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ABSTRACT
Introduction: High blood pressure indirectly identified through
anthropometric indicators may be an efficient strategy for detection and control, mainly because these measures can be implemented without specialized technical apparatus. The study was
done with the objective of evaluating waist circumference as
marker for hypertension.
Methods: Blood pressure, height, weight and waist circumference
was measured using standard procedures for all participants in
the cross sectional study. t test and ANOVA test was used to compare mean values of waist circumference among different groups.
Results: There was a statistically significant difference in waist circumference between age groups (F = 4.388, p=0.013); education
groups (F = 11.037, p=0.000) and BMI groups (F = 57.7, p=0.000).
63.5% of hypertensive had waist circumference more than the
gender specific cutoff point. Both mean systolic and diastolic blood
pressure was higher in the individuals with waist circumference
more than the gender specific cutoff for all the categories of BMI in
both the genders. The proportion of hypertensive was 45.5% in
normal weight and 57.4% in overweight group with waist circumference more than gender specific cutoff (p<0.05).
Conclusion: The study emphasizes the need for using simple anthropometric tool like waist circumference for assessing risk of
hypertension in communities.
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INTRODUCTION
Hypertension is a non-communicable disease that
affects more than 25% of the global adult population, including Oman.1 It is projected that by 2025,
hypertension will increase by 24% to over 80% in
developed and developing countries, respectively.
This has the potential to overwhelm health care
systems with increasing demands and related costs
for treatment.2,3The presence of morbidities, hypertension and obesity; can affect the health status of
individuals and communities adversely and may
have serious social and economic implications.
High blood pressure indirectly identified through
anthropometric indicators may be an efficient
strategy for the detection and control, mainly because these measures can be implemented without
specialized technical apparatus.4 This strategy al-

lows screening adults with anthropometric indicators and for discriminating high blood pressure;
subjects can be screened at all health care facilities,
particularly in primary health care settings.
The Jackson Heart Study showed a strong association between visceral fat as measured by waist circumference (WC) and cardio metabolic risk factors
in adult African Americans even after accounting
for body mass index (BMI).5 Lorenzo et al also
found that the waist circumference was associated
with higher blood pressure.6Desprès argued that
because there is a wide range of waist circumference for every BMI value, it will be simplistic to
think that WC is a better measure of cardiovascular
disease risk over BMI especially given that WC
may be influenced by subcutaneous or visceral fat.7
Lee et al showed that WC and waist height ratio
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was more closely associated with metabolic risk
factors than other indices of general adiposity.
These authors also demonstrated the fact that there
was a weak relationship between waist hip ratio
and blood pressure in females. This observation
could be explained by the fact that the effect of WC
is often masked by the increase in HC which generally accompanies a big WC.8 Indeed several studies have shown that WC may be a more sensitive
predictor of CVD risk than the other measures of
obesity.9,10
Measurement of WC alone as a proxy of abdominal fat mass has been suggested as a simple
clinical alternative to BMI for detecting adults with
possible health risks due to obesity. Moreover the
Oman health survey in 2008 showed that the mean
WC of Omani males and females were 89.7 cm and
88.7 cm, respectively. The percentage of the Omani
population classified to have central obesity was
high; overall more than one third of the Omani
population had excess abdominal fat (i.e. centrally
obese); 19.7% males and 53.5% females were centrally obese.11 With this background the present
study was conducted to evaluate waist circumference as an important marker for hypertension.
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of hypertension was considered as systolic blood
pressure (SBP) of ≥ 140 mm Hg and/or diastolic
blood pressure (DBP) ≥ 90 mm Hg.12 The body
mass index (BMI) was calculated by dividing
weight by square of height in (kg/m2). BMI less
than 18.5 was considered underweight, 18.5 to 29.9
as normal weight and ≥ 25 as overweight.13 To define overweight, waist circumference cut offs were
taken as ≥ 94 for males and ≥ 80for females.14,15
Data was analyzed in SPSS. Mean and standard
error of anthropometric measurements was calculated for comparison in different sociodemographic groups. Similarly mean and standard
error of mean systolic and diastolic blood pressure
values was calculated for comparison in different
BMI and waist circumference groups. The chisquare test was used to test variation in frequency.
The t test was used to assess differences in the
means of continuous variables. ANOVA test was
used to compare waist circumference among different age, education and BMI groups. Homogeneity of variance was tested by F test. A post hoc
comparison to evaluate pair wise differences
among group means was conducted with use of
Tukey HSD tests. Statistical significance was set at
p <0.05.

