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Abstract

The prevalence of hypertension is increasing in low- and middle-income countries, however
statistics are generally derived from cross sectional surveys that utilize different methodolo-
gies and population samples. We investigated blood pressure (BP) changes over 11-12
years in a large cohort of adults aged 50 years and older (n = 820) included in the World
Health Organization’s Study on global AGEing and adult health (WHO-SAGE Ghana) Wave
1 (2007/8) with follow up in Wave 3 (2019). Participants’ BP were measured in triplicate and
a survey completed at both time points. Survey instruments collected information on socio-
demographic characteristics, lifestyle, health behaviors and chronic conditions. While no
significant difference was found in systolic BP between Waves 1 and 3, diastolic BP
decreased by 9.7mmHg (mean = 88.6, 15.4 to 78.9, 13.6 respectively) and pulse pressure
increased by 9.5mmHg (44.8, 13.7 to 54.3, 14.1). Awareness of hypertension increased by
37%, from (20% to 57%), but no differences were found for the proportion of hypertensives
receiving treatment nor those that had controlled BP. Mixed effects modelling showed a
decrease in diastolic BP was associated with increasing age, living in rural areas and having
health insurance. Factors associated with an increased awareness of hypertension were
residing in urban areas, having health insurance and increasing body mass index. While
diagnosis of hypertension has improved over time in Ghana, there is an ongoing need to
improve its treatment in older adults.
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Introduction

An urgent need to reduce population level blood pressure (BP) is recognized globally by health
agencies and governments in order to minimize the associated outcomes of stroke, myocardial
infarction, cardiac failure, dementia, renal failure, blindness and premature death [1-9]). A
25% relative reduction in the prevalence of raised BP by 2025 is one of the voluntary global tar-
gets of the World Health Organization (WHO) for prevention of non-communicable diseases
(NCDs), and resources have been developed to assist countries to achieve this target [9, 10].
However, progress towards this target has been slow, with hypertension remaining a major
health challenge in many countries [9, 11-14].

Worldwide, population level BP has been declining particularly for high and middle-income
regions while it has remained stable or has increased among low-income countries. In an
extensive analysis of 1479 national, subnational and community studies conducted between
1975 and 2015 in 19-1 million participants, significant reductions in mean systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) over time were demonstrated [15]. In a world-
wide study, SBP decreased by 0.8 mmHg and 1 mmHg per decade for males and females,
respectively, between 1980 and 2008 with substantial reductions reported in Australia, Western
Europe and North America [16]. However, increased SBP has been recorded in the Oceania,
east Africa, and south and southeast Asia for both sexes, and in West Africa for women, rang-
ing from an increase of 0-8-1-6 mmHg in men and 1-0-2-7 mmHg in women per decade [16].
Furthermore, studies examining BP across the life-course indicate that, while SBP typically
increases continuously until age 70 or 80years, DBP typically rises less steeply than SBP and
remains constant or even declines after the fifth to sixth decade of life [17-21]. Consequently,
an increased pulse pressure (PP) poses a major cardiovascular risk [19, 22-24]. However, it
remains unclear how changes with age in older adults in regions; such as Sub-Saharan Africa
(SSA) where population level BP is not declining. With high hypertension rates and low levels
of awareness, treatment and control in the African region [25-29], understanding changes over
time in older adults is essential in order to reduce associated morbidity and mortality.

To better understand the trajectory of hypertension and predictors of change in BP over
time, we aimed to identify changes in population level BP in a nationally representative longi-
tudinal cohort of Ghanaians over an 11-12year period.

Materials and methods

The study utilized a nationally representative sample of Ghanaians who participated in the
World Health Organization’s Study on global AGEing and adult health (WHO-SAGE); a pop-
ulation based longitudinal survey conducted in six low and middle-income countries (LMICs)
(China, Ghana, India, Mexico, Russia and South Africa) with the aim to provide support
through policy, planning and research [30]. For the purpose of this analysis, data from partici-
pants 50y and above, included in WHO-SAGE Wave 1 [W1] (2007/2008), were followed up

