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INTRODUCTION
The rising trend of increasing adiposity has been a
great challenge globally. It has also been increasingly
observed that the burden of  obesity among Africans
is on the increase which is attributable to the
epidemiologic transition. In addition, increased adiposity
plays major role in all-cause mortality.1 There are
abundant evidences that increased adiposity/differential
fat distributions are associated with disorders like
hypertension, diabetes, and cardiovascular disease.2,3

Body Mass Index (BMI), particularly from about
22kg/m2, although more marked at overweight and
obesity level, is associated with the development of
hypertension and diabetes mellitus which are major
independent risk factors for cardiovascular morbidity
and mortality.4,5

ASSESSMENT OF MEASURES OF ADIPOSITY THAT CORRELATE WITH BLOOD
PRESSURE AMONG HYPERTENSIVE AFRICANS

BMI, waist-to-hip ratio (WHpR), waist circumference
(WC), and waist -to-height ratio (WHtR) are the
commonly used epidemiology measures of  adiposity.6,7

Other standard direct measurements of viscera and
abdominal fat using imaging techniques are not readily
available in developing countries and more so, may
not be cost effective for large epidemiology studies.
BMI is a simple and widely used clinical measure but
it is widely believed not to be an optimal indicator of
health risk.8 Furthermore, its correlation with adiposity
is not consistent across ethnic and racial populations.
Comparing BMI with dual energy xray absorptiometry
(DXA), an example of direct measurement of total
body fat, the variance for adiposity measurement is
very small suggesting reliability of  BMI as measure of
body fat distributions.9 BMI is more related to body
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ABSTRACT
Background: Studies differ on which anthropometric measure of adiposity
shows good correlation with cardiovascular diseases. In this study, we evaluated
the effects of common epidemiological measures of adiposity as a correlate
of elevated blood pressure in an African population.
Methodology: The study was carried out between June 2009 and December
2011 at the medical out-patient department of  a tertiary healthcare center in
Nigeria. Correlation analysis was used to assess the relationship between blood
pressure and body mass index (BMI), waist to height ratio (WHtR), and waist
circumference (WC).
Results: A total of 1,416 Hypertensives comprising 1090 (77%) adult females
recruited over two and half  years. Women were significantly older (49.2±8.1 vs.
48.0±10.0 years, p=0.039) and shorter (1.6±6.3 vs 1.7±6.8 meters, p<0.0001) when
compared with men. Blood pressure parameters were comparable between
women and men. Approximately 1 out of 5 participants had good blood pressure
control with no gender difference. Anthropometric measurements showed that
446(32%) were overweight, 404(29%) obese and 40(3%) were morbidly obese.
Compared with their male counterparts, females were significantly more likely
to be obese (P<0.0001). Similarly, 51.6% of  the subjects had abdominal obesity,
with female preponderance (P<0.0001). Likewise, a greater proportion of
women had substantially higher measured waist circumference risk. Compared
with other measures of  adiposity, body mass index correlated best with diastolic
blood pressure in both gender (P< 0.05).
Conclusion: This study adds to the evidence that obesity is a major
cardiovascular risk factor. BMI, as a measure of  adiposity, was found to correlate
best with blood pressure. These findings support other observations in other
populations that BMI rather than waist to height ratio (WHtR), and waist
circumference (WC) is a better correlate of hypertension.
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size estimate while WHpR is relevant in differential
assessment of  fat distribution. Interestingly, WC,
WHpR, and WHtR have possibly more predictive
power for body adiposity than BMI. 2,10 Waist
circumference is an effective and arguably the best
inexpensive epidemiologic marker for visceral
obesity.11,12 It is also an early predictor of  cardiovascular
risk development but metabolic risks differed between
people of  similar WC with different heights. 13

Measurement of WC is a practical method which has
been shown to be a better predictor of intra-abdominal
adipose tissue than BMI and thus provides a measure
of fat distribution that cannot be obtained by
measuring BMI.14 However, this may not adequately
explain the aetiology of  hypertension among the
obese/overweight.

From the foregoing, despite the availability of several
studies that investigated the relationship between
measures of adiposity and blood pressure, there is no
consensus on which anthropometric measure of
adiposity correlate best with blood pressure. Some
recent large epidemiological studies may have
demonstrated the superiority of WC by showing
positive correlations with elevated blood pressure in
certain populations.15,16 There is wide variation in the
strength of BMI and BP relationship among different
population.17 Furthermore it appears that WHtR is
better in measuring obesity but it is yet to be
determined whether it correlates better than WC with
hypertension among Nigeria population.18 In this cross-
sectional survey, we assessed which of  the measures
of adiposity correlates best with blood pressure among
Nigerian hypertensives and which can serve as a
marker for early identification of individuals at risk
and targeted for prevention.

