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Abstract

BACKGROUND: Obesity is increasing worldwide, but the debate about the most valid index as-
sociated with its health hazards remains unresolved. This study aimed to compare four main an-
thropometric indices by gender, to determine the best index in predicting cardiometabolic risk
factors and to find their cutoff values in the population studied.

METHODS: This study was a cross-sectional community-based study performed on a represen-
tative sample of 12,514 adults (aged =19 years) selected via 2-stage random cluster sampling
from 3 cities in Iran. Partial correlation and ROC curve analyzes were used to determine the best
anthropometric indices and their cutoff values.

RESULTS: The study population comprised 6123 males and 6391 females. In both genders,
waist circumference (WC) had the highest correlation with cardiometabolic risk factors (6 of 8
risk factors in men and 7 of 8 risk factors in women). ROC analyses showed that in males, the
largest area under curve (AUC) was obtained for waist-to-stature ration (WSR) in most risk fac-
tors (6 of the 10) followed by body mass index (BMI) and waist-to-height ratio (WHR) with larg-
est AUC (3 of the 10). The corresponding figure for females was obtained for WSR (9 of the 10)
followed by BMI and WHR (1 of 10). Optimal cutoff values computed for combination of 3 major
risk factors (including diabetes mellitus, hypertension and dyslipidemia) revealed that in males
and females, respectively, the cutoff values were 21.9 and 23.5 kg/m2 for BMI, 80.70 and 84.70
cm for WC, 0.85 and 0.86 for WHR and 0.47 and 0.53 for WSR.

CONCLUSION: WSR could be a valid anthropometric index for predicting cardiometabolic risk
factors, and it has less variation than other indices among populations with ethnic differences in
body size and fat distribution.
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Introduction idly in developing than in industrialized coun-
It is widely agreed that chronic non-communicable  tries." Clustering of metabolic risks increases the
diseases (CNCDs) are escalating much more rap-  risk and mortality of cardiovascular disease
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(CVD), and all cause mortality.’

Obesity is a health risk frequently associated
with complications such as type 2 diabetes, dyslip-
idemia, high blood pressure, abnormal fibrinolysis
and CVD.’

Population-based studies concerning the corre-
lation of anthropometric indices and the cardi-
ometabolic risk factors have documented that
even in young age, abdominal or upper body fat
carries an increased risk for metabolic complica-
tions such as dyslipidemia, and high fasting glu-
cose, as well as for high blood pressure.*

Obesity is reaching to a global epidemic, but
the debate about the most valid anthropometric
index related to its health hazards remains unre-
solved.’

Both body mass index (BMI) and waist circum-
ference (WC) are well-documented anthropomet-
ric indices in association with adverse cardiome-
tabolic outcomes of obesity.®

Body mass index (BMI) is perhaps the index
most thoroughly studied and its relation with car-
diometabolic risk factors and outcomes have been
well elucidated by cross-sectional and prospective
studies.” However, as this index cannot distinguish
fat from muscle mass, nor can it represent the fat.

Distribution, there are increasing doubts about
the appropriateness of this overall obesity index in
predicting CVDs. New anthropometric indices
are being suggested from time to time; evidence is
mounting for anthropometric indices related to
abdominal obesity such as WC, waist-to-hip ratio
(WHR), waist-to-stature ratio (WSR), as well as
indexes as abdominal sagittal diameter (ASD) that
are more sensitive but not feasible to be measured
in population-based studies.’

There is a growing body of evidence that the
Asian populations are predisposed to visceral or
abdominal obesity;” given that they have smaller
body size, notably shorter statures than Western
populations do, considering the ratio of different
measures might reach to a more appropriate index
than simple measures as WC.

Similar to many other developing countries,
the epidemiologic transition along with rapid life-
style changes made Iranians prone to CVD and
their risk factors. Our previous studies showed a

considerably high prevalence of coronary heart
disease™ and their risk factors' in our community.
Hence, determining the best anthropometric in-
dex predicting such disorders is necessary for epi-
demiologic studies, as well as routine physical ex-
aminations and measurements in primary health
care services.

