
J Clin Hypertens. 2021;23:773–784.    | 773wileyonlinelibrary.com/journal/jch

Received: 15 October 2020  | Revised: 24 December 2020  | Accepted: 3 January 2021

DOI: 10.1111/jch.14183  

O R I G I N A L  P A P E R

Factors associated with hypertension among stroke-free 
indigenous Africans: Findings from the SIREN study

Onoja M. Akpa PhD1,2,3  |   Akinkunmi P. Okekunle PhD1,4  |   Bruce Ovbiagele MD5 |   
Fred S. Sarfo PhD6  |   Rufus O. Akinyemi PhD2,7,8 |   Albert Akpalu MBBS9 |    
Kolawole W. Wahab PhD10 |   Morenikeji Komolafe PhD11 |   Reginald Obiako MBBS12 |   
Lukman F. Owolabi MBBS13 |   Godwin Ogbole MBBS14 |   Bimbo Fawale MBBS11 |    
Adekunle Fakunle MPH8 |   Christianah M. Asaleye MBBS11 |   Cynthia O. Akisanya MBBS15 |    
Dambatta A. Hamisu MBBS13 |   Luqman Ogunjimi MBBS16 |   Abiodun Adeoye MSc2 |   
Okechukwu Ogah PhD8 |   Dan Lackland PhD17 |   Ezinne O. Uvere MPH8 |   
Moyinoluwalogo M. Faniyan MSc8 |   Osahon J. Asowata MSc1 |    
Osimhiarherhuo Adeleye MSc7 |   Mayowa Aridegbe MPH7 |   Taiwo Olunuga MBBS7 |    
Isah S. Yahaya MBBS13 |   Adeniji Olaleye MBBS7 |   Benedict Calys-Tagoe MPH9 |    
Mayowa O. Owolabi DrM2,8  |   the SIREN Study as part of the H3Africa Consortium
1Department of Epidemiology and Medical Statistics, College of Medicine, University of Ibadan, Ibadan, Nigeria
2Center for Genomic and Precision Medicine, College of Medicine, University of Ibadan, Ibadan, Nigeria
3Preventive Cardiology Research Unit, Institute of Cardiovascular Diseases, College of Medicine, University of Ibadan, Ibadan, Nigeria
4The Postgraduate College, University of Ibadan, Ibadan, Nigeria
5School of Medicine, Weill Institute for Neurosciences, University of California, San-Francisco, CA, USA
6Department of Medicine, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana
7Department of Medicine, Federal Medical Centre, Abeokuta, Nigeria
8Department of Medicine, College of Medicine, University of Ibadan, Ibadan, Nigeria
9Department of Community Health, University of Ghana Medical School, Accra, Ghana
10Department of Medicine, University of Ilorin Teaching Hospital, Ilorin, Nigeria
11Department of Medicine, Obafemi Awolowo University Teaching Hospital, Ile-Ife, Nigeria
12Department of Medicine, Ahmadu Bello University, Zaria, Nigeria
13Department of Medicine, Aminu Kano Teaching Hospital, Kano, Nigeria
14Department of Radiology, University of Ibadan, Ibadan, Nigeria
15Department of Radiology, Federal Medical Centre, Abeokuta, Nigeria
16Department of Pharmacology and Therapeutics, Obafemi Awolowo College of Health Sciences, Olabisi Onabanjo University, Shagamu, Nigeria
17Medical University of South Carolina, Charleston, SC, USA

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. The Journal of Clinical Hypertension published by Wiley Periodicals LLC.