METHODS
Subjects
One thousand four hundred and sixteen (1,416)
hypertensive patients comprising 1090 (77%) adult
female patients were recruited over two and half years
(between June 2009 and December 2011). They were
enrolled at the medical outpatient department of a
tertiary healthcare center in Nigeria.

Inclusion and exclusion criteria
Adult participants aged 18years and above of both
genders that were hypertensive were enrolled into the
study. Those that declined participation in the study
were excluded.

Measurement of variables
Blood pressure was measured using a standard Omron
(HEM711DLX) blood pressure apparatus on the left
arm placed at heart level after 5-minute rest and using

a cuff of appropriate size with the subject in the sitting
position and legs uncrossed. Three BP measurements
were obtained with a minimum interval of  one minute
and average of the last two measurements was used
in the present analysis.

Anthropometric measurements including height,
weight, waist and arm circumferences were obtained.
Height was measured without shoes to the nearest
centimeter using a ruler attached to the wall, while
weight was measured to the nearest 0.1 kg on an
electronic scale with the subject wearing light outdoor
clothing and no shoes. Waist circumference was
measured at the narrowest part of  the participant’s
torso (or the minimum circumference between the rib
cage and the iliac crest) using an anthropometric
measuring tape. The measurement was taken at the
end of  expiration. Average of  three measured waist
circumference, recorded to the nearest tenth of a
centimeter was obtained for analysis.

Hypertension was defined as a systolic blood pressure
(SBP) > 140mmHg and/or diastolic blood pressure
(DBP) > 90mmHg or being on pharmacological
treatment for hypertension. Obesity was classified
based on BMI in kg/m2 as normal (18.5- <25),
overweight (25 - <30), obesity (30 - <35) and severe
obesity (>35). Abdominal obesity was defined as waist
circumference of greater or equal to 102cm in men
and greater or equal to 88cm in women. Participants
were further categorized as normal risk (men<94cm;
women<80 cm), increased risk (men 94-102cm;
women80–88 cm), or substantially increased risk
(men>102cm; women>88 cm) on the basis of the
World Health Organization’s standards for increased
health risk associated with waist circumference for both
gender.

Data Management: Data were analyzed using the
Statistical Package for the Social Sciences (SPSS) for
Windows version 22.0 (IBM, Armonk, NY). Estimates
were expressed as either mean values (±standard
deviation) for continuous variables or proportions
(percentage) for categorical variables. Comparison for
statistical significance was by Student’s t-Test for
continuous variables or chi-square for categorical
variables. Pearson’s Correlation (or Spearman’s
correlation when data is non-parametric) analysis
method was used to assess relationship between blood
pressure and BMI, WHtR, and WC. The level of
significance was set at P < .05.

Ethical Considerations
The ethical approval was by the Institutional Review
Board of  our Institution and informed consent were
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obtained from all participants. Ethical approval was
obtained before the commencement of  the study.

RESULTS
A total of 1,416 hypertensives comprising of 23%
adult men were enrolled into the study. Baseline
characteristics of study participants are presented in
Table 1. Women were on the average significantly older
(49.2±8.1 vs. 48.0±10.0 years, p=0.039) and shorter
(1.6±6.3 vs. 1.7±6.8 meters, p<0.0001) than men. Blood
pressure parameters were comparable between the
women and men. Less than 20% of the participants

had good blood pressure control with no gender
difference. Anthropometric measurements showed
that 446(32%) were overweight, 404(29%) obese and
40(3%) had morbid obesity. Compared with their male
counterparts, females were significantly more obese
(P<0.0001). Similarly, 51.6% of  the subjects had
abdominal obesity, with female preponderance
(P<0.0001). Furthermore, greater proportion of
women had substantially increased waist circumference
risk. Table 2 showed the correlation of  measures of
adiposity with blood pressure of  the participants. Waist
circumference and waist to height ratio did not correlate

Variable Total (n=1416 ) Female (n=1090) Male(n=326) p- value
Age(yrs) 48.9±8.57 49.2± 8.09 48.0± 10.0 0.039*

Weight(kg) 71.6± 15.9 71.6± 16.4 72.2± 13.8 0.588
Height(m) 1.61± 0.08 1.59±0.0 6 1.68± 0.06 0.0001*

