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Summary

Objectives: To examine the epidemic of diabetes and its impact on cardiovascular
disease (CVD) in China.
Methods: We searched PubMed and local databases for studies published since
1980. Information on study design, sample characteristics, diagnosis, and preva-
lence of diabetes were extracted using a standardized protocol. We calculated aver-
age annual increases in rates and the population attributable risk of CVD due to Type
2 diabetes (T2D).
Results: Nationwide survey data indicate that the prevalence of T2D in Mainland
China has increased from 0.67% in the early 1980s to 3.21% in the mid-1990s and
to 5.5% in 2001–02. A 2001–02 national survey among people aged 35–74 showed
that the prevalence was 5.2% in men and 5.8% in women. The prevalence increases
with age and is higher in urban- than rural areas. The annual increase in the rate of
T2D and impaired glucose tolerance were 0.70% and 0.64% point, respectively. Peo-
ple in Hong Kong and Taiwan (approximately 8–10%) had a higher prevalence of T2D
than on the Mainland. Chinese adults with diabetes were 1.7 times more likely to
develop CVD than those with normal fasting glucose. We estimated that 3.3% of
CVD in China is attributable to T2D.
Conclusions: The prevalence of T2D has steadily increased in China over the past
two decades, although it remains lower than many industrialized countries. Consid-
erable differences in prevalence exist across regions and population groups. Urban
and higher-income groups are affected the most, in particular, due to changes in
lifestyle and a rising obesity epidemic. Timely national strategies are needed for
the prevention, screening, and treatment of T2D.
� 2008 World Heart Federation. Published by Elsevier Ltd. All rights reserved.
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Introduction

Since the economic reform initiated in the late
1970s, China has experienced many dramatic social
economic developments, which have significantly
affected the daily lives as well as the health of
its citizens [1–3]. A growing number of studies
show that the prevalence rates of obesity and Type
2 diabetes (T2D) have increased dramatically in
China, especially in the past decade [4]. As has
been extensively studied, obesity is a serous risk
factor for both T2D and cardiovascular diseases
(CVD) in addition to many other chronic diseases
[5,6]. With the increase in obesity, related chronic
diseases have also increased over the past decade
and obesity has become an important preventable
cause of deaths in China [4]. National surveys and
statistics along with findings from other large pop-
ulation-based surveys such as the China Multicenter
Collaborative Study of Cardiovascular Epidemiology
show that CVD has already become the leading
cause of death for both men and women in China
[7]. China is currently undergoing rapid demo-
graphic, social, economic, and health shifts that
may further increase the burden of CVD [8].

Nationally representative surveys show that the
combined prevalence of overweight and obesity
in China has increased form 14.6% to 21.8% be-
tween 1992 and 2002 based on the World Health
Organization’s (WHO) recommended body mass in-
dex (BMI) cut point of 25 [4]. The prevalence of
hypertension increased from 11.3% in 1991 to
27.2% in 2000 [4]. T2D has become an important
public health challenge in economically developing
countries including China [9,10]. The prevalence of
T2D in the Chinese adult population has increased
from 0.67% in the early 1980s to 5.5% in 2001–
2002 [11]. The number of diabetic patients is pro-
jected to increase from 20.8 million in 2000 to
42.3 million in 2030 in China [9,12]. On the other
hand, although the rising incidence of Type 1 dia-
betes (T1D) is becoming a global phenomenon
[13], the incidence of T1D in China seems to be
the lowest ever reported in the world [14,15].

To our knowledge, few studies have systemati-
cally examined the trends in the prevalence of
T2D and T1D in China. The present study aims to
study the trends in diabetes and its impact on
the risk of cardiovascular health in China. We fo-
cused on representative data collected in Mainland
China, but also examined the situation in selected
major cities in China and Hong Kong and Taiwan.
The latter places where the economy is more
developed and the residents are having a more
Westernized diet and sedentary lifestyles, may
help shed light on the future situation in Mainland
China [16].
Materials and methods

Data inclusion criteria

Cross-sectional and longitudinal studies published
in Chinese and English that examined the preva-
lence or incidence of diabetes in China were exam-
ined. In Mainland China, we focused on data
collected in nationwide surveys to examine the
trend for diabetes over time. In addition, we high-
lighted the situation in Beijing and Shanghai, which
are the two largest cities in China and may help
show the situation in more economically developed
areas in Mainland China. In general, the residents
of these areas have been experiencing more dra-
matic changes in their lifestyles and a greater influ-
ence of Western culture and more chronic diseases
than their counterparts in other regions. Further-
more, T2D-related large scale studies in Hong Kong
and Taiwan were also included.

Search strategies

To identify related studies, we searched PubMed
and local databases in Mainland China and Taiwan
for studies published from January 1980 to July
2007, including those published in English and Chi-
nese. Several key terms were used in the search
process, such as China, Hong Kong, Taiwan, diabe-
tes, hypertension, cardiovascular disease, fasting
glucose, and metabolic syndrome. Titles and ab-
stracts of studies uncovered by the electronic
searches were examined on screen. Papers of those
studies which could not be excluded on the basis of
the abstract were obtained in full and reviewed for
suitability for inclusion. In addition, a number of
studies identified in the course of reading or
brought to our attention by colleagues and experts
that we consulted were also included.

