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1 | INTRODUCTION

Type 2 diabetes and its complications are challenging the global
healthcare system. The International Diabetes Federation (IDF) esti-
mated that 589 million people are suffering from type 2 diabetes in

Indah Widyahening MD? | Xiaodong Sun MD? |

Sheyu Li MD?

Abstract

The prevalence of type 2 diabetes has been rising in China, India and Southeast Asia
for decades, challenging their healthcare systems. With region-specific determinants
such as genetics, lifestyle transition and early-life environment, people with type 2 dia-
betes showed their unique phenotypes, including being, on average, younger in age,
with lower BMI but higher percentage body fat mass, higher postprandial glucose and
poorer beta-cell function at onset. These features invalidated the implementation of
some trial evidence from the Caucasian population when informing guideline recom-
mendations and clinical decision-making. For example, a-glucosidase inhibitors and
DPP4 inhibitors, targeting postprandial glucose, showed greater effectiveness and
acceptability in Chinese people with type 2 diabetes. The indispensable use of insulin
in people with severely impaired beta-cell function is common in China, India and
Southeast Asian countries but induces the accumulation of body fat mass, which fur-
ther worsens the prognosis of the people. GLP-1 receptor agonists show strong
weight-lowering effects and cardiovascular protection and provide additional benefits
for Asian people compared to Caucasians with the same levels of BMI. Adding GLP-1
receptor agonists to people receiving insulin may neutralise the adverse effect of body
weight gain. Clinicians and patients should consider the unique features of the popula-
tion before making decisions, and policymakers should be aware of the pragmatic
determinants during the implementation of the overseas evidence. The adoption of
international trials to the region by adjusting their distinct features may improve the

relevance of evidence and the treatment response at the individual level.
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2024, and projected 853 million in 2050.* China, India and Southeast
Asia, with the most rapidly developing population, economics and
infrastructure, account for 47.7% of world people with type 2 diabe-
tes. The large population highlights the substantial management bur-
den of type 2 diabetes in these developing countries. Although the
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obesity pandemics and population ageing are well-established drivers
of global diabetes growth, they may not fully explain the sharp rise
observed in Asia over the past few decades. People with type 2 diabe-
tes in China, India and Southeast Asia show unique phenotypes com-
pared with Caucasians, including more severe beta-cell dysfunction,
early onset of type 2 diabetes and lower BMI at diagnosis. These fea-
tures suggest the distinction of the pathophysiology of type 2 diabetes
in these regions. In this review, we synthesised the latest evidence of
metabolic differences and treatment for people with type 2 diabetes

among Chinese, Indian and Southeast Asian.

2 | EPIDEMIOLOGY

In the past few decades, the prevalence of type 2 diabetes is growing rapidly
in China, India and Southeast Asia (see Table 1). In China, the age-
standardised prevalence of type 2 diabetes rose from 0.674% in 1980 to
11.9% in 2024, affecting 148 million people.™? In India, it increased from
2.1%in 1975 to 10.5% in 2024, affecting 89.8 million people.2* In Malaysia,
the adult prevalence even exceeded 20% in 2024.1 Asia transformed from a
low-burden region into an area where prevalence now equals or exceeds
the global level (4.3% in 1980 and 11.9% in 2024).>*® However, the
increase of type 2 diabetes in Asia showed no signs of slowing, unlike the
stabilisation observed in Western populations. In China, the incidence of
type 2 diabetes increased 60% in 2021 compared with 1990, while that in
the UK decreased 3%-4.1% between 2004 and 2014.1

The large number of affected people imposes a substantial
burden, including money spent and lives lost on these developing
countries. For example, in 2015, diabetes costs $22 billion in India (1%
of GDP) and $7.18 billion in Malaysia (2.4% of GDP).1° In 2020, the
total costs of diabetes reached $250.2 billion in China, equivalent to
1.58% of the country's GDP.” Compared with Western populations,
type 2 diabetes in China, India and Southeast Asia affects people at dif-
ferent ages and with different patterns of complications. Asian popula-
tions tend to develop type 2 diabetes at a younger age. According to
the Joint Asia Diabetes Evaluation (JADE) cohort, 18% of people in
Asia with type 2 diabetes were diagnosed before the age of 40,** com-
pared with only 4.8% in the UK.}? South Asians were on average 9-
10 years younger at the onset of type 2 diabetes than Caucasians.!®
Asians, especially those with early-onset type 2 diabetes, frequently
develop diabetes-related complications. According to the China
National HbA1c Surveillance System, 11% of people with type 2 diabe-
tes developed non-fatal cardiovascular disease. The risk of non-fatal
cardiovascular disease is 91% higher in people with early-onset type
2 diabetes than those with late-onset. Much of this risk could be atten-
uated by adjusting the duration of type 2 diabetes, which implies the
higher risk in early-onset people is mostly attributable to a longer dura-
tion of diabetes.’® Similarly, people with early-onset diabetes face a
higher risk of microvascular disease compared with those with late-
onset diabetes. Among individuals with early-onset diabetes, 5.1%
developed nephropathy and 7.1% developed retinopathy, compared
with 1.5% and 2.7% in those with late-onset diabetes.?° Diabetes

