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ABSTRACT

Objective: The aim of the present study was to assess different obesity indices, as well as their best cut-off point, to predict the occurrence of
hypertension (HTN) in an Iranian population.

Methods: In a population-based study, subjects aged 35 years and older were followed for 7 years. Blood pressure was measured at baseline
and after the follow-up. Anthropometry indices included body mass index (BMI), body adiposity index (BAI), the waist-to-height ratio (WHtR),
the waist-to-hip ratio (WHpR), and waist and hip circumferences (WC and HC). Logistic regression was employed to calculate the odds ratio
(OR) and 95% confidence intervals (Cl) per standard deviation (SD) increment. The operating characteristic analysis was used to derive the best
cut-off value for each index.

Results: Among original 6504 participants, 2450 subjects who had no cardiovascular diseases (CVD) and HTN at baseline were revisited, and 542
(22.1%) new cases of HTN were detected. There were minimal differences between mostindices in the adjusted models; however, the best HTN
predictors were BMI (OR per SD 1.32; 95% CI 1.12-1.56) and almost equally WC (1.35; 1.13-1.60) in men and WC (1.20; 1.04-1.39) in women. As
a binary predictor, BMI with a cut-off point of 24.9 kg/m? in men (1.91; 1.40-2.62) and WC with a cut-off point of 98 cm in women (1.57; 1.17-2.10)
were the bestin adjusted models. WC, WHpR, and WHtR were significantly associated with an increased risk of HTN only in participants whose
weight was normal (BMI, 18.5-24.9 kg/m?).

Conclusion: Therefore, BMI in men and WC in women were the best predictors of HTN, both as continuous and binary factors at their appropri-
ate cut-off points. (Anatol J Cardiol 2019; 22: 33-43)
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Introduction tance, dyslipidemia, obesity, and metabolic syndrome increases
the HTN's harmful impact on target organs and CVD risk (4).
HTN is very complex, and both environmental and genetic
factors are involved. Yet, it is linked to overweight and obesity in
several ways (5). Several epidemiological studies have revealed

Hypertension (HTN) is one of the most important risk factors
that can lead to cardiovascular diseases (CVD) and is thus re-

garded as a serious public health problem. The prevalence of ;000 relationship between obesity and HTN, but there s stil
HTN has been increasing in most areas worldwide, especially  ¢ontroversy regarding the best obesity indicator for HTN and the
in developing countries (1). Studies in Iran have also shown a  0st appropriate cut-off point to use (6-9).

high incidence of the condition (2). A previous study from this Several indirect methods are able to precisely estimate
area showed that almost one-third of the CVD events and 27% of obesity, such as the total amount of body fat, as well as its dis-
mortalities ensued from HTN, indicating the highest attributable  tribution (10). While using computed tomography, dual-energy
risks (3). The presence of other risk factors such as insulin resis-  X-ray absorptiometry, and magnetic resonance imaging has a
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high sensitivity and specificity to diagnose obesity, using an-
thropometric indices such as body mass index (BMI), waist-
to-hip ratio (WHtR), waist circumference (WC), the waist-to-
hip ratio (WHpR), and the waist-to-height ratio (WHtR) are the
simplest and the most cost-effective methods recommended
in clinical practice and in epidemiological studies (10, 11).
A relatively large body of data is available regarding cut-off
values of obesity indicators to predict HTN among different
populations (12-14). Nevertheless, the relationship between
obesity indicators and cardiovascular risk factors and HTN
in particular, to the best of our knowledge, has not been fully
established in an lranian population. We believe that ethnic
and racial differences in our population might require different
cut-off points and/or use of different anthropometric param-
eters to predict HTN.

There is however often a vigorous debate, particularly re-
garding at which values obesity indices are better predictors of
HTN incidence. Therefore, this study was designed to compare
different obesity indicators, as well as to determine their best
cut-off points regarding the incidence of HTN in an Iranian popu-
lation.

Methods

Study population

The Isfahan Cohort Study (ICS) is a population-based, ongo-
ing longitudinal study of adults aged 35 years old or older, living
in urban and rural areas of three counties in central Iran: Isfa-
han, Najafabad, and Arak (15). The population was divided into
urban and rural areas according to a general census conducted
in 2008. These three cities were selected due to their consistent
populations and a smaller number of migrants compared to the
capital and other Iranian cities. Nearly 5%—10% of this popula-
tion were included in the study. Moreover, Isfahan is the third
largest city in Iran with 1.986.542 individuals living in this city
and its surrounding villages. In Arak and Najafabad, the popula-
tion was 555.975 and 282.430 in 2006, respectively (16). The par-
ticipants were recruited from January 2 to September 28, 2001.
Participants were selected by multistage random sampling and
were recruited to reflect the age, sex, and urban/rural distribu-
tion of the community (17). Patient subgroups <35 years are at
times referred to as very young and less likely to suffer from CVD,
and hence we considered the cut-off point of 35 years of age
to include subjects who are more prone to CVD (18). The Ethics
Committee of the Isfahan Cardiovascular Research Center ap-
proved the study.

Follow-up surveys

After the baseline survey in 2001, the follow-up of the par-
ticipants was carried out every 2 years. Telephone interviews
were carried out in 2003 and in 2005-2006. In 2007, full struc-
tured interviews and physical and biochemical measurements
were repeated in the same way as for the baseline survey. A
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fifth telephone interview follow-up was finished in 2011. The
patients or their close family members were asked about the
patients’ health status using a questionnaire with a specific
focus on cardiovascular and cerebrovascular events and ex-
periencing any of the following five neurological symptoms
(hemiparesis, dysarthria, facial asymmetry, imbalance, and
transient monoocular blindness). If a patient was hospitalized
due to a cardiovascular disease, records of the time in hospi-
tal were found and summarized by experienced personnel and
were reviewed by cardiac and neurologic panel. If a patient
died during the follow-up, the cause of death was asked from
family members. The verbal autopsy used a predefined ques-
tionnaire, including a medical history and signs and symptoms
before death. Expert nurses conducted additional secondary
interviews for hospitalized cases where information was in-
complete or inconsistent.

Assessments

After obtaining informed written consent, medical interview
and physical examination were conducted. Measurements of
blood pressure, anthropometric parameters as well as fasting
blood tests were carried out following standard protocols and
using calibrated instruments as previously described (19).

For the biochemical analysis, 5 ml blood samples were
drawn following 12 h of overnight fasting to measure the lipid
profile and fasting blood sugar. Diabetes mellitus was defined
as hyperglycemia at more than 126 mg/dL fasting blood sugar
(or the use of diabetes medications). All testing of lipids and
lipoprotein cholesterol concentrations were performed in the
Isfahan Cardiovascular Research Center Laboratory previously
described (20).

