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Introduction

The prevalence of obesity has been increasing

steadily in many developed countries, and it greatly

increases the risk of many serious and morbid

conditions, including coronary artery disease,

diabetes mellitus, hypertension, dyslipidemia, and 
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some cancers (1). Body fat and its relation to other

body components can be quantitated in many ways
(2). Although BMI is the most common method

used to assess obesity, direct measurement of body
fat and its distribution may be more important. Fat

distribution is usually measured by the waist to hip
circumference ratio (WHR). A high WHR seems

to be a proxy measurement for an excess of intra-
abdominal fat. Exact determinations can only be

performed directly using expensive equipment,
such as computed tomography (3).

The importance of body weight, body mass and
other measures of adiposity in the prediction of 
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Body mass index (BMI) is the most frequently used method in the assessment of

obesity, and its increment is assumed to be an important risk factor for the

development of atherosclerosis. Recently, however, several investigators have

recommended the use of percentage body fat (PBF), waist circumference (WC) and

waist/hip ratio (WHR) instead of BMI. In this study we evaluated the correlations of

BMI, PBF, WC and WHR with each others and their effects on the many

atherosclerotic risk factors in 169 females (age 42.4 ± 13.4 [mean ± SD] years). We

observed that WC and WHR have a stronger correlation with sBP (r = 0.49, p = 0.000

and r = 0.51, p = 0.000, respectively), dBP (r = 0.48, p = 0.000 and r = 0.48, p = 0.000,

respectively), the presence of hypertension (r= 0.38, p = 0.000 and r = 0.39, p = 0.000,

respectively), plasma fasting insulin level (r = 0.48, p = 0.000 and r = 0.44, p = 0.000,

respectively), second hour insulin level (r = 0.40, p = 0.001 and r = 0.35, p = 0.004,

respectively), first hour glucose level (r = 0.34, p = 0.001 and r = 0.29, p = 0.005,

respectively), and second hour glucose level (r = 0.28, p = 0.007 and r = 0.25, p = 0.01,

respectively)(during OGTT), triglyceride level (r = 0.37, p = 0.000 and r = 0.40, p =

0.000, respectively), and total cholesterol level (r = 0.23, p = 0.01 and r = 0.31, p =

0.01, respectively) than BMI and PBF. These results suggest that WC and WHR have

a stronger correlation with cardiovascular risk factors than BMI and PBF. Although

PBF also has an important association with some cardiovascular risk factors, it is

not a better predictor of hypertension, NIDDM, or plasma glucose, insulin and lipid

abnormalities than BMI. 

KEY WORDS Body mass index, percentage body fat, waist circumference, waist to

hip ratio, cardiovascular risk factors



138

diastolic blood pressure (dBP) was > 90 mmHg, or
if the subject was receiving drug treatment for

hypertension. A subject was defined as having
NIDDM if fasting plasma glucose level (FPG) was

> 140 mg/dl or second hour glucose level was >
200 mg/dl, or if the subject was receiving drug

treatment for diabetes mellitus. There were no
IDDM patients in the present study.

All BIA (Bioelectrical impedance analysis)
measurements were performed using a single-

frequency bioimpedance analyzer (model BIA 101/S;
AKERN-RJL Systems, Detroit). A tetrapolar

placement of electrodes was used, with current
electrodes placed on the dorsal surfaces of the right

hand and foot at the distal metacarpals and
metatarsals, respectively, and the detector electrodes

placed at the pisiform prominence of the right
wrist and between the medial and lateral malleoli

at the right ankle (16). BIA measurements were
calculated using a computer program supplied by a

commercial company. Percentage of body fat was
used for the present study.

