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ARTICLE INFO ABSTRACT

Keywords: Background: Globally, most people die from cardiovascular diseases. We aimed to compare predictive ability of
Cardiovascular disease six obesity indices, including body mass index, waist circumference, waist-to-hip ratio, waist-to-height ratio,
Obesity

conicity index, and abdominal volume index, to identify people at risk of fatal and non-fatal cardiovascular
events, in a cohort study.

Methods: We studied 5147 participants in a baseline population-based cohort study conducted in northern Iran.
The obesity measures were calculated in enrollment phase (2009-2010), and the cardiovascular events were
recorded during a 7-year follow-up phase (2010-2017). Receiver operating characteristic (ROC) analyses and
Cox hazard regression models were applied, considering the obesity measures as predictors, and the 7-year
cardiovascular events as outcomes. Multiple Cox models were adjusted by age, prior history of cardiovascular
diseases, chronic kidney diseases, insulin resistance, diabetes mellitus, dyslipidemia, hypertension, and smoking
status.

Results: Conicity index showed the highest performance in predicting 7-year fatal and non-fatal cardiovascular
events with areas under the ROC curve of 0.77 [95% confidence interval: 0.71-0.82], and 0.63 [0.59-0.68] in
men, and 0.80 [0.74-0.87], and 0.65 [0.60-0.71] in women, respectively. In multiple Cox models, the obesity
measures had no significant associations with cardiovascular events in women. In men, only waist-to-height ratio
was independently associated with 7-year non-fatal cardiovascular events (hazard ratio: 1.19 [95% confidence
interval: 1.01-1.38]).

Conclusions: Although waist-to-height ratio had an independent association with 7-year non-fatal cardiovascular
events in men, conicity index showed the best ability to predict 7-year fatal and non-fatal cardiovascular events
in our study.

Predictive ability
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Abbreviations

ACC American college of cardiology

AHA American heart association

AUC area under the ROC curve

AVI abdominal volume index

BMI body mass index

CI confidence interval

CVD cardiovascular disease

ECG standard 12-lead electrocardiogram
FBS fasting blood sugar

FRS Framingham risk score

HDL-C  high-density lipoprotein cholesterol

HOMA-IR homeostatic model assessment for insulin resistance

LDL-C  low-density lipoprotein cholesterol
n count

RM repeated measurement

ROC receiver operating characteristic
wC waist circumference

WHR waist-to-hip ratio

WHtR  waist-to-height ratio

1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of death
worldwide [1,2]. Although the incidence of CVDs has recently decreased
in western countries due to effective preventive measures and appro-
priate therapeutic interventions, this decrease did not occur in low- and
middle-income countries [3,4], such as Iran, which is facing a high
prevalence of CVDs [5].

Owing to its health and socioeconomic burdens, obesity is an
important public health problem regarded as the “21st century’s
epidemic” by the World Health Organization. It is estimated that one
billion adults are obese or overweight worldwide [6,7]. Obesity has
strong associations with some important risk factors of CVDs, including
hypertension, diabetes mellitus, and metabolic syndrome; and, it is
considered a common risk factor for cardiovascular events [S-11].
Several indices have been used for measuring obesity, of which body
mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR),
and waist-to-height ratio (WHtR) are more popular. Conicity index and
abdominal volume index (AVI) are also suggested in this context
[12-14].

Using the data of a large population-based cohort study in northern
Iran, we previously evaluated discriminative ability of those indices
(except BMI) to detect individuals with higher 10-year CVD risks esti-
mated by Framingham risk score (FRS), and pooled cohort equations of
the American College of Cardiology and the American Heart Association
(ACC/AHA) tool [15]. According to the results and compared with the
other indices, conicity index, and WHR showed a better discriminatory
ability to diagnose individuals with higher 10-year CVD risks [15]. Since
then, we have followed up the cohort for seven years and recorded fatal
and non-fatal cardiovascular events. The present study aimed to
compare the ability of six obesity measures, including BMI, WC, WHR,
WHIR, conicity index, and AVI, to predict fatal and non-fatal cardio-
vascular events in northern Iranian men and women.