Correspondence
Mayowa O. Owolabi, Department of 
Medicine and Center for Genomic and 
Precision Medicine, University of Ibadan, 
Ibadan 200284, Nigeria.
Email: mayowaowolabi@yahoo.com

Abstract
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1  |  INTRODUC TION

Hypertension is increasingly a challenge to public health worldwide 
and a prime modifiable risk factor for cerebrovascular and cardiovas-
cular events.1 Recent estimates show that hypertension prevalence 
increased from 26.4%, (representing nearly one billion people) in 
20002 to 31.1% (with data from 135 countries) in 2010.3,4 Similarly, 
recent global blood pressure estimates suggest an increased prev-
alence among populations from low-income settings including 
sub-Saharan Africa5 with 47.9% prevalence of hypertension.6

Aging is a natural and adaptive degenerative phenomenon char-
acterized by alteration in metabolism and changes in body organ(s)7 
with cumulative susceptibility to degenerative tendencies such as 
hypertension4,8 and adverse significance on virile health.7,9 About 
7% of the world population are older persons (>60 years)10 with a 
projected estimate of one out of every five individuals being over 
60 years by 2030.8 The rate of hypertension among the older popu-
lation has been well reported in high-income societies11-14 with little 
information from populations of African ancestry.

Also, many lifestyle factors have been implicated in the rising 
burden of hypertension in Africa,2,4,15 but reports on the significance 
of physical inactivity in the epidemiology of hypertension outcomes 
among Africans are relatively limited. The mechanism and mag-
nitude of the protective effect of achieving at least 30 minutes of 
moderate-intensity physical activity per day have been established 
in both laboratory-based research and large longitudinal studies.16-18 
We defined physical inactivity as having a physical activity level of 
fewer than 30 minutes per day. This recommendation is a reliable 

proxy for gauging behavioral susceptibilities to a sedentary lifestyle 
and poor cardiovascular health.17,19

In addition to cross-country empirical studies,6,20 meta-analyt-
ical estimates of hypertension in Africa have been reported2,3,5,21 
and some factors in the general population of Africans have been 
linked to risk of hypertension.2,3,5,8,20,21 However, information about 
risk factors for hypertension among apparently healthy continental 
Africans, verified to have matching characteristics with stroke pa-
tients, is severely lacking in the literature. Such information in the 
context of Africa is not only novel but also critical, as increased risk 
of hypertension in this population is an indication of eventual stroke 
or vascular events among them.

The present study was designed to assess the factors asso-
ciated with hypertension status among apparently healthy con-
tinental Africans, verified to have matching characteristics with 
stroke patients. We envisaged that such information may inform 
and guide the design of interventions for primary prevention of 
hypertension, and stroke or other vascular events in this important 
population.

2  |  METHODS

2.1  |  Data source, extraction, and sample size

The Stroke Investigative Research and Educational Network 
(SIREN) began in 2014, to assess the burden of stroke in sub-
Saharan Africa. It was a multi-center study and recruited 
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primary prevention of hypertension and stroke among them. This study identified 
the risk factors for hypertension among community-dwelling stroke-free population 
in Ghana and Nigeria. Data for 4267 community-dwelling stroke-free controls sub-
jects in the Stroke Investigative Research and Education Network (SIREN) study in 
Nigeria and Ghana were used. Participants were comprehensively assessed for soci-
odemographic, lifestyle and metabolic factors using standard methods. Hypertension 
was defined as a previous diagnosis by a health professional or use of an anti-hy-
pertensive drug or mean systolic blood pressure ≥ 140 mmHg and/or diastolic blood 
pressure ≥ 90 mmHg. Logistic regression analysis was used to estimate adjusted 
odds ratios (aOR) of hypertension and their 95% confidence intervals (CI) at p < .05. 
Overall, 56.7% of the participants were hypertensive with a higher proportion among 
respondents aged ≥60 years (53.0%). Factors including physical inactivity (aOR: 9.09; 
95% CI: 4.03 to 20.53, p < .0001), diabetes (aOR: 2.70; CI: 1.91 to 3.82, p < .0001), 
being ≥60 years (aOR: 2.22; 95% CI: 1.78 to 2.77, p < .0001), and family history of 
CVD (aOR 2.02; CI: 1.59 to 2.56, p < .0001) were associated with increased aOR 
of hypertension. Lifestyle factors were associated with hypertension in the current 
population of community-dwelling stroke-free controls in west Africa. Community-
oriented interventions to address sedentary lifestyles may benefit this population and 
reduce/prevent hypertension and stroke among them.
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population-based adults (≥18 years) as stroke-free controls from 
different localities in Nigeria and Ghana.22 Controls were adults 
(≥18 years), matched to stroke patients for age (±5 years), sex, and 
ethnicity. Further details on the protocol,22 recruitment, valida-
tion, and pilot findings of the SIREN study have been reported 
elsewhere.23,24 Ethical approval and informed consent were ob-
tained from respondents before participation in the study. The 
current report utilized data from the population-based controls 
comprising of 4408 community-dwelling stroke-free adults 
(≥18 years) that participated in the SIREN study. We excluded 
respondents with missing data on sex (n = 14), income status 
(n = 111), level of education (n = 4), region of residence (n = 2), and 
hypertension status (n = 10). The final analysis of this report was 
based on 4267 respondents with complete information on soci-
odemographic and hypertension status.

