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a b s t r a c t

This study describes the prevalence and optimal waist circumference (WC) and body mass

index (BMI) cutoff point for metabolic abnormalities and metabolic syndrome (MS) from

urban Thai population. The optimal BMI/WC cutoff has been used for identifying and

evaluating metabolic abnormalities for screening individuals having risk factor of MS.
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1. Introduction

Metabolic syndrome (MS) is defined as a clustering of

metabolic abnormalities including central obesity, dyslipi-

demia, hyperglycemia and hypertension [1]. There are

different criteria for classifying individuals with MS [1].
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Particularly, the International Diabetes Federation (IDF) used

waist circumference (WC) as the first criteria followed by two

or more metabolic abnormalities [2] but if body mass index

(BMI) was over 30 kg/m2 then WC would be no longer needed.

Furthermore, the prevalence of overweight individuals and

obesity is found to be a major public health problem

worldwide [1–4]. Moreover, cardiovascular morbidity and
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mortality of cardiovascular diseases (CVD) and type 2

diabetes mellitus have been found to be associated with

obesity [2–7]. There have been reports on the usage of BMI and

WC for defining whether an individual is overweight, obese or

at risk for MS while hypertension, hyperglycemia and

dyslipidemia were well correlated with exceeding BMI and

WC [2–7]. However, differences in BMI and WC cutoffs for

Asian and Western populations were observed which can be

attributed to anthropometric differences of the body, race/

ethnic and dietary behavior. Therefore, BMI cutoff has been

revised by the Steering Committee of the Regional office for

the Western Pacific Region of WHO, the International

Association for the Study of Obesity and the International

Obesity Taskforce for Asian population. It has been reported

that the BMI and WC values among Asian population is lower

than those of Caucasians [7]. The aim of this study is to

investigate the cutoffs of BMI and WC for assessing obesity,

metabolic abnormalities and MS for Thai people by searching

for the optimal BMI and WC cutoff points by ROC analysis and

the prevalence of obesity and obesity-related metabolic

abnormalities was also investigated.

2. Methods

A data set of 5646 individuals comprising of 2028 males and

3618 females residing in urban Thailand was obtained from a

cross-sectional investigation of those receiving annual medi-

cal check-ups from the Faculty of Medical Technology,

Mahidol University in 2008 with complete health parameters.

Anthropometric measurements of BMI, WC and blood pres-

sure (BP) along with determination of fasting plasma glucose

(FPG), total cholesterol (TC), triglyceride (TG), low-density

lipoprotein cholesterol (LDL-C) and high-density lipoprotein
Table 1 – Clinical and biochemical features of urban Thai pop

Men 

n 2028 

Age (years) 42.85 � 11.08 

WC 87.59 � 10.31 

BMI 24.93 � 4.19 

SBP 128.30 � 29.29 

DBP 82.51 � 9.58 

FPG 97.64 � 23.59 

TG 152.70 � 88.93 

TC 210.40 � 38.70 

LDL-C 128.61 � 42.89 

HDL-C 52.46 � 12.86 

Hypertension (%) 61.39 

Hyperglycemia (%) 31.11 

Hypertriglyceridemia (%) 40.04 

Hyperchloresterolemia (%) 59.07 

High LDL-C (%) 46.40 

Low HDL-C (%) 15.63 

Overweight (%) 25.49 

Obesity (%) 41.91 

Data was expressed as mean � SD or as percentages. WC: waist circumfer

(mmHg), DBP: diastolic blood pressure (mmHg), TG: triglyceride (mg/dL)

LDL-C: low-density lipoprotein cholesterol (mg/dL), HDL-C: high-dens

hyperglycemia (�100 mg/dL), hypertriglyceridemia (�150 mg/dL), hyperch

(<40 mg/dL in male and <50 mg/dL in female).
cholesterol (HDL-C) were performed for evaluating the

prevalence of those parameters. Subjects were divided into

five categories according to their BMI values using cutoff

values for Asian population: <18.5, 18.5–22.99 (normal), 23–

24.99 (overweight), 25–29.99 (obese) and �30 kg/m2 (very

obese) [7]. They were also divided into six categories according

to WC: <75, 75–79.9, 80–84.9, 85–89.9, 90–94.9 and �95 cm.

