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Anthropometric indicators of obesity for
identifying cardiometabolic risk factors in a
rural Bangladeshi population
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ABSTRACT

Aims/Introduction: The aim of the present study was to evaluate the predictive ability of body mass index (BMI), waist circum-
ference (WQ), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR) and body fat percentages (BF%) for the presence of cardiometa-
bolic risk factors, namely type 2 diabetes (DM), hypertension (HTN), dyslipidemia and metabolic syndrome (MS).

Materials and Methods: A total of 2293 subjects aged =20 years from rural Bangladesh were randomly selected in a popula-
tion-based, cross-sectional survey. The association of anthropometric indicators with cardiometabolic risk conditions was assessed by
using receiver operating characteristic curve analysis and adjusted odds ratios (ORs) for DM, HTN, dyslipidemia and MS.

Results: Area under the curve cut-off values showed that the association of WHR, BF% and WC was higher than that for other
indices for DM, HTN and MS, respectively, for both sexes, and WHtR for men and WHR for women for dyslipidemia. The ORs were
highest for WHR for DM and WC for MS for both sexes, and WHtR for men and WC for women for HTN and dyslipidemia, respec-
tively. The optimal cut-off values for obesity for the present study in men and women showed BMIs of 22 and 228 kg/m?, WHRs
of 093 and 087, WHtRs of 0.52 and 0.54, BF% of 214 and 32.4%, and WCs of 82 and 81 cm, except for MS, which were 90 for

men and 80 for women.

Conclusions: Compared with BMI, measures of central obesity, particularly WHR, WC, WHtR and BF%, showed a better associa-
tion with obesity-related cardiometabolic risk factors for both sexes. (J Diabetes Invest, doi: 10.1111/jdi.12053, 2013)
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INTRODUCTION

Once considered a problem only of high-income countries,
obesity continues to be an important clinical and public health
problem worldwide. In 2008, the World Health Organisation
(WHO) reported that 1.5 billion adults aged 20 and older were
overweight, and of these, over 200 million men and nearly
300 million women were obese'. Epidemiological studies have
shown overweight and obesity as an independent risk factor of
type 2 diabetes (DM), hypertension (HTN), dyslipidemia and
cardiovascular disease (CVD)>’. Central obesity, which suggests
excessive deposition of intra-abdominal fat, is also found to be
an important predictor of cardiometabolic risk. Furthermore,
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central obesity is assumed to play a pivotal role in the develop-
ment of the ‘metabolic syndrome’ (MS), a term given to the
clustering of CVD risk factors”.

Although there are several instruments to measure total body
fat and its distribution®®, there is still no ideal method for the
measurement of adiposity (diagnostic definitions) or cut-off
points that should satisfy the criteria of being accurate, precise,
accessible and acceptable worldwide. The concept of different
cut-offs for different ethnic groups has been proposed by the
WHO, because some ethnic groups have higher cardiovascular
and metabolic risks at lower body mass index (BMI). This
might be because of differences in body shape and fat distribu-
tion. Studies have found that for the same age, sex and BMI,
south Asians have higher body fat percentage (BF%) than white
Caucasians. In Caucasian men, a BMI of 30 kg/m* corresponds
to 25% body fat’, whereas in south Asian men, a BMI of
<25 kg/m” corresponds to 33% body fat®.

Anthropometric measurements still play an important role in
clinical practice and epidemiological surveys. BMI is often used
to reflect total body fat amounts, whereas the waist circumference
(WC), waist-to-hip ratio (WHR) and waist-to-height ratio
(WHIR) are used as surrogates for intra-abdominal adiposity” ',
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The International Association for the Study of Obesity and the
International Obesity Task Force have suggested lower BMI cut-
off values for the definitions of overweight (23.0-24.9 kg/m?)
and obesity (25.0 kg/m” or greater) in Asian populations because
of the observed differences between populations'>'>. However,
there are few reports and only small studies in the south Asian
region based on these cut-off values. In the present study, we
aimed to define and compare the cut-off values of BMI, WC,
WHR, WH{R and BF% for several cardiometabolic risk factors
including DM, HTN, dyslipidemia and MS in a rural Banglade-
shi population in Chandra, 40 km from Dhaka, the capital city.
It should be noted that vast majority (72%) of the Bangladeshi
population live in rural areas'*.