In brief, using a mercury sphygmomanometer, blood pressure
was measured in a sitting position and after a minimum resting
period of 10 min. Phases | and V Korotkoff sounds were used to
identify systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP), respectively; the SBP and DBP values were taken
as the average of three different measurements, separated by 2
minutes from one another.

A range of anthropometric measurements was investi-
gated. Weight was determined with individuals wearing light
clothes and no shoes (Sega, Germany) to the nearest 0.1 kg
on a calibrated beam scale. Height was also measured while
individuals were barefoot using a wall-mounted stadiometer to
the nearest 0.1 cm. WC was taken as the smallest circumfer-
ence at or below the costal margin and the Hip circumference
(HC) at the level of greater trochanter. BMI was computed as
weight (kg) divided by height? (m). Body adiposity index (BAI)
was calculated using the equation suggested by Bergman et
al. BAl=[(hip circumference)/(height®)-18] (21). The WHpR and
WHTtR were calculated through dividing WC by HC and height,
respectively.

To define central obesity based on WC, we used the recom-
mendation of International Diabetes Federation for Middle East-
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erners as WC =94 cm in men and >80 cm in women (12), the local
recommendation for Iranian population to predict CVD events by
ICS as WC >90 for men and >97 for women (22), as well as the
updated Adult Treatment Panel Ill guideline of the National Cho-
lesterol Education Program as WC =102 cm in men and >88 cm in
women (23). According to the World Health Organization defini-
tion, a BMI>25 means the individual is overweight, whereas a
BMI>30 indicates obesity (24). Subjects who smoked daily were
considered as current smokers.

In 2007 (the 7" year of the follow-up), participants were in-
vited for repeated laboratory measurements, physical exami-
nation, and an interview using the same protocol as the base-
line survey. Laboratory measurement methods were similar in
2001 and 2007, but the autoanalyzer was different (Eppendorf,
Hamburg, Germany, in 2001 and Hitachi 902, Japan, in 2007).
Both instruments have been validated with an external stan-
dard laboratory center.

Statistical analysis

Data entry was carried out using EPI info. Data were ana-
lyzed using the STATA software (Stata/IC 11.0, StataCorp LP, Col-
lege Station, TX, USA). A test of normality for the distribution of
variables was performed using the Kolmogorov—Smirnov test.
Data were expressed as the meanzstandard deviation. For all
analyses, statistical significance was assessed at the level of
0.05 (two-tailed). No variable had more than 3% of missing val-
ues. Stochastic regression was used to impute missing values
(25). Due to skewness, the Mann-Whitney U test was employed
to compare triglycerides and the triglycerides/HDL-C ratio be-
tween men and women. Remaining comparisons were made us-
ing Student’s t-test and a chi-squared test.

The associations of adiposity indices as continuous variables
with incident diabetes were separately assessed in crude and
adjusted logistic regression models, and the models’ fit were
compared. The linearity of associations in the crude models
was then evaluated. The discrimination power of indices was
assessed using the receiver operating characteristic (ROC)
analysis, and the best cut-off value for each index was derived.
The association of adiposity indices as binary variables was
subsequently assessed using the plan identical to continuous
variables. Finally, the associations of central obesity indices with
HTN were adjusted for BMI.

The deviance (a likelihood ratio statistic for comparing each
model to the saturated model) and Akaike’s information crite-
ria (AIC, a statistical trade-off between the likelihood of a model
against its complexity) were used as indicators of the goodness
of fit of the model and prediction error. A lower value for both
deviance and AlC indicates a better fit of the model. To test non-
linearity, all variables were modeled by restricted cubic splines
with four knots at percentiles 5%, 35%, 65%, and 95% in a logistic
regression model, separately in men and women. The value of
the first knot was used as the reference for the estimation of
odds ratios in each model (17). The associations were adjusted
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for age, smoking, education, and a family history of diabetes, sys-
tolic blood pressure, and triglyceride/HDL-C ratio.

Results

Among 6504 participants at the baseline evaluation in 2001,
6323 had no CVD history, of which 3283 participants were re-
visited in 2007, and laboratory measurements and physical
examination were repeated. Among the population with re-
peated measurements, 833 (25.4%) participants with HTN at
baseline were excluded, resulting in 2450 subjects included in
this analysis. The average age of subjects was increased from
47.3+9.4 years in 2001 to 55.4+10.3 years in 2007. While obesity
(BMI>30 kg/m?) was more than twice higher in women, there
was no significant difference in being overweight (BMI>25 kg/
m?) between men and women (Table 1). All anthropometric in-
dices were correlated with each other, but the strongest cor-
relations were seen for WC with WHtR (r=0.91, p<0.001) and
with HC (r=0.80, p<0.001), having same patterns in both genders
(Supplementary Table 1).

After 7 years of follow-up, 542 (22.1%) new cases of HTN were
found indicating cumulative incidence (95% Cl) of 22.6% (20.3—-
24.9) in men and 21.6% (19.3-23.9) in women. In unadjusted mod-
els, WHtR was the strongest predictor of HTN with a 60% and 27%
increase in the HTN risk for each SD increase in men and women,
respectively (Table 2). It had the smallest deviance and AIC, in-
dicating the best fit in the model. However, in adjusted models,
the WHtR revealed an almost similar AIC and deviance to WC and
BMI, which were similar and had the lowest AIC and deviance
in men. In addition, WC had also the lowest AIC and deviance in
women, with WHtR being again the closest index to WC.

In men, the adjusted risk of incident HTN for each unit in-
crease in WC (1 ¢cm), HC (1 ¢cm), WHpR (0.01), WHtR (0.01), BMI
(0.1 kg/m?), and BAI (0.1) was linearly increased as 2.3%, 2.5%,
2.3%, 3.5%, 0.8%, and 0.3%, respectively. In women, for each unit
increase in WC (1 ¢cm), HC (1 cm), and BMI (0.1 kg/m?), the ad-
justed risk of incident HTN was linearly increased as 1.4%, 1.7%,
and 0.3%, respectively (Supplementary Table 2).

Considering logistic models including restricted cubic
splines, the null hypothesis indicating that coefficient of the 2"
and 3 splines equaled zero was not rejected (p>0.05) for all
interested factors in men and women. Accordingly, all associa-
tions between continuous indicators were found to be linear.

Table 3 represents what central obesity adds to BMI for inci-
dent HTN prediction. In men, except for HC, all central adiposity
indices were associated with HTN independent of BMI; more-
over, BMI lost its statistically significant association when WC
or WHtR were introduced to the models. On the other hand, in
women, WHpR and WHtR were independently associated with
HTN; however, BMI did not show any significant association
with each of the central obesity indices included in the model.