2. Materials and methods
2.1. Design
In the present observation, we used the data of 5147 participants

(2926 men, and 2221 women) in a baseline population-based cohort
study conducted in Amol, a city in northern Iran, mainly to assess
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obesity and obesity-related diseases. This study is approved by research
ethics committee of Iran University of Medical Sciences, Tehran, Iran
(reference number: IR.IUMS.REC.1397.162). Abiding the Declaration of
Helsinki, using stratified random sampling method, and after obtaining
informed consents, we enrolled 5799 participants aged 18-89 years in
the baseline cohort (2009-2010). Sampling frame was obtained from
primary healthcare settings, where each registered resident had a health
record. Target population was stratified into 16 subgroups based on sex
and age groups with 10-year intervals (from 10 to 19 to 80-89 years).
Participants were randomly and size-proportionally selected from each
stratum.

We followed up the participants, both actively (annual) and
passively (self-reports), for seven years (2010-2017), and recorded the
incidence of cardiovascular events, including hospitalization due to
myocardial infarction or other CVDs, angiographically proven coronary
artery diseases, percutaneous coronary interventions, cerebrovascular
accidents, and CVD-related death. We contacted with the deceased
participants’ family members or caregivers to specify the cause of death.
We confirmed the outcomes and verified self-reports by direct obser-
vation of medical documents, death certificates, and hospital records.
After seven years (2016-2017), we conducted the repeated measure-
ment phase. We also compared the annual follow-up data with the data
of repeated measurements and verified the outcomes if there was any
inconsistency. Supplementary Fig. 1 displays a schematic flowchart of
the study.

2.2. Measurements

For all participants, demographic (age, sex, and smoking habit),
anthropometric, and laboratory data have been collected in the enroll-
ment and the repeated measurement phases. Trained staff measured
weight, height, WC, hip circumference, and blood pressure of each
participant according to the standard protocols. Before measuring, the
participant was asked to remove the excess clothes and shoes.

Weight was measured using a digital scale (seca GmbH & Co.KG,
Hamburg, Germany) placed on a horizontal hard surface. The scale was
calibrated daily using standard weights. Height was measured in an
upright position, where head, shoulders, buttocks, and heels of the
participant were pressed up against a wall, using a wall-mounted
manual stadiometer (seca GmbH & Co0.KG, Hamburg, Germany). WC
was measured at the midpoint between the lowest costal ridge and the
upper border of the iliac crest. Hip circumference was the largest hori-
zontal measurement between waist and knee. Obesity indices other than
WC were calculated using the following formulae:

BMI = Weight (kg)/Height*(m)
WHR =WC (cm)/Hip circumfernce (cm)

WHtR =WC (cm)/Height (cm)

Conicity index =WC (m)/{OAlOQ x v/ Weight (kg)/Height (m)]

AVI={2x WC? (¢cm)+0.7x [WC (cm) —Hip circumference (cm)]z} /1000

Blood pressure was measured twice, using a calibrated mercury
sphygmomanometer (Riester GmbH, Jungingen, Germany), following at
least 5 min of rest in a sitting position. Systolic and diastolic blood
pressures were determined based on the Korotkoff sounds. The average
of two measurements was considered the participant’s blood pressure.

Following 12-h fasting, a 10 ml whole blood sample was obtained
from each participant and kept in a serum separator tube. All laboratory
tests, including fasting blood sugar (FBS), insulin, triglycerides, high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and total cholesterol were assessed enzymatically
using a BS200 Auto-Analyzer (Mindray, Shenzhen, China) and
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diagnostic kits (Pars Azmoon Co., Tehran, Iran).

