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ABSTRACT
Background: The global prevalence of obesity has been increasing. Body mass index, waist circumference and waist
height ratio have been widely used for nutritional assessment. Waist height ratio has the advantage of taking into
account abdominal obesity as well as height associated with body fat accumulation or distribution. The objective of
this study was to suggest cut off points for waist circumference and waist height ratio to identify overweight in Omani
adults.
Methods: Weight, height, waist circumference and waist height ratio were measured for all participants. Pearson’s
correlation was used to determine correlation of BMI with waist circumference and waist height ratio. ROC curve was
used to identify AUC and specific cut off point for anthropometric indicators.
Results: The largest proportion of overweight was picked up by waist height ratio across both the genders.
Correlation of BMI with waist height ratio was stronger (r=0.699) than correlation with waist circumference (r=0.589)
for both the genders. Maximum AUC was for waist height ratio in males (AUC=0.833, 95% CI=0.791-0.875). The
specific cut off point for waist circumference in males and females was 89.5cm and 87.6cm respectively. The specific
cut off point for waist height ratio in males and females was 0.53 and 0.57 respectively.
Conclusions: Maximum participants were found overweight by waist height ratio followed by waist circumference
and the least by BMI. The higher cut off points should be used in this population for identifying overweight people.
Keywords: Area under curve, Cutoff values, Overweight, Waist circumference, Waist height ratio

INTRODUCTION
The global prevalence of obesity has been increasing.1
Overweight and obesity among adults in Oman are
present in 30% and 20% population respectively. Data
from health survey 2008 showed that both overweight
and obesity were more common among the age groups
25-74. The percentage of the Omani population classified
to have central obesity was high; overall more than one
third of the Omani population were centrally obese; out
of which 19.7% were males and 53.5% were females.2

Various methods for nutritional assessment have been
described in the literature.3 Body mass index, waist
circumference and waist hip ratio have been widely
used.4 A good screening test should be not only highly
predictive but also easy to perform and interpret.5 BMI
and waist circumference are simple and inexpensive
screening measurements for predicting obesity and they
are commonly used in adults and children.6 BMI is
associated with body fat content but not always with
abdominal obesity.7 Waist circumference may reﬂect the
extent of visceral fat accurately, but it can overestimate or
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underestimate the risk of cardiovascular disease, as
individuals with similar waist circumference may vary in
height.8
Recently, waist height ratio has been proposed as an
anthropometric measure to assess central adiposity, since
it is closely associated with cardiometabolic risk factors
and mortality, independently of body weight.9 Waist
height ratio has the advantage of taking into account
abdominal obesity as well as height associated with body
fat accumulation or distribution.10 Ashwell et al,
suggested that waist height ratio is more sensitive than
BMI for early prediction of obesity-related
complications, is easy to measure by the general public,
and is commonly used for all ages, sexes, and races.11
Consequently, it has been proposed as a population-based
screening tool for cardiometabolic risk prediction in
large-scale epidemiological studies and during medical
examinations.12

varying from 0 to 1.16 Cut off of 0.50 was taken for both
males and females.17
Data was analyzed by SPSS. Receiver operating
characteristic (ROC) curve was used to identify AUC and
specific cut off point for anthropometric indicators and to
see whether these points are similar or different than the
generic cut off values. Point with maximum Youden
index was used for specific cut off point. An AUC ≥0.5 is
less accurate but remains useful for screening tests, an
AUC>0.7 indicates an accurate value for screening, and
an AUC>0.9 indicates a very accurate value.18 Moreover,
ROC analysis can be applied to measure differences in
AUC values, thereby enabling identiﬁcation of the most
powerful variables.19 Pearson’s correlation coefficient
was used to determine correlation of BMI with waist
circumference and waist height ratio. Statistical
significance was set at p<0.05.
RESULTS

World Health Organization (WHO) guidelines state that
alternative measures that reflect abdominal obesity such
as waist circumference and waist height ratio have been
found to be superior to BMI.13 A study among Chinese
population demonstrated that while BMI and waist
circumference were found to be the important indices of
obesity, waist circumference was found to be the best
measurement of obesity.14Ashewell suggested an optimal
waist height ratio cutoff value of 0.5 for the prediction of
obesity and metabolic abnormalities in children and
adults and proposed that individuals with values ≥0.5
should be followed up, while immediate action should be
taken in individuals with values ≥0.6.15
The objective of the study was to find out which is a
better marker to identify overweight; waist circumference
or waist height ratio, and to suggest cut off points for
waist circumference and waist height ratio in Omani
adults.
METHODS
A cross sectional study was carried out among 500
Omani adults more than 18 years of age attending a
polyclinic in Rustaq. The study was conducted from
April 2014 to March 2015. Data was collected after
taking informed consent. Weight was measured to the
nearest 0.1kg and height was measured to the nearest
0.1cm using Detecto scale. BMI was calculated by using
the formula, BMI = weight (kg)/height (m²). WHO BMI
cutoffs points used were: underweight (BMI<18.5),
normal (18.5-24.9), overweight (25-29.9), and obese
class (BMI ≥30).13 Waist circumference was measured to
the nearest cm at the level parallel to the floor, midpoint
between the top of the iliac crest and the lower margin of
the last palpable rib in mid-axillary line. Data was
analyzed using cutoffs points for 94cm in men and 80cm
in women.13 Waist height ratio was calculated by dividing
waist circumference in cm by height in cm with the result

