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ORIGINAL ARTICLE

Age- and Sex-Specific Prevalence of

Diabetes and Impaired Glucose
Regulation in 11 Asian Cohoris

THE DECODA StUDY GROUP

OBJECTIVE — To report the age- and sex-specific prevalence of diabetes and impaired
glucose regulation (IGR) according to revised World Health Organization criteria for diabetes in
Asian populations.

RESEARCH DESIGN AND METHODS — We performed 11 studies of 4 countries,
comprising 24,335 subjects (10,851 men and 13,484 women) aged 30—89 years who attended
the 2-h oral glucose tolerance test and met the inclusion criteria for data analysis.

RESULTS — The prevalence of diabetes increased with age and reached the peak at 70—-89
years of age in Chinese and Japanese subjects but peaked at 60—69 years of age followed by a
decline at the 70 years of age in Indian subjects. At 30-79 years of age, the 10-year age-specific
prevalence of diabetes was higher in Indian than in Chinese and Japanese subjects. Indian
subjects also had a higher prevalence of IGR in the younger age-groups (30—49 years) compared
with that for Chinese and Japanese subjects. Impaired glucose tolerance was more prevalent than
impaired fasting glycemia in all Asian populations studied for all age-groups.

CONCLUSIONS — Indians had the highest prevalence of diabetes among Asian countries.
The age at which the peak prevalence of diabetes was reached was ~10 years younger in Indian
compared with Chinese and Japanese subjects. Diabetes and IGR will be underestimated in
Asians based on the fasting glucose testing alone.

Diabetes Care 26:1770-1780, 2003

pidemiological studies on diabetes

have had a significant impact on di-

abetes research, care, and prevention
in the last century. The Asia-Pacific region
has been considered to be the major site of
a rapidly emerging epidemic of diabetes
(1,2), and with its large populations it is of
prime importance for the epidemiology of
diabetes. It has been estimated that
among the 10 leading countries in terms

of the number of people with diabetes in
the year 2025, 5 are in Asia (1).
According to earlier findings, the
prevalence of type 2 diabetes and im-
paired glucose tolerance (IGT) varies
markedly throughout Asia (3,4), accord-
ing to race, lifestyle, level of affluence,
mechanization, and urbanization. Apart
from the increasing prevalence rates in
the Asian-Pacific region, the ages at which
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the disease develops are becoming
younger. In developed countries with
predominantly Caucasian populations,
most people with diabetes are older than
65 years. In developing countries, how-
ever, the majority are between the ages of
45 and 64 years (4). Age- and sex-specific
prevalences of diabetes and impaired glu-
cose regulation (IGR), according to the
recently revised diagnosed criteria (5),
have been reported among only a few
Asian populations and not in a fully com-
parable fashion. We have previously re-
ported (6,7) the discrepancies in
classification of individuals with diabetes
between the previous World Health Or-
ganization (WHO) criteria (8,9) and the
revised diagnostic criteria (5,10) in the
Asian populations participating in the
DECODA (Diabetes Epidemiology: Col-
laborative analysis of Diagnostic criteria
in Asia) study. In this article, age- and
sex-specific prevalence of diabetes and
IGR, as well as the age- and sex-specific
prevalence of isolated fasting or isolated
2-h hyperglycemia, is reported for the 11
DECODA surveys.

Study populations

The study populations and the methods
used to recruit the participants in the DE-
CODA study have been previously re-
ported (6,7). In the current data analysis,
11 population-based studies from four
Asian countries were included (11-19).
Among these, two studies were newly re-
cruited, one from China, the Qingdao Di-
abetes Survey, and another from India,
the National Urban Diabetes Study
(NUDS) (19). Briefly, information on pre-
vious history of diabetes, data on glucose
measurements at fasting and 2-h after a
standard 75-g oral glucose tolerance test
(OGTT) were sent to the Diabetes and Ge-
netic Epidemiology Unit of the National
Public Health Institute in Helsinki, Fin-
land, where collaborative data analysis
was carried out. The inclusion criteria for
the current study are as follows: pure
population-based studies (1); studies per-
formed after 1980 (2); studies including
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Table 1—Demographic data of the study population and the OGTT among those who had no previous history of diabetes
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Urban
Rural

Chinese

2002

7:00 to 9:30

Overnight
Overnight
Overnight

>12

92

1,808
1,318

37.2

54 (30-74)
59 (35-89)
59 (40-87)
57 (40-79)
48 (31-79)

