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Abstract

Objective: As Thailand modernizes an ensuing health risk transition associates with rising chronic
non-communicable diseases, especially hypertension. This is a driving force for emerging vascular disease,
especially stroke and hypertension. Studies in other countries have shown hypertension is associated with obesity.
Longitudinal information is needed forthailand and here we present our cohort data collected over 8 years And
recording incidence of hypertension and exposure to elevated abnormal BMI.

Design and Methods: BMI effects on incident hypertension were investigated prospectively in a nationwide Thai
Cohort Study (TCS) from 2005 to 2013. Data were derived from 42 785 off-campus Sukhothai Thammathirat
Open University students returning mail-based questionnaire surveys in both 2005 and 2013. Participants analysed
were normotensive at the start (40 548). Multivariable regression estimated adjusted relative risks estimate linking
obesity (measured by BMI) and hypertension (self-reported) among Thai men and women.

Results: In Thailand from 2005 to 2013 the TCS 8-Year Incidence of hypertension was 5.1% (men 7.1%, women
3.6%), which meant 1958 participants developed hypertension. BMI was directly associated with an increased risk
of hypertension. Compared to participants with a normal BMI (18.5-22.9 Kg/M2), The relative risks (95%
confidence interval) of developing hypertension with a BMI of < 18.5.23.0-24.9, 25-29.9 and >30 Kg/m? were
0.54 (0.3-0.97), 1.8(1.49-2.18), 3.27 (2.73-3.91) and 6.73 (5.1-8.97) for men and 0.65 (0.45-0.95), 2.28
(1.81-2.88), 3.71 (2.96-4.64) and 9.72 (7.09-13.32) for women respectively (p-trend <0.0001).

Conclusion: Our data confirmed the adverse effects of long-term high bmi on an increased risk of hypertension in
Thai people. Therefore, Ministry of Public Health should develop a national program to encourage people to
remain healthy with a normal BMI. There are many health gains from such a program and the information
presented here shows clearly that decreased hypertension would be one of the expected benefits for the Thai
population.

Keywords: hypertension, socioeconomic status, body mass index, physical activity, underlying diseases, smoking,
soft drink, Thailand

1. Introduction

Around the world, hypertension is an important chronic non-communicable disease. As well, it is the leading risk
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factor for other important conditions, especially vascular and kidney disease (Global Burden of Metabolic Risk
Factors for Chronic Diseases Collaboration, 2014). More than 1 billion of the world’s adult population are
estimated to have hypertension in 2000 and the trend indicates this number will grow to 1.6 billion by 2025
(Kearney et al., 2005). Worldwide primary prevention of hypertension is crucial to decreasing associated vascular
morbidity and mortality including ischemic heart disease and stroke, two of the leading causes of death (World
Health Organization, 2018). The etiology of vascular disease is extensively studied in more developed countries
and is attributed to a complex combination of genetics, demographics, nutrition and environment (Shrout, Rudy, &
Piascik, 2017). Obesity and physical inactivity are key environmental risk factors for hypertension (Huai et al.,
2013; Shihab et al., 2012). Indeed, one of the environmental factors — obesity — is a growing health challenge
worldwide and is expected to cause an increase in vascular diseases. Globally the proportion of adults who are
overweight (BMI>25 kg/m?) increased from 28.8% in 1980 to 36.9% in 2013 in men and from 29.8% to 38% in
women, respectively (Ng et al., 2014).

This worldwide trend in vascular diseases has spread to Thailand, a middle-income country in Southeast Asia with
a population profile typical of its region. Thai National Health Examination Surveys in 2004, 2009 and 2014 found
the prevalence of hypertension in adults was 22.0%, 21.5%, and 24.7 % respectively, close to but still lower than
comparable rates in the USA (29%) and China (26.7%) (Aekplakorn, 2016; Aekplakorn et al., 2008; Aekplakorn et
al., 2012; Egan, Zhao, & Axon, 2010; Li et al., 2015). The increased prevalence of hypertension coincided with
increased prevalence of obesity (BMI >25 kg/m?), in 2004, 2009 and 2014 (34.3%, 40.7% and 41.8% in women
and 22.4%, 28.4% and 32.9% in men, respectively) (Aekplakorn, 2016; Aekplakorn & Mo-Suwan, 2009). During
this period the average BMI in Thai people continuously increased from 22.8 kg/m” in women and 21.6 kg/m’ in
men in 2009 to 24.6 kg/m” and 23.6 kg/m” in 2014 respectively (Aekplakorn, 2016; Aekplakorn et al., 2014).
Increased prevalence of hypertension is likely associated with an increased prevalence of obesity and this
connection needs more detailed assessment across Thailand and elsewhere (Shihab et al., 2012; Thawornchaisit et
al., 2013c, 2018).

In Thailand few studies investigated the association of obesity and hypertension (Thawornchaisit et al., 2013a;
Thawornchaisit et al., 2013c¢, 2018). To fill this gap in our knowledge regarding the overall health risk transition in
Thailand we began in 2005 a nationwide Thai Cohort Study (TCS) and followed up every 4 years until 2013.
During this time Thailand transformed from a low- to a middle-income country. In 2005, the TCS data revealed the
baseline prevalence of hypertension was 4.6% and follow-up at 4 and 8 years showed the cumulative incidence of
hypertension over those periods was 3.5% and 5.1%, respectively (Thawornchaisit et al., 2013a; Thawornchaisit et
al., 2013c, 2018). We noted in our previous TCS reports that aging, obesity, physical inactivity, and several
underlying conditions including diabetes mellitus, high blood lipids and kidney disease are major risk factors of
hypertension in Thai people. Here we report a detailed analysis of the link between body mass index and incident
hypertension in our large nationwide prospective cohort study of over 42 785 healthy Thais with 8 years of
follow-up.