Classification and diagnosis of diabetes

On the basis of its etiology, diabetes is classified
into two major types: T1D, caused by immunologi-
cal destruction of pancreatic islets, is character-
ized by absolute insulin deficiency and usually
occurs in childhood. T2D begins in the middle age
or earlier and is characterized by deficient insulin
secretion and/or insulin resistance [17,18].

The diagnostic criteria for T2D used by studies
we included were summarized in Table 1. Most of



Table 1 Diagnostic criteria for Type 2 diabetes (T2D).

Category China (1980)* [26] WHO (1980) [20] WHO (1985) [21] WHO (1999) [19] ADA (1997) [18]

T2D FPG > 7.3 or 2 h
PG > 11.1

FPG P 7.8 or 2 h
PG P 11.1

FPG P 7.8 or 2 h
PG P 11.1

FPG P 7.0 or 2 h
PG P 11.1

FPG P 7.0

IGT FPG 6 7.3 and 2 h
PG 6 11.1

FPG < 7.8 and 2 h
PG < 11.1

FPG < 7.8 and 2 h
PG < 11.1

FPG < 7.0 and 2 h
PG < 11.1

7.8 6 2 h
PG < 11.1

T2D: Type 2 diabetes; IGT: impaired glucose tolerance; WHO: World Health Organization; ADA: American Diabetes Association.
* One hundred grams of glucose for oral glucose tolerance test (OGTT) instead of 75-g glucose.
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the previous studies used the criteria recom-
mended by the WHO (WHO, 1980, 1985, 1999)
[19–21] or American Diabetes Association (ADA,
1997) [18]. Usually, normal fasting plasma glucose
(FPG) is defined as <110 mg/dl (6.1 mmol/l). Im-
paired glucose tolerance (IGT) is defined as FPG
<126 mg/dl (7.0 mmol/l) and 2 h PG after a 75 g
oral glucose challenge 140–199 mg/dl (7.8–
11.1 mmol/l). Impaired fasting glucose (IFG) is de-
fined as FPG from 110 mg/dl (6.1 mmol/l) to
125 mg/dl (6.9 mmol/l) [22]. Diabetes includes
previously diagnosed and newly diagnosed/undiag-
nosed/unknown diabetes. The undiagnosed individ-
uals are those who do not know that they are
suffering from diabetes until they are tested or
screened and diagnosed by using the relevant diag-
nostic criteria. The definition of T1D cases requires
that patients are diagnosed by a physician and
placed on daily insulin injections aged 0–14 years
at the time of diagnosis.
Diagnosis of cardiovascular diseases

CVD include coronary heart disease (CHD) and
stroke. According to the International Classifica-
tion of Diseases (ICD-9) codes, CHD is defined as
first incidence of acute myocardial infarction
(MI), coronary death, nonfatal ischemic heart dis-
ease, nonfatal heart failure, sudden death, and
other coronary deaths. Stroke events include pa-
tients presenting with clinical signs and symptoms
suggestive of subarachnoid hemorrhage, intracere-
bral hemorrhage, or cerebral infarction [23].
Statistical analysis

To facilitate comparisons of the trends across stud-
ies based on data gathered over different survey
periods, we calculated the annual increase in rate
by fitting linear regression models using prevalence
as the outcome variable and survey time as the
independent variable (e.g., prevalence at time
t = intercept + beta*t). Beta represents the average
annual increase in prevalence.
The model was fitted based on findings from 3
national surveys conducted in mainland China in
1994 [24], 1997 [25], and 2001 [10]. We chose the
1997 survey data vs. the 1998 survey [27] because
the 1997 survey’s sample size was much bigger
(42,751 vs. 29,558), although they were conducted
only 1-year apart. In addition, the age range of the
1997 study population (20–74 years) was wider and
more representative than that of the 1998 survey
(40–99 years). We did not use the estimate based
on the 2002 China National Health and Nutrition,
but chose to use the estimate provided in the
2001 InterASIA study, because we believe the latter
provides a more accurate estimate of China’s prev-
alence of T2D owing to its strengths. For example,
it included a large representative sample, had a
high response rate, and applied a vigorous quality
assurance programme and standard protocols and
instruments for data collection and lab tests [10].

In addition, based on the estimated annual in-
crease in rates, we projected the prevalence of
T2D and IGT for the years of 2015 and 2030. Our
projections indicate what the future prevalence
of diabetes might be in China if the trend continues
at a similar rate to that observed previously and if
there are no dramatic changes in the population
age distribution or in intervention efforts. Our goal
was not to project what the actual situation will be
in the future, which can be affected by many fac-
tors and uncertainties. We also calculated popula-
tion-attributable risk (PAR) of T2D and IFG for CVD
based on the recent prevalence of T2D and IFG [10]
and the hazard ratio (HR) reported in previous
studies [5,10]. Data analysis was conducted in SAS
Version 9.1 (SAS Inc, Cary, NC, USA).
Results

A total of 20 studies that have studied T2D were in-
cluded in our study. Of these, 14 studies were con-
ducted in Mainland China (6 national studies, 3 in
Beijing, and 5 in Shanghai), 2 in Hong Kong, and 4
in Taiwan. The details of these studies are shown
in Table 2.



