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Abstract: Studies on gender disparities of traditional cardiovascular risks such as anthropometric factors are limited in
black Africans. We aimed to examine the relationship between anthropometric parameters and blood pressure (BP) and
possible gender differences in hypertensive adult Nigerians. A cross sectional study was carried out involving 261 adult
hypertensive patients recruited consecutively at the medical out-patient clinic of Niger Delta University Teaching
Hospital. They comprised 118 males and 143 females aged 26years to 94years. Their BP and anthropometric
measurements were assessed using standard protocols. More than 70% of subjects were either overweight or obese.
Females had significantly higher WC, WHtR and BMI than males. For females, BP had a significant positive correlation
with anthropometric measures and a regression analysis showed BMI in females was the most important anthropometric
index in predicting systolic BP (SBP) and diastolic BP (DBP). For males, none of the anthropometric measures
correlated with SBP or DBP. Female hypertensives were significantly more obese than males. Indices of adiposity in
females had a direct relationship with BP but not so in males. Further studies are needed to assess gender disparities in
cardiovascular risk factors.
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INTRODUCTION
Obesity is without any doubt an established
risk factor for hypertension and both obesity and
hypertension are risk factors for cardiovascular diseases
[1-4]. An estimated one billion people worldwide are
hypertensive [5]. More than 40% of Africans are
hypertensive [6]. Weight loss through dietary
adjustments and aerobic exercises results in significant
reductions in blood pressure (BP) in hypertensive
patients7. In school children, anthropometric indices
have been shown to have a direct relationship to the
systolic and diastolic blood pressures [8, 9]. Several
studies have also found significant associations between
hypertension and anthropometric indices in adults
[10,11]. Body mass index (BMI) is the most cited index
for obesity, reason being that it gives an approximation
of adiposity and fat distribution. However, for
abdominal adiposity, waist circumference, waist-to-hip
ratio and waist-to-height ratio are used as markers [1216].
Some studies have shown that certain
anthropometric indices had the strongest relationship
with BP or hypertension and that gender differences
exist. A study by Sakurai et al [17] showed waist
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circumference had the strongest association with BP in
men while BMI had the strongest association with BP
and hypertension in women. However, their study and
several other studies [11,17-20] have focused on Asians
and Caucasians in their research with not too many
studies on associations of anthropometric indices with
hypertension in Africans and possible gender
differences.
This study aimed at investigating gender
differences in associations of four anthropometric
variables of obesity with blood pressure (BP) in black
hypertensive adults seen at the cardiology clinic of
Niger Delta University Teaching Hospital in Southern
Nigeria.
MATERIALS AND METHODS
Approval and Consent was obtained from the
ethical committee of Niger Delta University Teaching
Hospital (NDUTH) Okolobiri and only patients who
gave consent were recruited for the study. A cross
sectional study was done involving 261 adult
hypertensive patients recruited consecutively at the
cardiology clinic of Niger Delta University Teaching
Hospital. The NDUTH is a 170 bed tertiary hospital
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situated in Okolobiri, a semi-urban city in the Bayelsa
State, Nigeria. Demographic and clinical data were
obtained from subjects. Anthropometric measurements
(BMI, WC, WHtR and WHpR) were also taken. Height
was measured in meters (m) using a height–o–meter
with the subject standing without shoes, feet together,
back and heel against a vertical ruled bar to which a
movable horizontal bar was attached. During
measurement, the horizontal bar was brought to the
vertex of each subject’s head and the reading at this
level was taken to the nearest millimeter. Weight was
measured in kilograms (kg) with the subject wearing
only light clothing. A weight scale (Pyrochy medical,
England) was used. It was standardized against a fixed
weight. Body mass index (BMI) was calculated as
weight in kg divided by the square of the height in
meters (kg/m2). Obesity was defined as BMI of ≥30
kg/m2 following the Standard Treatment guidelines of
Nigeria [21]. BMI of <18.9kg/m2, 18.5-24.9kg/m2, 2529.9kg/m2 were characterized as underweight, normal
and overweight respectively. Waist and hip
circumferences were obtained using a tape measure.
The waist circumference was measured at the level of
the umbilicus [22] using a stretch resistant tape, the hip
circumference around the widest portion of the buttocks
with the tape parallel to the floor. Measurements were
taken at the end of normal expiration and repeated
twice. If measurements were within 1cm of another, the
average was calculated and used. If the difference
exceeded 1cm the measurements were repeated. The
waist/hip ratio was calculated as the waist
circumference divided by the hip circumference. A
waist hip ratio of ≥0.9 and ≥0.85 were regarded as
abnormal in males and females respectively [23]. The
waist height ratio was calculated as the waist
circumference over the height both in centimeters.
Waist circumference ≥102 cm for men and ≥88 cm for
women were regarded as elevated and indicative of
abdominal obesity [21]. A waist to height ratio (WHtR)
of ≥0.5 was regarded as high risk [15, 24]. The blood
pressure was measured on the same occasion as the
anthropometric measurements, using Accoson mercury
sphygmomanometer to determine the brachial artery
systolic and diastolic blood pressures at Korotkoff 1 and
5 respectively in sitting position after 30 minutes rest,
with the arm at heart level and readings taken at the
nearest 2mmHg. Blood pressure readings were based on
the JNC VII classification and guidelines [5].

