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The objective of this study was to develop cutvaffues and evaluate the accuracy of body mass i(BMX)

in the definition of obesity in the Thai populatioh cross-sectional, epidemiologic study in 340 raed 507
women aged 50 + 16 yr (mean + SD; range: 20-84we)e sampled by stratified clustering samplinghoet
Body composition, including percentage body fat (%B#gs measured by dual energy X-ray absorptiometry
(GE Lunar Corp, Madison, WI). BMI was obtained byiding weight (in kg) by height (in A. The “golden
standard” for defining obesity was %BF25% in men and %BE 35% in women. The %BF-based prevalence
of obesity in men and women was 18.8% and 39.5%pmesdively. However, using the BMI cut-off 2f30,
only 2.9% of men and 8.9% of women were classifisdbbese. In the cubic regression model, BMI was a
significant predictor of %BF, such that in men a B&R7 kg/nf would predict a %BF of 25%, and in women
a BMI of 25 kg/nf would correspond to a %BF of 35%he area under the receiver operating characteristi
curve for BMI was approximately 0.87 (95% CI: 0.822) and 0.86 (95% CI: 0.83-0.90) in men and women,
respectivelyln conclusion, for the Thai population, BMI is a seaably useful indicator of obesity; however,
the cut-off values of BMI for diagnosing obesity ahbbe lowered to 27 kgfin men and 25 kg/fin
women.
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Introduction increased the risk of mortality, cardiovascularedses, in-
Obesity is a complex disorder characterized by ®n e creased blood pressure, and unfavourable lipoprqies-
cessively high amount of fat or adipose tissudetiody file. However, it seems that the Caucasian-basgebft
to the degree that health and well-being are adijers value is not necessarily applicable to Asian pdpuis,
affected'™ The disorder is considered one of the most imbecause the relationships between BMI and %BF i Ca
portant global threats to human health, becausprés casian and Asian populations are not necessasiytichl.
valence is rapidly increasing in developed as wsllin  For example, Asians are known to have lower BMI but
developing countrie%? and because it is associated with ahigher %BF than CaucasialisEurthermore, measurement
range of medical, psychosocial and economic consesf %BF is expensive, requiring sophisticated insieats
quences:™™ While anthropometry-based diagnostic cri- such as dual-energy X-ray absorptiometry (DXA) dens
teria of obesity have been developed for Caucgsigu-  tometer, which is scarcely available in developowin-
lations, there is currently a lack of accepted waalitlated  tries, particularly in primary care setting.
diagnostic criteria for the Thai population. Therefore, the development of alternative muasive

Because an excess of body fat is the mainachar and inexpensive measures of obesity in developing
teristic of obesity, the “golden standard” for ahfig the
disorder is based on percentage body fat (%BF). In
Caucasian populations, the cut-off value of bodyssna Correspondence address: Dr. Chatlert Pongchaiyakul, Division
index (BMI) for defining obesity is 30 kg/mwhich gg_ndocri}gﬁlogﬁ andUMetabgliS% Degt Me}jﬂ;fg(’;‘; of

i eaicine, on Kaen university, on Kaen, al .

corresponds with a percentage body fat (%BF) off over, oo /o snasey'ray: 56.43.347542. 66.43-202484
25% in men and 35% in woméh*These criteria were

. . - . . Email: pchatl@kku.ac.th
defined on the basis of consideration thighdr %BF Accepted 3rd November 2005
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Table 1. Demographic, anthropometric and body compositida dacording to gender

Variable Men Women Difference
(N=340) (N=507) (95% CI)
Age (y) 49.3+17.2 50.5+ 155 1.2 (-1.0,3.4)
Body Weight (kg) 61.1+104 55.7+9.8 -5.4 (-6.7, -4.0)
Height (cm) 163.2+6.4 153.4+5.4 -9.8 (-10.6, -9.0)
BMI (kg/m?) 22.9+3.3 23.7+3.9 0.8 (0.3, 1.%
Fat masgkg) 10.8+6.1 186+7.0 7.8 (6.9, 8.
Lean mass (kg) 46.6 +6.0 33.8+4.1 -12.8 (-13.5, -12.1)
Percentage Body Fat 17.0+75 325+8.0 15.5 (14.5, 16.7)

