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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is
increasingly prevalent in countries undergoing rapid
development, including Thailand. We assessed T2DM
incidence over an 8-year period in a nationwide cohort
of Thai adults.

Methods: Thai Cohort Study participants were
surveyed in 2005, 2009 and 2013. The analysed cohort
members were aged (15-88), did not have diabetes in
2005 and were followed up by questionnaire in 2013
(n=39 507). T2DM was ascertained using self-report,
which has been validated using physician interviews.
We calculated the 8-year cumulative incidence of T2DM.
Multivariable logistic regression assessed associations
between potential risk factors and T2DM incidence.
Results: 8-year cumulative incidence of T2DM (2005
to 2013) was 177 per 10 000 (95% Cl 164 to 190).
Crude and age-standardised cumulative incidences of
T2DM by sex were 249 per 10 000 (95% CI 226 to 272)
and 222 per 10 000 (95% Cl 219 to 225) for men; and
119 per 10 000 (95% CI 105 to 133) and 96 per 10 000
(95% CI 94 to 98) for women, respectively. T2DM
increased significantly for both sexes with increasing
age and body mass index (BMI) (p trend <0.001 for
both). Residence in an urban area as a child associated
with T2DM among men and women (OR=1.4, 95% ClI
1.110 1.7 and OR=1.4, 95% Cl 1.01 to 1.79); this was
no longer statistically significant after adjusting for BMI.
Among men, smoking (OR=1.7, 95% Cl 1.3 t0 2.2) and
alcohol intake (OR=1.8, 95% CI 1.1 to 3.0) were
associated with T2DM.

Conclusions: This study found that the
sociodemographic and lifestyle changes that have
accompanied Thailand’s economic development are
associated with T2DM risk in a large cohort of Thai
adults. Our findings highlight the need to address these
transitions to prevent a further increase in the national
incidence of T2DM, particularly among Thai men.

BACKGROUND
Rapid economic development accompanied
by environmental, social and behavioural

Strengths and limitations of this study

= This nationwide study is the largest longitudinal
study of health-risk factors and diabetes risk in
Thailand.

= The participants in our cohort reflect Thais well
socioeconomically and geographically.

= All diabetes diagnoses rely on self-report.

= An issue in this study is the loss to follow-up of
cohort participants over the 8-year period.

change occurred in many low and
middle-income countries (LMICs) over the
past few decades. Concomitant shifts in beha-
viours' led to a health-risk transition, includ-
ing epidemiological and health transitions,” *
with falling infectious diseases, reduced
childhood mortality and increases in non-
communicable diseases such as type 2 dia-
betes mellitus (T2DM).*

Thailand is one such country with rapidly
emerging T2DM. Its prevalence among
adults has risen from 2.3% in 1991° to 8.0%
in 2015.° Over 4 million Thai adults live with
diabetes, making it the top cause of
disability-adjusted life years lost for Thai
women and the seventh cause for men.’
T2DM is also an economic burden; in 2008
average annual cost per patient was US$ 881
—21% of per capita gross domestic product.”

Causes of the diabetes epidemic in indus-
trialised countries are reasonably well estab-
lished,g_11 but much less is known in LMICs
such as Thailand. In developed countries,
T2DM is inversely related with income and
education while the opposite is usually noted
when diabetes first emerges in LMICs.'* '?
How environmental, social and behavioural
changes are affecting T2DM risk among
Thais is not known. The first three studies
that reported on diabetes in Thailand were
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limited in size (under 7000 participants), location
(Bangkok) or occupation (office workers, university
employees or Electric Generation Authority plant
workers).m_16 Despite the restrictions, these studies pro-
duced new knowledge for Thailand on downstream (eg,
age and body mass index (BMI)) risk factors for T2DM.
Incidence rates were estimated but upstream risks (geo-
graphical, socioeconomic) were not reported and the
studies could not investigate beyond Bangkok. Our study
was designed to fill this gap, is not geographically or
occupationally restricted and is large in
Accordingly, information emerging has application to
the wide population of Thailand and as well as most of
Southeast Asia.