Present study aims to compare the aforemen-
tioned anthropometric indices (BMI, WC, WHR
and WSR) by gender, to determine the best index
in predicting cardiometabolic risk factors and to
find their cutoff values in a large representative
sample of Iranian population.

Materials and Methods

This cross-sectional study was performed as the
baseline survey of a preventive community trial in
3 cities in central Iran, entitled Isfahan Healthy
Heart Program (IHHP), the details of which have
been previously published,”” and here we report
its methods in brief.

Study Participants

Ethics committees and other relevant national
regulatory organizations approved the study.
Written informed consent was obtained from par-
ticipants after full explanation of the study proto-
col.

We considered two provincial cities of Isfahan
and Najaf-Abad with populations of 1,895,856 and
275,084, respectively, as venues of intervention.
We considered Arak, a provincial city located 375
km northwest of Isfahan with a population of
668,531, as the reference area because of socioeco-
nomic, demographic, health profile similarities to
the intervention areas. The populations of the
three cities were studied for major CNCD risk
factors, as well as the related risk behaviors. Fur-
thermore, we performed continuous surveillance
of disease data registry (myocardial infarction,
stroke, cancers, etc) in order to identify appropri-
ate and feasible interventions to be scaled up to
the national level.

By conducting quota sampling, the study popu-
lation was stratified by their living area (urban vs.
rural) according to regional population distribu-
tion as per the national population census in 1999.

ARYA Atherosclerosis Journal 2010 (Winter); Volume 5, Issue 4 153

www.mui.ac.ir



ANTHROPOMETRIC INDICES AND CARDIOMETABOLIC RISK FACTORS

The project team conducted this baseline survey
of 12,514 randomly selected adults aged = 19
years via 2-stage random cluster sampling. Ini-
tially, they randomly selected census blocks from
each city and divided them into clusters, each with
approximately 1000 households. They randomly
selected approximately 5 to 10 of households
within these clusters for enumeration. After enu-
meration, they randomly selected one of the eligi-
ble individuals aged = 19 years per household,
providing that he or she had Iranian nationality,
was mentally competent and not pregnant. We
calculated the sample size and divided it into dif-
ferent age groups (19-25, 25-34, 35-44, 45-54, 55-64
and = 65 years) in both sexes according to the
distribution in the community.

We doubled the total number owing to our use
of the cluster method. Considering the missing
rate, we calculated the total number of 12,600 for
the 3 cities. The urban-to-rural ratio in Iran is ap-
proximately 68/32, and in the cities of Isfahan, Na-
jaf-Abad and Arak it was 90/10, 60/40 and 66/34,
respectively. It should be mentioned that in Iran,
all places with a population of at least 10000 and
having municipality are considered as urban area.

Physical examination

Our team conducted a structured interview using
a standardized questionnaire to obtain informa-
tion on demographic and socioeconomic aspects.
A trained team of physicians performed physical
examinations using standardized and zero-
calibrated instruments. They measured blood
pressure (BP) twice in a seated position and re-
corded the average of two readings for the first
and fifth Korotkoff sounds as systolic and diastolic
pressures (SBP, DBP), respectively.

They measured height barefoot in standing po-
sition to the nearest 0.5 cm using a secured metal
ruler, and measured weight in light clothing using
calibrated scales. In addition, they measured waist
circumference (WC) at a level midway between
the lower rib margin and the iliac crest to the
nearest half-centimeter.

Laboratory examinations

Trained nurses obtained the participants’ blood
samples by venipuncture from the left antecubital
vein after 12 hours of fasting. They kept all blood

samples frozen at -20°C to be assayed within 72
hours at the central laboratory of ICRC, which is
under external national and international quality
control. The results from the laboratories highly
correlated with each other. Serum total choles-
terol (TC), triglycerides (T'G) and fasting plasma
glucose (FPG) measured enzymatically using an
auto-analyzer (Eppendorf, Germany) and deter-
mined serum HDL cholesterol (HDL-C) after pre-
cipitation of low-density and very low-density lipo-
proteins with dextran sulfate-magnesium."*" Serum
low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald equation'® in sub-
jects with TG < 400 mg/dL, and used standard
kits in other cases. The 2-hour post load plasma
glucose test (2hpp) was performed by two times of
venous blood sampling (in fasting state and 2 hours
after drinking a glucose solution) in all participants
other than the known cases of diabetes mellitus.

