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Epidemiology of diabetes in Asia



~60% of DM Patients are Asian

IDF Diabetes Atlas, 7th Ed. 2015.



Remarkable increase in prevalence of type 2 
diabetes in Asian countries within short period

Ramachandran A., J Assoc Physicians India. 2005 

Thai. IDF 2000



Mortality burden attributable to diabetes is greater in                                       
Asia Pacific than in North America/Caribbean

Modified from ‘IDF Diabetes Atlas Group, Diabetes research and clinical
practice, 2013



DM Prevalence comparison: Asia / US / EU
Comparison of prevalence of diabetes, age distribution, and proportion undiagnosed in East Asian countries 
compared to the United States and Europe

Ann. N.Y. Acad. Sci. 1281 (2013) 64–91

• In addition to the large number of individuals with diagnosed and undiagnosed 
diabetes, there are many at-risk subjects with IGT in East Asian countries



Prevalence of Diabetes in Korea

KDA, Diabetes Factsheet 2016

Diabetes was defined by fasting plasma glucose ≥ 126 mg/dL, HbA1c ≥ 6.5%, or current anti-diabetic medication



Prevalence of IFG patients in Korea

Impaired fasting glucose (IFG) was defined by fasting plasma glucose with 100~125 mg/dL in person without diabetes

KDA, Diabetes Factsheet 2016



Obesity in Korean Diabetes Patients
“Nearly half of persons with diabetes are obese”
The prevalence of obesity and abdominal obesity in persons with diabetes are 48.6% and 58.9%, respectively.

KDA, Diabetes Factsheet 2016



What is Asian Phenotype?

Juliana CN Chan et al. Diabetes Voice March 2014



One in Five Adult Patients Had Young-onset Diabetes

Yeung RO, et al., Lancet Diabetes Endocrinol. 2014



More Young-onset Diabetes (compared to Caucasian)
Comparison of prevalence of diabetes, age distribution, and proportion undiagnosed in East Asian countries 
compared to the United States and Europe

Ann. N.Y. Acad. Sci. 1281 (2013) 64–91

• Young patients face long disease duration and greater tendency to beta-cell failure, 
which puts them at high risk for microvascular and macrovascular complications.



T2DM in Asian 
Populations

Rapid Modernization
Changes environment and lifestyle, 
unmasking diabetes mellitus and 
obesity in genetically predisposed 

subjects

Reduced beta cell function & 
Increased insulin resistance

Low BMI and large waist 
circumference put Asian people at 

high risk of beta cell dysfunction and 
insulin resistance

Genetic Factors
Might alter islet biology and 

dysregulate growth and 
development

Epigenetic Factors
Might modify genotype and 

phenotype of DM and related 
comorbidities

Several factors contribute to the phenotype heterogeneity of 
DM in Asian populations

Adapted from Kong AP, et al. Nature Reviews, 2013.



Environmental factors of diabetes in Asia



Prevalence of diabetes has been increasing with 
economic development in Asia

Economic development and prevalence 
of diabetes in selected Asian countries, 
1981–2008
(A) Real gross domestic product per 
head. Data from the US Department of 
Agriculture Economic Research Service 
(http://www.ers.usda.gov/Data/Macro
economics/Data/HistoricalRealPerCapit
aIncomeValues.xls, accessed April 28, 
2009). (B) Prevalence of diabetes. Data 
derived from table 1. 
GDP=gross domestic product.

Lancet. 2010 Jan 30;375(9712):408-18



Prevalence of diabetes between Urban vs. Rural

Lancet 2010; 375: 408–18



Changes in dietary pattern in East Asian countries

Yabe D, et al. Curr Diab Res 2015;15:36



Prevalence of metabolic syndrome components in Korea

Soo Lim et al. Diabetes Care 2011;34:1323-1328



Metabolic syndrome in Korean adults (≥20 years)

*MS : Metabolic syndrome

Soo Lim et al. Diabetes Care, 2011



Weight transition: Changes in BMI in South Korea

Lee SK et al., Public Health Nutr, 2003

17-year-old adolescents



Prevalence of Metabolic Syndrome in youth (12-19 years)

a Significant difference between the NHANES 2003–2006 and the NHANES III. 
b Significant difference between the NHANES 2003–2006 and the NHANES 1999–2002. 
c Significant difference between the KNHANES 2007 and the KNHANES 1998. 
d Significant difference between the KHANES 2007 and the KHANES 2001.