Table 2 Characteristics of cross-sectional studies on the prevalence of Type 2 diabetes (T2D) in Mainland China, Hong Kong, and Taiwan.

No. Author,
publication
year

National or
local

Year of
data
collection

Sample size Age
(year)

Diagnostic
criteria

Prevalence (%) Comments/Notes

T2D IGT/IFG

Mainland China Nationwide or national
1 Zhong [26],

1982
National, 13
provinces included

1980 304537,160195
men

0–90 1980 China
Criteria [26]

T: 0.61
M: 0.63; F: 0.59
Age-standardized: 0.67

T: 0.42 Age-standardized to 1964
Chinese population

2 Pan et al.
[24], 1997

National, 19
provinces included

1994 213515, 113002
men

25–64 1985 WHO Criteria
[21]

T: 2.28
M: 2.21; F: 2.40
Age-standardized: 2.51

T: 2.10 M: 2.07; F: 2.07
Age-standardized: 3.20

Age-standardized to 1990
Chinese population

3 Wang et al.
[25], 1998

National, 11
provinces/regions
included

1995–1997 42751, 18631
men

20–74 1985 WHO Criteria
[21]

M: 3.40; F: 3.79
Age-standardized: 3.21

M: 4.94; F: 5.46
Age-standardized 4.76

Age-standardized to 1990
Chinese population

4 Yang Z[27],
2002

National, 12
provinces included

1997–1998 29558, 13402
men

40–99 1985 WHO Criteria
[21]

T: 5.7
M : 5.4; F: 5.9
Urban: 6.8*; Rural: 3.8
Age-standardized: 5.89

T: 5.8; M: 6.1; F: 5.5
Urban: 6.1*Rural: 5.3
Age-standardized 5.9

Prevalence was higher in
urban than in rural area;

5 Gu et al. [10],
2003

National, 10
provinces included

2000–2001 15839, 7684 men 35–74 1997 ADA Criteria
[18]

Diagnosed:1.3
Undiagnosed: 4.2
T: 5.5 M: 5.2; F: 5.8
Age-standardized: 5.2
M: 4.9; F: 5.4
North: 7.4*; South: 5.4
Urban: 7.8*; Rural: 5.1

IFG: 7.3
Age-standardized: 8.2*;
F: 6.9 North: 7.9 South: 7.1
Urban: 7.7 Rural: 7.4

1) Prevalence was higher
in north than in south and
in urban than in rural
areas; 2) Three out of
every four T2D patients
are undiagnosed, 3) Age-
standardized to 2000
Chinese population

6 Li et al. [60],
2005

National, 31
provinces included

2002 209849, 101377
men

18– 1999 WHO Criteria
[19]

T: 2.6
M: 2.5; F: 2.7
Urban: 4.5* Rural: 1.8

IFG: 1.9 M: 2.2; F: 1.8
Urban: 2.7 Rural: 1.6

1) Prevalence was higher
in urban than in rural
areas; 2) Prevalence
increased with age; 3)
Age-standardized to 2000
Chinese population

Beijing and Shanghai
7 Xu et al. [61],

1982
Beijing 1980 39896, 21431

men
0–79 1980 WHO Criteria

[20]
T: 0.73
M: 0.81; F: 0.63
Age-standardized: 1.10

T: 0.43 M: 0.43; F: 0.42 1) No gender difference;
2) Age-standardized to
1964 Chinese population

8 Yang Z. [27],
2002

Beijing 1997–1998 1540, 864 men 40–99 1985 WHO Criteria
[21]

T: 11.6
Age-standardized: 10.4
M: 9.7; F: 12.8
Urban : 13.6*; Rural: 6.9

T: 12.2
Age-standardized: 11.3;
M:11.7;F:12.6
Urban: 12.3; Rural: 11.9

1) Prevalence was higher
in urban than in rural
area; 2) Prevalence
increased with age

9 Pang et al.
[62], 2005

Beijing 2002 30402, 14871
men

P15 1999 WHO Criteria
[19]

T: 7.7
M: 6.7; F: 8.6

NA Prevalence was higher in
women than in men

10 Group
[63],1980

Shanghai 1980 101624 0– 1980 China
Criteria [26]

T: 1.01
M: 1.05; F: 0.97
Overt DM: 0.71
Latent DM: 0.30
Age-standardized:
T: 0.93
M: 0.99; F: 0.88

NA 1) Prevalence increased
with age; 2) Age-
standardized to 1978
Shanghai population

11 Shi et al. [41],
1998

Shanghai 1994 13632, 6763 men P25 1985 WHO Criteria
[21]

T: 2.33 (0.67 known, 1.66
unknown T2D)
Age-standardized:
M: 2.54; F: 2.14

T: 1.30;
M:1.42; F: 1.31

Prevalence standardized
with the 1994 Shanghai
census
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12 Yang [27],
2002