Definition of cardiometabolic risk factors

The metabolic syndrome and its components were
defined according to the Third Report of the Ex-
pert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult
Treatment Panel III or ATPIII)." Serum triglyc-
eride level (TG) more than 200 mg/dL, HDL-C
less than 50 mg/dL for female and less than 40 for
male, FBG more than 126 mg/dL, impaired glu-
cose tolerance between 140 and 200 mg/dL, LDL-
C more than 170 mg/dL and total cholesterol
more than 200 mg/dL were considered as abnor-
mal values.

Considering that the ATP III criteria for hy-
pertension consist of simultaneous systolic and
diastolic high BP, the definition of the Seventh
Report of the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of
High Blood Pressure which includes isolated high
SBP or DBP (SBP > 140 or DBP > 90 mmHg)*
was also used for dividing subjects in normoten-
sive and hypertensive groups for comparison of
the prevalence of the metabolic syndrome com-
ponents between them.

Statistical analysis

The data were collected and stored in a computer
database. A trained team checked the recorded in-
formation for missing values and data entry errors.
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After tidying up the data, statistical analyses were
performed using the SPSS statistical package for
Windows (SPSS Inc., Chicago, USA) at p < 0.05.

Two statistical methods, partial correlation and
Receiver Operator Characteristic (ROC) curve
analyses, were used to determine the best anthro-
pometric index.

Partial correlations were performed between
anthropometric indices and cardiometabolic risk
factors after adjusting for age.

ROC analyses were used to calculate the area
under curve (AUC) between each cardiovascular
risk factor and anthropometric index.

Each value of an anthropometric index was used
as a cutoff value to calculate its sensitivity and speci-
ficity in classifying cardiometabolic risk factors.

The ROC curve is a plot of the sensitivity
against 1-specificity for each cutoff value, and the
area under curve (AUC) is an indicator of how
good the anthropometric indices can distinguish a
positive test outcome. AUC ranges from O to 1,
with 0.5 (diagonal line) indicating that the anthro-
pometric index has no predictive power and 1 in-
dicating perfect power. After determining that
which one was the best anthropometric index, the
optimal cutoff value was denoted by the value that
had the largest sum of sensitivity and specificity."

Results

The study population comprised 6123 males and
6391 females. The mean age had no significant dif-

ference in terms of gender (38.9 + 15.2 years in
males and 38.8 + 14.7 years in females.

The anthropometric and metabolic characteris-
tics of the study population according to gender
are presented in Tablel. It shows that males had
higher height and weight, whereas females had
higher levels of BMI, WC and WSR. The mean
serum total-, LDL- and HDL-cholesterol were
higher in females than in males, while males had
higher mean TG values.

WHR, SBP, DBP) and FBS had no significant
difference in terms of gender. The prevalence of
high TG and low HDL-C levels was significantly
higher in males than in females, and high choles-
terol level was more prevalent in females. Diabetes
and metabolic syndrome were significantly more
common in females but this difference was not sig-
nificant for hypertension between them (Table 2).

In both genders, significant correlations were
documented between the four anthropometric
indices studied. The correlation of BMI was sig-
nificant with WC (r = 0.6 in both genders), WHR
(r = 0.3 in males and r = 0.1 in females), and
WSR (r = 0.7 in both genders).

Age adjusted partial correlation coefficients be-
tween anthropometric indices and cardiometabolic
risk factors are presented in Table 3. In males, WC
had the highest coefficient in 6 of 8 risk factors,
followed by BMI in 4 risk factors. Similarly, in fe-
males WC had highest coefficient in 7 of 8 risk fac-
tors followed by BMI in 3 risk factors; in addition,
WSR had highest correlation (equal to WC coeffi-
cient) with LDL-C and HDL-C.