2.2  |  Data collection procedures

In-person interviews and physical examinations were conducted by 
trained medical personnel to extract information on demographics, 
lifestyle, history of diseases, and metabolic parameters of respond-
ents who gave duly informed consent for participation in the study. 
The recruitment of participants and the data collection strategies 
have been reported previously.22,23 Sociodemographic information 
assessed were age (in years), sex (men/women), domicile (rural or 
urban), highest education completed, average monthly income etc. 
Also, respondents reported the average number of hours of physical 
activities per day (including working and leisure times) and were clas-
sified as physically inactive if they were not involved in a moderate 
or strenuous exercise of ≥4 hours/week as reported by O'Donnell 
et al25 Tobacco use was defined as whether the respondent used 
any form of tobacco products, 12 months before the study or in a 
lifetime. Alcohol use was defined as habitual use of any form of alco-
holic drink(s) in a respondent's lifetime and/or in the last 12 months 
preceding the study. Participants were also requested to provide 
information on adding salt to food after cooking (at the table, just 
before or while eating).

2.3  |  Definition of phenotypes

2.3.1  |  Definition of hypertension (the outcome 
variable)

Systolic and diastolic blood pressures were assessed three-times 
(while the participants were at a resting state) by trained medical 
experts using, and the mean of the last two measurements was 
computed as the blood pressure for each participant. Hypertension 
was defined as mean SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg or 
previous hypertension diagnosis by a health professional or use of 
anti-hypertensive/blood pressure-lowering drugs according to the 
American Heart Association guidelines.26Ch
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2.3.2  |  Definition of hypertension risk factors 
(Independent variables)

Fasting blood samples were taken after an overnight fast of at 
least 8-12 hours to evaluate fasting blood glucose and lipid pro-
file; high-density lipoprotein (HDL), low-density lipoprotein (LDL), 
total cholesterol (TC), and triglycerides (TG). Dyslipidemia was 
defined as HDL ≤ 40 mg/dl or LDL ≥ 100 mg/dl or TC ≥ 200 mg/
dl or TG ≥ 150 mg/dl using the National Cholesterol Education 
Program Adult Treatment Panel III guidelines.27 Diabetes was 
defined as a self-reported prior diagnosis by a medical expert, or 
HbA1c > 6.5%, or a fasting blood glucose ≥126 mg/dl or the use 
of glucose-lowering drugs. Also, family history of cardiovascular 
diseases was established where respondents reported any known 
family history of cardiovascular diseases (CVD).23 Waist circum-
ference—WC (cm), height (cm), and weight (kg) were determined 
using standard protocols.28 Body mass index (BMI) was calcu-
lated as weight (kg) divided by square of height (m2) using WHO 
guidelines.29

2.4  |  Statistical analysis

The distribution of categorical and continuous data was presented 
using percentages and mean ± standard deviation (SD), respec-
tively. Demographic and lifestyle characteristics were compared 
between hypertensive and non-hypertensive groups using chi-
squared test or independent sample t-test for categorical or con-
tinuous variables, respectively. Multiple logistic regression was 
used to estimate the adjusted odds ratio (aOR) and 95% confidence 
interval (95% CI) of hypertension for all risk factors. To investigate 
age-specific and in-country factors associated with hypertension, 
participants characteristics were stratified by subgroups defined 
by age (older adult, ≥60 years and young adults, 18-60 years), 

based on WHO proposed working definition for older persons30 
and by country (Nigeria and Ghana). All statistical analyses were 
carried out at two-sided p < .05 using SPSS for Windows (version 
22; IBM Corporation).

