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Correlation of anthropometric indices with common
cardiovascular risk factors in an urban adult population
of Iran: data from Zanjan Healthy Heart Study
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The purpose of this study was to determine the anthropometric index that best predicts common cardiovascular
risk factors. A total of 2768 individuals (1310 men and 1458 women) aged 21-75 years with full relevant data
from the Zanjan Healthy Heart Study (a prospective study in Zanjan and Abhar, two main cities of Zanjan Prov-
ince, Iran) were recruited. Common cardiovascular risk factors (TG, TC, HDL-c, LDL-c, fast blood sugar, blood
pressure), anthropometric indices (BMI, WC, WHR, WHtR) were measured using standard process, and their
correlated classification was evaluated by partial correlation and Receiver Operator Characteristic (ROC) curve
analysis. Area under curve (AUC) of WHtR was the largest for most (6 of 7) of the common cardiovascular risk
factors in both men and women; followed by WC (4 of the 7 including ties) in men, while AUCs of three anthro-
pometric indices (WC, BMI, WHR) were the same with the largest for 1 of 7 risk factors in women. These re-
sults show that the high prevalence of lipid profiles, as cardiovascular risk factors, need special attention, inter-
vention and appropriate treatment. Consistence with other reports, WHtR is a better discriminator of cardiovas-
cular risk factors compared with the other three indices (BMI, WC, and WHR). We determined its optimal cut-
off point of 0.5 for both genders. However, due to differences in reported cut-off values across different ethnic
groups, future research and longitudinal data is needed before reaching an internationally accepted simple and

appropriate measure that could be effectively used in the clinical and epidemiological fields.
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INTRODUCTION

In many developing countries, changes in diet and life
style have led to the increase in the prevalence of obesity,
"2 which is one of the major risk factors of cardiovascular
and other chronic diseases.** From various anthropomet-
ric indices only four of these, include body mass index
(BMI), waist circumference (WC), waist to hip ratio
(WHR), waist to height ratio (WHtR), are the most com-
monly used predictors of cardiovascular risk factors in
clinical practice and large scale epidemiological studies.
BMI is an index of overweight and obesity which is used
by the World Health Organization as an international
standard for identifying adiposity in adult populations.’
BMI is not a measure of fat distribution, and can not dis-
tinguish central from peripheral adiposity, which is the
principal limitation of this index.®” However, increased
risk of cardiovascular disease in individuals is associated
with excess fat in the central (abdominal) region,*” which
leads to metabolic disorders and other obesity related
morbidity.'*'? Other three anthropometric indices (WC,
WHR, WHIR) are indicators of central fat distribution,'*"
> which are going to replace BMI in several definitions
for clinical diagnosis of metabolic syndrome.'®

The attention of majority of current studies is over
which of the four anthropometric indices exhibit the
stronger correlation with common cardiovascular risk
factors, and their superiority in regard with simplicity,
public acceptance and could be performed uniformly well
across diverse populations. In addition attempts have
been made to determine and compare ethnic-specific an-
thropometric index cut-off points for obesity.'”?" In a
study conducted among Hong Kong Chinese, Ho et al'’
found that WHtR might be the best anthropometric index
in relation with cardiovascular risk factors, and the cut-off
value of 0.48 was determined for both Chinese men and
women. More recently a meta-analysis of ten cross-
sectional and longitudinal study, most based upon re-
ceiver-operating characteristic (ROC) curve analysis,
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from different regions (Asia, Africa, Caucasian popula-
tions) with a 88000 sample size, Lee et al”’ have proved
that among four anthropometric indices WHtR is the best
discriminator of cardiovascular risk factor, and found
great disparity in optimal cut-off points for the indices in
different population.

Most studies reported are from European or white-
Caucasoid population'®'**'** and little data are available
about Asian-Pacific region and Middle East population.”
** The Obesity in Asia Collaboration (OAC) have been
initiated with the aims of detecting which anthropometric
index exhibits the strongest correlation with cardiovascu-
lar disease risk factors, examining any heterogeneity in
the strength and nature of these associations among study
populations. To determine whether ethnic differences
exist, they sought data from eligible studies. To date, 12
countries and regions from the Asia-Pacific region with
information on nearly 800000 individuals have partici-
pated in the OAC.*

Considering ethnic variability and population depend-
ence of predictive power of anthropometric indices for
risk factors’*” and availability of limited data about Ira-
nian population as one of developing countries, in the
present study we have investigated the most suitable an-
thropometric index for predicting common cardiovascular
risk factors in participants of the Zanjan Health Heart
Study project, a representative adult population in Zanjan
province, Iran.