We also provided a standard 12-lead electrocardiogram (ECG) for
each participant in the repeated measurement phase. An internist
interviewed 21 participants showing ECG abnormalities whose data
were not included as outcomes, and referred them to a cardiologist for
evaluating the probable silent cardiovascular events.

2.3. Statistical methods

We reported the data through descriptive statistics (mean and stan-
dard deviation, and frequency distribution and confidence interval (CI)).
We appropriately used independent samples t-test or non-parametric
Mann-Whitney test to compare the study groups. Two-group propor-
tion test was performed to compare the incidences of cardiovascular
events between men and women.

To determine the predictive ability of the six obesity indices
measured in 2010 (BMI, WC, WHR, WH{R, conicity index, and AVI), we
performed receiver operating characteristic (ROC) analyses for fatal and
non-fatal cardiovascular events (evaluated from 2010 to 2017) as
reference variables. Areas under the ROC curves (AUCs) were reported.
Statistically significant AUCs greater than 0.5 implied the ability to
discriminate individuals with cardiovascular events from event-free in-
dividuals, ranging from poor (0.5 < AUC<O0.7) to outstanding ability
(0.9 = AUC<1) [16].

We also applied simple and multiple Cox hazard regression propor-
tion models considering the six obesity indices (BMI, WC, WHR, WHIR,
conicity index, and AVI) as predictors, and fatal and non-fatal cardio-
vascular events as outcomes. In multiple Cox regression models, we
entered age, HDL-C, LDL-C, homeostatic model assessment for insulin
resistance (HOMA-IR), diabetes mellitus, hypertension, prior history of
CVDs, history of chronic kidney diseases, and smoking status as poten-
tial mediators, in addition to entering the obesity measures. Hazard
ratios were reported.

We used STATA v.12 (StataCorp LLC, College Station, TX, USA) to
estimate AUCs and plot ROC curves, and SPSS v.21 (SPSS Inc., Chicago,
IL, USA) to conduct survival analyses and apply regression models. The
significance level in all analyses was 0.05.

3. Results

Based on our observation, while the incidence of fatal cardiovascular
events was not statistically different (p-value = 0.142) between men (44
cases, 1.50% [95% CI: 1.06%-1.94%]) and women (23 cases, 1.04%
[0.61%-1.46%]), the incidence of non-fatal cardiovascular events was
significantly higher (p-value = 0.004) in men (150 cases, 5.13%
[4.33%-5.93%]) than in women (77 cases, 3.46% [2.71%—-4.22%]).

Table 1 represents the basic characteristics of men and women in this
observation. While the mean age, weight, height, WHR, conicity index,
and blood pressures were significantly higher in men (largest p-value =
0.022), hip circumference, BMI, WHtR, AVI, FBS, total cholesterol, HDL-
C, and LDL-C were significantly higher in women (largest p-value =
0.004). No significant differences of mean WC and triglycerides were
observed between men and women.

Table 2 shows the mean and related standard deviation of obesity
measures in men and women who experienced at least one incident
cardiovascular event and those who were event-free. Obesity measures
other than BMI were significantly higher in individuals with cardio-
vascular events than in event-free participants. Men experiencing non-
fatal cardiovascular events had a higher mean BMI in comparison with
men free of such events.

Table 3 shows the performance of six obesity measures in predicting
7-year fatal and non-fatal cardiovascular events in men and women.
Conicity index showed the highest performance for fatal, and non-fatal
cardiovascular events with AUCs of 0.77 [95% CI: 0.71-0.82], and
0.63 [0.59-0.68] in men, and 0.80 [0.74-0.87], and 0.65 [0.60-0.71] in
women, respectively.
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Table 1
Basic characteristics, including obesity measures, of the study population.