3  |  RESULTS

3.1  |  Characteristics of respondents

Overall, 51.0% were women, mean age was 55.9 ± 14.7 years, 43.5% 
were ≥60 years, 55.0% resided in urban areas, 1.8% were physi-
cally inactive, 6.3% used tobacco, and 25.4% use alcohol (Table 1). 
Besides, mean SBP was 135.8 ± 24.2 mmHg and 22.1% were obese. 
The trend appeared similar among respondents <60 years. Among re-
spondents ≥60 years, 51.6% were men, 3.5% were physically inactive, 
8.3% on tobacco, 27.7% on alcohol, and 18.3% were obese. In the 
Nigerian sample (Table S1), 57.4% were <60 years, 55.8% resided in 
rural households, 0.7% were physically inactive, 4.9% used tobacco, 
and 26.5% added salt to already prepared meals at the table. Among 
older adults (≥60 years) of Nigerian descent, 53.4% were men, 1.7% 
were physically inactive, 6.2% used tobacco, 20.8% were alcoholics, 
52.3% had dyslipidemia, and 13.5% were diabetics. In the Ghanaian 
sample (Table S2), 51.6% were men, 4.4% were physically inactive, 
9.4% used tobacco, and 43.4% habitually used alcohol. Among pa-
tients ≥60 years from Ghana, 47.4% were men, 19.8% reside in rural 
areas, 7.3% were physically inactive, 43.1% used alcohol, 72.2% had 
dyslipidemia, 18.2% were diabetics, and 26.9% were obese.

3.2  |  Prevalence of hypertension

Overall, 56.7% of the entire population were hypertensive 
(Figure 1A). The prevalence was lower (p < .0001) among 

F I G U R E  1  In-country (A) and age-specific (B) prevalence of hypertension among stroke-free subject in the SIREN study

(A)(A) (B)
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respondents <60 years (47.0%) compared with respondents 
≥60 years (53.0%). Stratification by country revealed a similar trend 
between Nigeria and Ghana but the burden of hypertension in the 
controls was significantly higher (p < .0001) in the Ghanaian sam-
ple (61.1%) than among Nigerians (54.9%). Stratifying hypertension 
prevalence by age-group (Figure 1B), showed a progressive increase 
in the prevalence of hypertension among controls (from 0.3% 
among participants aged <25 years to 36.6% among older adults, 
aged ≥65 years).

3.3  |  Country-specific and age-specific 
comparison of hypertensives

A country-specific comparison of hypertensives (Table S3) revealed 
hypertensives from the Ghananian sample (61.8 ± 12.7 years) were 
significantly older than their Nigerian counterpart (58.6 ± 13.0 years). 
Also, the proportion of hypertensives with high-income (>$100/
month) was significantly higher among Ghanaians (41.4%) compared 
with Nigerians (36.7%), and proportion of hypertensives with some 

TA B L E  2  In-country comparison of sociodemographic, lifestyle, anthropometric, and metabolic characteristics of hypertensive among 
stroke-free controls stratified by age in the SIREN Study

Hypertensives only

Nigerian (N = 1651) Ghanaian (N = 764)

<60 years
(n = 800)

≥60 years
(n = 851) p

<60 years
(n = 336)

≥60 years
(n = 428) p

Sex

Female 492 (61.5) 415 (48.8) <.0001 171 (50.9) 241 (56.3) .136

Male 308 (38.5) 436 (51.2) 165 (49.1) 187 (43.7)