MATERIALS AND METHODS

The current cross-sectional study was carried out during March
to December 2009 in an urbanizing rural community ‘Chandra’,
40 km north of the capital city, Dhaka. A total of 10 villages
were randomly selected from five areas with a population of
approximately 20,000. For the present study, 3,000 individuals
were randomly selected, and among them 2,376 (79.2%) partici-
pated. The present analysis is based on 2,293 participants (842
men and 1,451 women) for whom all the variables were avail-
able. A detailed description of the sample population was
described elsewhere'®. The inclusion criteria were: aged
220 years, willing to participate and being able to communicate.
Exclusion criteria included pregnant women, and self-reported
or medical-recorded history of myocardial infarction, renal dis-
ease, liver disease, tuberculosis, malignant diseases and any
severe infection at the time of screening. The present study was
carried out according to the guidelines laid down in the Declara-
tion of Helsinki, and all procedures involving human partici-
pants were approved by the National Committee for Medical
and Health Research Ethics of Norway and the Ethical Commit-
tee of Diabetic Association of Bangladesh for Medical Research.
As 52.1% of the adult population in Bangladesh is illiterate'*, a
witnessed and formally recorded verbal informed consent was
obtained from all participants before inclusion in the study to
avoid selection bias by literacy. The participants were also ver-
bally informed of their right to withdraw from the study at any
stage, or to restrict their data from the analysis. After the verbal
information, a printed copy of their rights was given. Once the
selection procedure was completed, participants were requested
to visit a nearby field center after an overnight fast of 8-14 h.
The sociodemographic data was collected by trained staff
by interviewing the participants using a predesigned pretested
questionnaire.

Blood Pressure and Anthropometrical Measurements

Anthropometric measurements, such as height, weight and
waist and hip circumferences, were taken with the participants
wearing light clothes and without shoes. The weight was taken
to the nearest 0.1 kg by modern electronic digital LCD
weighing machines (Best Deluxe Model; Bathroom, Dhaka,
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Bangladesh) placed on a flat surface. The scales were calibrated
everyday against a standard (20 kg). Height was taken while
the participants stood in erect posture, touching the occiput,
back, hip and heels on a straight measuring wall, while the par-
ticipants looked straight ahead. BMI was calculated as the
weight (kg) divided by square of the height (m?). Waist
circumference was measured by placing a tape horizontally
midway between the lower border of the ribs and iliac crest on
the mid-axillary line. Hip circumference was measured to the
nearest centimeter at the greatest protrusion of the buttocks,
just below the iliac crest. WHR and WHItR were then calcu-
lated from waist circumference (cm) and height (cm), respec-
tively. In addition, BF% was determined by using Deurenberg’s
prediction formula for adults'®,

Blood pressure was measured in the right arm in both a sit-
ting and standing position. Before the measurement, a 10-min
rest was assured and using standard cuffs for adults fitted with
a sphygmomanometer minimized variation in measurement.
The systolic BP was determined by the onset of the ‘tapping’
Korotkoff sound (K1). The fifth Korotkoff sound (K5), or the
disappearance of Korotkoff sounds, defined the diastolic BP.
Two readings were taken 5 min apart, and the mean of the
two was taken as the final blood pressure reading of the
individual.