The mean BMI of the study population was 27.1 and was
more in females. The mean waist circumference was 90.9
but was higher in males. Also, the mean waist height ratio
was more in males (0.58) compared to females (0.55).
According to WHO BMI classification, 40% individuals
were overweight and 24.8% were obese. Percentage for
females who were overweight and obese was higher than
males (Table 1).
Table 1: Prevalence of overweight by BMI
classification.
BMI
<18.5
18.5-24.5
25-29.9
≥30

Total (%)
25 (5.0)
151 (30.2)
200 (40.0)
124 (24.8)

Males (%)
16 (4.5)
111 (31.4)
139 (39.4)
87 (24.6)

Females (%)
9 (6.1)
40 (27.2)
61 (41.5)
37 (25.2)

Table 2: Gender-wise distribution of overweight
according to waist circumference/waist height ratio by
WHO BMI classification.
Indicators
Waist circumference
Males
Females
Waist height ratio
Males
Females

Overweight
Yes n (%)

No n (%)

134 (38.0)
100 (68.0)

219 (62.0)
47 (32.0)

255 (72.2)
109 (74.1)

98 (27.8)
38 (25.9)

When the participants were classified as overweight by
waist height ratio more than normal, it was found that the
percentage of overweight people increased than those
observed by BMI. Overall 72.8% participants, out of
which 72.2% males and 74.1% females were found to be
overweight by waist height ratio criteria. When waist
circumference was used to classify overweight, overall
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46.8% participants, out of which less males (38%) and
more females (68%) were overweight (Table 2). More
females were overweight than men by all the three
anthropometric measurements. The largest proportion of
overweight was picked up by waist height ratio across
both the genders. It was followed by waist circumference
and then least by BMI in females. While in men the least
percentage of overweight was by waist circumference.
BMI had positive and strong correlation both with waist
circumference and waist height ratio (p<0.001).
However, the correlation of BMI with waist height ratio
was stronger (r=0.699) than correlation with waist
circumference (r=0.589) and this was also true for both
the genders. When the measurements were compared
across gender, it was found that females had stronger
correlation (r=0.610) with waist circumference than
males (r=0.582). On the other hand, males had higher
coefficient value for waist height ratio (r=0.720) than
females (r=0.672). Strongest correlation as evident by
Pearson’s correlation coefficient was of BMI with waist
height ratio in males (r=0.720) (Table 3).

males (0.794) for waist circumference (Figure 1-2). In
contrast for waist height ratio, males had higher AUC
than females (Figure 3-4).

Figure 2: ROC curve for waist circumference in
females.

Table 3: Gender-wise correlation between BMI and
waist circumference/waist height ratio.

Variable

n

Overall
Males
Females

500
353
147

Waist
circumference
r
p value
0.589 0.000
0.582 0.000
0.610 0.000

Waist height
ratio
r
p value
0.699 0.000
0.720 0.000
0.672 0.000

(r= Pearson’s correlation coefficient)

Figure 3: ROC curve for waist height ratio in males.

Figure 1: ROC curve for waist circumference in
males.
ROC curves were constructed for both waist
circumference and waist height ratio separately for males
and females by plotting the values of sensitivity and
1minus specificity as depicted in Figures 1 to 4.
Interpretations from ROC analysis were in line with the
correlation findings. Area under the curve from ROC
analysis depicts higher AUC in females (0.802) than

Figure 4: ROC curve for waist height ratio in females.
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Thus, AUC for waist height ratio as an indicator of
overweight was more than that for waist circumference in
males. In contrast, AUC for waist circumference was
higher than waist height ratio in females (Table 4).
Maximum AUC was for waist height ratio in males
(AUC=0.833, 95% CI=0.791-0.875).
Table 4: AUC for waist circumference/waist height
ratio as an indicator of overweight according to who
BMI classification.
Variable
AUC SE
Waist circumference
Males
0.794 0.024
Females
0.802 0.039
Waist height ratio
Males
0.833 0.022
Females
0.791 0.039

95% CI

p value

(0.746-0.842)
(0.725-0.879)

0.000
0.000

(0.791-0.875)
(0.713-0.868)

0.000
0.000

ROC curve analysis was used to get the specific cut off
points to identify overweight people with waist
circumference and waist height ratio. The point with
maximum sum of sensitivity and specificity was used to
get the cutoff point. The specific cut off point for waist
circumference in males and females was 89.5cm and
87.6cm respectively. The specific cut off point for waist
height ratio in males and females was 0.53 and 0.57
respectively. The specific cut off points obtained from
ROC curve were higher than generic cutoff points for
both waist circumference and waist height ratio in
females and males; except that males had lower specific
cut off point for waist circumference. Similarly, the
likelihood ratio of being overweight was more with
specific cut off point than generic cut off point for both
the anthropometric indicators across both genders; except
for waist circumference in males which had higher
likelihood ratio with generic cut off point.