Blood samples were taken between 08:00 and
09:30 after a 12-h fast. A two hour OGTT with

75g glucose was performed, and baseline, first and
second hour plasma glucose and insulin levels

were measured. Plasma glucose was determined by
the glucose oxidase method (Linear Chemicals,

Badalona, Spain). Plasma insulin was determined
from samples stored at -40°C by radioimmuno-

assay (RIA) using a commercial kit (DPC, Los
Angeles, USA). Serum total cholesterol and high-

density lipoprotein-cholesterol (HDL-C) concen-
trations were assayed using the Hitachi-717 auto-

analyzer (DiaSys, Germany). Serum low-density
lipoprotein cholesterol (LDL-C) concentration was

calculated with Friedewald equation in patients
with triglyceridemia < 400 mg/dl (17). Serum

triglyceride concentration was determined using the
Hitachi-717 autoanalyzer (BioSystem, Barcelona,

Spain).

Statistics

Data analyses were performed with the SPSS for
Windows release 6.1 program. Results were

expressed as means±SD. Correlations between
variables were tested by Spearman correlation

coefficient. P values < 0.05 were considered
statistically significant.

cardiovascular disease has been the subject of

long-standing debate.(4) Since adiposity is rarely

measured directly, it is important to examine the

validity of indices used as surrogates. Any index

derived from height and weight cannot distinguish

the contribution to body weight of fat tissue and

that of muscle, bone, and water (5). Debate over

the value of BMI for the estimation of body fat has

recently led some investigators to recommend the

use of new technologies for the direct measure-

ment of body fat levels in epidemiological research

(6) It has been suggested that the "gold standard"

for the measurement of body fat is the body

density from which fat and fat-free body mass can

be calculated. The new technique of bioelectric

impedance analysis may substantially improve the

estimation of total body fat (7). Recently several

studies have indicated that WHR is associated with

hypertension, diabetes mellitus, and dyslipidemia

more than measures of general obesity (8-13). And

some studies have reported that WC demonstrated

the greatest correlations with the risk variables,

especially in men (14,15). Therefore we aimed to

compare the associations between BMI, PBF, WHR

and WC and several cardiovascular risk factors.

Material and Methods

This study was prospectively conducted in Cerrah-

pafla medical faculty, endocrinology outpatient

clinic and comprised 169 females aged 17-77

years. Individuals were excluded if they had a

history of hepatic, renal and cardiac failure, or if

endocrinological diseases, the use of a drug affecting

lipid metabolisms, or pregnancy were present. 

Body weight and height were measured in light

clothing without shoes. The BMI was calculated as

weight (in kilograms) divided by height (in meters)

squared (kg/m2). Waist circumference was measured
at the narrowest diameter between the costal

margin and the iliac crest, and the hip circumference

was measured at the greatest diameter over the

buttocks. Blood pressure (BP) was measured in the

sitting position with a mercury sphygmomanometer

after 10 min of rest. Two BP measurements were

made (interval 1.5 min), and the mean was recorded.

A subject was defined as having hypertension if

systolic blood pressure (sBP) was > 140 mmHg or 
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marginally correlated only with WHR (P = 0.06).

Plasma triglyceride level was positively correlated

with BMI, WC and WHR (r = 0.25, r = 0.37, r =

0.40, respectively). Although plasma total

cholesterol level was significantly positively

correlated with WC and WHR, LDL-C level was

positively correlated with WC and marginally

correlated with WHR, while HDL-C level did not

significantly correlate with any indices. All results

are shown in Table 2. 