in a preliminary analysis of data from Wave 3 [W3] (2019). The Census Enumerated Areas
(CEA) of the 2000 Population and Housing Census was used as the sampling frame. The study
design randomly selected 250 enumeration areas (EAs) as the primary sampling units (PSU),
nationwide, resulting in 20 strata. The number of EAs to be selected from each strata was
based on proportional allocation (determined by the number of EAs in each strata specified
on the census frame). In each selected EA, a listing of the households was conducted to classify
each household into the following mutually exclusive categories: 1) World Health Survey
(WHS)/SAGE Wave 0 follow-up households with one or more members aged 50 years or
more; 2) new households with one or more members aged 50 years or more; 3) WHS/SAGE
Wave 0 follow-up households which did not include any members aged 50y or more, but
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included residents aged 18-49y; and, 4) new households which did not include any members
aged 50y or more, but included residents aged 18-49y. Within each EA, 24 households were
randomly selected (twenty 50+y households and four 18-49y households). In the 50+y house-
holds, all participants 50y and above were selected whereas in 18-49y households only one
member was selected, details of which are described elsewhere [31]. At each wave of the study,
replacements for losses to the sample were included. We followed up 820 participants with
valid BP and self-reported hypertension status data from W1 to W3, as shown in Fig 1. We
compared the sociodemographic and health characteristics of the 820 subjects (50+ y olds)
included in this work with both the n = 3,904 participants who were excluded (i.e. not fol-
lowed-up and no valid BP data; n = 4,724-820) and the 79 (i.e. n = 899-820, aged 50+y) sub-
jects who were followed-up but had no valid BP data (See S2 and S3 Tables; all the frequencies
were unweighted).

Data collection

While data collection was completed by individual field workers using face-to-face hard copy
questionnaires in W1, a computer assisted personal interview (CAPI) approach was utilized in
W3 in which field workers, in groups, collected data in assigned EAs. The survey questionnaire

Wave 1 Wave 3
n=5,573 n=4,449
Aged 50+y Aged 50+y
n=4,724 n = 3,067

Follow-up subjects (Both W1 and W3)

n =899

Valid BP measurements
and valid self reported SR-hypertension

n=3820

Fig 1. Flow diagram of recruitment and inclusion criteria.

https://doi.org/10.1371/journal.pone.0244807.9001
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included participants’ sociodemographic characteristics, information of lifestyle-related risk
factors and preventive health behaviours, and diagnosis and management of chronic condi-
tions. Participant’s anthropometric data were recorded. Interviews were conducted in the
home language of the participants. All field workers received one week of training prior to the
implementation of each survey, with support from the WHO-SAGE team, using standardized
training and survey materials [32]. In both waves, field workers visited participants in their
houses and places of work to conduct interviews. Data collection in each wave was continuous
and took approximately a year to complete.

Study measures

The main study outcome for this analysis was BP, which was measured using validated wrist-
worn BP devices with positional sensors (Omron R6, Kyoto, Japan) [33]. Following 5 minutes
of seated rest, three BP readings were recorded on the left wrist (one-minute between each
measurement) while the participant sat with legs uncrossed and the wrist positioned precisely
at the level of the heart. An average of the second and third readings were used to determine
BP. Hypertension classification was made according to the European Society for Hypertension
Guidelines (2018), namely systolic >140 and/or diastolic >90 mmHg [34]. Hypertension sta-
tus was measured as self-reported treatment or having a measured BP > 140/90mmHg, while
hypertension awareness was based on self-reported previous diagnosis of hypertension in
those with BP > 140/90mmHg. Hypertension treatment was determined as self-reported med-
ication use for hypertension in at least two weeks prior to data collection. Hypertension con-
trol was assessed as those who self-reported antihypertensive medication use within the last
two weeks and had a BP measurement of less than 140/90 mmHg. PP was measured as differ-
ence between SBP and DBP, representing the force that the heart generates each time it con-
tracts. Regarding national health insurance status, ‘voluntary’ contributors were defined as
those individuals who were not captured by the health insurance scheme as public or civil ser-
vice workers, while ‘mandatory’ contributors were employees from the public, civil and private
sectors. “Current alcohol use” was recorded as “having consumed alcohol in the last 30 days”.
Physical activity was measured using the Global Physical Activity Questionnaire [35]. Body
mass index (BMI) was calculated as weight (kg) / height (m)* and classified according to rec-
ommendations from WHO [36]. Waist to circumference was measured using a flexible tap
measure wrapped around the midpoint of the last palpable rib and the top of the hip bone of
the participant, ensuring the tape is wrapped over the same spot on the opposite side while the
participant is standing with feet together and arms at the sides [37]. Waist to height ratio
(WtHR) was then calculated.

Prior to taking part in the study, study measures were explained to participants in their
home languages and a written informed consent was obtained for each wave. The study com-
plied with the Declaration of Helsinki with ethical approval from the WHO Ethics Committee
(RPC 149) and the University of Ghana Medical School Ethics and Protocol Review Commit-
tee (MS-Et/M.03—P 3.1/2005-2006).