MATERIAL AND METHODS

Subjects

This cross-sectional study was conducted using the Zan-
jan Healthy Heart Study data (2002-2003). It is a prospec-
tive study performed on residents of Zanjan and Abhar,
two main cities of Zanjan province, Iran, with the aim of
determining the relevance of cardiovascular disease risk
factors, obesity, and developing a healthy life style to
improve their risk profile. The population (n=3277) were
selected by multistage cluster random sampling. A ques-
tionnaire was given to obtain the subjects' information on
age, sex, history of cardiovascular diseases and diabetes
mellitus, family history, life style factors (smoking,
physical activity, dietary habits) under direction of clini-
cians. After excluding subjects with missed information
and obvious diseases (i.e., hypertension and diabetes mel-
litus), weight loss more than 10% during the last six
months determined by history taking and physical exami-
nation, and those taking medication that would affect se-
rum lipoprotein; 2768 individuals (1310 men and 1458
women) aged 21-75 years were recruited. The protocol
was approved by the ethical committee of the Zanjan
University of Medical Sciences and informed consent was
obtained from all participants.

Anthropometric measurements

Weight and height were measured according to standards
established by Jellife.”® Body weight measurements were
conducted with participants in light clothes and without
shoes, to the nearest 0.1 kg using a digital scale. Height
was measured with participants in a standing position,
without shoes, using stadiometer to the nearest 0.5 cm
while the shoulders were in a normal position. WC was

measured at the narrowest level from the front after exha-
lation and that of the hip circumference (HC) at the
maximum level from the lateral aspect over light clothing,
using an unstretched tape meter” and the measurements
were recorded to the nearest 0.1 cm. All measurements
were taken by the same person. WHR and WHtR were
calculated as WC divided by hip circumference and
height, respectively. BMI was calculated as weight in kg
divided by height in metric square.

Assessments and Measurements

A qualified physician measured blood pressure two times
in a seated position after 15 min of rest using a standard
mercury sphygmomanometer, and the mean of the two
measurements was considered as the participant's blood
pressure.

Biochemical analyses

The measurements were done by medical personnel in the
health center belonging to Zanjan University of Medical
Sciences, all of whom were trained and supervised by
preventive medicine physician. A blood sample was
drawn from all study participants between 7:0 and 9:0
a.m. in to vacutainer tubes after 12-14 h overnight fasting.
Blood samples were taken in a sitting position according
to the standard protocol and centrifuged within 30-45 min
of collection. All blood lipid analyses were done at the
research laboratory of Valieasr Hospital belonging to
Zanjan University of Medical Sciences on the day of
blood collection. The analysis of samples was performed
using Selectra 2 autoanalyzer (vital scientific, spankeren,
Netherlands). Total cholesterol (TC) and triglycerides
(TG) levels were assayed with a sensitivity of 5 mg/dl
using enzymatic colorimetric tests with cholesterol es-
terase and cholesterol oxidase and glycerol phosphate
oxidase respectively (ParsAzmon Kkits, Iran). High-density
lipoprotein cholesterol (HDL-c) was measured after pre-
cipitation of the apolipoproteins with phosphotungistic
acid. Low density lipoprotein cholesterol (LDL-c) was
calculated from serum TC, TG and HDL-c using Fried-
wald formula.”® It was not calculated when TG concentra-
tions were more than 400 mg/dl. Lipid standard
(c.f.a.s./Boehringer Mannheim, cat. no. 759350) was used
to calibrate the selectra 2 autoanalyzer for each day of the
experiment. Assay performance was checked in one out
of 20 test intervals using the lipid control serum perineum
(normal range) and percipath (pathologic range) wherever
applicable. Inter- and intra assay coefficients of variation
(CV) for the assay (TC or TG) were 1.1% and 1.6% in
lower limit, 0.9% and 0.6% for upper limit.

Fasting blood sugar (FBS) was measured on the day of
blood collection by enzymatic colorimetric method using
glucose oxidase.

