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Abstract

Background: There are no data on optimal cut-off points to classify obesity
among Omani Arabs. The existing cut-off points were obtained from studies of
European populations.
Objective: To determine gender-specific optimal cut-off points for body mass
index (BMI), waist circumference (WC) and waist-to-hip ratio (WHR) associated
with elevated prevalent cardiovascular disease (CVD) risk among Omani Arabs.
Design: A community-based cross-sectional study.
Setting: The survey was conducted in the city of Nizwa in Oman in 2001.
Subjects and methods: The study contained a probabilistic random sample of 1421
adults aged $20 years. Prevalent CVD risk was defined as the presence of at least
two of the following three risk factors: hyperglycaemia, hypertension and dysli-
pidaemia. Logistic regression and receiver-operating characteristic (ROC) curve
analyses were used to determine optimal cut-off points for BMI, WC and WHR in
relation to the area under the curve (AUC), sensitivity and specificity.
Results: Over 87% of Omanis had at least one CVD risk factor (38% had hyper-
glycaemia, 19% hypertension and 34.5% had high total cholesterol). All three
indices including BMI (AUC 5 0.766), WC (AUC 5 0.772) and WHR (AUC 5 0.767)
predicted prevalent CVD risk factors equally well. The optimal cut-off points for
men and women respectively were 23.2 and 26.8 kg m22 for BMI, 80.0 and
84.5 cm for WC, and 0.91 and 0.91 for WHR.
Conclusions: To identify Omani subjects of Arab ethnicity at high risk of CVD, cut-
off points lower than currently recommended for BMI, WC and WHR are needed
for men while higher cut-off points are suggested for women.
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Overweight and obesity are components of a defined

cluster of risk factors for non-communicable diseases

now observed in both developed and developing

countries. Major co-morbidities associated with these

conditions include cardiovascular disease (CVD), cere-

brovascular disease, type 2 diabetes mellitus, atherogenic

dyslipidaemia and certain types of cancer1.

Several anthropometric measures have been used to

assess abnormal body fat distribution, including body

mass index (BMI; weight in kilograms divided by the

square of height in metres), waist circumference (WC)

and waist-to-hip ratio (WHR). The World Health

Organization (WHO) defines overweight as BMI

$ 25 kg m22, obesity as BMI $ 30 kg m22, and central

adiposity as WC $ 94 cm for men and $80 cm for women,

and WHR of $0.90 in men and $0.85 in women2.

However, such recommendations are derived mainly

from data obtained in Western populations. In Asian

populations, morbidity and mortality appear to occur at

lower BMI and smaller WC values3, with an increasing

number of studies showing that the current cut-off points

may need to be lowered for non-Caucasian ethnic groups4,5.

The unavailability of specific cut-off points for

Arab populations of the Middle East has led the

International Diabetes Federation (IDF) to recommend

that researchers from this region use European cut-off

points for WC measurements for both genders until more

ethnic-specific data are available for Arabs6. Thus, the

present study aims to investigate whether BMI, WC or

WHR is a better predictor of current CVD risk among

Omani Arabs, and to determine optimal cut-off points that

could be used for all three parameters to characterise

individuals’ obesity status in relation to their current CVD

risk level.
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Subjects and methods

We used data from a cross-sectional survey conducted in

the city of Nizwa during the initial phase of the Healthy

Lifestyle Project in 2001. Nizwa is a city with a population

of about 70 000 that is located 160 km south of the capital

city, Muscat. Unlike other parts of Oman which are

inhibited by populations of multiple ethnicities, Nizwa is

inhibited mostly by tribes of Arab ethnicity.

Details of the sampling schemes for the survey have

been described elsewhere7. In summary, 2000 subjects

were invited to participate in the baseline survey of this

project and 1421 had complete data on all variables used in

this analysis after excluding pregnant women and subjects

below 20 years of age. The study protocol was seen and

approved by the central ethics committee and informed

consent was given by study subjects. The overall response

rate was 75.5% (80.3% in women and 70.8% in men).