Laboratory Tests

On arrival at the field center, an 8-mL fasting venous blood
sample was taken from each participant for measuring fasting
plasma glucose (FPG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), triglycerides (TG) and high-
density lipoprotein cholesterol (HDL-C). All participants other
than those with known diabetes were then given a 75-g oral
glucose solution (75 g of oral glucose in 250 mL of water) to
drink. Another 3 mL of venous blood was collected after 2 h
to determine 2-h post-oral glucose tolerance test (OGTT).
The samples for the plasma glucose test were collected in a
tube containing sodium fluoride and potassium oxalate (1:3),
and were centrifuged immediately after collection. Separated
plasma samples were sent to a laboratory of the Bangladesh
Institute of Research and Rehabilitation for Diabetes, Endo-
crine and Metabolic Disorders (BIRDEM) in ice gel-packed
cooling boxes and stored at —70°C until laboratory assays
were carried out. Plasma glucose was measured by the glucose
oxidase method using Dimalesion RxL Max (Siemens AG,
Erlangen, Germany) on the same day. Quality control of the
blood glucose measurement was checked by measuring the
2-h plasma glucose values using the glucose oxidase methods
in every 10th case. The intra-assay coefficient of variation was
124% at a mean of 586 mmol/L, and the inter-assay
coefficient of variation was 2.10% at a mean of 5.23 mmol/L.
Fasting serum lipid profile was estimated by standard
enzymatic procedures (Dimalesion RxL Max). HDL-C was
estimated by the direct assay method and LDL-C was
estimated by Friedewald’s formula.
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Obesity in Bangladesh

Cut-off values for general obesity for both sexes were a BMI
of >25 kg/m?; cut-off values for central obesity including waist
circumference for men and women were >90 and >80 cm,
WHR for men and women were >0.90 and >0.80'>">, WHtR
for both sexes were >0.50'7'%, and BF% for men and women
were >25% and >30%, respectively'’.

Diabetes was defined as FPG 7.0 mmol/L and/or 2 h after
75-g oral glucose solution >11.1 mmol/L*’. In addition, known
diabetes was defined by the use insulin or oral antidiabetic medi-
cation(s) and self-reported DM. Individuals were considered to
have hypertension if their average systolic blood pressure was
2140 mmHg or diastolic blood pressure was 290 mmHg, or if
they were receiving treatment for hypertension*'. The presence
of MS was defined as the presence of at least three of the follow-
ing: waist circumference for men and women were >90 and
>80 cm, respectively; serum triglycerides 21.70 mmol/L; HDL-C
for men <1.04 mmol/L and for women <1.29 mmol/L; mea-
sured blood pressure >130/85 mmHg; and fasting blood glucose
>5.6 mmol/L. We used the National Cholesterol Education

Table 1 | Characteristics of study population in both sexes

Program adult treatment panel III criteria modified for Asian
subjects as recommended by an American Heart Association-
National Heart Lung Blood Institute statement for defining
MS*%.  Dyslipidemia was defined as serum triglycerides
21.70 mmol/L and HDL-C < 1.04 mmol/L for men and
<1.29 mmol/L for women. Physical activity was graded on the
ordinal scale of 1-3, corresponding to light, moderate and heavy,
according to the activity level of the study population. For the
purpose of data analysis, these results were transformed into a
binary variable: inactive (grade 1) and active (grade 2 and 3).
Smoking habit was classified as either current or non/ex-smoker.

Statistical Analysis

Means and 95% confidence intervals (ClIs) adjusted for age
were given for normally distributed continuous variables.
Skewed data were logarithm transformed before analysis, and
the results were transformed back to the original scale. Percent-
ages and 95% Cls were given for categorical variables. Differ-
ences between the groups (men and women) of means and