2. Methods
2.1 Study Population and Data

The Thai Cohort Study (TCS) began in 2005 when 87151 distance-learning students of Sukhothai Thammathirat
Open University (STOU) enrolled in their home environments nationwide. In comparison with the general Thai
population, the STOU student body and those students who became TCS members were comparable for social
geography and socio-economic status (Seubsman, Yiengprugsawan, Sleigh, & the Thai Cohort Study, 2012). But
the Open University student body and study cohort members were younger with 56.2% and 51.5% respectively in
the 21-30 year age range compared to 23.9% in the general Thai population, and fewer were older than 50 years
(1.2% and 2% respectively) compared with 24.7%. In addition, the STOU student body and TCS members tended
to have a higher education level than the general population.

TCS baseline data in 2005 were generated from a 20-page mail-out questionnaire which included questions on
demography, socio-economic status (SES), personal health (chronic kidney disease, diabetes mellitus, high blood
lipids, high blood pressure, stroke, various cancers, goitre, epilepsy, asthma, arthritis, chronic bronchitis and
depression). As well there were questions on hearing, vision, dental impairment, use of health services, transport,
injury, social networks, personal well-being, health-related behaviour and family background. Baseline data have
been published (Seubsman, Yiengprugsawan, Sleigh et al., 2012; Sleigh, Seubsman, Bain, & Thai Cohort Study,
2008). The number of original cohort members participating in 2009 at 4-year follow up was 60569 (70%) and in
2013 at 8-year follow up was 42785 (49%).
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2.2 Incident Hypertension

Hypertension was based on doctor diagnosis detected by self-report. We classified cohort members as cases of
incident hypertension if they self-reported as normotensive in 2005 and doctor diagnosed hypertension in 2013.
Thus we analysed the 40548 participants in 2005 who were negative for hypertension at the start and who
represented 94.8% of the 42785 cohort participants with 8 years of longitudinal data. Hypertension incidence was
the binary dependent outcome variable for logistic regression analyses and the person-time denominator included
all individuals at risk.

2.3 Independent Variables

The independent variables that were available for analysis included age, sex, marital status, urbanization,
socio-economic status (SES - income, household assets, and education), body mass index (BMI), and underlying
diseases (diabetes mellitus, high lipids and kidney disease). Other variables we analysed included sedentary habits
(screen time, sitting time and house-work or gardening), other lifestyle factors (physical exercise, tobacco smoking,
alcohol consumption, soy bean consumption, fruit and vegetable intake and soft drinks) and food preferences
(Western, roast, smoked, instant, deep fried).

We categorized age in years (< 30. 31-40, >40), marital status as single or married/living with a partner, and
urbanization in childhood (aged 12 years) and at study baseline (2005) — 4 lifelong categories: ruralites (RR),
urbanizers (RU), de-urbanizers (UR) and urbanites (UU). Three categories coded education level (High school,
Diploma, University), four categories coded income in baht (42 baht equalled one US dollar in 2005) and three
categories coded household assets (low, medium, high). International Obesity Task Force BMI cut-off guidelines
for Asia (Kanazawa et al., 2005) were used -- underweight (BMI < 18.5), normal (18.5 < BMI < 23.0), overweight
(23 <BMI < 25.00), or obese I (25 < BMI <30.00), obese II (BMI > 30).

Sedentariness was measured as sitting time and screen time (hours/day). Incidental exercise (housework or
gardening frequency), was categorised into 4 groups: <3 times per month; 1-2 times per week; 3-4 times per week;
most days. Various forms of physical activity (at least 20 minutes of mild, moderate or strenuous exercise, 10
minutes or more walking sessions) were also included and recorded using 4-item ordinal categories.

At both the baseline and the 8-year mark, we calculated separate overall measures of planned physical activity.
This was based on the cohort members reporting the number of sessions per week of strenuous and moderate
exercise for at least 20 minutes, and of walking for at least 10 minutes. We weighted the measure as follows:
(2xstrenuous+1xmoderate+1xwalking) sessions per week, weighting based on the recommendation of the
International Physical Activity Questionnaire and the Active Australia Survey as used in other analyses of cohort
data (Australian Institute of Health and Welfare, 2003; Banks, Lim, Seubsman, Bain, & Sleigh, 2011). Finally, for
each individual, the ‘overall measures’ of weekly exercise for 2005 and 2013 were added and then averaged by
dividing by 2, creating a longitudinal measure of planned physical activity (LPPA).

Self-reported smoking was coded as never, ex-smoker or current smoker. Alcohol consumption was coded as never,
ex-drinker, occasional drinker or current-drinker. Foods that may influence hypertension (deep fried, instant, roast
or smoked, soybean products and soft drinks) and Western-style fast foods were assessed for consumption
frequency. Fruit and vegetable consumption were recorded as standard servings eaten per day.

2.4 Statistical Analyses

All analyses used SPSS software. Hypertension incidence and 95% CI were calculated for each value of each
categorical variable. For statistical inference, all p values were two tailed and significance was set at 5%.