Shanghai 1997–1998 2973, 1219 men 40–99 1985 WHO Criteria
[21]

T: 6.9
Age-standardized: 6.1
Men: 6.0; Women: 7.5

T: 4.5
Age-standardized: T: 4.4
M: 5.2; F: 4.0

Prevalence increased with
age

13 Jia et al. [6],
2002

Shanghai 1998–2000 2776, 1106 men 20–94 1999 WHO Criteria
[19]

Age- and gender-adjusted:
9.76
M: 11.03*; F: 8.92

NA Prevalence was higher in
men than in women

14 Li et al. [64],
2006

Shanghai 2004 11589, 4621 men 15–74 1999 WHO Criteria
[19]

T: 8.6;
M: 8.9; F: 8.4;
Urban: 11.2
M: 12.2*; F: 10.6
Rural: 5.3
M: 4.6; F: 5.7
Age-standardized: 6.2

IGT T: 6.9;
M: 6.4; F: 7.3;
Urban: 6.4; Rural: 7.5
IFG T: 1.0; M: 1.0; F: 1.0;
Urban: 1.2; Rural: 0.8;
Age-standardized
IGT: 5.1; IFG: 0.8

1) Prevalence increased
with age; 2) Prevalence
was higher in urban than
in rural areas; 3) Age-
standardized to 2000
Chinese population

Hong Kong
15 Cockram

et al. [34],
1993

Hong Kong 1991 1513, 910 men 18–64 1985 WHO Criteria
[21]

T: 4.5
M: 5.1; F: 3.6
Age-standardized: 7.7;
M: 9.0; F: 6.3

T: 7.3
M: 7.4; F: 7.1
Age-standardized:
M:11.2; F: 8.8

Age-standardized to 1993
world population

16 Lam et al.
[33], 2000

Hong Kong 1994–1996 2664, 1316 men 25–74 1985 WHO Criteria
[21]

Diagnosed:
M: 3.0; F: 3.7
Undiagnosed
M: 6.4; F: 5.9
Age-standardized:
35-64 age group
M: 9.5; F: 10.2

M: 14.4; F: 17.0 1) Prevalence increased
with age; 2) Age-
standardized to Segi’s
1957 world population

Taiwan
17 Wu et al.

[65], 1986
Northern Taiwan
(Taipei city)

1985 2206 40–69 1980 WHO Criteria
[20]

T: 6.0;
M: 5.5*; F: 6.
4 40-49y: 3.0;
50-59y: 6.5; 60-69y: 9.3

T: 2.5 Prevalence was higher in
women than in men;

18 Lu et al[36],
1998

Southern Taiwan
(Tainan city)

1996 1638, 780 men P20 1985 WHO Criteria
[21]

T: 9.0
M: 10.3; F: 7.9
Diagnosed:
4.8 M: 5.3; F: 4.4
Undiagnosed:
4.2 M: 4.9; F: 3.5
Age-standardized: 9.2
diagnosed: 4.8
undiagnosed:
4.4 M: 10.4; F: 8.1

T:14.0
M: 13.8; F: 14.1
Age-standardized: 15.5
M:15.0; F: 15.9

1) No gender difference;
2) Prevalence increased
with age; 3) Age-
standardized to Segi’s
world population

19 Pan et al.
[40], 2003

Taiwan-wide 1993–1996 5256, 2518 men P4 1997 ADA Criteria
[18]

<19 yrs: 0; P19 yrs:
M: 3.7; F: 6.3 19-44 yrs:
M: 1.5; F: 0.5 45-64 yrs:
M: 7.9; F: 12.3 P65 yrs:
M: 7.8; F: 19.6

NA 1) Prevalence was higher
in women than in men; 2)
Prevalence increased with
age; 3) Taiwan wide
health survey

21 Chang et al.
[35], 2005

Taiwan-wide 2001 8988 P40 Confirmed by
medical
professionals

8.5 NA 2001 Taiwan wide health
survey

T2D: Type 2 diabetes; IGT: impaired glucose tolerance; IFG: impaired fasting glucose; T: total; M: male; F: females; WHO: World Health Organization; ADA: American Diabetes
Association; NA, not available.
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Mainland China

Type 2 diabetes (T2D)