Indonesia UK us

2000: 1991: 1.32%° 2000: 8.04%
4.53% (IDF 2011:5.2% (IDF)

crude)

11.03% 9.15% 15.70%
2024. 2024: 7.4% (IDF) 2024:13.7%
11.3% (IDF) (IDF)

2025:12.6%

7.7%

13.4%
(20239

16.3%

18.6%

TABLE 1  Epidemiology of type 2 diabetes in China, India, Southeast Asia and UK.!

China India Malaysia

Previous reported 1980: 1972-1975: 2.1% in urban ~ 2000:

prevalence 0.674%> population; 1.5% in rural 4.85%
2000-2001:  population* (IDF
5.5%° 1999-2002: 3.3%° crude)

Recent prevalence  13.79% 9.48% 19.86%

(IDF 2024)

Recent age- 2018:12.4%’  2024: 10.5% (IDF) 2024:

standardised 2024: 11.9% 21.1%

prevalence (IDF) (IDF)

Predicted age- 2050: 13.9%  2050: 12.8% (IDF) 2050:

standardised (IDF) 23.5%

prevalence (IDF)

Age-standardised 9.9% 11.7% 5.9%

prevalence of IFG

(IDF 2024)

Isolated IFG 2.4% (2017%)  10.1% (2020°) -

Age-standardised 13.3% 11.9% 16.3%

prevalence of IGT

(IDF 2024)

Isolated IGT 11.5% 3.3% (2020°) -
(20178

Prevalence at
younger age
(before 40)

18% Asian people according to JADE (2007-2012)**

(20239

2050: 8.5% (IDF)

5.4%

9.5%

4.8% of all type 2 diabetes under
the age of 80 in England and Wales

(2021-2022).12

2050: 15.2%
(IDF)

14.2%

11.5%
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complications contribute significantly to morbidity and mortality. In
2021, an estimated 0.9 million deaths were attributed to type 2 diabe-
tes and hyperglycaemia in China.!* In 2024, diabetes-related deaths
accounted for 10.6% of all deaths in China, 5% in India and 8.4% in
Indonesia.! These patterns suggest a despairing trend of diabetes com-
plications in the following decades in the region.

3 | FEATURES AND POTENTIAL
MECHANISMS

Tables 2 and 3 show phenotypes and determinants of type 2 diabetes
in Asia in comparison with Western countries (taking the UK as an

example).

3.1 | Beta-cell function and insulin resistance

Compared with other ethnic groups insulin secretion, the core patho-
physiological mechanism of type 2 diabetes, is the lowest among the
Indian and Chinese population.3> A meta-analysis compared beta-cell
function of people with normal glucose tolerance in different ethnic
groups. The study used the increment above basal level of insulin con-
centrations during the first peak to measure the acute insulin
response to glucose (AIR,). The AIR, in Africans was approximately
four times that of East Asians, and in Caucasians was 1.5 times that of
East Asians.® By contrast, the insulin sensitivity index in Asians, as
measured by FSIGT with MINMOD analysis, was 1.5 times that of

Caucasians. These findings suggest less insulin resistance and more
pronounced impaired insulin secretion in Asians relative to non-
Asians. This severely impaired insulin secretion may reduce individ-
uals' ability to compensate for insulin resistance. They develop type
2 diabetes at a lower level of insulin resistance compared with non-
Asians. Beta-cell dysfunction may be a more important contributor
than insulin resistance in the development of type 2 diabetes among
Asians. A prospective study reported that the age-BMlI-adjusted
HOMA-IR was 2.3 plU/mL/mmol/L in Indians, 3.45 plU/mL/mmol/L
in African Americans and 2.59 plU/mL/mmol/L in Caucasians. The
association between HOMA-IR and the incidence of type 2 diabetes
was weaker in South Asians compared with Caucasians. A per stan-
dard deviation increase in HOMA-IR increased the risk of type 2 dia-
betes by 1.67 times in Indians, compared with 33.64 times in
Caucasians.®” Among individuals with severe resistance, the HOMA-B
level is among half that of those from India compared to people from
Sweden.®®