High triglyceride, high total cholesterol, high low-
density lipoprotein cholesterol, low high-density lipopro-
tein cholesterol, high fast blood glucose, high systolic
blood pressure (SBP) and high diastolic blood pressure
(DBP), were defined as TG>150 mg/dL, TC>200 mg/dL,
LDL-C>130 mg/dL, HDL-C<40 mg/dL for men and <50
mg/dL for women, FBG>110 mg/dL, SBP>130 mmHg
and DBP>85 mmHg’'** which were used as cut-off crite-
ria for cardiovascular risk factors. The ratio of TC to
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Table 1. Means and median of anthropometric indices and common cardiovascular risk factors of 2768 study subjects

Male (n=1310)

Female (n=1458)

Variables Mean+SD Median Mean+SD Median P

Age (years) 40.5+14.6 38 39.1+14.2 36 <0.015
TG (mg/dL) 171.6£118.9 137 154.2+108.7 127 <0.001
TC (mg/dL) 182.1£39.4 181 190.5+43.9 185 <0.001
HDL-c (mg/dL) 38.0+6.4 38 39.9+6.9 39 <0.001
LDL-c (mg/dL) 112.2+£36.7 109 121.2+£39.8 116 <0.001
TC/HDL-c 4.9+1.6 4.7 4.9+1.7 4.6 <0.531
FBG (mg/dL) 90.0+28.9 87 93.8435.2 88 <0.002
SBP(mmHg) 124.6£19.1 120 120.4+21.5 120 <0.001
DBP (mmHg) 79.3+11.7 80 77.7+£12.6 80 <0.001
Height (cm) 169.6+£7.9 170 156.6+7.2 156 <0.001
Weight (kg) 70.5+£12.9 70 63.8+12.4 63 <0.001
BMI (kg /cm2) 24.5+4.2 24.3 26.1+£5.0 26 <0.001
WC (cm) 87.8+11.7 88 85.0+12.9 85 <0.001
WHR 0.90+0.08 0.9 0.83+0.08 0.83 <0.001
WHtR 0.52+0.07 0.51 0.54+0.09 0.54 <0.001
#p<0.05

HDL (TC/HDL) was calculated and a value of >5 for men
and >4 for women were used for dislipidemia classi-
fation.”

Statistical analysis

All calculations and statistics were done with SPSS 11.5
(SPSS, Inc.Chicago.IL, USA). Results were expressed as
means = SD for normally distributed data and as median
for data that are not normally distributed. The Student's t-
test or Mann-Whitney U test was used for variables dis-
playing both normal and non-normal distribution. Pearson
correlation coefficient was used to explore the relation-
ship between quantitative data when the two variables
had a normal distribution and Spearman's correlation was
employed when at least one of the variables had a non-
normal distribution.

Partial correlation and ROC curve were used for se-
lecting the best anthropometric index as a screening tool
for cardiovascular risk factors. First, partial correlation
was performed between cardiovascular risk factors and
anthropometric indices after adjusting for age. Then,
ROC curve analysis was used to calculate the area under
ROC curves between each cardiovascular risk factor and
anthropometric index. Each value of an anthropometric
index was used as a cut-off value to calculate its sensitiv-
ity and specificity in classifying a cardiovascular risk
factor. The ROC curve is a plot of the sensitivity (true
positive rates) against 1-specificity (false positive rate)
for each cut-off value, and the area under curve (AUC) is
an indicator of how good the anthropometric indices can
distinguish a positive test outcome. AUC value can be
between 0 and 1, with 0.5 (chance or diagonal line) indi-
cating that the anthropometric index has no predictive
performance and 1 indicating perfect performance. After
determining which was the best anthropometric index, the
optimal cut-off value for each anthropometric index (BMI,
WC, WHR, WHtR) was determined by the point of con-
vergence of sensitivity and specificity, i.e., by the value
that had the largest sum of sensitivity and specificity.***
p<0.05 was considered statistically significant.