Current prevalence: The current prevalence of T2D
in Mainland China is much higher than in the past
[10,24–26]. Based on the data collected in 2000–
01 in the International Collaborative Study of Car-
diovascular Disease in Asia (InterASIA) from a
nationally representative sample of 15540 adults
aged 35-74 years, the prevalence was 5.5% (1.3%
for self-reported diagnosed diabetes, 4.2% for
undiagnosed diabetes) according to the 1997 ADA
criterion [10]. The prevalence of undiagnosed dia-
betes was more than 3-fold higher than that of
diagnosed diabetes. Overall, 5.2% men and 5.8%
women had T2D.
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The prevalence of T2D increased with age. Data
obtained from another national survey including 12
provinces in 1997–98 show a higher prevalence of
T2D and IGT in older groups, particularly among
those aged 65 years and over (Fig. 1). For example,
the prevalence increased from 2.0% for ages 40–44
years to 11.2% for ages 70–74 years based on the
1985 WHO criterion. There are also considerable
urban-rural and regional differences in the preva-
lence. The InterASIA study shows that the preva-
lence was higher in urban than in rural areas, and
in the North than in the South in all age groups
(Fig. 2). The age-standardized prevalence was
7.8% vs. 5.1% among urban and rural residents
(P < 0.001), while it was 7.4% in northern vs. 5.4%
in southern residents (P < 0.001) [10].
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Beijing and Shanghai: Available representative
data show that the prevalence of T2D and IGT in
Beijing and Shanghai is much higher than the na-
tional average. The 2002 China National Nutrition
and Health Survey, a nationally representative sur-
vey, shows that in Beijing, the prevalence among
residents aged P15 years was 7.7% based on the
1999 WHO criterion.[62] The age-standardized
prevalence of T2D and IGT among those aged 40
years and older in 1998 was 10.4% and 11.3%,
respectively according to the 1985 WHO criterion
[27]. In Shanghai, the age-standardized prevalence
of T2D and IGT among people aged 15–74 years in
2004 was 6.2% and 5.1% based on the 1999 WHO cri-
terion, respectively. In general, the prevalence in
Beijing is slightly higher than in Shanghai, which
may be due to differences in people’s lifestyles.

Trends in the prevalence: Although previous
studies based on the data collected over time have
often used different criteria for the diagnosis of
T2D, such data allow examination of the general
time trends in the prevalence of T2D. As shown in
Fig. 3, the prevalence of T2D and IGT has increased
in Mainland China based on the nationwide surveys
conducted over the past two decades. We focused
on those studies that provided better comparable
data based on the age of the study respondents
and diagnostic criteria. From 1980 to 2001, there
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was an upward trend in the prevalence. The age-
standardized prevalence of diabetes and IGT was
reported to be less than 1% among a nationally rep-
resentative sample of 304,537 subjects in 1980
[26]. The 1994 China National Diabetes Survey
examination of 2,153,515 men and women yielded
prevalence estimates for diabetes and IGT of 2.5%
and 3.2%, respectively [28]. In general, the preva-
lence of IGT was higher than that of diabetes.

Our regression analysis based on three national
diabetes surveys [10,24,25], indicates that the an-
nual increase in rates of diabetes and IGT were
0.39% and 0.63% point, respectively. Based on
these estimates, we projected that for the year
2015, the prevalence of T2D and IGT would be
10.5% and 16.4%, respectively. For the year 2030,
the corresponding figures were 16.4% and 25.9%,
respectively.
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nual increase were higher than the national aver-
ages. During 1980–2002 in Beijing, the prevalence
of T2D increased six times, from 1.1% to 7.7%.
The average annual increase in rate was 0.33 per-
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the prevalence more than doubled, from 2.3% to
6.2% with an annual increase in the rate of 0.39%
point.
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Type 1 diabetes (T1D)

National situation: Based on a registration system
of T1D monitoring >20 million children in 22 cen-
ters nationwide in Mainland China during 1985–
1994, which was part of the WHO’s Multinational
Project for Childhood Diabetes (Diamond) project
[29,30], the crude incidence rate (per 100,000/
year) was 0.48 and the overall ascertainment-cor-
rected diabetes incidence rate was 0.51. The age-
specific incidence rate was lowest for those 0–4
years old and highest for those aged 10–14 years,
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although the study did not provide age-specific
rates. In general, the incidence rate was higher in
the north and the east, with a range between
0.79 and 0.23 (Fig. 5). Boys had a slightly lower
rate, 0.47 vs. 0.59. In addition, the data show large
ethnic differences in the incidence rate. The high-
est was among Mongols (=1.82) and the lowest was
among Zhuangs (=0.32). Fig. 6a shows the time
trend in the T1D incidence among children <15
years during 1990–94. The rates seemed stable
over the years.
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et al., 1996 [32]).
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Beijing and Shanghai: Fig. 6b shows the trend in
the incidence of T1D in Beijing and Shanghai. The
age-adjusted incidence (/per 100,000) was 0.83 in
1988–1996 and 0.86 in 1997–2000, respectively
[31]. In Shanghai, the ascertainment-corrected
incidence was 0.72 during 1980–1991 [15]. Another
survey among children aged 0–14 years in urban
Shanghai during 1989–1993 shows that the average
crude annual incidence rate was 0.83 and the
ascertainment-corrected incidence was 0.96 [32].

Type 2 diabetes in Hong Kong

A 1994–96 survey shows that the overall age-stan-
dardized prevalence of T2D was 9.5% in men and
10.2% in women aged 25–74 years in 1996 [33].
The prevalence was higher in men than in women
before the age of 40 years, but thereafter, the
prevalence became higher in women (Fig. 4a)
[33]. Over a 5-year period between 1991 and
1996, the prevalence increased from 9.0% to 9.5%
(a 6% increase) in men and 6.3% to 10.2% (a 62% in-
crease) in women, respectively [33,34]. Note that
we did not find any more recent representative
data from Hong Kong.