SBP (mmHg) 160.0± 26.5 160.0± 26.5 160.3± 26.2 0.829
DBP (mmHg) 100.5± 14.8 100.6± 14.3 100.3± 16.2 0.0746
Body mass index(kg/m2) 27.7± 6.0 28.3± 6.30 25.42± 4.4 0.0001*

Waist Circumference(cm) 92.3± 12.2 93.3± 12.5 88.9± 10.5 0.0001*

BMI Groups (%) <0.001*
Normal 505(36.2) 341(31.8) 164(50.8)
Overweight 446(32.0) 336(31.3) 110(34.1)
Obese 404(29.0) 357(33.3) 47(14.6)
Severe Obesity 40(2.9) 38(3.5) 2(0.6)

Waist-to-height ratio 0.57(0.08) 0.59(0.08) 0.53(0.06) <0.0001
Waist Circumference risk
(%)

<0.0001*

Normal 368(26.0) 145(13.3) 223(68.4)
Increased 272(19.2) 206(18.9) 66(20.2)
Substantially

increased
776(54.8) 739(67.8) 37(11.3)

Controlled blood pressure 205(16.5) 153(15.9) 52(18.6) 0.314

*Statistically significant; SBP: systolic blood pressure; DBP: diastolic blood pressure

 Table 1: Basic characteristics of  the population

Males Females
Systolic BP Diastolic BP Systolic BP Diastolic BP

Waist Circumference 0.019 0.053 -0.059 -0.014
Waist Height Ratio 0.049 0.065. 0.041 0.023
Body Mass Index 0.088 0.111* -0.003 0.061*

Table 2: Correlations of  blood pressure with measures of  adiposity

**= p < 0.01; * p< 0.05
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with blood pressure, while BMI correlated positively
with diastolic blood pressure in both men and women
(P< 0.05).

DISCUSSION
This study demonstrates a significant burden of
adiposity, which was predominant among women, and
concurrent poor blood pressure control among the
study population. Body mass index compared with
other measures of  adiposity, correlated best with
diastolic blood pressure in both gender.

The findings of female obesity preponderance in our
study is similar to that in the study by Ejim et al19 who
found hypertensive women in the eastern Nigeria
community to be  more obese, shorter and older than
their male counterparts. Furthermore, high propensity
of obesity among women had been reported in our
previous studies.20,21 Gender-specific approach to
control of  obesity may therefore be necessary.

Studies on the best anthropometric measures of
adiposity that correlates with hypertension have been
inconclusive. In a study of 4,557 Japanese subjects,
waist circumference in men and BMI in women had
the strongest associations with blood pressure  whereas
that of waist-to-height ratio with BP and the prevalence
of hypertension were a little weaker than those of
waist circumference for both men and women.22

Similarly in a multi-racial study population of 8,014
individuals mean SBP and mean DBP increased along
with increasing BMI quintiles.23 While these studies
showed clear relationship between BMI and both SBP
and DBP, our findings though similar only showed
correlation between diastolic blood pressure and BMI
in both gender. Also Cappuccio et al in a study of
African population from various environments
demonstrated a strong relationship between blood
pressure and BMI, and this relationship declines as the
body size increases.17 The seeming discordance may
not be unconnected with our smaller sample size,
environmental, and ethnically varied sample population.
Geographical and ethnical variation have been reported
to affect the relationship between BMI and  blood
pressure.24 However contrary to above findings, studies
by  P Okosun et al14 and Warren et al16 found that
increased waist circumference was associated with
higher risk of hypertension and diabetes which was
independent of BMI.

Although, not explored in the current study, resting
energy expenditure (REE), had been demonstrated
to explain the effect of BMI on blood pressure.25 It
was shown that the relationship between adiposity and
blood pressure is confounded by joint association with
REE. Adjusting for REE makes relationship between

body fat store and blood pressure of no effect.
Likewise, previous evidence in support of WC had
explained that waist circumference is an aggregate
measurement of the actual amount of total and
abdominal fat accumulation and is a crucial correlate
of  the complexities observed among obese and
overweight patients. However, recent hypothesis is
pointing to the role of overall increase body size rather
than regional assessment of body fat distribution.

Worrisome is the high rate of  obesity among the
studied population especially female participants.
Obesity has been shown to promote dysfunctional
adipose tissue in ectopic locations which in turn
influences the overall total body metabolism with
secretions that have auto, para, and endocrine effects.26

This assumes greater importance in light of increasing
prevalence of obesity among women in urban African
settings.27,28 Our obese hypertensive group in the current
study may be more at risk of metabolic derangement
which may lead to untoward major cardiovascular
events in them.