Table 2. Prevalence of common cardiovascular risk fac-
tors according to the gender of study subjects

Male Female
Risk Factors (=1310)  @1458)
n % n %
High TG (mg/dL) 576 44.1 566 39 0.006
High TC (mg/dL) 408 313 577 40  <0.001
Low HDL-c (mg/dL) 837 63.9 1357 93.1 <0.001
High LDL-c (mg/dL) 638 49.7 811 56.6 <0.001
High TC/HDL-c 550 422 962 66.7 <0.001
High FBG (mg/dL) 100 7.7 149 103 0.018
High SBP (mmHg) 476 363 432 29.6 <0.001
High DBP (mmHg) 396 302 366 25.1 0.003

p <0.05 according to genders

RESULTS

Tablel presents medians or means of common cardiovas-
cular risk factors and anthropometric indices of 2768
study individuals according to gender. The subjects studied
included 1310 (47.3%) men and 1458 (52.7%) women,
ages ranging from 21 to 75, with medians 38 and 36 for
men and women, respectively. Women had the highest
levels of all lipid variables except TG which was higher
in men. The levels of FBG, SBP and DBP were approxi-
mately similar for men and women. The values of anthro-
pometric measurements including WC and WHR were
higher for men, while the means of BMI and WHtR were
higher for women. The prevalence of lipid profiles was
abnormally very high (Table 2). Dislipidemia, low levels
of HDL-c, and hypercholesterolemia were more prevalent
in women than men. The prevalence of high SBP and
DBP were higher for men than women. Except for the
weak correlation between BMI and WHR with r of 0.4 in
men and 0.38 for women, there was significant correla-
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Table 3. Pearson correlation coefficients anthropometric
indices

BMI WwC WHR WHItR
Male
BMI 1 0.78* 0.40%* 0.80*
wC 0.78* 1 0.66* 0.94*
WHR 0.40%* 0.66* 1 0.65*
WHtR 0.80* 0.94* 0.65* 1
Female
BMI 1 0.79* 0.38* 0.81*
WwC 0.79* 1 0.76* 0.96*
WHR 0.38%* 0.76* 1 0.75*
WHItR 0.81* 0.96* 0.75* 1
*p=0.01

tion among the four anthropometric indices with r ranging
from 0.65 to 0.96 (Table 3). Table 4 gives the age ad-
justed partial correlation coefficients between anthropom-
etric indices and common cardiovascular risk factors. In
both genders, WHtR had the highest coefficient in 6 (for
men) and 7 (for women) of 7 risk factors, followed by
WC with 4 (for men) and 6 (for women) risk factors in-
cluding ties. Table 5 displays the AUCs with 95% confi-
dence intervals overlap, for anthropometric indices ac-
cording to genders. In men, WHtR was the best in distin-

guishing an abnormality in 6 of 7 cardiovascular risk fac-
tors, followed by WC (4 of the 7 including ties). In
women AUC of WHtR was the most distinctive for most
(6 of the 7 including ties) of the risk factors followed by
the other three anthropometric indices (WC, WHR and
BMI) which have the largest AUC for only one risk factor
(FBS, HDL-C and DBP), respectively. Figurel shows
ROC curves, for comparison, of the four anthropometric
indices in relation to one or more risk factors according to
gender. Table 6 shows optimal cut-off points for BMI,
WC, and WHtR where sensitivity approximates specific-
ity for each risk factor. The cut-off values over various
risk factors in men ranged between 21.6 and 26.2 for BMI,
84.9 and 92.0 for WC, 0.88 and 0.93 for WHR, 0.49 and
0.56 for WHtR; and in women ranged between 22.9 and
26.3 for BMI, 80.5 and 93.4 for WC, 0.76 and 0.84 for
WHR and 0.50 and 0.56 for WHtR.

DISCUSSION

Since the cut-off values for the various indices of obesity
and fat distribution differ in different countries and seems
race and ethnic dependent,’***"*****7 there is no global
standard. It is important to develop simple and effective
anthropometric indexes for the screening of higher meta-
bolic risk subjects in different populations until reaching

Table 4. Age adjusted partial correlation coefficients between anthropometric indices and common cardiovascular risk

factors
Male Female

BMI WC WHR WHtR BMI wC WHR WHtR
TG (mg/dL) 0.26** 0.30** 0.23%** 0.28%** 0.21%** 0.24%* 0.19** 0.24**
TC (mg/dL) 0.24** 0.26** 0.15%* 0.26** 0.23%** 0.22%* 0.12%** 0.23**
HDL-c (mg/dL) -0.15%* -0.17** -0.17%* -0.17%* -0.08* -0.10%* -0.09* -0.09**
LDL-c (mg/dL) 0.12%** 0.14** 0.06* 0.15%* 0.14%* 0.14%* 0.06* 0.14**
TC/HDL-c 0.25%* 0.26** 0.19%** 0.26** 0.17** 0.19%** 0.14** 0.19**
FBS (mg/dL) 0.10* 0.13%* 0.09%** 0.16%* 0.08** 0.10%* 0.10%* 0.10%*
SBP (mmHg) 0.20%** 0.17%* 0.07** 0.19%* 0.17** 0.16%* 0.15%* 0.18**
DBP (mmHg) 0.16%* 0.15%* 0.06** 0.17%* 0.16%* 0.16%* 0.14%** 0.16**