We used the longitudinal data to estimate the relative effect of BMI at baseline in 2005 on hypertension incidence
detected by 2013, adjusting for the confounding effect of a wide array of variables. In such a large longitudinal
study of an uncommon disease (incidence less than 10%) odds ratios (ORs) accurately estimate relative risks (RRs)
(Webb & Bain, 2011). Accordingly, we used multivariable logistic regression with the binary 8-year outcome set to
incident hypertension, controlling for confounding, so calculating odds ratios that we accepted as relative risk
estimates. The explanatory variable of interest was BMI and confounding covariates were age, sex, marital status,
socioeconomic status (SES), sedentary habits, physical activities, underlying diseases, personal behaviours
(cigarette smoking and alcohol drinking), instant food and soft drink consumption. A co-variable was included in
the multivariable model as a confounder if bivariate analysis indicated statistically significant association with
incidence of hypertension. Some variables were included because earlier reports elsewhere had shown a
significant or substantial association with hypertension.
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3. Results
3.1 Baseline Characteristics

Overall, 42785 of the original cohort participated in the 8-year follow up. Of these cohort members 40548 had
self-reported normotension in 2005 are shown in Table 1. The mean age at baseline of these longitudinal
participants was 32 years (33.7 for men and 30.8 for women) and there were more women than men (56%vs 44%).
By region, the highest proportion of participants resided in the North-east (men) and Center (women) while the
lowest proportion lived in the East (both sexes). Sixty-one and sixty-four percent of the male and female
participants respectively lived in urban areas. Fifty and sixty one percent of male and female participants
respectively had a higher education attainment than high school. Forty seven percent of male and twenty three
percent of female participants had income more than 10000 baht. The distribution of household assets of
participants was quite similar with a slightly higher proportion of participants in the low category in both men and
women. The majority of men and women had normal weight BMI and the percentage in men and women were 48%
and 60 % respectively. Compared to women, men had higher proportions overweight or obese but had lower
proportion underweight.

Table 1. Characteristics of 40 548 Thai Cohort Study participants normotensive in 2005 and self-reporting in
2013 by sex

Male Female Difference
Factor
N Percent N Percent P Value®
Demographic data
Participants 17769  43.8 22779 56.2 <0.0001
Age (years) mean (SD) 33.7 8.6 30.8 7.7 <0.0001
Age group (year) <0.0001
<30 7177 40.4 12505 54.9
3140 6738 37.9 7468 32.8
>40 3854 21.7 2806 12.3
Married/partnered <0.0001
No 6884 39.7 12062 543
Yes 10442 60.3 10144 45.7
Regions <0.0001
Bangkok 2393 13.6 4129 18.2
Central 3927 222 5703 252
North 3802 21.5 4323 19.1
North-east 4395 24.9 4185 18.5
East 1017 5.8 1331 5.9
South 2119 12 3003 13.2
Urbanisation status” <0.0001
Rural-rural (RR) 1319 20.9 1189 17.5
Rural-urban (RU) 1786 28.3 1996 29.4
Urban-rural (UR) 1131 17.9 1215 17.9
Urban-urban (UU) 2069 32.8 2392 35.2
Socioeconomic status
Education level <0.0001
High school 9026 50.9 8811 38.8
Diploma 3976 224 6886 30.3
University 4731 26.7 7022 309
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Personal monthly income (baht) © <0.0001
<7000 5286 30.2 9377 42.1
7001-10 000 3940 22.5 5274 23.7
10 001-20 000 5605 32 5502 13.8
>20 000 2660 15.2 2125 9.5
Household assetsq| (baht) d
Low 6604 37.3 8529 37.6
Medium 5768 32.6 7097 313
High 5332 30.1 7055 31.1
BMI classification® <0.0001
Underweight  (BMI<18.5) 995 5.7 4257 18.9
Normal (18.5 < BMI <23) 294 8439 48.2 13476 59.8
Overweight (23 < BMI < 25) 469 4085 233 2476 6.2
Obese (25 < BMI < 30) 104 469 3523 20.1 1889 8.4
Obese 11 465 2.7 437 1.9

242 test for all variables except mean age which was compared by t test.

®Location of residence (rural, R, or urban, U) before and in 2005. The values showed only participants who moved their
residences within 5 years;

At the time of the survey in 2005, US$1 = 42 Thai baht;
dReplacement value in Thai baht, categorized into three groups: low <30,000, medium 30,001-60,000 and high >60,000;
diseases, personal behaviours, instant food and soft drink;

¢Asian standard BMI classification.

3.2 Incidence and Risks of Hypertension

In Thailand, the incidence of self-reported doctor diagnosed hypertension in adults was 5.1% and the rate in men
was approximately twice the corresponding rate in women (7.1% vs 3.6%; Table 2). In men and women, incidence
of hypertension increased with age, higher BMI, physical inactivity, diabetes mellitus, chronic kidney disease and
high lipids. But the risk of hypertension was unaffected by sex, having a partner, urbanization, SES, education
level, personal income, household asset, sedentary habits, alcohol drinking, instant food intake and fruit and
vegetable consumption (Table 2, some data not shown). Smoking and soft drink consumption were associated with
an increased risk of hypertension in men but not in women (data not shown).

