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ABSTRACT
TUAN THANH NGUYEN: Determining Body Mass Index Cdts to Identify Increased
Risk of Hypertension for Asian Ethnicities
(Under the direction of Barry M. Popkin, PhD)

An optimal BMI cutoff is needed in public healthdaclinical settings as the guidance
an optimal body weight. Although body mass indek(Bcutoffs of 25 and 30 kg/Afor
overweight and obesity, respectively, have beerlyidsed among Westerners and
recommended by the World Health Organization ast@nnational criterion for body fatness
at the population level, there are still controladrgpinions about the optimal BMI cutoffs
for Asians. We conducted the study to determinegimal BMI cutoff for overweight,
which represents elevated hypertension and tordaterthe best anthropometric index in the
prediction of hypertension in Asians. We used @atan representative surveys conducted in
China, Indonesia, and Vietnam in the early 2000gh fie use of ROC curve analyses, both
longitudinal and cross-sectional studies suggesipéimal BMI cutoff of < 25 kg/rh The
lower optimal BMI level is beneficial for Asians dause it triggers earlier preventions for
overweight and non-communicable diseases (NCDs)ttars, reduces economic and health
burdens due to overweight and NCDs among Asiantdwate. In addition, our study shows
ethnic differences in optimal BMI cutoffs betweehi@se, Indonesian, and Vietnamese
adults and suggests the use of country specific 8Nbffs. We contribute to current
knowledge by providing a BMI cutoff based on a lbadinal sample in Asians and a sample

of Southeast Asians. With the use of the changestimate approach, our findings show that



waist circumference does not perform better tharl Badds meaningfully to the prediction
of hypertension outcome by BMI. BMI appears to b#isient to screen for cardiovascular

risk in Asians.
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CHAPTER 1. INTRODUCTION

1.1. Background

An optimal BMI cutoff is needed in public healthdaclinical settings as the guidance
for people to maintain an optimal body weight. Efiert is one of the strategies to control
the increased prevalence of diseases, death, andrea burdens of overweight and non-
communicable diseases (NCDs) are emerging prolledsian countries. Although body
mass index (BMI) cutoffs of 25 and 30 kd/for overweight and obesity, respectively, have
been widely used among Westerners and recommerydiae borld Health Organization as
an international criterion for body fatness atplo@ulation level, there are still controversial
opinions about the optimal BMI cutoffs for Asians.

Differences in sampling and methods to determine@imal BMI cutoff would lead
to the differences in BMI cutoffs. Most of the wdhat serves as background for the debates
about an optimal BMI cutoff for Asians used (a)sgsectional samples and (bp-aalue or
non-overlapping 95% confidence intervals (95% Glpalecision rule. BecauBevalues and
95% CI widths are driven by both magnitude of dffaed sample size, different conclusions
could be the results of different sample sizesBi¥d distributions. A BMI cutoff of 23
kg/n? was proposed by some authors, who used sensitygcificity, and receiver
operating characteristic (ROC) curve analysis. €stadies, however, were based on cross-
sectional samples that did not ensure that thesexpdo higher BMI had preceded

hypertension outcome. Similar analysis with the afsg longitudinal sample is still needed.



To determine the best anthropometric index, theofisd>-value < 0.05, or a non-
overlap of 95% CI is not adequate. Compared to Blsllgeod indicator for body fatness in
adults at the population level, waist circumfere(\M), waist-to-stature ratio (WSR), and
waist-to-hip ratio (WHR) provide additional infortnan about central fat distribution.
Studies aimed to determine whether WC, WHR, and \W&ict hypertension better than
BMI or add to the prediction of hypertension hakievsn controversial results in both
Western and Asian populations. As criteria for jndgpredictions of alternate indicators,
these studies used a larger point estimaleyalue < 0.05, or a non-overlap of 95% CI. The
use of criteria that are less affected by samplke isi still needed.

Because Asians are different from each other inyna@pects, it is uncertain whether
they have similar BMI and disease relationshipafAsihave many sub-ethnic groups that are
different in both individual and environmental bgobund, such as body composition,
genotypes, lifestyles, age structure, cultureggimels, and socio-economic status. Thus, we
would expect to find ethnic differences in the asstion between BMI and disease risk
within Asians. Current studies did not represent @outheast Asian populations and did not

allow direct comparison between different Asiamétlties.

1.2. Research aims
The overall goal of the research was to determmepdimal BMI cutoff as a
screening threshold for elevated hypertension im&de, Indonesian, and Vietnamese adults.

Specific aims of this work were as follows:



Aim 1. To compare the association between BMI and hypertarasitong 18—65-year-old
Chinese, Indonesian, and Vietnamese adults; addtesmine optimal BMI cutoffs
for those populations. We hypothesized that Chinesmnesian, and Viethamese
adults require different optimal BMI cutoffs andgpend differently to an increase in
BMI. For this aim, we used three representativa dats: the China Health and
Nutrition Survey in 2004 (CHNS 2004), the Indonediamily Life Survey in 2000
(IFLS 2000), and the Vietnam National Health Surire2002 (VNHS 2002). We
used Poisson regression models to examine theiasndetween BMI and
hypertension for each country. To define an optiBidl cutoff, we computed and

looked for the shortest distance on the ROC cugstimated at each half unit of BMI.

Aim 2. To determine an optimal BMI cutoff as a screerimgshold for elevated incidence
of hypertension in Chinese adults. We hypothesizatiChinese adults need an
optimal BMI cutoff of less than 25 kgfrFor this aim, we used data from the CHNS
2000—-2004 cohort. Cumulative incidence was caledlaty dividing new cases of
hypertension over the study period by the totalsk{population, aged 18—65 years,
in 2000. Sex-specific ROC curves were used to aghessensitivity and specificity

of the BMI as a predictor of hypertension incidence

Aim 3. To compare the prediction of hypertension by WC,RV& WHR to that by BMI
and to determine if WC, WSR, or WHR adds to theljpteon of hypertension by
BMI among 18-65-year-old Chinese adults. We hypsiesl that at a population

level, WC, WHR, and WSR do not add significantlytie prediction of hypertension



by BMI. For this aim, we used data frahe CHNS in 2004. A change Bf10% in
the prevalence ratio of BMI (PR) or area underdineve (AUC) when WC, WSR, or
WHR was added to a model with BMI was used as titerion for significant
contribution to the prediction of hypertension byIBIf AUC of WC, WSR, or

WHR was> 10% larger than that of BMI, it was considerechdetter predictor.



CHAPTER 2. LITERATURE REVIEW

2.1. Overweight and non-communicable diseases (NCDas developing countries

Overweight and obesity become emerging problenagniost all developing
countries. National surveys in the late 1990s aedetarly 2000s showed a prevalence of
overweight (BMI> 25 kg/nf) in adults of more than 50% in Mexico and moretBa% in
Morocco, Brazil, Egypt, and South Africa (de Onmsldlossner 2000; Popkin 2002; Popkin
2006). The rates of increased obesity and overwgigivalence were varied and could go up
to almost 2.5% annually in Mexico (Popkin 2002; Kio@006). In the 1990s, data from 94
developed and developing countries showed prevalehoverweight in preschoolers of at
least 0.5% in all countries; two developed and @2etbping countries had the prevalence of
5% or greater (de Onis and Blossner 2000). Obesligked with increased health and
economic burdens and reduced quality of life (Myialad Lopez 1997; Murray and Lopez
1997; Murray and Lopez 1997; Murray and Lopez 19&70nis and Blossner 2000; WHO
2003; Mendez, Monteiro et al. 2005).

Overweight is associated with increased risk of @gus NCDs such as
hypertension, coronary heart diseases, heart éailschaemic stroke, type 2 diabetes
mellitus, osteoarthritis, gout, renal failure, cars; liver, and gall-bladder disorders. Modest
weight reduction helps to reduce blood pressureadmdrmal blood cholesterol and
substantially lowers risk of type 2 diabetes (NagiloTask Force on the Prevention and

Treatment of Obesity 2000; WHO 2003; WHO/FAO expemsultation 2003). The 2002



World Heath Report shows that, about 58% of diabetellitus globally, 21% of ischaemic
heart disease, and 8-42% of certain cancers wieitsuigable to BMI of > 21 kg/fh

Hypertension is considered a good proxy indicatoicardiovascular diseases
(CVDs) because elevated blood pressure levels peodn increased risk of CVDs. About
62% of cerebrovascular disease and 49% of ischaesait disease are attributable to
systolic blood pressure of >115 mmHg). Furthermbypertension was ranked among top
three of estimated attributable burdens in 2004,@bjected to be an increased problem in
2010 and 2020 based on the Disability Adjusted Kigar (DALY) (WHO 2003). Blood
pressure measurement could be done easily at edsithat is considered a practical
screening for CVDs in a developing country. Alsgpértension is a modifiable and treatable
condition at an acceptable cost.

Increased BMI is associated with the increaseandbpressure in both adults and
children (lwao, lwao et al. 2001; Colin Bell, Adait al. 2002; Lin, Lee et al. 2002; Sorof,
Lai et al. 2004; Wildman, Gu et al. 2004; Sakukéiyra et al. 2006). Increased blood
pressure is associated with the increase in BMab®e higher BMI relates to higher body
fluid volume, peripheral resistance (e.g., hyperdimemia, cell membrane alteration, and
rennin-angiotensin excesses lead to functionaltdotien and structural hypertrophy), and
cardiac output associated with weight gain (Kaf@éf6). An increase in BMlI is also
associated with an increase in visceral fat thadddo increased leptin and insulin resistance,
worse lipid profiles, and increased progressioatbérosclerosis and chronic renal failure
(Kris-Etherton, Hecker et al. 2001; Forman and Bul®006; Kaplan 2006; Pavey, Plaimer

et al. 2006).



2.2. Ethnic differences in the association betwedMI and NCDs
2.2.1. Asians differed from Westernersin the association between BMI and NCDs

Asians are at higher risk of NCDs at a given BMinpared to Westerners. Bell et al
(2002) found higher prevalence and odd ratio ofengnsion at a given BMI among Chinese
population compared to those of non-Hispanic Waitd non-Hispanic Black populations
(Colin Bell, Adair et al. 2002). Jafar et al (2006)nd that 5—14-year-old Pakistani children
had higher BMI-adjusted blood pressure and hypsibamprevalence compared to age and
sex matched American children (Jafar, Islam e2@05). Also, findings from large-scale
cross-sectional studies in Chinese and Indian pdjpuls suggested an optimal BMI cutoff of
< 25 kg/nf (Bei-Fan 2002; Lin, Lee et al. 2002; Wildman, Gl 2004; Mohan, Deepa et
al. 2007). Huxley et al (2008), in a pulled sampi@63000 participants (73% Asian) from
21 cross-sectional studies in Australia and somanmsountries, also show an optimal BMI
cutoff of about 24 kg/ffor Asians (Huxley, James et al. 2008).

There are several explanations for the lower ot cutoff for Asians compared
to that of Westerners. First, Asian ethnicitiesdtémhave a higher total body fat (Wang,
Thornton et al. 1994; Deurenberg, Deurenberg-Yap. 2002) as well as a greater amount
of abdominal and visceral fat (Park, Allison et2001; Lear, Humphries et al. 2007) at a
given BMI compared to other races and ethnicitiesreased visceral fat mass leads to
increased blood pressure via leptin resistancalimeesistance, and inflammation (Kaplan
2006; Sniderman, Bhopal et al. 2007). Second, eitiegs were usually associated with
differences in socioeconomic status, cultural fessttood habits, physical activity levels, and
lifestyles (Bell, Adair et al. 2004; Merlo, Asplured al. 2004). Third, different ethnicities

may have different combinations of genes associatgdhypertension and gene-



environment interactions that lead to the variatiophenotype of blood pressure (Carretero
and Oparil 2000; Luft 2001; Maca-Meyer, GonzalealeR001; Cui, Hopper et al. 2002;
Kaplan 2006)Finally, there is also speculation that any insditeng fetal development and
infancy might have also resulted in the elevatekistiHowever, there is great debate about
these relationships and their subsequent effeask@ 2002; Williams and Poulton 2002;
Adair and Cole 2003; Demerath, Cameron et al. 280#ghal and Lucas 2004).

There are still some disagreements for a lower BMoff in Asians. First, based on
an increase in odd ratios or risk ratios, BMI ctgahould be lower in all populations.
Second, the use of different outcomes (risk facttiseases, or mortality) would give
different optimal BMI cutoffs; and it is difficulib defend the use of any one outcome over
others. Also, different populations have very difet educational levels, family medical
history, fitness level as well as other charactiessThose factors would bias the association
between BMI and study outcomes (Stevens 2003) eGtest al. (2002) had suggested a
longitudinal study to directly compare the riskfeience of different ethnic groups (Stevens,
Juhaeri et al. 2002). In this study, we were ntd &buse this approach because we did not
include any Western population in our sample. Alsean BMI might be much lower in an
Asian population compared to those of a Caucasigulption. This difference in means
would have lead to less-precise estimations atdnigil among the Asians and at lower

BMI among Caucasians.

2.2.2. Asians differed from each other in the association between BMI and NCDs
The finding that ethnicities modify the relationstietween BMI and hypertension is

not consistent within Asians. Bell et al (2002)ridua higher prevalence and odd ratio (both



crude and adjusted) of hypertension at a given BMBhinese women compared to those of
Filipino women (Colin Bell, Adair et al. 2002). Cparing two East Asian countries, a study
from Shiwaku et al (2004) showed that Mongolianltsdoad higher diastolic blood pressure,
but lower systolic blood pressure at all level dIBEompared to Japanese adults, and
recommended BMI cutoffs of 23 and 25 kdtmbe used for Mongolian and Japanese adults,
respectively (Shiwaku, Anuurad et al. 2004). It@let2003), in a study involving 2728
Japanese 20-79 year-olds, suggested a BMI cut@B &f kg/ni for men and 22.5 kg/nfor
women. Even different studies recommended diffecatdffs for the Chinese population
(Lin, Lee et al. 2002; Wildman, Gu et al. 2004; Wehiu et al. 2006). More research is
needed to examine the ethnic differences in BMypehntension association within Asians.
There are several explanations for the differemtéise associations between BMI
and NCD risk within Asians. Asians are differerdrfr each other in their body mass
index/body fat per cent relationship (Deurenbergp ¥t al. 1998; Deurenberg, Deurenberg-
Yap et al. 2002). For example, at the same age asekBMI, total body fat is highest in
Indonesians, then Thais, and Chinese (Deurenbexg eYal. 1998); Indian Singaporeans
have higher BF% than Malays Singaporeans, whorimtiave a slightly higher BF% than
Chinese Singaporeans; and Malays Indonesians higlertpercent body fat compared to
Chinese Indonesians (Deurenberg, Yap et al. 1968rdéhberg, Deurenberg-Yap et al.
2002). Also, differences in genes, environment, gerk-environment interactions would be
another potential explanation for the differencethe hypertension prevalence within
Asians (Luft 2001; Maca-Meyer, Gonzalez et al. 2@4dll, Adair et al. 2004; Merlo,
Asplund et al. 2004; Macaulay, Hill et al. 2005;9ké and Ganda 2007; Razak, Anand et al.

2007).



In addition, the inconsistency in the BMI — hypedm®n association in Asians could
be the result of differences in sampling and datdyais procedures. In the published
studies, (a) sample size varied from less thant@®@ore than 15000 for each ethnic group;
and most of the studies were not nationally repriegize; (b) participant age, ranged from
18 to 87 year-olds, was varied from study to stfdyBMI were categorized differently; and
(d) methods to determine BMI cutoffs were alsoedi#ht: some authors compared the odd
ratios or prevalence, while others used receiveraimg characteristic (ROC) curve; some
authors used multivariate models to adjust for conéling factors, the others did not.
Further studies in with the use of ROC curve aredyn representative samples with a
restriction in age (e.g., 18—-65 years) are stdidezl. In addition, because the optimal BMI
cutoffs for Asians are based largely on Chinesepsasnthe further study should also include
a Southeast Asian population and should allow tzemparison between different Asian

populations.

2.3. Prediction of hypertension by different anthrgpometric indices
2.3.1. Fat mass and blood pressure

Different types of body fat have different effect disease risk. Fat is distributed into
three main areas: subcutaneous, visceral, and loitegions (e.g. retroperitoneal, perirenal
and orbital). Visceral fat, drained by the portainvand also known as organ fat, is located
inside the peritoneal cavity, packed in betweeerimdl organs. Visceral fat is the most
metabolically active fat and its accumulation is@sated with increased risk of heart disease

and type 2 diabetes (Govindarajan, Whaley-Connell. 2006). Leptin and insulin
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resistances as well as other inflammation factepsagn how and why visceral fat associate
with hypertension.

Leptin resistance is a cause of hypertension im-tategpeople. Leptin, a 167-amino
acid protein, is secreted from adipocytes, cir@dan blood and binds to leptin receptor in
the hypothalamus to reduce food intake and incrésenogenesis. Its net effect is to reduce
body fat stores. Leptin produces both pressor apdegsor actions. In a lean subject, leptin
circulates in blood at a low level that leads twoamal blood pressure. Most of the obese
subjects have an chronic hyperleptinemia that léateptin resistance (e.g., a decrease in
transportation of leptin across the blood-brairribara defect in the leptin receptor, or an
impaired downstream signaling in the hypothalamtisg reduction in leptin function causes
the retention of sodium, the decrease in insulisiwity, and the decrease in endothelial
nitrite oxidization that lead to increased bloodgsure (Haynes 2005; Rahmouni, Correia et
al. 2005; Agapitov and Haynes 2006).

Besides leptin, adipocytes secrete other substdhaesause elevated blood pressure.
Adipocyte-derived hormones such as tumor necrasi®f-o (TNF-0), interleukin-6 (IL-6)
and C-reactive protein also cause hypertension.-dldRd IL-6, acting in peripheral tissues,
modify metabolisms of energy, lipids, and carbolayes. TNFe, IL-6, and C-reactive
protein, which cause systemic inflammation, alsd@vascular structure and function.
Most of adipose tissues, especially visceral fdrete blood pressure elevating factors such
as angiotensinogen, angiotensin-converting enzyrdeaagiotensin Afreceptor. These
factors could also act through insulin resistanceatise hypertension (Mark, Correia et al.

2004; Agapitov and Haynes 2006; Kaplan 2006).
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Insulin resistance, a very common symptom in ther-dat, causes elevated blood
pressure. Insulin resistance is associated witleased age, central adipose accumulation,
excess food intake, low physical activity levelhaalthy lifestyles (e.g. smoking, alcohol
drinking), and genetic factors. Insulin resistanaases hyperglycemia, dyslipidemia and
hyperinsulinemia that, in their turns, cause sodiatantion, increased sympathetic nervous
system activity in brown adipose tissue, and vasalysfunction, eventually leading to

increased blood pressure (Kaplan 2006; Pavey, Btadtal. 2006).

2.3.2. Estimation of body composition in a population study

Although lab-based methods provide valid and peeegimate of body composition,
they are not applicable in a field study. The mdthsuch as computerized tomography,
magnetic resonance imagery, neutron activatioryaisaldensitometry, hydrometry, and
dual-energy x-ray absorptiometry (DEXA) are usuakgd to obtain reference measures of
body composition or to validate certain field bassehsurements. These methods, however,
require very expensive equipments, high technixpédise, long time, and highly
cooperated participants (Sutcliffe 1996; Ellis 20Gibson 2005).