Qingdao, China
Ojika, Japan

Japanese

1991

45 9:00 to 11:00

.6
.0

40

Rural

1990-1992 Japanese

1988

7:00 to 11:00

75

2,507
2,289

44

Funagata, Japan

Urban
Urban
Urban
Urban
Urban
Urban

77 8:00 to 10:30 Japanese
76 Indian

86
72

42.0

Hisayama, Japan

8:00 to 12:00 1998-1999

Overnight
>10
>10

520
765
1,105
7,458

54.0

Dombivli, India

Indian

1996-1998

7:00 to 10:30

40.5

47 (30-78)
44 (30-79)

Chennai97, India

Indian

1993-1995

2000
1992

7:00 to 11:00
Morning

52.6

Chennai94, India
NUDS, India
Singapore

Total

Indian

Overnight

10

90
100

3
9

46

46 (30-89)
43 (30-69)
51 (30-89)

Chinese, Malay, Indian

8:00 to 1:00

2,326
22,171

46

44.2

Data are range (years) unless otherwise indicated.

The DECODA Study Group

both men and women (3); at least 20 years
of age range (4); and a standard 2-h 75-g
OGTT in the morning after an over night
fast for at least 10 h (5), according to
WHO recommendations (8,9).

Atotal of 22,171 subjects (9,806 men
and 12,365 women) who had no previous
history of diabetes and 2,164 subjects
(1,045 menand 1,119 women) who had a
previous history of diabetes from four
countries in Asia met the inclusion criteria
for the current data analysis. The age
range was 30—89 years. The demo-
graphic characteristics and information
on the OGTT is shown in Table 1 for each
study cohort, and more detailed informa-
tion is shown in the appenDIX. The propor-
tion of female participants was slightly
higher in 9 of the 11 studies. The partici-
pation rate for the 2-h OGTT varied from
72 to ~100% in most of the studies.
Plasma glucose was determined in 10 and
capillary whole blood glucose in 1 of the
studies. Before data analysis, the capillary
whole blood glucose was converted to the
plasma glucose according to the conver-
sion factors described before (20).

Classification of glucose
abnormality

Subjects who reported a previous history
of diabetes were classified as previously
diagnosed diabetic. Those who were not
diagnosed as diabetic before screening
were classified according to the 1999
WHO recommendations for the diagnosis
of diabetes (5). The classification of undi-
agnosed diabetes, IGT, and normal glu-
cose tolerance was made according to 2-h
plasma glucose (2hPG) concentrations
=11.1, 7.8-11.0, and <7.8 mmol/l, re-
spectively. Fasting plasma glucose (FPG)
concentrations =7.0, 6.1-6.9, and <6.1
mmol/l, respectively, classified subjects
into diabetes, impaired fasting glucose
(IFG), and normal fasting glucose. Sub-
jects with IGT and/or IFG were defined as
having impaired glucose regulation ac-
cording to the WHO 1999 recommenda-
tions (5).

Statistical analysis

Mean fasting and 2hPG concentrations
were calculated for the Chinese, Japanese,
and Indian subjects, excluding patients
with previously diagnosed diabetes
(PDD). The cohorts with the same ethnic
origin were combined as one population.
Age- and sex-specific prevalences of dia-
betes were calculated for six 10-year age
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>

Mean plasma glucose (mmol/l)

Figure 1—Mean fasting (two
lower lines on each panel) and
2hPG (two upper lines on each
panel) concentrations and
their 95% CIs (vertical bars)
for the three popula-
tions of Indian (A), Japanese
(B), and Chinese (C) subjects.
The cohorts of the same coun-
try were combined as one pop-
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intervals, from 30 to 89 years, separately
for people with and without a previous
history of diabetes. The prevalence of
PDD was calculated by dividing the num-
ber of diagnosed cases by the total num-
ber of subjects who had responded to the
questions on the previous history of dia-
betes. Because there were some nonpar-
ticipants in the OGTTs, the prevalence of

vs. Japanese, §Japanese vs.
Chinese, all for P < 0.05 for
both sexes combined.

70179 80-89

undiagnosed diabetes [(undiagnosed
cases identified by the OGTTs/the num-
ber of individuals who attended the
OGTT) X (1 — PDD)]. The same rule was
applied for calculating the prevalence of
IGR, IGT, and IFG. Because the preva-
lence pattern for Chinese and Japanese
subjects was similar and differed mark-
edly from that for Indian subjects, the

data for Chinese and Japanese subjects
were combined in the pooled analysis;
similarly, the data for all Indian cohorts
were combined. We further divided the
Chinese and Japanese populations into
urban and rural populations in order to
make comparisons with the urban Indian
population. A x* test was used to measure
the differences in the prevalence between
men and women and between different
age-groups.