Here we report an 8-year prospective cohort study pro-
viding nationwide data on incidence of T2DM and its
risk factors. This information should help identify pre-
vention targets and reveal the current state of the health
transition in Thai adults.

size.

METHODS

Study population

The Thai Cohort Study (TCS) is a longitudinal study of
distance learning Open University students. It was estab-
lished to investigate how rapid socioeconomic develop-
ment is affecting health behaviours and outcomes in
Thailand—the health-risk transition.” In 2005, a 20-page
questionnaire was mailed to all 200000 students
enrolled at Sukothai Thammithirat Open University.
These students are generally adults of modest means
using education for selfimprovement; they are embed-
ded in their communities nationwide and are expected
to experience the health-risk transition ahead of their
fellow Thais. The questionnaires were self-completed in
2005, 2009 and 2013. Items included socioeconomic,
demographic, cultural and lifestyle characteristics,
health-risk behaviours and self-reported health out-
comes including diabetes.

Ascertainment of diabetes status

At each wave of data collection, participants were classi-
fied as having diabetes if they responded positively to
the question (‘Have you ever received a confirmed diag-
nosis from a doctor that you definitely have diabetes?’).
We used telephone interviews undertaken by a prac-
ticing Thai physician to confirm the validity of a large
proportion of questionnaire-reported doctor-diagnosed
T2DM and transient diabetes. Type 2 diabetes status was
determined by the physician based on the participants’
answers to a standard interview protocol. The protocol
was developed following the American Diabetes
Association’s classification guidelines for diagnosing dia-
betes.'” The protocol included questions probing about
blood sugar testing and cut-off criteria used for diagno-
sis, treatment and names of medications prescribed by
the physician and about frequency of medical visits and
the types of tests taken during medical visits. The

validation study of these selfreported cases indicated
high accuracy (78%), particularly among those (n=148)
who reported doctor-diagnosed diabetes in 2009 and
2013 (96%) (Unpublished data).

Eligibility

Participants were included in the study if they reported
that they did not have diabetes at baseline in 2005 and if
they provided diabetes status in the 2013 questionnaire.
Excluded were those reporting diabetes at baseline
(prevalent cases), and those reporting diabetes in 2009
and then reporting no diabetes in 2013 (mostly women
with gestational diabetes).

Assessment of risk factors

We assessed health, lifestyle and sociodemographic vari-
ables reported at baseline as potential risk factors for
incident T2DM. The sociodemographic information
included age, personal monthly income, highest educa-
tion level and area of residence in childhood (urban or
rural). Health and lifestyle information included fruit,
vegetable, tobacco and alcohol consumption and weight
and height.18 For BMI, we divided weight in kilograms
by height in m® and categorised as recommended for
Asian populations.'?

Incidental exercise was measured by frequency of
‘housework or gardening’. ‘Leisure physical activity’
scored as adjusted number of sessions per week of
strenuous, moderate or mild exercise (‘2xstrenuous
+moderate+mild+walking’ exercise sessions);*’ *' this
weighted score was then categorised by sessions per
week (none, 1-7, 8-14, 15 or more).

Statistical analysis

Cumulative incidence

We calculated 8-year cumulative incidences of T2DM.
Denominators included all participants who recorded
no diabetes in 2005 and reported their diabetes status in
2013; numerators included those reporting having
T2DM in 2013. Eight-year cumulative incidences were
also stratified by age and sex.” We also age-standardised
the sex-specific rates to the WHO reference population
for the year 2000.*> We estimated age of onset as base-
line age plus 2 years for those reporting T2DM in 2009
and baseline age plus 6 years for those reporting T2DM
in 2013.

Risk factors for incident T2DM

We classified risk factors to be upstream (geographical,
socioeconomic) or downstream (biomedical, personal).
These different levels are important for designing the
type of public health intervention. With T2DM as the
outcome (yes/no), we used logistic regression to esti-
mate ORs and 95% Cls for baseline risk factors.