Considering subjects with BMI 18.5-25 kg/m? as a reference
group, the risk of developing HTN significantly increased in over-
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Table 1. Characteristics of study participants
Men Women Total P-value
n=1242 n=1208 n=2450

Age (year) 47.9+9.7 46.7+9.1 47.3+9.4 0.001

Body mass index 25.4+3.8 21.7+4.5 26.6+4.3 <0.001
Obesity (BMI=30 kg/m?) 149 (12.0%) 363 (30.0%) 512 (20.9%) <0.001
Overweight (BMI>25 kg/m?) 495 (39.9%) 517 (42.8%) 1012 (41.3%) 0.139

Body adiposity index 27.3+4.3 35.4+5.6 31.3+6.4 <0.001

Waist circumference (cm) 91.8+10.9 95.7+12.5 93.7+11.9 <0.001
Central obesity (>90/97 cm)* 728 (58.6%) 583 (48.3%) 1311 (53.5%) <0.001
Central obesity (>94/80 cm)* 564 (45.4%) 1080 (89.4%) 1644 (67.1%) <0.001

Wiaist-to-hip ratio 0.92+0.06 0.92+0.08 0.92+0.07 0.608
Central obesity (>0.85/0.90 cm)** 1063 (85.6%) 763 (63.2%) 1826 (74.5%) <0.001

Waist-to-height ratio 0.54+0.06 0.61+0.08 0.58+.08 <0.001
Central obesity (>0.5) 905 (72.9%) 1095 (90.6%) 2000 (81.6%) <0.001

Triglycerides (mg/dL) 169.0+104.4 155.0+93.0 161.9+99.3 <0.001
Hypertriglyceridemia® 741 (59.7%) 635 (52.6%) 1376 (56.2%) <0.001

LDL cholesterol (mg/dL) 122.6+42.9 130.6+41.4 126.5+42.3 <0.001
High LDL cholesterol' 550 (44.3%) 608 (50.3%) 1158 (47.3%) 0.003

HDL cholesterol (mg/dL) 45.2+10.2 48.1£10.1 46.6+10.3 <0.001
Low HDL cholesterol* 438 (35.3%) 718 (59.4%) 1156 (47.2%) <0.001

Triglycerides/HDL-C ratio 3.8£2.7 3.3+2.2 3.5£2.5 <0.001

Fasting plasma glucose (mg/dL) 85.5+28.6 86.8+29.6 86.1x29.1 0.243
Diabetes* 74 (6.0%) 105 (8.7%) 179 (7.3%) 0.009

Family history of hypertension 221 (17.8%) 246 (20.4%) 467 (19.1%) 0.105

Systolic blood pressure (mm Hg) 112.4:11.7 111.7£11.7 1121117 0.105

Diastolic blood pressure (mm Hg) 73.9+7.8 73.5¢7.9 73.7£1.9 0.140

Ever smoking 534 (43.0%) 37 (3.1%) 571 (23.3%) <0.001

The numerical values are presented as meanzstandard deviation and compared using Student’s t-test, except for items indicated by 8 where the Mann-Whitney U test was employed.

Categorical data are shown as n (%) and are tested by chi-square.

*Waist circumference >97 cm for women and >90 cm for men based on a previous ICS recommendation and >80 cm for women and >94 cm for men based on an International Diabetes

Federation recommendation for Middle East.

**Waist-to-hip ratio >0.85 for women and >0.90 cm for men (World Health Organization recommendation)

Triglycerides >150 mg/dL or on anti-lipid agents

"LDL-C >130 mg/dL or on anti-lipid agents

*HDL-C <40 mg/dL for men <50 mg/dL for women or on anti-lipid agents

*Hyperglycemia at more than 126 mg/dL fasting blood sugar or use of diabetes medications

HDL - high-density lipoprotein; LDL - low-density lipoprotein

weight men [1.73 (1.29-2), p=0.001] but not in overweight women
[1.33 (0.93-1.89), p=0.114]. Obesity was related to an increased
risk of incident HTN in men [2.21 (1.48-3.32), p<0.001] and women
[1.59 (1.10-2.31), p=0.014]. On the other hand, WC, WHpR, and
WHtR had significant associations with the incidence of HTN in
participants who had normal weight, but not in overweight and
obese subjects (Table 4). WHtR was marginally associated with
an increased risk of HTN in obese men.

Height significantly decreased the HTN risk in crude models
in men, but notin adjusted models and in women. No statistically
significant interaction was found between height and other fac-

tors (data not shown). HC showed no statistically significant as-
sociation when it was adjusted for age and WC in men (p=0.918)
and women (p=0.490). The same pattern was seen when more
adjusted factors were included.

A ROC curve analysis showed the highest discrimination
power [area under the curve (AUC)] in WHtR for men and women
closely followed by WC (Table 5). For each anthropometric index,
the optimal cut-off point is presented maximizing Youden's index
for incident HTN and its corresponding sensitivity and specific-
ity in men and women. The highest positive likelihood ratio was
observed in the indices with highest AUC.



Anatol ) Cardiol 2019; 22: 33-43

Sadeghi et al.
DOI:10.14744/ Anatol)Cardiol.2019.10594 Incident hypertension and adiposity 37
Table 2. Association of adiposity indices with incident hypertension for one standard deviation increase (n=2450)
Cut-off points  Crude OR* P-value Deviance AIC Fully adjusted P-value Deviance AIC C
(95% CI) OR** (95% Cl)
Men
WC 1.32 (1.13-1.55) <0.001 1315 1319 1.35(1.13-1.60) 0.001 1190 1206 0.7222
HC 1.41(1.21-1.63) <0.001 1304 1311 1.28 (1.09-1.50) 0.003 1193 1209 0.7263
Height 0.81(0.69-0.97) 0.021 1323 1327 1.02 (0.85-1.22) 0.861 1202 1218 0.7167
WHpR 1.41(1.22-1.62) <0.001 1305 1309 1.20 (1.03-1.40) 0.020 1196 1212 0.7245
WHtR 1.60 (1.36-1.89) <0.001 1295 1299 1.35(1.13-1.62) 0.001 1191 1207 0.7260
BMI 1.35(1.17-1.57) <0.001 1311 1315 1.32 (1.12-1.56) 0.001 1190 1206 0.7282
BAI 1.41(1.16-1.71) <0.001 1315 1319 1.23(1.00-1.51) 0.050 1198 1214 0.7204
Women
WC 1.14(1.00-1.31) 0.053 1257 1261 1.20 (1.04-1.39) 0.011 1164 1180 0.6976
HC 1.20 (1.05-1.37) 0.006 1253 1257 1.17 (1.01-1.35) 0.031 1166 1182 0.6926
Height 0.88 (0.72-1.07) 0.216 1259 1263 1.08 (0.87-1.33) 0.477 1170 1186 0.6889
WHpR 1.23(1.08-1.39) 0.002 1251 1255 1.10 (0.96-1.26) 0.174 1168 1184 0.6885
WHtR 1.27 (1.11-1.45) <0.001 1249 1252 1.18(1.02-1.36) 0.023 1165 1181 0.6922
BMI 1.14 (1.00-1.30) 0.042 1257 1261 1.13 (0.98-1.29) 0.091 1167 1183 0.6918
BAI 1.18 (1.01-1.38) 0.034 1256 1260 1.14 (0.96-1.34) 0.125 1168 1184 0.6890

*Per one standard deviation increase for each index. Because of strong correlations among these variables, each one was evaluated in a separate model.