Statistical sianificant : ‘P <0.001 anc' P < 0.0t

countries is an important research endeavour. ebhdea Measures of body composition

recent WHO recent WHO Expert Consultation coultl noBody composition, including lean tissue mass ard fa
arrive at a specific cut-off value for defining sliig in  mass, was measured by DXA scanner (model DPX-IQ,
Asian populations, primarily because of lack of @opl | unar Radiation Corp, Madison, WI, USA). The onboard
data, and they call for “[F]urther body compositistu-  software estimated fat mass, lean tissue mass &f %
dies are needed”. The present study was designed topased on an extrapolation of fatness from the wtisoft
address this question by (i) first validating theH®  sgye attenuation of two x-ray energies in pixets
recommended criteria; and (i) developing new Optim ¢qntaining bone. Fat mass and lean tissue massaxer
anthropometric criteria for defining obesity in Thaen pressed in kg. Percentage body fat (%BF) was kel
and women. as the percent of fat mass relative to body weighie
coefficient of variation for DXA measures of bodgna-

Subjectsand Methods position was between 3 and 484°

The study was designed as a cross-sectional comynunit
based investigation. The settings were Bangkaokauiid
Khon Kaen province. Bangkok is predominantly anaarb
centre of Thailand with a population of 5.7 milliamd
lifestyle similar to that in Western cities. Khiaen is a
rural province with a population of 1.8 million,cated
445 km northeast of Bangkok.

The sampling technique has been described pr
viously!” Briefly, subjects were recruited from 14 ham
lets within 2 villages in Muang district of the Kind&Kaen
province. In each hamlet, a full list of subjeatas ob-
tained, from which 10 subjects were randomly selbtty

the village’s administrator. We excluded particitsawith nomial regression equation for predicting %BF disear

a history of recent acute illness @.myocardial infarction function of BMI was developed, e.§4BF = B+ BBMI
or pneumonia), chronic conditions.g. cancer, chronic BBMIZ + BBMIE + ... +e wﬁerééo By, Bo s, ... are

infgction, cqllagen vascular di;ease, hepgtic_ oalra:m— unknown parameters, the random egds assumed to be
pa|rment,. diabetes), hls_tory taking of med|c_at|0‘aca|ng_ normally distributed with mean 0 and a constaniavee.
body We|ght €.9. thyro!d hor.mone, _p.rednlsolone, diu- The unknown parameters of the polynomial regression
retics) or involvement in weight training. In Bamk, equation were estimated by the method of leastregua

subje?ts v¥erﬁ r_ecrwted via 6'1I m?dl?hcampr)]mgn, aaddt.Because there are several possible polynomial ieqsat
sampiing technique was similar 1o the scheme used kg seiection of a “final” equation was based orasnees

E hc?nt Ka:en, .\i\;]herttehsugj}tects fwBe re rsnliiorrjlli/] seI:actem fr of goodness-of-fit of the equation, such as coigffic of
ISHICLS within the LIty of Bangkox. 1he S ussas determination (which reflects the amount of vaoatin
formally _apprgved by the Et.h'CS Committee of Khon%BF that could be explained by BMI), residual mean
Kaen University, and written informed consent w#s o square error, and residual analyses (to make $wre t

tained from eqch subject. .The study was performed assumptions of normality, homogeneity and indepeoele
accordance with the Helsinki Declaration of 1975 a3, ere satisfied). Based on the parameter estimdtéiseo
revised in Edinburgh 2000. final polynomial equation, a BMI value was derived

Anth etri " that the predicted value of %BF is 25% for men 38
nthropometric measurements for women.