Korea (KNHANES)USA (NHANES)

Metabolic syndrome 
(MetSyn)

Soo Lim et al. Pediatrics, 2013



1989-1990; Ko KS, et al. J KDA 1991 / 1992-1996; Nam JH, et al. J KDA 1999
1993; Park JY, et al. J KDA 1993  / 2003; Park SW, et al. J KDA 2005

2005; Kim DJ, et al. DRCP 2007 / 2006-2009; Rhee SY, et al. (KNDP). Diabetes Metab J 2011
2007-2010; Diabetes Fact Sheet in Korea 2012
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Various environmental factors of diabetes 
development in Asian population

• Urbanization and modernization
• less walking, less biking, and less daily physical activity.

• Dietary factors
• Higher fat and lower carbohydrate intake
• Unhealthy trans fats and saturated fats

• White rice consumption
• Higher glycemic index (GI) than whole grains

• Smoking 
• Associated with higher abdominal fat and a 45% increased risk of developing 

diabetes.

• Environmental pollutants
• Also increase risk of insulin resistance and diabetes.

• Sleep-disordered breathing and sleep deprivation
• Increases risk of diabetes and poor glycemic control

• Chronic infections
• H. Pylori, Hepatitis B virus, etc.

Ronald CW, et al. Ann NY Acad Sci, 2013.



Genetic factors of T2DM in Asians



Genetic markers
in East Asian vs. 
Europeans

> 65 variants discovered
(as of 2013)

The majority of loci reported to 
be associated with T2D show 

similar effect sizes in East Asian 
and European populations.



The role of type 2 diabetes genes in insulin secretion

Adapted from Florez JC, et al. Diabetologia 2008; 51: 1100–10

Most genetic variants associated 
with type 2 diabetes seem to be 

related to insulin secretion rather 
than insulin resistance



Identified genetic variants for T2DM

Figure : Genome-wide Manhattan plots for the DIAGRAM+ stage 1 meta-analysis.

Associated with T2DM in Japanese and 
other E. Asian 

Changes in fat mass and have 
effects in obesity

The present catalogue of type 2 diabetes risk variants probably accounts for 
only a small proportion of the genetic basis of type 2 diabetes. 



The role of type 2 diabetes genes in insulin secretion

• T2DM results from complex interactions between multiple genetic 
susceptibility factors, as well as environmental and behavioral factors.

• Several genetic variants have been identified through GWAS (genome-wide 
association studies); currently more than 65 genetic variants discovered.

• A recent meta-analysis of East Asian studies has discovered eight novel loci 
for T2DM; Most of these are predicted to influence the risk of T2DM by 
affecting insulin secretion.

• The majority of loci reported to be associated with T2DM show similar 
effect sizes in East Asian and European populations. 

• Ethnic differences in their frequencies lead to differences in population-
attributable risk, showing the need for population-specific studies.

Adapted from Florez JC, et al. Diabetologia 2008; 51: 1100–10



Beta-cell dysfunction vs. Insulin resistance



Epidemic obesity and T2DM in Asia
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Asians Develop T2DM at Lower BMI
Asian vs. Caucasian

Relationship between BMI and diabetes prevalence in different ethnicities from the DECODA Study compared to a 
European population. Adapted from Nyamdorj R, et al.



Diabetes Prevalence in Asian populations vs. 
Europeans at comparatively normal BMI

Nyamdorj, et al. Int J Obes. 2010

Diabetes prevalence at a BMI of 23 kg/m2 in men and women of different ethnicities 
compared to a European population



For any given BMI, 
Asians v.s. Caucasian have higher body fat

Guricci S et al., Eur J Clin Nutr, 1998



Higher Visceral Fat 
Among Asians

Tchernof A , and Després J Physiol Rev, 2013

A total of 8,349 published 

studies on abdominal obesity 

were screened to identify 729 

publications using computed  

tomography where average 

visceral and subcutaneous 

adipose tissue areas were 

reported



Visceral adiposity in Asian and Diabetes risk 

• One possible reason for this interethnic difference is – At any 
given BMI, Asians have greater visceral adiposity which is 
metabolically more adverse, and contributes to lipotoxicity and 
insulin resistance.
• For the same BMI, body fat in Asians is higher by 3-5% com

• The visceral adiposity lead to increased fatty acid influx to the 
liver, altered adipokine production, fatty liver, and hepatic 
insulin resistance.
• Nonalcoholic fatty liver, highly prevalent in Asia, predicts diabetes and 

cardiometabolic risk.

