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ABSTRACT

Considering the main effect of obesity on chronic non-communicable diseases, this study was per-
formed to assess the association between body mass index (BMI), waist-circumference (WC), cardio-
metabolic risk factors and to corroborate whether either or both BMI and WC are independently
associated with the risk factors in a sample of Iranian adults. This cross-sectional study was performed
on data from baseline survey of Isfahan Healthy Heart Program (IHHP). The study was done on 12,514
randomly-selected adults in Isfahan, Najafabad and Arak counties in 2000-2001. Ages of the subjects
were recorded. Fasting blood glucose (FBG), 2-hour post-load glucose (Zhpp), serum lipids, systolic and
diastolic blood pressure (SBP and DBP), BMI, WC, smoking status, and total daily physical activity were
determined. Increase in BMI and WC had a significant positive relation with the mean of FBG, 2hpp,
SBP, DBP, serum lipids, except for HDL-C (p<0.001 for all). After adjustment for age, smoking, physical
activity, socioeconomic status (SES), and BMI, the highest odds ratio (OR) (95% CI) for diabetes mel-
litus (DM) according to WC was 3.13 (1.93-5.08) and 1.99 (1.15-3.44) in women and men respectively.
Moreover, the highest ORs based on BMI with adjustment for age, smoking, physical activity, SES, and
WC were for dyslipidaemia (DLP) [1.97 (1.58-2.45) in women and 2.96 (2.41-3.63) in men]. The use of
BMI or WC alone in the models caused to enhance all ORs. When both BMI and WC were entered in
the model, the ORs for all risk factors, in men, according to BMI, were more compared to WC. Howev-
er, in women, ORs for DM and hypertension (HTN) in WC quartiles were more than in BMI quartiles.
BMI is the better predictor of DM, HTN, and DLP in men compared to WC. Conversely, in women, WC
is a superior predictor than BMI, particularly for DM and HTN. Furthermore, the measurement of both
WC and BMI in Iranian adults may be a better predictor of traditional risk factors of CVDs compared
to BMI or WC alone.
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INTRODUCTION and diabetes mellitus (DM), are the major causes of

death worldwide (1). Moreover, CVDs are the lead-
ing cause of death in Iran (2) while the prevalence
of coronary artery disease (CAD) was 19.4% in Isfa-
han, a central city of Iran (3).

Chronic non-communicable diseases (CNCDs),
such as cardiovascular diseases (CVDs), cancers,
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tential of CVD risk factor for a long time (4-7). Cen-
tral adiposity in adults make them more susceptible
to major metabolic problems, such as ischaemic
heart diseases, myocardial infarction, hypertension
(HTN), dyslipidaemia (DLP), and dibetes mellitus
(DM), and it cannot be indicated by BMI (8-10).
It was assessed by measuring waist-circumference
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(WC) which is a better predictor than BMI for obe-
sity outcomes (11,12). According to the National
Institute of Health guidelines, it is supposed that
BMI and WC have independent effects on obesity-
related diseases (13). It is clear that combination of
WC and BMI predicts health risks better than does
BMI alone (9,10); however, the reverse is uncertain.

According to Adult Treatment Panel III (ATP III)
criteria, about 33.8% of Iranian adults (more than
10.6 million) were centrally obese. It was about 4
times in females compared to males (14).

Considering the importance of CNCDs and the
main effect of obesity on these diseases, this study
was performed to assess the association between
BMI, WC, and major cardiometabolic risk factors
and to corroborate whether either or both BMI
and WC are independently associated with these
risk factors in a sample of Iranian adults who par-
ticipated in the baseline survey of Isfahan Healthy
Heart Program (IHHP). IHHP was a long-term com-
munity-based interventional programme for health
promotion through reduction of CVD risk factors,
and hence, reduction of morbidity and mortality-
due to CVDs. The study was conducted in 3 central
counties of Iran (15).