Although impaired insulin secretion is a common feature among
Asian populations, the pathways of type 2 diabetes may differ
among them. Among individuals with prediabetes, higher postprandial
glucose levels are more common in Chinese (prevalence of isolated
impaired glucose tolerance (IGT): 11.5% vs. isolated impaired fasting
glucose (IFG): 2.4%),2 while higher fasting glucose is more common in
India (isolated IFG:10.1% vs. isolated IGT: 3.3%).” IFG and IGT are dif-
ferent states of insulin resistance and differ in their sites of insulin
resistance. People with isolated IFG present severe hepatic
insulin resistance and normal or near-normal muscle insulin sensitivity,

whereas those with IGT are characterised by marked muscle insulin

disease 14.6%2¢

complications 2.3%

complication 22.5%%’

disease 3.2%

TABLE 2 Features of type diabetes in China, India, Southeast Asia (Indonesia) and UK.
China?* India?? Indonesia?® Malaysia?* UK?®

Age 55.30 521+92 55.6 +9.8 58.3 +11.27 52.0 + 8.5

Duration of type 2 - 8.6+56 - 5.9 +5.56 Newly diagnosed

diabetes

BMI 25.09 272+4.6 264 +44 27.28 £ 5.96 29155

Fasting blood glucose  8.13 79+28 9.8+ 33 8.59 + 341 11.8+ 3.7

(mmol/L)

Postprandial glucose 14.56 114 +40 139 +4.6 13.24 £ 4.77 -

(mmol/L)

HOMA-B - - - - 49.9 (30.6-73.5)
HOMA2

HOMA-IR - - - - 1.6(1.1-2.2)
HOMA2

Triglycerides (mmol/ 2.03 - 21+21 1.94 +1.25 1.73(1.25-2.48)

L)

LDL cholesterol 2.92 - 33+1 3.19 +1.10 3.7+1.1

(mmol/L)

Systolic blood 134.20 - 127.7 +17.2 136.72 + 19.53 136.0 + 19.5

pressure

Complications Nephropathy 14.4% Nephropathy 18.8% Nephropathy 8.2% Nephropathy 7.3% Nephropathy

Cardiovascular Macrovascular Cardiovascular Ischaemic heart 2.02%
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TABLE 3 Determinants of type 2 diabetes in Asian people compared with Western people.

China India

Body composition Higher body fat percentage
compared with Caucasian at a

given BMI?® lower lean mass

Body composition??
(Indians: 2.76 kg in women; 2.85 kg in men)

Lower fat free mass (Indians: 39.9 kg in women; 55.8 kg in men)

Early life
environment
(epigenetics)

Insufficient physical 23.8% 49.4%
activity among

adults in 2022%°

Lifestyle and

transitions refined carbohydrates increased313233

Higher fat mass and
abdominal fat mass,

Higher fat mass (Indians: 32.1 kg in women; 29.3 kg in men); higher abdominal fat mass

Southeast Asia Europe/US

Higher body fat percentage
compared with Caucasian and
Chinese at a given BMI

Lower body fat percentage
at same BMI compared
with Asians?®

Lower fat mass (28.3 kg in
women; 22.9 kg in men)
Lower abdominal fat mass
(2.23 kg in women; 2.1 kg
in men)

Higher fat free mass

(43.8 kg in women; 62.5 kg
in men)

Thrifty phenotype induced poor development of pancreatic beta-cell mass and function -

40.4% 19%

The consumption of grains, and dietary fibre declined while consumption of refined grains, fat, -

Decreased level of physical activity and energy expenditure

2.5% in 2002
4.5% in 2012
8.3% in 2022

2.1% in 2002
4.1% in 2012
7.3% in 2022

Obesity prevalence
trends®*

resistance and only mild hepatic insulin resistance.® Intervention of
6-month lifestyle modification can reduce 31% diabetes risk in indi-
viduals with isolated IGT and 12% diabetes risk in individuals with iso-
lated IFG.3®