In both men and women, higher BMI significantly associated with an increased risk of incident hypertension
(Table 2). With normal BMI (18.5-22.9 kg/m?) as the reference, the relative risks (95% confidence intervals) of
developing hypertension with a BMI of < 18.5, 23.0-24.9, 25-29.9 and >30 kg/m* were 0.54 (0.3-0.97), 1.8
(1.49-2.18), 3.27 (2.73-3.91) and 6.73 (5.1-8.97) for men and 0.65 (0.45-0.95), 2.28 (1.81-2.88), 3.71 (2.96-4.64)
and 9.72 (7.09-13.32) for women, respectively (P-trend <0.0001).

In both men and women, planned physical activity, averaged across the 8-year follow-up, was a protective factor.
The higher LPPA categories (>8-14 and >15 sessions/week) were associated incrementally with lower incidence of
hypertension, but the trend is not statistically significant in women.
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Table 2. Hypertension incidence and association with age and BMI in male and female participants

Male Female
HT (n) 1%(95% CI) aRR"(95% CI)  HT (n) 1%"(95% CI) aRR"(95% CI)

Participants 1189 7.1(6.7-7.5) 769 3.6(3.3-3.8)
Age group (year)

<30 208 3.0(2.6-3.4) 1 148 1.2 (1.0-1.4) 1

31-40 444 7.0 (6.4-7.6) 1.76 (1.42-2.18) 308 4.4 (3.9-4.9) 3.2(2.5-4.1)

>40 537 15.0(13.8-16.1) 3.64 (2.85-4.65) 313 12.0(10.7-13.2) 8.28 (6.17-11.11)
P-trend <0.0001 <0.0001 <0.0001 <0.0001

Yes 50 12.3(9.1-15.5) 1.60 (1.11-2.30) 33 6.3 (4.2-8.4) 2.0 (1.33-3.04)
BMI classification®

Underweight (BMI <18.5) 14 1.5(0.7-2.3) 0.54 (0.3-0.97) 39 1.0(0.6-1.3) 0.65 (0.45-0.95)

Normal (18.5 < BMI <23) 289 3.6 (3.2-4.0) 1 282 2.2(2.0-2.5) 1

Overweight (23 < BMI <25) 294 7.6 (6.8-8.4) 1.8 (1.49-2.18) 163 7.0 (6.0-8.1) 2.28 (1.81-2.88)

Obese I (25 <BMI < 30) 469 14.1 (12.9-15.2) 3.27(2.73-3.91) 190 10.6 (9.2-12.0) 3.71 (2.96-4.64)

Obese 11 (BMI >30) 104 23.5(19.5-27.4) 6.73 (5.1-8.97) 86 20.4 (16.6-24.3) 9.72(7.09-13.32)
P-trend <0.0001 <0.0001 <0.0001 <0.0001

*Incidence of Hypertension;

® Relative risks (estimated as odds ratios - see methods) from multi-variable logistic regression models of hypertension adjusted
for age, sex, marital status, socioeconomic status (exclude type of house), BMI classification, sedentary habits, physical
activities, underlying diseases, drinking, smoking, instant food and soft drink;

¢ Asian standard BMI classification.

4. Discussion

This is the first large nationwide cohort study to analyse the association between obesity and incidence of
hypertension in Thai adults. Starting in 2005, participants initially normotensive were followed up until 2013
revealing a cumulative incidence of hypertension over the 8-year period of 5.1%, with the rate in men about twice
that in women. In our large, prolonged prospective cohort study, a progressively higher baseline BMI was directly
and significantly associated with an increased risk of incidence of hypertension. Our results were comparable with
many cross-sectional studies but we will not discuss these here. Our data are longitudinal and therefore should be
compared to other more definitive longitudinal studies.

Our TCS data confirmed that in both men and women, compared to the normal BMI, higher BMI in those who
were overweight, obese I and obese Il showed adverse effects on an increased risk of hypertension. In contrast,
lower BMI in underweight participants had protective effects. These findings are consistent with an 11-year
Finnish cohort study which reported that overweight and obese men and women has a significantly higher risk of
incident hypertension compared to those with normal weight (Hu et al., 2004). Similar findings were also reported
from a follow up study spanning 11 years in Norway (Droyvold, Midthjell, Nilsen, & Holmen, 2005). In addition,
a study of 13600 American men and women with an average of 8.7 years of follow-up showed that weight gain and
obesity were significantly associated with higher risk of hypertension and each unit of BMI elevation was
estimated to increase 9% risk of developing hypertension (Rankinen, Church, Rice, Bouchard, & Blair, 2007).
Elevated BMI was also associated with a higher blood pressure (Rankinen et al., 2007). However, the risk of
hypertension in this US study was not linearly associated throughout the distribution of BMI, and started to emerge
when BMI was greater than 27.3 in men and 24.6 in women (Rankinen et al., 2007). In rural China a cohort study
included 10145 male and female participants to investigate the association between change in body weight and
incident hypertension and found that weight gain substantially increased the risk for hypertension with-a
dose-response relationship (Zhang et al., 2017). Another 5-year prospective study of 5370 Chinese participants
revealed that in men and women, increased body mass index was significantly associated with an increased risk of
incident hypertension while weight loss contributed to the treatment of hypertension (Ren et al., 2016). In Portugal
a 3.8 years of population base prospective study demonstrated that overweight and obese had significantly
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increased risk of hypertension (Pereira et al., 2012). Prospective study of 731014 US army soldiers demonstrated
that soldiers who were normal weight at accession and became overweight and obese later had a significantly
higher risk of developing hypertension (Hruby et al., 2017). Evidently, research reported in many settings reveals a
consistent relationship between overweight or obesity and a substantial risk of hypertension.