Although, this study was not designed to assess drug
adherence, the high proportion of obesity and poor
blood pressure control in the study population is
worrisome. Less than a fifth of the study population
had controlled blood pressure. Uncontrolled Blood
Pressure increases the risk of end-organ damage in
hypertensive patients.29 Controlled BP with anti-
hypertensive agents has been shown to decrease all-
cause mortality and coronary artery diseases.30,31 The
current finding is similar to those reported in the United
States that found only 12% of treated patients had
controlled BP despite awareness and insured health
care.32 This is contrary to a study among health workers
where two thirds of treated hypertensive patients had
controlled blood pressure.33 The reasons may be that
the group with controlled blood pressure had better
attitude towards prevention of hypertension and
greater access to drugs since health workers are
presumed to be knowledgeable of complication of
poor blood pressure control hence better compliance
with anti-hypertensive medications.

Limitation of Study
A limitation of our study is in its cross-sectional design
and the fact that the study population was hospital-
based and thus our findings may not be generalizable
to the general population. Furthermore, due to the
type of study design, the causality effect of increased
Body Mass Index on blood pressure could not be
established. However, our findings equating those
reported in community studies make this study relevant
and gives credence for a call for proper education on
lifestyle modification especially reduction in body
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weight. finally, BMI does not distinguish between
individuals with different types of fat distribution.
Therefore, further prospective research would be
needed to explore the best anthropometric measure
of other cardio-vascular co-morbidities among
Nigerians.

CONCLUSION
In conclusion, this study shows that obesity is a major
cardiovascular risk factor among the study population.
Diastolic blood pressure correlated most with BMI.
Significant reduction in diastolic blood pressure may
be possible if overall body size is reduced in the
studied population. Intervention programs targeted
at the overall body size rather than differential body
fat distribution reduction through lifestyle modification,
including exercise and diet, may have significant public
health significance in reducing the incidence of
hypertension among the population.

REFERENCES
1. Collaboration GBM. Body-mass index and all-

cause mortality: individual-participant-data meta-
analysis of 239 prospective studies in four
continents. The Lancet. 2016; 388(10046):776-786.

2. Lavie CJ, Milani RV, Ventura HO. Obesity and
cardiovascular disease: risk factor, paradox, and
impact of  weight loss. Journal of  the American
College of  Cardiology. 2009; 53(21):1925-1932.

3. Bjørndal B, Burri L, Staalesen V, et al. Different
adipose depots: their role in the development of
metabolic syndrome and mitochondrial response
to hypolipidemic agents. Journal of  obesity. 2011.

4. James W. The epidemiology of  obesity: the size
of the problem. Journal of internal medicine.
2008; 263(4):336-352.

5. Kaur M. Correlation between body mass index
and blood pressure in adolescents. Pak J Physiol.
2016; 12(1):47-50.

6. Gallagher D, Visser M, Sepulveda D, et al. How
useful is body mass index for comparison of body
fatness across age, sex, and ethnic groups?
American journal of  epidemiology. 1996; 143(3):
228-239.

7. Heinrich KM, Jitnarin N, Suminski RR, et al.
Obesity classification in military personnel: a
comparison of body fat, waist circumference, and
body mass index measurements. Military Medicine:
International Journal of  AMSUS. 2008; 173(1):67-
73.

8. Luke A, Durazo-Arvizu R, Rotimi C, et al.
Relation between body mass index and body fat
in black population samples from Nigeria,
Jamaica, and the United States. American journal
of  epidemiology. 1997; 145(7):620-628.

9. Salamat MR, Salamat AH, Abedi I, Janghorbani
M. Relationship between weight, body mass index,
and bone mineral density in men referred for dual-
energy X-ray absorptiometry scan in Isfahan, Iran.
Journal of  osteoporosis. 2013.

10. Ashwell M. Shape: the waist-to-height ratio is a
good, simple screening tool for cardiometabolic
risk. Nutrition Today. 2011; 46(2):85-89.

11. Scherzer R, Shen W, Bacchetti P, et al. Simple
anthropometric measures correlate with metabolic
risk indicators as strongly as magnetic resonance
imaging–measured adipose tissue depots in both
HIV-infected and control subjects. The American
journal of clinical nutrition. 2008; 87(6):1809-1817.

12. Fain J. Correlative studies on the effects of
obesity, diabetes and hypertension on gene
expression in omental adipose tissue of obese
women. Nutrition & diabetes. 2011; 1(9):e17.