• Ectopic fat accumulation in the liver and skeletal muscle are important 
determinant of insulin resistance.



Insulin secretion 
and insulin 
resistance

Asian(Japanese) vs. 
Caucasian



β-cell function and insulin sensitivity in the development of type 2 
diabetes: Korean Cohort Study

• 4,106 Korean participants with NGT followed-up
• OGTT every 2 years for 10 years
• Assessment
 β-cell function with the 60 min insulinogenic index (IGI60)
 insulin sensitivity with the composite (Matsuda) insulin sensitivity index (ISI)

Ohn JH et al. Lancet Diabetes Endocrinol. 2016;4:27-34



Decreased β-cell Function in Korean: Results from 10 yr Study

Ohn JH et al. Lancet Diabetes Endocrinol. 2016;4:27-34

Study design: Researchers followed up 4106 participants with normal glucose tolerance (NGT) from the Korean Genome and Epidemiology Study with oral glucose tolerance tests every 2 
years for 10 years. Researchers estimated pancreatic β-cell function with the 60 min insulinogenic index (IGI60) and insulin sensitivity with the composite (Matsuda) insulin sensitivity index 
(ISI). Researchers investigated the association of 66 known type 2 diabetes genetic variants with risk of prediabetes or diabetes and impaired β-cell function and insulin sensitivity.

Diabetes patients had a decrease in ISI but no significant compensatory increase in IGI60. 

Non-progressor Progressor to prediabetes Progressor to diabetes

IS
I

0 -

10

10·1

2 -

4 -

6 -

8 -

8620 4

8·9

8·4

7·4*

4·8*

3·0*

12 -

10 -

A

Year

IG
I 6

0
(μ

U
/m

m
o
l)

0 -

6·9

2 -

4 -

6 -

8 -

12 -

5·8

4·3

11·7*

8·8*

4·4

10 -

14 -

B

108620 4
Year

*p<0·01 for 10 versus 0 years.

a Adjusted for baseline age and sex and plotted from baseline to year 10 at 2-year intervals.

Error bars represent 95% CIs.



Beta cell dysfunction and insulin resistance
Asian vs. Caucasian

• T2DM of East Asians is characterized by β cell dysfunction rather than 
insulin resistance due to increased adiposity, which requires a preventative 
and therapeutic approach that targets β cell dysfunction precisely.

• Insulin resistance, as indicated by the homeostatic model assessment 
(HOMA) of insulin resistance (IR), is generally higher in Caucasians, while β 
cell response, as measured by HOMA of β cell function and insulinogenic
index (IGI), is lower in East Asians.

• Changes in lifestyle is associated with changes in indices related to insulin 
secretion and insulin resistance, along with visceral fat accumulation and 
adiposity-related indices, during the development of T2DM in East Asians.

• These pathophysiological differences have an important impact on 
therapeutic approaches. 



Impact of gestational diabetes



Gestational diabetes epidemiology in Asia

• Diabetes complicating pregnancy, in particular gestational diabetes, has 
increased markedly in Asia countries.

• e.g., Adjusted prevalence of GDM has increased 2.8 fold between 1999 and 2008 in 
China

Tutino GE, et al. Diabetic medicine. 2014



Gestational diabetes and epidemic of diabetes

• Transgenerational diabetes following exposure to maternal hyperglycaemia and gestational 
diabetes. Gestational diabetes is likely to be a significant factor contributing to the epidemic of 
diabetes and other non-communicable diseases in the Asian region

Tutino GE, et al. Diabetic medicine. 2014



The contribution of intra-uterine environment and exposures

The contribution of intra-uterine environment and exposures in early development on 
the long-term risk of diabetes and other non-communicable diseases

Tutino GE, et al. Diabetic medicine. 2014



Implication of gestational diabetes to maternal & 
newborn health

• Intrauterine and postnatal environment can affect future risk of 
diabetes and CVD via fetal programming.

• Women with a history of GDM are at a seven-fold increased risk of 
diabetes later in life.

• Studies on offspring of women with gestational diabetes have 
reported adverse cardio-metabolic profiles and increased risk of 
diabetes and obesity.