Pearson partial correlation; *p<0.05, **p<0.0001

Table 5. Area under the receiver-operating characteristic (ROC) curves for four anthropometric indices in predicting

cardiovascular risk factors in men and women

Area under the ROC curve (95% CI)

Cardiovascular Risk factors

WC WHR WHtR

BMI
Men
TG (mg/dL) 0.67(0.64-0.70)
TC (mg/dL) 0.64(0.60-0.67)

HDL-c (mg/dL)
LDL-c (mg/dL)

0.56(0.53-0.60)
0.58(0.54-0.61)

TC/HDL-c 0.63(0.60-0.66)
FBS (mg/dL) 0.63(0.57-0.68)
SBP (mmHg) 0.64(0.61-0.67)
DBP (mmHg) 0.61(0.58-0.65)
Women

TG (mg/dL) 0.68(0.65-0.70)
TC (mg/dL) 0.69(0.67-0.72)

HDL-c (mg/dL)
LDL-c (mg/dL)

0.54(0.48-0.59)
0.65(0.62-0.68)

TC/HDL-c 0.66(0.63-0.69)
FBS (mg/dl) 0.70(0.66-0.74)
SBP (mmHg) 0.69(0.66-0.72)

DBP (mmHg)

0.87(0.64-0.70)

0.69(0.66-0.72)
0.66(0.62-0.69)
0.59(0.55-0.62)
0.60(0.56-0.63)
0.65(0.62-0.68)
0.69(0.64-0.74)
0.65(0.62-0.68)
0.62(0.58-0.65)

0.69(0.67-0.72)
0.71(0.68-0.74)
0.54(0.48-0.60)
0.67(0.64-0.69)
0.68(0.65-0.71)
0.76(0.72-0.79)
0.73(0.70-0.75)
0.69(0.66-0.72)

0.67(0.64-0.70)
0.64(0.61-0.68)
0.59(0.56-0.62)
0.59(0.55-0.62)
0.63(0.60-0.66)
0.69(0.63-0.74)
0.63(0.60-0.66)
0.59(0.56-0.62)

0.68(0.65-0.70)
0.66(0.63-0.69)
0.55(0.49-0.60)
0.63(0.60-0.66)
0.65(0.62-0.68)
0.73(0.69-0.77)
0.72(0.70-0.75)
0.68(0.65-0.71)

0.67(0.64-0.70)
0.66(0.63-0.69)
0.58(0.55-0.61)
0.61(0.58-0.64)
0.65(0.62-0.68)
0.70(0.64-0.75)
0.67(0.64-0.70)
0.63(0.60-0.66)

0.70(0.67-0.72)
0.72(0.69-0.74)
0.54(0.48-0.59)
0.68(0.65-0.70)
0.69(0.66-0.72)
0.76(0.73-0.80)
0.75(0.72-0.77)
0.71(0.68-0.74)
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Figurel. Receiver operating characteristic (ROC) curves for one or more risk factors in men and women. BMI: body mass index, WC:
waist circumference, WHR: waist-to-hip ratio, WHtR: waist to height ratio.

internationally-accepted measures. This is the first such
study in Iran, as a developing country, and probably in
the Middle East region that attempted to evaluate com-
paratively four anthropometric indices (BMI, WC, WHR,
and WHtR) in an attempt to find the most distinctive in-
dex to be used as an indicator of cardiovascular risk fac-
tor for an urban adult population, based on ROC curve
analysis. Although some studies have been performed in
this region, they have been done without using ROC
curve analysis and unfortunately with lack of data on at
least one of the four indices.