**Adjusted for age, smoking, education, and family history of hypertension, diabetes, triglyceride/HDL-C ratio

OR - odds ratio; CI - confidence interval; BMI - body mass index; HDL - high-density lipoprotein; WC - waist circumference; WHpR - waist-to-hip ratio; WHtR - waist-to-height ratio

Table 3. Body mass index adjusted associations of one standard deviation increase in central obesity indices with incident

hypertension

Central obesity indices Body mass index

OR (95% CI) P-value OR (95% CI) P-value Deviance AIC C

Men
Body mass index - 1.35(1.17-1.57) <0.001 1311 1315 0.576
Waist circumference 1.28 (1.06-1.55) 0.011 1.16 (0.96-1.40) 0.133 1310 1304 0.593
Hip circumference 1.15(0.96-1.39) 0.134 1.26 (1.05-1.50) 0.010 1309 1315 0.586
Waist-to-hip ratio 1.31(1.13-1.53) <0.001 1.22 (1.04-1.43) 0.014 1299 1305 0.600
Waist-to-height ratio 1.55(1.24-1.92) <0.001 1.05 (0.86-1.27) 0.637 1295 1301 0.606
Women
Body mass index - 1.14 (1.00-1.30) 0.042 1257 1261 0.538
Waist circumference 1.17 (0.99- 1.39) 0.058 1.03 (0.87-1.22) 0.686 1253 1259 0.557
Hip circumference 1.08 (0.90-1.28) 0.400 1.09 (0.92-1.29) 0.298 1256 1262 0.543
Waist-to-hip ratio 1.20 (1.05-1.37) 0.007 1.09 (0.95-1.25) 0.211 1249 1255 0.569
Waist-to-height ratio 1.30 (1.09-1.56) 0.004 0.96 (0.81-1.14) 0.627 1248 1254 0.570

OR - odds ratio; CI - confidence interval

Table 6 shows the association between central and over-

all obesity with incident HTN considering different definitions,
including those derived from findings in Table 5. In the crude
model, a WC=93 cm was the best predictor in men followed by
a BMI>24.9 kg/m% However, when the association was adjust-

ed for other risk factors, a BMI>24.9 kg/m? was considerably
better than other indices for men, resulting in 72.8% right dis-
crimination in the adjusted model. In women, WC>98 cm was
the best in both the crude and adjusted model with a 69.8%

discrimination.
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Table 4. Association of central obesity indices with incident hypertension in normal weight, overweight, and obese subjects
Normal Overweight Obese
OR (95% ClI) P-value OR (95% CI) P-value OR (95% ClI) P-value
Men
n 598 495 149
Waist circumference 1.58(1.18-2.11) 0.002 1.05(0.79-1.39) 0.738 1.10(0.72-1.66) 0.664
Hip circumference 1.30(0.97-1.73) 0.075 1.04 (0.79-1.38) 0.743 0.98 (0.63-1.53) 0.935
Wiaist-to-hip ratio 1.32 (1.06-1.65) 0.014 1.21 (0.95-1.55) 0.117 1.48 (1.00-2.20) 0.050
Waist-to-height ratio 1.90 (1.37-2.63) <0.001 1.12(0.81-1.55) 0.473 1.57 (0.92-2.69) 0.095
Women
n 328 517 363
Wiaist circumference 1.81(1.28-2.56) 0.001 1.04 (0.80-1.35) 0.749 0.93(0.71-1.22) 0.608
Hip circumference 1.10 (0.79-1.52) 0.575 1.05 (0.80-1.38) 0.727 1.01 (0.76-1.35) 0.929
Waist-to-hip ratio 1.75(1.31-2.33) <0.001 1.05 (0.86-1.29) 0.613 1.06 (0.85-1.32) 0.615
Waist-to-height ratio 1.94 (1.32-2.83) 0.001 1.23(0.94-1.61) 0.133 0.98 (0.75-1.30) 0.914
Normal, BMI 18.5-24.9 kg/m? Overweight, BMI 25-29.9 kg/m? Obese, BMI >30 kg/m?
The associations were calculated for one standard deviation increase.
OR - odds ratio; BMI - Body mass index; Cl - confidence interval
Table 5. Best Cut-off values of adiposity indices maximizing sensitivity plus specificity using receiver operating
characteristic analysis for detecting incident hypertension
Best cut-off Sensitivity Specificity Youden index* LR+ LR- AUC
points (95% ClI)
Men
wWC 93 cm 0.630 0.552 0.181 1.40 0.67 0.602 (0.565-0.639)
WHpR 0.92 0.587 0.564 0.151 1.35 0.73 0.597 (0.560-0.634)"
WHtR 0.45 0.644 0.538 0.182 1.39 0.66 0.612 (0.575-0.648)"
BMI 24.9 0.655 0.509 0.164 1.33 0.68 0.591 (0.553-0.628)"
BAI 26.2 0.737 0.415 0.145 1.25 0.65 0.585 (0.549-0.622)"
Women
wWC 98 cm 0.540 0.572 0.112 1.26 0.80 0.560 (0.521-0.599)
WHpR 0.92 0.663 0.466 0.119 1.22 0.74 0.561 (0.522-0.600)
WHtR 0.59 0.713 0.391 0.103 1.70 0.73 0.563 (0.525-0.602)
BMI 29.0 0.448 0.637 0.085 1.23 0.86 0.549 (0.510-0.588)
BAI 35.3 0.575 0.519 0.093 1.19 0.82 0.542 (0.502-0.580)
*sensitivity+specificity-1
TAUC for WHtR [0.032 (0.026 (0.002-0.050), P=0.032, (0.036 (0.064-0.007), P=0.013, 0.022 (0.008-0.036), P=0.002] was significantly higher than BAl and WHpR and WC respectively; no other
significant differences were observed in men.
No significant differences were observed in women.
BMI - Body mass index; WC - waist circumference; WHpR - waist-to-hip ratio; WHtR - waist-to-height ratio;
LR+ - positive likelihood ratio; LR- - negative likelihood ratio; AUC - area under the curve; Cl - confidence interval

Discussion

fitted binary indices in multivariate adjusted models, while cen-
tral obesity was independently associated with an increased risk

in participants whose weight was normal.