AGE
WC
WHpR
WHtR
BMI
SBP
DBP

Hypertension was defined as persistently elevated
systolic and/or diastolic blood pressure ≥140/90 mmHg
or documented use of antihypertensive medications in a
previously diagnosed person with hypertension [5].
The data obtained was analyzed using SPSS
version-20 for Windows. Descriptive statistics was used
to summarize measurement as frequencies (%), means
and standard deviations (SD). Continuous variables
were expressed as means ± standard deviation, and
categorical variables as percentages. Chi-square test
was made use of in determining the statistical
significance of associations between categorical
variables while the student t-test was used to determine
the difference between two means. The differences
between groups were compared using one way analysis
of variance (ANOVA). Alpha level was set as p<0.05.
Correlation was assessed using Pearson correlation
coefficient. A p-value of less than or equal to 0.05 was
considered significant. Multiple regression analysis
with adjustment for age, was used to assess the
predictability of WC, WHtR, WHpR and BMI on
hypertension in both sexes.
RESULTS
There were 118 male and 143 hypertensive
females respectively (male/female ratio 0.8:1). Table 1
shows the characteristics of study participants. The
mean WC was higher than normal in females and mean
WHpR, WHtR, BMI, SBP, DBP of both male and
female subjects were above normal limits. Females had
significantly higher WC, WHtR and BMI than males
(Table 2). Most of the females were either obese
(n69/48.25%, mean BMI 35.82Kg/m2±4.82) or
overweight
(n46/32.17%,
mean
BMI
27.47
Kg/m2±1.55). The males were mostly overweight
(n48/40.68%, mean BMI 27.01Kg/m2±1.39) and obese
(n29/24.58%, mean BMI 32.98Kg/m2±2.29). For males,
none of the anthropometric measures correlated with
SBP or DBP. For females, SBP had a significant
positive correlation with all four anthropometric
measures while DBP had a significant positive
correlation with BMI, WC and WHtR. (Table 3).
Regression analysis as shown in table 4 shows BMI in
females predicted both high systolic BP (0.005*) and
diastolic BP (0.000*), and was the most important
anthropometric index in predicting SBP and DBP in
females followed by WC as well as WHtR (fig 1).

Table 1: Descriptive characteristics of study participants
Mean Minimum
Maximum
57±13 26
94
97.84±13.24 64.00
137.00
0.94±0.08 0.70
1.20
0.60±0.09 0.37
1.07
28.84±5.95 17.99
49.77
167.55±25.93 120.00
290.00
101.64±16.29 60.00
160.00
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Variable
AGE
WC
WHpR
WHtR
BMI
SBP
DBP

Variable

Table 2: Male and Female descriptives and statistical differences
Male (n=118)
Female (n=143)
Mean
Min
Max
Mean
Min
58±15
26
94
56±11
31
94.31±11.89
66.00
130.00
100.76±13.62
64.00
0.94±0.07
0.73
1.11
0.94±0.08
0.70
0.56±0.08
0.37
1.07
0.64±0.09
0.41
26.67±4.61
17.99
37.57
30.63±6.34
18.90
166.71±24.49
120.00
240.00
168.24±27.12
120.00
101.08±16.77
60.00
160.00
102.10±15.93
70.00