Subjects were asked to fast for 8–14 h before appearing

for an interview to obtain behavioural risk factors,

medical history, clinical examination and venous blood

samples. To identify prevalent diabetes, a standard oral

glucose tolerance test (OGTT) with glucose load of 75 g,

as recommended by the WHO, was employed2. Indivi-

duals who reported diabetes and used antidiabetic med-

icines were excluded from the OGTT. Individuals with

diabetes and on diet control were administered an OGTT.

Fasting plasma glucose (FPG) and glucose concentration

2 h after ingestion of the glucose load (2hG) were deter-

mined by the glucose oxidase method. Serum triglycer-

ides (TG) were measured enzymatically after hydrolysis

of glycerol. High-density lipoprotein cholesterol (HDL-C)

was measured following the precipitation of other lipo-

proteins with heparin–manganese chloride mixture. All

biochemical analyses were performed using enzymatic

reagents from Roche with a Roche/Hitachi 911E analyser

according to the specifications of the manufacturer.

Blood pressure was measured to the nearest 2mmHg on

the right arm with the subject seated and having resting for

at least 10min, using a standard mercury sphygmoman-

ometer. The mean of the two readings was taken as the

individual’s blood pressure. WC was measured twice, with

the subject wearing light clothing (underwear), at a level

midway between the lower rib margin and the iliac crest, to

the nearest cm using a plastic, non-stretchable tailor’s

measuring tape. The same procedure was applied for men

and women. In addition, weight (in kg) and height (in m)

were also measured, and BMI was calculated.

Individuals were considered to have CVD risk if they

had at least two of the following three components:

> Hyperglycaemia – FPG $5.6mmol l21 or 2hG

$11.1mmol l21 or on treatment for diabetes mellitus6,8;

> Hypertension – systolic blood pressure (SBP)

$130mmHg and/or diastolic blood pressure (DBP)

$85mmHg or on treatment for hypertension6;

> Dyslipidaemia – total cholesterol (TC) $5.2mmol l21,

serum TG $1.69mmol l21, low HDL-C (,1.03mmol l21

in men and 1.29mmol l21 in women) or being on

treatment for dyslipidaemia6.

Backward stepwise logistic regression analysis was

performed using prevalent CVD risk as a dependent

factor and age, gender, smoking status at the time of the

survey (yes/no), physical activity at leisure time and/or at

work (yes/no), and one anthropometric variable (BMI,

WC or WHR) at a time as independent covariates. For

comparison of the three indices, the regression-fitted

values were used to plot receiver-operating characteristic

(ROC) curves with sensitivity plotted on the y-axis against

(1–specificity) on the x-axis, and comparing the area

under the curve (AUC). The larger the AUC the more

accurate the test; an associated P-value ,0.05 was con-

sidered statistically significant.

To determine the best cut-off points for BMI, WC and

WHR (the shortest distance between any point on the

curve and the top left corner on the y-axis), separate ROC

curves were plotted for each variable and the associated

AUC, sensitivity and specificity were determined.

Results

Of the 1421 participants with complete data in the survey,

725 (51%) were females. The mean (6standard deviation)

age of the participants was 38.2 6 15.4 years. Men had

higher overall mean SBP and DBP, FPG and TG levels

across all categories of BMI, WC and WHR, whereas

women had significantly higher mean HDL-C (Table 1).

The overall prevalence of CVD risk factors used as out-

comes across the three anthropometric measures of

obesity is shown in Table 2. Dyslipidaemia and fasting

hyperglycaemia were the most highly prevalent risk fac-

tors among both genders. The prevalence of systolic,

diastolic and overall hypertension was higher in men

compared with women. Nearly three out of four Omanis

had low levels of HDL-C, one in three had elevated TC,

and one in four men had elevated serum TG. Three-

quarters of women were physically inactive. Smoking was

prevalent only among men (9.6%).