MATERIALS AND METHODS
Sampling

Thisis an analytical study done with data of the base-
line survey of IHHP (15,16). IHHP was undertaken
in 3 counties of Isfahan, Najafabad, and Arak in the
central part of Iran. According to the 2000 National
Census, the population was 1,895,856, 275,084,
and 668,531 in Isfahan, Najafabad, and Arak re-
spectively (15,16). Multistage random-sampling
technique was employed based on sex, age, and set-
tlement distributions in each community to select
12,600 adults aged 219 years. Approximately 5-10%
of households within these clusters were randomly
selected. One individual aged >19 years per house-
hold was randomly selected. The selection criteria
were: Iranian and mentally-competent individuals
and also non-pregnant women (15,16).

Single eligible subject within the household was
selected randomly from one of the six age-groups:
19-<25, 25-<35, 35-<45, 45-<55, 55-64, or 65 years
and more (15).

Data collection

Eligible individuals had a 30-minute home inter-
view by trained health professionals. The question-
naire included questions on socioeconomic and

demographic characteristics, health knowledge,
cardiovascular risk-related attitudes and behaviours
regarding dietary practice, smoking, and physi-
cal activity (15). Medical and drug history of par-
ticipants were obtained for DLF, DM, and HTN by
well-trained physicians.

Trained nurses obtained blood samples from the
participants by venipuncture from the left antecu-
bital vein after 12-14 hours of fasting. They kept all
blood samples frozen at —20 °C to be assayed with-
in 72 hours at the central laboratory of Isfahan Car-
diovascular Research Center (ICRC) which meets
the criteria of the National Reference Laboratory
(a WHO-collaborating centre). Serum total choles-
terol (TC) and triglyceride (TG) were determined by
enzymatic method, using special kits (Immunodi-
agnostic, Germany) in an Elan 2000 auto-analyzer
(Eppendortf, Germany). Also, HDL-C was measured
by enzymatic method after precipitating the other
lipoproteins with dextran sulphate magnesium
chloride (17). LDL-C was calculated by using the
Friedewald formula (18). Direct measurement of
LDL-C was performed with a turbidimetric method
for those with TG 2400 mg/dL. Blood sugar, includ-
ing fasting blood glucose (FBG) and 2-hour post-
load plasma glucose (2hpp), were determined by
glucose oxidase enzymatic method. To measure
2hpp, the blood sugar of non-diabetic participants
was measured 2 hours after giving a syrup contain-
ing 75 g of glucose powder (19).

Physical measurements were done by trained medi-
cal staff with standardized methods. The weight
was measured by a digital scale, with minimum
necessary clothing, and recorded to the nearest
0.5 kg. Height was measured in a standing posi-
tion, without shoes, to the nearest 0.5 cm, using
a non-elastic stadiometer while the shoulders were
in a normal state (20). BMI was calculated and re-
corded as weight in kg divided by height in metre
squared (20). While the subjects were standing, WC
and hip-circumference were measured by a tape at
a level midway between the lower rib margin and
iliac crest and at the point yielding the maximum
circumference over the buttocks respectively (20).
The blood pressure (BP) was measured by trained
physicians based on standard criteria (21). These
physicians were trained for a week to teach how to
use sphygmomanometer and how to measure BP in
a seated position. BP was measured two times in a
seated position with a random-zero sphygmoma-
nometer and an appropriate cutoff after a 5-minute
rest. Average of the two measures was recorded for
both systolic and diastolic BP (SBP and DBP).
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Ethics

Written informed consents were obtained from all
participants, and the study was approved by the
Ethical Committee of the ICRC (15).

Definitions of risk factors and diseases

DLP was defined as having at least one of the fol-
lowing situations: TC 2240 mg/dL and/or TG 2200
mg/dL and/or LDL-C 2160 mg/dL and/or HDL-C
<40 mg/dL in men or HDL-C <50 mg/dL in women
(22) and/or medications for hypolipidaemia. DM
was defined as FBG 2126 mg/dL and/or a Zhpp
level of 2200 mg/dL and/or medications for hypo-
glycaemia, using the WHO criteria (19). Individuals
having SBP 2140 mmHg and/or DBP >90 mmHg
and/or using medications for BP were considered
hypertensive patients (21).