3.2 | BMIand body composition

Severe beta-cell dysfunction, along with limited tolerance to insulin
resistance, may partially explain the lower BMI observed at diabetes
diagnosis in Asians. Average BMI values in Asians remain lower than
those in the UK. For example, the average BMI of adults with type
2 diabetes is 25.09 kg/m? in China, 27.2 kg/m? in India, 26.4 kg/m? in
Indonesia, 27.28 kg/m? in Malaysia, compared with 29.1 kg/m? in the
UK.2¥"25 |n the recent global and Indian obesity guidelines,®%*°
the criteria of obesity shifted from relying solely on BMI threshold to
considering organ functions. A fixed BMI cutoff may be of limited rel-
evance, especially in Asian populations, where type 2 diabetes can
occur at lower BMI levels. Another reason is that BMI, although a use-
ful measure of general adiposity, cannot discriminate between fat
mass and lean mass, which affect the risk of type 2 diabetes in differ-
ent ways. The fat mass in Indian with BMI of 24 kg/m2 in men and
26 kg/m? in women are similar with that Europeans with the BMI of
30 kg/m2.2? According to previous studies, a distinct pattern of body
composition characterised by “high body fat, low muscle mass at nor-
mal weight” is more common in Asians. Among men adjusted for age,

height and weight, Indians demonstrated 28% higher fat mass, 36%

2.4% in 2002
4.6% in 2012
8% in 2022

20.5% in 2002
24.8% in 2012
26.8% in 2022

higher abdominal fat mass and 11% lower fat free mass than
Europeans.?’ Compared with Caucasians at given BMI, the body fat
percentage was 5% to 7% higher in Indian men, 8% higher in Indian
women, 5% higher in Indonesian men and 7% higher in Indonesian
women from Malay ancestry.?® Numerous studies reported the differ-
ent influence of fat mass and skeletal muscle mass on development of
type 2 diabetes. High fat mass is a risk factor, per standard deviation
increases in fat mass increase 71% risk of type 2 diabetes in women
and 70% risk in men.*! In contrast, higher skeletal muscle mass would
be a protective factor, each standard deviation increase in skeletal
muscle mass was associated with 21% lower risk of type 2 diabetes in
women and 42% in men with diminished muscle mass.*> Abdominal
fat, especially the subcutaneous abdominal adipose tissue, is a key
driver of insulin resistance.*® Therefore, the high body fat, high
abdominal fat mass and low skeletal muscle mass are likely important
contributors to the development of type 2 diabetes among Asian
people.

The specific phenotypic characteristics of Asians were confirmed
in cluster analysis. In the Swedish All New Diabetics in Scania (ANDIS)
cohort,** type 2 diabetes was classified into severe insulin-deficient
diabetes mellitus (SIDD), severe insulin-resistant diabetes mellitus
(SIRD), mild obesity-related diabetes mellitus (MOD) and mild age-
related diabetes mellitus (MARD). SIDD is more common in India and
China than in Sweden (India: 26.5%; China: 24.8%; Sweden: 17.5%),
and these people develop type 2 diabetes at a younger age (India:
42.5 years; China: 50.5 years; Sweden: 56.7 years), lower BMI
(India: 24.9 kg/m?; China: 22.5 kg/m?; Sweden: 28.9 kg/m?), lower
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Comparison of Diabetes Subtype Distributions Across Countries
47.32%
45.10 45.40%
35.50%
32.70% 32.40%
1 30.94% =
24.10%
22%
18.58% 13.30%
13.50% 14.20%
8.60% 7.90%
3.16%
China India Malaysia us
mSIDD ESIRD WMOD ®MARD
FIGURE 1 Comparison of diabetes subtype distributions across countries.*”~#° MARD, mild age-related diabetes; MOD, mild obesity-related

diabetes; SIDD, severe insulin-deficient diabetes; SIRD, severe insulin-resistant diabetes. The figure illustrates the subtype distributions across
countries. The treatment principles are likely to differ by subtypes. For example, insulin therapy may be more beneficial for SIRD. Weight loss
through GLP-1 agonists could be effective for MOD. Managing complication risks should be a major target for MARD, with potentially less

stringent glucose control.

HOMA-beta (India: 38.8; China: 20.2; Sweden: 47.6) and lower
HOMA-IR (India: 2.8; China: 1.1; Sweden: 3.2).**"%¢ The cohort in
India also identified two subtypes, insulin-resistant obese diabetes
(IROD) and a unique combined insulin-resistant-deficient diabetes
(CIRDD). The CIRDD subtype was characterised by the lowest HDL
cholesterol (31.6 mg/dL) and highest serum triglycerides (414 mg/
dL).*> However, the distribution of diabetes subtypes varies across
different Asian regions (Figure 1).47~%°

These studies further highlighted the distinct phenotypes of type
2 diabetes in Asian populations, including more severe beta-cell dys-
function, lower insulin resistance, younger age at diagnosis and a body
composition pattern characterised by higher fat mass, lower lean
mass, yet lower BMI. To better explain the sharp rise and distinct fea-
tures of Asian type 2 diabetes in the past four decades, it is essential
to consider the contribution of genetic predisposition, early-life envi-

ronment and rapid lifestyle transitions.