Bioelectrical impedance analysis (BIA), a more ficat method, shows some
limitations.BIA is a rapid, safe, and relatively inexpensiveimoe that has been widely used
in evaluating body composition in field and clirlisettings. It, however, requires good
participant cooperation (e.g. no eating or drinkivithin 4 hours before the test, no alcohol
consumption within 48 hours before the test, nad@se within 12 hours). Thus, it is difficult
to be applied in a large scale survey especialydeveloping country. BIA also shows other

limitations: BIA does not provide information abaegional fat; BIA has high standard error
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range with tendency to overestimate lean peopleé@ndderestimate obese people; and BIA
uses equations (developed mainly based on Caugasautations) that might not

appropriate to Asians. Thus, BIA is not readil\bused in heterogeneous population with
wide range of body fatness (Wang, Thornton et294]1 Baumgartner 1996; Sutcliffe 1996;
Stolarczyk, Heyward et al. 1997; Ellis 2000; Gib&805).

Anthropometric measures and indices for body fathsas weight, height, BMI, waist
circumference (WC), waist-to-stature ratio (WSRajst-to-hip ratio (WHR), and skinfold
thickness are widely used to assess body compositid to predict chronic disease risk in
individual and population levels. In a large-scgtledy, anthropometric indices show several
advantages such as (a) procedures are simpleasaf@oninvasive; (b) equipment is
inexpensive, portable, durable, and can be magerahased locally; (c) measurements do
not require high technical expertise; and (d) cam$ed to evaluate changes in nutrition
status over time. However, the use of anthropometdices shows certain limitations such
as measurement errors (random and systematic)gebam composition and properties of
certain tissues, and uses of invalid assumptiodswardels to interpret anthropometric
measures or indices (Gibson 2005).

BMI, a height adjusted weight index, is a good ¢adior for body fatness in adults at
the population level. Compared to other anthropamatdices, height and weight and thus
BMI (a) are collected more often in nutrition arehlth surveys, interventions, and in clinics,
(b) are collected with the use of universally atedprotocols, and (c) are easier to interpret.
BMI correlates well with total body fat from a DEXiAeasurdcorrelation coefficient r of
0.75 or more in both younger and older adults;iaritbth men and women) (Hannan, Wrate

et al. 1995; Gallagher, Visser et al. 1996; MoraBiass et al. 1999; Gibson 2005). BMI,
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however, is not able to distinguish between muankfat mass or to provide information
about fat distribution.

WC, WSR, WHR, and skinfold thickness provide addliéil information about
central fat distribution.(Gibson 2005; Klein, Alis et al. 2007) Those measurements or
indicesare commonly used to suggest whether an elevatdd€Bassociated with excessive
adiposity (WHO expert committee 1995). WC is recanded by National Institute of
Health (NIH) to assess abdominal fat. WC is espigdisormative among the normal
weight or overweight (BMI from 18.5—24.9kg?ynwhile hip circumference (HC) and WHR
are considered less informative (National Instinftélealth 2000). There are some technical
issues relating the use of WC: (a) there is noamsally accepted sites for measuring WC
that could yield considerable measurement errbjghere is a large variation in WC optimal
cutoffs by sex, age, races, ethnicities, BMI levated health outcomes of interest; and (c) it
does not distinguish among subcutaneous, visaandlretroperitoneal fats (Wang, Thornton
et al. 2003; Gibson 2005). Skinfold thickness, Vd@g HC are more difficult to be measured
compared to weight and height, because they hayehlevel of measurement errors,

require more body exposure, additional equipmemtd,training.

2.3.3. Prediction of hypertension by different anthropometric indices

Inconsistent findings were reported among Caucgsigulations about the single
best anthropometric index for the prediction of Ckigk. WC is better than BMI in Italians
(Guagnano, Ballone et al. 2001), Baltimorean adadsd < 65 years (lwao, lwao et al.
2001), Caucasians participating in NHANES 11l (ZWang et al. 2002), and Norfolk adults

in United Kingdom (Canoy, Luben et al. 2004). Otbeerdies suggest the use of both WC
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and BMI (Ardern, Katzmarzyk et al. 2003; Ardernngdsen et al. 2004; Zhu, Heshka et al.
2004). WC is found to have similar prediction of BYisk compared to BMI in Australian
men (Dalton, Cameron et al. 2003), Baltimoreantacaded> 65 years (lwao, Iwao et al.
2001), German men aged 40-65 years and women &gé8& $ears (Kroke, Bergmann et al.
1998), American men participating in ERIC study i(li#a Stevens et al. 2000), and German
adults participating in the Kiel Obesity Preventtudy (Bosy-Westphal, Geisler et al.
2006). WC is worse than BMI in Greek women (BeneBamia et al. 2004), American
women participating in ERIC study (Harris, Stevenal. 2000), and Australian women
(Dalton, Cameron et al. 2003). WC adds to the ptexh of CVD risk by BMI among the
normal and overweight (BMI from 18.5-29.9 kgjrbut not the obese (National Institute of
Health 2000).

Studies in Asian populations also show inconsigtesilts about the single body
fatness index for the prediction of hypertensionidwian et al (2004 and 2005) found that
although blood pressure was more strongly assaciwith BMI than WC, both BMI and
WC are important indices in predicting hypertenssaticome. However, the study did not
cover the 18-34 year-olds; and the inclusion ofahe74 year-olds might not be appropriate
because BMI is not a good indicator for nutritieatss of the older adults (WHO expert
committee 1995). Some studies show that WC hadasioni better prediction of
hypertension in certain segments of population. $d@ws a larger correlation with blood
pressure compared to BMI and WHR in 25—-74-yeanaadhen; it, however, shows similar
correlation in men (Ho, Chen et al. 2001). Simdegdictions of hypertension by BMI, WC,

and WHR were found in Taiwanese and Japanese &tintd_ee et al. 2002; I1to, Nakasuga
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et al. 2003). The inconsistency in the associdietwveen different anthropometric indices
and blood pressure needs further clarification.

It is still unclear if WSR predicts hypertensiorttee than WC and BMI. Some
authors recommended the use of WSR, instead ofilV&population with a wide range in
heights (Hsieh and Yoshinaga 1995; Ho, Lam et@032Hsieh, Yoshinaga et al. 2003,
Sakurai, Miura et al. 2006). Hsieh and Yoshina@®8) found that WSR predicted better
CVD risk factors than BMI and WHR among 20-78-yeklit-Japanese women (Hsieh,
Yoshinaga et al. 2003). Furthermore, Hsieh et@D8 in a study that involved Japanese
6141 men and 2137 women in Tokyo found that WSRavaiactical index for assessing
central fat distribution and metabolic risk amormghomen and women. The authors
suggested the use of 0.5 as WSR cutoff to idehtdh central fat distribution for both sexes
(Hsieh, Yoshinaga et al. 2003). In another studglving 1412 men and 1483 women aged
25-74 years in Hong Kong, Ho et al (2003) comp&®d, WC, WHR, and WSR in the
prediction of CVD risks. The BMI, WC, WSR, and WHbirRedicted well the CVD risks;
WSR appeared the best predictor of cardiovascigls (Ho, Lam et al. 2003). Study by
Sakurai et al (2006), showed that WC, WSR, BMI, WidR had equal prediction of
hypertension among 35-59-year-old man workers;eMBMI provided highest prediction
among 35-59-year-old woman workers (Sakurai, Matral. 2006).

These inconsistent findings would be the resulthefdifferences in methods to
evaluate the prediction of BMI, WC, WSR, and WH et al (2001) used patrtial
correlation analysis to quantify the independesbastions of the three anthropometric
indices with hypertension, controlled for age amddach of these indices (Ho, Chen et al.

2001). Some authors used logistic regression cintydor potential confounder including
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the other anthropometric indices (Ho, Chen et@012 Wildman, Gu et al. 2005). Some
authors compared the absolute values of AUCs of R@es (Lin, Lee et al. 2002; Ito,
Nakasuga et al. 2003) or used McNemgits compare the distribution of true positives and
negatives with that of false positives and negathetween two indices for obesity (Ito,
Nakasuga et al. 2003).

In addition, as criteria for judging predictionsalfernate indicators, those studies
used a larger point estimateRavalue < 0.05, or a non-overlap of 95% CI (Vissclgaidell
et al. 2001; Zhu, Wang et al. 2002; Benetou, Baehi. 2004) (Ho, Chen et al. 2001; Lin,
Lee et al. 2002; Ho, Lam et al. 2003; Hsieh, Yoabaet al. 2003; Ito, Nakasuga et al. 2003;
Wildman, Gu et al. 2005; Sakurai, Miura et al. 20@gain, becausk-values and 95% ClI
are driven by both magnitude of effect and samizie @Veinberg 2001), different
conclusions would result from different sample sime BMI distributions. The use of other

criteria that is less affected by sample sizeillsrgeded.

2.4. Longitudinal association between BMI and hypeension
2.4.1. Longitudinal association between BMI and hypertension

A longitudinal study is a better study design talagate causation association
compared to a cross-sectional study. Cross-setttundies are usually used to evaluate
prevalence and to generate a hypothesis. BecatiseXmposure and outcome are evaluated
at the same time, a cross-sectional study is Hettaliest a temporary criterion for a causal
relationship (Grimes and Schulz 2002; Grimes arttu&c2002). For example, a higher BMI
is associated with an increase in blood pressuanggetier, a hypertensive patient would have

modified his lifestyles that lead to a reductiorbofly weight, and thus BMI. A longitudinal
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study follows a disease-free population that dit¢rent levels of an exposure, and
estimates an outcome during the time of follow Tipus, longitudinal study allows
researchers to evaluate temporary criteria, tebetintrol for potential confounding factors,
and to estimate incidence, risk, risk ratios, askl differences. A longitudinal study,
however, also has some limitations: it (a) tendse@ffected by selection bias, information
bias, confounding factors, and loss of follow up);ié not usually generalizable to the whole
population; and (c) is expensive and impracticaha context of a developing country
(Grimes and Schulz 2002; Grimes and Schulz 2002).

There is limited number of studies evaluating tbsoaiation between BMI and
hypertension using data from a longitudinal stuslyair (2004) found a rapid increase in
prevalence of overweight and obesity in Filipinonaen participating in the Cebu
Longitudinal Healtland Nutrition Survey from 1991 to 2000. The stuohged to explain the
trend of BMI; it also explored how overweight artoksity affect prevalence of hypertension
at the end of this interval. The study showed d@bxVaisk of hypertension associate with high
WHR and BMI (Adair 2004). However, the associatimtween BMI and hypertension was
only evaluate based on the last survey, thus fieetd8MI on hypertension incidence is still
unknown. Stevens et al (2002) used data from CdPreention Study | (CPS-I) and the
Atherosclerosis Risk in Communities (ARIC) to defiBMI cutoffs for African American
women that corresponding to a BMI of 30 k§/m Caucasian women. The study found that
the use of different decision rules (e.qg., inciderate, rate ratio, and rate) gave difference
conclusion about the BMI cutoffs for African Ameait women (Stevens, Juhaeri et al.

2002).
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2.4.2. Optimal BMI cutoffs based on longitudinal samples

Optimal BMI levels based on all-cause mortality &vderived from some
longitudinal studies. BMI levels of 25 and 30 k§fior overweight and obesity, respectively,
were based on a meta-analysis of 19 longitudin@liss for the association between BMI
and all-causes mortality in Caucasian populatiab®(t half were from the USA) (Troiano,
Frongillo et al. 1996). Then, the BMI levels weeeommended by the World Health
Organization (WHO) as universal BMI cutoffs (WHOpext committee 1995; WHO expert
consultation 2004). In two longitudinal study iniGése population, a BMI of 24-24.9 kd/m
in men and 25-26.9 kgfim women (Gu, He et al. 2006) or of 24—27.9 kgimboth sexes
(Zhou 2002) were associated with the lowest maytadite.

The use of all-cause mortality as a study outcamegvs some limitations: mortality
can be extreme and influenced by factors other BMh(e.g., morbidity, HIV/AIDS, pre-
existing health condition, smoking, alcohol constiom other lifestyles factors, accidents,
suicides, and health care services) that are frelitt between developed and developing
countries (Misra 2003). An outcome (e.g., cardioudar risk or morbidity) that captures
years of healthy, functional, high-quality life wdube more beneficial (Misra 2003; Stevens
2003). We expect to see a higher BMI cutoff foradircause mortality outcome compared to
hypertension or other cardiovascular risk becaesghdis usually an advanced stage of
diseases and not all causes of death are assowiiitean overweight status.

In addition, it is not sufficient to base on onhetshape of the association between
BMI and all-cause mortality. In those studies, dieéinition of optimal BMI levels was based
on the lowest death rates across the BMI range.edewy the death rates were only slightly

less (most of them had overlap 95% CPevalues < 0.05) than those with a higher or lower
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BMI value (Troiano, Frongillo et al. 1996; Zhou 20@u, He et al. 2006). A study that uses
an ROC curve analysis to examine the sensitivatres specificities of different BMI levels

for the prediction of a health risk is still needed

2.5. Summary and significance

Nutrition and health transition is a period of bottallenges and opportunities. In the
last decades, China, Indonesia, and Vietnam areriexeing rapid economic growth. The
economic growth helps to reduce the magnitude®wégy, underweight, micronutrient
deficiencies, and infectious diseases. On the dtaed, changes in environments, dietary
intakes, physical activities, and lifestyles haveught along increases in overweight and
non-communicable diseases such as type 2 dialoatekovascular diseases, and cancers.
Thus, while underweight, micronutrient deficiengiasd communicable diseases are still
notable issues, overweight and NCDs are becomireggng problems in developing
countries. However, at their early or middle stafjeutrition and health transitions, those
countries also have a unique opportunity to redwezdth and economic burdens attributed to
overweight and non-communicable diseases.

In this research, we determined the most appreapaathropometric index to screen
for elevated risk of cardiovascular diseases ameraiened an optimal BMI cutoff for
Chinese, Indonesian, and Vietnamese populationadflcess these research questions, our
study showed several innovation approaches andilcotibns.

Different Asian populations have been includedun gsample. Asians have many
sub-ethnic groups that are different in both indiidl and environmental backgrounds such

as body compositions, genotypes, lifestyles, agetires, cultures, religions, and socio-
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economic status. Thus, we would expect to findiettifferences in the association between
BMI and disease risk within Asians. Also, curremBcutoffs for Asians are based largely
on the Chinese and Indians (East and South Asi@ns)study enriched current knowledge
by providing optimal BMI cutoffs for Southeast Asipopulations. Because our study allows
direct comparison between the Chinese, IndonessusyYiethnamese, we could also
examine whether a country-specific or even counsgx-, age-specific BMI cutoffs are
needed.

We are the first to use an ROC curve to evaluaditill cutoffs in an Asian
longitudinal sample (the CNHS 2000-2004). From doisort, we were able to estimate an
optimal BMI cutoff based cumulative incidence oplkytension. It is also a unique
opportunity for us to compare an optimal BMI cusoflased on this longitudinal sample to
those obtained from a cross-sectional sample (Mid%in 2004). The comparison would
suggest a certain adjustment to an optimal BMIllel¢ained from a cross-sectional study.
The information is needed to develop an optimal BMtoff for a population where a
longitudinal sample is not available.

In the context of a developing country, it is imamit to find a small number of
practical, low cost, and culturally accepted anplroetric indices to predict elevated disease
risk. Our study compared the prediction of hypestem by WC, WSR, or WHR to that by
BMI and determined if WC, WSR, or WHR adds to thediction of hypertension by BMI
among Chinese adults. The effort help to deterrtinebest anthropometric index screen for
cardiovascular risk. We are the first to use thengie-in-estimate approach that is more
stable to sample sizes compared to methods thatdemlused by other authors (e.d?; a

value < 0.05 or a non-overlap of 95% CI).
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CHAPTER 3. RESEARCH DESIGN AND METHODS

3.1. Overview of study design and sample
3.1.1. The China Health and Nutrition Surveys

The China Health and Nutrition Survey (CHNS), againg study established in the
late 1980s in nine provinces that vary substagtialgeography, economic development,
public resources, and health indicators. The sainepresenting about 57% Chinese
population) was based on a stratified, three-stageple design; sampling weights, however,
were not given to any households and individualdefailed description of study design and
data collection procedures has been described ledsevfPopkin, Paeratakul et al. 1995;
CPC-UNC 2007). For this research, we used data €btNS in 2000 and 2004. Data sets
and questionnaires may be downloaded from the Ctidlsites

(http://www.cpc.unc.edu/china).

3.1.2. TheIndonesian Family Life Survey

The Indonesia Family Life Survey (IFLS) is a contirg longitudinal socioeconomic
and health survey established in 1993 in thirtgeripces that vary substantially in
geography, economic development, public resoussas health indicators. The sample
(representing about 83% Indonesian population)esed on a stratified, three-stage sample
design; sampling weights were given to each houdedra individual (Strauss, Beegle et al.

2004). For this research, we used data from thd thave of IFLS conducted in 2000. Data



sets and questionnaires may be downloaded froni-it& websites

(http://www.rand.org/labor/FLS/IFLS/).

3.1.3. The Viethnam National Health Survey

The Vietnam National Health Survey (VNHS) is a oadlly representative health
survey conducted in Vietnam in 2002 in all 61 pnoés in Vietnam. The survey was based
on a stratified, three-stage sample design; samplgights were given to each household
and individual. A detailed description of study idesand data collection procedures has
been described elsewhere (Ministry of Health - Gangtatistical Office 2003; Tuan, Tuong
et al. 2008). Information about data sets and questires may be obtained from the

Vietnam Ministry of Health (http://www.moh.gov.vieleeu/defaultE.htm)

3.1.4. Exclusions

We excluded participants who were pregnant or tegjat the time of survey; and
for whom measurements of weight, height, or blombgure were incomplete or implausible
(e.g., BMI < 15 or > 35 kg/Mmweight < 30 or > 150 kg; height < 130 or > 190, @md the
difference between systolic and diastolic bloodspuee < 10 mmHg). We also excluded
participants with missing or implausible value dist circumference (WC) or hip
circumference (HC) (e.g., WC < 45 or >150 cm; HE5<or > 155 cm; or waist-to-hip ratio
< 0.6 or > 1.1) in one manuscript.

We only included 18-65-year-old adults, non-pregnand non-lactating women
because a teenager, an older person, or a pregmniactating woman requires different BMI

cutoffs (WHO expert committee 1995). The exclusibparticipants with missing values in
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key variables helped to maintain consistent sasigkes. The exclusion of participants with
extreme or implausible values in anthropometriblood pressure measurements helped to

increase the estimate precision without changiegtrerall results.

3.2. Measurement of key variables
3.2.1. Blood pressure

Blood pressure measurements were taken in a sgasétn and on the right arm by
trained health workers who followed a standardextedure using regularly calibrated
mercury sphygmomanometers (CHNS), Omron digitaladsv(IFLS), or aneroid
manometers (VNHS). In the CHNS and VNHS, systolaod pressure was measured at the
first appearance of a pulse sound (Korotkoff pHgsand diastolic blood pressure at the
disappearance of the pulse sound (Korotkoff phasthfee measurements of systolic or
diastolic blood pressure were averaged to redueeffiect of measurement errors. In the
IFLS, systolic and diastolic blood pressures wdrained from the digital device (Popkin,
Paeratakul et al. 1995; Ministry of Health - Geh&tatistical Office 2003; Strauss, Beegle
et al. 2004).