Women in the cohort were, on average, younger than
the men with 51% of women aged <30 at baseline versus
36% of men. Owing to the different age distributions
and the potential for different associations by sex, all
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analyses were stratified by sex and adjusted for age. We
used three models of increasing complexity. This
enabled us to assess risk factors for T2DM with and
without the impact of BMI, an important risk factor for
T2DM.?® The first model (Model 1) had eight variants.
One variant included age alone; the other seven variants
each included one other risk factor of interest. The
second model (Model 2) included all of the risk factors
except for BMI. The third model (Model 3) included all
risk factors and BMI. All analyses were carried out using
Stata (V.13.0). A two-sided significance level of 0.05 was
used.

Sensitivity analysis

We undertook two sensitivity analyses. For the first sensi-
tivity analysis, we calculated the 4-year incidence of
T2DM within each 4-year follow-up (2005 to 2009; 2009
to 2013) to determine whether the cumulative incidence
estimates derived from these two 4-year periods were
consistent with findings from the 8year period (2005 to
2013).

In the second sensitivity analysis, we examined risk
factors associated with T2DM incidence in the first
4 years (2005 to 2009) for four different subgroups: (1)
everyone reporting incident T2DM in 2009; (2) exclud-
ing those reporting diabetes in 2009 but not in 2013;
(3) excluding those lost to follow-up in 2013 and (4)
only including those reporting T2DM in 2009 and 2013.
Risk factor patterns for the four subgroups were com-
pared with patterns for the 8-year results, assessing the
effect of selection and information bias (attrition and
misclassification).

Informed written consent was obtained from all parti-
cipants. All data were de-identified before analysis.

RESULTS
Participants
The study population included TCS members who had
been followed from 2005 to 2013, excluding 902 who
reported diabetes at baseline and 167 who reported
having diabetes in 2009 and not having diabetes in 2013,
most being young women with transient (gestational)
diabetes. Of the 39 507, the remaining cohort members
initially at risk—698 reported being diagnosed with
T2DM (figure 1).

The median (first and third quartiles) for age in years
at baseline were 38 (32, 44) for those reporting T2DM
and 31 (26, 37) for those who did not.

Cumulative incidence of T2DM from 2005 to 2013

Between 2005 and 2013, the overall T2DM cumulative
incidence was 177 per 10000 (95% CI 164 to 190).
Corresponding crude and age-standardised cumulative
incidences by sex were respectively: for the 17 607 men,
249 per 10 000 (95% CI 226 to 272) and 222 per 10 000
(95% CI 219 to 225); for the 21 900 women, 119 per
10 000 (95% CI 105 to 133) and 96 per 10 000 (95% CI

94 to 98). Figure 2 shows the age—sex-specific cumulative
incidences of T2DM between 2005 and 2013. The inci-
dence rose with age for both sexes, almost exponentially
for men from age 50.

Risk factors for incident T2DM

Upstream risk factors

For men, high income (>20 000 Baht per month) com-
pared with low income (10 000 Baht per month or less)
and tertiary education relative to high school or less edu-
cation statistically associated with T2DM in the models
adjusted for age (Model 1) but not in the models
adjusted for other risk factors (Models 2 and 3). There
was no statistically significant association between T2DM
and either income or education for women. For both
sexes, there was a modest relationship with having lived
in an urban area between the ages of 10 and 12 in
Models 1 and 2 (Model 2:men OR=1.4, (95% CI 1.1 to
1.7); women OR=1.4, (95% CI 1.01 to 1.79)), but after
adjustment for BMI (Model 3), the magnitude of the
effect estimates for urban residence approached unity,
falling by 14% for men and 21% for women and were
no longer statistically significant (table 1).

