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OBJECTIVE—To determine the prevalence of impaired fasting glucose (IFG) and undiag-
nosed and diagnosed diabetes in Thai adults in 2009 and examine the extent of changes in
proportions of diagnosis, treatment, and control for blood glucose, high blood pressure, and
high total cholesterol between 2004 and 2009.

RESEARCH DESIGN AND METHODS —Data from the multistage cross-sectional Na-
tional Health Examination Survey (NHES) IV of 18,629 Thai adults aged =20 years conducted in
2009 were used to analyze and compare with the data from NHES III in 2004.

RESULTS—The prevalence of IFG and diabetes was 10.6 and 7.5%, respectively. Of all di-
abetes diagnoses, 35.4% were not previously diagnosed, and the proportion was higher in men
than in women (47.3 vs. 23.4%, P < 0.05). Compared with those in year 2004, the proportions
of individuals with diabetes and concomitant hypertension did not significantly decrease in 2009
in both sexes, but the proportions of women with diabetes who were abdominally obese or had
high total cholesterol (=5.2 mmol/L) significantly increased in 2009 by 18.0 and 23.5%, re-
spectively (all P < 0.01). The rates of treatment and control of blood glucose, high blood
pressure, and high total cholesterol were favorably improved in 2009. However, in substantial
proportions of individuals with diabetes these concomitants were still controlled suboptimally.

CONCLUSIONS—The prevalence of diabetes and IFG remained high in Thai adults. Im-
provement in detection and control of diabetes and associated metabolic risk factors, particularly
obesity and high serum cholesterol, are necessary.
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public health burden. It has been
estimated that the number of peo-
ple with diabetes worldwide was 285
million in 2010 and will increase to 439
million in 2030, with the majority of
increase (69%) occurring in developing

D iabetes has become a major global

countries (1). The estimated number of
individuals with diabetes in Asia was
113 million in 2010 and will increase to
180 million in 2030 (2). The increase has
been the result of the rise in obesity as a
consequence of changes in lifestyle to-
ward urbanization, with high energy
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intake and low physical activity following
the rapid economic growth and urbaniza-
tion in this region (2).

In Thailand, a low-middle income
country, diabetes has been a major cause
of morbidity and mortality in the past
decade (3). Diabetes alone is responsible
for 3.3 and 8.3% of total deaths in Thai
men and women, respectively (3). A high
prevalence rate of diabetes in Thailand
makes it among the top ten in Asia (2).
In 2004, the National Health Examina-
tion Survey (NHES) III reported a preva-
lence of 6.7% in adults aged =15 years, of
whom 53.3% went undiagnosed. The
prevalence of impaired fasting glucose
(IFG) is 12.5% (4). Undiagnosed diabetes
increases the risk of complications as a
result of being untreated, and about
40% of those treated have their fasting
plasma glucose (FPG) under control
(<7.8 mmol/L) (4).

To monitor the diabetes situation, the
fourth NHES was conducted in 2009.
This study aimed to determine the prev-
alence of IFG, diabetes, and associated
metabolic risk factors in Thai adults aged
=20 years and older in 2009. Among in-
dividuals with diabetes, we also examined
the extent of changes in proportions of
metabolic risk factors and lack of diagno-
sis, treatment, and control for high blood
glucose, high blood pressure, and high
total cholesterol between the years 2004
and 2009.

RESEARCH DESIGN AND

METHODS —The fourth Thai NHES
(NHES 1V) 2009 was a nationally repre-
sentative cross-sectional survey using a
multistage, stratified sampling of the Thai
population. The survey was approved by
the Ethical Review Committee for Re-
search in Human Subjects, Ministry of
Public Health. The multistage sampling
frame was based on the population regis-
ters. For all regions, with the exception of
Bangkok, the first stage was a random
sample of five provinces in each of the
four regions. At the second stage, three to
five districts were selected, proportional
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to size (PPS), from each province. For the
third step, in each province, 13-14 elec-
toral units (EU) and villages were selected
by the PPS method from urban and rural
areas, respectively, which amounted to a
total of 68 EU and 68 villages in each re-
gion. At the final stage, for each electoral
unit per village, 8-10 men and women
were selected by systematic random sam-
pling from population registers from each
of four broad age and sex groups (men
and women aged 15-59 or =60 years).
In Bangkok, 12 districts were randomly
selected by PPS, and 5 to 6 EU were se-
lected by PPS from each district. A total of
68 EU in Bangkok were selected. The
method in the final stage was similar to
those used in other regions. The final
sample size was targeted at 21,960 indi-
viduals, and the final sample collected
was 20,450 individuals (93.1%). In the
current study, we excluded those aged
<20 years from the analysis, leaving a to-
tal of 18,629 individuals aged =20 years
in the study. The response rates for men
and women aged =20 years were 85.5
and 95.4%, respectively, and 87.8% for
urban and 93.7% for rural areas. NHES
111, with a similar sampling approach to
that of NHES 1V, has been described in
detail elsewhere (4). Initially, a total of 36
provinces were randomly selected. Then,
9 EU or villages were randomly selected
by PPS. Finally, 15 people were selected
from each of the four broad groups
of male or female sex and 15-59 or
=60 years of age. The current study
included a total of 35,846 individuals
aged =20 years in the analysis, with a re-
sponse rate of 92.9% for this age-group.