Metabolic syndrome was identified using the IDF criteria [2].

The ROC curves were constructed using the three components

of metabolic syndrome independently that comprises of

hypertension (�130/85 mmHg), hyperglycemia (�100 mg/dL)

and dyslipidemia (TG �150 mg/dL and HDL-C <40 mg/dL in

male and <50 mg/dL in female) and clusters of two or more

risk factors of MS as reference tests to evaluate the perfor-

mance of BMI and WC as anthropometric predictors. WC was

used as a predictor of overweight and obesity defined using

Asian standards. SPSS Statistics 18.0 (SPSS Inc., USA) was used

to plot the true positive (sensitivity) against the false-positive

(1 � specificity) rates, and the optimal cutoff was chosen by

maximizing the sums of the Youden’s index where

(sensitivity + specificity) � 1.

3. Results

Table 1 shows the clinical and biochemical features of 5646

participants separated by gender where men and women

comprised of 2028 (35.92%) and 3618 (64.08%) participants,

respectively. It was found that the average values of age,

WC, BMI, BP, FPG, TG, TC and LDL-C in males were greater

than those found in females, while HDL-C was lower in

men than in women. Moreover, the prevalence of meta-

bolic abnormalities in hypertension, hyperglycemia, dysli-

pidemia, overweight and obesity was higher in males than
ulation used in this study.

Women Total

3618 5646

41.40 � 10.31 41.92 � 10.62

78.46 � 9.73 81.74 � 10.86

23.20 � 4.12 23.82 � 4.23

120.36 � 13.54 123.21 � 20.97

77.48 � 9.27 79.29 � 9.69

92.99 � 19.67 94.66 � 21.28

106.60 � 56.81 123.16 � 73.47

206.24 � 36.18 207.73 � 37.16

120.75 � 32.61 123.57 � 36.83

64.31 � 14.90 60.05 � 15.30

34.72 44.30

21.39 24.88

15.48 24.30

54.92 56.41

35.99 39.73

16.89 16.44

16.83 19.94

27.50 32.68

ence (cm), BMI: body mass index (kg/m2), SBP: systolic blood pressure

, TC: total cholesterol (mg/dL), FPG: fasting plasma glucose (mg/dL),

ity lipoprotein cholesterol (mg/dL), hypertension (�130/85 mmHg),

olesterolemia (�200 mg/dL), high LDL-C (�130 mg/dL) and low HDL-C



Fig. 1 – Prevalence of overweight (BMI = 23–24.99 kg/m2) and obese individuals (BMI = 25–29.99 and I30 kg/m2) and WC are

shown as a function of age (years) in males (A and C) and in females (B and D).
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in females, on the other hand, the prevalence of low HDL-C

level in females was higher than in males. Prevalence of

overweight individuals and obesity were found to increase

with age in males and females (Fig. 1). WC as defined by the

central obesity using WC �80 to �90 cm was observed to be

high in men and older women (Fig. 1). It is observed that

the prevalence of overweight and obesity individuals was

age-dependent and males had higher prevalence than

females. Furthermore, the prevalence of metabolic abnor-

malities is composed of hypertension, hyperglycemia,

hypercholesterolemia, hypertriglyceridemia, high LDL-C

and low HDL-C, which was elevated with increasing level

of age, BMI and WC (Fig. 2). Such parameters were found

more in males than in females, particularly, hypertension,

hypercholesterolemia and hypertriglyceridemia. Previous

reports have suggested that obesity and metabolic abnor-

malities in those having risk factors for cardiovascular

disease or diabetes were shown to have high prevalence [8–

11]. Moreover, the co-morbidities and mortality occurring

in Asians displayed lower BMI and smaller WC than those

of Caucasians [7].