Our findings in men was similar to other reports. For example, a 14.5 years prospective study of 13500 American
men also showed higher BMI was strongly and positively associated with an increased risk of incident
hypertension (Gelber, Gaziano, Manson, Buring, & Sesso, 2007). Also a 25.7-year follow-up study of 1547189
Swedish men revealed that high BMI was a significant risk for developing hypertension (Crump, Sundquist,
Winkleby, & Sundquist, 2016). Overweight and obese men had a higher risk of incident hypertension when
compared with those with normal weight (Crump et al., 2016). Men with high BMI and low aerobic capacity were
associated with highest risk to develop hypertension in adulthood (Crump et al., 2016). In addition, a 27-year
follow-up study which included 17059 Japanese men revealed that risk of incident hypertension positively and
significantly increased with an increased BMI (Someya et al., 2018). This study suggested that the overweight
BMI inflection point for vascular diseases among Japanese men was >23 kg/m? which was similar to the BMI
cut-off used in our study (Someya et al., 2018). In men, BMI is positively associated with risk of incident
hypertension.

Our findings in women were consistent with other studies. A 16.7-year prospective study of 5296 normotensive
healthy women in the USA showed an association of high baseline BMI with an increased risk of developing
hypertension (Shuger, Sui, Church, Meriwether, & Blair, 2008). Also an Australian Longitudinal Study on
Women’s Health with 14-year follow up 10339 mid-aged women revealed that elevated BMI was associated with
an increased risk of incident hypertension (Jackson, Herber-Gast, & Brown, 2014). In addition, the 18-year follow
up study of 82473 American female nurses revealed that BMI at 18 years of age and midlife were directly
associated with incidence of hypertension with an increase of 1 kg/m? BMI associated with a 12% increase in risk
of hypertension (Huang et al., 1998). Long-term weight loss was significantly associated with lower risk for
hypertension while weight gain significantly increased the risk (Huang et al., 1998). In the USA, a prospective
study of 46224 females who were participants in the Nurse Health Study II reported that BMI and weight gain were
independently associated with the development of hypertension in 46,224 females (Field et al., 1999). In women,
elevated BMI is strongly associated with an increased risk of incident hypertension.

In our study, underweight BMI in both men and women had a lower risk of hypertension compared to those with
normal BMI, which was consistent with previous studies. The Framingham cohort study demonstrated a lower risk
of hypertension in overweight and obese participants who have a long-time reduction of weight (Moore et al.,
2005). In addition, a three-year randomized clinical trial showed that long-term weight loss was associated with
decreased risk of hypertension starting from 6 months suggesting that weight reduction should be an effective
method for primary prevention of risk hypertension (Stevens et al., 2001). A 74-month prospective Northern
Italian study of the effect of body weight loss on blood pressure showed that 10% of body weight loss was
associated with a decrease of systolic and diastolic blood pressure (mmHg) of 6.2 and 3.6 (Winnicki et al., 2006).
Our results also showed body weight reduction was associated with a reduced risk of hypertension.

Our study has some strengths. In Thailand, it is a large nationwide 8-year prospective cohort study designed to
permit analysis of obesity and incident hypertension. The study analysed 40 548 participants who were STOU
students living in all regions of Thailand, representing Thai people well socio-demographically (Seubsman,
Yiengprugsawan, & Sleigh, 2012). A previous 4 and 8 years follow up study in 2009 and 2013 demonstrated all
risk factors for hypertension in Thai people but this study focused on association of body mass index and risk of
incident hypertension (Thawornchaisit et al., 2013c, 2018). Worldwide there are many studies reporting body mass
index and risk of hypertension. However, hypertension has multiple risk factors and differences in genetics,
environment, lifestyle and food consumption make it necessary to get information that fits the local population and
such data are needed for Thailand.

There are some limitations. This is a self-reported questionnaire study so data may have some error from
misreporting. And the study participants are younger and have a higher education attainment than average for
general Thai people. However, the validity study on self-reported weight and height in Sukhothai Thammathirat
Open University was acceptable (Lim, Seubsman, & Sleigh, 2009). Also we performed a validation study of
self-reported hypertension using a random age-sex matched sample of the cohort reporting hypertension (n=240)
or no hypertension (n=240) (Thawornchaisit et al., 2013b). We found that the sensitivity was high (82%) and that
the negative reports were usually accurate (86%). Also published is our study validating self-reported diabetes
(Papier et al., 2017). We also investigated the impact of the non-responses to the 2009 follow-up and found small
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effects with under-representation of young urban men; this missing group would have a minor influence on our
results and would not be expected to have a high rate of incident hypertension (Thinkhamrop, Seubsman, & Sleigh,
2011).

The results from our study represent well the future trends of hypertension in Thai people. Our data confirmed the
adverse effects of long-term high BMI on an increased risk of hypertension in Thai people. As noted in many
setting lifestyle adjustment including weight reduction, physical activity, and dietary modification are needed to
prevent hypertension (Chobanian et al., 2003). Therefore, Ministry of Public Health should develop a national
program to encourage people to remain healthy with a normal BMI. There are many health gains from such a
program and the information presented here shows clearly that decreased hypertension would be one of the
expected benefits for the Thai population.