The results of the present study indicate that WHtR
was a better indicator of cardiovascular risk factor in both
men and women in comparison with the other three an-

thropometric indices, as reflected in the calculated area
under the ROC curve (Table 5) as well as in partial corre-
lation analysis (Table 4), that shows higher correlation
coefficient existing between WHtR and the sum of car-
diovascular risk factors than other anthropometric indices.
Although from the results we see that BMI clearly has
higher sensitivity but lower specificity than WHtR and
other indices (Table 6). The largest AUC for most risk
factors and high enough sensitivity suggest that WHtR
performs well in women but has lower specificity. Our
finding is consistent with several studies in south Asia,'>
738 Western countries'®*' and Iran.”* However it is con-
trary to other reports that show that other anthropometric
indices have better correlation with cardiovascular risk

Table 6. Optimal cut-off value, sensitivity, specificity and likelihood ratios of anthropometric indices for common car-

diovascular risk factors in men and women

BMI WC WHR WHIR
Cut-off Se Sp LR Cut-off Se Sp LR Cut-off Se Sp LR Cut-off Se Sp LR
Men
TG 243 566 69.5 185 865 69.6 589 1.69 091 707 56 16 051 597 685 1.89
TC 24 662 57 154 849 725 515 149 088 69.9 517 145 053 559 673 171
HDL-c 216 688 423 119 865 532 607 135 091 609 533 13 049 594 535 127
LDL-c 24 595 55 132 849 669 497 133 088 64.1 497 127 05 664 507 135
TC/HDL 246 558 628 15 865 638 581 152 091 51.8 69 167 054 482 745 1.89
FBS 262 49 716 172 92 64 724 231 093 59 724 213 056 54 773 237
SBP 245 492 699 163 92 538 689 172 093 544 652 156 053 502 769 2.17
DBP 228 639 511 13 904 581 594 143 09 76 371 12 051 581 621 153
Anycondi- ) 5 34 550 164 865 549 779 248 088 587 721 21 05 588 734 221
tion above
Women
TG 263 673 575 158 825 698 617 1.82 077 739 554 165 055 70 609 1.79
TC 251 728 566 168 80.5 80.8 53.6 174 082 659 602 166 051 809 53.6 1.74
HDL-c 229 752 327 111 934 223 8.1 1.6 076 62.6 465 117 05 699 386 1.13
LDL-c 237 706 45 128 805 77.1 514 159 082 631 589 153 051 771 514 158
TC/HDL 237 734 512 15 784 749 531 1.6 082 582 658 17 05 751 548 1.66
FBS 245 886 433 156 84 866 553 193 084 732 637 201 052 799 645 225
SBP 251 766 541 166 84 755 598 1.87 083 708 658 207 052 817 562 186
DBP 251 719 573 168 874 62 676 191 082 719 573 168 056 787 529 1.67
Anycondi- o) o 508 571 165 84 515 786 241 08 561 81 295 05 66 714 231
tion above

+Optimal cut-off value is the largest sum of sensitivity and specificity
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factors.'”**** Lee et al® support previous claims that
measures of central obesity, in particular the WHtR, are
better discriminators of cardiovascular disease risk factors
compared with BMI. They also rejected the previous sug-
gestion that combining BMI with WC increases the car-
diovascular risk prediction more than either measure
alone®® and supported the use of WHIR as the sole meas-
ure of obesity. Current reports emphasize the distribution
of adipose tissue in the evaluation of the risks of obesity
because central fat is not only metabolically more active
in comparison with peripheral fat but also contains large
insulin-resistant adipocytes.*”*" There is strong associa-
tion between visceral fat and cardiovascular risk fac-
tors.'®** BMI which is by far the most widely used in-
dicator of total adiposity, can not distinguish fat from
muscle mass or peripheral from central fat, also its limita-
tions are recognized by its change according to age™™*’
and its dependency on race, with Asian populations pre-
disposed to visceral or abdominal fat at low BMI val-
ues.®®* WHR, one of the abdominal obesity measures, is
more susceptible to measurement errors. This index re-
mains the same even when there is a change in body
size.?’ Our data in line with the result of other studies,>®>?
show that it is less dependent on fatness, as demonstrated
by a correlation of almost 0.38 with BMI, whereas the
correlation of WC reached 0.78 (Table 3). In addition,
people usually know their waist circumference but are
often ignorant about their hip circumference. These
drawbacks make WHR of little value as a simple indica-
tor of cardiovascular risks for the public.