Data collection and measurement

Questions on previously diagnosed di-
abetes, hypertension and high total cho-
lesterol, and medication were asked.
Weight, height, and waist circumference
were measured by a standardized pro-
cedure (5). Participants were asked to fast
12 h overnight before the venous blood
was obtained the next morning. Plasma
glucose was measured at the provincial
laboratory using a hexokinase enzyme
method with standardized technique. All
the provincial laboratories were standard-
ized by a central laboratory of the Ministry
of Public Health. Serum samples were fro-
zen and transferred to a central laboratory
in Ramathibodi Hospital, Mahidol Uni-
versity. Total serum cholesterol, HDL
cholesterol, and triglyceride were mea-
sured using enzymatic colorimetric meth-
ods. LDL cholesterol was calculated based

on the Friedewald formula for those with
triglyceride <4.5 mmol/L and was di-
rectly measured by enzymatic method
for those with triglyceride =4.5 mmol/L.
Of note, in the 2004 survey only total cho-
lesterol was measured. Blood pressure
measurement was made by using standard-
ized automatic blood pressure monitor
model A100 (6). Each participant was
seated for at least 5 min before the first
reading of three serial measurements
of blood pressure in a sitting position at
1 min apart (7).

Definition

Diagnosed diabetes was defined as a pre-
vious diagnosis of diabetes by a physician
and intake of hypoglycemic drugs during
the past 2 weeks. Undiagnosed diabetes
was defined as FPG =7.0 mmol/L but a
lack of previous diagnosis. IFG was de-
fined as a FPG of 5.6 to <7.0 mmol/L
(8). Hypertension was defined as systolic
blood pressure (SBP) =140 mmHg, dia-
stolic blood pressure (DBP) =90 mmHg,
or use of blood pressure—lowering medi-
cation. High total cholesterol was defined
as total serum cholesterol =5.2 mmol/L
or use of cholesterol-lowering medication
in the past 2 weeks. Individuals with di-
abetes were also categorized into four
groups as follows: “undiagnosed,” “diag-
nosed but not treated,” “treated but not
controlled,” and “treated and controlled.”
Diabetes that was considered “treated and
controlled” referred to treatment with
glucose-lowering medication and FPG
<7.2 mmol/L. Controlled high blood
pressure referred to SBP/DBP <130/80
mmHg, and controlled total cholesterol
referred to total cholesterol <5.2 mmol/L.

Statistical methods

Analysis was restricted to participants
who had fasted >12 h before blood col-
lection (90.1% of participants). All analy-
ses were weighted to take into account the
probability of sampling of the 2008 Thai
population aged =20 years. Prevalence of
diabetes was estimated for the whole pop-
ulation together with subgroups accord-
ing to age-group, sex, and urban/rural
location. Data from the 2004 NHES
were obtained from the National Health
Examination Office, Thailand. All compar-
isons by sex and year of surveys (2004 and
2009) were age and sex standardized to the
national population in 2004. Among indi-
viduals with diabetes and concomitant hy-
pertension or high total cholesterol, the
proportions of undiagnosed, untreated,
“treated but not controlled,” and “treated
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and controlled” for each concomitant were
calculated. Adjusted Wald tests were used
to examine the difference, with P < 0.05
considered statistically significant. Robust
methods of variance estimation were used
to take into account the complex survey de-
sign using STATA 10.1.