Characteristic [unit] Men (n = 2926) Women (n = 2221)

Mean =+ Standard deviation p-value”

Age [year] 44.46 + 16.73 43.25 + 15.25 0.003

Weight [kg] 76.86 + 15.08 72.71 + 14.36 <0.001
Height [cm] 169.93 + 7.89 156.51 + 6.88 <0.001
BMI [kg/mz] 26.53 + 4.61 29.66 + 5.67 <0.001
Waist circumference [cm] 90.82 + 12.43 91.49 +13.40 0.068

Hip circumference [cm] 100.88 + 8.36 106.69 + 10.92 <0.001
WHR 0.89 + 0.08 0.85 + 0.08 <0.001
WHtR 0.53 + 0.07 0.58 + 0.09 <0.001
Conicity index [m*?/kg'/?]  1.24 + 0.09 1.23 + 0.10 0.010

AVI [cm?] 16.92 + 4.58 17.32 £ 5.04 0.004

DBP [mmHg] 76.59 + 12.61 75.76 + 13.20 0.022

SBP [mmHg] 117.25 + 15.55 115.27 £17.70 <0.001
FBS [mg/dl] 98.53 + 29.86 103.80 + 41.33 <0.001
Triglycerides [mg/dl] 144.80 + 91.86 141.75 + 98.44 0.065"
Total cholesterol [mg/dl] 178.64 + 41.85 188.69 + 43.04 <0.001
HDL-C [mg/dl] 43.49 + 11.58 46.37 £ 12.11 <0.001
LDL-C [mg/dl] 104.95 + 30.94 109.49 + 31.41 <0.001

AVI: abdominal volume index, BMI: body mass index, DBP: diastolic blood
pressure, FBS: fasting blood sugar, HDL-C: high-density lipoprotein cholesterol,
LDL-C: low-density lipoprotein cholesterol, n: count, SBP: systolic blood pres-
sure, WHR: waist-to-hip ratio, WHtR: waist-to-height ratio.

# Independent samples t-test; significance level is 0.05.

> Non-parametric Mann-Whitney test; significance level is 0.05.

Table 4 reports the results of simple and multiple Cox hazard
regression proportion models in which fatal and non-fatal cardiovas-
cular events were considered as outcomes. Based on simple models, all
obesity measures had a significant association with fatal and non-fatal
cardiovascular events, except BMI that showed a significant relation-
ship only with non-fatal cardiovascular events in men. In multiple
regression models, no obesity measure showed any associations with
fatal or non-fatal cardiovascular events, except WHtR that was signifi-
cantly associated with non-fatal cardiovascular events in men (hazard
ratio: 1.19 [95% CI: 1.01-1.38]).

4. Discussion

We evaluated the ability of six obesity measures, including BMI, WC,
WHR, WHIR, conicity index, and AVI, to predict fatal and non-fatal
cardiovascular events in northern Iranian men and women. The results
showed that all the indices, except BMI, are able to predict fatal and non-
fatal cardiovascular events. Among the evaluated indices, conicity index
showed the strongest ability both in men and in women, where the AUC
of conicity index in the diagnosis of fatal cardiovascular events was in
lower threshold of excellent discrimination based on Hosmer-Leme-
show’s rule of thumb [16].

Overall, the predictive ability of the obesity measures was better for
fatal cardiovascular events than for non-fatal cardiovascular events, and
also better in women than in men. It is previously shown that conicity
index and WHR had a better ability to discriminate individuals with a
higher 10-year CVD risk estimated by FRS and ACC/AHA tools [15].
None of these two tools include obesity as a measure of 10-year CVD risk
estimation.

Except for an independent relationship between non-fatal cardio-
vascular events and WHtR in men, our multiple Cox regression models
did not yield any independent association between cardiovascular
events and obesity measures after removing the potential confounders,
including age, history of CVDs and chronic kidney diseases, insulin
resistance, diabetes mellitus, dyslipidemia, hypertension, and smoking
status. Gelber and colleagues found that WHtR, compared with BMI,
WC, and WHR, represents the strongest association with CVDs [17].
Emerging Risk Factors Collaboration reported that obesity measures,
such as BMI, WC, and WHR, do not significantly improve the prediction
of CVDs when additional data pertaining diabetes mellitus, lipid
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Table 2
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Obesity measures in men and women who did or did not experience cardiovascular events during seven years.