Variable Total Male Female P-value
n 2293 842 1451

Age (years) 418 (41.2, 424) 3 (433,452) 404 (397, 41.1) <0001
Smoking habit (%) 159 (146 172 5 (372,439 7(10,23) <0001
Physical inactivity (%) 1 (138, 164) 359 (326, 39.1) 122, 40) <0001
Weight (kg) 549 (545 55 3) 585 (579, 592 51.3 (508, 51.8) <0.001
Height (m) 1.556 (1.543, 1.558) 1.609 (1605, 1.613) 1.503 (1499, 1.50) <0.001
BMI (kg/m?) 226 (225, 228) 226 (223, 228) 22.7 (225, 22.9) 0605
BMI, >25 kg/m? (%) 262 (244, 280) 252 (223, 282) 268 (245, 290) 0430
WC (cm) 80.7 (803, 81.1) 81.7 (810, 824) 79.7 (792, 80.3) <0001
WC m =90 cm; f = 80 cm (%) 398 (379, 41.9) 244 (215, 273) 487 (462, 51.3) <0001
WHR 088 (087, 0.89) 090 (0.89, 091) 086 (0.85, 0.87) <0001
WHR, m > 0.90; f > 080 (%) (69.8, 734) 586 (552, 619) 1(770, 81.1) <0001
WHR 052 (051, 0.53) 1(0.50, 052) 053 (052, 0.54) <0001
WHIR, >0.50 (%) 60.1 (581, 62.1) 535 (50.1, 569) 64.0 (61.5, 66.5) <0.001
BF% 263 (26.1, 26.5) 21 5(212,218) 31.2 (309, 314) <0001
BF9%, m > 25%; f > 30% (%) 429 (411, 447) 1(16.7,215) 57.3 (549, 596) <0001
SBP (mmHg) 1162 (1156, 1169) 1172(1162 1183) 1152 (1144, 116.1) 0.002
DBP (mmHg) (766 775) 776 (769, 78.2) 765 (760, 77.1) 0499
Hypertension (%) 5 (14, 170) 175 (15.1, 200) 143 (125, 16.1) 0034
FPG (mmol/L) (51 53) 3 (5.2, 55) 1 (50, 52) 0002
2hPG (mmo/L) 63 (62, 64) 3 (61 ) 2 (6.1, 64) 0499
Diabetes (%) 79 (6.8, 9.0) 1(72,110) (58 85) 0.101
TG* (mmol/L) 138 (1.35, 140) 143 (1 39 148) 1.32 (129, 1.36) <0001
HDL (mmol/L) 090 (0.89, 091) 0.86 (0.84, 097) 093 (092, 094) <0001
Dyslipidemia (%) 287 (269, 30.5) 353 (32.1, 385) 248 (226, 270) <0001
Metabolic syndrome (%) 30.7 (288, 32.6) 300 (269, 33.1) 311 (287 33 5) 0569
Family history of DM (%) 176 (156, 1955) 7 (15.1, 203) 176 (156, 195) 0687

2hPG, 2-h plasma glucose; BF%, body fat percentage; BMI, body mass index; DM, diabetes mellitus; FPG, fasting plasma glucose; WC, waist circum-
ference; WHR, waist-to-hip ratio; WHIR, waist-to-height ratio. Data are mean (95% confidence interval) or percentage (95% confidence interval)
adjusted for age as indicated. *Geometric mean (95% confidence interval) for triglyceride (TG). Dyslipidemia: fasting TG 2150 mg/dL and high-
density lipoproteins (HDL) <40 mg/dL (male), <50 mg/dL (female). Metabolic syndrome: diagnosed according to National Cholesterol Education

Program adult treatment panel lll criteria guideline®

systolic blood pressure =140 mmHg and/or diastolic blood pressure >90 mmHg?'.

2 Diabetes: diagnosed according to World Health Organization 1999 criteria

% Hypertension:
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proportions adjusted for age were tested by analysis of covari-
ance (ancova) and logistic regression. Sensitivity and specificity
were examined by the receiver operating characteristic (ROC)
analysis”>**, and the areas under the ROC curve (AUC) cut-off
values were calculated for each anthropometrical parameter and
risk condition. An AUC of 1 indicates perfect separation
between affected and non-affected participants, and an AUC of
0.5 indicates no discriminative value of the test. Differences
between correlated AUCs for each sex were tested by the
roccomp command in stata 11 for Windows (StataCorp, Col-
lege Station, TX, USA) using an algorithm suggested by De-
Long et al*® Summary statistics for the correlated AUCs were
also reported by the same command. Additionally, we calcu-
lated both crude and adjusted odds ratios (ORs) of respective
anthropometric indicators for DM, HTN, dyslipidaemia and
MS. Adjusted ORs were obtained by applying logistic regression
analysis with adjustments for age, smoking habit, physical inac-
tivity and family history of diabetes. The interaction between a
potential confounding variable or an anthropometrical variable
and sex in multiple logistic regressions was examined by a like-
lihood ratio test. Statistical inference is based on 95% Cls and
the significance level was set at 0.05. stata 11 for Windows
was used to create ROC curves. Otherwise, pasw statistics 18
for Windows (SPSS, Chicago, IL, USA) was used.