METHODS
A cross sectional study was conducted in South
Batinah governorate polyclinic. Inclusion criteria of
participants in the study was people of Omani nationality visiting the clinic, age more than 18 years
who gave consent to participate in the study. The
visitors less than 18 years of age and those who did
not give consent and expatriates were excluded
from the study. The estimated sample size was 469,
considering the prevalence of hypertension in
Omani adults as 45%, with 10% variability in the
estimated prevalence. Thus a total of 500 participants more than 18 years of age formed the study
population. Information on age, gender, education
and occupation was collected from all the participants after taking informed consent. The study was
approved by the Ministry of health research and
ethics committee. Height, weight, waist circumference and blood pressure were measured for all. All
participants were requested to remove footwear;
weight was measured to the nearest 0.1kg on
Detecto scale. Height was measured while the participant was standing with heels together with the
body held in a maximally erect position and hands
placed on hips and head held in the Frankfurt
plane. Height was measured to the nearest 0.1 cm.
Waist circumference was measured in centimeter
midway between the lower costal margin and iliac
crest in a horizontal plane during the end expiratory phase. Blood pressure was measured with mercury sphygmomanometer. The standard definition

RESULTS
A one-way analysis of variance was used for comparison of waist circumference among age, education and BMI groups (Table 1). The assumption of
normality was evaluated by histograms and found
tenable for all the groups. There was a statistically
significant difference in waist circumference between age groups as determined by one-way
ANOVA (F=4.388, p=0.013). A post hoc comparison tests revealed significant pair wise differences
between the mean score of participants in age
group < 30 years and > 50 years, p=0.010. Participants in the age group 31-50 years did not statistically differ from the other two groups, p>0.05. Similarly there was statistically significant difference
between education groups, one-way ANOVA
(F=11.037, p=0.000). Post hoc comparisons showed
significant differences between mean score in
higher secondary group and secondary (p= 0.008);
between higher secondary and primary group (p=
0.000). Participants with secondary education did
not differ statistically from primary group, p>0.05.
Different BMI groups also had statistically significant difference in mean waist circumference values, one-way ANOVA (F=57.7, p=0.000). Post hoc
comparisons showed significant differences between mean score in overweight and underweight
group (p= 0.000); between overweight and normal
group (p= 0.000). Participants with normal weight
did not differ statistically from underweight
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group, p>0.05. Waist circumference did not differ
significantly between gender and occupation
groups in the hypothesis testing done using t test.
157 (77.3%) of hypertensive population had high
BMI; whereas 129 (63.5%) of hypertensive had
waist circumference more than the gender specific
cutoff point (80 for females and 94 for males).
Out of the underweight population, 25% of hypertensive had waist circumference more than the
gender specific cutoff. The proportion of hypertensive increased with increase in BMI. It was 45.5% in
normal weight and 57.4% in overweight group
(Table 2). The difference was statistically significant in the normal and overweight group (p<0.05).
The mean systolic blood pressure was statistically
significantly higher in the individuals with waist
circumference more than the gender specific cutoff
in the normal weight (p= 0.004) and overweight
(p= 0.001) categories of BMI (Table 3).

Table 1: Distribution of waist circumference according to socio-demographic characteristics
Variable
Age (years)
<30
31-50
>50
Gender
Male
Female
Education
Higher secondary
Secondary
Primary
Occupation
Physical activity
Sedentary
BMI
Underweight
Normal
Overweight

Mean ± S.E

p value

88.0 ± 1.22
90.5 ± 1.49
94.0 ± 1.55

0.013

91.0 ± 0.92
90.8 ±1.81

0.922

85.9 ± 1.18
92.6 ± 1.65
94.4 ± 1.43

0.000

89.7 ± 1.04
92.4 ± 1.33

0.108

79.9 ± 4.18
79.9 ± 0.97
96.7 ± 1.03

0.000

Table 2: Population classified by waist circumference and BMI
Variable
Underweight BMI (n=24)
W.C < cutoff
W.C ≥ cutoff
Normal weight BMI (n= 152)
W.C < cutoff
W.C ≥ cutoff
Overweight BMI(n=324)
W.C < cutoff
W.C ≥ cutoff

Hypertensive(%)

Non Hypertensive(%)

Total (%)

p value

5 (31.3)
2 (25.0)

11 (68.7)
6 (75.0)

16 (66.7)
8 (33.3)

0.572

29 (22.3)
10 (45.5)

101 (77.7)
12 (54.5)

130 (85.5)
22 (14.5)

0.022

40 (33.3)
117 (57.4)

80 (66.7)
87 (42.6)

120 (37)
204 (63)

0.000

Table 3: Blood pressure values by waist circumference and BMI
Variable
Underweight BMI
W.C < cutoff
W.C ≥ cutoff
Normal weight BMI
W.C < cutoff
W.C ≥ cutoff
Overweight BMI
W.C < cutoff
W.C ≥ cutoff

Total

Systolic blood pressure
Mean ± S.E
p value

Diastolic blood pressure
Mean ± S.E
p value

16
8

131.3 ± 3.12
128.4 ± 5.55

0.652

83.8 ± 2.11
81.8 ± 5.52

0.690

130
22

125.1 ± 1.10
133.5 ± 2.57

0.004

82.1 ± 0.72
85.7 ± 1.26

0.047

120
204

129.8 ± 1.11
135.0 ± 0.96

0.001

86.8 ± 2.61
87.2 ± 2.61

0.848

Table 4: Gender-wise systolic Blood pressure values by waist circumference and BMI
Variable
Underweight BMI
W.C < cutoff
W.C ≥ cutoff
Normal weight BMI
W.C < cutoff
W.C ≥ cutoff
Overweight BMI
W.C < cutoff
W.C ≥ cutoff