Hypertension was defined as a systolic blood press@40 mmHg, a diastolic blood
pressure> 90 mmHg, or being previously diagnosed by a dog@tobanian, Bakris et al.
2003). The definition of hypertension was not basedhe use of an antihypertensive
medication because (a) the information was notli@via in the VNHS and IFLS; and (b) a
small proportion of Chinese adults was diagnosetigX or treated (< 5%) with any
antihypertensive medication and none used antitgpsive medication without being

diagnosed by a doctor.
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Prevalence of hypertension was calculated by digidurrent cases of hypertension
by the total population. In the CHNS 2000-2004 cgleumulative incidence was calculated
by dividing new cases of hypertension over theyspetiod by the total at-risk population,
aged 18-65 years, in 2000. In the analyses, wepa¢sented adjusted prevalence or

incidence of hypertension with adjustment for dartvariates.

3.2.2. Anthopometric measures and indices

A BMI (kg/m?) was calculated based on weight and height meddyrérained
health workers who followed standardized procedusasg regularly calibrated equipment.
The CHNS used SECA 880 scales and SECA 206 walkhtedumetal tapes; the IFLS and
VNHS used SECA 890 scales and Shorr measuring §¢Bapkin, Paeratakul et al. 1995;
Ministry of Health - General Statistical Office Z(Btrauss, Beegle et al. 2004).

In the CHNS, the health workers used non-elaspie ta measure WC at a point
midway between the lowest rib and the iliac cresd horizontal plane and HC at the point
yielding the maximum circumference over the buttofRopkin, Paeratakul et al. 1995; CPC-
UNC 2007). Waist-to-stature ratio (WSR = WC / h&jgind waist-to-hip ratio (WHR = WC

/ HC) were calculated based on the measured W@hteind HC.

3.2.3. Covariates

Covariates, such as age, sex, smoking habits, @lcohsumption, and place of
residence were collected by direct interviews. A@es used as study covariates because they
are both associate with BMI and blood pressureed¢mession models, age was kept in

continuous scale (e.g., age center at 40 years)w8g used as study covariates because they
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are both associate with BMI and blood pressure.osinall of the analyses in the research
were stratified by sex.

Smoking habit was used in the analysis as a cdedrezcause smoking associates
with increased blood pressure, decreased BMI foeatismoker, and increased BMI for ex-
smoker. Number of cigarettes and pipes each dag valected in all surveys. Because the
number of cigarettes and pipes were affected hadggerounding habit, and it is impossible
to have any conversion between a cigarette anpgeg pie categorized smoking status to
three categories: current smoker, former smoket n@ver smoker to make it comparable
among the surveys.

Alcohol drinking habit was used in the analysisa®variate because it associates
with both BMI (via energy intake) and blood pregsiMumbers and types of drink (beer,
wine, and liquor) were only collected in CHNS 2G0@ 2004. In VNHS 2002, only
information about current drinking status was ad#é; in IFLS 2000, no information about
alcohol drinking was collected. Thus, we used aurdginking status (yes or no) as a
covariate in the study.

Place of residenc@irban or rural) could be considered as a confaubédeause of its
indirect association with BMI and blood pressure several unmeasured covariates (e.g.
socio-economic status, lifestyle, jobs, asseseddd, and health services). We could not
create urban index, so, the definition / charasties of urban or rural might vary within and
between countries.

Physical activity and food intakes are potentiaifoanding factors of the association
between BMI and hypertension because of its assmciavith BMI and blood pressure.

Because the information about physical activity diedary intake was not detail enough to
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estimate habitual energy expenditure, energy intakeutrient intakes (e.g., sodium,
potassium, fats, dietary fiber, or antioxidantsg, ad not include it in our analyses.

We did not include household economic status, gducevel, and jobs of
respondents because they are not directly assdaiatie outcome or main exposure and the
definitions of those variables varied from studytody. Other covariates such as level of
stress endured by jobs and living conditions, faristory of hypertension, genetic factors,

and biomarkers (e.g. insulin, glucose, and le@uels) were not collected in any surveys.

3.3. Analytical strategy

Detail description of statistical analyses was @nésd in each manuscript. In
summary, the analyses were conducted separatedabir country with the use of survey
and weighted commands, when appropriate. Missidgraplausible values were identified
and were either imputed or treated as missing data.

To determine an optimal BMI cutoff we conductedraceiver operating
characteristic (ROC) curve analysis (for a maximizembination of sensitivity and
specificity); to define the best anthropometricardn the prediction of hypertension, we
used a change in estimates (e.g., prevalence ratiasea under the curves). In addition, to
make our finding comparable with those of othehatd, we presented both crude and
adjusted estimates with 95% CI; we also us@dvalue < 0.05 to define a significant
difference between groups. All analyses were peréor with the use of Stata software

version 9.2.
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CHAPTER 4. EAST AND SOUTHEAST ASIANS ARE DIFFERENT IN THE

ASSOCIATION BETWEEN BODY MASS INDEX AND HYPERTENSIO N

4.1. Abstract

Background: Information about thassociation between body mass index (BMI) and
chronic diseases in Asians was based largely onaBasSouth Asian populations.

Objective: To determine the BMI and hypertension associdtidi8- to 65-y-old
Chinese, Indonesian, and Vietnamese adults anetéordine optimal BMI cutoffs for
overweight in those populations.

Design: Population-based, cross-sectional study.

Subjects: 7562 Chinese, 18502 Indonesian, and 77758 Vietrapesicipants aged
18-t0 65Y.

Measurements. Blood pressure, weight, and height were measuydrhined health
workers. To define an optimal BMI cutoff, we compditand searched for the shortest
distance on the receiver operating characteristiee; estimated at one-half unit of BMI.

Results: Despite a low mean BMI, the prevalence of hypertans Chinese,
Indonesian, and Vietnamese men was 22.9, 24.814480, and women was 16.6, 26.9, and
11.7%, respectively. At all BMI levels, sex-specifirevalence of hypertension was highest
in Indonesian adults compared to those of Chinadevéethnamese adult® (< 0.05 at almost
all BMI levels). The overall and stratified analgsaiggested an optimal BMI cutoff of 23—

24, 21-22.5, and 20.5-21 kd/for Chinese, Indonesian, and Vietnamese adults,



respectively. For each ethnicity, the cutoffs walbeut 0.5—1.0 unit higher in women
compared to men and in the older (41- to 65-y-otiphpared to the younger (18- to 40-y-
old) participants.

Conclusion: The study showed an ethnic difference in the BMpdryension
association and in the optimal BMI cutoffs for owerght in Chinese, Indonesian, and
Vietnamese adults. Country-specific or even counsgx-, and age-specific BMI cutoffs

might be needed to identify people at high riskafdiovascular diseases.

4.2. Background

Asian populations tend to develop chronic diseaseslower body mass index (BMI)
compared to other races and ethnicities (e.g., &VHitspanic, Black, and Polynesian) (WHO
expert consultation 2004). The main explanatiorttierethnic difference is that Asians tend
to have higher total body fat, abdominal and vigttat at a given BMI compared to other
races and ethnicities (Wang, Thornton et al. 18%4renberg, Deurenberg-Yap et al. 2002).
Asians, however, have many sub-ethnic groups tieadliferent in body composition,
genotypes, age structure, lifestyles, culturegyiogls, and socio-economic status
(Deurenberg, Deurenberg-Yap et al. 2002; Macaudidyet al. 2005). Thus, we would
expect to find ethnic differences in the assocmmbetween BMI and disease risk within
Asians.

Although a BMI cutoff of 23 km/rhhave been widely used to identify moderate to
high risk of cardiovascular diseases in Asians (W&xPert consultation 2004), it is still
unknown whether different Asian populations nedtéent BMI cutoffs for overweight. A
BMI cutoff of 23—24 kg/m hasbeen proposed by some authors who used sensitivity,

specificity,and receiver operating characteristic (ROC) cunadyais in Chinese (Bei-Fan
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2002; Lin, Lee et al. 2002; Ho, Lam et al. 2003jdMian, Gu et al. 2004) and Indian
(Mohan, Deepa et al. 2007) populations. Howevesearstudies did not represent any
Southeast Asian populations. The study by Huxlegl.gHuxley, James et al. 2008), which
included a pooled sample of East, South, SouthaadtMiddle East Asian populations,
showed an optimal BMI cutoff for overweight of ah@4 kg/nf. The analysis, however, did
not allow direct comparisons of the optimal BMI affi$ in different Asian populations. Our
study compared the association of BMI to hypertamgn 18- to 65-y-old Chinese,
Indonesian, and Vietnamese adults and determingchalBMI cutoffs for overweight in

those populations.

4.3. Methods
4.3.1. Study population

We used three data sets from recent, representativeys: the China Health and
Nutrition Survey in 2004 (CHNS; n = 7562), the Indsian Family Life Survey in 2000
(IFLS; n = 18502), and the Vietnam National He&tlrvey in 2002 (VNHS; n = 77758).
The surveys have been described elsewhere (Pdpkanatakul et al. 1995; Ministry of
Health - General Statistical Office 2003; StralB=egle et al. 2004; Tuan, Tuong et al.
2008). To summary, the CHNS in 2004 was a parhajrajoing studgstablished in the late
1980s in 9 China provinces that vary substantialtyeography, economic development,
public resources, and heaitidicators. The sample represented about 50% dEtheese
population. The IFLS in 2000 was a part of an ongdongitudinal survey established in the
early 1990s in 13 Indonesia provinces. The sangpeesented about 83% of the Indonesian
population. The VNHS in 2002 was the largest, medily representative health survey ever

conducted in all 61 Vietnam provinces. Survey undions, data sets, and questionnaires
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may be downloaded from the Web sites of the CKINip://www.cpc.unc.edu/china), the
IFLS (http://www.rand.org/labor/FLS/IFLS/), and tiigetnam Ministry of Health
(http://www.moh.gov.vn ).

We only included participants whgere 18- to 65-y-old men, nonpregnant or
nonlactating women at the time of survey, whom mesments of weight, height, or blood
pressure were complete or plausible (e.g., BMIS#3b kg/nf; weight of 30—150 kg; height
of 130-90 cm; and the difference between systolit diastolic blood pressures > 10
mmHg). We only included8- to 65-y-old adults, including nonpregnant andlactating
women because a teenager, an older person, ogagmteottactating woman requires
different BMI cutoffs (WHO expert committee 199%he exclusiomf participants with
extreme or implausible values of anthropometre@asures or blood pressures helped to

increase our estimate precisiwithout changing the overall results.

4.3.2. Study design

Blood pressure measurements were taken in a sgasétn and on the right arm by
trained health workers who followed a standardextedure using regularly calibrated
mercury sphygmomanometers (CHNS), Omron digitaladsv(IFLS), or aneroid
manometers (VNHS) with appropriate-sized cuffshie CHNS and VNHS, systolic blood
pressure was measured at the first appearancpud$@ sound (Korotkoff phase 1) and
diastolic blood pressure at the disappearanceegbtise sound (Korotkoff phase 5); three
measurements of systolic or diastolic blood pressiare averaged to reduce the effect of
measurement errors. In the IFLS, systolic and di@sblood pressures were obtained from
the digital device (Popkin, Paeratakul et al. 19@byistry of Health - General Statistical

Office 2003; Strauss, Beegle et al. 2004). Hypartanwas defined as a systolic blood
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pressure> 140 mmHg, a diastolic blood pressar80 mmHg, or being previously diagnosed
by a doctor (Chobanian, Bakris et al. 2003).dMenot include the use of an
antihypertensive medicationdefine hypertension, because (a) in the VNHS ah&)F
information about the treatment was not availabié @) in the CHNS, only a small
proportionof Chinese adults was diagnosed (< 7%) or treaté&s®g)with any
antihypertensive medications and none used thecagaisvithout being diagnosed by a
doctor. Moreover, sensitivity analysisowed that incorporating these measures produced
similar findingsbut with a smaller sample size.

BMI (kg/m? was calculated based on weight and height, whire measured by
trained health workers who followed standardigestedures and used regularly calibrated
equipment. The CHNS used SECA 880 scales and SB6AvAll-mounted metal tapes; the
IFLS and VNHS used SECA 890 scales and Shorr megshbioards (Popkin, Paeratakul et
al. 1995; Ministry of Health - General Statisti€fice 2003; Strauss, Beegle et al. 2004).
Covariatesuch as age, sex, smoking habits, alcohol consampnd placef residence

were collected by direct interviews.

4.3.3. Statistical methods

We used Poisson regression models to examine seiasorbetween BMI and
hypertension. Potential confounding factatr®aseline, such as age (centered at 40 y), sex,
smoking habit¢dichotomized to never-smoker or ever-smoker),@taonsumption
(dichotomized to current drinker or nondrinker)darace of residenderban or rural) were
taken into accounh regression models. A covariate was considerethasffect-measure

modifier if its interaction term with BMI in regre®n model$iad aP-value < 0.15 (chi-
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square test) or as a confoundiércaused a change in incidence ratios of >1B#sedn
these criteria, the most reduced model had age afect-measummodifier (the association
between BMI and hypertension was strongehe younger participants) and sex as
confounding factor. We purposely stratified ourlgsasby sex to make them comparable
with other studies. To estimate the differenceBMI and hypertension association, we
compared prevalence and prevalence ratio (PR) hwkeére obtained from crude, age-
adjusted or age-specific models, among differeticei@ties.

To evaluate an optimal BMI cutoff, we computed aedrchedor the shortest

distance on the sex-specific ROC curve, estimatte@ch one-half unit of BMI. A distance

on the ROC curve isqual toy/(L— sensitivity)? + (L— specificity)? (Wildman, Gu et al.

2004). Given the large sample sizes, in each etignige performed stratified analyses by
age and sex groups. We ugetail independerittests to compare 2 means and chi-square
tests to compare different levels or trends ofgaieed variables. We conducted all analyses

using Stataoftware version 9.2 (Stata Inc., TX, USA).

4.3.4. Role of the funding sources and ethical consideration

The authors had full access to all of the dathénstudy and take responsibility for
the integrity of the data and the accuracy of thia @nalysis. The sponsors were not
involved in the study design, the collection, asalyor interpretation of data, the writing or
submission of the manuscript for publication. Thstitutional Review Boards (IRB) of the
School of Public Health, University of North CaroliaaChapel Hill reviewed and approved

the study.
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4.4, Results

The prevalence of hypertension in Chinese, Indamesind Viethamese women was
16.6, 26.9, and 11.7%, respectively. Indonesian @ohad the highest mean diastolic and
systolic blood pressures compared to Chinese andafreese women. The prevalence of
hypertension in Chinese, Indonesian, and Vietnammesewas 22.9, 24.8, and 14.4%,
respectively. Indonesian men had the highest meestatic and systolic blood pressures
compared to Chinese and Viethamese niable 4.J).

The mean BMI of Chinese, Indonesian, and Vietname&seen was 23.1, 22.4, and
20.4 kg/ni, respectively. The BMI distributions were skewedh® right (Skewness values
of 0.5-1.0) Fig. 4.1A). The mean BMI of Chinese, Indonesian, and Vietrsamaen was
23.1, 21.2, and 20.2 kgfarespectively. The BMI distributions in men wersmékewed to
the right (Skewness values of 0.5-1.0) (FigB3¥.Chinese women and men had higher
prevalence of overweight (BMi 25 kg/nf) compared to Indonesian or Vietnamese women
and men, respectively (Table 4.1).

For each ethnicity, there was a significant trenthofeased sex-specific prevalence
of hypertension with an increase in BiH for trend < 0.001). At each BMI level, sex-
specific prevalence of hypertension was highestdohesian adults compared to those of
Chinese and Vietnamese aduPRs<{0.05 at almost all BMI levels}{g. 4.2A, B). The
predicted prevalence of hypertension (in a hypatieespopulation where all participants
were 40 y-olds) remained highest in Indonesian adilall BMI levels compared to those of
Chinese and Vietnamese aduRs<{0.05 for all) (Fig. 4.Z, D).

On average, each unit increase in BMI was associgtedan increase of 18, 8, and

16% (women); 14, 12, and 14% (men) in PR for hypesiten among Chinese, Indonesian,
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and Vietnamese adults, respectively (crude modelsyomen, there was a significant trend
of increased ethnic-specific PR with an increadgNt (P for trend < 0.001) in both crude
and age-adjusted models. PR was highest in Chinesemwand lowest in Indonesian
women Fig. 4.3A,B). There was also a significant trend of increasedspecific PR with

an increase in BMI in Chinese, Indonesian, andnéetese me(P for trend < 0.001). PR
was comparable in men, except among the obese ¥BIkg/nf) in age-adjusted model
(Fig. 4.3C,D).

Based on the shortest distance on the ROC curvee§munding to the largest
combination of sensitivity and specificity) optimnBMI cutoffs were 23.5, 22.0, and 20.5
kg/n? in Chinese, Indonesian, and Vietnamese adultsecéisply. A BMI level of 25 kg/rh
provided lower sensitivities, especially in Viethamesd Indonesian adultsig. 4.4A).
Similar trends were found in women (Fig. 8¥and men (Fig. 4.€). Based on the ROC
curve approach, optimal BMI cutoffs in Chinese #&lulere larger than those in Indonesian
(about 1.5 units) and Viethamese (about 3 unitsksddMI cutoffs were about 0.5-1.0 unit
higher in women compared to men and in the oldert@&5-y-old) compared to the
younger (18- to 40-y-old) participants. Stratif@ad overall analyses showed an optimal
BMI cutoff of 23—24, 21-22.5, and 20.5-21 k§fior Chinese, Indonesian, and Vietnamese
adults, respectively. AUC values for the predictibimypertension by BMI, which ranged

from 0.6 to 0.7, were highest in Chinese in bothraland stratified analyse3dble 4.2.

4.5. Discussion

In this study, we found ethnic differences in theagsation between BMI and

hypertension in Chinese, Indonesian, and Vietnamésks. The differences could be
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explained by the variation in the body fat. Forrapée, at the same age, sex, and BMI,
Indonesians have more body fat than Chinese a#tsrenberg, Yap et al. 1998). With an
assumption that total visceral fat is linearly asated with total body fat, Indonesian adults
would have more visceral fat at a given BMI, andsthave a higher cardiovascular risk (e.qg.,
hypertension) compared to Chinese adults (Kapla®;280iderman, Bhopal et al. 2007).
Because there are no similar data on Vietnamese fabdystribution by BMI levels, we are
not able to use this theory to explain the diffeeem prevalence of hypertension between
Indonesian and Vietnamese adults.