Downstream risk factors

Infrequent gardening or housework associated with sig-
nificantly increased odds of T2DM for men in Model 1
only. In Model 2, for men and women, age was asso-
ciated with T2DM (>50 years: OR=9.0, (95% CI 5.8 to
14.0) and OR=9.9, (95% CI 5.2 to 19.0), respectively).
Obesity (BMI>30.0 kg/mQ) was associated with signifi-
cantly increased odds of T2DM incidence in men
(OR=23.1, 95% CI 16.1 to 33.0) and women (OR=28.5,
95% CI 18.7 to 43.4), respectively (Model 3). Among
men, regular alcohol intake (OR=1.8, (95% CI 1.1 to
3.0)) and current smoking (OR=1.7, (95% CI 1.3 to
2.2)) also associated with increased T2DM risk (Model
3). Addition of BMI to the models substantially attenu-
ated OR estimates for age (32% for men, 48% for
women aged >50 years) but had little influence on ORs
for smoking, or alcohol (table 1).

Sensitivity analysis

Incidence across the two 4-year periods was stable—104
per 10 000 (95% CI 96 to 112) (2005 to 2009) and 105
per 10000 (95% CI 95 to 115) (2009 to 2013). The
cumulative incidence of T2DM per 10 000 in men was
approximately double that in women across the two
4-year periods (period 1:146 vs 70; period 2:146 vs 72).
The findings from the two 4-year periods are consistent
with those from the 8year period (see online
supplement 1).

The 2005 to 2009 4-year risk factor effect estimates
were similar across the different subgroups (see
Methods). An example from findings for men is shown
in figure 3. Neither attrition nor accuracy of T2DM self-
report had an impact on the 8-year risk analyses.
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Figure 1 Selection of study participants from the Thai Cohort Study. *Participants were selected based on self-reported
diabetes status in 2005 and available follow-up data in 2009 and 2013. The self-reported positives in 2005 were excluded
(n=902) as were those missing in 2009 and those with a missing diabetes status in their questionnaires. Eight-year cumulative
incidence was calculated with the 39 507 remaining participants in 2013.

DISCUSSION
We assessed factors associated with incidence of T2DM
over 8years in a nationwide cohort of young and
middle-aged Thai adults. The 8-year cumulative inci-
dence of T2DM between 2005 and 2013 was 177 per
10000 (95% CI 164 to 190). T2DM incidence was
higher among men (249 per 10 000; 95% CI 226 to 272)
than women (119 per 10 000; 95% CI 105 to 133). For
both sexes, factors most strongly associated with odds of
developing T2DM were increasing age and higher BMIL
Living in an urban area during childhood, smoking and
alcohol are associated with increased risk of T2DM
among men. However, most upstream associations atte-
nuated when BMI was added to models. Tertiary educa-
tion was associated with a small decrease in T2DM risk
among women but this was not statistically significant.
There are limitations when interpreting these find-
ings. All diabetes diagnoses used self-report so there may
be case classification error. However, a validation study
of self-reported diabetes conducted among TCS

Cumulative incidence of T2DM between 2005 and 2013 by age and sex
1000

800

600 -

400 }

200 i
s ] & Males
[ ] ® Females
0
T T T T T T
15-29 30-39 40-49 50 +
Age group

T2DM:Type 2 diabetes mellitus

Figure 2 Cumulative incidence of T2DM between 2005 and
2013 by age and sex.

participants indicated that accuracy of T2DM self-report
was high. Also an issue is loss to follow-up. Overall,
about 50% of the baseline cohort was retained after
8 years. A similar retention rate was noted for all values
of sex, fruit, vegetable and alcohol intake and area of
residence indicating that attrition for these variables
should not be a concern.’* However, differential attri-
tion was noted for the youngest age group, those under-
weight and those with the lowest income or lowest
education and those who reported smoking in 2005.
Differential attrition of participants who smoke might
lead to an underestimation of T2DM incidence but dif-
ferential retention of participants who are older and
have a larger body size might lead to an overestimation
of T2DM incidence. However, results in the first 4 years
(70% of baseline cohort) showed similar results to the
total 8years giving us confidence in generalisable
findings.