• Several large-scale prevention and intervention programmes are 
currently being implemented in different Asian countries in order to 
improve glucose control during pregnancy, as well as overall maternal 
health.

Ronald CW, et al. Ann NY Acade Sci, 2013. 



Pattern of diabetes complications



CV and Renal complications in young onset diabetes (China)

• A: Kaplan-Meier plot of cumulative incidence of CVD in patients with type 1 diabetes (T1D), normal-weight patients with type 2 diabetes (T2D), 
and overweight patients with type 2 diabetes. 

• B: Kaplan-Meier plot of cumulative incidence of ESRD in patients with type 1 diabetes, normal weight patients with type 2 diabetes, and 
overweight patients with type 2 diabetes.

In the prospective Chinese young diabetic cohort, overweight patients with type 2 diabetes 
had the highest incidences of both CVD and ESRD. 

Luk AO, et al. Diabetes Care 2014.



High prevalence of Renal disease
MAP study (MicroAlbuminuria Prevalence study)

• A high prevalence of nephropathy was shown in MAPS study 6,801 DM patients 
(50% Chinese) from 10 Asian countries
• Macroalbuminuria: 18.8%

• Microalbuminuria: 39.8%

• Total 58.6%

• Dotted bar: microalbuminuric
• Grey bar: macroalbuminuric
• White bar: normoalbuminuric

Average 
prevalence of 
microalbuminuria

Wu A, et al. Diabetologia 2005(48):17-26.



Higher rate of renal / cerebrovascular complications in Asian

Figure: Cumulative incidence of major complications and all-cause mortality in the ADVANCE study, by region.



Comparison of 
Clinical outcome 
form the HKDR 
(Chinese) and 
landmark trials

Kong AP, et al. Nature Reviews, 2013.



Am J Cardiol 2012;110:1434 –1439



Pathogenic pathways leading to diabetic 
cardio-renal complications

Adapted from Luk A et al.



Cancers?
A recent meta-
analysis of 33 studies 
reported that the 
association between 
diabetes and cancer 
was stronger in 
Asians compared to 
other populations. 

Ronald CW, et al. Ann NY Acade Sci, 2013. 



Diabetes and Cancer in Korea

Korean Diabetes Fact Sheet 2015



Complications in Asian Diabetes Patients

• Increasingly young age of diabetes onset: long disease duration and 
greater tendency to beta cell failure 
 Higher risk of micro/macrovascular complications

• Multiple studies have shown that Asian patients had the highest 
prevalence of renal complications (i.e., micro/macro-albuminuria) 
compared to other ethnic groups

• Asian diabetes patients have a predisposition for developing strokes. 

• Cancer is emerging as the other main cause of mortality in Asian 
diabetes patients.

Ronald CW, et al. Ann NY Acade Sci, 2013. 



Implications for treatment and prevention



Population-related differences in risk factors, diabetes profiles
Feature Eastern population Western population

Fastest increasing 
subgroup

• Young and middle-aged • Elderly and migrant

Prediabetes pattern
• Predominantly IGT, 

which is diagnosed using an OGTT

• Predominantly  IFG
• Fasting plasma glucose level is the preferred 

test

Aetiology of early-onset 
diabetes 

(<35 years)

• Considerable phenotypic and genetic heterogeneity
• Familial causes and obesity more important than 

autoimmunity
• Predominantly autoimmune etiology

Principal driver of T2DM • Low BMI is common and reflects β-cell dysfunction
• High BMI is common and reflects
• insulin resistance

Adiposity
• Higher visceral fat for same BMI and waist 

circumference
• Lower visceral fat for same BMI

Causes of insulin 
resistance

• Pollutants, pathogen-rich environment (low-grade 
infections), and psychosocial stress

• Activation of innate inflammatory response 
exacerbates glucolipotoxicity

• Predominantly due to adiposity
• Environmental factors and inflammation 

less important

Genetic factors

• Autoimmune, mitochondrial and monogenic 
diabetes may account for 20% of cases of familial 
diabetes mellitus, especially in young patients with 
low lean body mass

• Few genomic studies have been conducted, 
suggesting many common variants are yet to be 
discovered

• Considerable interethnic differences in 
allelic locations and frequencies

• Common variants in white populations are 
rare in Asian individuals and vice versa

Adapted from Kong AP, et al. Nature Reviews, 2013.