RESULTS

Age- and sex-specific plasma glucose
concentration

Both FPG and 2hPG concentrations in-
creased with age and reached a peak at
60— 069 years of age then started to decline
in Indian subjects and continued to in-
crease after 70 years of age in Chinese and
Japanese subjects (Fig. 1). At each age-
group, the mean 2hPG was significantly
higher for Indians than for Chinese and
Japanese subjects (all P < 0.05), this was
also true for FPG at most of the age-
groups (Fig. 1). The increase is steeper for
2hPG than for FPG. The mean FPG and
2hPG concentrations did not differ be-
tween Chinese and Japanese subjects, ex-
cept at 40—49 years of age where the
glucose values were higher in Japanese
than in Chinese subjects. There was no
significant difference in mean glucose lev-
els between men and women.

Age- and sex-specific prevalence of
diabetes

The prevalence of diabetes varied mark-
edly among Asian populations studied. It
increased with age up to 70—89 years of
age in Chinese and Japanese subjects but
up to 60-69 years of age and then de-
clined thereafter in Indian subjects (Table
2 and Fig. 2). Age- and sex-specific prev-
alence, especially the peak prevalence of
diabetes, was higher in cohorts of India
and Singapore than in most of the Chi-
nese and Japanese cohorts. In Chinese
and Japanese subjects, the prevalence was
<10% at 30—49 years of age; the peak
prevalence was <20% in most of the co-
horts, and none of the cohorts had a prev-
alence exceeding 30%. In contrast, in
India and Singapore, the prevalence was
>10% among those aged 40—49 years
and over 30% among those aged 50—-69
years for most of the cohorts. The urban
Chinese and Japanese subjects had signif-
icantly higher prevalences of diabetes
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The DECODA Study Group

Table 2—Prevalences of previously diagnosed and undiagnosed diabetes defined by 2hPG and FPG criteria (mmol/l) in men (M) and women

(F) in the DECODA cohorts

Undiagnosed diabetes

2hPG 2hPG 2hPG
=11.1 and <11.1and =11.1 and Diagnosed

Age FPG <7.0 FPG =7.0 FPG =7.0 diabetes Total diabetes

Cohort (years) M F M F M F M F M F
Shunyi, China 40-49 0 1.9 0 0.6 12 1.9 1.2 1.9 2.4 6.2
50-59 3.1 1.9 0 0.9 2.1 4.7 1.0 2.8 6.2 10.3
60-69 1.6 4.6 32 0 1.6 1.1 32 5.7 9.5 11.4
70-79 0 2.6 0 0 0 2.6 0 5.1 0 10.3
Beijing, China 40-49 0.6 1.8 13 2.1 3.8 1.1 25 2.1 8.2 7.1
50-59 52 5.4 0.8 0.5 3.7 5.4 4.5 4.9 14.2 16.1
60-69 4.0 1.6 1.7 13 12 3.8 6.9 11.4 13.8 18.0
70-79 2.6 3.9 2.6 23 3.5 7.0 11.4 15.6 20.2 28.9
80-89 0 105 0 0 8.3 0 8.3 15.8 16.7 26.3
Qingdao, China 30-39 0 0 1.2 23 4.7 3.1 2.1 0.7 8.0 6.1
40-49 3.6 1.0 1.4 1.0 22 2.3 2.0 22 9.2 6.5
50-59 2.3 3.6 2.3 2.6 7.0 4.4 8.7 4.8 20.3 15.4
60-69 3.1 3.4 2.7 2.4 7.5 5.1 54 7.1 18.7 18.0
70-74 22 0 6.6 9.7 0 4.1 6.1 4.8 14.9 18.6