Although many cross-sectional studies have been con-
ducted to indicate the association between anthropometric
indicators and HTN, to the best of our knowledge, this is the

In this large cohort study that included Iranian adults, we
found that BMI in men and WC in both men and women were
the best continuous predictors of incident HTN. In addition, a
BMI>24.9 kg/m? in men and WC>98 cm in women were the best
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Table 6. Best cut-off values of anthropometric indices maximizing univariate and multivariate model prediction efficacy for
incident hypertension

Best cut-off Crude OR P-value  Deviance AIC Adjusted OR P-value  Deviance AIC AUC?

points (95% CI) (95% CI)

Men
wWC 102 1.66 (1.21-2.28) 0.002 1319 1323 1.42 (1.01-2.00) 0.045 1198 1214 0.721
ATPII 94 2.08 (1.59-2.73) <0.001 1299 1303 1.71(1.27-2.30) 0.001 1189 1205 0.725
IDF 90 1.82(1.37-2.42) <0.001 1310 1314 1.47(1.07-2.01) 0.016 1196 1212 0.720
ICS for CVD 93 cm 2.09 (1.59-2.75) <0.001 1299 1303 1.70 (1.26-2.29) 0.001 1190 1206 0.723
WHpR 0.90 1.86 (1.37-2.52) <0.001 131 1315 1.37(0.99-1.91) 0.059 1198 1214 0721
WHO 0.92 1.65 (1.26-2.16) <0.001 1315 1319 1.20 (0.89-1.62) 0.224 1200 1216 0.719
WHtR 0.45 2.17 (1.17-4.04) 0.014 1321 1325  1.77(0.92-3.41) 0.088 1198 1214 0.719
BMI 24.9 1.96 (1.48-2.58) <0.001 1305 1309  1.91(1.40-2.62) <0.001 1185 1201 0.728
BAI 26.2 1.88 (1.40-2.52) <0.001 1309 1313 1.50 (1.10-2.05) 0.011 1195 121 0.721
Women
WC 88 cm 1.50 (1.06- 2.12) 0.022 1255 1259 1.40 (0.97-2.02) 0.073 1167 1183 0.692
ATPII 80cm 2.22(1.27-3.88) 0.005 1251 1255  1.85(1.03-3.30) 0.038 1166 1182 0.692
IDF 97cm 1.45(1.10-1.91) 0.008 1254 1258  1.33(0.99-1.78) 0.055 1167 1183 0.691
ICS for CVD 98 cm 1.69 (1.28-2.23) <0.001 1247 1251 1.57 (1.17-2.10) 0.003 1161 77 0.698
WHpR 0.85 1.26 (0.84-1.87) 0.264 1259 1264  1.07 (0.70-1.63) 0.767 1170 1186 0.688
WHO 0.92 1.65 (1.24-2.20) 0.001 1249 1253 1.36 (1.00-1.84) 0.046 1166 1182 0.690
WHIR 0.59 1.59(1.18-2.14) 0.002 1251 1255  1.39(1.01-1.91) 0.040 1166 1182 0.691
BMI 29 1.40 (1.06-1.85) 0.017 1255 1259  1.43(1.06-1.93) 0.018 1164 1181 0.691
BAI 35.3 1.34 (1.02-1.77) 0.034 1256 1260 1.23 (0.92-1.64) 0.162 1168 1184 0.688
Adjusted for age, smoking, education, and family history of hypertension, diabetes, triglyceride/HDL-C ratio
"Area under the curve for multivariate logistic regression models indicating the ability of model for right discrimination
OR - odds ratio; CI - confidence interval; BMI - body mass index; WC - waist circumference; WHpR - waist-to-hip ratio, WHtR - waist-to-height ratio; DM - diabetes mellitus

firstlarge-scale cohort study in an Iranian population that com-
pares the obesity indices with regard to the HTN risk. It is well
documented that ethnic and racial differences affect determin-
ing the optimal anthropometric indicators to predict cardiovas-
cular risk factors (26). In this regard, a study by Tuan et al. (27)
demonstrated no superiority in obesity indices to predict the
HTN risk among Chinese adults; however, published reports
from various parts of the world reported dissimilar indicators
as superior indices (28-36).

Adiposity indices could be treated as binary indicators to de-
termine those at risk or as original continues values. These two
approaches can lead to different best indices. While the first ap-
proach is inevitably needed to identify those needing clinical in-
terventions, the latter is important for assessing the effect for in-
cremental increases. However, in our study, the two approaches
resulted in reporting similar optimal indices.

Some studies believe that WC is a preferable indicator to
predict HTN (28). Gus et al. (29) also showed the risk for HTN
might be better identified by obesity defined by a higher WC
than a higher BMI in Brazilian population. Moreover, some in-
vestigators have proposed that WC is a superior indicator be-

cause it only requires one measurement and correlates well
with visceral adiposity among South East Asians (30, 31). Ardern
et al. (32) revealed that WC is a better predictor for CVD risks
than BMI in American (White, Black, and Hispanic) and Cana-
dian participants of different age, body composition, lifestyles,
and socioeconomic characteristics. Several mechanisms were
suggested to explain this finding. First of all, unlike BMI, WC
in crude analysis is an indicator that shows the distribution of
body fat in the abdominal region, which is more related to car-
diovascular risks than body weight (33). However, BMI as an
indicator of general obesity has been shown in some studies to
be as strong as central-obesity indices such as WC in predict-
ing cardiovascular risk factors (34, 35). In addition, a study by
Li et al. (36) showed that the combination of BMI and WC could
increase the predictive efficacy of the HTN incidence. Similarly,
our findings showed that BMI and WC are the best continuous
predictors in men and women, respectively.