RESULTS

Characteristics of the study population are shown in Table 1.
There were 842 men and 1,451 women in the study. Men had
significantly greater mean of WC, WHR, height, weight and
systolic blood pressure than women. WHtR and BF% value
were significantly less in men than in women, and BMI was
similar in the two groups. Metabolic profiles also differed; men
had significantly higher mean FPG and TG values, but lower
HDL-C values than women. Men also had a higher rate of
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DM, HTN, dyslipidemia, physical activity and smoking habits,
but a lower rate of central obesity (defined by WC, WHR,
WHIR and BF%) than women. General obesity (defined by
BMI), MS and family history of diabetes were similar in the
two groups.

The AUC cut-off values for men and women are presented in
Table 2. For men, the optimal cut-offs for BMI related to DM,
HTN, dyslipidemia and MS ranged from 21.2 to 23.6 kg/m? for
WC 79.0 to 90.0 cm, for WHIR from 0.51 to 0.53, for BF% from
21.1 to 22.5% and for WHR the optimal cut-off was 0.93. For
women, the optimal cut-offs for BMI ranged from 21.8 to
22.8 kg/m’, for WC from 80.0 to 82.0 cm, for WHR from 0.86
to 0.89, for WHIR from 0.53 to 0.54 and for BF% from 32.1 to
34.9%.

The calculated AUCs for predicting DM, HTN, dyslipidemia,
and MS by BMI, WC, WHR, WHtR and BF% for men and
women are shown in Figure 1, and their associations are shown
in Table 3.

For men, regarding DM, the AUC value for WHR was signif-
icantly higher than for BMI, WC, WHtR and BF%; regarding
HTN, the AUC value for BF% was significantly higher than for
BMI, WC, WHR and WHItR; regarding dyslipidemia, the AUC
value for WHtR was significantly higher than for WHR and BF
%; and regarding MS, the AUC value for WC was significantly
higher than for BMI, WHR and BF%.

For women, regarding DM, the AUC value for WHR was
significantly higher than for BMI and BF%; regarding HTN,
the AUC value for BF% was significantly higher than for BMI,
WC, WHR and WHIR; regarding dyslipidemia, the AUS value
for WHR was only significantly higher than for BMIL and
regarding MS, the AUC value for WC was significantly higher
than BMI, WHR, WHIR and BF%. However, the AUC values
for BMI and WHItR were significantly higher for men than
women only for dyslipidaemia.

Table 2 | Cut-off values, sensitivity and specificity for the association of anthropometric parameters with diabetes mellitus, hypertension,
dyslipidemia and metabolic syndrome using the National Cholesterol Education Program adult treatment panel Il criteria modified for Asian

subjects
BMI WC (cm) WHR WHR BF%
Cut-offs ~ Sn Spe  Cutoffs  Sn Spe  Cut-  Sn Spe  Cut-  Sn Spe  Cutoffs  Sn Spe
ko/m?) ) %) () %) %) offs () %) ofs %) (%) %) (o)
Male
DM 212 825 412 820 762 537 093 688 609 053 638 664 225 650 652
HTN 220 717 520 790 786 449 093 54.1 634 052 629 605 214 734 579
Dyslipidemia 220 745 593 820 765 563 093 569 707 051 729 609 211 659 613
MS 236 708 775 90.0 552 943 093 686 719 052 785 731 214 782 674
Female
DM 218 772 465 820 673 625 087 842 545 054 723 559 349 495 77.1
HTN 228 645 578 810 645 612 089 558 654 054 659 604 324 660 645
Dyslipidemia 219 69.1 501 810 618 641 086 725 580 053 69.1 552 321 604 648
MS 228 744 684 800 867 719 087 806 668 054 819 710 325 700 752

BF%, body fat percentage; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; Sn, sensitivity; Spe, specificity; MS, metabolic syndrome;
WG, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.
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Figure 1 | Receiver operating characteristics curve for body mass index (BMI), wait circumference (WC), waist-to-hip ratio (WHR), waist-to-height ratio
(WHtR) and body fat percentages (BF%) values to predict diabetes mellitus, hypertension, dyslipidemia and metabolic syndrome for males and females.