Table 3 shows the distribution of CVD risk factors by

gender and age group. Over 87% of individuals had at

least one risk factor, 47% had at least two risk factors and

over 11% had all three CVD risk factors. Young indivi-

duals were more likely to have either one or two risk

factors, while subjects in older age groups were more

likely to have a constellation of all three risk factors.

Logistic regression analysis showed age, sex and

BMI, WC or WHR as significant variables. Physical activity

and smoking did not reach significance level and thus

were excluded from the analysis. Figure 1 shows ROC

curves for regression-fitted values for BMI, WC and

WHR in predicting current CVD risk factors. All three
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indices predicted prevalent CVD risk equally well.

The AUC (95% confidence interval) was 0.766

(0.743–0.788) for BMI, 0.772 (0.749–0.794) for WC and

0.767 (0.745–0.789) for WHR. There were no statisti-

cally significant differences in the areas under the three

curves.

Table 1 Cardiovascular disease risk factors in the Omani population by categories of body mass index (BMI), waist circumference (WC),
waist-to-hip ratio (WHR) and gender; Nizwa survey, 2001

BMI (kg m22) WC* WHR-

Overall ,25.0 25.0–29.9 $30.0 Normal High Normal High

Males (n 5 696)
SBP (mmHg) 116.6 6 17.1 115.6 6 16.2 116.0 6 17.5 125.2 6 19.9 115.3 6 15.7 123.2 6 22.2 114.5 6 15.0 119.0 6 19.1
DBP (mmHg) 76.2 6 8.8 74.5 6 7.8 77.5 6 9.3 82.4 6 9.6 75.2 6 8.0 81.2 6 11.0 74.3 6 7.8 78.3 6 9.4
FPG (mmol l21) 5.9 6 1.6 5.7 6 1.4 6.0 6 1.8 6.3 6 2.1 5.7 6 1.3 6.6 6 2.4 5.5 6 0.9 6.3 6 2.1
2hG (mmol l21) 7.1 6 3.0 7.6 6 9.4 8.6 6 10.1 12.7 6 20.7 7.8 6 9.7 11.4 6 16.5 7.1 6 9.2 9.8 6 12.9
TC (mmol l21) 4.8 6 1.0 4.6 6 1.1 5.1 6 1.0 5.4 6 0.8 4.7 6 1.1 5.4 6 1.0 4.4 6 1.0 5.2 6 1.0
HDL-C (mmol l21) 0.93 6 0.2 1.0 6 0.2 0.9 6 0.2 0.9 6 0.3 0.9 6 0.2 0.9 6 0.3 1.0 6 0.2 0.9 6 0.2
TG (mmol l21) 1.3 6 0.9 1.1 6 0.7 1.6 6 1.1 1.7 6 1.0 1.2 6 0.8 1.8 6 1.3 1.1 6 0.7 1.6 6 1.1

Females (n 5 725)
SBP (mmHg) 113.5 6 12.1 112.0 6 10.9 112.0 6 13.2 118.8 6 12.9 110.4 6 9.9 115.0 6 13.0 109.9 6 9.2 116.0 6 13.2
DBP (mmHg) 71.8 6 8.1 70.7 6 7.5 71.6 6 8.4 75.9 6 8.6 69.6 6 7.3 73.3 6 8.3 69.1 6 7.2 73.7 6 8.2
FPG (mmol l21) 5.6 6 1.6 5.4 6 1.0 5.8 6 1.7 6.4 6 2.6 5.2 6 0.6 6.0 6 1.9 5.2 6 0.6 6.0 6 1.9
2hG (mmol l21) 7.2 6 2.8 7.3 6 7.9 10.3 6 17.1 10.1 6 13.6 6.6 6 5.1 9.7 6 14.6 6.7 6 5.1 9.8 6 14.9
TC (mmol l21) 4.9 6 1.2 4.7 6 1.1 5.2 6 1.3 5.3 6 1.0 4.4 6 0.9 5.3 6 1.2 4.4 6 0.9 5.3 6 1.2
HDL-C (mmol l21) 1.2 6 0.3 1.2 6 0.3 1.2 6 0.3 1.1 6 0.3 1.2 6 0.3 1.1 6 0.3 1.2 6 0.3 1.1 6 0.3
TG (mmol l21) 0.91 6 0.7 0.8 6 0.5 1.0 6 0.7 1.3 6 0.9 0.6 6 0.4 1.1 6 0.8 0.6 6 0.4 1.1 6 0.8

SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 2-hG, glucose concentration 2 h after 75-g oral glucose tolerance
test; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.
Values are mean 6 standard deviation.
* WC – normal ,94 cm, high $94 cm for men; normal ,80 cm, high $80 cm for women.
-WHR – normal ,0.90, high $0.90 for men; normal ,0.85, high $0.85 for women.

Table 2 Prevalence (%) of cardiovascular disease risk factors in the Omani population by categories of body mass index (BMI), waist
circumference (WC), waist-to-hip ratio (WHR) and gender; Nizwa survey, 2001

BMI (kg m22) WC* WHR-

Overall ,25.0 25.0–29.9 $30.0 Normal High Normal High

Males (n 5 696)
SBP $130 mmHg 20.1 17.0 19.6 37.7 18.8 30.1 13.9 27.2
DBP $85 mmHg 12.8 8.1 14.7 37.7 9.6 29.2 7.0 19.5
Hypertension-

-

24.7 20.2 26.7 47.5 21.8 39.8 16.4 34.4
FPG $5.6 mmol l21 43.0 37.6 48.9 57.4 38.8 64.4 32.7 54.8
2hG $11.1 mmol l21 11.1 8.3 12.9 23.0 8.1 26.5 4.0 19.2
Diabetes mellitusy 12.9 9.8 15.1 26.2 9.8 29.2 4.8 22.3
TC $5.2 mmol l21 34.5 24.4 46.2 59.0 30.4 55.8 19.3 52.0
Low HDL-Cz 75.9 70.2 83.6 85.3 74.1 85.0 72.4 79.9
TG $1.7 mmol l21 24.4 14.9 36.4 44.3 20.4 45.1 15.5 35.9
Physical inactivityJ 24.3 24.6 21.5 32.8 22.7 33.0 21.1 28.0
Current smoking 9.6 10.7 7.6 9.8 10.0 8.0 10.7 8.3

Females (n 5 725)
SBP $130 mmHg 9.9 6.9 12.5 17.1 3.5 14.2 3.0 14.9
DBP $85 mmHg 6.2 3.1 6.6 16.3 1.4 9.4 0.7 10.2
Hypertension-

-

13.8 9.5 16.0 25.2 4.9 19.6 4.0 20.8
FPG $5.6 mmol l21 30.8 24.7 32.6 48.8 16.4 40.2 15.9 41.4
2hG $11.1 mmol l21 11.3 5.5 14.9 26.0 2.1 17.4 2.0 18.0
Diabetes mellitusy 11.9 5.9 15.5 26.8 16.4 2.4 2.3 18.7
TC $5.2 mmol l21 34.5 25.4 44.8 50.4 15.0 47.3 14.9 48.5
Low HDL-Cz 71.6 67.5 71.3 86.2 63.4 76.9 66.2 75.4
TG $1.7 mmol l21 13.0 9.3 16.6 20.3 4.9 18.3 5.6 18.2
Physical inactivityJ 69.3 70.6 66.3 68.9 64.2 27.5 61.8 25.4
Current smoking 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 2-hG, glucose concentration 2 h after 75-g oral glucose tolerance
test; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.
* WC – normal ,94 cm, high $94 cm for men; normal ,80 cm, high $80 cm for women.
-WHR – normal ,0.90, high $0.90 for men; normal ,0.85, high $0.85 for women.
-

-

Hypertension – SBP $130 mmHg and/or DBP >85 mmHg or on treatment for hypertension.
yDiabetes mellitus – FPG $7.0 mmol l–1 and/or 2hG $11.1 mmol l–1 , or on treatment for diabetes mellitus.
zLow HDL-C – ,1.03 mmol l–1 in males and ,1.29 mmol l–1 in females.
JPhysical inactivity – inactivity at leisure time and/or at work (yes/no).
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Further ROC plots for each obesity measure against