Ojika, Japan 35-39 0 0 2.9 0 0 0 0 0 2.9 0
40-49 1.8 2.4 1.8 1.6 0.9 0 0.9 1.6 55 5.7
50-59 5.1 1.9 25 1.9 1.7 1.9 0.9 0.5 10.2 6.2
60-69 43 3.4 1.1 0.3 22 0.3 2.7 2.0 10.3 6.1
70-79 4.8 28 0 1.9 2.4 0 4.8 0.9 11.9 5.7
80-89 143 0 0 0 0 143 0 0 14.3 14.3
Funagata, Japan 40-49 0.4 0.4 0.4 0 0 0.4 1.3 1.6 2.1 2.4
50-59 2.5 22 0.4 0 0.7 1.5 0.7 1.9 4.3 5.6
60-69 42 3.6 1.0 1.7 2.0 2.5 4.5 3.7 11.7 115
70-79 2.8 4.9 1.1 0.9 1.1 0.9 6.6 7.7 11.6 14.4
80-89 3.7 7.4 0 0 0 0 8.5 15.8 12.1 232
Hisayama, Japan 40-49 2.8 1.2 1.2 0.5 1.9 0.7 5.6 2.7 11.6 5.1
50-59 5.1 2.8 2.1 1.4 3.9 1.1 13.2 53 243 10.7
60-69 35 3.0 1.7 1.6 2.1 1.6 13.4 11.4 20.7 17.6
70-79 2.1 2.8 2.1 15 1.4 1.9 11.7 8.3 173 14.5
Dombivli, India 30-39 0 1.4 1.4 2.6 29 2.6 0 2.6 4.3 9.2
40-49 0 13 2.0 25 3.1 13 3.1 10.1 8.2 15.1
50-59 1.4 0 1.4 2.1 4.4 8.5 10.3 8.5 17.6 19.1
60-69 7.1 2.6 9.5 7.7 9.5 10.2 0 10.3 26.1 30.8
70-79 0 0 0 0 0 5.1 0 11.8 0 16.9
Chennai97, India 30-39 0.9 13 0 0 0 13 2.4 1.1 33 3.7
40-49 4.5 1.4 0 0 2.7 2.1 10.2 5.4 174 8.9
50-59 9.0 1.1 0 0 4.6 6.7 17.1 12.4 30.7 20.2
60-69 2.6 6.0 0 45 5.2 7.5 298 17.6 37.6 35.7
70-79 0 5.0 0 2.6 3.5 5.0 16.0 11.9 19.5 245
Chennai94, India 30-39 2.0 1.0 0 2.1 2.0 1.5 2.3 1.9 6.2 6.4
40-49 2.8 55 2.4 29 3.0 4.7 8.3 113 16.5 24.4
50-59 3.1 8.9 12 2.2 6.1 9.9 19.7 14.0 30.1 35.0
60-69 3.1 28 0.0 0 6.3 11.1 273 22.4 36.8 36.3
70-79 0 0 4.9 0 0 5.4 13.0 14.7 17.9 20.1
NUDS, India 30-39 2.1 2.1 4.0 59 2.5 22 4.8 4.3 133 14.4
40-49 2.6 2.5 52 52 3.7 4.2 13.3 12.6 24.8 245
50-59 52 3.1 5.2 5.1 5.8 5.7 18.9 20.6 35.0 34.5
60-69 3.4 3.1 6.4 42 6.8 5.8 258 21.6 424 34.7
70-79 32 5.4 4.6 6.3 7.3 4.1 22.4 20.7 374 36.5
80-89 4.4 3.2 4.4 6.5 6.7 3.3 13.3 6.5 28.9 19.4

Continued on following page
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Table 2—Continued

Undiagnosed diabetes

2hPG 2hPG 2hPG
=11.1and <11.1 and =11.1 and Diagnosed
Age FPG <7.0 FPG =7.0 FPG =7.0 diabetes Total diabetes
Cohort (years) M F M F M F M F M F
Singapore 30-39 1.6 0.5 0.8 0.7 2.8 1.3 2.1 1.4 7.3 3.9
40-49 33 5.0 33 0.5 3.6 6.3 4.7 4.7 15.0 16.4
50-59 2.9 3.4 1.4 1.7 4.8 52 151 9.6 24.3 20.0
60-69 2.1 8.3 2.7 0 8.2 8.3 20.0 16.5 33.0 33.0
Chinese and Japanese, total 30-39 0 0 1.7 1.7 33 2.3 1.5 0.5 6.5 4.5
40-49 1.7 1.3 1.0 0.9 1.6 1.1 3.1 2.1 7.4* 5.4
50-59 3.8 3.0 1.4 1.3 3.3 2.8 6.27 3.7 14.8% 10.7
60-69 3.7 3.1 1.6 1.4 2.8 2.5 6.7 7.1 14.9 14.2
70-79 2.7 3.3 1.9 2.2 1.7 2.4 9.2 8.1 15.5 16.0
80-89 5.4 6.5 0 0 1.8 2.6 10.7 16.9 17.9 26.0
Indian, total 30-39 1.9 1.9 3.2% 4.9 2.3 2.1 4.0 3.6 11.4 12.5
40-49 2.6 2.8 4.2 4.4 3.5 3.9 11.5 11.6 21.8 22.7
50-59 4.9% 3.3 4.0 4.4 5.7 6.3 18.4 18.7 33.0 32.6
60-69 3.6 33 5.9 4.2 6.9 6.4 24.7 20.7 41.0% 34.6
70-79 2.6 4.8 4.1 5.1 6.0 4.5 19.9 186 32.6 33.0
80-89 3.6 2.7 3.6 53 7.2 2.7 9.8 7.1 24.2 17.7

Data are %. *P < 0.05, TP < 0.01, #P < 0.001 for the difference between men and women.

than their rural counterparts at 40—69
years of age for men and at 50-79 years of
age for women (Fig. 2).