Age (years) 47.8 ± 7.7 68.8 ± 7.7 <.0001 50.4 ± 6.8 71.0 ± 8.2 <.0001

Income

≤$100/month 480 (60.0) 565 (66.4) .007 174 (51.8) 274 (64.0) .001

>$100/month 320 (40.0) 286 (33.6) 162 (48.2) 154 (36.0)

Education

None 135 (16.9) 282 (33.1) <.0001 31 (9.2) 135 (31.5) <.0001

≥Primary education 665 (83.1) 569 (66.9) 305 (90.8) 293 (68.5)

Domicile

Rural 456 (57.0) 464 (54.5) .311 65 (19.3) 77 (18.0) .633

Urban 344 (43.0) 387 (45.5) 271 (80.7) 351 (82.0)

Physical inactivity 00 (0.0) 16 (1.9) <.0001 08 (2.4) 35 (8.2) .001

Tobacco use (Yes) 42 (5.3) 61 (7.2) .106 23 (6.9) 50 (11.7) .025

Alcohol use (Yes) 145 (18.2) 192 (22.2) .028 150 (44.8) 181 (42.4) .509

Salt Use (Yes) 203 (25.8) 192 (22.7) .147 58 (17.5) 41 (9.6) .002

Dyslipidemia (Yes) 394 (49.2) 452 (53.1) .116 249 (74.1) 323 (75.5) .667

Diabetes (Yes) 91 (11.4) 145 (17.0) .001 48 (14.3) 91 (21.3) .013

History of CVD (Yes) 227 (28.4) 157 (18.4) <.0001 169 (50.3) 136 (31.8) <.0001

SBP (mmHg) 143.8 ± 22.9 151.8 ± 23.3 <.0001 149.7 ± 21.9 152.9 ± 21.3 .048

DBP (mmHg) 91.9 ± 13.3 89.4 ± 14.4 <.0001 91.2 ± 13.7 85.4 ± 13.4 <.0001

BMI (kg/m2) 27.8 ± 6.0 25.6 ± 5.4 <.0001 29.3 ± 6.2 27.5 ± 5.9 <.0001

≥30 kg/m2 (Yes) 245 (31.4) 152 (18.2) <.0001 134 (41.5) 123 (30.3) .002

WC (cm) 94.0 ± 14.2 90.8 ± 13.7 <.0001 91.4 ± 14.0 90.7 ± 13.5 .533

HDL (mg/dl) 50.9 ± 17.7 51.9 ± 18.4 .362 55.0 ± 17.2 54.7 ± 16.9 .801

LDL (mg/dl) 108.2 ± 34.9 114.7 ± 44.6 .003 141.3 ± 49.7 140.9 ± 47.0 .912

TG (mg/dl) 180.5 ± 39.7 188.4 ± 49.6 .001 217.3 ± 49.4 216.8 ± 48.0 .887

TG (mg/dl) 103.8 ± 46.8 107.7 ± 45.9 .123 111.1 ± 58.6 109.7 ± 60.8 .749

FBG (mg/dl) 94.7 ± 27.5 102.2 ± 59.3 .013 95.7 ± 33.1 97.2 ± 32.3 .552

Abbreviations: BMI, body mass index; CVD, cardiovascular diseases; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference.
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education was significantly higher among Ghananian sample (78.3%) 
than the Nigerian sample (74.7%). Also, the prevalence of physical 
inactivity was significantly higher among hypertensive from Ghana 
(5.6%) compared with those from Nigeria (1.0%). Tobacco and alcohol 
use were more rampant among Ghanaians sample (9.6% and 49.6% 
respectively) than Nigerians (6.3% and 20.5% respectively). Also, the 
prevalence of dyslipidemia among those with hypertension was sig-
nificantly higher in the Ghananian (74.9%) compared with the Nigerian 
sample (51.2%) Similarly, the prevalence of diabetes was higher among 
hypertensive from the Ghananian sample (18.2%) compared with the 
Nigerian sample (14.3%) and obesity appears more prevalent in the 
Ghananian sample (35.3%) than in the Nigerian sample (24.6%).