Table 2. Correlation coefficients of variables with BMI, PBF, WC

and WHR

Variable      BMI     PBF    WC   WHR

sBP 0.37c 0.35c 0.49c 0.51c

dBP 0.40c 0.29b 0.48c 0.48c

Age 0.32b 0.15 0.14 0.25b

Hypertension 0.26b 0.22a 0.38c 0.39c

NIDDM 0.12 0.08 0.17 0.22a

FPG 0.04 0.05 0.11 0.18
First hour glucose 0.26a 0.20a 0.34b 0.29b

Second hour glucose 0.22a 0.08 0.28b 0.25a

Fasting insulin 0.43c 0.38c 0.48c 0.44c

First hour insulin 0.44c 0.42c 0.45c 0.34b

Second hour insulin 0.30b 0.21 0.40c 0.35b

Triglyceride 0.25a 0.13 0.37c 0.40c

Total cholesterol 0.14 0.11 0.23a 0.31b

LDL-C 0.11 0.02 0.20a 0.18

HDL-C -0.02 0.17 -0.04 0.001

a P < 0.05; b P < 0.01; c P < 0.001

Discussion

Obesity is becoming an increasingly important

medical problem. It is associated with a greatly

increased likelihood of diabetes, hypertension,

hyperlipidemia, and cardiovascular disease (18).

Although BMI is widely used as an epidemio-

logical measure of obesity, some investigators

have suggested that BMI is an imprecise

measurement of fatness, compared with BIA, and

therefore more direct measures of body fat should

be used instead of it (18-25). However, we found

that BMI was well correlated with percentage of

body fat. Furthermore BMI had a stronger positive

correlation with hypertension, fasting plasma

triglyceride and cholesterol levels, and all plasma

glucose and insulin levels during OGTT (except

FPG level) compared to PBF. Results are shown in

Table 2.

Results 

Descriptive statistics for the study participants are

presented in Table 1. There were 169 females, age

42.4±13.4 years. In these subjects BMI was 28.4 ±

6.7 kg/m2 (range:18 to 48), PBF was 29.3 + 6.2%
(range:15 to 45), WC was 87.9±14.1cm and WHR

was 0.81±0.08 (range: 0.6 to 1.08). The major

independent variables in these analyses (BMI,

PBF, WC and WHR) were inter-correlated. BMI

was positively correlated with PBF   (r = 0.84, P =

0.000), WC (r = 0.89, P = 0.000), and WHR (r =

0.57, P = 0.000), PBF was also positively

correlated with WC (r = 0.73, P = 0.000), and

WHR (r = 0.45, P = 0.000). 

Table 1.  Details of the study participants 

Variable           Mean     SD 

Age (years) 42.4 13.4
BMI (kg/m2) 28.4 6.7

PBF (%) 29.3 6.2

WC (cm) 87.9 14.1

WHR 0.81 0.08

sBP (mmHg) 132.8 23.4

dBP (mmHg) 86.5 12.2

FPG (mg/dl) 88.3 29.1

First hour glucose (mg/dl) 153.9 53.5

Second hour glucose (mg/dl) 112.8 44.7

Fasting insulin (mg/dl) 15.2 16.8

First hour insulin (mg/dl) 101.7 89.9

Second hour insulin (mg/dl) 71.2 59.9

Triglyceride (mg/dl) 135.8 68.3

Total cholesterol (mg/dl) 225.2 43.4

LDL-C (mg/dl) 146.7 38.3
HDL-C(mg/dl) 51.6 11.5

Systolic BP, diastolic BP and the existence of

hypertension were positively correlated with all

BMI, PBF, WC and WHR, but this correlation was

the most significant with WHR and WC. Fasting,

first and second hours plasma insulin levels were

also positively correlated with all BMI, PBF, WC

and WHR, but this correlation was the most

significant with WC. The existence of NIDDM

was positively correlated only with WHR (P =

0.01), and marginally correlated with WC (P =

0.06). Although plasma first hour glucose level

was positively correlated with all BMI, PBF, WC

and WHR, second hour glucose level was

positively correlated with BMI, WC and WHR

(not with PBF), and fasting glucose level was 
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Several studies have suggested that besides the

overall quantity of excess fat, the pattern of body-

fat distribution may have important effects on the

risk of CVD (26,27). The deposition of fat

predominantly in the abdomen and upper body has
frequently been found to be associated with

abnormalities of blood pressure, glucose tolerance,

and serum lipid levels (26). The WHR is

considered as a measure of abdominal obesity and

a surrogate measure for visceral fat deposition

(19). Central obesity is generally regarded as a
more important predictor of CVD than is