In all populations, the prevalence of
isolated fasting hyperglycemia (FPG =7.0
mmol/l and 2hPG <11.1 mmol/l) did not
increase with age (Fig. 2 and Table 2). The
prevalence of isolated 2-h hyperglycemia
(2hPG =11.1 mmol/l and FPG <7.0
mmol/l) tended to increase with age in
Chinese and Japanese but not in Indian
subjects.

Age- and sex-specific prevalence of
IGR

The prevalence of IGR increased with age
up to 70-89 years of age in most of the
study cohorts (Table 3 and Fig. 3). The
increase was graded with aging in Chi-
nese, Japanese, and Singaporean popula-
tions but not in the Indian population,
where the prevalence of IGR did not
change much with age. The peak preva-
lences of IGR were not different among
various populations, but the age-specific
prevalence of IGR was higher in Indian
than in Chinese and Japanese subjects at

30-49 years of age for both men and
women. In the urban populations the
prevalence was higher than in the rural
population aged 40—69 years in men and
50-59 years in women (Fig. 3). In most of
the study cohorts the age- and sex-
specific prevalence of IGT was higher
than the prevalence of IFG (Table 3 and
Fig. 3). The concordance of the two was
very poor.

Sex difference in prevalence of
diabetes, IFG, and IGT

The age-specific prevalence of diabetes
did not differ between men and women
except in a few age-groups where men
had higher prevalences of diabetes than
women (Table 2). The prevalence of IFG
seemed to be higher in men than in
women in Chinese and Japanese popula-
tions, whereas it was higher in women
than in men in the Indian population (Ta-
ble 3). The prevalence of IGT tended to be
higher in women than in men in Chinese
and Japanese subjects, but the difference
was significant only at 40-49 years of
age. There was no sex difference in the

prevalence of IGT in Indian populations
except at 30-39 years of age where
women had higher prevalence of IGT
than men.

Proportion of previously
undiagnosed diabetes

The proportions of previously undiag-
nosed diabetes varied with age, with the
highest in the youngest age-group and the
lowest in the elderly. The declining trend
with age was similar in Chinese, Japanese,
and Indian subjects, with only one excep-
tion in the very old Indian population
where the proportion increased again at
80-89 years of age. The proportion of
undiagnosed diabetes was slightly higher
in women than in men at younger age-
groups. They were, in Chinese and Japa-
nese men (women) combined, 0.77
(0.89), 0.59 (0.61), 0.58 (0.65), 0.55
(0.50), 0.40 (0.50), and 0.40 (0.35) and
in all Indian men (women) combined
0.65 (0.71), 0.47 (0.49), 0.44 (0.43),
0.40 (0.40), 0.39 (0.44), and 0.60 (0.60),
respectively, at 30-39, 40—-49, 50-59,
60-69, 70-79, and 80-89 years of age.

Figure 2— Age- and sex-specific prevalence of diabetes for Chinese and Japanese studies combined and for all Indian studies combined for the men

(A) and women (B). DMF (M): diabetes determined by FPG =7.0 mmol/l and 2hPG <11.1 mmol/l; DMP (&

): diabetes determined by 2hPG =11.1

mmol/l and FPG <7.0 mmol/l; DMF and DMP ([]): diabetes determined by FPG =7.0 mmol/l and 2hPG =11.1 mmol/l. @, PDD. *P < 0.05, **P <
0.01, ***P < 0.001, for the difference between urban and rural Chinese and Japanese; +P < 0.05, ++-+P < 0.001, for the difference between
Chinese and Japanese combined and Indian combined.
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Table 3—Prevalences of IGT, IFG, and IGR defined according to 2hPG and FPG criteria (mmol/l) in men (M) and women (F) in the DECODA