Stratifying hypertensives by age-group (Table S3), we found, 
the prevalence of high-income earning was higher among hyper-
tensives <60 years (42.4%) compared with those ≥60 years (34.4%), 
and physical inactivity was rampant among hypertensive ≥60 years 
(4.1%) compared with those <60 years (0.7%). Also, tobacco use 
was rampant among hypertensive adults ≥60 years (8.7%) com-
pared with those <60 years (5.7%), but the prevalence of salt use 
was higher among hypertensives <60 years (23.5%) compared with 
those ≥60 years (18.3%). History of CVD was more prevalent among 
hypertensives <60 years (35.0%) compared with those ≥60 years 
(22.9%). In the same vein, obesity prevalence was higher among 
hypertensives <60 years (34.4%) compared with those ≥60 years 
(22.1%).

In-country assessment of sociodemographic, lifestyle, anthropo-
metric, and metabolic characteristics of hypertensives according to 
age-group is presented in Table 2. In the Nigerian sample of hyper-
tensives, high incoming earning was more prevalent among those 
<60 years (40.0%) than those ≥60 years (33.6%), but the prevalence 
of alcohol use was higher among those ≥60 years (22.2%) compared 
with those <60 years (18.2%). Also, diabetes was prevalent among 
hypertensives ≥60 years (17.0%) compared with those <60 years 
(11.4%), but a family history of CVD was more prominent among 
those <60 years (28.4%) than those ≥60 years (18.4%). Also, the prev-
alence of obesity was higher among hypertensive <60 years (31.4%) 
compared with those ≥60 years (18.2%). Furthermore, findings from 
the Ghananian sample (Table 2) were similar to the observation in 
the Nigerian sample, but the prevalence of salt use was significantly 
higher among hypertensives <60 years (17.5%) compared with those 
≥60 years (9.6%).

3.4  |  Factors associated with hypertension

Overall (Table 1) prevalence of hypertension was significantly higher 
among women (54.7%) than men (45.3%), and among older adults 
(53.0%) compared with young adults (47.0%). Also, hypertension 
prevalence was among urban residents (56.0) compared with rural 
dwellers (44.0%). Prevalence of physical inactivity was significantly 
higher among hypertensives (2.5%) compared with non-hyperten-
sives (1.0%). Similarly, tobacco use was prevalent among hyperten-
sives (7.3%) compared with non-hypertensives (4.9%) and prevalence 
of alcohol use was significantly higher among hypertensives (27.7%) 
compared with non-hypertensives (22.4%). Also, a higher proportion 
of hypertensives (58.7%) compared with non-hypertensives (52.8%) 
had dyslipidemia and hypertensives (27.9%) were likely to present a 
higher obesity prevalence than non-hypertensives (14.4%).

The findings were slightly attenuated but largely remained un-
changed after stratifying by age groups. However, the region of 
residence and physical inactivity were unrelated to hypertension 
among patients <60 years. Similarly, age, education, and tobacco 
use differed insignificantly by hypertension status among pa-
tients ≥60 years. Furthermore, findings from the Nigerian sample 
(Table S1) were similar to the combined population. While the re-
gion of residence was unrelated to hypertension risk, hypertension 
significantly prevalent among high-income earners—>$100/month 
(57.8%) compared with low-income earners—<$100/month (53.3%). 
Similarly, findings from the Ghananian sample inclined with the re-
sults of the combined sample (Table S2).