Statistical analysis

Statistical analyses were performed using SPSS for
Windows software (version 15; SPSS, Chicago, IL,
USA) and STATA software (version 10). The signifi-
cance level was set at p value of <0.05. Comparison
of the mean of variables with different quartiles of
BMI and WC was done by analysis of covariance
(ANCOVA), adjusting for the effect of age, smoking
status (ever-smoker/non-smoker), total daily physi-
cal activity (METS per minute), and socioeconomic
status (SES), including education and monthly in-
come in each sex. The comparison of the mean val-
ue of BMI and WC in DM, HTN, and DLP patients
who had either no other risk factors, one risk fac-
tor, or two risk factors were done by the analysis of
variance (ANOVA). The chi-square test was used for
comparing the prevalence of the risk factors in dif-
ferent quartiles of BMI and WC. The quantitative
and qualitative basic characteristics were analyzed
by t-test and chi-square test respectively.

Logistic regression analysis was also used for ex-
amining the independent and combined effects of
BMI and WC on CVD risk factors. The odds ratios
(ORs) in the 274, 39, and 4™ quartile of BMI and
WC were compared with the 1% quartile as refer-
ence. ORs were adjusted for the above potential
confounding variables. BMI and WC were entered
into the regression model as continuous variables.

Preliminarily, the models with and without inter-
action effect were compared by likelihood ratio
test (LR), Akaike Information Criterion (AIC), and
Bayesian Information Criterion (BIC) tests. The
results of these analyses confirmed that the com-
bined model with BMI and WC should be reported
without their interaction effect.

To test for linear trend of ORs and determine p for
trend across quartile of BMI or WC, we assigned the
median BMI or WC to varying individuals as con-
tinuous variables in logistic regression for hyperten-
sive vs non-hypertensive, diabetic vs non-diabetic
hyperlipidaemic vs normolipidaemic subjects.

RESULTS

The study participants comprised 12,514 adults. We
limited the current analysis to 12,416 individuals,
including 6,081 men and 6,335 women because we
did not have enough data for 98 individuals to be
included in this analysis. The basic characteristics
of the participants are presented in Table 1.

The adjusted mean values of BMI, WHR, FBG, 2hpp,
TC, serum lipids, and BPs in different quartiles of
WC based on sex are shown in Table 2. Increase
in WC had significant positive relationship with
increase in the mean of BMI, WHR, FBG, Zhpp,
TC, TG, LDL-C, SBP, and DBP but with decrease in
HDL-C (p<0.001 for all). Comparison of DM, HTN,
and HLP prevalence in WC quartiles according
to sex is presented in Table 3. The DM, HTN, and
DLP prevalence had a significant relationship with
increase in WC (p<0.001 for all). Table 4 indicates
that rise in BMI had a significant direct association
with increase in the mean adjusted values of WC,
WHR, FBG, 2hpp, TC, TG, LDL-C, SBP, and DBP and
decrease in HDL-C. DM, HTN and DLP prevalence
had a significant relationship with increase in BMI
(p<0.001 for all) (Table 5). Adjusted ORs for HTN,
DLP, and DM according to WC and BMI quartiles
are presented in Table 6.

When both BMI and WC were entered in the model,
the ORs for all risk factors, in men, according to BMI
were comparable to WC. Moreover, ORs for DLP
based on BMI were more than on WC in both the
sexes. Conversely to men, ORs for DM and HTN in
WC quartiles were more compared to BMI quartiles
in women. The trends in ORs for all risk factors were
gradually increased significantly by enhancing both
BMI and WC quartiles (p for trend <0.05 for all).
The use of BMI or WC alone in the models caused
to enhance all ORs (data not shown).