Statistical data analysis

Data were analyzed using Stata Statistical Software: Release 16 (Stata Corp LLC, 2019; College
Station, USA). Due to non-responses for some survey items, the number of responses (n) for
each variable are included in the tables. The WHO-SAGE Ghana participants are allocated a
unique 10-digit identifier code that facilitates linking of participant’s information over the two
waves of the study. Categorical variables were compared using Chi square test while the Wil-
coxon Signed Ranked Test was used to compare continuous variables in the cohort over time.
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Change in BP was calculated by subtracting the BP measurement obtained in WHO SAGE W1
from that in WHO-SAGE W3. Nonparametric kernel-density plots were constructed with the
kdensity command and the default Epanechnikov kernel function utilized. A kernel density
plot is a smoothed representation of a histogram with the area under the curve representing
the proportion of values compared to all values and sums to 1. Kernel density shows the proba-
bility density estimates of the distribution. Mixed model effects regression modelling was used
to assess potential predictors of the longitudinal changes in SBP and DBP between W1 and
W3. This statistical method for repeated measurements accounts for correlations among mea-
surements within an individual and variations across participants [38, 39]. Logistic regression
was used to access factors associated with change in hypertension awareness.

Results

Of the total W1 sample (n = 5,573), 899 participants were aged 50y+ and were followed-up in
W3. Of these, 820 respondents had complete data on BP and self-reported hypertension diag-
nosis. Of the W1 sample (n = 5,110), 820 participants aged 50yrs+, had complete BP data at
both W1 (median age, 59years) and W3 (median age, 71years) and were included in the analy-
sis. The sample comprised 433 (52.8%) men and 387 women (47.2%), with 364 (44.4%) and
456 (56.6%) living in urban and rural areas, respectively.

We further examined sociodemographic and cardiovascular related risk factors and found
several changes. There was an increase in the proportion of participants reporting ever
attended school which may reflect participation in adult learning literacy programmes in
Ghana [40]. WtHR, BM]I, diagnosis of diabetes and having voluntary health insurance
increased in the cohort while current alcohol intake and overall physical activity levels
decreased significantly between W1 and W3 (Table 1).

Blood pressure changes within the population

There was no difference in SBP between W1 and W3, however, a significant reduction of
9.7mmHg W1, mean (SD) = 88.6 (15.4); W3, 78.9 (13.6) in DBP was observed over the 11-12
year follow up period. PP significantly increased by 9.4mmHg (95% CI, W1 = 43.9-45.8;
W3 =53.3-55.2). Figs 2 and 3 graphically demonstrate the distributions of SBP and DBP in
both waves. While the curves are almost overlapping for SBP, the W3 distribution for DBP is
clearly shifted to the left compared to W1.

Hypertension prevalence decreased significantly by 3.2% over the period (W1, 52.0%,
CI = 0.48-0.55; W3, 48.8%, CI = 0.45-0.52). Hypertension awareness increased by 37.0%
(p < 0.01) over time with no differences observed for hypertension treatment nor the propor-
tion of treated hypertensive participants that had controlled BP (Table 1). Fig 4 illustrates the
distribution of hypertension prevalence, awareness, treatment and control in both waves by
sex and age. There were significantly more women than men with hypertension in both waves.
Hypertension prevalence was highest among the 50-59year group in W1 (51.9%), who were
aged 62-71 years in W3 (43.8%).

Predictors of decrease in DBP and increase in awareness of hypertension

A mixed regression model that included change in DBP as the dependent variable found that
the observed DBP decrease from W1 to W3 was associated with increasing age, living in rural
areas, physical activity and having health insurance (Table 2). Predictors of change in preva-
lence of hypertension were increasing BMI and residing in rural areas (S1 Table). Female gen-
der, ageing, residing in rural areas, increasing BMI having health insurance and diabetes
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Table 1. Characteristics of participants in WHO-SAGE, Ghana W1 and W3 (n = 820).