3.5  |  Odds of hypertension

In the combined population (Table 3, Figure 2A), men (aOR: 0.66; CI: 
0.53 to 0.83, p < .0001) compared with women and urban residents 
(aOR: 0.72; CI: 0.58 to 0.89, p < .01) compared with rural residents 
were less likely to be at risk of hypertension. Older age (≥60 years) 
was independently associated with increased odds of (aOR: 2.22; CI: 
1.78 to 2.77, p < .0001) of hypertension. The adjusted odds of hyper-
tension was nine times higher among physically inactive respond-
ents (aOR: 9.09; CI: 4.03 to 20.53, p < .0001) compared with those 
who reported some forms of physical activities. Diabetes (aOR: 2.70; 
CI: 1.91 to 3.82, p < .0001), family history of CVD (aOR: 2.02; CI: 

F I G U R E  2  Adjusted odds and 95% CI of factors associated with hypertension in the overall population (A), Nigerian sample (B), and 
Ghanaian sample (C)

(A) (B) (C)
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1.59 to 2.56, p < .0001), and higher WC (aOR: 1.01; CI: 1.00 to 1.02, 
p < .0001) were also more independently associated with hyperten-
sion in the sample studied. Also, age-stratification of the results pre-
sented different magnitudes of risk but largely similar findings as in 
the overall population (Figure S1).

Findings from the Nigerian sample (Table 3, Figure 2B) trended 
similarly with the overall population, but, adjusted odds of hyper-
tension was eleven times higher among physically inactive patients 
(aOR: 11.34; CI: 2.40 to 53.60, p < .01) compared with those who 
reported some forms of physical activities. Also, tobacco use (aOR: 
1.91; CI: 1.07 to 3.42, p < .0) and being obese (aOR: 1.48; CI: 1.04 to 
2.10, p < .01) were independently associated with hypertension in the 
Nigerian sample. Furthermore, odds relationship from the Ghanaian 
sample (Figure 2C, Table 3) was not far different from the findings 
in the combined population, but odds of hypertension was unrelated 
with residence (aOR: 0.74 CI: 0.44 to 1.23, p > .05). Additionally, 
physical inactivity (aOR: 8.51; CI: 3.04 to 23.77, p < .0001) and hav-
ing dyslipidemia (aOR: 1.58; CI: 1.05 to 2.38, p < .05) were inde-
pendently related with hypertension in the Ghananian sample.

4  |  DISCUSSION

In the current study, we present a piece of evidence on the burden, 
pattern and risk factors of hypertension among stroke-free commu-
nity-dwelling adults within West African (Nigeria and Ghana). We 
reported in-country and age-specific factors deserving attention for 
the intervention or management of hypertension in this group and 
related population in low and middle-income countries (LMIC). The 
current population is not only unique but also crucial as many of the 
stroke-free control may eventually develop stroke if adequate atten-
tion is not given to the drivers of hypertension among them.23

In our report, over fifty percent of stroke-free controls were 
hypertensives. This finding is comparable to previous reports6,31-34 
where hypertension prevalence among stroke-free subject has been 
documented. Two distinct multi-center reports, Paolo et al32 and 
Aigner et al,33 found 67% and 23.2% of stroke-free controls in their 
cohorts to be hypertensive. Earlier, the interstroke study31 (con-
ducted across 22 countries worldwide) found 32% of stroke-controls 
in the study to be hypertensive. Also, a similar report on the epide-
miology of hypertension among apparently healthy populations in 
LMIC revealed a hypertension prevalence of 42.4% and 46.0% in 
Ghana and South Africa, respectively.35 Most hypertension cases 
(particularly in low resource environment as ours) are often pre-
sented for management and treatment post-onset of cardiovascular 
events given the underperformance of community-based primary 
health care services, compounded by the inability to afford health 
care cost and the poor service delivery.36-40 Thus, the high burden 
of hypertension reported in the present study is likely to depict the 
situation in this population.