Type 2 diabetes in Taiwan

Overall, published data from Taiwan did not show a
clear increase in the prevalence of T2D in recent
years, which may be due partially to the differ-
ences in the study samples including places where
the samples were selected and the study partici-
pants’ ages as well as in the T2D diagnostic criteria
used. Nevertheless, the data suggest that the prev-
alence is higher than in mainland China. A recent
study based on a 2001 representative survey of
8988 adults aged 40 years or older shows that the
prevalence was 8.5% [35]. An earlier 1996 survey
shows that the overall prevalence among adults
aged 25–74 years old was 9.2% (10.4% in men vs.
8.1% in women) [36], compared to 5.8% indicated
by a 1985 survey, i.e., increased by 59% [36,37].
The prevalence of IGT was 15.5% (15.0% in men
and 15.9% in women) [38]. The available data con-
sistently show that the prevalence of T2D and IGT
increased with age in both genders, eg, the 1996
survey shows that T2D prevalence increased from
1.2% (1.3% in men and 1.1% in women) in those
aged 20–29 years to 25.8% (28.2% in men and
23.1% in women) in those 60–69 years of age
[36]. Women with IFG had a 1.6-fold higher risk
for undiagnosed T2D compared to men (42% vs.
30%) [39]. A high proportion (75% for men and
86% for women) of combined IGT and undiagnosed
T2D was found in subjects with IFG [39].

Impact of diabetes on risk of CVD

Among the studies that have examined the influ-
ence of diabetes on CVD, the Chinese Multi-provin-
cial Cohort Study (CMCS) is one of the strongest. It
assessed the 10-year risk of different types of CVD
in relation to metabolic syndrome and IFG and dia-
betes. The CMCS study was a nationwide, multicen-
ter, prospective cohort study of CVD conducted



Table 3 Hazard ratios (HRs) and 95% confidence interval (95% CI) of cardiovascular diseases (CVD) by impaired
fasting glucose (IFG) and Type 2 diabetes (T2D), and estimated population-attributable risk (PAR).*

CVD (CHD+Stroke) CHD Ischemic stroke

HR (95% CI) PAR (%) HR (95% CI) PAR (%) HR (95% CI) PAR (%)

IFG 1.29 (1.10–1.51) 2.1 1.42 (1.06–1.89) 3.0 1.39 (1.12–1.73) 2.8
T2D 1.66 (1.33–2.09) 3.3 1.81 (1.20–2.71) 4.0 2.06 (1.54–2.76) 5.2

HR: hazard ratio; 95% CI: 95% confidence interval; CVD: cardiovascular disease; CHD: coronary heart disease; IFG: impaired fasting
glucose; T2D: Type 2 diabetes; PAR: population-attributable risk. (Data source of HRs: Liu et al., Am Heart J 2007) [7].
* Normal fasting glucose was treated as the reference. We calculated PAR based on the HRs and prevalence of IFG (7.6%) and T2D
(5.2%) according to a most recent nationwide survey (Gu et al., 2003) [10]. Note that in this study, T2D and IFG were classified
using the ADA 1997 criteria and as a result, the prevalence might have been underestimated in the Chinese population.
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during 1992–2003, and included 30,378 subjects
aged 35–64 years selected from 11 provinces in
Mainland China [5]. IFG and diabetes were found
to be associated with a higher risk of incident
CHD, ischemic stroke, and total CVD but not with
hemorrhagic stroke, compared with normal fasting
glucose (Table 3). Compared to those with a nor-
mal fasting glucose, subjects with IFG were 1.3
times more likely to develop CVD, while those with
diabetes had a 1.7-fold higher risk of developing
CVD.

Based on these estimated risks and the overall
T2D prevalence of 5.2% in the year of 2001 [10],
we estimated the PAR, indicating that 3.3% of
CVD cases in Mainland China are attributable to
T2D, and IFG accounted for 2.1% of CVD cases.
T2D accounted for 4% of CHD and 5.2% of ischemic
stroke. IFG accounted for 3% of CHD and 2.8% of
ischemic stroke.
Discussion

The epidemic of T2D

The prevalence of T2D in China has been rising
steadily during the past two decades and is pro-
jected to continue to increase [9,10,33,40]. A num-
ber of recent nationwide surveys in Mainland China
provide good evidence of the increase in T2D. For
example, a 2000–01 nationally representative sur-
vey shows that the age-standardized prevalence of
T2D was 5.2% among Chinese adults aged 35–74
years, higher in urban (7.8%) than in rural areas
(5.1%) [10]. In economically more developed areas
such as Beijing and Shanghai, the prevalence is
much higher than in other parts of the country
[25,41].

Although major concerns, when one compares
data across time are differences in the age distri-
bution of the study populations, age-standardiza-
tions and in diagnostic criteria for diabetes, in
general, the available data in China indicate a ris-
ing trend in the prevalence of T2D. The nationwide
increase in the prevalence of T2D and the between-
region difference in the prevalence are likely due
to changes in people’s lifestyles, an increase in
obesity, and related between-region differences.
Lifestyles in Chinese populations, especially in big
cities have changed markedly with a shift from tra-
ditional (e.g., high-fiber diet and more physical
activity) to sedentary lifestyles along with a high-
fat and low-fiber diet [6]. Meanwhile, obesity has
been increasing in China. The 1992 and 2002 China
National Nutrition and Health Surveys show that
the prevalence of obesity and overweight have in-
creased in both men and women in all age groups
and in urban and rural areas [4]. These all could
have contributed to the increase in T2D [16,42].