Table 1. Characteristics of the study population by gender: IHHP

Men (n = 6123)

Women (n = 6391)

Mean + SD Cl 95% Mean + SD Cl 95% P

Age (years) 38.9+15.2  38.13-38.95  38.81+14.7 37.96-38.71 0.47
Weight (Kg) 71.5+12.4 70.7-71.4 65.2+12.7 64.6-65.3 <0.0001
Height (cm) 170.9+¢85 170.7-171.2  156.6%7.9 56.4-156.8 <0.0001
Body mass index (kg/fn 245+ 4.8  24.27-24.52 26.745.9 26.47-26.78 <0.0001
Waist circumference (cm) 88.4+12.1 87.7-88.36 92.6+£14.1 92.03-92.76 <0.0001
Waist-to-stature ratio 0.51+0.07  0.514-0.518 0.59+0.09 0.589-0.594 <0.0001
Waist-to-hip ratio 0.89+0.08  0.894-0.899  0.9040.09 0.900-0.905 0.2
Systolic blood pressure (mmHg) 115.3+17.6  114.7-115.9 114.6+20.4 113.9-115.3 0.14
Diastolic blood pressure (mmHg) 75.5+10.3 75.10-75.8 75.2+11.5 74.8-75.6 0.3
Total cholesterol (mg/dL) 194.65+57.7 190.7-193.6 202.5+54.8 199.3-202.1 <0.0001
LDL-C (mg/dL) 114.3+41.3 113.2-115.4 122+41.8 120.9-123.1 <0.0001
HDL-C (mg/dL) 45.4+£11.74 44.9-45.5 48.5+13.4 48.1-48.8 <0.0001
Triglycerides (mg/dL) 178.58+120 158.6-162.8 162499.9 148.9-152.8 0.000
Fasting plasma glucose (mg/dL) 83.51+29.8 81-82.4 82.02+33.5 81.4-82.9 0.38
2-hour post load plasma glucose (mg/dL) 96.8+47.4 94.1-96.5 105.5+53.4 102.7-105.3 <0.0001
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Table 2. Prevalence of cardiometabolic risk factors according to gender: IHHP

Men(n = 6123)

Women(n = 6391)

P
n (%) n (%)
Hypertension (14) 987(18.7) 1136(18.9) 0.07
Total cholesterol >200 mg/dL 2459(40.2) 2965(46.4) <0.0001
LDL-C> 170 mg/dL 692(11.31) 980(15.3) <0.0001
Low HDL-C* 746(12.5) 460(7.4) <0.0001
Triglycerides >200 mg/dL 1755(29.2) 1582(25.1) <0.0001
;aéslg'ﬂg plasma glucose>125 311(5.2) 402(6.4) 0.004
140<2-hpp<200 mg/dL 250(4.2) 424(6.8) <0.0001
Metabolic syndromt 623(10.7) 2145(35) <0.0001

* HDL < 40 mg/dL for men and HDL < 50 mg/dL for women were considered as low level.

2-hpp: 2-hour post load plasma glucose test.

In the ROC analyses conducted among males,

the largest AUC was obtained for WSR in most
risk factors (6 of the 10) followed by BMI and
WHR with largest AUC in 3 (factors had equal
AUC with other anthropometric indices in some
cases). In females, the best anthropometric index
was WSR with largest AUC in 9 of the 10 risk
factors followed by BMI and WHR (1 of 10) (Ta-
ble 4).
The optimal cutoff values of the anthropometric
indices in relation to each cardiometabolic risk
factor in males and females are presented in Table
5.

The cutoff values in males ranged from 19.9 to
29.3 kg/m” for BMI, 73.7 to 80.7 cm for WC, 0.81
to 0.85 for WHR and 0.43 to 0.47 for WSR. The
corresponding figures for females were 20.4 to 23.5
kg/m? 75.7 to 84.7cm, 0.78 to 0.86 and 0.45 to 0.53.

Optimal cutoff values were also computed for
combination of 3 major risk factors (including
diabetes mellitus, hypertension and dyslipidemia)
and revealed that in males and females, respec-
tively, the cutoff values were 21.9 and 23.5 kg/m*
for BMI, 80.70 and 84.70 cm for WC, 0.85 and
0.86 for WHR and 0.47 and 0.53 for WSR.