Significant interactions were found between age and sex and sex (P < 0.001 for WHR, WC and BF%) in the multivari-
(P < 0.001), physical inactivity and sex (P < 0.001), smoking ate analyses of logistic regression. Therefore, the statistical
and sex (P < 0.001), and between anthropometrical variables  results were reported in the table(4a and 4b) for each sex.

Table 3 | Association of anthropometric variables with diabetes mellitus, hypertension, dyslipidemia and metabolic syndrome

BMI WC WHR WHIR BF%
AUC 95% Cl AUC 95% Cl AUC 95% Cl AUC 95% Cl AUC 95% Cl
Male
DM 062 056, 068 067* 061, 0.73 0.69*% 063, 0.75 067* 061, 0.73 066 060, 0.72
HTN 0.64* 0.59, 069 063* 0.58, 066 0.59 054, 064 0.64* 0.59, 069 0.70% 066, 0.75
Dyslipidemia 0.70%t 067,0.74 0.70* 067, 0.74 0.68 064, 0.72 0.71% 067,074 0.65 061, 069
MS 0.80* 0.76, 0.83 0.82* 0.79, 0.85 076 072,089 081* 078, 084 077 0.74, 081
Female
DM 0.65 060, 0.71 0.70* 065, 0.75 0.73* 068, 0.78 0.69 064, 0.74 067 062, 0.72
HTN 062 058, 067 065* 061, 069 062 058, 067 065* 061, 069 0.70% 066, 0.74
Dyslipidemia 062 059, 066 066* 063, 0.70 0.68* 065, 0.71 066* 063, 069 066* 0.63, 069
MS 0.77 0.74,0.79 0.83** 0.80, 0.85 0.79 0.77,082 0.82** 0.79, 0.84 0.79 0.77,0.82

Bold values indicate the highest AUCs. *P < 0.05. **P < 0.01 for the comparison of area under the receiver operating characteristics curve (AUC) for
anthropometric indicators in predicting the cardiometabolic condition. tFor the comparison of corresponding AUCs for males and females

(*P < 0.05). BF%, body fat percentage; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; MS, metabolic syndrome; WC, waist
circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.
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Table 4 | Crude and adjusted odds ratios of body mass index, waist circumference, waist-to-hip ratio, waist-to-height-ratio and body fat
percentage for predicting diabetes mellitus, hypertension, dyslipidemia and metabolic syndrome for (a) males and (b) females

DM HTN Dyslipidemia MS
95% Cl P-value 95% Cl P-value 95% Cl P-value 95% (I P-value

(@) Males
BMI (225 kg/m?)

Crude 1.53 (093-2.52) 0.091 190 (131, 2.76) 0.001 320 (2.32-443) <0001 7.01 (497-988) <0.001

Adjusted 150 (0.90-2.53) 0.116 195 (1.32-2.87) 0001 321 (231-447) <0001 6.87 (4.82-9.79) <0.001
WC (=90 cm)

Crude 227 (140-366) 0.001 217 (150-3.14) <0.001 3.16 (2.28-437) <0001 1247 (863-18.03) <0.001

Adjusted 209 (1.28-343) 0.003 216 (147-3.18) <0.001 3.14 (2.26-4.38) <0001 1202 (824-1752) <0.001
WHR (=0.90)

Crude 360 (1.99-6.52) <0.001 183 (1.26-2.66) 0.001 308 (2.26-4.21) <0001 584 (404-848) <0.001

Adjusted 321 (1.76-5.88) <0001 169 (1.15-248) 0007 312 (227-4.28) <0001 538 (3.70-7.84) <0.001
WHIR (=0.50)

Crude 3.26 (190-5.63) <0.001 267 (183-3.89) <0001 421 (3.08-5.75) <0001 862 (5.90-1259) <0.001