Body weight (including light indoor clothing) wasear In considering the use of BMI as a surrogatasare

sured_ using an eIecFronlc balance (ac_:curacy O.lghg) of obesity, a number of receiver operating charatie
standing height (without shoes) with a stadiometer

; (ROC) curves were constructed. ROC curve is a gra-
(nearest 0.1 cm). Body mass index (BMI) was caleul hical representation of the trade-off between
as the ratio of weight (in kg) over height (in®)m P P : W tooe

sitive rate €.g, sensitivity) and false positive rae g, 1

Statistical analyses

Data analysis was performed separately for men and
women. By using the WHO recommended criteria, a ma
was classified as obese if his %BF was equal tmane
than 25, while the criterion for women was 35. Tine-

valence of obesity was then estimated for each dex.

Brder to derive an optimal cut-off value of BMI fidre

" diagnosis of obesity in the absence of %BF, a safiee-
gression analyses were carried out. In this aislys BF
was considered the primary outcome variable, wBNi
was treated as predictor variable. In each sepolg
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Table2. Mean and standard deviation of percentage bodwy faen and women stratified by BMI-based categories

BMI category Méh Woméhn Difference and 95% €I
BMI < 25 kg/n? 14.4 + 6.3 K = 255) 29.2 = 7.2 N = 320) 14.9 (14.0-15.8)
BMI = 25-29 kg/n? 24.2 +5.1K = 75) 37.2+ 4.9 N = 142) 13.1 (11.7 - 14.4)
BMI > 30 kg/n? 27.8 + 3.3 = 10) 41.7 £ 7.0N = 45) 14.7 (10.6 — 18.8)
All groups 17.0 + 7.5N = 340) 32.5 + 8.0N = 507) 14.3 (13.5-15.1)

Note:”/ mean and standard deviation were calculated bzseaw (unadjusted) datd; differences and 95% confidence intervals
were calculated from the analysis of covarianceehodwhich age and BMI were covariates, sex waactof, and %BF was the
dependent variable.
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Figurel. Prevalence of obesity in Thai according to o

the percentage body fat cut-off criteria (%BR5% for 10
men and %BI= 35% for women

minus specificity) of a prediction model. The atewmler
the ROC curve (denoted by AUC) is a measure ofu-acc
racy of a diagnostic test which is, in this caskllBPrac-
tically, AUC is the probability that a randomly dna
individual from the obese group (defined by %BF} laa
greater BMI value than a randomly drawn individiram
the non-obese group. This probability is not aédcby
the prevalence of obesity in the population.
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Results

Characteristics of study sample

A total of 340 men and 507 women aged 50 + 16 yr 10 15 20

(mean * SD; range: 20-84 yr) were included in #tisly.

While the two sexes were comparable in terms of age

men had significantly greater stature, heavier Weig Figure 2. Scatter plot between percentage body fat and

higher percentage of lean mass tissue, but lowet, BM body mass index in men and women.

lower %BF, than women (Table 1). There was no evi-

dence of skewness in the distribution of %BF ohes#t women were classified as “obese”. However, inegith

pometric variables. gender, the prevalence of obesity increased witlaad
There was no statistically significant cortiela be-  cing age such that by the age of'527% of men and

tween age and BMI in either men= 0.08;P = 0.12) or almost 50% of women were obese (Fig. 1). In eagh a

women ( = 0.07;P = 0.08). However, age was positively group, the prevalence of obesity in women was con-

correlated with %BF in menr € 0.30;P < 0.001) and in sistently higher than men.

women ( = 0.14;P = 0.001). As expected, for the same

BMI category, women had consistently higher %Bmtha Relationships between %BF and BMI

men. For example, among those with BMPR5 kg/nf, In men, the relationship between %BF and BMI was si

%BF in women was approximately 16% higher than thanificant at the third degree polynomial (cubic etiprg

in men. The difference was somewhat lower amongetho Fig. 2). It was estimated that 49% of variation%BF

T T T 1
25 30 35 40

Body mass index (kg/m?)

with BMI 2 30 kg/nf (Table 2). was explained by BMI. Using the estimated regoessi
parameters (Table 3) a BMI of 27 kd/mould predict a
Prevalence of obesity %BF of 25%. In women, the relationship between %BF