This study has several strengths, including size, nation-
wide coverage and prospective longitudinal design.
However, compared with the Thai population our
cohort is younger, has higher levels of education and
includes a higher proportion of adults living in metro-
politan Bangkok.” Incidence estimated by our study may
be higher or lower than in the general population but
the age-specific rates we report are expected to be gen-
eralisable, at least for educated groups. Furthermore,
the participants in this cohort are ideal for studying the
effects of sociodemographic change on T2DM risk since
they are Thais of modest means, embedded in geo-
graphically dispersed communities across the nation and
self-improving via education. Our population has been
most informative and clearly represents well the large
segment of the Thai population now entering the transi-
tion through a modern set of health concerns having
undergone great changes in the environment, diet and
lifestyle.> We expect them to undergo the ‘health-risk
transition” ahead of fellow Thais.” *°
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Table 1 Associations between baseline characteristics and 8-year cumulative incidence of diabetes (2005 to 2013), Thai Cohort Study
Diabetes status in 2013  Men N=17 607 * OR (95% ClI) Women N=21 900 * OR (95% CI)
Baseline Incident Total at
characteristics cases risk Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Age n (%) N=39 507 *
15-29 108 (1.0) 17 447 1 1 1 1 1 1
30-39 252 (2.0) 14 383 2.5 (1.8 0 3.4) 2.4 (1.7 t0 3.4) 2.0(1.4t0 2.8) 2.9 (2.1t0 4.1) 2.8 (1.9t0 4.1) 2.1 (1.4 t0 3.0)
40-49 253 (4.0) 6506 5.4 (4.0to 7.4) 4.7 (3.3 10 6.8) 3.4 (2.310 5.0) 6.5 (4.6 10 9.2) 6.3 (4.1 t0 9.6) 3.8 (2.4 t0 5.9)
50 and over 85 (7.0) 1171 104 (7.2t0 14.9) 9.0 (5.8t0 14.0) 6.1 (3.91t09.7) 10.4 (6.0t0 18.2) 9.9 (5.2t0 19.0) 5.1 (2.6 to 10.0)
Income(Baht/month)
<10 000 267 (1.0) 22 926 1 1 1 1 1 1
10 001-20 000 227 (2.0) 10928 1.1 (0.9t0 1.4) 1.0 (0.7 to 1.2) 0.9 (0.7 to 1.1) 1.0 (0.7 to 1.3) 1.0 (0.7 to 1.4) 1.0 (0.7 to 1.5)
>20 001 188 (4.0) 4907 1.3(1.00t0 1.72) 1.1 (0.8to 1.5) 1.1 (0.8 to0 1.4) 1.0 (0.7 to 1.5) 0.9 (0.6 to 1.4) 1.1 (0.7 to 1.7)
Education
High school or less 298 (2.0) 17 084 1 1 1 1 1 1
Tertiary education 396 (2.0) 22 328 1.2(1.00t0 1.47) 1.1(09t0o1.4) 1.1 (0.9t01.3) 1.0 (0.8 to 1.3) 09(0.7t01.2) 0.9(0.7 to 1.2)
Childhood area of residence
Countryside (rural) 448 (2.0) 29 248 1 1 1 1 1 1
City/town (urban) 237 (2.0) 9891 1.5 (1.2t0 1.9) 1.4 (1.1t01.7) 1.2 (0.9 to 1.5) 1.3(1.0t0 1.7) 1.4 (1.01t01.79) 1.1 (0.8 to 1.4)
BMI (kg/m?) (Asian cut points)
Underweight <18.49 8 (0.2) 5183 0.8 (0.3t0 1.9) 0.7 (0.3 to 2.0) 0.2 (0.1 t0 0.7) 0.2 (0.1 t0 0.8)
Normal (18.5-22.9) 123 (1.0) 20 997 1 1 1 1
At risk (23.0-24.9) 121 (2.0) 6381 1.8 (1.3 t0 2.6) 1.9 (1.4 to 2.8) 3.6 (2.4 t0 5.3) 3.7 (2410 5.7)
Obese | (25.00-29.9) 294 (5.0) 5489 5.1 (3.910 6.8) 5.4 (3.9t0 7.3) 10.1 (7.2 to 14.2) 10.4 (7.2 to 15.0)
Obese Il (>30.0) 142 (15.0) 971 20.6 (14.7 to 28.9) 23.1 (16.1 to 33.0) 27.7 (18.8 to 40.8) 28.5 (18.7 to 43.4)
Gardening or housework
Most days 362 (2.0) 22010 1 1 1 1 1 1
1-2 times/week 176 (2.0) 10617 1.0 (0.8 to 1.3) 1.0 (0.8 to 1.3) 0.9 (0.7t0 1.2) 1.2 (0.9 to 1.6) 1.2 (0.91t01.7) 1.3 (0.95 to 1.80)
<3 times a month 148 (2.0) 6429 1.3 (1.0 t0 1.7) 12(09t01.5) 1.0(0.8t01.3) 1.3 (0.9 to 1.8) 1.1(0.7t01.7) 1.0 (0.7 to 1.6)
Smoking
Never smoked 384 (1.0) 28 632 1 1 1 1 1 1
Ex-smoker 157 (3.0) 6128 1.1 (0. 9to 1.4) 1.1 (0.8 to 1.4) 1.0 (0.7 to 1.3) 0.7 (0.3 to 1.6) 0.8 (0.4 to 1.9) 0.6 (0.2 to 1.5)
Current smoker 119 (4.0) 3173 1.9 (1.5t0 2.4) 1.7 (1.31t0 2.2) 1.7 (1.31t0 2.2) 2.1 (0.8t05.9) 1.7 (0.5 to 5.6) 1.1 (0.3 to 4.0)
Alcohol intake
Never 152 (1.0) 10873 1 1 1 1 1 1
Used to drink (quit) 71 (2.0) 3252 1.5(0.97t02.42) 1.5(0.9to02.5) 1.7 (1.0t0 2.9) 0.6 (0.3t0 1.1) 0.6 (0.310 1.2) 0.6 (0.310 1.2)
Occasional/social 399 (2.0) 23 049 1.4 (0.9 to 2.0) 1.4 (0.9 to 2.1) 1.5(0.96t0 2.37) 0.9 (0.7 to 1.1) 0.9 (0.7t0 1.2) 0.9 (0.2 t0 1.3)
Regular drinker 68 (4.0) 1900 2.0 (1.3t0 3.1) 1.7 (1.00t0 2.77) 1.8 (1.1 t0 3.0) 0.5 (0.1 to 3.9) 0.5 (0.1 t0 3.9) 0.7 (0.1 t0 5.2)