Population-related differences in risk factors, diabetes profiles

Feature Eastern population Western population

Epigenetic and perinatal 
programming

• Low birth weight and maternal stress coupled 
with adolescent and childhood obesity 
suggest epigenetic phenomena are 
particularly relevant

• Mismatching between biological and 
environmental factors potentially less important, 
except in migrant and indigenous populations

Complications

• Stroke, renal disease and cancers that might 
have viral aetiologies

• Renal dysfunction is a main driver of 
cardiovascular disease

• Predominantly coronary heart disease

Treatment responses
• High use of SU and α-glucosidase inhibitors
• High efficacy of DPP-4i (reflecting differences 

in β-cell biology, dietary and cultural factors)
• Low α-glucosidase inhibitor use

Health-care delivery

• Less developed provision of integrated 
chronic care

• Major focus on treatment of acute and 
advanced diseases

• High use of traditional and complementary 
medicine

• Low levels of public awareness and patient 
education

• Developed health-care and coverage system, 
albeit with considerable social disparities in 
accessibility and affordability

Adapted from Kong AP, et al. Nature Reviews, 2013.



Efficacy of DPP-4 inhibitors; Meta-Analysis

Ann Pharmacother 2012;46:1453-69



Differences in glucose-lowering efficacy of DPP4 inhibitors
Asians vs non-Asians : meta-analysis

Diabetologia 2013;56:696-708



Differences in glucose-lowering efficacy of GLP-1 analogues
Asians vs non-Asians : Meta-analysis

Diabetes, Obesity and Metabolism 16: 900–909, 2014







1. Weight reduction is valid in Asian prediabetes, especially in non-

obese ?

2. Which drug will be effective in Asians? And How much is the 

effective dosage?

• Metformin

• Alpha-glucosidase inhibitor

• TZD

Questions in Diabetes Prevention in Asians



Differences in the BMI & Incidence of DM 
in 5 intervention trials

Japanese 
Male Trial

DaQing

DPP

Finnish 
DPS

Sweden

Diabetes Res Clin Pract. 2005 Feb;67(2):152-62.



Indian Diabetes Prevention Programme

531 IGT (BMI 25.8)

1) Control

2) Lifestyle modification (LSM)

3) Metformin (250mg bid)

4) LSM + Metformin

Diabetologia (2006) 49: 289–297

Control

Risk reduction
LSM  28.5%
Met  26.4%
LSM+Met 28.2%



1. Chiasson JL, et al. Lancet 2002;359:2072–7. 
2. Yang WY, et al. Chin J Endocrinol Metab 2001;17:131–6.
3. Holman RR, et al. Diabet Med 2003;20:15

Acarbose reduces the incidence of diabetes 
in individuals with IGT

STOP-NIDDM1

3.3 years
n=1,368

 34%

p=0.046
vs placebo

 36%**

p=0.0017
vs placebo 

Chinese 
Prevention Study2

3 years
n=321

 88%

p=0.0001
vs control*

*Conventional education on diabetes prevention

** Based on two consecutive OGTT

EDIT3

6 years
n=631



Characteristics of Diabetes in Asia: Summary

• There is an increasing epidemic of diabetes in Asia. 

• T2DM develops in East Asian patients at a lower mean BMI 
compared with those of European descent. At any given BMI, East 
Asians have a greater amount of body fat and a tendency to visceral 
adiposity. 

• Diabetes develops at a younger age and is characterized by early β-
cell dysfunction in the setting of insulin resistance, with many 
requiring early insulin treatment. 

• The increasing proportion of young-onset and childhood type 2 
diabetes is posing a particular threat, with these patients being at 
increased risk of developing diabetic complications.

• East Asian patients with type 2 diabetes have a higher risk of 
developing renal complications than Europeans and, with regard to 
cardiovascular complications, a predisposition for developing strokes.



Things to be considered in managing the 
patients with diabetes in Asia

• While more research is needed to explain these interethnic 
differences, urgent and concerted actions are needed to raise 
awareness, facilitate early diagnosis, and encourage preventive 
strategies to combat these growing disease burdens.

• From a treatment perspectives, clinical trials need to identify 
treatment strategies that are most effective, given the phenotype 
heterogeneity and interethnic differences in underlying 
pathophysiology, cultural, and lifestyle factors, as well as the pattern 
of diabetic complications. 