Studies have shown that the percentage of total body fat is
higher in shorter individuals than in taller individuals with the
same BMI (37); thus, considering the power of WC, a simple
measure of central obesity for HTN prediction that does not ac-
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Supplementary Table 1. Pairwise correlation between anthropometric indices
BMI wce WHpR WHtR HC Height
Men
BMI 1
WC r=0.70 1
P<0.001
WHpR r=0.43 r=0.64 1
P<0.001 P<0.001
WHtR r=0.73 r=0.94 r=0.65 1
P<0.001 P<0.001 P<0.001
HC r=0.59 r=0.82 r=0.09 r=0.73 1
P<0.001 P<0.001 P<0.001 P<0.001
Height r=-0.15 r=0.13 r=-0.08 r=-0.22 r=0.23 1
P<0.001 P<0.001 P=0.012 P<0.001 P<0.001
Women
BMI 1
WC r=0.67 1
P<0.001
WHpR r=0.27 r=0.68 1
P<0.001 P<0.001
WHtR r=0.71 r=0.94 r=0.69 1
P<0.001 P<0.001 P<0.001
HC r=0.68 r=0.77 r=0.05 r=0.68 1
P<0.001 P<0.001 P=0.023 P<0.001
Height r=-0.14 r=0.11 r=-0.07 r=-0.22 r=0.22 1
P<0.001 P<0.001 P=0.037 P<0.001 P<0.001
Total
BMI 1
WC r=0.70 1
P<0.001
WHpR r=0.33 r=0.65 1
P<0.001 P<0.001
WHtR r=0.74 r=0.91 r=0.61 1
P<0.001 P<0.001 P<0.001
HC r=0.66 r=0.80 r=0.07 r=0.71 1
P<0.001 P<0.001 P<0.001 P<0.001
Height r=-0.28 r=-0.03 r=-0.06 r=-0.45 r=0.010 1
P<0.001 P=0.048 P<0.001 P<0.001 P=0.709
BMI - body mass index; WC - waist circumference; HC - hip circumference; WHpR - waist-to-hip ratio; WHtR - waist-to-height ratio

count for differences in height, may not be a valid measure for
predicting HTN (37). Diabetes and HTN have also been shown to
be more prevalent in short-statute subjects compared with taller
subjects, even after adjusting for confounders (27, 37). A recent
longitudinal study showed that the predictive power of WC for
incident HTN was improved when WC was corrected with height

or HC (28, 37). However, in our population, central obesity was
more prevalentthan overall obesity measured by BMI. Therefore,
these further support the use of both BMI and WC as the two
bestindices for the prediction of incident HTN in both genders.
Azimi-Nezhad et al. (38) in their cross-sectional study on an-

other Iranian population reported that WHtR was the strongest
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Supplementary Table 2. Association of continuous adiposity indices with incident hypertension

Cut-points Crude OR* P-value Deviance AIC Fully Adjusted OR** P-value Deviance AIC
(95% CI) (95% CI)

Men

WC (cm) 1.033 (1.011-1.046) <0.001 1303 1307 1.023 (1.009-1.038) 0.001 191 1207

HC (cm) 1.025 (1.008-1.042) 0.003 1319 1323 1.025 (1.007-1.043) 0.007 1194 1210

Height (cm) 0.981 (0.963-1.000) 0.051 1324 1329 1.006 (0.985-1.027) 0.567 1201 1217

WHpRx100 1.048 (1.027-1.069) <0.001 1307 131 1.023 (1.001-1.046) 0.042 1198 1214

WHtRx100 1.060 (1.038-1.083) <0.001 1297 1301 1.035 (1.012-1.060) 0.003 1193 1209

BMIx10 1.008 (1.005-1.017) <0.001 1307 131 1.008 (1.004-1.012) <0.001 1186 1202

BAIx10 1.006 (1.003-1.010) <0.001 1312 1316 1.003 (1.000-1.007) 0.043 1197 1213

Women

WC (cm) 1.016 (1.005-1.028) <0.001 1252 1256 1.014 (1.002-1.027) 0.026 1165 1181

HC (cm) 1.011(0.997-1.025) 0.129 1258 1262 1.017 (1.001-1.032) 0.031 1166 1182

Height (cm) 0.990 (0.971-1.010) 0.329 1260 1264 1.010 (0.989-1.032) 0.343 1169 1185

WHpRx100 1.027 (1.008-1.045) 0.004 1253 1257 1.010 (0.990-1.029) 0.320 1169 1185

WHtRx100 1.028 (1.010-1.045) 0.002 1251 1255 1.017 (0.999-1.036) 0.060 1167 1183

BMIx10 1.004 (1.001-1.007) 0.017 1255 1259 1.003 (1.000-1.007) 0.037 1166 1182

BAIx10 1.002 (1.000-1.005) 0.039 1256 1260 1.002 (0.999-1.004) 0.159 1168 1184

*Per unit of measurement for each index. Each variable was evaluated in a separate model.

**Adjusted for age, smoking, education, and family history of hypertension, diabetes, triglyceride/HDL-C ratio

OR - odds ratio; CI - confidence interval; BMI - body mass index; WC - waist circumference; HC - hip circumference; WHpR - waist-to-hip ratio; WHtR - waist-to-height ratio

predictor for HTN, and for practical reasons, the values of 0.5 for
men and 0.6 for women may be the most practical measures to
be used. This is comparable to our cut-off points for WHtR being
0.45 for men and 0.59 for women. However, considering differ-
ent definitions of anthropometric cut-off points in our study, BMI
and WC seemed to have the best HTN predictor cut-off points for
men and women, respectively. In addition, we found that the cut-
off points were all higher in women than in men. As previously
reported, men in this population showed a higher incidence of
CVD (39).

As in line with previous reports from the same studied popu-
lation determining the best anthropometry indices for predicting
diabetes mellitus and CVD (17, 39), our results suggest that sepa-
rate analyses for males and females may be worthwhile. Signifi-
cant heterogeneity between the sexes was found for BMI when
discriminating the HTN risk and the rankings of the overweight
and obesity indices as best cardiovascular risk discriminators
varied between males and females.

Study limitation

This study had several strengths, including its large sample
size from a multicenter setting with a wide-area coverage from
urban and rural regions, and to directly measure anthropomet-
ric indices. However, the fact that our population was Iranian
limits the generalizability of our findings beyond the Middle East
region.

Conclusion

In conclusion, both WC and BMI, and BMI on its own, were
the best binary and continuous indicators for men, respectively.
In addition, WC found to be the best predictor of HTN as both the
continuous and binary factor for women. Furthermore, the best
cut-off points for adiposity indices were BMI for men and WC
for women.

Acknowledgements: This project would not have succeeded
without the sincere efforts of the ICS staffs, especially Mansoureh
Boshtam. The authors would like to express thanks to their field
managers Dr Yahya Zhand (Arak), Hossein Balouchi (Isfahan), and
Ahmadreza Ghasemi (Najafabad) who assisted them in administering
the project in 2007. Grant number 31309304 supported the baseline
survey. The Isfahan Cardiovascular Research Centre, affiliated to
Isfahan University of Medical Sciences, supported the biannual
follow-ups.