There is a new tendency to use WC** or WHtR** as
an indicator of cardiovascular risk factors rather than
other mentioned indices. Although WC has been shown
to be highly correlated with the amount of visceral body
fat measured by computer tomography>”>> and the major-
ity of current studies suggest that WC is a better indicator
of cardiovascular risk factor than BMI or WHR.’**®
Moreover the World Health Organization (WHO)* has
stated that WC is the easiest and most efficient anthro-
pometric index to be used in population based studies,
because it measures fatness and fat location. However,
there is no global standard for it. Some studies measure
WC at the level of the umbilicus and some at the WHO
standard definition which is halfway between the iliac
crest and the lower rib. The WC cut-off values differ be-
tween genders, different races and ethnic groups.>?"*
The percentage of body fat is higher for short stature in-
dividuals, compared with taller individuals. Thus, the
assumption that people with the same WC would have the
same cardiovascular disease risk, without considering
their height, is invalid, while WHtR is the measurement
of the distribution of body fat in the abdominal region
with regard to differences in height. In adults, as height is
approximately constant, WHtR changes only when there
is change in waist, therefore individuals with different
heights have their own cut-off waist circumference. Also
WHItR offers several other potential advantages over
other mentioned anthropometric indices. First, WHtR is
the most significant predictor of cardiovascular risk fac-
tors, probably due to better measurement of the relative

fat distribution among subjects of different age and height.

Second, this index does not require percentile table, be-

cause of its independency on age and gender. Since this
value does not require reference tables it may be accepted
for clinical application. Third, it is a parameter that is less
influenced by height, which is a particular advantage of
WHItR. Fourth, unlike BMI, WHtR, it has the advantage
of only requiring a tape measurement rather than both a
weighing scale and tape measure. Practically, it can be
easily calculated, no matter what unit of measurement
was used, also people usually know their waist circumfer-
ence and height. It may be clinically useful to use this
simple and inexpensive anthropometric index for primary
health care setting in the routine physical examinations of
adults.

The results of the analysis of our data suggest a WHtR
optimal cut-off point of 0.5 for both men and women,
which correspond to a sensitivity of 58.8% and 66.0%,
specificity of 73.4% and 71.4% and likelihood ratio of
2.21 and 2.31, in the prediction of one or more cardiovas-
cular risk factors. The best cut-off point is the criterion
value with the highest accuracy that maximizes the sum
of sensitivity and specificity. The determined cut-offs
(Table 6) including 0.5 for WHtR correspond to best
trade off which is the result of an optimal balance be-
tween sensitivity and specificity using ROC curve analy-
sis. If we adopt lower cut-off, specificity will be reduced
with enhancement of sensitivity, which leads to misclassi-
fication of subjects and number of individuals who will
be erroneously classified as at risk. In considering deter-
mined median for WHtR (0.51 for men and 0.54 for
women), about half of the population in the present sam-
ple is above the proposed cut-off of this study. Approxi-
mately, the 0.5 optimal cut-off value have been deter-
mined by some researchers in East Asian countries.’”
However the marked difference in optimal cut-off values
is observed in different ethnic populations, ranging from
0.46 to 0.62.*° Ho et al'” and Lemieux et al® demon-
strated that one's waist measurement should not exceed
half of the body height which means every one will have
an individual cut-off waist measurement. This should be
more acceptable to the public than a single waist meas-
urement for all. Ashwell and Hsich® have suggested a
cut-off value of 0.5 for action level one, WHtR close to
0.5 in East Asia, and 0.6 for action level two in some eth-
nic populations. More studies and conversation is re-
quired to determine ethnic-specific cut-off values for
WHIR as a best measure of central obesity. The positive
feature of our study is our sample size which is relatively
large and is from a homogeneous population, and its other
strength is the use of the ROC curve analysis model. The
limitation of the present study is its cross-sectional data.
Future studies using longitudinal data will provide
stronger evidence of this correlation.

In conclusion, although several studies have analyzed
the association between cardiovascular risk factors and
four anthropometric indices based upon ROC analysis,
most, including the present one, support the idea that
WHIR, as a measure of central obesity, is a better anthro-
pometric index of cardiovascular risk factors compared
with other indices. We determined a WHtR optimal cut-
off point of 0.5 for both men and women. However due to
different reported cut-off values across different ethnic
groups, future research and study is needed until reaching
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an internationally-accepted simple and appropriate meas-
ure that could be efficiently used in the clinical and epi-
demiological fields.
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