Acknowledgements

This study was supported by the International Collaborative Research Grants Scheme, with joint grants from the
Wellcome Trust UK (GR0O71587MA) and the Australian NHMRC (268055), and by a global health grant from the
NHMRC (585426). We thank the Thai Cohort Study team at Sukhothai Thammathirat Open University (STOU)
and the STOU students participating in the study. We also thank Dr Bandit Thinkamrop and his data team from
Khon Kaen University for guiding us successfully through data processing. Many thanks go to Dr.Somkiat Potisat,
senior advisor, Department of Medical Services and Dr. Attasit Srisubat, Director, Institute of Medical Research
and Technology Assessment, Department of Medical Services, Ministry of Public Health, Thailand for their
advices.

Thai Cohort Study Team

Thailand: Jaruwan Chokhanapitak, Suttanit Hounthasarn, Suwanee Khamman, Daoruang Pandee, Suttinan
Pangsap, Tippawan Prapamontol, Janya Puengson, Sam-ang Seubsman, Boonchai Somboonsook, Nintita
Sripaiboonkij, Pathumvadee Somsamai, Prasutr Thawornchaisit, Duangkae Vilainerun, Wanee
Wimonwattanaphan, Cha-aim Pachanee, Arunrat Tangmunkongvorakul, Benjawan Tawatsupa, Wimalin
Rimpeekool.

Australia: Chris Bain, Emily Banks, Cathy Banwell, Bruce Caldwell, Gordon Carmichael, Tarie Dellora, Jane
Dixon, Sharon Friel, David Harley, Matthew Kelly, Tord Kjellstrom, Lynette Lim, Anthony McMichael, Tanya
Mark, Adrian Sleigh, Lyndall Strazdins, Vasoontara Yiengprugsawan, Susan Jordan, Janneke Berecki-Gisolf, Rod
McClure.

Ethical Considerations

Ethical approval was obtained from Sukhothai Thammathirat Open University Research and Development
Institute (protocol 0522/10) and the Australian National University Human Research Ethics Committee (protocol
2004344 and 2009570). Informed, written consent was obtained from all participants.

Competing Interests Statement
The authors declare that there are no competing or potential conflicts of interest.
References

Ackplakorn, W. (2010). Thai national Health Examination Survey, V.
http://www.thaiheart.org/images/column_1387023976/NHES5 EGATMeeting13Dec13.pdf

Acekplakorn, W., Abbott-Klafter, J., Khonputsa, P., Tatsanavivat, P., Chongsuvivatwong, V., Chariyalertsak, S., . ..
Lim, S. S. (2008). Prevalence and management of prehypertension and hypertension by geographic regions of
Thailand: the Third National Health Examination Survey, 2004. J Hypertens, 26(2), 191-198.
https://doi.org/10.1097/HJH.0b013e3282f09157

Ackplakorn, W., Inthawong, R., Kessomboon, P., Sangthong, R., Chariyalertsak, S., Putwatana, P., &
Taneepanichskul, S. (2014). Prevalence and trends of obesity and association with socioeconomic status in
Thai adults: National Health Examination Surveys, 1991-2009. J Obes, 2014, 410259.
https://doi.org/10.1155/2014/410259

Ackplakorn, W., & Mo-Suwan, L. (2009). Prevalence of obesity in Thailand. Obes Rev, 10(6), 589-592.
https://doi.org/10.1111/§.1467-789X.2009.00626.x

Acekplakorn, W., Sangthong, R., Kessomboon, P., Putwatana, P., Inthawong, R., Taneepanichskul, S., . . . the
National Health Examination Survey, 1. V. s. g. (2012). Changes in prevalence, awareness, treatment and
control of hypertension in Thai population, 2004-2009: Thai National Health Examination Survey III-IV. J

98



gjhs.ccsenet.org Global Journal of Health Science Vol. 11, No. 3; 2019

Hypertens, 30(9), 1734-1742. https://doi.org/10.1097/HJH.0b013e3283568158

Australian Institute of Health and Welfare. (2003). The Active Australia Survey: a guide and manual for
implementation, analysis and reporting Canberra. AIHW

Banks, E., Lim, L., Seubsman, S. A., Bain, C., & Sleigh, A. (2011). Relationship of obesity to physical activity,
domestic activities, and sedentary behaviours: cross-sectional findings from a national cohort of over 70,000
Thai adults. BMC Public Health, 11, 762. https://doi.org/10.1186/1471-2458-11-762

Chobanian, A. V., Bakris, G. L., Black, H. R., Cushman, W. C., Green, L. A, Izzo, J. L., Jr.,, . . . Roccella, E. J.
(2003). Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure. Hypertension, 42(06), 1206-1252.
https://doi.org/10.1161/01.HYP.0000107251.49515.c2

Crump, C., Sundquist, J., Winkleby, M. A., & Sundquist, K. (2016). Interactive Effects of Physical Fitness and
Body Mass Index on the Risk of Hypertension. JAMA Intern Med, 176(2), 210-216.
https://doi.org/10.1001/jamainternmed.2015.7444

Droyvold, W. B., Midthjell, K., Nilsen, T. 1., & Holmen, J. (2005). Change in body mass index and its impact on
blood pressure: A prospective population study. Int J Obes (Lond), 29(6), 650-655.
https://doi.org/10.1038/sj.ij0.0802944