The available data show that the prevalence of
diabetes in Hong Kong appears to be comparable
to that in Taiwan, but is much higher than in Main-
land China. Chinese populations in Hong Kong and
Taiwan generally live in an urbanized environment
with a modern lifestyle [16]. Urbanization is associ-
ated with changes in a number of lifestyle factors,
such as physical inactivity, unhealthy diet, and
obesity, which are the key risk factors for T2D.
On the other hand, there is evidence suggesting a
catch-up trend in the prevalence of diabetes in
Mainland China. By using the 1985 WHO diagnosis
criteria, a recent review suggested a 33% increase
in risk of diabetes from 1985–1994 to 1995–2003
in Mainland China, but only 15% in Hong Kong and
Taiwan combined [16].

It is noteworthy to point out that, because dif-
ferent diagnostic criteria were used in previous
studies carried out over different periods of time,
it would be difficult to make meaningful compari-
sons between these studies [26]. During the past
two decades, several different diagnostic criteria
for diabetes were used [10,24–26]. Some studies
indicate that compared to the 1985 WHO criteria,
the 1999 WHO criteria may overestimate the prev-
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alence, while the 1997 ADA criteria may underesti-
mate it [43,44]. For example, among Hong Kong
Chinese adults aged 25–74, the 1996 T2D preva-
lence was 6.2%, 9.2%, and 9.8% based on the 1997
ADA, 1985 WHO and 1999 WHO criteria, respec-
tively. The ADA criteria seem to underestimate
both T2D prevalence and cardiovascular risk in this
population [44]. Another study shows that among
5023 US Pima Indian adults, the prevalence of
T2D based on the ADA criteria, 1985 WHO criteria,
and 1999 WHO criteria was 12.5%, 14.6% , and
15.3%, respectively [43]. Since the recent studies
in China used the ADA criteria, the estimated
prevalence of T2D would be even higher if based
on the WHO 1985 or 1999 criteria and the upward
trend in the prevalence is likely to be more
dramatic.

Obesity and sedentary lifestyles are two key risk
factors for T2D [16,42]. Considering the steady in-
crease in the prevalence in obesity and the shifts
in lifestyles among both adults and children in Chi-
na over the past two decades as shown in recent
studies including ours [1,2,4,45,46], it is certain
that T2D will increase in China in the years to
come. For example, one of our recent studies [4]
shows that based on nationally representative sur-
vey data collected in 1992 and 2002, the combined
prevalence of overweight and obesity has increased
from 14.6% to 21.8% based on the BMI cut points of
25; while according to the Chinese BMI cut points of
24, it rose from 20.0% to 29.9%. In some major cit-
ies such as Beijing, where approximately half of the
adult population is overweight or obese, the prev-
alence has reached a level similar to that in many
other industrialized countries [4]. The increase in
the prevalence of overweight children is even more
alarming [47]. One in every five children in Beijing
is overweight or obese [48].

Our projection based on the assumption that the
observed trend will continue indicates that by the
year of 2010, the prevalence will reach 8.6% among
Chinese adults aged 20–74 years, and it will reach
14.4% by 2025. However, we suspect that the situ-
ation is likely to be worse as the study we referred
to might have underestimated the real situation by
using the ADA 1997 diagnostic criteria. Thus the
prevalence of obesity and T2D may increase at fas-
ter rates. The trend in the increase of T2D ob-
served in China is consistent with that observed
worldwide. It is estimated that the prevalence of
T2D in adults aged P20 years worldwide is 4.0%
in 1995 and will rise to 5.4% by the year 2025 [9].
It is projected that there will be a 42% increase
from 51 to 72 million in the developed countries
and a 170% increase from 84 to 228 million in devel-
oping countries. China will be one of the countries
with the largest populations with diabetes in 2025
[9].

Epidemic of T1D

T1D is one of the most serious chronic diseases for
children worldwide. China has a very low overall
incidence rate and has large geographic and ethnic
variations [15,30]. There is no significant gender-
difference, and the incidence is higher in older
children [31]. T1D is also extremely rare in Hong
Kong [33]. The trends estimated for continents
showed statistically significant increases all over
the world [13]. The average annual increase in
the incidence from 103 centers worldwide during
1990–1999 was 2.8%, and it was slightly higher at
3.4% during 1995–1999 [13]. In contrast, available
data indicate that the incidence of T1D in China
is relatively stable [15,32]. It has been argued that
the constantly increasing incidence of T1D world-
wide over a short period could not be explained
by shifts in genetic susceptibility alone [13]. Rapid
growth and obesity in early childhood may increase
the risk of T1D [49]. Environmental factors may
have a stronger effect on genetically non-suscepti-
ble individuals than those genetically susceptible
to getting T1D [50–52]. It is speculated that envi-
ronmental factors such as infectious diseases, life-
styles, psychosocial factors including social
circumstances and life events may be related to
the rising incidence of childhood diabetes [13].
Continuous efforts are needed for monitoring inci-
dence and for treatment in China.
Diabetes and CVD