7-year cardiovascular events

Obesity measure [unit] Fatal event

Non-fatal event

No Yes No Yes
Mean =+ Standard deviation p-value® Mean + Standard deviation p-value®
Men (n = 2926) BMI [kg/m?] 26.53 + 4.62 26.62 + 3.22 0.901 26.48 + 4.60 27.53 + 4.52 0.006
Waist circumference [cm] 90.75 + 12.46 95.45 + 8.96 0.001 90.63 + 12.44 94.37 + 11.61 <0.001
WHR 0.89 + 0.08 0.95 + 0.06 <0.001 0.89 + 0.08 0.93 + 0.08 <0.001
WHIR 0.53 + 0.07 0.57 + 0.05 <0.001 0.53 + 0.07 0.56 + 0.07 <0.001
Conicity index [m*?/kg'/?] 1.24 + 0.09 1.32 + 0.07 <0.001 1.24 + 0.09 1.28 + 0.08 <0.001
AVI [em?] 16.90 + 4.59 18.42 + 3.49 0.006 16.86 + 4.58 18.15 + 4.31 0.001
Women (n = 2221) BMI [kg/m?] 29.64 + 5.66 31.18 + 6.29 0.199 29.63 + 5.67 30.53 + 5.71 0.175
Waist circumference [cm] 91.41 + 13.40 98.69 + 12.31 0.009 91.34 + 13.41 95.65 + 12.59 0.006
WHR 0.85 + 0.08 0.92 + 0.05 <0.001 0.85 + 0.08 0.89 + 0.07 <0.001
WHIR 0.58 + 0.09 0.66 + 0.08 <0.001 0.58 + 0.09 0.62 + 0.09 <0.001
Conicity index [m*?/kg!/?] 1.23 +0.10 1.33 + 0.05 <0.001 1.23 + 0.10 1.29 + 0.09 <0.001
AVI [em?] 17.29 + 5.04 19.84 + 5.14 0.027 17.26 + 5.05 18.75 + 4.66 0.011

AVI: abdominal volume index, BMI: body mass index, n: count, WHR: waist-to-hip ratio, WHtR: waist-to-height ratio.

# Independent samples t-test; significance level is 0.05.

Table 3

The predictive ability of six obesity measures, in terms of the area under the
receiver operating characteristic curve, for 7-year fatal and non-fatal cardio-
vascular events in men and women.

7-year cardiovascular events

Obesity measure [unit] Fatal event Non-fatal event

AUC (95% confidence interval)

Men (n = 2926)  BMI [kg/m?] 0.51 0.57
(0.44-0.58) (0.52-0.62)
Waist circumference 0.60 0.58
[cm] (0.54-0.67) (0.53-0.62)
WHR 0.69 0.62
(0.63-0.76) (0.58-0.66)
WHIR 0.67 0.63
(0.61-0.74) (0.58-0.67)
Conicity index [m*?/ 0.77 0.63
kg3 (0.71-0.82) (0.59-0.68)
AVI [cm?] 0.61 0.59
(0.55-0.68) (0.54-0.63)
Women (n = BMI [kg/m?] 0.54 0.54
2221) (0.42-0.66) (0.47-0.61)
Waist circumference 0.63 0.59
[em] (0.53-0.73) (0.53-0.66)
WHR 0.76 0.63
(0.69-0.81) (0.57-0.69)
WHtR 0.72 0.63
(0.63-0.81) (0.56-0.70)
Conicity index [m*?2/ 0.80 0.65
kg% (0.74-0.87) (0.60-0.71)
AVI [cm?] 0.63 0.60
(0.53-0.73) (0.53-0.66)

AUC: area under receiver operating characteristic curve, AVI: abdominal volume
index, BMI: body mass index, n: count, WHR: waist-to-hip ratio, WHtR: waist-to-
height ratio.