4 | OTHER CONTRIBUTORS

4.1 | Genetics

Most identified genetic variants associated with type 2 diabetes are

similar in Asians and non-Asians. However, some genetic variations

might partly explain the distinct phenotype of Asians. Genetic variants
associated with a lower risk of type 2 diabetes but higher body fat
and BMI appear less frequent in Indians than in Europeans,®® which
may explain the body fat distribution and its relationship with disease
observed in Indians. Variants in PAX4, which increase the susceptibil-
ity to early-onset type 2 diabetes,®* are associated with a 31% higher
risk of type 2 diabetes in Asian people,>? but these variants are rare or
monomorphic in Europeans.>® Despite similar gene variants and
effects, the allele frequencies may differ among Asians and non-
Asians. For example, the risk allele frequency of variant rs7903146 in
TCF7L2, which is associated with beta-cell response to GLP-1 and
increased susceptibility to type 2 diabetes,>* differs between East
Asians (frequency of 5%) and Europeans (frequency of 30%).°°
Although genetic factors may play a role in predisposing Asians to the
development of type 2 diabetes, these factors cannot fully explain the
sharp rise.>® Other risk factors may play a far more important role in

the rise of type 2 diabetes in these regions.

4.2 | Lifestyle transitions and thrifty phenotype

Asian countries experienced rapid economic development, and mas-
sive rural-to-urban migration occurred. For example, the urbanisation
rate increased from 17.9% to 66.2% in the past four decades in
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China.>” Urbanisation led to substantial shifts in lifestyle and dietary
structure, which are strongly associated with health outcomes.>® Calo-
rie intake increased in many Asian countries, primarily from carbohy-
drates. The energy contribution from carbohydrates in the Chinese
population declined from over 70% in the 1980s to 53% in 2015.%°
From 1982 to 2015 in China, grain intake decreased from 498 to
281.1 g/reference man/day, vegetables decreased from 298 to
255.1 g/reference man/day and dietary fibre decreased from 13.3 to
9.9 g/reference man/ day (from 1992 to 2015).3* A similar trend
occurred in India; the intake of grains, vegetables and dietary fibre
declined while animal fat and refined increased.>? According to The
Prospective Urban and Rural Epidemiology study, the median glycae-
mic index was 88.9 in the Chinese diet, 88.2 in Southeast Asia, 88 in
Africa, compared with 80 in North America and Europe. The glycae-
mic load of the South Asian diet was highest at 346 g/day, followed
by China at 304.6 g/day, compared with North America and Europe
at 177.1 g/day. However, a higher glycaemic index diet was associ-
ated with a 15% higher risk of type 2 diabetes when comparing the
highest quintile to the lowest. Similarly, a diet with a higher glycaemic
load was associated with a 21% higher risk of type 2 diabetes when

t.° The economic devel-

comparing the highest quintile to the lowes
opment resulted in more sedentary behaviour and fewer physical
activities than previously. According to the Global Health Observatory
data in 2022, 23.8% of adults had insufficient physical activities in
China, 49.4% in India, 40.4% in Southeast Asia and 19% in the UK.*°
These lifestyle changes contributed to the rise of type 2 diabetes and
obesity in these countries.

With lifestyle transitions, the prevalence of obesity increased from
nearly 2% to 8% in Asian countries from 2002 to 2022.3* The diabeto-
genic effect of obesity adds to individuals with poor early growth and
may further increase the susceptibility to the development of type
2 diabetes, especially for Asians.® According to the thrifty genotype
hypothesis, poor foetal or early natal nutrition influences the epigenetic
modification, causes impaired development of the endocrine pancreas
to adapt to the current nutritional conditions. However, the following
good or over-nutrition may exceed the metabolic capacity of the endo-
crine pancreas and increase the susceptibility to type 2 diabetes.3 Evi-
dence from the Dutch Hunger Winter suggested that poor nutrition in
utero is associated with decreased glucose tolerance in adults. Com-
pared with the non-exposed population, the mean 2-h glucose concen-
tration was 0.5 mmol/L higher among participants exposed to famine
during late gestation.®? This factor is particularly important for Asian
developing countries, many of which experienced great famines—such
as the Chinese famine (1959-1961), Bengal famine (1943) and Java
famine (1944-1945)—and rapid economic development accomplished
with increased nutritional conditions. Those exposed to malnutrition
during foetal development are facing three times the higher risk of
hyperglycaemia and another six times the higher risk if adopting a
Western diet in their later lives.®®