Total

Males
Mean ± S.E
p value

Total

Females
Mean ± S.E
p value

11
5

134.7 ± 3.44
136.0 ± 5.00

0.888

5
3

123.8 ± 5.70
123.3 ± 7.88

0.963

105
6

125.6 ± 1.19
141.9 ± 4.48

0.002

25
16

123.1 ± 2.82
130.3 ± 2.78

0.093

103
123

129.4 ± 1.12
135.8 ± 1.20

0.000

17
81

132.2 ± 3.96
133.8 ± 1.60

0.685
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Table 5: Gender-wise diastolic blood pressure values by waist circumference and BMI
Variable
Underweight BMI
W.C < cutoff
W.C ≥ cutoff
Normal weight BMI
W.C < cutoff
W.C ≥ cutoff
Overweight BMI
W.C < cutoff
W.C ≥ cutoff

Total

Males
Mean ± S.E
p value

Total

Females
Mean ± S.E
p value

11
5

85.2 ± 2.74
90.0 ± 0.00

0.485

5
3

80.6 ± 2.93
76.3 ± 8.01

0.566

105
6

82.3 ± 0.75
90.2 ± 1.96

0.015

25
16

80.9 ± 2.05
84.1 ± 1.39

0.274

103
123

87.3 ± 3.03
88.2 ± 0.88

0.736

17
81

83.9 ± 1.98
85.6 ± 1.19

0.534

The mean diastolic blood pressure was also high
for normal weight and overweight category of BMI
in the individuals with waist circumference more
than the gender specific cutoff but the difference
was statistically significant only for the normal
weight category of BMI (p= 0.047).
In gender stratification, it was found that men with
waist circumference more than the cutoff had significantly higher mean systolic blood pressure values than the individuals with waist circumference
less than the cutoff value in the overweight (p=
0.000) and normal weight categories of BMI
(p=0.002). Even though similar findings were present for females, the difference was not statistically
significant for them (Table 4). The difference in
mean diastolic blood pressure was more profound
in men than women for all categories of BMI in the
individuals with waist circumference more than
the cut off; however it was significant only for
normal weight BMI group, p=0.015 (Table 5).
DISCUSSION
In the present study, mean systolic blood pressure
was higher in individuals with waist circumference
more than the gender specific cut off value in
overweight and normal weight group classified by
BMI. Different studies reported that increased WC
and BMI increased the risk of high systolic and diastolic blood pressure.16-18 Guagnano et al reported
that among males with WC more than normal, the
odds ratio for hypertension was three times that of
males with normal WC; females with WC more
than normal had a risk for hypertension twice that
of females with normal WC.19 It has also been reported that clustering rate of high blood pressure
significantly increased with rising of BMI and
waist circumference.20 Janssen et al reported waist
circumference and not BMI explains obesity related
health risk including hypertension.21 Central obesity is an important risk factor for the development
of metabolic syndrome and for diseases like hypertension and diabetes. BMI though measures overall
obesity with good relationship with fat content;
neglects body fat distribution; waist circumference

catches the central obesity.22This is important especially in Omani population who are more fatty; so
that an individual who has been misclassified by
BMI; may benefit from measurement of body composition.23
In the present study, even in the normal BMI
weight group, 45.5% individuals with more than
normal WC were hypertensive; this proportion increased to 57.4% in the overweight BMI group.
This is in agreement with studies which showed an
important relationship between WC and the probability of emerging cardiovascular events.24Sarno
et al reported that in men, the fraction of hypertension attributable to BMI exceeded the fraction attributable to waist circumference based on the
usual cut-off points for the indicators (56% vs. 48%,
respectively); in women, the fraction of hypertension attributable to waist circumference was slightly higher than the fraction attributable to BMI
based on the usual cut off points for both indicators (44% vs. 41%).25 Liu et al showed a strong association between WC and cardio metabolic risk in
African Americans irrespective of BMI.5 High WC
is associated with an increased risk of hypertension, stroke, coronary heart disease, diabetes mellitus, and cardiovascular-related death, independent
of body mass index.26, 27 Recognizing these important cardiovascular risks, the National Institutes of Health recommends screening for high
WC in persons who are overweight (BMI 25–29.9)
or obese class I (BMI 30–34.9) and to consider
screening for high WC in persons with normal
weight (BMI 18.5–24.9).28
CONCLUSION
There was a statistically significant difference in
waist circumference between age groups, education groups and BMI groups. The proportion of
hypertensive was significantly higher in individuals with waist circumference more than normal.
Mean systolic blood pressure was significantly
higher in the individuals with waist circumference
more than normal for overweight and normal categories of BMI. The study emphasizes the need for
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using simple anthropometric tool like waist circumference for assessing the risk of hypertension
in communities both in overweight and normal
people according to BMI criteria. There is a growing common opinion that WC should be seen as a
vital sign and recorded in the same manner as
weight and height in the medical chart of every patient. Along with helping to detect obesity and hypertension, this will encourage people to watch
their waist circumference regularly by themselves
which will have positive long term effects.
Acknowledgements: The authors duly acknowledge the support given of participants in the
study.
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