Model 1, age adjusted; Model 2, age and all variables except BMI; Model 3, Model 2 with BMI.
*Numbers may not add to total sample size due to missing responses for some characteristics.
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Figure 3 Sensitivity analysis comparing the ORs for incidence of diabetes between 2005 and 2009 according to diabetes
reporting pattern in 2009 and 2013. Models were run for 4-year cumulative incidence between 2005 and 2009 among men,
including the following participants. (A) Including all male participants followed up in 2009 (n=26 885). (B) Excluding the 107 male
participants who reported having incident diabetes in 2009 but subsequently reported not having diabetes in 2013 (n=26 778).
(C) Excluding the 7949 male participants who were lost to follow-up in 2013 (n=18 936). (D) Excluding the 7949 male participants
who were lost to follow-up in 2013 and the 107 male participants who reported having incident diabetes in 2009 but subsequently

reported not having diabetes in 2013 (n=18 829).

The sex and age-specific cumulative incidence of
T2DM between 2005 and 2013 was comparable with find-
ings reported by previous Thai studies.!*16 Furthermore,
our sex and age-specific estimates suggest that the inci-
dence of T2DM among Thai cohort members is higher
than Caucasian counterparts from North America®’ and
Europe;*® similar to Bangladesh and China * and
lower than Pima Indians®’ and Mauritians.”> However,
direct comparisons are difficult due to differences in the
case ascertainment, attrition and population sampling.