Adjusted 297 (1.70-5.18) <0001 255 (1.72-3.77) <0001 435 (3.16-6.00) <0001 797 (543-11.69) <0.001
BF% (>25%)

Crude 1.78 (094-357) 0092 259 (2.12-4.50) <0.001 1.86 (1.33-2.59) <0001 507 (357-7.19) <0.001

Adjusted 1.60 (0.92-2.78) 0094 235 (1.54-357) <0.001 214 (147-3.12) <0001 524 (352-7.78) <0.001
(b) Females
BMI (225 kg/m?)

Crude 242 (1.60-3.64) <0001 2.10 (1.54-2.89) <0.001 209 (161-269) <0001 542 (4.22-696) <0.001

Adjusted 255 (169-3.87) <0.001 242 (1.75-335) <0.001 222 (1.71-2.89) <0001 6.38 (4.89-831) <0.001
WC (=90 cm)

Crude 345 (2.17-549) <0001 273 (197-3.78) <0.001 268 (208-345) <0001 1556 (11.37-21.30) <0.001

Adjusted 347 (2,18-553) <0.001 2.88 (207-4.02) <0.001 274 (213-354) <0001 1795 (1293-2494) <0.001
WHR (=0.90)

Crude 553 (223-1372) <0.001 1.72 (1.13-263) 0011 255 (1.78-3.64) <0001 1083 (646-18.17) <0.001

Adjusted 535 (2.16-1331) <0001 165 (1.07-2.53) 0022 249 (1.74-357) <0001 10.78 (641-18.14) <0.001
WHtR (>0.50)

Crude 348 (1.99-6.01 <0.001 247 (1.72-356) <0.001 261 (198-346) <0001 9.96 (6.99-14.20) <0.001

Adjusted 347 (198-6.06) <0001 254 (1.75-369) <0.001 264 (198-3.50) <0001 10.58 (7.38-15.18) <0.001
BF% (=25%)

Crude 274 (1.71-4.39) <0.001 260 (2.23-549) <0.001 250 (193-3.24) <0001 6.67 (5.04-8.84) <0.001

Adjusted 246 (1.50-4.05) <0001 283 (193-4.17) <0.001 213 (162-2381) <0001 6.18 (460-8.29) <0.001

BF%, body fat percentage; BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus; HTN, hypertension; MS, metabolic syndrome; WC,
waist circumference; WHR, waist-to-hip ratio; WHIR, waist-to-height ratio. Adjusted for age, smoking, physical inactivity and family history of diabetes.

Age groups used in logistic regression model (20-30 years, 31-40 years, 41-50 years and =51 years).

Table 4a and 4b show the ORs of different anthropometric
indicators for predicting DM, HTN, dyslipidemia, and MS
using both crude and adjusted logistic regression analysis after
adjustment for age, smoking habit, physical inactivity and fam-
ily history of diabetes. The ORs were highest for WHR for DM
and WC for MS for both sexes. In contrast, the ORs were
highest for WHtR for men and WC for women for HTN and
dyslipidemia, respectively. Crude and adjusted ORs were very
similar.

DISCUSSION

This is the first population-based cross-sectional study that
attempted to define and comparatively evaluate cut-off values
of BMI, WC, WHR, WHtR and BF% for a few important