Discussion

In this population-based study, we found that al-
though anthropometric indices are significantly
inter-related, and are all associated with cardiome-
tabolic risk factors, but WSR was the best in pre-
dicting these risk factors. This finding is suggested
to be being, at least in part, because of ethnic dif-
ferences in terms of body size and fat deposition.
The anthropometric indices proposed in Western

Table 3. Age-adjusted partial correlation coefficients between cardiometabolic factors and anthropometric indices:

IHHP
Males Females
WC BMI WHR WSR W.C BMI WHR WSR

TC 0.12* 0.15* 0.08* 0.12* 0.17* 0.13* 0.12* 0.16*
LDL-C 0.07* 0.08* 0.06* 0.07* 0.13* 0.1* 0.11* 0.13*
HDL-C -0.09* -0.09* -0.03 -0.07* -0.04* -0.03 -0.03 -0.04
TG 0.31* 0.31* 0.18* 0.28* 0.27* 0.24* 0.15* 0.25*
FPG 0.1* 0.07* 0.06* 0.09* 0.07* 0.07* 0.03 0.06*
2-hpp 0.08* 0.04* 0.08* 0.08* 0.05* 0.05* 0.04 0.04*
SBP 0.19* 0.15* 0.08* 0.16* 0.19* 0.14* 0.12* 0.17*
DBP 0.18* 0.15* 0.09* 0.14* 0.15* 0.16* 0.07* 0.13*
*P<0.05

BMI: Body mass index (kg/fi; WC: Waist circumference (cm); WSR: Waist-to-stature ratio; WHR: Waist-to-hip ra-
tio; TC: Total cholesterol (mg/dL); TG: Triglycerides (mg/dL); FBG: Fasting plasma glucose (mg/dL); 2-hpp: 2-hour
post load plasma glucose test; SBP: Systolic blood pressure (mmHg); DBP: Diastolic blood pressure (mmHg).
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Table 4. Area under the receiver operating characteristic curve for anthropometric indices as predictors of cardi-
ometabolic risks factors by gender: IHHP.

Area under the receiver operating characteristic curve

BMI WC WHR WSR
Males Females Males Females Males Females Males Females
Metabolic syndrome 0.81(0.8- 0.72(0.71- 0.78(0.85- 0.75(0.74- 0.8(0.78- 0.70(0.69- 0.86(0.85- 0.76(0.75-
0.83) 0.74) 0.88) 0.77) 0.82) 0.71) 0.88) 0.77)
Hypertension 0.65(0.63- 0.66(0.64- 0.67(0.67- 0.68(0.66- 0.68(0.66- 0.67(0.65- 0.70(0.68- 0.70(0.69-
0.67) 0.67) 0.70) 0.70) 0.7) 0.69) 0.72) 0.72)
Hypertriglyceridemia  0.74(0.73- 0.07(0.67- 0.72(0.70- 0.71(0.69- 0.67(0.66- 0.66(0.65- 0.72(0.70- 0.72(0.70-
0.75) 0.71) 0.73) 0.72) 0.69) 0.68) 0.73) 0.73)
Low HDL 0.56(0.54- 0.52(0.50- 0.55(0.53- 0.5(0.48- 0.54(0.52- 0.48(0.46- 0.54(0.52- 0.49(0.46-
0.58) 0.55) 0.58) 0.53) 0.56) 0.51) 0.56) 0.52)
FPG>126 0.68(0.65- 0.65(0.62-  0.73(0.7- 0.68(0.65- 0.73(0.71- 0.67(0.64- 0.75(0.72- 0.69(0.66-
0.71) 0.68) 0.76) 0.70) 0.76) 0.70) 0.77) 0.71)
140<2-hpp<200 0.65(0.61- 0.60(0.57- 0.67(0.64- 0.59(0.56- 0.69(0.66- 0.59(0.56- 0.69(0.66- 061(0.58-
0.68) 0.63) 0.70) 0.62) 0.72) 0.62) 0.73) 0.63)
SBP>140 mmHg 0.62(0.59- 0.63(0.61- 0.67(0.64- 0.66(0.63- 0.70(0.67- 0.66(0.63- 0.70(0.67- 0.67(0.65-
0.66) 0.66) 0.71) 0.69) 0.73) 0.69) 0.73) 0.70)
DBP>90 mmHg 0.63(0.6-  0.62(0.6- 0.67(0.64- 0.63(0.60- 0.67(0.65- 0.64(0.61- 0.67(0.64- 0.64(0.61-
0.66) 0.65) 0.70) 0.66) 0.70) 0.67) 0.70) 0.67)
Diabetes 0.68(0.65- 0.65(0.62- 0.73(0.70- 0.69(0.66- 0.74(0.71- 0.68(0.65- 0.75(0.72- 0.70(0.67-
0.71) 0.67) 0.76) 0.71) 0.77) 0.70) 0.78) 0.72)
Dyslipidemia 0.66(0.65- 0.65(0.64- 0.66(0.64- 0.65(0.64- 0.62(0.60- 0.62(0.61- 0.65(0.64- 0.66(0.65-
0.67) 0.66) 0.67) 0.67) 0.64) 0.64) 0.66) 0.67)