Other factors may also contribute to type 2 diabetes pathogene-
sis. For example, gut microbiota may affect the risk of type 2 diabetes
and response to the glucose-lowering drugs, while infection may

increase insulin resistance by activating inflammatory mediators.3”

5 | TREATMENT OF TYPE 2 DIABETES
IN ASIA

Multiple classes of pharmacological agents are available for glycaemic
control and complications reduction in people with type 2 diabetes.
Recommendations for drug treatment of type 2 diabetes are sum-
marised in Table 4.°4%® Guidelines recommendations for most oral
antidiabetic agents are similar across countries. However, the
response and the real-world use of these drugs may be different in
Asian people with type 2 diabetes compared with Western people.

51 | Metformin and sulphonylureas
Although the prescription of metformin started to decline in the US
since 2022,%? with the rise of SGLT2 inhibitors and GLP-1 receptor
agonists, metformin, in guidelines from most Asian countries, remains
the first medication for newly diagnosed type 2 diabetes, with sulpho-
nylureas as an alternative or the second.®*~%® In Hong Kong, the pre-
scription rate of metformin rose from 41.1% in 2002 to 58.7% in
2019, with the rate of sulphonylureas declining from 52.3% in 2002
to 31.1% in 2016.7° In China's mainland, the use of metformin
increased from 53.7% in 2014 to 59.5% in 2024, and the use of sul-
phonylureas decreased from 70.2% to 9.4%.”%"? 86.6% diagnosed
within 2 years were on metformin therapy in India.”® In the US, the
use of metformin increased from 33% in 2003-2004 to 74% in 2015-
2016,”* and decreased from 76% in 2022 to 64% in 2023; that of sul-
phonylureas decreased to 2%.%° Metformin was the most preferred
drug in the past decades, but the use decreased in the US and is lower
in China than in other regions, despite continuous increase. The use
of sulphonylureas decreased, but is more common in China.
Sulphonylureas increase insulin level by stimulating insulin
secretion from pancreatic beta cells, suitable for Asians with beta cell
function. However, concerns exist regarding sulphonylureas-induced
beta-cell apoptosis.”> Metformin remains the most widely used anti-
diabetic medication after the rise of SGLT-2 inhibitors and GLP-1
receptor agonists, largely due to its affordability, safety and accessibil-
ity, especially in low-income regions. The lower use of metformin in
China may partly reflect patients' attitudes toward body weight. Met-
formin is associated with moderate weight loss ranging from 4.62 to
0.72 kg.”® Many Asian people, especially Chinese, are concerned
about its body weight loss effect as they do not think they are big

in size.

5.2 | SGLT-2 inhibitors

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors gained traction
due to their benefits in reducing the risk of cardiovascular and chronic
kidney disease.””””? Guidelines recommended these drugs for
second-line or combination therapy, especially for people with high
cardiovascular and kidney risk.2® The effect of SGLT-2 inhibitors on

HbA1c and cardiovascular benefits appears consistent across ethnic
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TABLE 4 Guidelines of type 2 diabetes in China, India, southeast Asia and US.

ICMR
guideline 2018
Drugs CDS guideline 2024 (China)®® (India)®”
Metformin First-line monotherapy First-line
monotherapy
Sulphonylureas  Combination therapy First-line
combination
therapy
a-Glucosidase Combination therapy Second-line
inhibitors combination
therapy
SGLT2 Second-line therapy; combination First-line
inhibitors therapy combination
therapy
GLP-1 Second-line therapy; combination Second-line
receptor therapy combination
agonists therapy
DPP4 Combination therapy First-line
inhibitors combination
therapy
Insulin therapy ~ For newly diagnosed type 2 diabetes Recommend
with symptomatic hyperglycaemia; for

when combination therapy is not
effective for target blood glucose

symptomatic
hyperglycaemia

groups. A meta-analysis reported an HbAlc reduction of 0.65%
among Asians and 0.60% among non-Asians.®! Risk reduction for
major adverse cardiovascular events (MACE) was 19% in Asians and
10% in Caucasians.®?