In total population, the mean values of WC signifi-
cantly increased [90.6+14.4, 98+12.2, and 103.5+11.6
(p for trend <0.001)] in those with DM and no other
risk factor, with one risk factor, and with two risk
factors respectively. These were 93.2+13.7, 98+13.3,
and 103.6£11.6 respectively in hypertensive sub-
jects (p for trend <0.001). In dyslipidaemic subjects,
the mean level of WC were 90.5+£12.7, 98.1+13.2,
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Table 1. General characteristics of study participants based on gender
Total Male Female
Variable (n=12,416) (n=6,081) (n=6,335)
Mean+SD Mean+SD Mean+SD
Age (years) 38.9+14.9 39.0+15.3 38.8+14.5
Body mass index (kg/m?) 25.6£ 4.8 24.5+4.2 26.615.2
Waist-circumference (cm) 90.5+13.3 88.4£12.0 92.6+14.1
Waist-to-hip ratio 0.91+£0.09 0.9+0.08 0.90£0.09
Fasting blood glucose (mg/dL) 83.8+31.8 83.5+£29.9 84+33.5
Glucose (Zhpp) (mg/dL) 101.3+£50.9 96.9+47.4 105.6£53.6
Total cholesterol (mg/dL) 198.2+50.0 194.0+49.4 202.3£50.3
Triglycerides (mg/dL) 170.0£110.3 178.5+£120 161.9+99.5
HDL-C (mg/dL) 46.8+10.7 45.3+10.5 48.31£10.6
LDL-C (mg/dL) 118.2+41.3 114.2+40.6 122.1+41.6
Systolic blood pressure (mmHg) 115.94£19.4 116.6£18.2 115.2420.6
Diastolic blood pressure (mmHg) 75.6£11.3 75.9410.7 75.3£11.9
Prevalence (%)

Diabetes mellitus 5.6 S 6.3
Hypertension 17.3 15.6 18.9
Dyslipidaemia 76.6 69.1 83.7
SD=Standard deviation

and 103.6+11.6 respectively (p for trend <0.001).
BMI (mean+SD) in diabetes and no other risk factor,
with one risk factor, and with two risk factors were
24.5+4.2, 27.6+4.7, and 29.4+4.5 respectively (p for
trend <0.001). These were 27.8+4.5, 24.9+5.1, and
26.4+4.5 in hypertension respectively (p for trend
<0.001). In dyslipidaemic subjects, BMI (mean+SD)
was 25.7+4.6, 27.9+5, and 29.4+4.5 respectively (p
for trend <0.001). Morevover, the mean value of
WC and BMI in diabetic, hypertensive and dyslipi-
daemic subjects with different numbers of CVD risk
factors based on sex are illustrated in Figure 1 and 2.
All values were significant (p<0.001).

DISCUSSION

The results indicated that higher BMI and WC
were significantly associated with HTN, DLP, and
DM. Adjusted odds ratio of CVD risk factors by
age, smoking, SES, and total daily physical activ-
ity showed that the occurrence of DM, HTN, and
DLP is significantly related with increase in obesity
indicators. As the odds ratio in the combined mod-
els with BMI and WC were less than that in the
models with BMI or WC alone, we concluded that
assessing both BMI and WC may be a better pre-
dictor of CVD risk factors compared to BMI or WC
alone. Ying et al. reported similar results in young
and middle-aged Chinese women (23).

Our results are in conformity to similar studies in
Korea, India, Australia, and Singapore. In these
studies, the incidence of DM and HTN was found
to increase with higher levels of BMI even in those
whose BMI was within normal range (10,24-27).

A study in Japan performed by Ito and his col-
leagues showed that the risk of DLP, including
high levels of LDL-C, and TG was significantly
more in those placed in the highest one-third of
WC compared to those placed in the lowest one-
third of this index (28). Our study illustrated that
the risk of DLP is significantly higher in the high-
est quartile of obesity indicators, especially BMI
in both the sexes. In general, there was a positive
significant relationship between the quartiles
and the mean of serum lipids and the prevalence
of DLP. In another study done by Tanaka and
his colleagues in Japan, the same finding was re-
ported in such a way that individuals with WC
in the upper quartile had significantly higher
prevalence of CVD risk factors. This study noted
that at least one of the CVD risk factors increased
with higher levels of WC (29).

Obesity may cause insulin resistance, leading to DM,
HTN, and DLP (26-28). These results can be confirmed
by significant relationship between BMI and WC, and
these CVD risk factors are presented in our study.
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Conversely, several studies demonstrated that WC
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o) - 8 — — — — — — |3 .
e} = a (36). In several studies, WC had a much stronger
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Figure 1. The mean of waist-circumference in diabetic, hypertensive and dyslipidaemic subjects with
different numbers of risk factors based on sex
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Figure 2. The mean of body mass index in diabetic, hypertensive and dyslipidaemic subjects with dif-
ferent numbers of risk factors based on sex
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