The best index is marked as bold.
Definitions and abbreviations are the same as those in Table 3.

Table 5. Optimal cutoff value, sensitivity, specificity and likelihood ratios of anthropometric indices for predicting
cardiometabolic risk factors according to gender: IHHP.

BMI WC WHR WSR

Cut-off Se SP LR Cut-df Se SP LR Cut-off Se SP LR Cut-off Se SP LR
Males
Diabetes 2150 090073 33 807 091070 3 085 090070 3 047 093070 3.1
Dyslipidemia 293 090078 41 747 091082 5 081 090079 43 043 090078 4.1
SBP>140 mmHg 21 090 077 27 797 090074 35 085 091070 3 046 0.900.71 3.1
DBP>90 mmHg 21 090 077 27 777 091080 45 085 090070 3 046 0.900.73 3.3
FPG>126 mg/dL 212 090070 3 807 0900.70 3 085 094070 3.1 047 0.930.70 3.1
High TG 211 094070 31 787 092071 32 084 090070 3 045 092070 3.1
High TC 206 090076 3.7 755 0090081 47 0.82 090079 43 044 0.900.76 3.7
Low HDL-C 199 090086 64 737 091089 83 081 090086 64 043 0.900.86 6.4
High LDL-C 203 090083 53 767 09082 5 083 090077 3.9 044 0.900.79 4.3
140<2-hpp<200 201 090085 6 777 0900.80 45 085 091070 3 046 0900.75 3.6
Metabolic syndrome 216 096070 32 797 0970.73 57 0.85 096070 3.2 046 0.970.70 3.2
Hypertension 211 090075 36 787 0900.76 64 0.84 090075 3.6 045 0.970.70 3.2
3-Risk factors (diabetes, 219 093070 31 807 097071 33 085 096070 3.2 047 0.980.70 3.3
hypertension, dyslipidemia)
Females
Diabetes 2301 090072 320 847 09071 32 084 090075 36 053 092070 3.1
Dyslipidemia 217 090075 36 777 091079 43 08 090081 47 050 0.900.72 3.2
SBP>140 mmHg 227 090074 35 835 090072 32 085 090071 31 053 090070 3
DBP>90 mmHg 222 090078 41 797 092086 3.8 084 090076 37 051 09 0.784.1
FPG>126 mg/dL 231 090072 32 847 090070 3 084 090074 35 053 091070 3
High TG 227 092070 31 827 091070 3 083 090073 33 052 0.920.70 3.1
High TC 219 090073 33 789 090077 27 08l 090079 43 050 0.900.75 3.6
Low HDL-C 204 095089 86 757 090088 41 078 090090 9 047 0.900.88 7.5
High LDL-C 222 090076 37 797 090080 45 082 090080 45 051 0.900.77 3.9
140<2-hpp<200 216 090082 41 767 090086 6.4 080 090084 56 049 0.900.83 5.3
Metabolic syndrome 223 094070 31 797 098.73 36 084 091070 3 046 0970.70 3.2
Hypertension 225 090074 35 8L5 091074 35 084 090072 32 045 0.900.74 35
3-Risk factors (diabetes, 235 094070 31 847 097071 33 086 097070 32 053 0.960.70 3.2

hypertension, dyslipidemia)