profiles, and systolic blood pressure are available [18]. Mearns also
concluded that there is a “little need to incorporate obesity measures in
calculations of CVD risk” [19]. Xiang and colleagues did not observe any
differences between BMI, WC, and WHtR, when their associations with
CVDs compared [20]. Khalili and colleagues studied BMI, WC, WHR,
and WHIR in a diabetic population, and reported that WHR was the most
powerful index for predicting CVDs, followed by WHtR [21]. To
compare studies on the predictive ability of obesity measures, one
should pay attention to the demographic composition, such as age, sex,
ethnicity, and race, of their population [22].

Among various obesity indices, WHtR is a unique index which ad-
justs WC, a measure of central obesity, by height, an unchanging

anthropometric measure in adults. In conicity index, WC is adjusted by
the square root of weight-to-height ratio, and not directly or solely by
height. However, this study was not conducted to evaluate the role of
obesity in CVDs, but mainly aimed to find the obesity indices with the
strongest ability to predict CVDs. This predictive ability could be
mediated by many CVD risk factors affected by obesity. These mediators
are not generally the case for evaluation of an index in clinical practice,
when a simple, cost-effective, and affordable index can correctly
represent them in predicting the clinical outcomes.

There are several mechanisms explaining the link between obesity
and cardiovascular events. Insulin resistance in obesity might lead to
development of CVDs through inflammation and oxidative stress
[23-25]. Furthermore, obesity has relationships with some abnormal-
ities in ECG, such as prolonged QT interval, and left ventricular hyper-
trophy through wuncontrolled hypertension [26]. Increase in
inflammatory cytokines, leptin levels, free fatty acids turnover, basal
sympathetic tone, and prothrombotic state are the other possible me-
diators for obesity-related cardiovascular events [27-31].

Based on our observation, conicity index could predict cardiovas-
cular events better than the other five indices, both in men and in
women. Although no sex-discriminating body shape measure is included
in its formula, three measures, including weight, and two measures of
body frames (WC, and height), are used for calculating conicity index.
This index was theoretically suggested as a volume model, in which, in
addition to a specific emphasis on the expansion of abdominal region,
weight is incorporated [13,14]. In fact, among various abdominal
measures, only conicity index encompasses weight. Considering the
strong ability of conicity index to predict fatal cardiovascular events,
routine calculation of this index in cardiology settings might be
valuable.

Based on our results, BMI did not have any predictive ability. While
BMI showed a poor predictive ability for non-fatal cardiovascular events
in men, it did not show any ability for other cases in this study. BMI is
usually considered as an index for general obesity, and not for central
obesity. Regarding BMI, some studies even reported an obesity paradox,
i.e., an inverse relationship was suggested between BMI and mortality
rate of CVDs. While almost consistent results are available for outcomes
of heart failure and revascularization following ischemic heart diseases
and obesity, the results are inconsistent in other cases [32-34].

Findings about the predictive ability of obesity indices are not
consistent. While some studies reported that WC had a better ability
than other indices to predict CVDs, other studies reported a higher
ability of WHR or WHtR [17,21,35-39]. However, only few studies have
evaluated the performance of conicity index.

We evaluated the ability of six obesity measures to predict the
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Table 4
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Results of simple and multiple Cox hazard regression proportion models with fatal and non-fatal cardiovascular events as outcomes, and obesity measures as predictors,
in men and women. Multiple regressions were adjusted for age, prior history of cardiovascular diseases, history of chronic kidney diseases, smoking status, hyper-
tension, high- and low-density lipoprotein cholesterols, diabetes mellitus, and HOMA-IR.

Obesity measure [unit]

7-year fatal cardiovascular event

7-year non-fatal cardiovascular event

Simple model

Adjusted model Simple model

Adjusted model

Hazard Ratio (95% confidence interval)

Men (n = 2926) BMI [kg/m?]