The American Diabetes Association (ADA) did not recommend
these drugs until 2018. In the US, the use of SGLT-2 inhibitors
increased from 1%-4% before 2022 to 7% in 2023.% Due to the car-
diovascular and kidney benefits, as well as the availability of low-cost
options, SGLT-2 inhibitors also gained rapid popularity in the treat-
ment of type 2 diabetes across Asia. In Hong Kong, the use of SGLT-2
inhibitors increased from 0.04% in 2015 to 0.4% in 2016°° and 6% in
2019.7° In Singapore, the use of SGLT-2 inhibitors increased from
0.5% in 2007 to 7.4% in 2017.2* In India, the use was about 10% in
2017, while in China, it reached 38.9% in 2024.72

Precision medicine should be considered to choose the right
treatment for each person, especially those with cardiorenal risks.8> In
addition to the risk of genital infections, the potential for ketoacidosis
and loss of lean body mass with SGLT2 inhibitor use needs atten-
tion.8¢ Both SGLT - 2 inhibitors and low-carbohydrate diets stimulate
ketogenesis; the restriction of carbohydrate may increase the risk of
developing SGLT-2 inhibitor-induced euglycaemic diabetic ketoacido-
sis.8788 A meta-analysis suggested the changes in body weight and

IMOH

guideline
MEMS guideline 2020 2020 ADA guideline
(Malaysia)®® (Indonesia)®® 2025 (US)**
First-line monotherapy First-line First-line

monotherapy
Second-line monotherapy;  Second-line -
combination therapy monotherapy;

combination

therapy
Second-line monotherapy; Second-line Not recommended
combination therapy monotherapy;

combination

therapy
Second-line monotherapy;  Second-line Second-line
combination therapy monotherapy;

combination

therapy
Second-line monotherapy; Second-line Second-line
combination therapy monotherapy;

combination

therapy
Second-line monotherapy; Second-line Second-line
combination therapy monotherapy;

combination

therapy

Combination
therapy

Not adequately controlled
on maximum oral glucose
lowering drugs + GLP-1
receptor agonists

As part of any
combination
medication plan
when hyperglycaemia
is severe

lean mass from using SGLT-2 inhibitors; the loss of lean mass
accounted for between 10% and 40% of the body weight lost, with an
average of around 30%. Compared with other antihyperglycaemic
drugs, SGLT-2 inhibitors result in approximately 0.8 kg greater reduc-

tion in lean mass.®?

5.3 | GIP-1 receptor agonists
Guidelines recommended glucagon-like peptide 1 (GLP-1) receptor
agonists for second-line or combination therapy. GLP-1 receptor ago-
nists exert anti-inflammation and antioxidant effect to prevent endo-
thelial dysfunction and arterial stiffening, and improve cardiovascular
and possible renal outcomes in people with diabetes.”® From 2022 to
2023, GLP-1 receptor agonists increased from 6% to 18% in the US.¢?
According to studies from the 2010s, GLP-1 receptor agonists were
not commonly used in Asia.”?! In China, the use of GLP-1 reached
14.9% in 2024.72

Evidence suggests GLP-1 receptor agonists are more effective
among Asians. The HbA1lc reduction with GLP-1 receptor agonists
was 0.32% greater in Asian-dominant studies. In Asians, the number

of people achieving target HbAlc < 7.0% was five times higher in the
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GLP-1 receptor agonists group than in the control group. In non-
Asians, the number of people achieving target HbAlc < 7.0% was two
times higher in the GLP-1 receptor agonists group than in the control
group.”? Cardiovascular benefits of GLP-1 receptor agonists were also
greater in Asians with type 2 diabetes than in non-Asians, with MACE
risk reductions of 8% in Caucasians, 22% in Africans and 75% in
Asians.”®

Moreover, GLP-1 receptor agonists provide greater benefit for
people with obesity. Considering the worse beta-cell function, the
benefit threshold for BMI can be lower among Asians. However,
25%-40% of the weight lost consists of lean mass.”* It is necessary to
introduce the bioelectric impedance analysis or body composition in
deciding if GLP-1 receptor agonists are needed.

5.4 | DPP-4 inhibitors

(DPP-4)
inhibitors for second-line or combination therapy. With a similar

Guidelines  recommended  dipeptidyl  peptidase-4
mechanism to that of GLP-1 receptor agonists, these agents show
similar ethnic differences of effects. Like GLP-1 receptor agonists,
they appear to be more effective in Asians, with an additional HbA1c
reduction of 0.26% compared to non-Asians.”> The GLP-1 receptor
agonists and DPP-4 inhibitors reduce blood glucose by enhancing
insulin secretion and inhibit glucagon secretion in a glucose-
dependent manner, which may be especially effective for the defect
of insulin secretion in Asian people.