CVD risk depicted optimal gender-specific cut-off points

for BMI, WC and WHR together with sensitivity, specifi-

city and area under each curve (Table 4). The cut-off

points for BMI and WC in men (23.2 kg m22 and 80 cm,

respectively) were lower than in women (26.8 kg m22 and

84.5 cm, respectively); while the cut-off points for WHR

were identical for both genders (0.91 for both). Com-

paring the effects of the cut-off points recommended by

the WHO/IDF6 with those estimated from the ROC

curves, the prevalence of obesity among men assessed by

BMI increased from about 41% to nearly 60%. The impact

on central obesity (WC) among men was even greater,

resulting in an increase from about 16% to nearly 50%

(Table 5). On the other hand, the prevalence of obesity

among women was reduced when measured by any one

of the three indices.

Discussion

This is the first population-based study to benchmark

gender-specific cut-off points for BMI, WC and WHR for

Omani Arabs based on current levels of CVD risk factors.

The derived cut-off points provide valid and non-arbitrary

values to assess overall obesity and central adiposity

among Arab ethnic groups.

The WHO recommends the use of pre-specified cut-off

points for BMI, WC and WHR to standardise comparisons

within and between populations1. Currently such cut-off

points are derived from studies among European popu-

lations and thus may not be applicable to other ethnic

groups. Indeed, some studies suggested that Asian

populations manifest CVD risk factors at lower levels of

BMI and WC than Westerners, owing, in part, to a higher

percentage of body fat5,9,10.

Based on sensitivity, specificity and ROC curve analy-

sis, BMI values of .23.2 and .26.8 kg m22, WC of .80

and .84.5 cm and WHR of .0.91 (both sexes) appear to

best characterise high CVD risk among Omani men and

women, respectively. The suggested cut-off points are

consistent with figures reported in other studies from

Table 3 Frequency distribution of cardiovascular risk factors by age and gender; Nizwa survey, 2001

Number of risk factors

Age group (years) None (%) One (%) Two (%) Three (%) Total (%)

Males
20–29 35 (13.6) 136 (53.1) 73 (28.5) 12 (4.7) 256 (100)
30–39 11 (7.4) 70 (47.3) 55 (37.1) 12 (8.1) 148 (100)
40–49 8 (7.6) 30 (28.3) 49 (46.2) 19 (17.9) 106 (100)
50–59 5 (6.1) 22 (26.8) 36 (43.9) 19 (23.2) 82 (100)
60–69 5 (7.3) 13 (19.1) 28 (41.2) 22 (32.4) 68 (100)
701 2 (5.6) 11 (30.6) 14 (38.9) 9 (25.0) 36 (100)
All 66 (9.5) 282 (40.5) 255 (36.6) 93 (13.4) 696 (100)

Females
20–29 67 (23.7) 184 (65.0) 32 (11.3) 0 (0) 283 (100)
30–39 29 (18.5) 93 (59.2) 32 (20.4) 3 (1.9) 157 (100)
40–49 12 (9.3) 55 (42.6) 45 (34.9) 17 (13.2) 129 (100)
50–59 0 (0) 25 (31.7) 31 (39.2) 23 (29.1) 79 (100)
60–69 3 (6.4) 12 (25.5) 16 (34.0) 16 (34.0) 47 (100)
701 1 (3.3) 9 (30.0) 10 (33.3) 10 (33.3) 30 (100)
All 112 (15.5) 378 (52.1) 166 (22.9) 69 (9.5) 725 (100)