generalized obesity (28,29). Aging, sex hormones,

genetic, and dietary factors and physical inactivity

may induce visceral fat accumulation. Visceral fat

is characterized by its high lipogenic activity as

well as its accelerated lipolytic activity. High levels
of portal free fatty acids (FFAs) may eventually

result in an enhancement of hepatic triglyceride

synthesis, causing hyperlipidemia. High portal

FFA levels would also induce insulin resistance,

thereby causing glucose intolerance, hypertension,

and finally atherosclerosis (30,31). In the present
study, we also determined that WHR and WC have

a stronger positive correlation with hypertension,

diabetes mellitus, fasting plasma triglyceride, total

cholesterol and LDL-C levels, and plasma glucose

and insulin levels during OGTT compared to both

BMI and PBF. There was no significant correlation

between all indices of obesity and HDL-C,
although some investigators reported that WHR is

inversely related to HDL-C (32). This may be due to

a genetic characteristic of the Turkish population,

because it has been demonstrated that the Turkish

population has lower HDL-C levels than those of

other western populations (33).

Although some previous studies (34-36) have

reported that BMI, WHR and PBF are increased

with age, we found that both BMI and WHR were

strongly correlated with age, but PBF and WC

were weakly correlated with age. 

It is reported that hypertension directly predisposes
to all of the major atherosclerotic cardiovascular

disease outcomes, including coronary artery disease,

stroke, cardiac failure, and peripheral artery disease

(37). The association between hypertension and

obesity is well documented. Cross-sectional studies

have shown that those persons who are 20% or 

more overweight (~BMI > 27 kg/m2) have a
greater risk of high blood pressure than lean

persons (38,39). A possible cause is a decreased
renal filtration surface, which may lead to renal

sodium retention (40). Obesity also is known to

lead to insulin resistance with consequent

hyperinsulinemia, and insulin enhances tubular

reabsorption of sodium. Enhanced catecholamine
activity may also be involved. Plasma renin

activity has also been reported to be elevated in

obese persons with hypertension (20-22). 

It has been recognized, for a long time, that obesity

is a significant risk factor for NIDDM (41,42). The
association between hyperinsulinemia and

atherogenic risk factors has been well studied in

both obese and lean individuals. The athero-

sclerosis Risk in Communities (ARIC) Study has

demonstrated that individuals with hyperinsuli-
nemia had more atherogenic levels of most risk

factors than those with normoinsulinemia (23). In

our population WHR and WC had a stronger

correlation with NIDDM and all plasma insulin

and glucose levels (except FPG) than other indices
of obesity. 

It has been reported that another important cardio-

vascular risk factor in obese persons is

dyslipidemia (36,43). In several studies, HDL-C, a

higher level of which has been clearly implicated
in decreased risk for coronary heart disease, has

been established to be lower in obese persons

(44-47). Total and LDL-C, however, have been

found in cross-sectional studies to be normal or

elevated in obese compared with lean persons
(48,49). Because HDL-C is low and LDL-C is

normal to high, the ratio of LDL to HDL-C is

generally high, leading to greater atherogenic risk.

Elevated triglyceride levels have been described

with weight gain (43,47,49). Increased free fatty
acid availability from enhanced lipolytic activity

and hyperinsulinemia enhances the formation of

VLDL in the liver(50). Also, because lipoprotein

lipase activity is decreased, a decreased clearance

of triglycerides occurs (51,52). Some studies
(53-55) have observed a stronger association

between general obesity, rather than abdominal

obesity, others (8,56) found, on the contrary, that

fat distribution was more important than overall

fatness. In our study, WHR and WC had a stronger
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correlation with plasma triglyceride, total and LDL

cholesterol levels than BMI and PBF.

These data suggest that percentage of body fat,

compared with BMI, is not a better predictor of

hypertension, NIDDM, or plasma glucose, insulin
and lipid abnormalities. Both WHR and waist
circumference have a stronger correlation with all
these cardiovascular risk factors than overall
fatness. 
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