In the TCS, increasing age and BMI were the strongest
risk factors for T2DM. Increasing age is a well-known
risk for T2DM® ' and its effects were very apparent in
this relatively young cohort. The high rates of T2DM
incidence in our cohort members is consistent with find-
ings from studies with Asian populations that have also
shown that the risk of T2DM starts to increase at a rela-
tively low age in Asian populations.gs 3 The association
with BMI is not surprising given that obesity is a well-
established cause of diabetes.'® *® Fat cells secrete hor-
mones and adipokines that can increase the risk of
diabetes through several pathways, including the
increase in insulin resistance.*® However, there are some
notable differences between our findings and those
from studies conducted in Caucasian populations. The
incidence of T2DM in those with a BMI in the range of
23-24.9 kg/m (healthy weight in Caucasians)’ 5738 \as
equivalent to the incidence rate of T2DM reported at

higher BMI levels of 30.0 kg/m? in Caucasians.'? *® Our
finding is consistent with findings from other Asian popu-
lations that have also shown that the risk of T2DM starts
to increase at relatively low levels of BML>* T2DM and
body size relations in Thai adults need further research.
Urbanisation accompanies socioeconomic growth in
developing countries.” We found that living in an urban
area as a child increased risk of T2DM among men and
women in models without adjustment for BMI. Previous
reports from this cohort™ and other developing coun-
tries'> shows urbanisation is associated with reduced
physical activity, increased consumption of alcohol and
highly processed food items and a higher BMI level.
The attenuation of the association between urbanisation
and T2DM risk that we observed after the addition of
BMI to our model suggests that BMI has a major impact
on the relationship between urbanisation and T2DM.
We found a ‘developing country’ pattern of increasing
T2DM along with higher income and education for men
(but not for women) in age-only adjusted models. The
income and education effect were attenuated in the
fully adjusted model. Other LMICs have shown that
higher levels of education or socioeconomic status
(SES) have a direct relationship with T2DM risk,
whereas the opposite has been shown in developed
western countries.'”> However, once a country enters an
advanced stage of economic development (equivalent
to a gross national product per capita of around US$
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2500), the prevalence of obesity begins to rise predomin-
antly in the group with the lowest SES and education
level” *' ** and women are the first to manifest an
inverse relationship between SES and obesity risk."
Similar shifts appear to be occurring in the TCS
cohort.” Thus, our results suggest that women, at least
in this cohort, are at a more advanced stage of the
health transition. These findings highlight the need for
public health interventions to target the risk factors for
T2DM differently in men and women.

Men in this cohort are taking more health risks
(smoking, regularly consuming alcohol and being less
physically active) than the women** and these risks link
to T2DM. Public health efforts should preserve and
encourage the low rates of alcohol consumption and
smoking in Thai women to ensure that they do not
adopt these new lifestyle behaviours, which lead to
increased weight gain, insulin resistance and poor car-
diovascular health.” Concomitantly, the cessation of
alcohol intake and smoking should be promoted among
Thai men.

CONCLUSION

This study presents the 8year cumulative incidence of
T2DM between 2005 and 2013 and associated risk
factors in a large cohort of Thai adults. We found that
the incidence of T2DM was higher in men and that the
lifestyle and sociodemographic changes that have accom-
panied Thailand’s socioeconomic development are asso-
ciated with T2DM risk. Thai men are likely to be in the
middle stages of the health transition while women are
more advanced. The focus of public health efforts
should be on obesity, smoking and alcohol, particularly
among men. The incidence of T2DM in Thailand is
already high and many risks are converging especially
obesity, ageing and physical inactivity. So we can expect
T2DM will increase in importance rapidly over the next
1-2 decades and our data provide useful foresight
regarding the growing impact of these changing risks.
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