Total 178 (12.5) 660 (46.5) 421 (29.6) 162 (11.4) 1421 (100)
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Fig. 1 Receiver-operating characteristic curves depicting body
mass index (BMI; ——), waist circumference (WC; – � –) and
waist-to-hip ratio (WHR; ����) in predicting cardiovascular risk.
The area under the curve (AUC) (95% confidence interval) was
0.766 (0.743–0.788) for BMI, 0.772 (0.749–0.794) for WC and
0.767 (0.745–0.789) for WHR. The dashed diagonal reference
line (AUC 5 0.50) defines points where a test is no better than
chance in identifying individuals with cardiovascular risk
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Asia. For example, BMI of $24 kg m21 in China11,

$25 kg m22 in Japan4 and 27 kg m22 in Indonesia12 was

found to categorise obese individuals best in relation to

high prevalent CVD risk. Similarly, the reported cut-off

points for WC range from 102 cm for American men13, to

94 cm for Europeans, 90 cm for Chinese and other

Asians6, to 85 cm for Tunisians14 and Japanese6. The

corresponding figures among women are 88 cm for

Americans13, 80 cm for Europeans, Chinese and Asians6,

85 cm for Tunisians14 and 90 cm for Japanese6.

Differences in cut-off points of obesity have a profound

effect on prevalence estimates. In comparison with

the cut-off points derived via analysis of ROC curves,

the current WHO1 and IDF6 cut-off points underestimate

overall obesity by over 42% and central adiposity by two

times among men. This appears to be due to more

stringent ROC curve-determined cut-off points. On the

other hand, the prevalence of overall and central obesity

is underestimated among women when ROC curve-

depicted cut-off points are applied compared with WHO-

and IDF-suggested cut-off points.

Our analysis also showed almost equal area under the

ROC curves for BMI, WC and WHR. Thus any one of the

three indices could be used either in clinical practice or

epidemiological research as proxy to assess subjects’

body fat. An earlier study, almost a decade ago, found all

three indices of obesity to be strongly and independently

associated with the risk of type 2 diabetes mellitus among

Omanis, with WC being the strongest predictor15. Studies

among other populations showed that WC alone16,17 or

together with BMI18 is a good predictor for CVD risk and

type 2 diabetes mellitus. We feel that measurement of WC

is a simpler method to assess body fat and requires a

single step to measure (by using a tailor’s tape). In con-

trast, BMI requires two separate measurements (weight

and height) and availability of a scale and a stadiometer.

This study illustrates a high distribution of CVD risk

factors among Omani Arabs. Less than four decades ago,

this population was living in harsh desert conditions,

mostly as Bedouin nomads, with infectious diseases as

the dominant feature of their ill-health. Today, more than

a quarter of the population appears to have established

CVD risk factors such as hypertension or dyslipidaemia,

and at least one in 10 adults suffers from type 2 diabetes

mellitus. This may be attributed to the rapid epidemio-

logical transition sweeping developing countries, such as

Oman, as a result of demographic, socio-economic,

technological, cultural, environmental and biological

changes19. The contribution of genetic components to the

high CVD risk factor prevalence in this population is not

clear, but is likely to be high, in view of the high pre-

valence of risk factors such as dyslipidaemia.

Given the continuous increase in the trend of obesity

and CVD risk factors witnessed by the domination of

non-communicable diseases over the global burden of

diseases in developed and developing countries20,

determining an individual’s obesity status becomes vital

for monitoring, prevention and possible treatment pur-

poses. This is particularly relevant when it is coupled with

assessment of the individual’s CVD risk. Thus we

encourage use of the determined cut-off points by health

workers in both clinical and public health practice in

Oman. To increase the utility of the determined cut-off

points we also recommend that fractions to be approxi-

mated to the nearest integer.