Using the “golden criteriad.g %BF= 25% for men and and BMI also followed a cubic function (Fig. 2),which
%BF = 35% for women), 18.8% of men and 39.5% of 51% of variation in %BF was attributed to BMI. On



CPongchaiyakul, TV Nguyen,V Kosulwat, N Rojroongwé&sihS Charoenkiatkul, C Pongchaiyakul, P SanchaiaufyyRajatanavin

Table 3. Prediction of percentage body fat by body madsx: estimates of regression parameters and agsoci

statistics. Predictor: Body mass index

Parameter Men Women
Intercept 122.23 £42.05 -79.54 £ 19.75
BMI -17.11 £5.31 59.+2.27
BMI? 0.81+0.22 -026.08
BMI3 -0.011 + 0.003 0.308.001
R-square 0.49 0.51
Residual mean square 28.53 31.51
Estimated BMI so that %BF is 25 for

men and 35 for women 27.0 25.0

Men
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Figure 3. ROC curve of percentage body fat and body
mass index in men and women.

solving the cubic equation, it was estimated thBiVH of

However, using the present study proposed cutrdéir@a
(BMI 2 27 kg/nf), the prevalence of obesity in men was
12.6%, and the sensitivity of the proposed criténa
creased to 44%, while the specificity remained high
(95%) and the positive predictive value was 69% [@ab
4). The AUC estimate for BMI was 0.87 (95% CI: 0.82
0.92), (Fig. 3).

In women, the prevalence of obesity, usingdtieria
of %BF = 35%, was 39.5% (307/507). In the same sam-
ple, 8.9% (45/507) of women were found to have BMI
30 kg/nf. The sensitivity and specificity for BMI were
20.5% and 98.7%, respectively. However, usingpitee
sent study proposed cut-off criteria (BMI25 kg/nf) the
prevalence of obesity in women was 37%. The dia-
gnostic sensitivity of the new criteria increased68%,
while the specificity was 84%, with the positiveepr
dictive value being 74% (Table 4). The AUC estinfate
BMI was 0.86 (95% CI: 0.83-0.90), (Fig. 3).

Discussion

Despite the recognition that obesity is a publialtie
threat in Asian countries, the definition of obgs# still
controversial. It has been recognized that theaeotir
Caucasian-based BMI criteria for classifying ohegiay
not be appropriated in Asian populations, becabhsead-
lationships between BMI and the degree of fatnesed
significantly among ethnic populatiofs?°>%? However,
the recent WHO Expert Consultation could not compe u
with a definite cut-off BMI values for defining obity in
Asians, because “The consultation did not have emoug
data to adequately describe either the associafi@MI
with body fat, or the association of BMI or fatnesih
morbidity”.® The present study represents a contribution
toward that research endeavour. By using the DX m
thodology, this study shows that the use of the Wii©
teria of BMI & 30 kg/nf) is likely to under-estimate the
prevalence of obesity in the Thai population. Rissaf
this study suggest that a minimal BMI of 27 kg/m

25 kg/nt would predict a %BF of 35% in women (Table (in men) and 25 kg/Mm(in women) should be considered

3).

Sensitivity and specificity of BMI

In men, using the %BF-based criteria2oR5% the pre-
valence of obesity was estimated to be 18.8% (®3/34
On the other hand, if BMI levels & 30 kg /nf were

obese in the Thai population. These proposed BNH cu
off values are lower than the WHO'’s 30 kg/tyut fall
well within the BMI range of 26 to 31 kgfmwhich was
considered at risk of having health complicatitis.
Ideally, optimal cut-off values should be ged based
on health-related criteria, and this has been #msbof

used, the prevalence of obesity was only 2.9% @r 1 the WHO'’s BMI-based classification of obesifyHow-

340). Therefore, the sensitivity of the BMI critewvas
low (12.5%), even with a high specificity of 99.3%.