cohorts
Isolated IGT Isolated IFG IGT and IFG IGR
2hPG 2hPG 2hPG
7.8-11.0 and <7.8 and 7.8-11.0 and
Age FPG <6.1 M FPG 6.1-6.9 IGT and/or IFG
Cohort (years) M F M F M F M F
Shunyi, China 40-49 4.7 10.6 1.2 0 0 0 5.9 10.6
50-59 11.3 8.4 2.1 3.7 1.0 0 14.4 12.2
60-69 11.1 10.2 1.6 2.3 1.6 2.3 143 14.8
70-79 333 19.5 0 0 0 0 333 19.5
Beijing, China 40-49 5.7 6.8 3.8 0.7 0.6 0.7 10.1 8.2
50-59 6.7 7.3 6.0 2.4 2.2 3.4 14.9 13.2
60-69 9.2 9.2 5.8 2.9 4.0 3.8 19.0 15.8
70-79 11.4 14.8 7.9 3.9 2.6 1.6 21.9 20.3
80-89 8.3 10.5 8.3 0 0 53 16.7 15.8
Qingdao, China 30-39 1.2 0 7.1 0.8 3.5 0.8 11.8 1.6
40-49 5.8 6.3 3.6 6.9 3.6 1.3 13.0 14.5
50-59 6.9 7.0 8.8 12.2 1.4 1.6 17.1 20.8
60-69 8.4 10.5 9.7 6.4 3.5 5.7 21.7 22.6
70-74 15.3 12.4 6.6 13.8 2.2 2.8 24.0 29.0
Ojika, Japan 35-39 5.7 0 0 0 5.7 0 11.4 0
40-49 10.9 12.2 5.5 3.3 0.9 1.6 17.3 17.1
50-59 10.2 14.8 5.9 2.9 0.9 1.0 17.0 18.7
60-69 16.2 18.0 43 54 92 4.8 29.7 28.1
70-79 17.9 13.2 0 4.7 2.4 4.7 20.2 22.6
80-89 21.4 28.6 7.1 0 0 0 28.6 28.6
Funagata, Japan 40-49 4.1 10.4 2.5 1.6 2.5 1.2 9.0 13.2
50-59 7.1 10.0 2.1 0.7 1.8 1.0 10.9 11.7
60-69 10.6 16.0 2.5 3.1 3.0 2.5 16.0 21.6
70-79 11.4 18.3 2.8 3.1 2.8 3.1 17.0 24.6
80-89 18.3 7.4 7.3 7.4 0 2.4 25.6 17.3
Hisayama, Japan 40-49 9.1 10.8 7.5 3.4 3.8 2.4 20.3 16.6
50-59 11.6 133 7.3 5.1 43 3.5 23.1 21.9
60-69 15.4 16.8 6.3 59 6.7 3.0 28.4 25.8
70-79 13.9 17.2 10.4 6.2 4.2 7.2 28.5 30.7
Dombivli, India 30-39 2.9 0 10.1 4.0 5.8 2.6 18.8 6.6
40-49 3.1 2.5 11.3 5.0 1.1 2.5 15.5 10.1
50-59 1.4 2.1 7.4 8.5 44 43 13.2 14.9
60-69 4.8 5.1 4.8 10.2 48 5.1 14.4 20.5
70-79 7.1 5.1 7.1 104 7.1 0 213 15.5
Chennai97, India 30-39 3.6 6.4 1.9 0 0 0.6 5.5 7.0
40-49 11.7 6.2 0.9 1.4 0 0.7 12.6 83
50-59 7.5 8.9 1.5 0 3.0 1.1 12.0 10.0
60-69 5.2 3.0 0 4.5 2.6 1.5 7.8 9.0
70-79 7.0 12.6 0 0 3.5 0 10.5 12.6
Chennai94, India 30-39 3.3 7.6 1.4 1.0 14 0 6.1 8.5
40-49 9.2 9.8 2.0 2.9 1.7 3.4 12.9 16.1
50-59 5.5 11.0 3.1 6.6 1.9 3.3 10.4 20.9
60-69 9.5 8.3 9.5 0 0 0 18.9 83
70-79 0 16.0 0 0 0 0 0 16.0
NUDS, India 30-39 11.7 143 6.6 9.7 3.7 4.6 22.1 28.6
40-49 13.5 11.2 6.3 7.8 4.9 5.2 247 24.1
50-59 10.9 10.3 6.5 7.3 4.9 54 22.4 23.0
60-69 13.8 12.7 3.0 6.9 4.0 5.5 20.8 25.0
70-79 13.7 12.2 4.1 6.3 6.9 8.1 24.7 26.6
Continued on following page
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Table 3—Continued