The optimal BMI and WC as obtained from ROC curves

were used for identifying metabolic parameters that is

individually composed of hypertension, hyperglycemia,
dyslipidemia and clusters of two or more risk factors of MS

were 23.32, 23.85, 24.16 and 23.81 kg/m2, respectively, in men

and 23.34, 23.69, 23.42 and 23.65 kg/m2, respectively, in

women (by using BMI), 85.75, 88.25, 87.25 and 87.75 cm,

respectively, in males and 79.25, 81.75, 78.75 and 79.75 cm,

respectively, in females (by using WC) as presented in Table 2.

BMI and WC were used for the identification of metabolic

abnormalities based on the individual’s health parameters

such as blood pressure, glucose and lipid thresholds for

screening those having metabolic abnormalities that may

possibly lead to MS. WC was used for identifying overweight

and obese individuals using cutoff values of 83.25 and

88.75 cm, respectively, in males and 78.25 and 81.75 cm,

respectively, in females. We found that the area under the

curve (AUC) of BMI and WC were not significantly different in

males and females suggesting that either metric can be used

for MS characterization (Table 2).

When applying the optimal cutoff point of BMI and WC

with clusters of two or more MS risk factors in the

identification of MS using BMI cutoff values of �23.81 kg/

m2 for men and �23.65 kg/m2 for women, yielded a

prevalence of 57.40% and 38.42%, respectively, while using

WC cutoff values of �87.75 for males and �79.75 cm for

females gave prevalence of 47.83% and 40.49%, respectively.



Fig. 2 – Prevalence of hypertension (I130/85 mmHg), hyperglycemia (I100 mg/dL), hypercholesterolemia (I200 mg/dL),

hypertriglyceridemia (I150 mg/dL), high LDL-C (I130 mg/dL) and low-HDL-C (<40 mg/dL in male and <50 mg/dL in female).

Plots as a function of age, BMI and WC are shown for males (A–C) and for females (D–F).
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This search for the optimal cutoff values gave higher

prevalence than the standard BMI cutoff of �25 kg/m2 in

both sex (26.68% in males and 27.50% in females). Similarly,

the optimal cutoff value for WC also gave higher prevalence

than the standard WC cutoff of �90 cm in males (39.05%).

However, our analysis yielded the same WC cutoff

(�79.75 cm) as the standard approach (�80 cm).
Table 2 – Optimal cutoffs of BMI and WC for identifying metab
for identifying overweight (BMI I23 kg/m2) and obesity (BMI I

Body mass index (kg/m2) 

Cutoff Sens Spec AUC (95% CI) Y

Males

Hypertension 23.32 0.746 0.534 0.679 (0.655, 0.703) 

Hyperglycemia 23.85 0.686 0.484 0.610 (0.584, 0.637) 

Dyslipidemia 24.16 0.704 0.602 0.701 (0.679, 0.724) 

Metabolic syndrome 23.81 0.752 0.576 0.711 (0.689, 0.734) 

BMI �23 kg/m2 – – – – 

BMI �25 kg/m2 – – – – 

Females

Hypertension 23.34 0.640 0.407 0.723 (0.705, 0.740) 

Hyperglycemia 23.69 0.531 0.659 0.616 (0.594, 0.639) 

Dyslipidemia 23.42 0.667 0.681 0.720 (0.701, 0.739) 

Metabolic syndrome 23.65 0.712 0.713 0.769 (0.751, 0.787) 

BMI �23 kg/m2 – – – – 

BMI �25 kg/m2 – – – – 

BMI: body mass index, WC: waist circumference, Sens: sensitivity, Spec: 

�130/85 mmHg, hyperglycemia: fasting plasma glucose �100 mg/dL, dy

lipoprotein cholesterol (<40 mg/dL in male and <50 mg/dL in female).
4. Discussion

The present study explores the prevalence of overweight,

obesity, hypertension, hyperglycemia and dyslipidemia as

well as the optimal cutoff values for BMI and WC in

identifying metabolic abnormalities and assessing MS for
olic risk factors, metabolic syndrome and WC cutoff values
25 kg/m2) individuals.

