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Background. Body mass index (BMI) is often used to reflect total body fat amount (gen-
eral obesity), whereas waist circumference (WC), waist-to-hip ratio (WHpR) or waist-to
height ratio (WHtR) is used as a surrogate of body fat centralization (central obesity). The
purpose of the present study was to identify cut-offs for BMI and upper-body adiposity
(WC, WHpR, and WHtR) that, associated with increased risk of type 2 DM and hyper-
tension in Iraqi adults, would be consistent with overweight and central adiposity.

Methods. This was a community-based cross-sectional survey for establishing cut-off
values for BMI and upper-body adiposity (WC, WHpR or WHtR) associated with in-
creased risk of type 2 DM and hypertension from one district in Southern Iraq, Basrah
(Abu-Al-khasib). The total number of persons involved was 12,986 (6693 men and
6293 women), aged 45.6 � 15.7 years.

Results. The cut-off point in men associated with increased risk of type 2 DM and hyper-
tension were BMI 25.4 and 24.9, WC 90 and 95 cm, WHpR 0.92 for both and WHtR 0.52
and 0.55, respectively. For women, the cut-off point associated with increased risk of type
2 DM and hypertension were BMI 26.1 and 26.5, WC 91 and 95 cm, WHpR 0.91 for
both, and for WHtR 0.56 and 0.59, respectively. The best index for association with type
2 DM was WHpR with cut-off point of 0.92 for men and 0.91 for women. For hyperten-
sion, the best index is WHtR (with cut-off point of 0.55 for men and 0.59 for women),
whereas the least reliable index was the BMI for both type 2 DM and hypertension.

Conclusions. Our finding showed that, in Iraqi adults, WHpR has the strongest associa-
tion with type 2 DM and WHtR for hypertension. � 2007 IMSS. Published by Elsevier
Inc.
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Introduction

Obesity is defined as a condition where there is an excess of
body fat (1). Of the ways to measure total body fat and its
distributions, anthropometric measurements still play an
important role in clinical practice. Body mass index
(BMI) is often used to reflect total body fat amount (general
obesity), whereas waist circumference (WC), waist-to-hip
ratio (WHpR) or waist-to height ratio (WHtR) is used as
a surrogate of body fat centralization (central obesity) (2).
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These measurements have been shown to be associated with
cardiovascular disease risk factors such as hypertension,
dyslipidemia and diabetes in all ethnic groups studied (3,4).

The risk of hypertension is up to five times higher among
obese people than among those of normal weight (5).

Numerous epidemiological studies have shown that obe-
sity is an important risk factor for the development of type 2
diabetes mellitus (DM); indeed, it is arguable that obesity is
the single most important risk factor for this condition
(6,7).

BMI is the most commonly used measurement for as-
sessing obesity in adults but has a lot of limitations because
it does not distinguish overweight due to excess fat mass
from overweight due to excess lean mass (8). Because of
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variations in body proportions, BMI may not correspond to
the same body fat in different populations (4). Epidemio-
logical studies have shown that the ideal BMI may differ
for different populations (4). Furthermore, there is evidence
that even individuals with a BMI within the ‘‘normal’’
range of 23e25 are at increased risk of diabetes, compared
with individuals with a lower BMI (6,7).

The purpose of the present study was to identify cut-offs
for BMI and upper-body adiposity (WC, WHpR, and
WHtR) that associated with increased risk of type 2 DM
and hypertension in Iraqi adults would be consistent with
overweight and central adiposity.

Materials and Methods

This was a community-based cross-sectional survey for es-
tablishing of cut-off values for BMI and upper-body adipos-
ity (WC, WHpR or WHtR) to predict type 2 DM and
hypertension from one district in Southern Iraq, Basrah
(Abu-al-khasib). The population of Basrah according to
the last census is 1,570,664, distributed over an area of
19,070 km2. The major districts are the Centre, Abu al-
Khasib, Shatt al-Arab, al-Zubair, al-Madina, and al-Qurnah.
The study used a multistage, stratified, clustered sampling.
During vaccination program at home this study was con-
ducted from January to April 2005. Informed consent was
obtained from each participant before data collection.