The morbidity and mortality of CVD have been ris-
ing in China in the past decades. CVD has become
the leading cause of death, which accounts for
more than 40% of total mortality in China
[5,53,54]. Diabetes is a well-established risk factor
for CVD along with hypertension, smoking, and
dyslipidemia [5,7]. The CMCS study followed
30,378 subjects from 11 provinces in China for 10
years, and found that subjects with IFG and diabe-
tes were at higher risk (eg, by 29 to 106% in relative
terms; HRs were between 1.29 and 2.06) of devel-
oping CHD, ischemic stroke, and total CVD com-
pared to those who had normal fasting glucose
[5]. Our crude estimates of the population attribut-
able risk (PAR) indicate that 3.3% of CVD cases in
Mainland China may be attributable to T2D; with
4.0% of CHD and 5.2% of ischemic stroke cases.
These estimations were based on the nationwide
T2D prevalence reported in the InterASIA study,
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which used the ADA 1997 diagnostic criteria and
thus likely has underestimated the prevalence of
T2D and PAR.

Several large US-based prospective cohort stud-
ies have examined the effect of T2D on risk for
CVD. In the Nurses’ Health Study, 117,629 female
nurses aged 30-55 years without CVD at baseline
were followed for 20 years [55]. At baseline,
1,508 women had diagnosed T2D; and during the
follow-up, 5,894 women developed T2D. Compared
to women who remained free of diabetes, in wo-
men who developed T2D during follow-up, the mul-
tivariate-adjusted risk ratios (RRs) for myocardial
infarction (MI) were 3.17 (2.61–3.85) and 3.97
(3.35–4.71) for the period before- and after the
diagnosis of T2D, respectively. Cardiovascular risk
factors were adjusted for age [55]. Another large
study of 347,978 US men aged 35–57 years (5163
men had diabetes and 342,815 were non-diabetic
at baseline) compared the CVD morbidity and mor-
tality rates between diabetic and non-diabetic men
during the 12-years of follow-up [56]. Diabetic pa-
tients had a 200% to 400% greater risk of developing
CVD and their CVD mortality was also much higher
in every age stratum, by 240% to 330%, even after
adjusting for other CVD related risk factors such
as age, race, income, serum cholesterol level,
blood pressure, and smoking [56].

We suspect that at the population level, the im-
pact of T2D on CVD is likely to be worse in China
due to the high rate of undiagnosed cases and low
rate of treatment among T2D patients. While the
prevalence of diabetes is rising in China, available
data show that a large proportion of diabetic pa-
tients remain undiagnosed [10,24,25,27,57].
Among all T2D patients, the percentage of undiag-
nosed T2D is approximately 70% in Mainland China
compared to about 50% in Hong Kong and Taiwan
[16]. Furthermore, many of the diagnosed T2D pa-
tients in China are not provided or maintained on
the needed treatment to have their blood glucose
controlled at the desirable level. Thus, eventually
these patients are likely to develop overt diabetes
and various complications including CVD. No doubt
China will face more challenges and greater de-
mands to address the growing chronic disease prob-
lems including T2D and CVD. The increase in the
prevalence of T2D and obesity, the higher preva-
lence of T2D in the elderly, and the aging of the
population will overburden its current health care
system.

In summary, the prevalence of T2D has been
increasing steadily over the past two decades in
China. Diabetes affects cardiovascular health in
the general population and may lead to an enor-
mous economic burden to the society as well.
The higher prevalence of IGT/IFG than that of dia-
betes indicates a large proportion of the population
may suffer from pre-diabetes and related health
consequences. The pre-diabetes of IFG/IGT has
been identified as a risk factor for overt diabetes
and CVD [10,58]. China’s current relatively high
prevalence of IFG/IGT also indicates that the prev-
alence of T2D will continue to rise unless effective
preventive measures are implemented. It is neces-
sary to establish a nationwide diabetes surveillance
system in China to promote early detection and
treatment. It should be recognized as a national
public health priority, which must cover both urban
and rural areas, to improve detection, prevention
and treatment of diabetes. The higher prevalence
of T2D in some population groups such as urban res-
idents and the elderly calls for more vigorous
efforts to target these high-risk groups. Western-
ized lifestyles (e.g., high-energy/high-fat diet,
more sedentary lifestyles) and urbanization are
the main risk factors that fuel the T2D epidemic
[4,59]. People should be encouraged to preserve
the traditional lifestyles to maintain a healthy diet
and adequate physical activity in daily life. The
fact that obesity and T2D are increasing rapidly
nationwide especially among young people indi-
cates that lifestyle modification programmes start-
ing at young ages are urgently needed. Effective,
comprehensive programs should be developed,
including efforts by central and local governments,
health professionals, and society to increase peo-
ple’s awareness and empower them for the preven-
tion and treatment of T2D.
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