Waist circumference (cm)

ouden’s
index

Cutoff Sens Spec AUC (95% CI) Youden’s
index

0.280 85.75 0.666 0.598 0.675 (0.651, 0.698) 0.264

0.170 88.25 0.577 0.611 0.620 (0.593, 0.646) 0.187

0.306 87.25 0.658 0.639 0.703 (0.618, 0.726) 0.297

0.328 87.75 0.660 0.673 0.716 (0.693, 0.738) 0.333

– 83.25 0.889 0.831 0.936 (0.925, 0.947) 0.720

– 88.75 0.853 0.865 0.942 (0.933, 0.951) 0.718

0.348 79.25 0.627 0.706 0.712 (0.694, 0.730) 0.333

0.189 81.75 0.483 0.716 0.621 (0.598, 0.644) 0.198

0.347 78.75 0.705 0.640 0.722 (0.702, 0.741) 0.346

0.425 79.75 0.729 0.693 0.766 (0.748, 0.785) 0.422

– 78.25 0.839 0.851 0.925 (0.917, 0.933) 0.690

– 81.75 0.846 0.870 0.935 (0.927, 0.943) 0.716

specificity, AUC: area under the curve, hypertension: blood pressure

slipidemia: TG: triglyceride (�150 mg/dL) and HDL-C: high-density
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Thai population. The prevalence of metabolic abnormali-

ties was higher in overweight (BMI �23 kg/m2) and obese

(BMI �25 kg/m2) individuals as compared to normal BMI or

WC by using BMI classification for Asian population [7]. The

optimal WC and BMI cutoffs were studied in order to

identify cutoffs for metabolic abnormalities and MS in

Asian population [12–17]. In our studies, we have found

that the optimal cutoff value of BMI by means of ROC was

lower than the optimal BMI cutoff for assessing MS, which

was 25 kg/m2 as described previously [12] and the cutoff

point of BMI and WC were used for identifying metabolic

abnormalities. This raises the awareness to assess MS in

both overweight (BMI �23.81 kg/m2) and obese (�25 kg/m2)

individuals in the Thai population. Moreover, when

compared with our previously reported work [12] using

BMI �25 kg/m2 in both males and females for classifying

MS according to the IDF criteria, the prevalence of MS was

increased in females (from 14.90% to 27.50%) while the

prevalence of MS was not changed in males (26.63–26.68%).

Furthermore, optimal BMI cutoff value was in the range of

23–24 kg/m2 for assessing metabolic abnormalities and MS

which was similar to previous studies [13–17], while the

optimal WC cutoff was in the range of 85–88 cm in males

which was higher than the range of 81–85 cm as reported

by Narksawat et al. [15] and the range of 83–85 cm as

reported by Kawada et al. [17]. Moreover, our study

demonstrated that the optimal WC cutoff values in females

for assessing metabolic abnormalities was in the range of

79–82 cm which was similar to that reported by Narksawat

et al. [15] who reported the range of 78–81 cm, while the

optimal WC cutoff value in females (79.75 cm) was a non-

significant value and in male (87.75 cm) was lower than

that of the WC cutoff using IDF criteria (80 cm in women

and 90 cm in men) [1]. Both of the optimal WC cutoff were

in close accordance with the report of Lee et al. [14] (80 cm

in females and 85 cm in males). The optimal WC cutoff for

obesity in Thailand was observed at 88.75 cm for men and

81.75 cm for women, which was lower than the Korean

population (90 cm in men and 85 cm in women) [14]. Such

discrepancy in the WC cutoff of our study and those

reported by other groups may be attributed to differences

in anthropometry, race/ethnic, percentage of body fat, and

dietary behavior in ethnic groups and sources of subjects.

The search for the optimal WC cutoff value was performed

for screening of overweight and obesity individuals for

metabolic abnormalities and MS as WC is an easy to

perform procedure and is a potentially useful method for

the population to monitor their own health status since no

special equipment is needed (only a measuring tape is

required).

This finding is anticipated to raise public health awareness

pertaining to the use of optimal cutoffs described herein for

screening people at risk for MS and other metabolic abnor-

malities as well as used in assessing the prevalence of diabetes

and cardiovascular diseases in Thailand.
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