Differences in genes and gene-environment intenastieould be another potential
explanation for the differences in the BMI specpgirevalence of hypertension. Findings
from gene-family environment, twin, and migrationdies showed the roles of both genetic,
ethnic and environmental factors in the developnoéctronic diseases (Luft 2001; Cui,
Hopper et al. 2002; Misra and Ganda 2007; Razak, Aeaat 2007). Chinese and
Vietnamese populations are expected to share moegigdackground compared to the
Indonesian population because they evolved fromaadh ofHomo sapiens that differed
from the branch that evolved into the Indonesidada-Meyer, Gonzalez et al. 2001;
Macaulay, Hill et al. 2005). The different genetachkground interacts differently with
diverse environmental factors relating to hypertamsuch as dietary intakes, physical
activity levels, food habits, cultures, religiodemographic characteristics, and socio-
economic status (Bell, Adair et al. 2004; Merlo, syl et al. 2004), which lead to different
prevalence of hypertension. In-depth analysest#tka&tinto account genetic, individual, and
environmental factors are still needed to explbeedomplex association between BMI and

related chronic diseases.
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The variation in blood pressure measurements ikeliplto alter the prevalence of
hypertension. First, these surveys (CHNS, IFLS, and VNbI®wed a standardized
protocol in measuring blood pressures (Popkin,&akul et al. 1995; Chobanian, Bakris et
al. 2003; Ministry of Health - General Statistical iO&f 2003; Strauss, Beegle et al. 2004).
Second, the regularly calibrated sphygmomanomesad in these surveys are in the list of
recommended equipment (O'Brien, Waeber et al. 200dally, the rounding error in
measuring blood pressure was not an issue in amgys(in the CHNS and VNHS, we used
the mean three measurements of blood pressuren énel IFLS we used non-rounded values
from digital sphygmomanometers). However, becausértaneasurement of blood
pressure is usually higher than the next measuresnj€hobanian, Bakris et al. 2003), blood
pressures would be systematically elevated in IFuSpared to the mean three
measurements (if they had been ideally collectedinpared to the mean three
measurements, the first measurement caused a ibégliyerestimation of systolic and
diastolic blood pressures (< 0.15 and < 0.05 mmHQHNS; and < 1.25 and < 0.75 mmHg
in VNHS). To explore further the magnitude of the @atimation in blood pressure (in
IFLS), we conducted a sensitivity analysis with atsadiion of 1.5 and 1.0 mmHg from
systolic and diastolic blood pressures, respegtivthough there was a 2% decrease in
prevalence of hypertension, all other predictiang.( PR, AUC, BMI cutoffs) and overall
conclusions were unchangesupplementary Tables 4.1 and 4)2

In this study, we found ethnic differences in optifiI cutoffs. The differences in
optimal BMI cutoffs would be results of differentsasiation between BMI and hypertension
that have been presented earlier. In additionséimsitivity and specificity of a screening test

(in this case, a BMI level to predict hypertensidepend on both distribution of exposure,
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outcome, and other covariates (e.g., factors aighehl or environmental levels). For
example, if we hold other variables unchanged anidaacbnstant to BMI, the optimal BMI
level will increase with the added value. This matagoimputation shows that BMI
distribution affects optimal BMI level. Our findirthat a higher BMI cutoff is found in a
population with a higher mean BMI is consistent wather studies (Bei-Fan 2002; Lin, Lee
et al. 2002; Mohan, Deepa et al. 2007).

However, the difference in mean BMI could not explalirof the differences in
optimal BMI cutoffs. An increase in cardiovasculeskr which is associated with an increase
in BMI, allows us to detect elevated a cardiovascuk at a lower BMI, and thus, leads to a
decrease in optimal BMI cutoff. In combination wather complex changes or differences in
environmental factors, although we knew the diffeesimcmean BMI of given populations,
we are not able to predict the difference in optiBislll cutoff. For example, in our samples,
the differences in the mean BMI in Chinese, Indaresand Vietnamese adults were not
proportionally related to the variations in optinBdI cutoffs. Chinese men in our
population had a higher mean BMI, but a smallemagit BMI cutoff compared to the
finding from Bei-Fan et al. (Bei-Fan 2002); and @s8e women in our population had the
same mean BMI, but a higher optimal BMI cutoff cargd to the finding from Mohan et al.
(Mohan, Deepa et al. 2007). Another counterexamplegisSouth Asian Canadians had a
higher mean BMI, but a lower BMI cutoff based oridifactors compared to Chinese
Canadians (Razak, Anand et al. 2007). Because ffieeetitial changes in mean BMI and in
prevalence of hypertension, are probably clustbyegroups of ethnicities, genetic factors,
age, sex, lifestyles, and socio-economic statesethnic or country specific BMI cutoff

should be understood as the combination of albfact
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The recommendation of lowering BMI cutoffs for Chsee Indonesian, and
Vietnamese is consistent with results from largeescedss-sectional studies in Asian
populations (Bei-Fan 2002; Lin, Lee et al. 2002]dMian, Gu et al. 2004; Mohan, Deepa et
al. 2007; Huxley, James et al. 2008). In those stydi BMI cutoff of 22—24 kg/fiwas
associated with an increase in prevalence of hgpsidn, diabetes mellitus, dyslipidemia,
and cardiovascular diseases. The explanationtéoethnic differences have been presented
elsewhere (Misra 2003; WHO expert consultation 2085hyen, Adair et al. 2008). To
summary, first, Asian ethnicities tend to have anbigotal body fat (Wang, Thornton et al.
1994; Deurenberg, Deurenberg-Yap et al. 2002), aggrabtiominal and visceral fat (Park,
Allison et al. 2001; Lear, Humphries et al. 20073 @tiven BMI compared to other races and
ethnicities, which lead to increased cardiovasaudir(Kaplan 2006; Sniderman, Bhopal et
al. 2007). Second, differences in gene, environateand gene-environment interactions
(Carretero and Oparil 2000; Luft 2001; Maca-Meyerngaez et al. 2001; Cui, Hopper et al.
2002; Bell, Adair et al. 2004; Merlo, Asplund et2004; Kaplan 2006) lead to the ethnic
variation in phenotype of blood pressufaird, there is also speculation that any insults
during fetal development and infancy might have aésulted in the elevated risks (Barker
2002; Williams and Poulton 2002; Adair and Cole 2aD&merath, Cameron et al. 2004,
Singhal and Lucas 2004). In addition, Asian popatatiare younger and have lower mean
BMI compared to Western populations, which both leathe decrease in optimal cutoffs.

Our findings were based on large, recent, represemtsamples from China,
Indonesia, and Vietham, which ensured the generdlityadi the findings to respective
populations. However, similar to other cross-sectishalies, we did not ensure if the

exposure to a higher BMI had preceded hypertermivcome. Compared to BMI optimal
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cutoffs for overweight for Chinese adults obtainemhf the CHNS 2000 — 2004 cohort
(Nguyen, Adair et al. 2008), these optimal BMI cusdfirom the CHNS cross-sectional
sample in 2004) were 0.5-1 unit larger. Given almtstudies aiming at determining
optimal BMI cutoffs for Asians were based on crosstieaal samples, a certain adjustment
for the cross-sectional cutoffs might be needed.

In conclusion, although there are ethnic differenoethe association between BMI
and hypertension as well as variations in optimall BMoffs for overweight in Chinese,
Indonesian, and Vietnamese adults, an optimal BNbfési< 25 kg/mimaybe more
appropriate for the East and Southeast Asian papnatA lower BMI cutoff is important in
developing countries because in those countrierwight and related chronic diseases are
becoming emerging problems (Popkin 2006) and aradequately prevented, diagnosed,
and managed (Mendis, Abegunde et al. 2004). Cowspegific or even country-, sex-, age-
specific BMI cutoffs for overweight would be neededdentify people at high risk of
cardiovascular diseases and to reduce health ambexic burdens of both overweight and

chronic diseases.
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Table 4.1.Characteristics of 18- to 65-y-old participantssex and ethnic groups

Women Men

Chinese Indonesian Vietnamese Chinese Indonesian Vietnamese

(n =3913) (n = 8888) (n=39711) (n = 3649) (n =9614) (n = 38047)

Est. 95%ClI Est. 95%CI Est. 95%CI Est. 95%CI Est. 95%CI Est. 95%CI

Age, y 44.0 (43.6-44.4) 39.1* (38.8-39.4) 38.6*" (38.5-38.8) 43.7 (43.3-44.1) 37.6* (37.3-37.8) 37.1*" (37.0-37.2)
Hypertensionz,% 16.6 (15.4-17.8) 26.9* (25.9-27.9) 11.7¢" (11.3-12.1) 22.9 (21.5-24.2) 24.8 (23.8-25.8) 14.4%" (13.9-14.9)
Systolic BP, mm Hg 117.8 (117.2-118.3)  124.1* (123.6-124.7) 116.2*" (115.9-116.4) 122.1 (121.6-122.6)  125.8* (125.4-126.2) 120.0*" (119.8-120.3)
Diastolic BP, mm Hg 76.7 (76.4-77.1) 80.4* (80.1-80.6) 73.4*" (73.3-73.6) 80.1 (79.7-80.4) 80.5 (80.3-80.8) 76.1*" (75.9-76.3)
BMI,kg/m2 23.1 (23.0-23.2) 22.4* (22.3-22.5) 20.4*" (20.3-20.4) 23.1 (23.0-23.2) 21.2% (21.2-21.3) 20.2*" (20.2-20.3)
15-18.5 kg/mz,% 6.0 (5.3-6.8) 14.3* (13.5-15.1) 25.9*" (25.3-26.5) 4.9 (4.2-5.6) 16.6* (15.8-17.5) 22.7%" (22.2-23.3)
18.5-22.9 kg/m?, % 47.2 (45.6-48.8) 46.6 (45.5-47.8) 58.7" (58.1-59.3) 48.2 (46.6-49.8) 59.6* (58.5-60.7) 65.7*" (65.1-66.3)
23-24.9 kg/m?, % 19.8 (18.6-21.1) 15.5* (14.7-16.3) 9.2¢"  (8.9-9.5) 21.7 (20.3-23.0) 12.0% (11.3-12.8) 747 (7.1-7.7)
25-29.9 kg/m?, % 234 (22.1-24.8) 19.1* (18.2-20.0) 57" (5.5-6.0) 224 (21.1-23.8) 10.5* (9.8-11.2) 3.9*"  (3.7-4.2)
30-35 kg/m?, % 36 (3.0-4.1) 45 (4.0-4.9) 05" (0.4-0.5) 28 (2.3-3.3) 1.2*  (1.0-1.4) 0.2*"  (0.1-0.2)
Weight, kg 56.4 (56.1-56.7) 50.7* (50.4-50.9) 47.3*"  (47.2-47.5) 64.5 (64.2-64.9) 55.7* (55.5-55.9) 53.7*" (53.5-53.8)
Height, cm 156.2 (156.0-156.4)  150.2* (150.0-150.3) 152.4*" (152.3-152.5) 167.1 (166.8-167.3)  161.8* (161.6-161.9) 162.8*' (162.7-162.9)

Smoking status

Former smoker, % 0.1 (0.0-0.2) 0.6 (0.4-0.8) 0.5+ (0.4-0.6) 56 (4.8-6.3) 50 (4.5-5.5) 13.0¢" (12.5-13.5)
Current smoker, % 3.1 (2.5-3.6) 5.1* (4.6-5.6) 197" (1.7-2.1) 58.9 (57.3-60.5) 69.0* (68.0-70.0) 65.0~" (64.3-65.7)
Alcohol drinker, % 8.9 (8.0-9.8) - 1.9 (1.7-2.1) 62.3 (60.7-63.8) - 53.3*" (52.4-54.1)
Urban residence, % 340 (32.5-35.4) 455% (44.4-46.7) 26.5¢" (26.0-27.1) 34.1 (32.6-35.6) 44.9* (43.9-46.0) 25.8*" (25.2-26.5)

BP, Blood pressure; Est, estimate.

! Values are means or percentages with 95% Cl:aimpkes included participants with plausible antbroptric indices (e.g. BMI <15 or >35 kgfn?
Hypertension was defined as a systolic blood press40, a diastolic blood pressur&®0 mmHg, or being previously diagnosed a doctdifferent from
ChineseP < 0.05;" Different from IndonesiarP? < 0.05; 2-tail independentest for continuous variables or chi-square testétegorized variables.
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Table 4.2. Optimal body mass index cutoffs for overweightsex and age groups

Chinese Indonesian Viethamese
n Cutoffs  Sen Spe AUC n Cutoffs  Sen Spe AUC n Cutoffs  Sen Spe AUC

Both sexes

All age 7562 235 0.63 0.64 0.68 18502 22 0.55 0.65 0.63 77758 20.5 0.57 0.61 0.62

18-40y 2843 23 0.63 0.66 0.68 11373 215 0.57 0.61 0.63 44646  20.5 0.56 0.65 0.64

41-65y 4719 24 0.59 0.65 0.66 7129 22.5 0.54 0.64 0.61 33112 21 0.52 0.62 0.59
Women

All age 3913 24 0.63 0.69 0.70 8888 22.5 0.57 0.61 0.62 39711 21 0.57 0.66 0.64

18-40y 1451 23 0.66 0.69 0.68 5200 225 0.56 0.64 0.63 21766  20.5 0.57 0.64 0.64

41-65y 2462 24 0.64 0.63 0.68 3688 22.5 0.58 0.56 0.59 17945 21 0.58 0.59 0.60
Men

All age 3649 235 0.61 0.65 0.67 9614 21.5 0.54 0.66 0.64 38047 205 0.53 0.63 0.60

18-40y 1392 235 0.58 0.67 0.67 6173 21 0.57 0.61 0.64 22880 20.5 0.55 0.65 0.63

41-65y 2257 23.5 0.61 0.63 0.66 3441 22 0.54 0.67 0.63 15167 20.5 0.52 0.58 0.58

AUC, Area Under the Curve; Sen, Sensitivity; Speciicity.
L AUC values range from 0.5 (no prediction) to 1.8rfpct prediction).
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Supplementary Table 4.1Prevalence and prevalence ratio of hypertensimmparison
between the measured blood pressure and adjusted fmessures the sample of Indonesian

adulté?

Women
(n = 8888)

(n = 9614)

Based on measured

blood pressures

Based on adjusted

blood pressures

Based on measured

blood pressures

Based on adjusted
blood pressures

Est.  95%CI

Est.  95%CI

Est.  95%CI

Est.  95%CI

Prevalence

Crude

BMI (kg/m?) levels
<18.5,%
18.5-22.9, %
23-24.9, %
25-29.9, %
30-35, %

Age of 40

BMI (kg/m?) levels
<18.5,%
18.5-22.9, %
23-24.9, %
25-29.9, %
30-35, %

Prevalence Ratio

Crude

BMI (kg/m?) levels
<185, %
18.5-22.9, %
23-24.9, %
25-29.9, %
30-35, %

Age-adjusted

BMI (kg/m?) levels
<185, %
18.5-22.9, %
23-24.9, %
25-29.9, %
30-35, %

26.9 (25.9-27.9)

20.7 (18.1-23.2)
21.5 (20.1-22.9)
28.4 (25.7-31.0)
37.4 (34.8-39.9)
53.4 (47.9-58.8)

16.7 (15.6-17.8)
20.9 (19.9-21.9)
25.9 (24.8-27.0)
31.8 (30.3-33.3)
43.9 (40.7-47.4)

1.08 (1.07-1.08)

0.96 (0.84-1.10)
1

1.32 (1.18-1.48)

1.74 (1.58-1.91)

2.48 (2.20-2.80)

1.07 (1.06— 1.08)

0.82 (0.72-0.93)
1

1.27 (1.14-1.42)

1.56 (1.42-1.70)

2.15 (1.91-2.42)

24.6* (23.6-25.6)

19.3 (16.8-21.8)
19.2 (17.9-20.6)
25.3 (22.8-27.9)
35.8 (33.3-38.4)
47.3 (41.9-52.8)

14.6 (13.6-15.7)
18.5% (17.5-19.5)
23.0% (22.0-24.1)
28.5% (27.1-30.0)
39.9 (36.8-43.2)

1.08 (1.07-1.09)

1.00 (0.87-1.16)
1

1.32 (1.16-1.49)

1.86 (1.69-2.06)

2.46 (2.15-2.81)

1.07 (1.06-1.08)

0.83 (0.73-0.96)
1

1.27 (1.13-1.43)

1.66 (1.51-1.82)

2.12 (1.86-2.41)

24.8 (23.8-25.8)

14.5 (12.6-16.4)
21.3 (20.1-22.5)
34.0 (31.0-37.1)
47.6 (44.1-51.0)
52.1 (41.8-62.5)

15.7 (14.8-16.8)
215 (20.6-22.5)
30.4 (29.2-31.6)
41.3 (39.2-43.5)
66.7 (61.1-72.9)

1.12 (1.11-1.13)

0.68 (0.59-0.79)
1

1.60 (1.44-1.78)

2.24 (2.04-2.45)

2.45 (2.00-3.01)

1.11 (1.10-1.12)

0.66 (0.58-0.76)
1

1.47 (1.33-1.63)

1.97 (1.80-2.15)

2.19 (1.80-2.66)

22.1 (21.2-23.0)

12.6 (10.8-14.4)
18.5 (17.4-19.7)
30.6 (27.6-33.6)
44.4 (41.0-47.9)
50.5 (40.1-60.8)

13.4 (12.5-14.4)
18.7* (17.8-19.6)
27.0% (25.9-28.2)
37.4* (35.4-39.6)
62.4 (56.8-68.5)

1.13 (1.12-1.14)

0.68 (0.58-0.79)
1

1.65 (1.47-1.85)

2.40 (2.17-2.64)

2.72 (2.20-3.37)

1.12 (1.10-1.13)

0.66 (0.56-0.76)
1

1.51 (1.35-1.68)

2.09 (1.89-2.30)

2.40 (1.96-2.94)

!Hypertension was defined as a systolic blood pressis®, a diastolic blood pressur@0 mmHg, or being
previously diagnosed a doctdAdjusted blood pressures are equal measured systolic pplessure minus 1.5
mmHg and diastolic blood pressure minus 1.0 mmHg;
" P < 0.05 compared to measured blood pressure
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Supplementary Table 4.2.Body mass index cutoffs for overweight correspogdo
increased prevalence of hypertension by gendeagedjroups: comparison between the
measured blood pressure and adjusted blood pressusample of Indonesian addfts

Based on measured Based on adjusted
blood pressure blood pressure
n Cutoffs  Sen Spe AUC Cutoffs  Sen Spe AUC

Both sexes

All age 18502 22 0.55 0.65 0.63 22 0.56 0.64 0.63

1840y 11373 215 0.57 0.61 0.63 21.5 0.58 0.61 0.64

41-65y 7129 22.5 0.54 0.64 0.61 22.5 0.55 0.64 0.61
Women

All age 8888 225 0.57 0.61 0.62 225 0.58 0.61 0.62

18-40y 5200 225 0.56 0.64 0.63 225 0.57 0.64 0.64

41-65y 3688 22.5 0.58 0.56 0.59 22.5 0.59 0.56 0.59
Men

All age 9614 215 0.54 0.66 0.64 21.5 0.56 0.66 0.64

1840y 6173 21 0.57 0.61 0.64 21 0.58 0.61 0.64

41-65y 3441 22 0.54 0.67 0.63 22 0.55 0.67 0.63

! Hypertension was defined as a systolic blood press#®, a diastolic blood pressur@0 mmHg, or being
previously diagnosed a doctdAdjusted blood pressures are equal measured systolic hiessupe minus 1.5
mmHg and diastolic blood pressure minus 1.0 mmHg;

49



CHAPTER 5. OPTIMAL CUTOFF VALUES FOR OVERWEIGHT: US ING BODY
MASS INDEX TO PREDICT INCIDENCE OF HYPERTENSION IN 18-65-YEAR-

OLD CHINESE ADULTS

5.1. Abstract

Studies aimed at identifying body mass index (BMijoffs representing increased
diseased risk for Asians are typically based onscsestional studies. This study determines
an optimal BMI cutoff for overweight that represesitsvated incidence of hypertension in
Chinese adults with data from the China Health andifiut Survey 2000—2004 prospective
cohort. Cumulative incidence was calculated by dingdhew cases of hypertension over the
study period by the total at-risk population, ad8d65 years, in 2000. Sex-specific receiver
operating characteristic (ROC) curves were useddesashe sensitivity and specificity of
BMI as a predictor of hypertension incidence. Fpeiar cumulative incidences of
hypertension (13% and 19% for women and men, respggtwere significantly P <
0.005) related to the increase in BMI. The crudmamder the curves (AUC) were 0.62
(95% CI: 0.59-0.65) and 0.62 (95% CI: 0.58-0.65)fien and women, respectively; the
age-adjusted AUC were 0.68 (95% CI: 0.65-0.70) ant (®%% CI: 0.68—0.74) for men and
women, respectively. A BMI of 23.5 kgfifor women and 22.5 kg/nfor men provided
highest sensitivity and specificity (60%). The fimgl was consistent in different age groups.
A BMI level of 25 kg/nf provided lower sensitivities (36% for women and 2@¥orfien)

with higher specificities (80% for women and 85%fwen). Our study supported the



hypothesis that the BMI cutoff to define overweighbuld be lower in Chinese than in

Western populations.