cardiometabolic risk factors including DM, HTN, dyslipidemia
and MS in a rural population of Bangladesh who can be
marked as an Asian Indian population. The optimal cut-off
values for BMI ranged between 21.2 kg/m” and 23.6 kg/m” for
men, and 21.8 kg/m” and 22.8 kg/m’ for women to indicate
risk for DM. These values were apparently lower than the
values for the Western population (BMI >25 kg/m® for over-
weight and BMI >30 kg/m? for obesity) and for the Asia—Paci-
fic population'® (BMI >23 kg/m” for overweight and BMI
>25 kg/m®  for obesity) that have been previously
recommended. Optimal values of WC fell into a wide range of
79-90 cm for men and 80-82 cm for women. The optimal
WC cut-oft values of 90 cm for men and 80 cm for women
for MS were similar to the cut-off levels recommended by the
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International Diabetes Federation (IDF) for the Asian popula-
tion?®. However, IDF values remained lower than optimal
WHR values of 0.93 for men and 0.87-0.89 for women in the
present study. Optimal WHIR levels of 0.51-0.53 for men and
0.53-0.54 for women were higher than the present standard for
WHIR of >0.50 for both sexes'”'®, and the optimum level of
BF% 21.1-21.4% for men were lower than the standard level of
>25% for men, but the optimal cut-off values of 32.1-34.9 for
women were higher than the standard level of >30% for
women'®, In the present analysis, more women had central
obesity than men, as defined by the WHO for the Asian popu-
lation"”. This might be a consequence of the division of labor
by sex in this community. Manual labour is sustained by male
physical labor.

In the present study, the most sensitive indices were WHR
for DM, BF% for HTN and WC for MS for both sexes; whereas
WHtR for men and WC for women were most sensitive for
dyslipidemia. Study findings support that central obesity is an
important indicator for predicting cardiometabolic risk com-
pared with general obesity as measured by BMI in the Asian
population, which has been verified by a number of studies as
well as pathophysiological mechanisms. From a pathophysiolog-
ical point of view, central obesity has been found to play a vital
role in the pathogenesis of insulin resistance”’, increased plasma
leptin, low plasma adiponectin® and stimulation of inflamma-
tory cytokines™; all of these factors lead to the development of
atherosclerosis, type 2 diabetes, HTN, dyslipidemia and MS.
Also, although BMI is an acceptable approximation of total
body fat at the population level, and can be used to estimate the
relative risk of disease in most people, it is not always an accu-
rate predictor of body fat or fat distribution, particularly in mus-
cular individuals, because of differences in body-fat proportions
and distribution. Previous reports have shown a stronger associ-
ation of cardiovascular disease risk factors with central obesity
than with general obesity in different Asian populations and
Bangladeshi subjects™*>°, which is in agreement with the pres-
ent results for DM, HTN, dyslipidemia and MS.

The AUC values for WC, WHR, WHtR and BF% were
higher for women than for men for most risk indicators, and
the present findings were similar to recent meta-analyses that
Lee et al.'® and Dong et al.*® carried out.

The present study had some limitations. This was a cross-
sectional study; therefore, our data only showed the associa-
tions with present risk factors, but did not directly predict the
future risk of cardiovascular events. More prospective or longi-
tudinal studies, however, are required to determine the future
risk of development of cardiometabolic risk factors related to
obesity in the south Asian population. Subject exclusion based
on self-reported personal medical history was another limita-
tion of the present study, and which might cause selection bias.
It is of note that AUCs of ROC analyses were not adjusted by
age in the present study. Therefore, the relationship between
each anthropometric measure and different cardiometabolic
risk factors might be confounded by the influence of aging,

underestimating the actual predictive value calculated in ROC
analysis.

In conclusion, we projected various anthropometric indices
of obesity associated with the risk related to cardiometabolic
threats. It should be noted that the risk factors themselves are
based on arbitrary cut-offs, and do not necessarily indicate a
clinical condition, especially like DM, hypertension, dyslipide-
mia and MS. Thus, the recommended cut-off values show
levels of the anthropometric indices above which the population
are screened for cardiometabolic risk. The present data sug-
gested that a BMI of 22 kg/m* for men and 22.8 kg/m® for
women; a WC of 82 cm for men and 81 cm for women,
except for MS which were 90 cm for men and 80 cm for
women; a WHR of 0.93 for men and 0.87 for women; a WHtR
of 0.52 for men and 0.54 for women; and 21.4% for men and
32.4% for women were optimal cut-offs for defining general
and central adiposity in the adult population of Bangladesh.
The present study finding proposed that indices of central obes-
ity predicted better cardiometabolic risk factors than general
obesity defined by BMI for both men and women. We there-
fore recommend that the cut-off values in use for defining
obesity as a risk indicator should be readjusted for the popula-
tion in question.
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