Conflict of interest: None declared.
Peer-review: Externally peer-reviewed.

Authorship contributions: Concept — M.T, N.S.; Design - M.S., M.T,
N.S.; Supervision — None; Fundings — None; Materials — None; Data col-
lection &/or processing — M.S., M.G., S.0.; Analysis &/or interpretation
-S8.0., PN., M.D,; Literature search— M.T,, M.G., PN.; Writing — M.S., M.G.,
S.0., PN.; Critical review — N.S.



42

Sadeghi et al.
Incident hypertension and adiposity

References

Wolf-Maier K, Cooper RS, Banegas JR, Giampaoli S, Hense HW, Jof-
fres M, et al. Hypertension prevalence and blood pressure levels in
6 European countries, Canada, and the United States. JAMA 2003;
289: 2363-9. [CrossRef]

Talaei M, Sadeghi M, Mohammadifard N, Shokouh P, Oveisgharan
S, Sarrafzadegan N. Incident hypertension and its predictors: the
Isfahan Cohort Study. J Hypertens 2014; 32: 30-8. [CrossRef]

Sadeghi M, Talaei M, Oveisgharan S, Rabiei K, Dianatkhah M, Ba-
honar A, et al. The cumulative incidence of conventional risk fac-
tors of cardiovascular disease and their population attributable risk
in an Iranian population: The Isfahan Cohort Study. Adv Biomed Res
2014; 3: 242. [CrossRef]

Rosito GA, Massaro JM, Hoffmann U, Ruberg FL, Mahabadi AA, Va-
san RS, et al. Pericardial fat, visceral abdominal fat, cardiovascular
disease risk factors, and vascular calcification in a community-based
sample: the Framingham Heart Study. Circulation 2008; 117: 605-13.
Ehret GB, Caulfield MJ. Genes for blood pressure: an opportunity to
understand hypertension. Eur Heart J 2013; 34: 951-61. [CrossRef]
Crowther NJ, Norris SA. The current waist circumference cut point
used for the diagnosis of metabolic syndrome in sub-Saharan Afri-
can women is not appropriate. PLoS One 2012; 7: e48883. [CrossRef]
OnatA, Saril, Hergeng G, Yazici M, Uyarel H, Can G, et al. Predictors
of abdominal obesity and high susceptibility of cardiometabolic risk
to its increments among Turkish women: a prospective population-
based study. Metabolism 2007; 56: 348-56. [CrossRef]

Yang ZJ, Yang WY, Chen XP, Li GW. The optimal waist circumference
cut-off point for identifying cardiovascular risk factors clustering
among Chinese adults. Zhonghua Nei Ke Za Zhi 2006; 45: 372-5.
Okosun IS, Liao Y, Rotimi CN, Choi S, Cooper RS. Predictive values
of waist circumference for dyslipidemia, type 2 diabetes and hyper-
tension in overweight White, Black, and Hispanic American adults.
J Clin Epidemiol 2000; 53: 401-8. [CrossRef]

Pouliot MC, Després JP, Lemieux S, Moorjani S, Bouchard C, Trem-
blay A, et al. Waist circumference and abdominal sagittal diameter:
best simple anthropometric indexes of abdominal visceral adipose
tissue accumulation and related cardiovascular risk in men and
woman. Am J Cardiol 1994; 73: 460-8. [CrossRef]

Punthakee Z, Alméras N, Després JP Dagenais GR, Anand SS,
Hunt DL, et al. Impact of rosiglitazone on body composition,hepatic
fat, fatty acids, adipokines and glucose in persons with impaired
fasting glucose or impaired glucose tolerance: a sub-study of the
DREAM trial. Diabet Med 2014; 31: 1086-92. [CrossRef]

Clasey JL, Bouchard C, Teates CD, Riblett JE, Thorner MO, Hartman
ML, et al. The use of anthropometric and dual-energy X-ray absorp-
tiometry (DXA) measures to estimate total abdominal and abdominal
visceral fat in men and women. Obes Res 1999; 7: 256-64. [CrossRef]
Zeng Q, He Y, Dong S, Zhao X, Chen Z, Song Z, et al. Optimal cut-off
values of BMI, waist circumference and waist: height ratio for defin-
ing obesity in Chinese adults. Br J Nutr 2014; 112: 1735-44. [CrossRef]
Liu Y, Tong G, Tong W, Lu L, Qin X. Can body mass index, waist cir-
cumference, waist-hip ratio and waist-height ratio predict the pres-
ence of multiple metabolic risk factors in Chinese subjects? BMC
Public Health 2011; 11: 35. [CrossRef]

Sarrafzadegan N, Talaei M, Sadeghi M, Kelishadi R, Oveisgharan S,
Mohammadifard N, et al. The Isfahan cohort study: rationale, meth-
ods and main findings. J Hum Hypertens 2011; 25: 545-53. [CrossRef]
Statistical Center of Iran. Population by sex and age group: 1385
cen- sus. Ministry of the Interior-Statistical Center of Iran 2006. (Ar-

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Anatol ) Cardiol 2019; 22: 33-43
DOI:10.14744/ Anatol)JCardiol.2019.10594

chived by Web-Cite® at http://www.webcitation.org/64vvx\WCdg)
(Accessed Date: January 2012). Available from: URL: http://amar.sci.
org.ir/index_e.aspx

Talaei M, Sadeghi M, Marshall T, Thomas GN, Iranipour R, Nazarat
N, et al. Anthropometric indices predicting incident type 2 diabetes
in an Iranian population: the Isfahan Cohort Study. Diabetes Metab
2013; 39: 424-31. [CrossRef]

Wolfe AM, Vacek JL. Myocardial infarction in the young. Angio-
graphic features and risk factor analysis of patients with myocardi-
al infarction at or before the age of 35 years. Chest 1988; 94: 926-30.
Baraldi AN, Enders CK. An introduction to modern missing data
analyses. J Sch Psychol 2010; 48: 5-37. [CrossRef]

Gharipour M, Sadeghi M, Dianatkhah M, Nezafati P Talaie M, Oveis-
gharan S, et al. Comparison between European and Iranian cutoff
points of triglyceride/high-density lipoprotein cholesterol concen-
trations in predicting cardiovascular disease outcomes. J Clin Li-
pidol 2016; 10: 143-9. [CrossRef]

Bergman RN, Stefanovski D, Buchanan TA, Sumner AE, Reynolds
JC, Sebring NG, et al. A better index of body adiposity. Obesity (Sil-
ver Spring) 2011; 19: 1083-9. [CrossRef]

Perkins NJ, Schisterman EF The inconsistency of "optimal" cut-
points obtained using two criteria based on the receiver operating
characteristic curve. Am J Epidemiol 2006; 163: 670-5. [CrossRef]
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive Summary of The Third Re-
port of The National Cholesterol Education Program (NCEP) Ex-
pert Panel on Detection, Evaluation, And Treatment of High Blood
Cholesterol In Adults (Adult Treatment Panel I11). JAMA 2001; 285:
2486-97. [CrossRef]

WHO Technical Report Series. Obesity: preventing and managing
the global epidemic. Report of a WHQ consultation 2000. Report No.:
0512-3054 (Print) 0512-3054, 2000.