Definitions and abbreviations are the same as those in Table 3.
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countries with taller populations might be not
applicable in other ethnicities, and consequently
the necessity of using different cutoff values for
anthropometric measures in different populations.
The priority of WSR in predicting cardiome-
tabolic risk factors is suggested to be because it
includes two anthropometric measures of WC and
height which have large ethnic differences; hence
by providing the ratio of these measures, it can be
applicable in different ethnic group. There are
several advantages for WSR to make it the best
indicator of cardiovascular risks in health promo-
tion. WSR has been shown to be a good indicator
of abdominal visceral fat,”® cardiometabolic fac-
tors, CVDs and mortality both in cross-sectional®"
» and cohort studies.”* Practically, as both waist
circumference and stature are easy to measure,
WSR as a ratio of the two can be easily calculated
no matter what unit of measurement was used.”
Our finding is consistent with some previous stud-
ies mostly conducted among South Asians. A
population-based study in Hong Kong Chinese”
and a study among Singaporean women,” found
that WSR might be the best anthropometric index
in relation to cardiometabolic risk factors. A
study in Japan showed that WSR is more sensitive
than BMI or WC to evaluate clustering of coro-
nary risk factors among non-obese men and
However, some studies in Western
countries found that other anthropometric in-
dexes have better correlation with CVD risk fac-
tors than WSR has. A study among Canadians
revealed that WC and BMI correlated most closely
with blood pressure and plasma lipids.” In the
study of Zhu et al. among Americans of three
race-ethnicity groups, WC followed by BMI were
the most sensitive anthropometric indexes in pre-
dicting CVD risk.?®

Contrary to a previous population-based study
among Iranians found that WHR is a better
screening measure for cardiometabolic risk factors

women.B

in Iranian men” and women,” we documented a
weak correlation for this index among both gen-
ders. This disagreement between the findings of
these studies in a same ethnic group might be be-
cause our study comprised urban and rural resi-
dents of three cities, and was representative of a

general population, whereas the aforementioned
study included only the urban residents of the
Metropolitan Tehran.

As mentioned before, we used two major sta-
tistical methods of partial correlation and ROC
analysis to find the best anthropometric indices.
In selecting the best anthropometric index as a
screening tool for cardiovascular risks, some pre-
vious studies have compared the correlation coef-
ficients between risk factors and the indices.”"*
Based on this method, in our study, WC had the
highest coefficient in both genders. But, as stated
by Ho et al., correlation coefficients could not be
a valid method in comparing indices to choose the
best one as a screening tool because this method
suffers from the drawback that the anthropomet-
ric indices are highly correlated.” Furthermore,
ROC analyses, have long been used in other situa-
tions to compare the efficacy of screening tools
and to determine the optimal cutoff values.”* Us-
ing latter method in the current study revealed
that WSR was the best anthropometric index in
predicting cardiometabolic risk factors.

In our study, findings of partial correlation and
ROC analysis documented that in both genders,
BMI was inferior to WC and WSR in predicting
cardiometabolic risk factors, however it was sig-
nificantly correlated with these two indices.

Among males, WSR was the best predictor for
cardiovascular risk factors followed by BMI and
WHR with similar strength, whereas among fe-
males, none of the indices were comparable to
WSR in predicting cardiometabolic risk factors.
These findings are consistent with the notion that
abdominal obesity is more directly related to
CVD risks than overall obesity as indicated by
BMI. Furthermore, BMI cannot distinguish fat
from muscle mass, and hence risks tend to be
overstated in muscular athletes and understated in
older persons whose muscle mass is replaced by
fat to varying degrees.” We would suggest to con-
sider WSR in future population-based studies and
routine physical examinations in primary health
care settings, nonetheless we should acknowledge
that WC has the advantage of being a the simplest
index as it involves only one measurement.