Waist circumference [cm]

1.02 (0.76-1.37)
1.41 (1.08-1.84)

WHR 1.44 (1.23-1.68)
WHIR 1.62 (1.28-2.05)
Conicity index [m*?/kg'/?] 1.39 (1.26-1.53)
AVI [cm?] 1.2 (1.04-1.58)

Women (n = 2221) 1.30 (0.87-1.93)

1.54 (1.14-2.08)

BMI [kg/m?]

Waist circumference [cm]
WHR 1.55 (1.24-1.94)
WHtR 1.86 (1.39-2.47)
Conicity index [m*?/kg'/?] 1.49 (1.26-1.77)
AVI [cm?] 1.33 (1.07-1.66)

0.97 (0.88-1.07)
1.00 (0.97-1.04)
0.92 (0.60-1.38)
0.91 (0.59-1.38)
1.18 (0.75-1.81)
1.00 (0.92-1.10)
1.03 (0.95-1.11)
1.00 (0.96-1.03)
0.96 (0.55-1.63)
1.31 (0.82-2.12)
1.04 (0.60-1.76)
1.01 (0.91-1.11)

1.22 (1.05-1.43)
1.31 (1.12-1.52)
1.35 (1.21-1.49)
1.46 (1.27-1.68)
1.29 (1.19-1.40)
1.24 (1.09-1.40)
1.19 (0.95-1.48)
1.35(1.11-1.63)
1.36 (1.16-1.60)
1.49 (1.23-1.81)
1.36 (1.20-1.55)
1.24 (1.07-1.44)

1.04 (0.99-1.08)
1.01 (0.99-1.03)
1.10 (0.91-1.32)
1.19 (1.01-1.38)
1.10 (0.90-1.34)
1.03 (0.99-1.07)
0.99 (0.94-1.03)
0.99 (0.97-1.01)
0.82 (0.59-1.12)
1.01 (0.73-1.34)
0.99 (0.77-1.33)
0.98 (0.92-1.04)

AVI: abdominal volume index, BMI: body mass index, HOMA-IR: homeostatic model assessment for insulin resistance, n: count, WHR: waist-to-hip ratio, WHtR: waist-

to-height ratio.

occurrence of cardiovascular events in a large population-based study on
northern Iranians and found that conicity index had the highest per-
formance in this context. Although calculating the conicity index seems
relatively more complicated than the other indices, and three anthro-
pometric measures are incorporated in its formula, an acceptable or
even excellent performance of conicity index implies its value in clinical
settings. In fact, this index just need one measure (WC) more than BMI
does, and can be calculated with a simple calculator. Although an
obesity paradox of BMI in cardiovascular events could not be confirmed
in our population, BMI was not found to be a reliable index for evalu-
ation of individuals at risk of CVDs.

4.1. Study limitations

This study had some drawbacks. There was no baseline ECG data,
and consequently, the pertinent data could not be compared between
the enrollment and repeated measurement phases. Thus, participants
with a history of silent myocardial infarction during 7-year follow-up
could be missed; however, some of these cases might experience the
related events prior to the repeated measurements. On the other hand,
an internist interviewed and evaluated a few participants without any
apparent history of cardiovascular events who showed ECG abnormal-
ities in the repeated measurements. These participants were also
referred to a cardiologist to exclude the probable silent cardiovascular
events in the 7-year follow-up as a result of diabetes mellitus, aging, or
other associated causes. It is worth noting that scenario analysis based
on inclusion and exclusion of these few cases did not cause any signifi-
cant and reportable change in our main findings.

4.2. Conclusions

While WHtR showed an independent association with non-fatal
cardiovascular events in northern Iranian men, conicity index had the
highest performance in predicting fatal and non-fatal cardiovascular
events in our study. Calculating conicity index only requires three
simple and available popular anthropometric measures. Conicity index
might be a valuable obesity measure, particularly preferred in clinical
cardiology settings.
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