13. Hsieh SD, Yoshinaga H. Do people with similar
waist circumference share similar health risks
irrespective of  height? The Tohoku journal of
experimental medicine. 1999; 188 (1):55-60.

14. Okosun IS, Cooper RS, Rotimi CN, et al.
Association of waist circumference with risk of
hypertension and type 2 diabetes in Nigerians,
Jamaicans, and African-Americans. Diabetes care.
1998; 21(11):1836-1842.

15. Klein S, Allison DB, Heymsfield SB, et al. Waist
circumference and cardiometabolic risk: a
consensus statement from shaping America’s
health: Association for Weight Management and
Obesity Prevention; NAASO, the Obesity Society;
the American Society for Nutrition; and the
American Diabetes Association. Obesity. 2007;
15(5):1061-1067.

16. Warren TY, Wilcox S, Dowda M, Baruth M. Peer
Reviewed: Independent association of waist
circumference with hypertension and diabetes in
African American women, South Carolina, 2007–
2009. Preventing Chronic Disease. 2012; 9.

17. Cappuccio FP, Kerry SM, Adeyemo A, et al. Body
size and blood pressure: an analysis of Africans
and the African diaspora. Epidemiology
(Cambridge, Mass). 2008; 19(1):38.

18. Khullar K, Agarwal A, du Plessis SS. BMI and
Obesity.  Male Infertility: Springer; 2014. p. 31-45.

19. Ejim E, Okafor C, Emehel A, et al. Prevalence
of cardiovascular risk factors in the middle-aged
and elderly population of a Nigerian rural
community. Journal of  tropical medicine. 2011.

20. Adeoye AM, Adewoye IA, Dairo DM, et al.
Excess metabolic syndrome risks among women
health workers compared with men. The Journal
of Clinical Hypertension. 2015; 17(11): 880-884.

21. Adeoye A, Balogun W, Adebiyi A, Tayo B.
Prevalence of hypertension and association with



                                                   Annals of Ibadan Postgraduate Medicine. Vol. 15 No. 2, December 2017 87

increased body mass in a semi-urban settlement
in Nigeria. J Hypertens. 2014; 3(186):2167-1095.
10001.

22. Sakurai M, Miura K, Takamura T, et al. Gender
differences in the association between
anthropometric indices of obesity and blood
pressure in Japanese. Hypertension Research. 2006;
29(2):75-80.

23. Tesfaye F, Nawi N, Van Minh H, et al.
Association between body mass index and blood
pressure across three populations in Africa and
Asia. Journal of human hypertension. 2007; 21(1):
28-37.

24. Launer LJ, Harris T. Weight, height and body
mass index distributions in geographically and
ethnically diverse samples of  older persons. Age
and ageing. 1996; 25(4):300-306.

25. Luke A, Adeyemo A, Kramer H, et al. Association
between blood pressure and resting energy
expenditure independent of body size.
Hypertension (Dallas, Tex : 1979). 2004; 43(3):555-
560.

26. WHO. Obesity: preventing and managing the
global epidemic: World Health Organization; 2000.

27. Arsenault BJ, Cartier A, Côté M, et al. Body
composition, cardiorespiratory fitness, and low-
grade inflammation in middle-aged men and
women. The American journal of  cardiology.
2009; 104(2):240-246.

28. Njelekela MA, Mpembeni R, Muhihi A, et al.
Gender-related differences in the prevalence of
cardiovascular disease risk factors and their
correlates in urban Tanzania. BMC cardiovascular
disorders. 2009; 9(1):30.

29. Chobanian AV, Bakris GL, Black HR, et al.
Seventh report of the joint national committee
on prevention, detection, evaluation, and treatment
of high blood pressure. Hypertension. 2003;
42(6):1206-1252.

30. Staessen JA, Gasowski J, Wang JG, et al. Risks
of untreated and treated isolated systolic
hypertension in the elderly: meta-analysis of
outcome trials. The Lancet. 2000; 355(9207):865-
872.

31. Staessen JA, Wang J-G, Thijs L. Cardiovascular
protection and blood pressure reduction: a meta-
analysis. The Lancet. 2001; 358(9290):1305-1315.

32. Stockwell DH, Madhavan S, Cohen H, et al. The
determinants of  hypertension awareness,
treatment, and control in an insured population.
American Journal of Public Health. 1994; 84(11):
1768-1774.

33. Adeoye AM, Adebiyi A, Owolabi MO, et al. Sex
disparity in blood pressure levels among nigerian
health workers. The Journal of  Clinical
Hypertension. 2015