The increased health risks associated with
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obesity have been found to occur in Asians at
lower BMIs, hence different cutoff values are sug-
gested for BMI and WC in various Asian popula-
tions.”

In the present study, BMI cutoff values for
combination of 3 major cardiometabolic risk fac-
tors were 21.9 and 23.5 kg/m’ for males and fe-
males, respectively.

A study on Asian population proposed as cut-
off value of 23 kg/m? for BMI in both genders,” a
study in Hong Kong Chinese has supported this
value and documented the cutoff value of 23.4
kg/m’ for both genders.” A study in China” and
a study in Thailand® confirmed that a BMI cutoff
value of 23 might be appropriate for use in identi-
fication of high risk of obesity-related metabolic
disorders. An optimal cut-off value of 23.6 for
BMI in males and 22.1 in females is suggested for
Taiwanese population.” A study in Tunisia found
that the optimum BMI cut-off points for predict-
ing cardiovascular risk factors were 24 kg/m” in
men and 27 kg/m’ in women.* Noteworthy to
state that the cut-off values obtained in South
Asians did not differ in terms of gender, but the
limited studies conducted in the Eastern Mediter-
ranean region, as the Tunisian® and the current
study documented higher BMI cutoff values for
females. This is another confirmatory observation
on ethnic differences in anthropometric indices
and their association with cardiometabolic risk
factors.

In the current study, a WC cutoff value of 80.7
cm was documented for males, and 84.7 cm for
females. Other studies in Asian countries found
different cut-off values; the appropriate WC cut-
off value for central obesity for males and females,
respectively is determined to be 78.2 and 74.7 cm
in China,” 90 and 85 cm in Korea,* 80.5 and 71.5
cm in Taiwan ,” 81.5-84 and 76-80.5 cm in Thai-
land,” 85 cm for both genders in Tunisia,” 97 cm
and 99 cm in Iraq¥ and 89 and 91cm in Iran.*

While studies among South Asians documented
higher cutoff values for WC among males than in
females, the study in Tunisia found similar cutoff
values for both genders, and the studies in Iraq®
and Iran® as well as the current study revealed
higher cutoff values for females than males.

In addition to ethnic differences, sedentary life-
style in females of this region, as documented in
“* might be a contributing factor.
A study in Sweden revealed that immigrant

Iranian women

women from Iran and Turkey are heavier than
women born in Sweden and have a higher preva-
lence of abdominal obesity, an unfavorable lipid
profile.* Another study among 30 migrants from
Pakistan to the UK, 30 British-born British Paki-
stani women, and 25 British-born women of Euro-
pean origin found that British-born British Paki-
stani women had healthier levels of anthropomet-
ric indices and lipid profile, i.e. a lower WHR,
lower mean TG levels, and higher mean HDL-C
levels than migrant British Pakistani women did."
These findings confirm the gene-environment in-
teraction in the development of the chronic dis-
eases and their risk factors.

WSR cutoff values for combination of 3 major
risk factors in present study were documented as
0.53 for males and 0.47 for females.

Some studies in Japan proposed 0.5 as optimal
cutoff values for WSR both for males” and fe-
males.” Our finding is consistent with a study in
Hong Kong that found WSR cutoff values of
0.48-0.51 in males and 0.49-0.52 in females for
predicting hypertension, diabetes, dyslipidaemia
and albuminuria.’ Taking into consideration that
in spite of considerable differences between the
WC cutoff values obtained in the current study
and those in South Asians, the cutoff points ob-
tained for WSR are comparable in these popula-
tions, WSR can be a valid anthropometric index
in different populations.

Study limitations

The main limitation of this study is its cross-
sectional nature, the prediction of cardiometabolic
risk factors by anthropometric indices should be
interpreted with caution given the cross-sectional
nature of the associations. The ongoing longitudi-
nal part of IHHP will be able to assess the current
findings.

Conclusion

We found that WSR could be a valid anthropom-
etric index for predicting cardiometabolic risk
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factors. It has less variation than other indices
among populations with ethnic differences in
body size and fat distribution. We suggest that
WSR might be considered in epidemiologic stud-
ies, as well as physical examinations in primary
health care settings.
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