We found that physical inactivity is the leading risk factors for 
hypertension, with aggravated odds of hypertension among older 
adults in Nigeria (but not Ghana). This collaborates with previous 

reports11,12,41,42 and reviews,43-47 where regular physical activity was 
reported to significantly reduce the risk of hypertension and CVD. 
Indeed, physical inactivity is a major risk factor for CVD,48 incident 
stroke among Ghanian hypertensives49 and the fourth leading risk 
factor of all global deaths.51 Also, physical inactivity was reported to 
account for more deaths than smoking only in 2012,41 with an increas-
ingly compelling cost implication on individual healthcare spending.51

The pathophysiology of physical inactivity and hypertension 
risk has been previously described as being plausible via multifac-
torial bio-contrivances primarily hinged on compromised endothe-
lial competences.43,52,53 Increased physical activity can strengthen 
endothelial function for improved baroreflex sensitivities and also 
downregulate sympathetic or renin-angiotensin architecture activ-
ity to promote effective blood pressure regulation.43 Also, effec-
tive physical activity plausibly avert hypertension by reducing body 
fat to improve cardiac output and lessen oxidative stress.53 Other 
risk factors of hypertension (identified in this report) consistent 
with observations(s) from previously published studies13,35,54-56 
include being female,56 older age,35 low educational level, tobacco 
use, alcohol consumption, history of CVD,4 elevated WC, and obe-
sity35,55,56 among others. These allude to the importance of vibrant 
evidence-driven, context-specific and health care system tactics 
to promote healthy behaviours in the community management of 
hypertension. On one hand, our findings validate the appositeness 
of community-based approaches and environmentally responsive 
designs to promote physical activity for the management of not 
only hypertension but other hypertension-dependent CVD events, 
particularly among older populations. On the other hand, the sig-
nificance of pharmacological interventions in the management of 
blood pressure cannot be underestimated. There is no question that 
lifestyle modification is important and can be guided by the data 
obtained in the present study but rapid BP reduction may be critical 
in some situations such as stroke. Pharmacologic intervention must 
be initiated from the outset and intensified when needed once hy-
pertension is diagnosed in such situations.57,58

The effect size of selected risk factors (being woman, older age, 
low educational level, tobacco use, alcohol consumption, dyslipid-
emia, diabetes, history of CVD, elevated blood pressure, elevated 
WC, obesity, and elevated lipid profile but not adherence to high 
salt use) was aggravated among older populations in this study. 
Accumulative effects of modifiable risk factors such as tobacco use 
and alcohol consumption can promote mitochondrial dysfunction, 
redox, and endothelial imbalances leading to early aging features 
which in turn predispose to cardiovascular events.9 For example, 
age-related impairment of vascular structure and function59,60 (as a 
result of phenotypic modifications in cell morphology61) can lead to 
arterial stiffness (a major predictor of vascular impedance) and con-
sequently alter the pulsatile release of blood from the heart thereby 
raising the aortic systolic blood pressure.9 Primary prevention strat-
egies (particularly behavioral change communication) targeted at 
these modifiable risks are likely to promote healthy behaviors in the 
entire life-course. This is likely to significantly decelerate the impact 
of aging-motivated pathology in the vasculature and heart.
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Our study has some limitations, given its cross-sectional design, 
a causative inference cannot be made but our findings are worth 
mentioning. Confounding factors such as selection and recall biases 
are likely in most epidemiological studies including ours. The pres-
ent hypertension prevalence may not be generalizable to the popu-
lation since these patients were specifically matched to stroke cases. 
However, hypertension prevalence is not the primary goal of this 
study. It is worth mentioning that hypertension is at epidemiological 
thresholds in Africa accounting for the highest prevalence of 46% 
compared to other regions of the world.62 Nevertheless, all control 
data in the SIREN study were collected using validated instruments 
and in relevant situations, responses were verified by physicians. 
Overall, the data presented in the current report offer context-spe-
cific targets for community-based intervention for blood pressure 
and hypertension management, not only in the African but also in 
other LMIC outside of Africa. Aside from the need for awareness, 
detection, and control, mitigating effect(s) of the constellations of 
other metabolic risks such as diabetes and dyslipidemia is a promis-
ing multifactorial approach for managing the burden of hypertension 
in this population.

5  |  CONCLUSION

Physical inactivity is associated with hypertension in this popula-
tion of community-dwelling stroke-free controls in the SIREN study. 
Community-oriented interventions to address sedentary lifestyles 
may benefit this population and reduce the risk of hypertension and 
the probability of stroke among this cohort of Africans.
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