Egan, B. M., Zhao, Y., & Axon, R. N. (2010). US trends in prevalence, awareness, treatment, and control of
hypertension, 1988-2008. JAMA, 303(20), 2043-2050. https://doi.org/10.1001/jama.2010.650

Field, A. E., Byers, T., Hunter, D. J., Laird, N. M., Manson, J. E., Williamson, D. F., . . . Colditz, G. A. (1999).
Weight cycling, weight gain, and risk of hypertension in women. Am J Epidemiol, 150(6), 573-579.
https://doi.org/10.1093/oxfordjournals.aje.a010055

Gelber, R. P., Gaziano, J. M., Manson, J. E., Buring, J. E., & Sesso, H. D. (2007). A prospective study of body mass
index and the risk of developing hypertension in men. Am J Hypertens, 20(4), 370-377.
https://doi.org/10.1016/j.amjhyper.2006.10.011

Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration. (2014). Cardiovascular disease,
chronic kidney disease, and diabetes mortality burden of cardiometabolic risk factors from 1980 to 2010: a

comparative risk assessment. Lancet Diabetes Endocrinol, 2(8), 634-647.
https://doi.org/10.1016/S2213-8587(14)70102-0

Hruby, A., Bulathsinhala, L., McKinnon, C. J., Hill, O. T., Montain, S. J., Young, A. J., & Smith, T. J. (2017). Body
Mass Index at Accession and Incident Cardiometabolic Risk Factors in US Army Soldiers, 2001-2011. PLoS
One, 12(1), 0170144, https://doi.org/10.1371/journal.pone.0170144

Hu, G., Barengo, N. C., Tuomilehto, J., Lakka, T. A., Nissinen, A., & Jousilahti, P. (2004). Relationship of physical

activity and body mass index to the risk of hypertension: a prospective study in Finland. Hypertension, 43(1),
25-30. https://doi.org/10.1161/01.HYP.0000107400.72456.19

Huai, P., Xun, H., Reilly, K. H., Wang, Y., Ma, W., & Xi, B. (2013). Physical activity and risk of hypertension: a
meta-analysis of prospective cohort studies. Hypertension, 62(6), 1021-1026.
https://doi.org/10.1161/HYPERTENSIONAHA.113.01965

Huang, Z., Willett, W. C., Manson, J. E., Rosner, B., Stampfer, M. J., Speizer, F. E., & Colditz, G. A. (1998). Body
weight, weight change, and risk for hypertension in women. Ann Intern Med, 128(2), 81-88.
https://doi.org/10.7326/0003-4819-128-2-199801150-00001

Jackson, C., Herber-Gast, G. C., & Brown, W. (2014). Joint effects of physical activity and BMI on risk of
hypertension in women: a longitudinal study. J Obes, 2014, 271532. https://doi.org/10.1155/2014/271532

Kanazawa, M., Yoshiike, N., Osaka, T., Numba, Y., Zimmet, P., & Inoue, S. (2005). Criteria and classification of
obesity in Japan and Asia-Oceania. World Rev Nutr Diet, 94, 1-12. https://doi.org/10.1159/000088200

Kearney, P. M., Whelton, M., Reynolds, K., Muntner, P., Whelton, P. K., & He, J. (2005). Global burden of
hypertension: analysis of worldwide data. Lancet, 365(9455), 217-223.
https://doi.org/10.1016/S0140-6736(05)17741-1

Li,D., Lv, ], Liu, F., Liu, P, Yang, X., Feng, Y., . . . Hao, M. (2015). Hypertension burden and control in mainland
China:  Analysis of nationwide data 2003-2012. [nt J  Cardiol, 184, 637-644.
https://doi.org/10.1016/j.ijcard.2015.03.045

99



gjhs.ccsenet.org Global Journal of Health Science Vol. 11, No. 3; 2019

Lim, S. S., & Sleigh, A. (2009). Validity of self-reported weight, height, and body mass index among university
students in Thailand: Implications for population studies of obesity in developing countries. Popul Health
Metr, 7, 15. https://doi.org/10.1186/1478-7954-7-15

Moore, L. L., Visioni, A. J., Qureshi, M. M., Bradlee, M. L., Ellison, R. C., & D'Agostino, R. (2005). Weight loss
in overweight adults and the long-term risk of hypertension: the Framingham study. Arch Intern Med, 165(11),
1298-1303. https://doi.org/10.1001/archinte.165.11.1298

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., . . . Gakidou, E. (2014). Global,
regional, and national prevalence of overweight and obesity in children and adults during 1980-2013: a
systematic analysis for the Global Burden of Disease Study 2013. Lancet, 384(9945), 766-781.
https://doi.org/10.1016/S0140-6736(14)60460-8

Papier, K., Jordan, S., Bain, C., D'Este, C., Thawornchaisit, P., Seubsman, S., & Sleigh, A. (2017). Validity of
Self-Reported  Diabetes in a Cohort of Thai Adults. Glob J Health Sci, 9(7).
https://doi.org/10.5539/gjhs.vOn7pl

Pereira, M., Lunet, N., Paulo, C., Severo, M., Azevedo, A., & Barros, H. (2012). Incidence of hypertension in a
prospective cohort study of adults from Porto, Portugal. BMC Cardiovasc Disord, 12, 114.
https://doi.org/10.1186/1471-2261-12-114

Rankinen, T., Church, T. S., Rice, T., Bouchard, C., & Blair, S. N. (2007). Cardiorespiratory fitness, BMI, and risk
of hypertension: the HYPGENE study. Med Sci Sports Exerc, 39(10), 1687-1692.
https://doi.org/10.1249/mss.0b013e31812e527f

Ren, Q., Su, C., Wang, H., Wang, Z., Du, W., & Zhang, B. (2016). Change in Body Mass Index and Its Impact on
Incidence of Hypertension in 18-65-Year-Old Chinese Adults. Int J Environ Res Public Health, 13(3).
https://doi.org/10.3390/ijerph13030257

Seubsman, S. A., Yiengprugsawan, V., Sleigh, A. C., & the Thai Cohort Study, T. (2012). A large national Thai
Cohort Study of the Health-Risk Transition based on Sukhothai Thammathirat Open University students.
ASEAN J Open Distance Learn, 4(1).