RESULTS —Age-adjusted prevalence of
IFG, undiagnosed diabetes, and diag-
nosed diabetes in individuals aged =20
years was 10.6, 2.3, and 5.2%, respec-
tively. The prevalence of IFG and undiag-
nosed diabetes increased with age and
peaked at age =75 years and 55-64 years,
respectively (Fig. 1A and B). The age-
adjusted prevalence of IFG was significantly
higher in men compared with women
(12.0 vs. 9.5%, respectively; P << 0.01).
The age-adjusted prevalence of all diabetes
was 7.5% and was significantly higher in
women than in men (8.3 vs. 6.6%; P <
0.01). A proportion of diabetes that was
undiagnosed was significantly higher in
men than in women (47.3 vs. 23.4%, re-
spectively; P < 0.001). Total prevalence of
diabetes was higher in urban residents
than their counterpart in rural area for
both sexes (P < 0.001 for both men and
women). There were differences in the
proportion of diabetes undiagnosed by
area of residence (urban/rural) in men
and women. For men, the proportion of
diabetes that was undiagnosed was higher
in rural than in urban areas (52.8 vs.
29.1%, respectively; P < 0.05). However,
for women the proportions were in the
opposite direction but not significantly
different (20.6 vs. 25.2%, respectively;
P=0.11) (Fig. 10).

Cardiovascular risk factors in those

with IFG and diabetes

Table 1 shows characteristics and meta-
bolic risk factors of men and women by
diabetes status. Mean age was highest in
the diagnosed diabetes group in both
sexes, whereas mean FPG was highest in
the undiagnosed group in women. In
men, the mean BMI, waist circumference,
and SBP were significantly highest and
HDL cholesterol was lowest in the diag-
nosed diabetes group, whereas triglycer-
ide and prevalence of smoking were
highest in the undiagnosed diabetes
group. In women, BMI, waist circumfer-
ence, SBP, and triglyceride in undiag-
nosed diabetes were as high as in the
diagnosed group, with the highest level
of total cholesterol in the undiagnosed
group. There were differences in educa-
tional levels; proportions of individuals
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Diabetes and metabolic risk factors in Thai adults
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Figure 1—Age-specific prevalence of IFG, undiagnosed diabetes, and diagnosed diabetes in Thai
adults aged =20 years. A: Men. B: Women. C: Age-adjusted prevalence of the hyperglycemic

conditions by urban/rural area, NHES IV 2009.

with secondary school attainment or
higher were highest in the normal FPG
and lowest in the undiagnosed group in
men and in the diagnosed group in
women.

Changes in cardiovascular risk

factors between 2004 and 2009

Age-standardized prevalence of diabetes
slightly increased from year 2004 to
2009. The proportions of all diabetes cases
with concomitant hypertension did not
significantly decrease in 2009 in both
sexes. However, the proportions of diabetic
patients with abdominal obesity (waist

circumference =90 ¢cm for men and
= 80 cm for women) and high total cho-
lesterol (at two cut points: =6.2 or
=5.2 mmol/L) significantly increased
in 2009, particularly for women (all
P < 0.05) (Table2).

Diagnosis of diabetes and treatment
and control of blood glucose, blood
pressure, and cholesterol in
individuals with diabetes

Table 3 shows percentages of individ-
uals with diabetes and concomitant hy-
pertension or hypercholesterolemia that
was diagnosed, treated, and controlled.

There were favorable changes in the pro-
portions of undiagnosed, treated, and con-
trolled blood glucose, blood pressure, and
serum cholesterol from 2004 to 2009 (all
P < 0.05 for both sexes). However, all of
the proportions of diagnosed, treated, and
controlled metabolic traits remained low,
especially among men. For example, two-
thirds of men and more than one-half of
women with diabetes and hypercholester-
olemia were still undiagnosed for high
blood cholesterol. Additional analysis
for individuals with diabetes in 2009
found that 81.4% of all diabetic patients
had LDL cholesterol =2.6 mmol/L or took
cholesterol-lowering agents. Among those
with diabetes and high LDL cholesterol,
66.7% were unaware that they had high
LDL cholesterol (72.1% in men and
61.5% in women; P < 0.05), 7.0% were
not treated (6.1% in men and 7.8% in
women), and 17.2% were treated but did
not have LDL cholesterol controlled to
<2.6 mmol/L (14.4% in men and 19.9%
in women), which left only 9.2% of all di-
abetic subjects with high LDL cholesterol
controlled to <2.6 mmol/L (7.4% in men
and 10.8% in women).