Little RJA, Rubin DB. Statistical Analysis with Missing Data. 2nd
Edition ed. Balding DG, Bloomfield P Cressie NAC, Fisher NI, John-
stone AM, Kadane JB, et al., editors. New York: John A. Wiley &
Sons.: 2002; p.389.

Harris MM, Stevens J, Thomas N, Schreiner P Folsom AR. Associa-
tions of fat distribution and obesity with hypertension in a bi-ethnic
population: the ARIC study. Atherosclerosis Risk in Communities
Study. Obes Res 2000; 8: 516-24. [CrossRef]

Tuan NT, Adair LS, Stevens J, Popkin BM. Prediction of hyperten-
sion by different anthropometric indices in adults: the change in
estimate approach. Public Health Nutr 2010; 13: 639-46. [CrossRef]
Chakraborty R, Bose K. Comparison of body adiposity indices in
predicting blood pressure and hypertension among slum-dwelling
men in Kolkata, India. Malays J Nutr 2012; 18: 319-28.

Gus M, Fuchs SC, Moreira LB, Moraes RS, Wiehe M, Silva AF, et
al. Association between different measurements of obesity and the
incidence of hypertension. Am J Hypertens 2004; 17: 50-3. [CrossRef]
Ohnishi H, Saitoh S, Akasaka H, Mitsumata K, Chiba M, Furugen M,
et al. Incidence of hypertension in individuals with abdominal obe-
sity in a rural Japanese population: the Tanno and Sobetsu study.
Hypertens Res 2008; 31: 1385-90. [CrossRef]

Luo WS, Guo ZR, Hu XS, Zhou ZY, Wu M, Zhang LJ, et al. A prospec-
tive study on the association between dynamic change of waist
circumference and incident hypertension. Zhonghua Liu Xing Bing
Xue Za Zhi 2012; 33: 28-31.

Ardern Cl, Janssen |, Ross R, Katzmarzyk PT. Development of
health-related waist circumference thresholds within BMI catego-
ries. Obes Res 2004; 12: 1094-103. [CrossRef]


https://doi.org/10.1001/jama.289.18.2363
https://doi.org/10.1097/HJH.0b013e32836591d4
https://doi.org/10.4103/2277-9175.145749
https://doi.org/10.1161/CIRCULATIONAHA.107.743062
https://doi.org/10.1093/eurheartj/ehs455
https://doi.org/10.1371/journal.pone.0048883
https://doi.org/10.1016/j.metabol.2006.10.016
https://doi.org/10.1016/S0895-4356(99)00217-6
https://doi.org/10.1016/0002-9149(94)90676-9
https://doi.org/10.1111/dme.12512
https://doi.org/10.1002/j.1550-8528.1999.tb00404.x
https://doi.org/10.1017/S0007114514002657
https://doi.org/10.1186/1471-2458-11-35
https://doi.org/10.1038/jhh.2010.99
https://doi.org/10.1016/j.diabet.2013.04.001
https://doi.org/10.1378/chest.94.5.926
https://doi.org/10.1016/j.jsp.2009.10.001
https://doi.org/10.1016/j.jacl.2015.10.008
https://doi.org/10.1038/oby.2011.38
https://doi.org/10.1093/aje/kwj063
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1038/oby.2000.64
https://doi.org/10.1017/S1368980009991479
https://doi.org/10.1016/j.amjhyper.2003.08.010
https://doi.org/10.1291/hypres.31.1385
https://doi.org/10.1038/oby.2004.137

Anatol ) Cardiol 2019; 22: 33-43
DOI:10.14744/ Anatol)Cardiol.2019.10594

33.

34.

35.

36.

Cikim AS, Ozbey N, Orhan Y. Relationship between cardiovascular
risk indicators and types of obesity in overweight and obese wom-
en. J Int Med Res 2004; 32: 268-73. [CrossRef]

MacKay MF, Haffner SM, Wagenknecht LE, D'Agostino RB Jr, Han-
ley AJ. Prediction of type 2 diabetes using alternate anthropometric
measures in a multi-ethnic cohort: the insulin resistance athero-
sclerosis study. Diabetes Care 2009; 32: 956-8. [CrossRef]

Nyamdorj R, Qiao Q, Séderberg S, Pitkdniemi JM, Zimmet PZ, Shaw
JE, et al. BMI compared with central obesity indicators as a predic-
tor of diabetes incidence in Mauritius. Obesity (Silver Spring) 2009,
17: 342-8. [CrossRef]

Li Y, Zhai FE Wang H, Wang Z. A four-year prospective study of the
relationship between body mass index and waist circumstances and

37.

38.

39.

Sadeghi et al.
Incident hypertension and adiposity

43

hypertension in Chinese adults. Wei Sheng Yan Jiu 2007; 36: 478-80.
Lopez-Alvarenga JC, Montesinos-Cabrera RA, Velazquez-Alva C,
Gonzélez-Barranco J. Short stature is related to high body fat com-
position despite body mass index in a Mexican population. Arch
Med Res 2003; 34: 137-40. [CrossRef]

Azimi-Nezhad M, Ghayour-Mobarhan M, Safarian M, Esmailee H,
Parizadeh SM, Rajabi-Moghadam M, et al. Anthropometric indices
of obesity and the prediction of cardiovascular risk factors in an
Iranian population. ScientificWorldJournal 2009; 9: 424-30. [CrossRef]
Talaei M, Thomas GN, Marshall T, Sadeghi M, Iranipour R, Oveis-
gharan S, et al. Appropriate cut-off values of waist circumference
to predict cardiovascular outcomes: 7-year follow-up in an Iranian
population. Intern Med 2012; 51: 139-46. [CrossRef]


https://doi.org/10.1177/147323000403200306
https://doi.org/10.2337/dc08-1663
https://doi.org/10.1038/oby.2008.503
https://doi.org/10.1016/S0188-4409(03)00002-X
https://doi.org/10.1100/tsw.2009.58
https://doi.org/10.2169/internalmedicine.51.6132