Shihab, H. M., Meoni, L. A., Chu, A. Y., Wang, N. Y., Ford, D. E., Liang, K. Y., . . . Klag, M. J. (2012). Body mass
index and risk of incident hypertension over the life course: the Johns Hopkins Precursors Study. Circulation,
126(25), 2983-2989. https://doi.org/10.1161/CIRCULATIONAHA.112.117333

Shrout, T., Rudy, D. W., & Piascik, M. T. (2017). Hypertension update, INC8 and beyond. Curr Opin Pharmacol,
33, 41-46. https://doi.org/10.1016/j.coph.2017.03.004

Shuger, S. L., Sui, X., Church, T. S., Meriwether, R. A., & Blair, S. N. (2008). Body mass index as a predictor of
hypertension incidence among initially healthy normotensive women. Am J Hypertens, 21(6), 613-619.
https://doi.org/10.1038/ajh.2008.169

Sleigh, A. C., Seubsman, S. A., Bain, C., & Thai Cohort Study, T. (2008). Cohort profile: The Thai Cohort of
87,134 Open University students. Int J Epidemiol, 37(2), 266-272. https://doi.org/10.1093/ije/dym161

Someya, Y., Tamura, Y., Kohmura, Y., Aoki, K., Kawai, S., & Daida, H. (2018). Slightly increased BMI at young
age is a risk factor for future hypertension in Japanese men. PLoS One, 13(1), e0191170.
https://doi.org/10.1371/journal.pone.0191170

Stevens, V. J., Obarzanek, E., Cook, N. R., Lee, I. M., Appel, L. J., Smith West, D., . . . Cohen, J. (2001).
Long-term weight loss and changes in blood pressure: results of the Trials of Hypertension Prevention, phase
11. Ann Intern Med, 134(1), 1-11. https://doi.org/10.7326/0003-4819-134-1-200101020-00007

Thawornchaisit, P., de Looze, F., Reid, C. M., Seubsman, S. A., Sleigh, A., & Thai Cohort Study, T. (2013a).
Health-risk factors and the prevalence of hypertension: cross-sectional findings from a national cohort of
87,143  Thai  Open  University students. Glob J  Health  Sci, 5(4), 126-141.
https://doi.org/10.5539/gjhs.v5ndp126

Thawornchaisit, P., De Looze, F., Reid, C. M., Seubsman, S. A., Sleigh, A., & Thai Cohort Study, T. (2013b).
Validity of self-reported hypertension: findings from the Thai Cohort Study compared to physician telephone
interview. Glob J Health Sci, 6(2), 1-11. https://doi.org/10.5539/gjhs.von2pl

Thawornchaisit, P., de Looze, F., Reid, C. M., Seubsman, S. A., Sleigh, A. C., & Thai Cohort Study, T. (2013c).
Health risk factors and the incidence of hypertension: 4-year prospective findings from a national cohort of 60
569 Thai Open University students. BM.J Open, 3(6). https://doi.org/10.1136/bmjopen-2013-002826

100



gjhs.ccsenet.org Global Journal of Health Science Vol. 11, No. 3; 2019

Thawornchaisit, P., de Looze, F., Reid, C. M., Seubsman, S. A., Sleigh, A. C., & Thai Cohort Study, T. (2018).
Health-Risk Transition and 8-Year Hypertension Incidence in a Nationwide Thai Cohort Study. GJHS, 10(2),
15. https://doi.org/10.5539/gjhs.v10n2p99

Thinkhamrop, K., Seubsman, S., & Sleigh, A. (2011). Reasons for Non-Response to Mailed
Questionnaires—experience of a large Cohort Study in Thailand. KKU J Public Health Res, 4, 713-877.

Webb, P., & Bain, C. (2011). Essential Epidemiology: An Introduction for Students and Health Professionals (2
ed.): Cambridge University Press.

Winnicki, M., Bonso, E., Dorigatti, F., Longo, D., Zaetta, V., Mattarei, M., . . . Palatini, P. (2006). Effect of body
weight loss on blood pressure after 6 years of follow-up in stage 1 hypertension. Am J Hypertens, 19(11),
1103-1109. https://doi.org/10.1016/j.amjhyper.2006.04.016

World Health Organization. (2018). The top 10 causes of death.
http://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death.

Zhang, M., Zhao, Y., Sun, H., Luo, X., Wang, C., Li, L., ... Hu, D. (2017). Effect of dynamic change in body mass
index on the risk of hypertension: Results from the Rural Chinese Cohort Study. Int J Cardiol, 238, 117-122.
https://doi.org/10.1016/j.ijcard.2017.03.025

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

101