CONCLUSIONS —Basced on this study,
7.5% of Thai adults aged =20 years, an
estimated 3.2 million people, had diabe-
tes, of whom one-third was undiagnosed.
Higher prevalence of diabetes was found
in women, older individuals, and urban
areas; however, undiagnosed diabetes
as a proportion of all diabetes was higher
in men and in those with less than a sec-
ondary school education. Compared with
that in the previous study in 2004, the
prevalence of total diabetes in 2009
increased slightly and diabetic subjects
were more likely to be abdominally obese
and have higher total cholesterol, particu-
larly women. The proportion of individu-
als with diabetes that was diagnosed,
treated, and controlled for blood glucose,
blood pressure, and serum cholesterol im-
proved in 2009; however, the proportion
remained substantially low.

IFG and diabetes prevalence in this
study are likely to remain underesti-
mated, given that the diagnosis relied
only on a single instance of FPG, history
of physician diagnosis, and information
on medication (9,10). A study of diabetes
prevalence in the U.S. revealed that a 2-h
glucose tolerance test could identify approx-
imately twice the amount of undiagnosed
diabetes prevalence than that detected by
the FPG test (9). The prevalence found in
this study was relatively comparable with

1982

DiaBETES CARE, VOLUME 34, SEPTEMBER 2011

care.diabetesjournals.org



L __________________________________________________________________________________________|
Aekplakorn and Associates

Table 1—Age-standardized means and percentages (SE) of cardiovascular risk factors in Thai adults aged =20 years: NHES IV 2009

Normal fasting Undiagnosed Diagnosed
glucose level IFG diabetes diabetes P
Men (n = 8,803)

n 6,658 1,250 305 590

Age (years) 44.3(0.3) 49.5 (0.3) 50.9 (0.7) 57.3(0.7) <0.001
FPG (mmol/L) 4.6 (0.1) 6.0 (0.1) 8.9(0.2) 9.0(0.4) <0.001
BMI (kg/mz) 23.1(0.1) 24.6 (0.2) 24.2 (0.2) 26.8(0.3) <0.001
Waist circumference (cm) 79.4 (0.3) 84.8 (0.5) 84.7 (0.6) 01.8(0.8) <0.001
SBP (mmHg) 122.8 (0.4) 131.6 (0.7) 132.3(1.6) 133.3(1.6) <0.001
DBP (mmHg) 76.5(0.3) 81.8 (0.5) 82.6 (0.9) 81.3 (0.8) <0.001
Total cholesterol (mmol/L) 52(0.1) 5.6(0.1) 5.6(0.1) 53(0.1) 0.001
HDL cholesterol (mmol/L) 1.2 (0.01) 1.2 (0.01) 1.1 (0.02) 1.0 (0.01) <0.001
LDL cholesterol (mmol/L) 3.2 (0.03) 3.4 (0.04) 3.1(0.1) 3.1(0.1) <0.001
Triglyceride (mmol/L) 1.9 (0.04) 2.2(0.D) 3404 2.6 (0.1 <0.001
Current smoking (%) 49.2 (1.1) 40.6 (2.0) 61.0 (3.5) 38.9(3.5) 0.001
Secondary school education or higher (%) 38.7(1.5) 34.0(2.1) 27.4(3.5) 35.0 (2.8) 0.001
Family history of diabetes (%) 24.0 (1.0) 32.1(2.0) 33.1(3.9) 59.3 (3.3) <0.001

Women (n = 9,826)

n 7,532 1,117 263 914

Age (years) 44.7 (0.2) 52.8 (0.4) 53.9(1.0) 57.1 (0.4) <0.001
FPG (mmol/L) 4.6 (0.03) 6.0 (0.1) 9.3(0.2) 8.5(0.2) <0.001
BMI (kg/mz) 24.3(0.1) 26.6 (0.2) 27.1(0.7) 26.9 (0.3) <0.001
Waist circumference (cm) 78.3(0.3) 84.6 (0.6) 87.6 (1.6) 87.6 (0.6) <0.001
SBP (mmHg) 119.2 (0.3) 128.0 (0.8) 1324 (1.7) 131.1 (1.3) <0.001
DBP (mmHg) 73.7(0.1) 78.6 (0.5) 80.1 (0.8) 78.4 (0.6) <0.001
Total cholesterol (mmol/L) 54(0.1) 5.8(0.1) 6.0 (0.17) 5.6 (0.1) <0.001
HDL cholesterol (mmol/L) 1.3(0.0D) 1.2 (0.02) 1.2 (0.03) 1.2 (0.01) <0.001
LDL cholesterol (mmol/L) 3.4 (0.03) 3.6 (0.05) 3.8(0.1) 3.4 (0.04) <0.001
Triglyceride (mmol/L) 1.5 (0.03) 1.9 (0.05) 2.2(0.1) 2.2 (0.D <0.001
Current smoking (%) 2.8(0.2) 6.0(1.4) 2.4 (0.7) 2.3(0.6) 0.001
Secondary school education or higher (%) 32.2(1.2) 19.8 (1.6) 20.5(3.8) 13.6 (1.6) 0.001
Family history of diabetes (%) 24.1(1.0) 35.6 (2.0) 47.2 (5.3) 654 (2.4) <0.001