WC was measured at the umbilical level from the hori-
zontal plane in centimeters (cm), using a plastic anthropo-
metric tape with the subjects standing and breathing
normally by the same physician during the physical exam-
ination with a participant standing erect (9).

Standing height and weight measurements were com-
pleted with subjects wearing lightweight clothing and no
shoes. Height was measured to the nearest cm and weight
was measured to the nearest half kilogram (kg). BMI was
calculated as body weight in kilograms divided by the
squared value of body height in meters (kg/m2). WHpR
and WHtR were measured accordingly as ratio.

Three blood pressure measurements were obtained by
physicians. The measurements were made with the partici-
pant in a sitting position after $5 min of rest. Hypertension
was defined as self-reported use of antihypertensive medi-
cation within the past 2 weeks or an average systolic blood
pressure $140 mmHg, an average diastolic blood pressure
$90 mmHg, or both.

Type 2 DM was diagnosed according to the American
Diabetes Association criteria of fasting plasma glucose
value $126 mg/dL on two occasion or symptoms of diabe-
tes and a casual plasma glucose $200 mg/dL (11.1 mmol/L)
or history of diabetes (10).

Total number of persons involved (Table 1) was 12,986
persons (6693 men and 6293 women), aged 45.6 � 15.7
years. All individuals were aged 18 years and older and
women were not pregnant. There were 2055 persons with
type 2 DM and 2249 with hypertension. Mean WC was
90.9� 14.2 and 92.6� 15.1 cm for men and women, respec-
tively, whereas for hip it was 99.7 � 10.3 and 103.4 � 11.9
for men and women, respectively. Mean BMI for men was
25.5 � 5.4 and 27.4 � 7.7 for women.

Statistical Analysis

Data analyses were performed separately in men and
women in the Iraqi population. All data were analyzed in
2006 by SPSS (version 9.0, SPSS Inc., Chicago, IL).
Receiver operator characteristic (ROC) curve was used to
assess the degree of association of BMI and upper-body
adiposity (WC, WHpR, WHtR) with diabetes and hyperten-
sion. Custom code in Excel 2000 (Microsoft, Redmond,
WA) was written by the authors to calculate further indices
of association between those anthropometric variables with
DM and hypertension. After plotting the true positive rate
(sensitivity) against the false-positive rate (1—specificity),
the Youden index was used for determining the appropriate
cut-off points. Area under the ROC curves (AUC) (95%
confidence intervals) for the identification of type 2 DM
and hypertension by various obesity-related anthropometric
indices was used.

Results

The optimal cut-off point for various obesity-related an-
thropometric indices associated with increased risk of
type 2 DM and hypertension with corresponding specific-
ity and sensitivity among men are shown in Table 2. The
cut-off point in men for association with type 2 DM and
hypertension were BMI 25.4 and 24.9, WC 90 and 95 cm,
WHpR 0.92 for both, and for WHtR 0.52 and 0.55,
respectively.

For women (Table 3), the cut-off point associated with
increased risk of type 2 DM and hypertension were BMI
26.1 and 26.5, WC 91 and 95 cm, WHpR 0.91 for both,
and for WHtR 0.56 and 0.59, respectively.

Table 1. Characteristics of the studied population

Men

(n 5 6693)

Women

(n 5 6293)

Total

(n 5 12,986)

Age (years)

mean � SD

44.9 � 16 46.5 � 15.4 45.6 � 15.7

Type 2 DM 1022 1033 2055

Hypertension 1055 1194 2249

WC (cm) 90.9 � 14.23 92.6 � 15.1 91.7 � 14.6

Hip (cm) 99.7 � 10.3 103.4 � 11.9 101.5 � 11.3

Weight (kg) 75.5 � 17.2 70.1 � 19.4 72.9 � 18.5

Height (cm) 171.4 � 6.9 159.7 � 5.7 165.75 � 8.42

WHpR 0.91 � 0.85 0.89 � 0.088 0.90 � 0.086

WHtR 0.53 � 0.083 0.58 � 0.095 0.55 � 0.092

BMI (kg/m2) 25.6 � 5.4 27.45 � 7.7 26.5 � 6.6
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Table 2. Measurements of association between diabetes mellitus and hypertension with different anthropometric variables for men