5.2. Introduction

Increased prevalence, attributable h, and edicrtsurdens of overweight and
non-communicable diseases are emerging proble@kima and other Asian countries
(WHO 2003; Popkin 2006; Popkin, Kim et al. 2006; LQ0Z). Although body mass index
(BMI)* cutoffs of 25 and 30 kg/ffor overweight and obesity, respectively, have been
widely used among Western populations and recomnaelngéhe World Health
Organization as international criteria for body &#s at the population level (WHO expert
committee 1995), controversy remains about therggtBMI cutoffs for Asians (Misra
2003; Stevens 2003; WHO expert consultation 2004).

Most of the work that serves as background for tldesates used (a) cross-sectional
samples and (b) R-value < 0.05 or non-overlapping 95% confidencervils (95% CI) as a
decision rule (Misra 2003; Stevens 2003; WHO expamsaltation 2004). Becaugevalues
and 95% CI widths are driven by both magnitude tdatfand sample size (Weinberg 2001),
findings will vary by sample size, BMI distributiorsnd prevalence of risk factors. A BMI
cutoff of 23 kg/n3 has been proposed by some authors, who used sigps#pecificity, and
receiver operating characteristic (ROC) curve amaliBei-Fan 2002; Ho, Lam et al. 2003;
Wildman, Gu et al. 2004; Weng, Liu et al. 2006; HayxlJames et al. 2008). Because these

studies were based on cross-sectional samples, wetacertain that the exposure to a

! Abbreviation used: AUC, area under the curves; BMIyhwodss index; CHNS, China Health and Nutrition

Survey; ROC, receiver operating characteristic.
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higher BMI had preceded the hypertension outcomer(& and Schulz 2002). We used an
ROC curve analysis to determine an optimal BMI dufimf overweight that represents

elevated incidence of hypertension in Chinese adult

5.3. Subjects and Methods
5.3.1. Subjects

The China Health and Nutrition Survey (CHNS) is an amgstudy established in
the late 1980s in nine provinces that vary substiyin geography, economic development,
public resources, and health indicators. A detadlestription of the study design and data
collection procedures has been presented elsewRepkif, Paeratakul et al. 1995; CPC-
UNC 2007). Data sets and questionnaires may be doweddanim the CHNS websites
(http://www.cpc.unc.edu/china). For this analysis,used data from the CHNS conducted in
2000 and 2004 because these two surveys had thecamparable study sample,
guestionnaires, and protocol and equipment in nmiegsblood pressure, weight, height, and
waist circumference. Of 6162 participants who were 58¢éar-old men, non-pregnant or
non-lactating women in 2000 and who were involvedathisurveys, 5543 (90%) had
complete and plausible measurements of blood presswl other anthropometric
measurements (e.g., 4-year changes in height snl&nd in BMI < 10 kg/rfi a baseline
BMI of 15-40 kg/mi, waist circumference of 45-150 cm, waist-to-hitioraf 0.6—1.3, and
hip circumference of 55—-155 cm; or the differeneenzen systolic and diastolic blood
pressure < 10 mmHg). Of the 5543 participants, 4832%) with normal blood pressure in
2000 were included in our longitudinal sample. Wl amcluded 18-65-year-old adults,

non-pregnant, and non-lactating women because adgeeran older person, or a pregnant or
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lactating woman requires different BMI cutoffs (WH&pert committee 1995). The
exclusion of participants with extreme or implausitsdlues of anthropometric measures or

blood pressure helped to increase estimate pracmihout changing overall results.

5.3.2. Measurements

Three blood pressure measures were taken in seagémp and on the right arm by
trained health workers who followed a standardizedgxtare using regularly calibrated
mercury sphygmomanometers with appropriate-sizeid.c8fstolic blood pressure was
measured at the first appearance of a pulse sd&ordtkoff phase 1) and diastolic blood
pressure at the disappearance of the pulse soumdtk¢éf phase 5). Three measurements of
systolic or diastolic blood pressure were averagaeduce the effect of measurement errors.
Hypertension was defined as a systolic blood pressa® mmHg, a diastolic blood
pressure> 90 mmHg, or being previously diagnosed by a do@mobanian, Bakris et al.
2003). We did not include the use of an antihypesitee medication to define hypertension
because in this sample, only a small proportioGluhese adults was diagnosed (< 5%) or
treated (< 3%) with any antihypertensive medicatiamsl none used the medications
without being diagnosed by a doctor. Moreover, seiityi analysis showed that
incorporating these measures produced similarfgglbut with a smaller sample size.
Cumulative incidence was calculated by dividing neses of hypertension over the study
period by the total at-risk population, aged 18y&&rs, in 2000.

BMI (kg/m?) was calculated based on weight and height, which measured by
trained health workers who followed standardized ptooes and used regularly calibrated

equipment (SECA 880 scales and SECA 206 wall-mountddirtapes) (Popkin, Paeratakul
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et al. 1995; CPC-UNC 2007). Waist circumference waasured using a non-elastic tape at
a point midway between the lowest rib margin andltbe crest in a horizontal plane. Hip
circumference was measured at the point yieldingrteimum circumference over the
buttocks. Covariates such as age, sex, smokingshaltohol consumption, and place of

residence were collected by direct interviews.

5.3.3. Statistical analysis

We used Poisson regression models to examine sloeiason between BMI and
hypertension. Potential confounding factors at li@sesuch as age (centered at 40 years),
sex, smoking habits (dichotomized to never-smok&ver-smoker), alcohol consumption
(dichotomized to current drinker or non-drinkelgqe of residenc@urban or rural), and
waist circumference were taken into account in regoesmodels. A covariate was
considered as an effect-measure modifier if itsrenttion term with BMI in regression
models had ®-value < 0.15 (chi squared test) or as a confouifidiecaused a change in
incidence ratios of more than 10%. Based on thetia, the most reduced model had age
as an effect-measure modifier (the association miviBM| and hypertension was stronger
among the younger participants); and sex and drgnktatus as confounding factors. We
purposely stratified our analyses by sex to makenthomparable with other studies.

To evaluate an optimal BMI cutoff, we computed amakkd for the shortest distance

on the sex-specific receiver operating charactefiR®OC) curve, estimated at each half unit

of BMI. A distance on the ROC curve is equa{/(ﬁ)— sensitivity)” + (1 - specificity)’

(Weng, Liu et al. 2006). Crude and adjusted arekeuthe ROC curves (AUC) were

estimated by using logistic regression models. Gthherarge sample size of the cohort, also
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we performed stratified analyses by age group. Véd tws-tail independent t-tests to compare
two means and chi squared tests to compare differeels or trends of categorized variables. The

attributable population risk was estimated by sung@xposure-specific attributable fractioldge

conducted all analyses using Stata software veBsStata Inc., TX, USA).

5.3.4. Role of the funding sources and ethical consideration

The authors had full access to all of the dathénstudy and take responsibility for
the integrity of the data and the accuracy of thia @nalysis. The sponsors were not
involved in the study design, the collection, asayor interpretation of data, the writing or
submission of the manuscript for publication. Vértinformed consent was obtained from
each participant for each CHNS round. The Instit@idteview Boards (IRB) of the School
of Public Health, University of North Carolina at Cleaplill and the Chinese Center for

Disease Control and Prevention reviewed and appritneestudy.

5.4. Results

At baseline, mean systolic and diastolic blood pressswere higher among men
compared to women (about 3 mmHR< 0.05). Women had a higher mean BMI and
prevalence of overweight compared to men. The ptapar of Chinese men who were
smokers (63%) and alcohol drinkers (65%) were mugher than those of women (4 and
10%, respectively)Table 5.7).

Although the Chinese adults had a low mean BMI (amw&2.6 kg/m; 95% CI:
22.5-22.7), four-year cumulative incidences of mgresion in women and men were 12.7%
(95% CI: 11.3-14.0) and 18.7% (95% CI: 17.1-20&9pectively. In general, about one

fourth of the hypertensive new cases in the Chipegeilation are attributed to a BMI of 23
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kg/m? or higher. In addition, a higher population atitéble risk was found in women and
young participants. Crude incidence of hypertensimong men was statistically higher than
that of women at almost all BMI levels (e.g., 21-223-24.9, and 25-29.D;< 0.05).

There is a decline in hypertension incidence a8tk of 30—40 kg/m in men. The

estimate, however, might not reflect a real trenBMi and hypertension association
because of a small number of participants thatledelss precise estimate in the BMI group
(Fig. 5.1A). The adjusted incidence of hypertension in mera(hypothesized population at
age of 40 years) was statistically higher than dfh&aomen at all BMI levels (Fig. 5B).

The AUC for the prediction of hypertension by BMI ¢aib 0.62) was significantly
higher than what would be expected by chance, whiticated that BMI predicts
hypertension. The AUC values were higher in youngergared to older participant$gble
5.2). Compared to the maximum value of AUC (1.0 forfeetrprediction), these AUC
values suggested that other risk factors also ibanéd to the prediction of hypertension.
Controlling for age and other potential confoundiagtors, the AUC increased significantly
to about 0.70, without reducing estimated precision.

In this cohort, BMI levels of 23.5 kg/nfior women and of 22.5 kg/nfior men
provided the shortest distance on the ROC curveseggmonding to a sensitivity and
specificity of about 60%). The optimal BMI cutofirfages 41—-65 years was slightly higher
compared to that for age 18—40 years. A BMI cutdéf2® provided lower sensitivities (26—
37%) and higher specificities (76—86%) comparethéooptimal BMI cutoffs (Table 5.2).
Fig. 5.2A, B, Cillustrate ROC curves and optimal BMI levels in diint age and sex

groups.
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5.5. Discussion

To our knowledge, we are the first to use ROC cunatyans to identify an optimal
BMI cutoff for incident hypertension in an Asian galen Our findings show a strong
positive association between BMI and incidence geniension and suggest an optimal BMI
cutoff of about 23.0 kg/fto define overweight in 18—65-year-old Chinese tsdul

The significant trend of increased risk of hypesien with increased BMI is similar
to results from cross-sectional studies in Asianutetons (Ho, Chen et al. 2001; Colin Bell,
Adair et al. 2002; Lin, Lee et al. 2002; Wildman, &wal. 2004; Weng, Liu et al. 2006;
Tesfaye, Nawi et al. 2007). This longitudinal anaysi hypertension incidence confirms a
dose-response relationship. Using the CHNS 2000-260drt; Li et al. (Li, Zhai et al.

2007) also found higher hypertension incidence wigiher BMI and waist circumference
levels. Although both studies were based on data thensame cohort, they differ in focus.
Our focus was on establishing optimal BMI cutoffs;iieftheirs was on comparing
hypertension incidence or risk ratios among sewkil and waist circumference groups (Li,
Zhai et al. 2007).

Our study suggests an optimal BMI cutoff of lessitB& kg/nf for 18—65-year-old
Chinese men and women. We found a slightly increatee BMI cutoffs (about 0.5 kg/h
among older compared to younger participants. Taereseveral explanations for the lower
optimal BMI cutoff for Asians compared to that of 8t#erners. First, Asian ethnicities tend
to have a higher total body fat (Wang, Thorntoale1994; Deurenberg, Deurenberg-Yap et
al. 2002) as well as a greater amount of abdommaNésceral fat (Park, Allison et al. 2001;
Lear, Humphries et al. 2007) at a given BMI compdcedther races and ethnicities.

Increased visceral fat mass leads to increasedl pmssure via several mechanisms such as
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leptin resistance, insulin resistance, and inflationaKaplan 2006; Sniderman, Bhopal et
al. 2007). Second, race/ethnic groups often diffesocioeconomic status, cultural factors,
food habits, physical activity levels, and lifegtyl(Bell, Adair et al. 2004; Merlo, Asplund et
al. 2004). Third, different ethnicities may havéetient combinations of genes associated
with hypertension and gene-environment interacttbaslead to the variation in blood
pressure (Carretero and Oparil 2000; Luft 2001; Mdesger, Gonzalez et al. 2001; Cui,
Hopper et al. 2002; Kaplan 200&)nally, there is also speculation that insultsimyifetal
development and infancy might have also resultdderelevated risks. However, there is
great debate about these relationships and thesesuent effects (Barker 2002; Williams
and Poulton 2002; Adair and Cole 2003; Demerath, Camet al. 2004; Singhal and Lucas
2004).

Our findings were consistent with results from largeks cross-sectional studies in
Chinese and Indian populations (Bei-Fan 2002; Leg et al. 2002; Wildman, Gu et al.
2004; Mohan, Deepa et al. 2007). In those studiBd/cutoff of 22—24 kg/mwas
associated with an increase in prevalence of hgpsitn, diabetes mellitus, dyslipidemia,
and cardiovascular diseases. Huxley et al. (Huxkye$ et al. 2008), in a sample of 263000
participants (73% Asian) from 21 cross-sectionaligtsiin Australia and some Asian
countries, also show an optimal BMI cutoff of ab8dtkg/nf for Asians.

Our proposed optimal BMI cutoff was lower than thasggested by authors who
used total mortality as a study outcome in some&€3d@ longitudinal samples (Zhou 2002;
Gu, He et al. 2006). In those samples, a BMI of 243-R4/nf in men, 25—26.9 kg/fin
women (Gu, He et al. 2006), and 24—27.9 Kgfrboth sexes (Zhou 2002) was associated

with the lowest mortality rate. There are severakptial explanations for the differences.

58



First, at baseline, participants were much oldéhestudies by Gu et al. (Gu, He et al. 2006)
(> 40 year-olds; a mean age of 56 years) and by Zaoou 2002) ¥ 30 year-olds, a mean
age of 47 years) compared to ours (18-65 year-aldgan age of 42 years). The inclusion
of an older participant would lead to (a) an incesmsBMI due to the naturally decreased
height and (b) a larger influence of other cardsmdar risks. Thus, the inclusion of an older
participant would bias the association between BMI lagalth outcome toward the null and
lead to a higher BMI cutoff. Second, mortalitymfluienced by factors other than BMI (e.g.,
diseases and pre-existing health conditions, HIV/AIBoking habits, alcohol
consumptions, other lifestyles factors, accidesug;ides, and health care services) (Misra
2003; Stevens 2003). Thus, we would see a higher@iiff for an all-cause mortality
outcome compared to hypertension or other cardemtasrisk. Third, in the studies by Gu et
al. (Gu, He et al. 2006) and Zhou (Zhou 2002), tifer@inces in death rates or risk ratios
between different BMI levels were negligible (mostleém had an overlapping 95% CI or a
P-value > 0.05).

Even though the use of longitudinal data was a gtheof our study, participant
selection for this analysis sample may reduce émegalizability of the findings. This sample
included only: (a) participants of both surveys@@@nd 2004), who tended to be older; and
(b) normotensive participants in 2000, who tendelatee a lower risk of hypertension (and
associated risk factors, e.g., being a youngeemiafe; having a lower BMI or smaller waist
circumference; or less likely to smoke or drinkaddol). The inclusion of older participants,
who had additional risk factors other than increa8kd, would bias the estimate for the

association between BMI and hypertension towardthleand decrease the AUC values. In
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contrast, the inclusion of persons with a lower akypertension in the longitudinal sample
would bias the estimate away from the null and irseebe AUC values.

Since a sensitivity analysis showed that optimal BMbffs by level of risk factors
such as age, smoking, or drinking status were girdléhe overall sex-specific BMI cutoffs,
selection bias was not likely to be a notable prohle this sample. Even though this
participant selection did not affect our overafiukts, it would be better to have an open
cohort to measure an incidence density, basedeonumber of new cases and total person-
time at risk. However, we were not able to estimatertbielence density of hypertension in
the CHNS samples because the exact time when thetégpi®n outcome occurred was
unknown.

Similar to other cardiovascular risk factors, blgwdssure might vary over time
(Chobanian, Bakris et al. 2003), and thus, a hgpeive patient in one survey could become
normotensive in the next survey. In our study,akelusion of hypertensive patients in 2000
would lead to a decrease in the mean blood pressug8®0, and thus, lead to an increase in
hypertension incidence. The findings need verifocet from further studies that use other
outcomes such as incidence of diabetes mellitudipdgemia, cardiovascular disease events
or mortality. Although BMI is positively associatedth increased risk of cardiovascular
risk, its predictions for those outcomes are maeefAUC of 0.6—0.8) in Asian populations
(Lin, Lee et al. 2002; Ho, Lam et al. 2003; Weng kt al. 2006; Huxley, James et al. 2008).
The moderate levels of AUC indicate that other factdso contribute to the prediction of
cardiovascular risk. Thus, the BMI cutoff basedioa sensitivity-specificity approach (a) is

considered as a useful threshold to define oveilwday public health and clinical
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recommendations and actions and (b) is not coreildas the screening level for
cardiovascular disease risk.

It is uncertain if the optimal BMI cutoffs, based the longitudinal sample of
Chinese adults, could be extrapolated to other Astamtries because Asians differ from
each other in the association between BMI and nomraonicable diseases. As noted earlier,
Asian subpopulations may have different combinatmfingenes associated with hypertension
and different gene-environment interactions thatl [ a variation in blood pressure
(Carretero and Oparil 2000; Luft 2001; Maca-Meyerngaez et al. 2001; Cui, Hopper et al.
2002; Macaulay, Hill et al. 2005; Kaplan 2006). Thisra tendency of genotype clustering
among residents in (a) the South Asia and some 8asitiAsia (e.g., Thailand, Malaysia,
and apart of Indonesia); (b) East Asia (e.g., Chlapan, and Korea) and some Southeast
Asia (Vietnam, the Philippines, and apart of Indoagp@ilaca-Meyer, Gonzalez et al. 2001;
Macaulay, Hill et al. 2005). In combination with @fences in environment, we might
expect different associations between BMI and heals in those countries.