The DECODA Study Group

Isolated IGT Isolated IFG IGT and IFG IGR
2hPG 2hPG 2hPG
7.8-11.0 and <7.8 and 7.8-11.0 and

Age & FPG 6.1-6.9 FPG 6.1-6.9 M

Cohort (years) M F M F M F M F
0-89 15.6 9.7 11.1 3.2 6.7 6.5 33.3 19.4
Singapore 30-39 8.7 10.8 3.4 2.2 2.8 2.0 15.0 14.9
40-49 11.0 14.1 7.0 1.8 5.6 4.5 235 20.4
50-59 15.1 13.0 7.8 4.3 6.4 9.1 293 26.5
60-69 17.3 15.8 6.2 7.5 7.6 6.8 31.1 30.1
Chinese and Japanese, total 30-39 2.5 0 5.0% 0.6 4.2% 0.6 11.7% 1.1
40-49 6.8* 9.2 4.5% 2.9 2.4 1.4 13.7 13.5
50-59 8.9 10.3 5.6 5.0 2.3 2.0 16.8 17.2
60-69 11.9 14.1 5.1 4.4 4.8 3.6 218 22.2
70-79 13.7 16.3 5.4 5.1 2.9 4.0 219 254
80-89 16.1 11.7 7.1 3.9 0 2.6 23.2 18.2
Indian, total 30-39 10.0* 12.5 5.9% 7.8 3.3 3.7 19.3% 24.0
40-49 12.0 10.2 5.5 6.5 3.8 4.5 213 21.2
50-59 9.3 9.9 5.8 6.7 4.3 4.8 19.4 214
60-69 12.5 11.3 3.37 6.5 3.7 4.9 19.5 22.6
70-79 12.4 11.6 3.7 5.5 6.4 6.2 22.5 233
80-89 12.6 133 9.0 2.7 5.4 53 27.1 21.2

Data are %. *P < 0.05, TP < 0.01, #P < 0.001 for the difference between men and women.

CONCLUSIONS — We found that
the prevalence of diabetes increased with
age in all of our studies, but the peak prev-
alence of diabetes differed between differ-
ent ethnic groups. The prevalence of
diabetes reached its peak in the oldest
age-group (>70 years) in Chinese and
Japanese cohorts and at 60-69 years of
age, followed by a decline at 70-79 years
of age in Indian cohorts. Among people
aged 30-79 years, the 10-year age-
specific prevalence of diabetes was higher
in Indian than in Chinese and Japanese
subjects of the same age or even older. A
younger age at onset of the disease has
been previously reported in Asian Indian
subjects (15,19). Asian Indian subjects
have been identified as the ethnic group
with one of the highest prevalences of di-
abetes (3,21). Also, the familial aggrega-
tion of type 2 diabetes is high among
Indians, suggesting a strong genetic com-
ponent for risk of the disease (22,23).
Studies in Singapore (14) revealed that
Asian Indian subjects were more centrally
obese and insulin resistant and had low
HDL and higher incidence of myocardial
infarction than Chinese and Malay sub-
jects living in Singapore. It is possible that
the earlier onset of diabetes with a high
prevalence and a high incidence of myo-

cardial infarction resulted in a greater pre-
mature mortality in diabetic individuals,
and that this contributed to the decline in
the prevalence of diabetes after 70 years of
age in Indian subjects.

In addition, we found that IGT was
more prevalent than IFG in almost all age-
groups in Asian subjects. The prevalence
of IFG did not increase with age, but IGT
increased more in the elderly, which is
consistent with data in European popula-
tions (20). Itis clear thata 2-h OGTT isan
important part of a diabetes and IGR de-
tection program in Asian populations.
Without an OGTT the majority of the
people with hyperglycemia would remain
unidentified, and without intervention,
this may prevent worsening from IGT to
diabetes, as demonstrated by the Da Qing
study (24).

Compared with the European popu-
lations included in the DECODE Study
(20), the age-specific prevalence of diabe-
tes in Urban Chinese and Japanese sub-
jects was slightly higher than that in
European subjects at 30—69 years of age,
which is all lower than that in Indian sub-
jects. The peak prevalence in the elderly
population, however, was higher only in a
few European populations, such as in
Maltese, Finnish women in Oulu, and

Spanish women living in the Canary Is-
lands, than in Indian subjects. The age at
which the peak prevalence of diabetes
was reached was similar for European,
Chinese, and Japanese subjects (over 70
years), whereas Indian subjects had their
highest prevalence at 6069 years of age.
The prevalence of IGR increased gradu-
ally with age in Chinese and Japanese sub-
jects, which was similar to that of
European subjects but different from that
of Indian subjects. In Indian subjects, the
prevalence of IGR reached a high level al-
ready at 30 years of age and did not in-
crease further with age. The difference in
the prevalence of diabetes and IGR in dif-
ferent ethnic groups may not be com-
pletely explained by living environments
and geographic locations, suggesting that
genetic background play an important
role.

