–42.

27. Bhavadharini B, Mahalakshmi MM, Anjana RM, Maheswari K,
Uma R, Deepa M, et al. Prevalence of gestational diabetes mellitus
in urban and rural Tamil Nadu using IADPSG and WHO 1999
criteria (WINGS 6). Clin Diabetes Endocrinol. 2016;2:8.

28. Jayathilaka KGH, Dahanayake S, Abewardhana R, Ranaweera
AKP, Rishard MRM, Wijeyaratne CN. Diabetes in pregnancy
among Sri Lankan women: gestational or pre-gestational? Sri
Lanka J Diabetes Endocrinol Metabolism. 2012;1:8–13.

29. Vangen S, Stoltenberg C, Holan S, Moe N, Magnus P, Harris JR,
et al. Outcome of pregnancy among immigrant women with diabe-
tes. Diabetes Care. 2003;26:327–32.

30. Qiao Q, Hu G, Tuomilehto J, Nakagami T, Balkau B, Borch-
Johnsen K, et al. DECODA Study Group. Age- and sex-specific
prevalence of diabetes and impaired glucose regulation in 11 Asian
cohorts. Diabetes Care. 2003;26:1770–80.

31. Anjana RM, Pradeepa R, Deepa M, Datta M, Sudha V,
Unnikrishnan R, et al. Prevalence of diabetes and prediabetes (im-
paired fasting glucose and/or impaired glucose tolerance) in urban
and rural India: phase I results of the Indian Council of Medical
Research-INdia DIABetes (ICMR-INDIAB) study. Diabetologia.
2011;54:3022–7.

32. Misra A, Vikram NK, Arya S, Pandey RM, Dhingra V, Chatterjee
A, et al. High prevalence of insulin resistance in postpubertal Asian
Indian children is associated with adverse truncal body fat

patterning, abdominal adiposity and excess body fat. Int J Obes
Relat Metab Disord. 2004 Oct;28(10):1217–26.

33. Deepa M, Anjana RM, Manjula D, Narayan KM, Mohan V.
Convergence of prevalence rates of diabetes and cardiometabolic
risk factors in middle and low income groups in urban India: 10-
year follow-up of the Chennai Urban Population Study. J Diabetes
Sci Technol. 2011;5:918–27.

34. Gujral UP, Narayan KM, Pradeepa RG, Deepa M, Ali MK, Anjana
RM, et al. Comparing type 2 diabetes, prediabetes, and their asso-
ciated risk factors in Asian Indians in India and in the U.S.: the
CARRS and MASALA studies. Diabetes Care. 2015;38:1312–8.

35. RemaM, Premkumar S, Anitha B, Deepa R, Pradeepa R,Mohan V.
Prevalence of diabetic retinopathy in urban India: the Chennai
Urban Rural Epidemiology Study (CURES) eye study, I. Invest
Ophthalmol Vis Sci. 2005;46:2328–33.

36. Unnikrishnan RI, Rema M, Pradeepa R, Deepa M, Shanthirani CS,
Deepa R, et al. Prevalence and risk factors of diabetic nephropathy
in an urban south Indian population: the Chennai Urban Rural
Epidemiology Study (CURES 45). Diabetes Care. 2007;30:2019–
24.

37. Abbott CA, Chaturvedi N, Malik RA, Salgami E, Yates AP,
Pemberton PW, et al. Explanations for the lower rates of diabetic
neuropathy in Indian Asians versus Europeans. Diabetes Care.
2010;33:1325–30.

38. Abbott CA, Malik RA, van Ross ER, Kulkarni J, Boulton AJ.
Prevalence and characteristics of painful diabetic neuropathy in a
large community-based diabetic population in the U.K. Diabetes
Care. 2011;34:2220–4.

39. Enas EA, Singh V, Munjal YP, Bhandari S, Yadave RD,
Manchanda SC. Reducing the burden of coronary artery disease
in India: challenges and opportunities. Indian Heart J. 2008;60:
161–75.

40. Forouhi NG, Sattar N, Tillin T, McKeigue PM, Chaturvedi N. Do
known risk factors explain the higher coronary heart disease mor-
tality in south Asian compared with European men? Prospective
follow-up of the Southall and Brent studies, UK. Diabetologia.
2006;49:2580–8.

41. American Diabetes Association. 2. Classification and diagnosis of
diabetes: standards of medical care in diabetes—2018. Diabetes
Care 2018;41(Suppl 1):S13-S27.

42. Mohan V, Anbalagan VP. Expanding role of the Madras Diabetes
Research Foundation—Indian Diabetes Risk Score in clinical prac-
tice. Indian J Endocrinol Metab. 2013;17:31–6.

43. The Diabetes Prevention Program Research Group. The Diabetes
Prevention Program: baseline characteristics of the randomized co-
hort. Diabetes Care. 2000;11:1619–29.

44. Pan XR, Li GW, HuYH,Wang JX, YangWY, An ZX, et al. Effects
of diet and exercise in preventing NIDDM in people with impaired
glucose tolerance: the Da Qing IGT and Diabetes Study. Diabetes
Care. 1997;20:537–44.

45. Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2
diabetes mellitus by changes in lifestyle among subjects with im-
paired glucose tolerance. N Engl J Med. 2001;344(18):1343–50.

46. Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD,
Vijay V, et al. The Indian Diabetes Prevention Programme shows
that lifestyle modification and metformin prevent type 2 diabetes in
Asian Indian subjects with impaired glucose tolerance (IDPP-1).
Diabetologia. 2006;49:289–97.

47. Weber MB, Ranjani H, Staimez LR, Anjana RM, Ali MK, Narayan
KM, et al. The stepwise approach to diabetes prevention: results
from the D-CLIP randomized controlled trial. Diabetes Care. 2016
Oct;39(10):1760–7.

48. Mohan V, Yang W, Son HY, Xu L, Noble L, Langdon RB, et al.
Efficacy and safety of sitagliptin in the treatment of patients with
type 2 diabetes in China, India, and Korea. Diabetes Res Clin Pract.
2009;83:106–16.

Curr Diab Rep  (2018) 18:30 Page 7 of 7  30 


	Diabetes in South Asians: Phenotype, Clinical Presentation, and Natural History
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Magnitude of the Problem
	A Unique Pathophysiology?
	Other Forms of Diabetes in South Asians
	Changing Face of Type 2 Diabetes in South Asians
	Complications of Diabetes in South Asians
	Clinical and Policy Implications
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as:�• Of importance �•• Of major importance