The differences in the suggested cut-off points for

BMI, WC and WHR reported in different Asian studies

may reflect the differences in decisions regarding the

Table 4 Optimal cut-off points for defining obesity using three anthropometric variables – body mass index (BMI), waist circumference
(WC) and waist-to-hip ratio (WHR) – in relation to cardiovascular risk and gender, with associated sensitivity (%), specificity (%) and area
under the curve (AUC) among Omani Arabs

Cut-off point Sensitivity (95% CI) Specificity (95% CI) AUC (95% CI)

BMI (kg m22)
Males 23.2 71.0 (65.9–75.7) 53.7 (48.3–59.1) 0.65 (0.61–0.68)
Females 26.8 46.8 (40.3–53.4) 76.5 (72.5–80.2) 0.66 (0.62–0.69)

WC (cm)
Males 80.0 65.2 (60.0–70.2) 66.7 (61.4–71.6) 0.70 (0.66–0.73)
Females 84.5 71.9 (65.7–77.6) 61.6 (57.2–66.0) 0.71 (0.68–0.74)

WHR
Males 0.91 58.0 (52.7–63.3) 71.6 (66.5–76.2) 0.68 (0.65–0.72)
Females 0.91 67.2 (60.8–73.2) 73.7 (69.5–77.5) 0.76 (0.73–0.79)

CI – confidence interval.
Total men 5 695 and women 5 725.

Table 5 Comparison of prevalence of obesity (%) using cut-off
points recommended by the by World Health Organization (WHO)/
International Diabetes Federation (IDF) and cut-off points from
analysis of receiver-operating characteristic (ROC) curves; Nizwa
survey, 2001

Males Females

WHO/IDF ROC curves WHO/IDF ROC curves

BMI 41.4 58.9 42.1 31.6
WC 16.4 49.3 60.6 49.2
WHR 46.5 43.5 58.4 39.7

BMI – body mass index; WC – waist circumference; WHR – waist-to-hip
ratio.
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definition of what constitutes prevalent ‘CVD risk’. Like an

earlier study19 among a Chinese population, the current

study adopted the presence of ‘two or more’ risk factor to

characterise individuals as having CVD risk. If a different

decision was adopted (all three risk factors for example),

then different cut-off points would have been obtained.

In addition, variation in the definition could have also led

to different results. For example, diabetes could be

defined according to fasting levels of glucose, or by 2-h

post-load glucose in the 75-g OGTT, or a combination of

the two. Alternatively, the differences may reflect real

underlying differences in body fat percentages corre-

sponding to a given BMI, WC or WHR value between

Arabs compared with Asians or European ethnic groups.

Thus the proposed cut-off points need to be validated in

other Arab populations in the Middle East.

While it is useful to have ethnic-specific cut-off points

for various obesity indices, the suggested values in this

study will result in an increase in the prevalence of

obesity by at least three to four times among Omani

males, regardless to which indicator (BMI, WC or WHR) is

used (Table 4). This could have serious financial bearings

on the national health budget in Oman, if obesity treat-

ment is to be provided, like other services, free of charge.

It has also been shown that treatment of obesity is diffi-

cult: even when using the best treatments, the effect is

relatively small. Therefore, prevention of obesity needs to

have particular emphasis particularly among the young.

Our study has a few limitations. First, it relates the risk

of CVD to BMI, WC and WHR in a cross-sectional setting

using the occurrence of established risk factors as a proxy

risk estimate. This indicates the need for prospective

studies that relate anthropometric measures to the inci-

dence of diabetes, hypertension, dyslipidaemia and clin-

ical CVD mortality and all-cause mortality. In addition,

to address inconsistencies in cut-off points seen between

different Asian populations, such studies must include

various Arab groups of the Middle East using comparative

and tested methodologies.

Second, our study did not use direct methods to mea-

sure body fatness in relation to CVD risk factors and relied

mainly on surrogates for overall obesity (BMI) or

abdominal obesity (WC and WHR). Future studies may

need to consider body fatness and body fat distribution

and their relationship with the surrogate anthropometric

indices. However, currently available direct measures of

body fatness are fairly expensive and complicated, and

may not be useful for large population-based studies.

We conclude that there is a high distribution of CVD

risk factors among Omanis. The cut-off points for BMI

and WC are lower for males and higher for females than

those currently used. We encourage the use of these

cut-off points when considering classifying Omani

individuals in relation to their obesity status. Prospective

studies are needed to assess the relationship of different

obesity surrogates to CVD morbidity and mortality.
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