In conclusion, this study suggests BMI values ab2&)/nf in women and 22.5
kg/n? in men may be more appropriate for defining oveghvein Chinese adults. Consistent
with other cross-sectional studies, this study ssggthat earlier prevention of excessive
weight gain is needed to reduce hypertension inpthjmilation. Early prevention and control
of hypertension and overweight are considered aeftesttive approach to decrease

economic and health burdens of non-communicabkadies worldwide (WHO 2003).
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Table 5.1.Characteristics of 18—65-year-old, normotensivéigipants in 2000

Women Men
(n = 2415) (n = 2077)
Estimate 95% ClI Estimate 95% ClI

Age,y 425  (42.1-42.9) 415  (41.0-41.9)
Systolic blood pressure, mm Hg 111.7 (111.2-112.1) 115.2* (114.7-115.7)
Diastolic blood pressure, mm Hg 73.0 (72.7-73.4) 75.5*% (75.2-75.9)
Body mass index, kg/m2 22.8 (22.6-22.9) 22.4* (22.3-22.5)

15-18.5 kg/m?, % 6.0 (5.1-7.0) 6.0 (5.0-7.0)

23-40 kg/m?, % 44.0 (42.0-46.0) 38.1* (36.0-40.2)

25-40 kg/m?, % 21.7 (20.0-23.3) 17.5% (15.9-19.2)
Ever-smoke cigarettes, % 3.6 (2.9-4.4) 62.9* (60.8-65.0)
Alcohol drinker, % 10.2 (8.9-11.4) 64.7* (62.6—66.8)
Urban resident, % 32.4 (30.6—34.3) 32.2 (30.2—-34.2)

YValues are means or percentages with 95% Cl, n = 4492 dextharticipants with implausible
anthropometric indices e.g., BMI < 15 or > 40 k§/m

" P < 0.05, compared to women; two-tail independent t-testdéntinuous variables or chi squared test for
categorized variables.
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Table 5.2.Area under the receiver operating characteristicasi(AUC), optimal body mass
index (BMI) cutoff values, sensitivities, and sgmdiies stratified by sex and age at baseline
for the prediction of hypertension incidence

Optimal BMI cutoffs (kg/m?) At a BMI of 25 (kg/m?)
n AUC! Cutoffs Sensitivity  Specificity Sensitivity Specificity

Both sexes

All ages 4492 0.61 22.5 0.62 0.56 0.32 0.82

18-40y 1999 0.64 22.5 0.63 0.61 0.33 0.85

41-65y 2493 0.59 23 0.56 0.57 0.31 0.80
Women

All ages 2415 0.62 235 0.56 0.65 0.36 0.80

18-40y 1053 0.64 23 0.59 0.66 0.31 0.85

41-65y 1362 0.59 235 0.57 0.58 0.37 0.76
Men

All ages 2077 0.62 22.5 0.61 0.59 0.29 0.85

18-40y 946 0.64 22.5 0.62 0.62 0.34 0.86

41-65y 1131 0.61 22.5 0.60 0.57 0.26 0.84

1 AUC values range from 0.5 (no prediction) to 1.0 (penfeetiction)
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persons at risk) by body mass index levels in 2@80@rude incidence; B, adjusted incidence
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CHAPTER 6. PREDICTION OF HYPERTENSION BY DIFFERENT

ANTHROPOMETRIC INDICES IN ADULTS

6.1. Abstract

Objectives: To (a) compare the prediction of hypertension bistx@rcumference
(WC), waist-to-stature ratio (WSR), or waist-to-hgtio (WHR) to that by BMI and (b)
determine if WC, WSR, or WHR adds to the predictbhypertension by BMI among
Chinese adults.

Methods and Procedures: We included7,336 Chinese adults aged 18-65 years who
participated in the 2004 China Health and Nutritiem@y. A change of 10% in the
prevalence ratio of BMI (PR) or area under the e&UC) when WC, WSR, or WHR was
added to a model with BMI was used as the criterorsignificant contribution to the
prediction of hypertension by BMI. If AUC of WC, WSB;, WHR was> 10% larger than
that of BMI, it was considered as a better predictor

Results: The prevalence of hypertension (17 and 23% for woamehmen,
respectively) was significantly related to increh&MI, WC, WSR, and WHRK for trend <
0.001). Although there was a better model fit when WMSR, or WHR was added to a
model with BMI P < 0.05; likelihood ratio test), the changes in Pld AUC were < 10%
and < 5%, respectively. The sex-specific AUC forghediction of hypertension by BMI (of

0.7-0.8) was similar to that by WC, WSR, or WHR.



Conclusions: WC, WSR, and WHR did not perform better than BMhdd to the
prediction of hypertension by BMI. BMI appears ®dufficient to screen for increased

prevalence of hypertension among 18-65-year-ola€da adults.

6.2. Introduction

Anthropometric indicators for body fat are widely dge predict chronic disease risk
in individual and population levels. Compared talypmass index (BMI)—a good indicator
for body fatness in adults at the population lewelist circumference (WC), waist-to-stature
ratio (WSR), and waist-to-hip ratio (WHR) provided@tbnal information about central fat
distribution (Gibson 2005; Klein, Allison et al. 200B¢tudies aimed to determine whether
WC, WHR, and WSR predict hypertension better th&t 8r add to the prediction of
hypertension have shown controversial results ih Wéestern (Visscher, Seidell et al. 2001;
Zhu, Wang et al. 2002; Benetou, Bamia et al. 2@®4) Asian populations (Ho, Chen et al.
2001; Lin, Lee et al. 2002; Ho, Lam et al. 2003; Hsikoshinaga et al. 2003; Ito, Nakasuga
et al. 2003; Wildman, Gu et al. 2005; Sakurai, Miat al. 2006). As criteria for judging
predictions of alternate indicators, these studsesl a larger point estimateRavalue <
0.05, or a non-overlap of 95% confidence intery@&o Cl). BecausP-values and 95% CI
are driven by both magnitude of effect and samizike @Veinberg 2001), different
conclusions would result from different sample siaeBMI distributions.

This study is a comparison of the predictive apilit these alternate indicators as
they relate to Chinese adults. We utilized two datéhat are less affected by sample size:
the difference in prevalence ratio and area urtectrve (AUC) to (a) compare the

prediction of hypertension by WC, WSR, or WHR totthya BMI and (b) determine if WC,
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WSR, or WHR added to the prediction of hyperten&ip®BMI among 18—65-year-old

Chinese adults.

6.3. Methods and Procedures
6.3.1. Participants

We used data from the China Health and Nutrition &u(CHNS) conducted in
2004 with a representative sample drawn from the pioeinces in China (Guangxi,
Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangswnirgg, and Shandong). This
sample was diverse with variation found in a wide-nagget of socioeconomic factors
(income, employment, education and modernizatiod)ather related health, nutritional and
demographic measures (Popkin, Paeratakul et ah; T9BC-UNC 2007). Of the 8,258
participants aged 18-65 years who were men, non-agné@n non-lactating women, 7,336
(89%) had complete and plausible measurements ghieieight, blood pressure, WC, and
hip circumference (HC) (e.g., BMI of 15-35 kd/nweight of 30—150 kg, height of 130-190
cm, WC of 45-150 cm, HC of 55-155 cm, WHR of 0.6+--&rid the difference between
systolic and diastolic blood pressure < 10 mmHg).oMy included 18—65-year-old adults,
non-pregnant, and non-lactating women because adoltss the elderly, and pregnant or
lactating women require different BMI and WC cutdWgHO expert committee 1995). The
exclusion of participants with extreme values irhampometric measurements and blood

pressure helped to increase the estimate precaigtbout changing the overall results.
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6.3.2. Study design

Three blood pressure measurements were taken atedggosition and on the right
arm by trained health workers who followed a standaxiprocedure using regularly
calibrated mercury sphygmomanometers with apprapseted cuffs. Systolic blood
pressure was measured at the first appearanceutde spound (Korotkoff phase 1) and
diastolic blood pressure at the disappearanceegbtise sound (Korotkoff phase 5). Three
measurements of systolic or diastolic blood pressiere averaged to reduce the effect of
measurement error. Hypertension was defined as alisysibod pressure 140 mmHg, a
diastolic blood pressure 90 mmHg, or being previously diagnosed by a do@tobanian,
Bakris et al. 2003). The definition of hypertensieas not based on the use of an
antihypertensive medication because in this sanapeall proportion of Chinese adults was
diagnosed (< 7%) or treated (< 5%) with an antihtgresive medication and none used an
antihypertensive medication without being diagndsed doctor. Moreover, sensitivity
analysis showed that incorporating these measuogsiped similar findings.

BMI was calculated based on weight and height medswydrained health workers
who followed standardized procedures using regutalyprated equipment (SECA 880
scales and SECA 206 wall-mounted metal tapes). €atthworkers used non-elastic tape to
measure WC at a point midway between the lowest dltlaniliac crest in a horizontal
plane and HC at the point yielding the maximumuainéerence over the buttocks (Popkin,
Paeratakul et al. 1995; CPC-UNC 2007). Waist-to-statatio (WSR = WC / height) and
waist-to-hip ratio (WHR = WC / HC) were calculated éd®n the measured WC, height,
and HC. Covariates, such as age, sex, smoking halmitdol consumption, and place of

residence were collected by direct interviews.
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6.3.3. Statistical analysis

We used Poisson regression models to examine sloeiason between BMI and
hypertension. Potential confounding factors, siehge (centered at the mean age of 45
years), sex, smoking habits (dichotomized to neweoker or ever-smoker), alcohol
consumption (dichotomized to current drinker or-aloimker), and place of residen@gban
or rural) were also taken into account in regressiodels. A covariate was considered as an
effect measure modifier if its interaction term wBMI in regression models hadPavalue <
0.15 (chi squared test) or as a confounder ifused a change in prevalence ratios of BMI
(PR) of> 10%. Based on those criteria, age was the onlgtaffieasure modifier and there
were no confounders. To make our results compavalkhethose of other studies, we
stratified our analyses by sex in crude, age-agfljsind age-specific models. BMI, WC,
WSR, and WHR were kept in continuous scale to maearthe power of statistical tests.

To determine if the inclusion of WC, WSR, or WHR iraped the prediction of
hypertension by BMI, we estimated the change inscific PR (from Poisson regression
models) and sex-specific AUC (from logistic regressitodels) between a model with BMI
+ WC, BMI + WSR, or BMI + WHR to a model with BMI@he. A change in PR or AUC of
> 10% was used as a criterion for a significant ¢bation of WC, WSR, or WHR to the
prediction of hypertension by BMI. We separatelynpared sex-specific AUC between a
model with WC, WSR, or WHR to a model with BMI to examif any was better than BMI
in predicting hypertension; an increase>df0% in AUC was used as a criterion for a
superior prediction. We used the criterioredf0% because it is arbitrarily used to determine

a notable confounding factor.
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The fit of a model with BMI was compared to that ahadel with BMI + WC, BMI
+ WSR, or BMI + WHR. AP-value < 0.05 (likelihood ratio test) was used asctiterion for
a significant increase in model fit. To evaluatthése findings were consistent at different
BMI levels, we performed similar analyses for papénts with a BMI < 23 kg/fmand BMI
> 23 kg/nf (data were presented in Supplementary Table 1 ar&llZnalyses were

performed using Stata software version 9.2 (Stata X, USA).

6.3.4. Role of the funding sources and ethical consideration

The authors had full access to all of the dathenstudy and take responsibility for
the integrity of the data and the accuracy of thia énalysis. The sponsors were not
involved in the study design, the collection, asayor interpretation of data, writing of the
manuscript, or decision to submit the manuscrippfdlication. Written informed consent
was obtained from each participant for each CHNS rowl certify that all applicable
institutional and governmental regulations conaggrihe ethical use of human volunteers
were followed during this research. The InstitutioRalview Boards (IRB) of both the
School of Public Health, University of North CaroliaaChapel Hill and the Chinese Center

for Disease Control and Prevention have reviewedagpdoved the study.

6.4. Results

Crude prevalence of hypertension among men of 2398% CI: 21.6—-24.4) was
higher than among women (16.8%; 95% CI. 15.6-1890.001). Means systolic and
diastolic blood pressures were higher among men &h&8280 mmHg, respectively)

compared to women (118 and 77 mmiRgs 0.001). Only a small proportion of the Chinese
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adults was diagnosed or treated with any antihypsitermedication (about 5%). A small
proportion of hypertensive participants, identifl@dmeasured blood pressures, was
diagnosed by a doctor (35%) or treated with an gpghensive medication (25%). Men and
women had similar means (23 kdjrand distribution of BMI. Men had higher means WC,
HC, and WHR, but a smaller mean WSR compared to woftenproportions of Chinese
men who were smokers (58.8%) and alcohol drinker8%2were much higher than those
of women Table 6.1).

There was a significant trend of increased preva@idypertension with an
increase in BMI, WC, WSR, or WHEP for trend < 0.001) for both men and wom@ing(
6.1).

On average, each unit increase in BMI was associatacan 18% and 14% increase
in PR for hypertension in women and men, respegti(iek 0.001; crude models). There
was about 15% increase in PR associated with eatinarease in BMI in age-adjusted or
age-specific modeld>(< 0.001). Although there was an increase in modetign adding
WC, WSR, or WHR to a model with BMP(< 0.05 in almost all of the models; likelihood
ratio test), the changes in PR were < 10% in thdecraodels and < 5% in the age-adjusted
and age-specific model$gble 6.2. The changes in PR increased slightly (< 10% etxfue
WSR in the crude model for women) among participaitis a BMI < 23 kg/m
(Supplementary Table 6.).

The AUC estimates for the prediction of hypertensigriBMI were about 0.7-0.8
and were higher among womdn < 0.05 in age-adjusted and age-specific estimates).
Although there was an increase in model fit when agltMC, WSR, or WHR to a model

with BMI (P < 0.05 in almost all of the models; likelihood catést), the changes in AUC
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were < 5% in the crude models and < 1% in the agestadi and age-specific modelable
6.3). The changes in AUC increased slightly (< 10% ekt@pWSR in crude model for
women) among participants with a BMI < 23 kg{Bupplementary Table 6.2.

Models with WC or WSR provided similar AUC comparedrtodels with BMI for
men, women, and both sexes (% difference in AUC < 25%0.05). A model with WHR
had about 4-10% lower in AUC compared to a correspgnaiodel with BMI Table 6.3.
There were some increases (< 10% except for WSRigdeanodel for women) in the
prediction of hypertension by WC, WSR, and WHR canegl to that BMI among

participants with a BMI < 23 kg/hfSupplementary Table 6.2.

6.5. Discussion

To our knowledge, we are the first to use the chamgBf and AUC as criteria to
evaluate if WC, WSR, or WHR adds to the predictibhypertension by BMI in an Asian
population. Our findings show that even though WC RV&d WHR are predictors of
hypertension and improve the fit of models with Bhfiey do not perform better than BMI
or add meaningfully to the prediction of hypertemsoutcome by BMI.

We observed a significant trend of increased pexd of hypertension with
increased BMI, WC, WSR, and WHR. This finding wasifar to results from studies in
Asian (Ho, Chen et al. 2001; Colin Bell, Adair et2002; Lin, Lee et al. 2002; Ho, Lam et
al. 2003; Ito, Nakasuga et al. 2003; Wildman, Gale2004; Weng, Liu et al. 2006; Balkau,
Deanfield et al. 2007; Tesfaye, Nawi et al. 2007) Afebtern populations (Zhu, Wang et al.
2002; Dalton, Cameron et al. 2003; Canoy, Luben. &084). Increased blood pressure is

associated with increased BMI because an incredsedy weight and thus BMI related to
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an increase in body fluid volume, in peripheralsesce (e.g., hyperinsulinemia, cell
membrane alteration, and hyperactivity of the reramgiotensin system lead to functional
constriction and structural hypertrophy), and irdéac output (Kaplan 2006). The positive
correlation between WC, WSR, or WHR and prevalendgy/pértension could be explained
by an increase in visceral fat that lead to inaeddsptin and insulin resistance and worse
lipid profiles (Kaplan 2006; Pavey, Plaimer et &108).

There are several possible explanations for thérfgthat WC and WSR did not add
to the prediction of hypertension by BMI. First, Vd@d WSR were highly correlated with
BMI (sex-specific Pearson correlation coefficiewesre about 0.75). The high correlation
leads to a large overlap among the predictionsagx@tl by WC, WSR, and BMI. Second,
compared to other races and ethnicities, Asiansdvactumulate more total body fat and
visceral fat with an increase in body weight (Parkisah et al. 2001; Deurenberg,
Deurenberg-Yap et al. 2002; Lear, Humphries et al7p0d@ addition, WC and WSR are
only proxy indicators for total body fat and visakfat (Gibson 2005) while increased
visceral fat is a predictor for an increase in roelig risk (Klein, Allison et al. 2007).

Our study showed a tendency toward increased predicfibypertension by WC,
WSR, or WHR among participants with a lower BMI (eBMI < 23 kg/nf). The finding is
consistent with those from Ardern et al. (Ardern,s&&m et al. 2004) in which the association
between WC and the cardiovascular risk was strortgetaaver BMI. However, the studies
are not directly comparable. Their sample includetkrican (White, Black, and Hispanic)
and Canadian participants who differed from our €s@participants in age, body

composition, lifestyles, and socio-economic chamastics. Also, Ardern et al. (Ardern,
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Janssen et al. 2004) used the Framingham coroeary disease risk index as study
outcome, while we used hypertension.

We would have concluded that WC, WSR, or WHR adddbeqrediction of
hypertension by BMI (this finding was consistent wother studies (Zhu, Wang et al. 2002;
Ito, Nakasuga et al. 2003; Wildman, Gu et al. 2005 )P-value < 0.05 of a likelihood ratio
test was used as a decision criterion. However, ftexion is not the best choice because a
P-value varies with both sample size and magnitudsffett (Weinberg 2001).

The findings that WC, WSR, and WHR were not supgodMI in the prediction of
hypertension were consistent with those from a remtasive sample of 55,563 Taiwanese in
a study by Lin et al. (Lin, Lee et al. 2002). Thatiotocols for the measurements of weight,
height, WC, HC, and blood pressures were similautg.dBased on their data, we computed
the difference in AUC based on the sex-specific AU€auth risk factor or disease condition
(e.g., hypertension, diabetes mellitus, dislipicegreievated triglyceride, total cholesterol,
low density lipoprotein, or decreased high dengjtgprotein). WC, WSR, or WSR was not
superior (< 10% increase in AUC) to BMI in the preidic of any risk factors or disease
conditions in women or men.

We also computed the difference in AUC with the ussesfspecific AUC from a
sample of 2,895 Hong Kong Chinese in a study by Ho.€Ho, Lam et al. 2003). WC
provided similar predictions compared to BMI in #xamined diseases and metabolic risk
factors (except for stroke in women), while WHR an8R\Wvere better than BMI in some
predictions (e.g., hypertension and cardiovasalik@ase (men); dislipidemia (women); and
fasting glucose, diabetes, and stroke (men and wymiEhere are three potential

explanations for the differences. First, the sthgyHo et al. (Ho, Lam et al. 2003) was based
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on a non-representative sample: participants weraited by telephone (response rate of
78%), and only 38% of responders were examinedrathdded in the final sample. Those
participants might have very different diseaseguat, risk factors, and health related
behaviors compared to the non-participants (GrimesSxhulz 2002). Second, the Ho et al.
study (Ho, Lam et al. 2003) included 65-74-yeargddicipants who might have (a) a lower
WC measured at a high location (Ho et al. measur€¥\midway between the
xiphisternum and the umbilicus) which would underaate abdominal fat and overestimate
the prediction of WC; and (b) a higher BMI due tbialogical decrease in height which
would underestimate the prediction of BMI. As a redhere would be an increase in the
prediction of WC, WSR, or WHR compared to BMI. ThitlC measured in the Ho et al.
study was systematically smaller than ours (we medsWC midway between the lowest
rib and the iliac crest) (Wang, Thornton et al. 20@ecreased WSR and WHR, resulting
from the smaller WC, would bias the associatiomieen WSR and WHR away from the
null and would increase their predictions compacethat of BMI.