ever, there have been no long-term prospestvdies
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Table4. Cut-off values for body mass index for the disgja®f obesity (%BE 25% for men ang 35% for
women) and associated diagnostic indices

Men Women
WHO cut-off 30 kg/rh 30 kg/m
Prevalence (%) 2.9 8.9
Sensitivity (%) 125 20.5
Specificity (%) 99.3 98.7
PPV (%) 80.0 91.1
Proposed cut-off 27 kg/th 25 kgfm
Prevalence (%) 12.6 36.9
Sensitivity (%) 43.7 69.5
Specificity (%) 94.6 84.4
PPV (%) 69.1 74.3

PPV: Positive predictive val

examining the relationship between body fat or BiMtl  reasonably large to allow for a stable estimatidn o
health complications in Asian populations; therefasan relations between body fat and BMI. Despite thajestts
indirect derivation is the only choice. Nevertlsslea re- in this study were randomly selected, well chardme,
cent study of association between body fat andi@ard the study subjects were Thai, among whom, body, size
vascular risks in Singaporean Chinese, Malays and | lifestyles, cultural backgrounds and environmelfitahg
dians has presented a case for lowering the BMbffut conditions are different from other populations. ugh
values for obesity in these populations from 302% care should be taken when extrapolating thesetsetul
kg/n? which are reasonably consistent with our proposedther populations. The measurement error of body fa
cut-off values* Furthermore, our proposed cut-off valuescould result in misclassification of obesity anddio
were built on the fact that BMI was a reasonabtiécator  weight was measured at a single time point whicly ma
of obesity in this population. Indeed, the aredarthe not reflect a true long-term weight of a subjedthese
ROC curve for BMI (as a predictor of %BF obesitygsy two sources of measurement errors albeit inevitable
around 0.9, which representsvary good trade-off be- could have affected the result. However such adimon
tween true positive and false positive rates. is present in any study of this type. Furthermaere,do

It has been reported that for a given BMI ledsians  not have morbidity and mortality data to validate pro-
have a higher percentage body fat than Cauca%idhs. posed cut-off, and this needs to be validated intteer
However, the present study does not confirm thaepb Thai or Asian sample.
vation. For example, in this sample, among women In summary, the prevalence of obesity baseddh
whose BMI2 30 kg/nf, the mean %BF was 41.7 + 7.0% that corresponds to a percentage body fat preyiaies!
(mean = SD), which is not much different from tigufe  fined in Caucasian populations was lower in theiTha
of 41% for White Caucasian womé&hThe mean %BF of population. In this study, adult Thai men and wordih
men with BMI 2 30 kg/nf in this sample (27.8 + 3.3%) not have higher percentage body fat for a given BMh
although based on only 10 observations is also semny- Caucasian populations. However, results of thislyst
parable to that observed in Caucasian ffen. suggest that optimal cut-off values using BMI tdime

The lowering of BMI cut-off will result in amcrease obesity should be lower in Thailand than in Western
in the prevalence of obesity in the Thai population countries. The present study’s results suggest theat
Indeed, in this study, the prevalence of obesitdefined  optimal cut-off values for BMI were 27 kgfrin men and
by WHO’s recommended criteria (BN# 30 kg/nf) was 25 kg/nf in women.
only 3% in men and 9% in women; this prevalenceldou
increase to 19% in men and 39% in women by usieg thAcknowledgements
study’s suggested cut-offs. It is difficult to kmavhether  The first author would like to acknowledge the suppf the
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NEFERREAfME . — IR YEIRAT I I, X5 34048 W PRI 507 4 Lottk, %k 50 +
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IR, —ASGARFRETEHCN 25 kg/nf [ &bk, FRINHARAS LL B R 35%. #2320R % 1 5 14
TR B AE R 2 T T X K 22 B3 0.87 (95%E {5 X [H]: 0.82-0.92) itk 0.86 (95%HE 5
X [A]: 0.83-0.90) i fkii, ERE, SHEREGERIEN— NG FHMfE R R
BN, ST IR B A R B 20 ) A R T 27 kgint, Ltk 25 kg/nf .
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