DPP-4 inhibitors use rapidly rises in Asia. In China, the use of
DPP-4 inhibitors was 0.8% in 2014,”' and 16.8% in 2024.7% In
Singapore, the use increased from 1.2% in 2008 to 31.2% in 2017.8%
During 2015-2016 in the US, one-fifth of people received DPP-4
inhibitors, most as combination therapy,”* however, the first-line use
decreased from 2% in 2022 to 1% in 2023.%° The use of newer agents
consistently increases in Asia, replacing traditional agents, such as

sulphonylureas.

5.5 | a-Glucosidase inhibitors

a-Glucosidase inhibitors (AGls) reduce blood glucose by inhibiting car-
bohydrate absorption. In Asian countries, they are recommended as
an alternative first-line pharmacotherapy, particularly for people with
a high carbohydrate diet and high postprandial blood glucose. The
ADA guideline did not specifically recommend this drug. Acarbose use
in Asia reached 29.2% in China,’? 18.6% in India®* and 25.18% in
Indonesia.2” However, it is rarely reported in the US.

AGls are agents that specifically impact on postprandial hypergly-
caemia. HbA1c reduction effect of Acarbose is greater in east and
Southeast Asian people compared with South Asian people
and European people.”® HbA1c reductions were 1.54% in populations
consuming an Eastern diet versus 0.52% with a Western diet.”” The
MARCH randomised trial suggested that acarbose is comparable to

metformin in effectiveness among Chinese people for initial therapy;

HbA1c reduction at week 48 was —1.11% in acarbose and —1.12% in
metformin.”® The enhanced response of acarbose may be partly
explained by the higher proportion of dietary carbohydrates con-

sumed in this population compared with Western people.

5.6 | Insulin therapy

Insulin therapy is recommended in cases of symptomatic hyperglycae-
mia or when combination oral therapy fails to achieve target glucose
control. Real-world data suggested a higher insulin use rate in Asian
countries compared with Western countries. The use of insulin was
36.8% in China in 2024,”% and 17.2% in India between 2015 and
2017.7% In Singapore, the insulin use increased from 24.4% in 2007 to
57.9% in 2017.8% In the US, the use of insulin increased from 17.1% in
2006 to 23% in 2013, primarily driven by the adoption of basal insulin
analogues and rapid-acting insulin analogues.”’

Under insulin therapy, HbA1lc reduction from baseline was
—1.46% in Asian people compared with —2.17% in Caucasians.*®
The insulin requirement of Asians is higher than that of Caucasians;
for twice-daily insulin lispro mix 75/25, the dose reached 0.67 U/kg
for non-Asians, 0.91 U/kg for Asian Indians and 0.53 U/kg for East
Asians.'°! These differences may be related to worse insulin secretion
capacity. Leaner people are more likely to need insulin. A study
reported insulin use was 49% in lean type 2 diabetes and 44% in
obese individuals. The insulin use in people diagnosed within 1 year
was 35% in lean individuals and 25.8% in obese individuals.°? This
may reflect the more severe beta-cell dysfunction in lean diabetes.
Chinese people preferred injections in relation to meals and did not
prefer injections irrespective of meals; the possible reason may be
that patients' belief in injections in relation to meals could bring better
blood glucose control.2%%

Insulin may not be suitable for people with obesity or invisible
obesity. But still, some people with obesity still need insulin to pre-
vent acute complications. In this situation, the combined therapy of
GLP-1 receptor agonists is necessary to neutralise the adverse effects
of weight gain. For those without obesity, GLP-1 receptor agonists
may prevent weight gain. The fixed combination of GLP-1 receptor
agonists and insulin provides a conventional option for such peo-
ple.*®* Free and fixed-ratio combinations of basal insulin and GLP-1
receptor agonists provide a better effect in glucose lowering than
basal insulin intensification.®> More multiple injections of insulin for
better insulin control—it may be dangerous for people with cognitive
impairments and living alone. Once daily insulin for convenience fits
better for more people; alternatively, twice daily insulin of single may

also work.

6 | CONCLUSIONS
China, India and Southeast Asia are facing a rapid rise of type 2 diabe-
tes, leading to substantial burden in both cost and mortality. Popula-

tion ageing and obesity epidemic alone cannot fully explain this sharp
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rise, with distinct features in type 2 diabetes. Genetic predisposition,
early environment and lifestyle changes accompanying economic
development contribute to the rapidly rising and special phenotypes—
younger age of onset, lower BMI and worse beta-cell function. These
distinctions may provide insights into unique therapy for Asian people,
such as AGlIs and insulin. Although most countries follow similar treat-
ment guidelines, drug response and usage patterns vary significantly
across ethnic groups. Further studies are needed to explore the
unique therapy for people with type 2 diabetes in China, India and
Southeast Asia.
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