The ratio of IGT to diabetes has been
reported to decrease as prevalence of dia-
betes increases (3) and may have some
predictive value in determining the stage
of a glucose intolerance epidemic within a
population (25). When the ratio is high
but the prevalence of diabetes is low, the
early stage of a diabetes epidemic may oc-
cur (3). The age- and sex-specific ratios of
IGR to diabetes according to the newly
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Figure 3— Age- and sex-specific prevalence of IGR for Chinese and Japanese studies combined and for all Indian studies combined for the men (A)
and women (B). Isolated IFG (M): FPG 6.1—6.9 mmol/l and 2hPG <7.8 mmol/l; isolated IGT (&): 2hPG 7.8—11.0 mmol/l and FPG <6.1 mmol/I;
IFG and IGT ((0): FPG 6.1-6.9 mmol/l and 2hPG 7.8—11.0 mmol/l. *P < 0.05, **P < 0.01, for the difference between urban and rural Chinese and
Japanese; ++P < 0.01, +++P < 0.001, for the difference between Chinese and Japanese combined and Indian combined.
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revised diagnostic criteria for diabetes (5)
were calculated for Asian and European
populations (see data supplement at
http://care.diabetesjournals.org). The ra-
tio of IGR to diabetes seemed to decline
when the prevalence of diabetes increased
in both Asian and European populations,
but the trend was not clear. It has been
estimated that there will be a 57% in-
crease in the prevalence of diabetes in Asia
and a 24% increase in Europe from the
year 2000 to the year 2010 (26). Accord-
ing to this, a higher ratio of IGR to diabe-
tes will be expected in Asia than in Europe
given the same age and same prevalence
of diabetes. This was, however, not ob-
served. Despite the low ratio of IGT to
diabetes in India, a recent study showed
that both the prevalence of diabetes and
IGT are still increasing nation-wide in In-
dia (19).

In conclusion, the age- and sex-
specific prevalence of diabetes was higher
in Indian than in Chinese and Japanese
subjects, but the prevalence of IGR was
not, except in very young populations.
The prevalence of diabetes increased with
age, reaching its peak at 70—89 years of
age in Chinese and Japanese subjects, and
at 60—069 years of age followed by a de-
cline at 70 years of age in Indian subjects.
IGT was more prevalent than IFG in all
age-groups in Asians. We strongly recom-
mended retaining the 2-h OGTT when
determining impaired glucose regulation
in Asian populations.
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APPENDIX
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The DECODA (Diabetes Epidemiology:
Collaborative Analysis Of Diagnostic Cri-
teria in Asia) study was initiated in 1998
and carried out under the supervision of
the International Diabetes Epidemiology
Group. (Jaakko Tuomilehto, National
Public Health Institute, Helsinki, Finland;

Knut Borch-Johnsen, Steno Diabetes
Center, Gentofte, Denmark; Naoko Ta-
jima, Jikei University School of Medicine,
Tokyo, Japan; and Clive S. Cockram, De-
partment of Medicine, the Chinese Uni-
versity of Hong Kong, Prince of Wales
Hospital, Hong Kong, China).
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ment of Epidemiology and Health Promo-
tion, National Public Health Institute,
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Kuzuya, JA Shioya General Hospital,
Tochigi, Japan.
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Binzhi \Nang,12 Suok Kai Chew,'® Bee
Yian Tan,'? Derrick Heng,13 Shanta Em-
manuel,!®> Naoko Tajima,“ Yasuhiko
Iwamoto,? C. Snehalatha,’> V. Vijaly,15 A.
Kapur,15 Yanhu Dong,16 Hairong Nan,16
Weiﬁguo Gao,'® Haiyan Shi,'® Fangming
Fu!

From the 'Diabetes and Genetic Epi-
demiology Unit, Department of Epide-
miology and Health Promotion,
National Public Health Institute, Hel-
sinki, Finland; the “Diabetes Center,
Tokyo Women’s Medical University,
Tokyo, Japan; JINSERM U258, Paris,
France, the *Steno Diabetes Center,
Gentofte, Denmark; the >Chennai 94
Study: Diabetes Research Center, Chen-
nai, India; the °Chennai 97 Study: Ma-
dras Diabetes Research foundation,
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