Table 5: Validity of generic and specific cutoff for waist circumference/waist height ratio as an indicator of
overweight according to WHO BMI classification.
Variable
Waist circumference
Generic cutoff
Males (94 cm)
Females (80 cm)
Specific cutoff
Males (89.5cm)
Females (87.6cm)
Waist height ratio
Generic cutoff
Males (0.50)
Females (0.50)
Specific cutoff
Males (0.53)
Females (0.57)

Sensitivity

Specificity

Youden index

Likelihood ratio

54.4%
82.7%

91.3%
61.2%

0.458
0.439

6.3
2.1

66.4%
66.3%

83.5%
83.7%

0.498
0.500

4.0
4.1

83.2%
81.6%

59.8%
55.1%

0.430
0.367

2.1
1.8

77.4%
66.3%

81.1%
87.8%

0.585
0.541

4.1
5.4

Table 5 shows the values of sensitivity, specificity,
Youden index and likelihood ratio for gender specific
generic and specific cut off points for waist
circumference and waist height ratio to identify
overweight population in males and females. Waist
height ratio had better Youden index compared to waist
circumference.
DISCUSSION
In the present study, the population who was identified as
overweight was 40% by BMI, 46.8% by waist
circumference and 72.8% by waist height ratio cutoff
value. This finding is worrisome as overweight is an
important risk factor for many health problems having a
direct implication on quality of life. The mean waist

circumference in this study was 91cm in males and
90.8cm in females which is in agreement with the
findings in the Oman world health survey where the
mean waist circumference of Omani males and females
were 89.7 cm and 88.7cm, respectively.2 A study among
Indians found that the prevalence of abdominal obesity
using waist circumference was 46% in men and 64% in
women.20 Correa et al, reported mean waist height ratio
was 0.6 in Brazilian adults; it was higher in females
compared to the current study.21 Result of this study
showed that both waist circumference and waist height
ratio had strong positive correlation with BMI, but the
correlation of BMI with waist height ratio was stronger
than that with waist circumference. This is congruent
with the findings of other studies. BMI and waist
circumference showed strong positive correlation (r =
0.680) with body fat percentage in both sexes.22 Waist
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circumference was also found to correlate positively and
significantly with BMI compared in diabetic females and
males.23
In the present study, waist height ratio had better Youden
index compared to waist circumference. The optimal
cutoff point was for waist circumference in males and
females was 89.5cm and 87.6cm and for waist height
ratio in males and females was 0.53 and 0.57; AUC was
0.833 for waist height ratio in males and 0.791 in
females. Correa et al, found 0.55 as the best cutoff point
for waist height ratio in the identification of overweight;
AUC exceeded 0.8.21 Ashwell proposed waist height ratio
values below 0.50 as low-risk to health, 0.5 to 0.6 as
suggestive of risk, and greater than 0.60 as high-risk, and
that disease prevention and health recovery measures
should be recommended for values above 0.50.24 The
current study found that mean waist height ratio of 0.53 0.57 was indicative of risk to health. A study among
Chinese population stated that waist circumference is the
best predictor of hyperglycemia with optimal cutoffs as
85 for men 82 for women.25 This is consistent with a
study among Malaysian population which found waist
circumference is the better indicator for predicting CVD
risk factors than BMI and the optimal cutoffs for waist
circumference were 83-92cm in men and 83-88cm in
women.26 Advantage to use waist height ratio is that BMI
does not correlate completely with body fat distribution
(especially that of abdominal fat), thus making waist
height ratio more advantageous due to the use of waist
circumference in its calculation. Although BMI does not
measure body composition, it does have good diagnostic
potential for nutritional status in epidemiological studies,
with a weak correlation with height and strong correlation
with absolute fat mass.27,28
In the current study, a good percent of the population
classified as normal weight according to the WHO
criteria, showed waist height ratio and waist
circumference values higher than the cutoff value which
was also found in other studies.29 Health professionals
should thus look beyond BMI, which is not sufficient by
itself to assess early risk, failing to classify a considerable
portion of the population at imminent risk.30 However,
for better diagnosis of overweight, studies recommend
that BMI values be combined with other measures of
adiposity such as waist circumference or waist height
ratio, in individual and collective assessments, aimed at
better prediction of health problems by these adiposity
indicators.31 Large sample size in this study make our
results useful as a baseline data for future research,
especially focusing on waist height ratio and waist
circumference as a screening tool for abdominal obesity.

measurements. Correlation of BMI with waist height ratio
was stronger than correlation with waist circumference
across both the genders. The specific cut off points for
waist height ratio were higher than generic cut off points
across both gender. The higher cut off points should be
used in this population for identifying overweight people.
Measures to deal with overweight are thus needed to back
appropriate health policies, programs, and services for
health promotion, disease prevention.
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