Diabetes mellitus Hypertension

Index WC (cm) BMI (kg/m2) WHpR WHtR WC (cm) BMI (kg/m2) WHpR WHtR

Cut-off value 90 25.4 0.92 0.52 95 24.9 0.92 0.55

Sensitivity 79.5% 66.0% 76.9% 82.2% 74.2% 78.1% 75.3% 75.6%

Specificity 49.4% 53.9% 60.5% 48.4% 64.3% 51.9% 60.4% 63.5%

False positive ratio 0.78 0.79 0.74 0.78 0.72 0.77 0.74 0.72

False negative ratio 0.07 0.10 0.06 0.06 0.07 0.07 0.07 0.07

Positive likelihood ratio 1.57 1.43 1.95 1.59 2.08 1.62 1.90 2.07

Negative likelihood ratio 0.41 0.63 0.38 0.37 0.40 0.42 0.41 0.38

Pre-test odds ratio 0.18 0.18 0.18 0.18 0.19 0.19 0.19 0.19

Post-test odds ratio 0.28 0.26 0.35 0.29 0.39 0.30 0.36 0.39

Pre-test probability 15.3% 15.3% 15.3% 15.3% 15.8% 15.8% 15.8% 15.8%

Post-test probability 22.1% 20.5% 26.0% 22.3% 28.0% 23.3% 26.3% 27.9%
Further statistical variables were calculated to assess the
degree of association between these anthropometric indices
with type 2 DM and hypertension. The results supported the
conclusions made by using the AUC as indicator for hyper-
tension in women, although WHpR had the highest positive
likelihood ratio among the anthropometric indices but ranks
third in the negative likelihood ratio, which affects the over-
all strength of association with hypertension and places it
third behind WHtR and WC.

Using AUC as indicator of the strength of association
(Figures 1 and 2), the index with the strongest association
with type 2 was WHpR with cut-off point of 0.92 for
men and 0.91 for women DM (AUC 5 0.74 for men and
0.73 for women), whereas the least reliable index was the
BMI. For hypertension, the index with the strongest associ-
ation was WHtR with cut-off point of 0.54 for men and 0.59
for women (AUC 5 0.76 for men and 0.73 for women),
whereas the least reliable index was again the BMI.

Discussion

Our cut-off values of BMI for association with type 2 DM and
hypertension were 25.4 and 24.9, respectively, in men and in
women 26.1 and 26.5 for type 2 DM and hypertension, re-
spectively, which is consistent with the current definitions
of overweight (BMI $25) recommended by the World
Health Organization (WHO) (11). These figures are also con-
sistent with data from Western populations in the U.S. and
Europe but higher than Asian populations. They give us clues
that Arabs may have BMI measurements similar to those in
the U.S. than those of Asian persons in Japan, China, and
India (12,13). BMI in our study was the one with the weakest
association with type 2 DM and hypertension. This is in con-
trast with a study on medical students in Crete, Greece, where
BMI was the strongest predictor of hypertension (14).

WC cut-off point for association with type 2 DM and hy-
pertension were 90 and 95 cm, respectively, for men and 91
and 95 cm, respectively, for women. These figures were dif-
ferent from the WHO criteria of central adiposity for
women (waist circumference $94 cm for men and $80
cm for women) (11).