that in other countries such as Sri Lanka,
Malaysia, Hong Kong, Korea, China, and
Japan (1,2,11) but lower than that in the

Table 2—Age-adjusted prevalence (95% CI) and changes of cardiovascular risk factors among Thai adults aged =20 years with

diabetes by sex between 2004 and 2009

U.S. (9). However, these comparisons
should be interpreted with caution because
of the variation among studies with regard

to age ranges of study population, method
of glucose measurements, year of study,
and other environmental factors (1,2).

Men Women
% Change % Change
2004 2009 from 2004 2004 2009 from 2004
n 1,824 895 2,439 1,177
Diabetes 6.3 (5.2-7.2) 6.4 (5.5-7.3) 2.1 7.6 (6.8-84) 8.1 (7.4-8.8) 5.5
Hypertension 46.3 (40.6-51.9) 41.5 (37.1-46.0) —10.2 47.6 (43.2-52.0) 47.1 (42.1-52.1) —-1.0
High total cholesterol
(=6.2 mmol/L or treated) 30.6 (25.0-36.2) 36.4 (31.0-41.9) 18.8 34.4 (28.5-40.3) 48.6 (43.6-53.6) 41.3*
High total cholesterol
(=5.2 mmol/L or treated) 57.2 (47.5-66.9) 57.3 (51.6-63.0) 0.2 60.1 (52.8-67.3) 74.2 (69.1-79.2) 23.5%
High LDL cholesterol
(=2.6 mmol/L or treated) NA 76.1 (70.6-81.6) NA NA 86.4 (83.3-89.6) NA
BMI 23 to <25 kg/m2 19.0 (15.7-22.8) 20.3(15.2-26.4) 6.6 19.1 (16.2-22.4) 18.3 (14.5-22.9) -39
BMI =25 kg/m2 45.1 (37.6-52.6) 49.7 (44.0-55.5) 10.1 56.3 (50.6-61.9) 63.8 (58.4-69.2) 13.2
Abdominal obesity 38.9 (32.5-45.3) 40.3 (35.7-45.0) 3.6 66.7 (60.8-72.5) 78.6 (74.7-82.6) 18.0*
Current regular smoker 41.6 (36.5-46.6) 45.1 (38.6-51.6) 8.6 2.6 (1.4-3.8) 1.9 (0.8-3.0) —26.2

Abdominal obesity: waist circumference =90 cm for men and =80 cm for women. NA, not applicable. *P < 0.05.
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APPENDIX—NHES 1V Study Group
includes the National Health Examina-
tion Survey Office: W.A., R, Jiraluck
Nonthaluck, Supornsak Tipsukum, and
Yawarat Porrapakkham.

Northern region: S.C., Kanittha Thaikla
(Chiang Mai University), Wongsa Laoha-
siriwong, Wanlop Jaidee, Sutthinan Sra-
thonghon, Ratana Phanphanit, Jiraporn
Suwanteerangkul, and Kriangkai Srithana-
viboonchai.

Northeastern region: P.K., Somdej
Pinitsoontorn, Piyathida Kuhirunyaratn,
Sauwanan Bumrerraj, Amornrat Rattanasiri,
Suchada Paileeklee, Bangomnsri Jindawong,
Napaporn Krusun, and Weerapong Seeupalat
(Khon Kaen University).

Southern region: Virasakdi Chongsu-
vivatwong, R.S., and Mafausis Dueravee
(Prince of Songkla University).

Central region: S.T., Somrat Lertma-
harit, Vilai Chinveschakitvanich, Onuma
Zongram, Nuchanad Hounnaklang, and
Sukarin Wimuktayon (Chulalongkorn
University).

Bangkok region: P.P., Chalermsri
Nuntawan, and Karn Chaladthanyagid
(Mahidol University).
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