In the context of a developing country, it is imamit to find a small number of
practical, low cost, and culturally accepted antbroptric indices to predict elevated disease
burdens (WHO 2003; Popkin, Kim et al. 2006). In a paton or clinical setting among
Chinese adults, BMI appears to be sufficient bseda) the exclusion of WC will save time,
money, and human resource; (b) the interpretatian\WwC value would be confusing
because of the lack of a universally acceptedaiteneasuring WC and the large variation of
WC optimal cutoffs by sex, age, races, ethnicitddd] levels, and health outcomes of
interest (Klein, Allison et al. 2007). Even in the U§gst of the treatment recommendations

(99.9% for men and 98.5% for women; data from NHANBBwWEre based on the
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evaluation of BMI and cardiovascular risk factoesjardless of the measured WC (Kiernan
and Winkleby 2000).

In conclusion, the present study showed that eveagh WC, WSR, and WHR are
predictors of hypertension, they do not performdrdhan BMI or add to the prediction of
hypertension by BMI in Chinese adults. The comparisf PR and AUC, instead Bfvalue
or 95% ClI, is considered as a strength and a metbgidal contribution of the study.
Further studies with other outcomes (e.g., glucos®drance, diabetes mellitus,
dyslipidemia, and mortality or events of cardiovdac diseases / non-communicable
diseases) and more detail information about bodypasition (e.g., total abdominal adipose
tissue, visceral adipose tissue, and total bodgnées) in representative samples of Chinese,
other Asian, and Western populations are still néedeonfirm the consistency of the
finding. Nonetheless, our conclusions about theerafuising BMI to predict hypertension
are meaningful for decision making in public healtid clinical settings. Compared to WC,
height and weight and thus BMI (a) are collectedaradten in nutrition and health surveys,
interventions, and in clinics, (b) are collectednthie use of universally accepted protocols,

and (c) are easier to interpret.
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Table 6.1.Characteristics of 18—65-year-old Chinese partitipa

Women Men
(n =3,794) (n = 3,542)
Estimate 95%CI Estimate 95%CI

Age, y
Hypertension
Proportion, %
Diagnosed by a doctor, %
Use anti-hypertensive medication
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Body Mass Index, kg/m?
< 18.5 kg/m?, %
> 23 kg/m?, %
> 25 kg/m?, %
Waist circumference, cm
Hip circumference, cm
Waist-to-hip ratio
Waist-to-stature ratio
Smoking status
Former smoker, %
Current smoker, %
Alcohol drinker, %
Urban residence, %

44.0 (43.6-44.4)

16.8 (15.6-18.0)
6.6 (5.8-7.4)
5.0 (4.3-5.7)

117.8  (117.3-118.4)

76.8 (76.4-77.1)

23.1 (23.0-23.2)
6.0 (5.2-6.7)

46.8 (45.2-48.4)

27.1 (25.7-28.5)

78.7 (78.4-79.0)

93.2 (92.9-93.5)

0.84 (0.84-0.85)

0.50 (0.50-0.51)

0.1 (0.0-0.2)
3.1 (2.6-3.7)
9.0 (8.0-9.9)

340  (32.5-35.5)

43.7 (43.4-44.1)

23.0* (21.6-24.4)
6.3 (5.5-7.1)
4.1 (3.4-4.7)

122.1*  (121.6-122.6)

80.1* (79.8-80.4)

23.1 (23.0-23.2)
4.9 (4.2-5.7)

47.1 (45.4-48.7)

255 (24.1-26.9)

82.5* (82.2-82.9)

94.0* (93.7-94.3)

0.88* (0.88-0.88)

0.49* (0.49-0.50)

5.6* (4.8-6.3)
58.8¢  (57.1-60.4)
62.3*  (60.7-63.9)

33.9 (32.3-35.4)

Hypertension was defined as a systolic blood presstd, a diastolic blood pressur&®0 mmHg, or being
diagnosed by a doctor. Diagnosed by a doctor: propasfipopulation that was diagnosed as being
hypertensive by a doctor. Use anti-hypertensive medicaifoportion of population that used any

antihypertensive medications.

" Statistically different compared to women< 0.001; two-tail t-test for continuous variables arstjuared

test for categorized variables).
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Table 6.2.Sex-specific prevalence ratios of body mass indexypertension

Women Men
(n = 3,794) (n = 3,542)
Models Independent variables PR 95%CI % change P-value PR 95%ClI % change P-value
Crude model BMI 1.18 (1.16-1.20) 1.14 (1.12-1.17)
BMI + WC 1.08* (1.05-1.11) 8.8 <0.001 1.08* (1.05-1.11) 5.7 <0.001
BMI + WSR 1.07* (1.04-1.11) 9.5 <0.001 1.06* (1.03-1.10) 7.1 <0.001
BMI + WHR 1.15 (1.13-1.18) 2.1 <0.001 111 (1.09-1.14) 2.8 <0.001
Age-adjusted BMI 1.14 (1.11-1.16) 1.14 (1.12-1.16)
BMI + WC 1.10 (1.06-1.13) 3.6 0.003 1.09 (1.05-1.12) 4.7 <0.001
BMI + WSR 1.11 (1.07-1.14) 2.6 0.029 1.09 (1.06-1.13) 4.1 <0.001
BMI + WHR 1.13 (1.11-1.16) 0.6 0.136 1.12 (1.09-1.14) 2.0 <0.001
Age-specific BMI 1.16 (1.13-1.20) 1.15 (1.12-1.17)
BMI + WC 1.12 (1.08-1.16) 3.7 0.002 1.09 (1.06-1.13) 4.7 <0.001
BMI + WSR 1.13 (1.09-1.17) 2.7 0.022 1.10 (1.07-1.14) 4.1 <0.001
BMI + WHR 1.16 (1.13-1.19) 0.6 0.130 1.12 (1.10-1.15) 2.0 <0.001

Abbreviations: PR, prevalence ratio of BMI; BMI,dyomass index; WC, waist circumference; WHR, waiship ratio; WSR, waist-to-stature ratio.

Hypertension was defined as a systolic blood presst40, a diastolic blood pressur&®0 mmHg, or being diagnosed by a doctor.

Crude models: include independent variables ifisiyecrude PR for each unit increase in BMI.
Age-adjusted models: independent variables +ageadjusted PR for each unit increase in BMI.
Age-specific model: independent variables + agage (x BMI); PR for each unit increase in BMI at #uye of 45 years.

% Change = 100 x Absolute (LN (BiR/ PRrest variabie); te€st variables were BMI + WC, BMI + WSR, or BMWHR.
P-value: of the increase in model fit compared tocaleh with BMI (likelihood ratio test).
Statistically different® < 0.05) compared to PR of a model with BMI.
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Table 6.3.Sex-specific area under the curves (AUC) for thezlfmtion of hypertension by different anthroponeeindices

Women Men Both
(n = 3,794) (n = 3,542) (n = 7,336)
Models Independent variables ~ AUC 95%CI % change AUC 95%CI %change AUC 95%CI %change
Crude model BMI 0.71 (0.68-0.73) 0.67 (0.65-0.69) 0.69 (0.67-0.70)
wC 0.72 (0.69-0.74) 1.1 0.67 (0.65-0.70) 0.5 0.70 (0.68-0.71) 1.9
WSR 0.72 (0.70-0.74) 2.2 0.68 (0.66—0.70) 1.7 0.69 (0.68-0.71) 1.1
WHR 0.64* (0.61-0.66) 10.4 0.64 (0.62-0.67) 4.1 0.65* (0.63-0.66) 5.9
BMI + WC 0.73" (0.70-0.75) 25 0.68" (0.66-0.70) 1.9 0.71" (0.69-0.72) 3.0
BMI + WSR 0.73" (0.71-0.75) 3.4 0.69" (0.67-0.71) 25 0.70" (0.69-0.72) 25
BMI + WHR 0.72" (0.69-0.74) 1.3 0.68" (0.66-0.71) 2.0 0.70" (0.69-0.72) 2.2
Age-adjusted BMI 0.79 (0.77-0.81) 0.74 (0.72-0.76) 0.76 (0.75-0.78)
wC 0.78 (0.76-0.80) 1.0 0.74 (0.72-0.76) 0.8 0.76 (0.75-0.77) 0.1
WSR 0.78 (0.76-0.80) 1.5 0.73 (0.72-0.75) 1.1 0.75 (0.74-0.76) 1.8
WHR 0.75 (0.73-0.77) 4.8 0.72 (0.70-0.74) 3.8 0.73* (0.72-0.75) 3.8
BMI + WC 0.79" (0.78-0.81) 0.3 0.75" (0.73-0.77) 0.7 0.77" (0.76-0.78) 0.9
BMI + WSR 0.79* (0.77-0.81) 0.2 0.75" (0.73-0.77) 0.5 0.76" (0.75-0.78) 0.2
BMI + WHR 0.79" (0.77-0.81) 0.1 0.75" (0.73-0.77) 0.6 0.77" (0.75-0.78) 0.6
Age-specific BMI 0.79 (0.77-0.81) 0.74 (0.72-0.76) 0.76 (0.75-0.78)
BMI + WC 0.79" (0.78-0.81) 0.3 0.75" (0.73-0.77) 0.7 0.77" (0.76-0.78) 0.9
BMI + WSR 0.79* (0.77-0.81) 0.2 0.75" (0.73-0.77) 0.5 0.76" (0.75-0.78) 0.2
BMI + WHR 0.79" (0.77-0.81) 0.1 0.75' (0.73-0.77) 0.6 0.77" (0.75-0.78) 0.6

Abbreviations: AUC, area under the curves; BMI, yaahss index; WC, waist circumference; WHR, waiship ratio; WSR, waist-to-stature ratio.

Hypertension was defined as a systolic blood presst40, a diastolic blood pressur&®0 mmHg, or being diagnosed by a doctor.

Crude models:

Age-adjusted models:
Age-specific model:

include independent variables irlishe

independent variables + age
independent variables + agage (x BMI)

% Change = 100 x Absolute (LN (A / AUCqest variabie)); test variables were WC, WSR, WHR, BMI + WC, BMWSR, or BMI +WHR.
" Statistically different® < 0.05) compared to model with BMI.
"P-value < 0.001* P-value < 0.005™ P-value = 0.07: the increase in model fit compared model with BMI (likelihood ratio test).
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Figure 6.1. Prevalence and 95% ClI of hypertension by levels of body massindex (A), waist
circumference (B), and waist-to-stature ratio (C).
P for trend < 0.001 for all
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Supplementary Table 6.1.Sex-specific prevalence ratios of BMI for hypedien at different BMI levels

Women Men
(n = 3,794) (n = 3,542)
Models Independent variables PR 95%CI % change P-value PR 95%CI % change P-value
BMI < 23 kg/m ?
Crude model BMI 1.11 (1.00-1.22) 1.14 (1.05-1.23)
BMI + WC 1.01 (0.91-1.12) 8.8 <0.001 1.06 (0.97-1.16) 6.8 0.001
BMI + WSR 0.99 (0.90-1.10) 11.1 <0.001 1.05 (0.96-1.15) 7.5 <0.001
BMI + WHR 1.08 (0.98-1.19) 2.4 <0.001 1.10 (1.01-1.20) 3.2 0.002
Age-adjusted BMI 1.07 (0.98-1.18) 1.12 (1.04-1.22)
BMI + WC 1.03 (0.93-1.14) 4.1 0.066 1.07 (0.98-1.17) 4.7 0.021
BMI + WSR 1.02 (0.92-1.13) 4.7 0.027 1.09 (1.00-1.19) 3.1 0.126
BMI + WHR 1.06 (0.97-1.17) 0.9 0.117 1.10 (1.02-1.20) 1.8 0.064
Age-specific BMI 1.00 (0.89-1.11) 1.10 (1.01-1.20)
BMI + WC 0.97 (0.86-1.09) 3.1 0.103 1.05 (0.95-1.15) 4.8 0.021
BMI + WSR 0.96 (0.85-1.08) 3.7 0.044 1.06 (0.97-1.17) 3.1 0.122
BMI + WHR 0.99 (0.88-1.11) 0.8 0.197 1.08 (0.99-1.18) 1.8 0.064
BMI 2 23 kg/m?
Crude model BMI 1.15 (1.11-1.19) 1.12 (1.09-1.16)
BMI + WC 1.06 (1.02-1.11) 8.1 <0.001 1.07 (1.03-1.12) 4.9 <0.001
BMI + WSR 1.07 (1.02-1.12) 7.4 <0.001 1.05 (1.01-1.10) 6.5 <0.001
BMI + WHR 1.14 (1.10-1.17) 1.4 0.001 1.10 (1.06-1.14) 2.4 <0.001
Age-adjusted BMI 1.12 (1.09-1.16) 1.13 (1.09-1.17)
BMI + WC 1.09 (1.04-1.13) 3.6 0.012 1.08 (1.04-1.13) 4.4 0.001
BMI + WSR 1.10 (1.06-1.15) 1.8 0.192 1.08 (1.04-1.13) 4.4 0.002
BMI + WHR 1.12 (1.08-1.16) 0.3 0.352 1.11 (1.07-1.15) 2.0 <0.001
Age-specific BMI 1.15 (1.10-1.20) 1.14 (1.10-1.18)
BMI + WC 1.11 (1.06-1.17) 3.6 0.013 1.09 (1.05-1.14) 4.3 0.001
BMI + WSR 1.13 (1.08-1.19) 1.8 0.190 1.09 (1.05-1.14) 4.3 0.002
BMI + WHR 1.15 (1.10-1.20) 0.4 0.369 1.12 (1.08-1.16) 2.0 <0.001
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Abbreviations: PR, prevalence ratio of BMI; BMI,dyomass index; WC, waist circumference; WHR, waiship ratio; WSR, waist-to-stature ratio.
Hypertension was defined as a systolic blood presst40, a diastolic blood pressur&®0 mmHg, or being diagnosed by a doctor.

Crude models: include independent variables ifigiyecrude PR for each unit increase in BMI.
Age-adjusted models: independent variables +ageadjusted PR for each unit increase in BMI.
Age-specific model: independent variables + agage (x BMI); PR for each unit increase in BMI at #uye of 45 years.

% Change = 100 x Absolute (LN (BiR/ PRrest variabie); te€st variables were BMI + WC, BMI + WSR, or BMWHR.
P-value: of the increase in model fit compared tocaleh with BMI (likelihood ratio test).
" Statistically different® < 0.05) compared to PR of a model with BMI.
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Supplementary Table 6.2Sex-specific area under the curves (AUC) for thegljation of hypertension by different anthroponetri
indices at different BMI levels

Women Men Both
(n =3,794) (n = 3,542) (n =7,336)
Models Independent variables ~ AUC 95%CI % change AUC 95%CI %change AUC 95%CI %change
BMI < 23 kg/m 2
ruae mode . 0l1-0. . 00—V, . .04-0.
Crude model BMI 0.56 0.51-0.60 0.57 0.53-0.61 0.57 0.54-0.60
wC 0.61 (0.57-0.66) 9.3 0.60 (0.56-0.63) 4.5 0.62 (0.59-0.65) 8.7
WSR 0.65 (0.61-0.69) 15.3 0.60 (0.56-0.64) 55 0.61 (0.59-0.64) 7.8
WHR 0.60 (0.56-0.64) 6.9 0.58 (0.54-0.62) 2.0 0.60 (0.57-0.63) 6.0
BMI + WC 0.61" (0.57-0.66) 9.3 0.60" (0.56-0.63) 4.8 0.62" (0.59-0.65) 8.6
BMI + WSR 0.65¢" (0.61-0.69) 155 0.60" (0.56-0.64) 55 0.61" (0.58-0.64) 7.7
BMI + WHR 0.60" (0.56-0.64) 7.0 0.59* (0.55-0.62) 3.2 0.61" (0.58-0.63) 6.8
ge-adjuste . .74-0. ) .66-0. ) .70-0.
Age-adjusted BMI 0.77 0.74-0.80 0.70 0.66-0.73 0.73 0.70-0.75
wC 0.77 (0.74-0.81) 0.4 0.70 (0.67-0.73) 0.8 0.74 (0.71-0.76) 1.0
WSR 0.77 (0.74-0.81) 0.4 0.70 (0.66-0.73) 0.2 0.73 (0.71-0.75) 0.0
WHR 0.77 (0.74-0.81) 0.2 0.70 (0.66-0.73) 0.2 0.73 (0.71-0.76) 0.6
BMI + WC 0.77* (0.74-0.81) 0.3 0.70* (0.67-0.73) 0.9 0.74" (0.71-0.76) 1.0
BMI + WSR 0.77* (0.74-0.81) 0.5 0.70 (0.67-0.73) 05 0.73" (0.71-0.75) 03
BMI + WHR 0.77 (0.74-0.81) 0.3 0.70* (0.67-0.73) 06 0.73 (0.71-0.76) 08
Age-specific BMI 0.78 (0.74-0.81) 0.70 (0.66-0.73) 0.73 (0.71-0.75)
BMI + WC 0.78 (0.75-0.81) 0.2 0.70* (0.67-0.73) 0.9 0.74" (0.71-0.76) 1.1
BMI + WSR 0.78% (0.75-0.81) 0.2 0.70 (0.67-0.73) 0.5 0.73* (0.71-0.76) 0.3
BMI + WHR 0.78 (0.75-0.81) 0.2 0.70* (0.67-0.73) 06 0.74" (0.71-0.76) 0.9
BMI 2 23 kg/m?
Crude model BMI 0.65 (0.62-0.68) 0.63 (0.60-0.66) 0.64 (0.62-0.66)
e 0.66 (0.64-0.69) 1.9 0.63 (0.60-0.66) 0.3 0.65 (0.63-0.67) 26
WSR 0.66 (0.63-0.69) 1.3 0.65 (0.62-0.68) 3.0 0.64 (0.62-0.66) 1.0
WHR 0.59 (0.56-0.62) 9.5 0.62 (0.59-0.65) 1.9 0.61 (0.59-0.63) 4.1
BMI + WC 0.67" (0.64-0.70) 3.2 0.65" (0.62-0.68) 2.8 0.66' (0.64-0.68) 4.0
BMI + WSR 0.67" (0.64-0.70) 3.0 0.66" (0.63-0.68) 4.0 0.66" (0.64-0.68) 2.8
BMI + WHR 0.66' (0.63-0.69) 0.7 0.65' (0.63-0.68) 3.9 0.66" (0.64-0.68) 2.9
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Women Men Both
(n = 3,794) (n = 3,542) (n = 7,336)
Models Independent variables ~ AUC 95%CI % change AUC 95%CI %change AUC 95%CI %change
Age-adjusted BMI 0.74 (0.72-0.77) 0.72 (0.69-0.74) 0.72 (0.70-0.74)
wc 0.73 (0.71-0.76) 1.1 0.71 (0.69-0.74) 06 0.72 (0.71-0.74) 0.2
WSR 0.73 (0.70-0.75) 2.3 0.71 (0.69-0.74) 03 0.71 (0.69-0.73) 2.0
WHR 0.71 (0.68-0.73) 4.8 0.70 0.67-0.73) 23 0.70 (0.68-0.72) 2.9
BMI + WC 0.75* (0.72-0.77) 0.5 0.72" (0.70-0.75) 1.1 0.73 (0.71-0.75) 1.4
BMI + WSR 0.74 (0.72-0.77) 0.1 0.72" (0.70-0.75) 1.1 0.72* (0.71-0.74) 03
BMI + WHR 0.74 (0.72-0.77) 0.0 0.73 (0.70-0.75) 15 0.73 (0.71-0.75) 1.1
Age-specific BMI 0.74 (0.72-0.77) 0.72 (0.69-0.74) 0.72 (0.70-0.74)
BMI + WC 0.75* (0.72-0.77) 0.5 0.72" (0.70-0.75) 1.1 0.73 (0.71-0.75) 15
BMI + WSR 0.74 (0.72-0.77) 0.1 0.72" (0.70-0.75) 1.2 0.72* (0.71-0.74) 03
BMI + WHR 0.74 (0.72-0.77) 0.0 0.73 (0.70-0.75) 15 0.73 (0.71-0.75) 1.1

Abbreviations: AUC, area under the curves; BMI, ypathss index; WC, waist circumference; WHR, waiship ratio; WSR, waist-to-stature ratio.