WHpR cut-off points were 0.92 for type 2 DM and hy-
pertension in men and 0.91 in women for type 2 DM and
hypertension. For WHtR, cut-off values were 0.52 and
0.55 for type 2 DM and hypertension in men, respectively,
and 0.56 and 0.59 in women, respectively. WHtR could
help to resolve debates about the use of different BMI
Table 3. Measurements of association between diabetes mellitus and hypertension with different anthropometric variables for women

Diabetes mellitus Hypertension

Index WC (cm) BMI (kg/m2) WHpR WHtR WC (cm) BMI (kg/m2) WHpR WHtR

Cut-off value 91 26.1 0.91 0.56 95 26.5 0.91 0.59

Sensitivity 79.6% 66.3% 71.5% 82.6% 73.2% 71.7% 66.3% 78.6%

Specificity 47.2% 47.4% 63.4% 45.1% 58.4% 51.9% 63.3% 54.0%

False positive ratio 0.77 0.80 0.72 0.77 0.71 0.74 0.70 0.71

False negative ratio 0.08 0.12 0.08 0.07 0.10 0.11 0.11 0.09

Positive likelihood ratio 1.51 1.26 1.96 1.50 1.76 1.49 1.81 1.71

Negative likelihood ratio 0.43 0.71 0.45 0.39 0.46 0.55 0.53 0.40

Pre-test odds ratio 0.20 0.20 0.20 0.20 0.23 0.23 0.23 0.23

Post-test odds ratio 0.30 0.25 0.38 0.30 0.41 0.35 0.42 0.40

Pre-test probability 16.4% 16.4% 16.4% 16.4% 19.0% 19.0% 19.0% 19.0%

Post-test probability 22.8% 19.8% 27.8% 22.8% 29.2% 25.9% 29.8% 28.6%
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Figure 1. Comparison of the four anthropometric indices for the risk of type 2 DM. Indices include (A) body mass index (BMI), (B) waist circumference

(WC), (C) waist/hip ratio (WHpR), (D) waist/height ratio (WHtR). The plots show ROC for males (bold curves) and female (light curves). The estimated area

under ROC curves (which reflects the overall predictive accuracy) and their 95% confidence interval are shown in E.
boundary values for assessing health risks in different pop-
ulations (15) and is independently and better associated
with urinary albumin excretion rate than WC or WHpR
in Chinese adult type 2 DM women but not men (16). Nev-
ertheless, in India, Mamtani et al. found WC is a better pre-
dictor of central obesity and type 2 DM than WHpR (17).

For type 2 DM, the best indicator was WHpR, whereas for
hypertension it was WHtR in this study. Sakurai et al. found
that among four anthropometric variables of obesity—i.e.,
BMI, WC, WHpR, and WHtR—WC had the strongest asso-
ciation with blood pressure and the prevalence of hyperten-
sion in men and BMI had the strongest association with
blood pressure and hypertension in women in Japan (18).

WHtR was the better predictor for coronary heart dis-
ease than WHpR in a Japanese mass epidemiological study
(19) and in school children (20). In Tehranian adult women,
WC is the best screening measure for cardiovascular risk
factors, compared with BMI, WHpR and WHtR (21).



257Values for Anthropometric Variables
Figure 2. Comparison of the four anthropometric indices for the risk of hypertension. Indices include (A) body mass index (BMI), (B) waist circumference

(WC), (C) waist/hip ratio (WHpR), (D) waist/height ratio (WHtR). The plots show ROC for males (bold curves) and female (light curves). The estimated area

under ROC curves (which reflects the overall predictive accuracy) and their 95% confidence interval are shown in E.
In Thai adults, WC, WHpR and WHtR provided more con-
sistent association with cardiovascular risk factors than
BMI (22).

It is also noticeable that WC is almost as high as WHtR
in strength of association with hypertension, but not type 2
DM, in both sexes, although BMI still does poorly. This
suggests that the distribution of body fat, and not the total
amount of body fat, is the factor with the strongest associ-
ation with hypertension.
In conclusion, our findings showed that in Iraqi adults,
WHpR is the single most important indicator for association
with type 2 DM, whereas for hypertension, WHtR is the
most important indicator. These indicators have a vital pub-
lic health implication for developing countries (23). Both of
theses diseases are the most important risk factors for car-
diovascular disease. They offer the prospect of an extremely
effective, simple, inexpensive and non-invasive means for
a first-level screening for type 2 DM and hypertension.
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