Max
90
137.00
1.20
0.89
49.77
290.00
150.00

P value
0.276
0.000
0.305
0.000
0.000
0.970
0.604

Table 3: Correlation between blood pressure and anthropometric variables
Male (n=118)
Female (n=143)
SBP
DBP
SBP
DBP

WC

-0.002 (0.985)

0.057 (0.541)

0.167 (0.046)*

0.282 (0.001)**

WHpR

.030 (0.747)

-0.021 (0.825)

0.165 (0.048)*

0.093 (0.269)

*

WHtR

.034 (0.716)

-0.009 (0.923)

0.191 (0.022)

BMI

-0.031 (0.740)

0.062 (0.503)

0.232 (0.005)**

0.252 (0.002)**
0.320 (0.000)**

R=Pearson correlation coefficient.
*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
Table 4: Regression analysis examining the independent contribution of age and anthropometric measures (WC,
WHpR, WHtR and BMI) to SBP and DBP in men and women
Men
Women
Dependent variable
Model
β
R2
P-value
β
R2
P-value
0.045
0.001
0.767
-0.119
0.003
0.550
Age (years)
-0.004
0.000
0.985
0.332
0.028
0.046*
WC (cm)
10.550
0.001
0.747
55.349
0.027
0.048*
SBP
WHpR
10.300
0.001
0.716
57.898
0.037
0.022*
WHtR
-0.164
0.001
0.740
0.993
0.054
0.005*
BMI (kg/m2)
-0.340
0.092
0.001*
-0.124
0.008
0.289
Age (years)
0.080
0.003
0.541
0.329
0.079
0.001*
WC (cm)
-4.955
0.000
0.825
18.294
0.009
0.269
DBP
WHpR
-1.874
0.000
0.923
44.785
0.063
0.002*
WHtR
0.226
0.004
0.503
0.805
0.102
0.000*
BMI (kg/m2)
* = Significant at 95% Confidence Interval; P ≤ 0.05, β = Beta unstandardized coefficient, R 2 = Coefficient of
determination, P-value = Probability value

Fig-1: Predictability of anthropometric parameters for blood pressure (females)
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DISCUSSION
Most of the subjects in this study were
overweight or obese. There is a growing prevalence of
being overweight or obese worldwide with associated
increases in occurrence of hypertension [25]. Obesity,
physical inactivity and hypertension occurring in
combination are frequent cardiovascular risk factors
among Nigerians [26]. Several studies have shown
significant relationships between blood pressure (BP)
and anthropometric indices in different populations’
[8,11,27-32], including non-obese persons [27].
However, these relationships are poorly understood [31]
and correlation coefficients were constantly found to be
small [33, 34] indicating possibly a complex
relationship between anthropometric indices and blood
pressure. In our study, there was a positive correlation
of anthropometric indices with blood pressure in
women but not in men, with BMI having the strongest
association with BP in women. Sex differences in
associations of anthropometric indices with blood
pressure have been observed by several investigators
[17,27]. Sakurai et al [17], found BMI had the strongest
association with BP and hypertension in women. In
comparison with European women, black women in
South Africa had less abdominal adipose tissue as
determined by dual x-ray absorptiometry (DEXA) at the
same
waist
circumference
[35]
indicating
anthropometric measurements may also differ along
race lines. A study by Adedoyin RA [10] showed six
times greater risk of hypertension among obese women
than their counterparts with normal weights while obese
men had three times greater risk of hypertension than
men with normal weight. Hu et al also found risk ratios
of hypertension at BMI <25, 25–29.9, and ≥30 to be
1.00, 1.18, and 1.66 for males; and 1.00, 1.24, and 1.32
for females, respectively. Females may have
significantly higher BMI than their male counterparts
[2,10,36,37].
In our study, BMI in females predicted both
high systolic BP (0.005*) and diastolic BP (0.000*),
and was the most important anthropometric index in
predicting SBP and DBP in females followed by WC as
well as WHtR (fig 1) though with relatively poor
accuracy (R2 = 0.054 & 0.102 respectively).
Anthropometric indices may predict elevated blood
pressure in normotensive and hypertensive adults [10,
27].
CONCLUSION
There may be gender differences in the
association between BP and anthropometric variables of
obesity possibly because of differences in
anthropometric measures in males and females. Some
anthropometric indices may have stronger associations
with BP than others. Appropriate weight loss programs
should be emphasized by physicians as part of the
management protocol for hypertension.
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