Hypertension was defined as a systolic blood presst40, a diastolic blood pressur®0 mmHg, or being diagnosed by a doctor.

Crude models:

Age-adjusted models:
Age-specific model:

include independent variables iishe

independent variables + age
independent variables + agage (x BMI)

% Change = 100 x Absolute (LN (AW / AUCrest varianied); test variables were WC, WSR, WHR, BMI + WC, BMWSR, or BMI +WHR.
" Statistically different® < 0.05) compared to model with BMI.

"P-value < 0.001* P-value < 0.005™ P-value = 0.07: the increase in model fit comparea model with BMI (likelihood ratio test).



CHAPTER 7. SYNTHESIS

7.1. Overview of findings

This research investigates the BMI-hypertensiaatiaship in Chinese, Indonesian,
and Vietnamese adults. We used data from the ChiadhHand Nutrition Survey (CHNS in
2000 and 2004), the Indonesian Family Life Surdey.$ in 2000), and the Vietnam
National Health Survey (VNHS in 2002). These surveys wesigned to study the health
and nutritional status of the corresponding pojartet In the surveys, blood pressure and
anthropometric measures were collected by trainatthe/orkers who followed a
standardized procedure using regularly calibratpdpenent. With the use of criteria that are
less affected by sample sizes (e.g., an ROC curaigss), first, we compared the
association between BMI and hypertension among 1§eéb-old Chinese, Indonesian, and
Vietnamese adults and determined optimal BMI cutfaffshose populations. Second, we
compared the prediction of hypertension by waistuciiference (WC), waist-to-stature ratio
(WSR), or waist-to-hip ratio (WHR) to that by BMIdudetermined if WC, WSR, or WHR
added to the prediction of hypertension by BMI imri@se adults. Finally, we aimed to
increase the scope of our earlier analyses bydiaiua prospective longitudinal sample that
allowed us to determine an optimal BMI cutoff asceeening threshold for elevated
incidence of hypertension in Chinese adults. Beloa/priefly summarize our findings and

then provide a synthesis of our overall research.



7.1.1. East and Southeast Asians are different in the association between body mass index
and hypertension

Using three representative samples in the early 2084 objectives were tmmpare
the association between BMI and hypertension am8r§3-year-old Chinese, Indonesian,
and Vietnamese adults and to determine optimal BNWfts for those populations. We
hypothesized that Chinese, Indonesian, and Vietnameglts require different optimal BMI
cutoffs and respond differently to an increase il B

The inclusion of different Asian populations in teisidy allowed us to directly
compare the association between BMI and hypertermbomeen the Chinese, Indonesians,
and Vietnamese and to examine whether a countryfgpeceven country-, sex-, age-
specific BMI cutoffs are needed. Our study enricbedent knowledge by providing
information about optimal BMI cutoffs for Southedstian populations.

Although optimal BMI cutoffs are all < 25 kgfirthe study showed ethnic
differences in the BMI-hypertension association emdptimal BMI cutoffs between
Chinese, Indonesian, and Vietnamese adults. Thg atad showed a variation in optimal
BMI cutoffs by sex and age between and within theieities. The study suggested the need
of country-specific and even country-, sex-, ane-ggecific BMI cutoffs to identify people

at high risk of cardiovascular diseases.

7.1.2. Longitudinal association between body massindex and hypertension in Chinese
adults
Using data from the CHNS 2000-2004 cohort, our objestwere to examine the

longitudinal association between BMI and hypertemsind to determine an optimal BMI
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cutoff based on cumulative incidence of hypertemsimong Chinese adults. We
hypothesized that Chinese adults have increasétkimme of hypertension at BMI of less
than 25 kg/m

We are the first to use a receiver operating charnatic (ROC) curve to evaluate an
optimal BMI cutoff in an Asian longitudinal samplEhis cohort allowed us to estimate an
optimal BMI cutoff based cumulative incidence opkytension. An ROC curve analysis,
which is less affected by sample size compared®walue, is currently considered a better
approach to determine an optimal BMI level. Itlsoaa unique opportunity for us to
compare optimal BMI cutoffs based on this longihadisample to those obtained from a
cross-sectional sample (e.g., the CNHS in 2004).cbngparison allowed us to suggest a
certain adjustment to an optimal BMI level obtairfiexn a cross-sectional study.

In this cohort, we found an optimal BMI value of ab@3.0 kg/m (22.5 kg/nf for
men and 22.5 kg/frfor women) to be used in the Chinese adults tatifyethe increased
incidence of hypertension. The optimal BMI cutafih the CHNS 2000-2004 cohort is
about 0.5-1.0 unit smaller than that obtained ftbencross-sectional sample of the CHNS in

2004.

7.1.3. Prediction of hypertension by different anthropometric indicesin Chinese adults
Using data from the CHNS in 2004, our objectives wersompare the prediction of
hypertension by WC, WSR, or WHR to that by BMI dadletermine if WC, WSR, or WHR
adds to the prediction of hypertension by BMI am&B8g65-year-old Chinese adults. We
hypothesized that at a population level, WC, WHRI WSR do not add significantly to the

prediction of hypertension by BMI.
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To answer the research question, we are the fitsdedhe change-in-estimate
approach, which is more stable to sample sizes aogdto methods that had been used by
other authors (e.g.,Rrvalue < 0.05 or a non-overlap of 95% CI). The apph allowed us
to examine whether predictions of a health outcoyartthropometric indices are
meaningfully different (e.g., 2 10% difference in estimates), not statisticallfyedtent (e.g.,
aP-value < 0.05).

Based on the change in prevalence ratio or arearuhd curve, WC, WSR, and
WHR did not perform better than BMI or add to thiegiction of hypertension by BMI. BMI
appears to be sufficient to screen for increasedgbence of hypertension among 18-65-
year-old Chinese adults. The finding is benefitoaldecision makers in a developing
country because it narrows down the list of anthrogtoimindices to be collected to predict

and monitor elevated risk of non-communicable diesdNCDs).

7.2. Public health significance
The study was conducted to determine BMI cutoffsoferweight based on both
cross-sectional and longitudinal samples and terdehe the best anthropometric index to

be used in Asian populations.

7.2.1. Our findings suggest an optimal BM|I cutoff of < 25 kg/m® for Asian populations

With the use of ROC curve analyses, both longitaldamd cross-sectional studies
suggest an optimal BMI cutoff of < 25 kgfnim the studied populations. The use of large and
representative samples from recent nutrition aradtihheurveys allows for the

generalizability of these findings to the correqfiog populations.
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Our findings support the recommendation of the Widah optimal BMI cutoff for
Asians. The recommendation of a lower optimal BMElag beneficial for Asians because it
triggers earlier preventions of excessive weighhgand NCDs. Asians, who are living
mostly in developing countries with inadequate tiyessand medication treatments for
hypertension as well as other CVD risk, are more gigxe to health consequences of
elevated blood pressures (e.g., renal and hehrntdastroke, and heart attach) compared to
Westerners. Also, because of the less effectivéntiesats for CVD events and rehabilitation,
the CVD events are usually link to higher rate oftdeand disability that reduce quality of
lives. Thus, maintaining a lower BMI level will help reduces economic and health burdens
of overweight and NCDs among Asians worldwide. Becaleseation in BMI is only one of
the NCD risk factors, other risk factors such aslsnmgp excessive alcohol consumption,
salty and fatty food intakes, and low physical attilevel should also be included in the

intervention policy.

7.2.2. Our findings suggest the need of a country-specific BMI cutoff for Asians

Optimal BMI cutoffs appear to be varied among Asidie finding is reasonable
because Asians have many sub-ethnic groups thdtfegeent in both individual and
environmental backgrounds such as body composjtgersotypes, lifestyles, age structures,
cultures, religions, and socio-economic statusunstudy, the suggestion of a country-
specific BMI cutoff is supported by the differenéesassociation between BMI and
hypertension between Chinese, Indonesian, and Vietsauadults. The differences are
consistent in both sex-specific crude and age tatjusstimates (e.g., prevalence and risk

ratios).

90



In addition, we also found a variation in optimal Bdditoffs by sex and age within
each ethnicity. Thus, a country-specific or evenntoy-, sex-, age-specific optimal BMI
cutoffs are needed. Those specific BMI cutoffswalfmlicy makers from each country to
have a timely intervention. Stratification of theadyses by sex and are needed to address the
differences in sex and age structures of the ghagylations.

Although the WHO/IASO/IOTF found certain differences agésians, and
between sex and age groups, they tended to suggesttaned optimal BMI cutoff for
Asians, the recommendation makes it easier for &qrdzommendation about an optimal
weight in Asians. It, however, does not capture tfferdinces among regions (e.g., Eastern,
Southeast, South, or Middle East) and countrigssia; or between different ethnic, age, and
sex groups within each country. We are arguing fiooatimal BMI cutoff for Asians that is
lower compared to that of Westerners to addresmtieased risk of NCDs. Based on the
same argument, ones might argue about a more ispBbt cutoff. However, the
stratification would lead to a more complicated ragss Regardless of any specific BMI
cutoffs, every countries should report nutritioatss of adults using international BMI
cutoffs (e.g., 25 kg/Atfor overweight and 30 kg/nfor obesity) to facilitate inter-country

comparison.

7.2.3. Our findings suggest that BMI is sufficient to screen for cardiovascular risk in
Asians

Our findings show that WC, WSR, and WHR do not perfbetter than BMI or add
meaningfully to the prediction of hypertension aute by BMI. Compared to WC, height

and weight and thus BMI (a) are collected more oitemutrition and health surveys,
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interventions, and in clinics, (b) are collectednthe use of universally accepted protocols,
(c) are easier to interpret, and (d) are used megelarly in clinical decisions. In addition,
the exclusion of WC helps to save time, money,landan resources that are important for a

lower income country.

7.2.4. Our study suggests adjustments for BMI cutoffs estimated from a cross-sectional
study

Based on the CHNS longitudinal sample, our findingggest a 0.5-1.0 kgfm
subtraction from the optimal BMI cutoff obtaineadin the CHNS 2004 cross-sectional
sample. Although the observation should be carefidhyffied by conducting a similar study
with the use of different longitudinal CVD outcomédss information is needed to develop an

optimal BMI cutoff for a population where a longitndl sample is not available.

7.3. Strengths and limitations
7.3.1. Strengths

In this research, we were able to use large andgeptative samples from nutrition
and health surveys conducted in China, Indones@Véetnam in the early 2000s. The use
of the data allowed us to (a) provide precise apdesentative estimations of prevalence,
incidence, prevalence ratios, risk ratios, and BMbffs; (b) stratify our analyses by sex and
age groups; and (c) compare and contrast the asisms between BMI and hypertension as
well as BMI cutoffs within Asians. The study also ehgs current knowledge by providing

information about the association between BMI angeiension in Southeast Asians.
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In the research, we also had a unique opportunitietermine BMI cutoffs based on
the incidence of hypertension. Going beyond a csessional study, starting with
normotensive participants, we were able to evaluééenpgorary criterion, one of the most
important criteria in assessing a causal relatignaNith the longitudinal sample, we could
test the effect of a higher BMI to an increaselood pressure and screen out the reversed
direction (e.g., a hypertensive patient would haweelified his lifestyles that lead to a
reduction of body weight, and thus BMI).

The other strength of this study is that blood gues and anthropometric measures
were collected by trained health workers who followmdtadized protocols; other covariates
were obtained from direct interviews. The direct nueasments provided more reliable and
comparable measures compared to those from salftegbmethods, which are usually
affected by measurement errors (e.g., poorly staiwd equipments and variations in
measurement skills) and information bias (e.g.ndmyg, recalling, and reporting errors).

In this study, we used criteria that are more stadbkample sizes compared to
methods that had been used by other authors §Pevalue < 0.05 or a non-overlap of 95%
Cl). For example, to determine an optimal BMI cfitafe used an ROC curve analysis to
find the largest sensitivity and specificity; anddefine the best anthropometric index, we
compared values of area under the curve (AUC) orgbeece ratios (PR). The new
approaches would be used to analyze data from eliffeountries to give comparable

findings.

7.3.2. Limitations

Sudy design
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We would have performed more indepth analyses ihtlmber of participants in
each survey had been sampled proportionally tacdo@try’s population. For example,
within the three countries, although China is theshpmpulous, the sample size of the CHNS
is the smallest; while Vietnam is the least popultlus,sample size of the VNHS is the
largest. Because of the limitation, we were not &blgool the three data sets together to
perform indepth analyses or to define a generahgptBMI cutoff for the three countries.

We were not able to obtain any survey or weightedeseés in Chinese adults
because no sampling weights were assigned to thérdataCHNS. We, however, expect
that the point estimates of all analyses in Chiraekdts were similar to those if a weighted
estimation had been assigned because there wasyngtaup that had been over-sampled in
the CHNS. The CHNS used a weighted sampling schenseict sandomly counties and
cities in each province; and then villages and tdwpsswithin the counties or cities. We,
however, expect that the 95% CI range would have laggar if a survey command had

been used to analyze data from the CHNS.

Study variables

There are two factors, which would cause a systerddfarence in values of blood
pressure measured in different countries. Firststirveys used different types of
sphygmomanometers to measure blood pressure. Hoveeaetifferences in equipment are
unlikely to alter prevalence of hypertension. Fitsese surveys followed a standardized
protocol in measuring blood pressures. Secondgiipalarly calibrated sphygmomanometers
used in these surveys are in the list of recomn@edeipment. Finally, the rounding error

in measuring blood pressure was not an issue isamweys. Second, blood pressure,
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measured only one time in the IFLS would be systemalit elevated compared to the mean
three measurements (if they had been ideally dellcSensitivity analysis showed no effect
of the potential elevation in blood pressure on adictions (e.g., PR, AUC, BMI cutoffs)
and overall conclusions.

Some covariates such as smoking, alcohol drinkaigts, dietary intakes, physical
activities, were not measured in the same way ass®ys. In addition, the definition of
some variables such as urbanization levels, educhdvels, and economic status were
characterized differently in different surveys. Altlgh those variables did not confound or
modify the association between BMI and hypertensiihin a country, it is unclear if can

they would explain differences between countries.

The use of ROC curve approach

The use of an ROC curve analyses appears to béea dpproaches compared to the
use of aP-value or 95% CI in the determination of an optimatioff (e.g., of an
anthropometric index) for a certain health conditibhere are also some concerns about the
use of an ROC curve. First, it depends largely enADC values that ranged from 1.0 for a
perfect prediction to 0.5 for no prediction. In gtady, although the AUC values of 0.6-0.8
suggest that BMI predict well hypertension, we aresoioe if an optimal BMI cutoff would
have the same meaning between groups that havestiéktlifferences in prediction of a
disease outcome by BMI (e.g., indicating by théedénce in AUC values).

Second, the sensitivity and specificity of a schegnest (in this case, a BMI level to
predict a disease risk) depend on distributionsxpbsure, outcome, and other covariates

(e.g., factors at individual or environmental lesjeFor example, given all other factors
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constant, an increase in mean BMI leads to anaserén optimal BMI cutoffs. On the other
hand, an increase in cardiovascular risk, whiclssoeiated with an increase in BMI, allows
us to detect elevated a cardiovascular risk averdd@MI, and thus, leads to a decrease in
optimal BMI cutoff. In combination with other complehanges or differences in
environmental factors, although we knew the diffeesimcmean BMI of given populations,
we are not able to predict the difference in optiBi¥slll cutoff. Thus, the ethnic or country
specific BMI cutoff should be understood as the boration of all factors.

Finally, although we could see a large differencsansitivity and specificity
between a BMI level of 23 and 25 kd/in the Asian populations, we did not see any
substantial difference in sensitivity and spedievithin 0.5 unit of BMI (e.g., 22.5, 23, and
23.5 kg/m). Thus, it might be acceptable for a slightly éghbr lower BMI level. We,
however, think a lower BMI level (priority on sengity) for the detection of a disease risk
should be used, because (a) both overweight and NsRare preventable and treatable and
(b) the early prevention of overweight and NCD risk isost-benefit means to reduce

economic and health burdens of obesity and NCD.

Finding generalizability

Although this research suggests a good generaligabithin study, there are some
factors that affect the inter study validation sEithe findings are based on hypertension as
study outcome. With other outcomes, we might foudiffarent BMI cutoff. Also, we are
not sure if WC predicts diabetes mellitus bettantBMI or adds to the prediction of
hypertension by BMI. Since WC is felt to be moredictive of visceral fat than BMI, WC

might be more linked with diabetes mellitus than BBiécond, our sample did not include
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participants from all Asian regions. Different subsgt groups within Asian might have
very different association between an anthropometdex and a disease risk or health
outcome, and thus, different cutoff for the antlonmgetric index. In addition, in this sample,
we included only 18—-65-year-old adults. Thus, theifig about the optimal BMI cutoff or
the association between BMI and WC with a healthauteis not ready to be used for an

older or younger participant.

7.4. Directions for future research

The use of ROC curve analyses in a longitudinalyseudi the use of the change-in-
estimate approach to define the best anthropomattex appear to be a good approach to
define an optimal BMI cutoff. The approaches cdudused in further studies with
representative longitudinal samples in differentafigpopulations and with other outcomes
(e.g., incidence of diabetes mellitus, dyslipidenalad cardiovascular disease events or
mortality). The study might also include samplesfrWestern populations to enable direct
comparison. The multi-country study should havelsinsampling strategy and with sample
sizes proportional to population size; it shoulliofe the same protocol in measuring key
variables of interests.

Further study should take into account genetidyiddal, and environmental factors
to explore the complex association between BMI amttecommunicable diseases. The
research would help to cluster populations / ettie&by their similarities and genotypes,
and gene-environment interactions. The recommemdafi an optimal BMI cutoff would be

more informative within clusters of these populasion
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Although there are still some methodological limdas, this study, along with other
studies indicate that Asians developed NCDs at a I@Mdrcompared to other ethnicities. A
recommendation of a lower BMI cutoff helped to reelatorbidity and mortality among
Asians, and thus, helps to reduce disease burdeéxsarand in the world. It would be more
meaningful to focus on how to implement both couing international BMI cutoffs in one
country and to evaluate the benefit of a lower BMto€f in nutrition, health, and economic

status in certain populations.
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