Characteristic Wave 1 Wave 3
Age in years n =820 n =820 <0.01
59 (13) 71 (13)
Ever schooled, n (%) n=_817 n =820 < 0.001
419 (51.3) 477 (58.2)
Years educated for those who have ‘ever schooled’ n =390 n =427 < 0.001
10 (4) 10 (7)
Marital status: n =820 n =820 < 0.001
Married/ cohabiting, n (%) 489 (59.9) 419 (51.1)
Waist to height ratio (WtHR) n=_815 n =747 < 0.001
0.51 (0.1) 0.53 (0.1)
BMI n =815 n =747 < 0.001
22.2(5.9) 23.2(7.1)
Current alcohol use (%) n =820 n =820
Never 376 (45.9) 452 (51.1) < 0.001
Current use 240 (29.3) 133 (16.2)
Yes, but not current 201 (24.5) 235 (28.7)
Overall Physical Activity, n (%) n =812 n = 820 <0.014
701 (86.3) 294 (53.9)
Diabetes, n (%) n =820 n =820 0.001
17 (2.1) 65 (7.9)
Depression, n (%) n =820 n =820 0.645
13 (1.6) 13 (1.6)
Health Insurance, Yes n (%) n =820 n =820 < 0.001
307 (37.4) 706 (86.1)
SBP, mmHg n =820 n =820 0.783
131.0 (30.0) 130.5 (27.4)
DBP, mmHg n =820 n =820 < 0.001
88.6 (20.5) 78.9 (18.0)
Pulse Pressure, nmHg n = 82043.0 (16) n = 82052.5 (17) < 0.001
Hypertension n =820 n =820 < 0.001
prevalence, n (%) 426 (52.0) 400 (48.8)
Hypertension awareness (% hypertension prevalence) 85 (20.0) 228 (57.0) < 0.001
Hypertension treatment (% hypertension awareness) 66 (77.6) 187 (82.0) 0.101
Hypertension control (% hypertension treatment) 18 (27.3) 99 (52.9) 0.195

All data are presented as median (Interquartile range, IQR) unless otherwise indicated. Whereas walking/cycling refers to such activities completed in a typical week,

overall physical activity represents all activities including vigorous, moderate, walking/cycling, vigorous fitness and moderate fitness completed in a typical week.

Hypertension prevalence refers to BP >140/90 or self-reported treatment while hypertension awareness refers self-reported diagnosis. Hypertension treatment denotes

blood pressure medication use (within the last 2 weeks) prior to the survey and hypertension control represents medication use with a measured BP less than 140/90

mmHg. Continuous variables were compared using Wilcoxon signed-rank test; categorical variables were compared using the Chi-Square test.

https://doi.org/10.1371/journal.pone.0244807.t001

predicted an increase in hypertension awareness over the two time periods (Table 3), adjusting

for all variables.

Discussion

The main finding from this 12 year follow of older Ghanaians is an observed reduction in DBP
accompanied by a reduction in hypertension prevalence. While no differences were recorded
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Fig 2. Non-parametric kernel-density estimates for the distribution of SBP (W1, W3 n = 820).
https://doi.org/10.1371/journal.pone.0244807.9002
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Fig 3. Non-parametric kernel-density estimates for the distribution of DBP (W1, W3 n = 820).
https://doi.org/10.1371/journal.pone.0244807.9003
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Fig 4. Top left hypertension prevalence (W1 n = 426, W3 n = 400), top right hypertension awareness (W1 n = 95, W3 n = 245), bottom left
hypertension treatment (W1 n = 66, W3 n = 187), and bottom right hypertension control (W1 n =18, W3 n =99).

https://doi.org/10.1371/journal.pone.0244807.9004

in SBP, there was a significant decrease DBP, accompanied by an increase in PP. DBP
decreased for every age decile, with those aged 60-69 years at baseline having the greatest
reduction over the period. A rise in hypertension awareness over the time was expected since
older people are generally higher users of health services. Over the past decade, there has been
an increased focus on hypertension screening activities [41] as well as heightened efforts from
the health care system in Ghana to implement strategies to address NCDS [42-44]. It was not
surprising that hypertension was higher among women than men due to the age of the cohort
(50y+).

A lack of change in SBP between the two time periods is in contrast with many other studies
that have reported a rise [17, 19, 20]. This may however be explained by the age of the cohort
in W3 (median, 71years), and life expectancy in Ghana (64years) [45]. Due to the median age
of the cohort, survival bias could not be ruled out, however further investigation in this regard
could not be conducted due to lack of access to information on cause and time of death. The
observed decline in DBP with advancing age in this older cohort is in agreement with findings
from other studies. A review on the epidemiology of hypertension indicated that in most pop-
ulations, DBP remained stable or reduced after age 50-60yrs [20]. Similarly, data from the Fra-
mingham Heart Study, which followed participants for three decades, showed that DBP varied
with ageing, increasing until the fifth decade and gradually declining from age 60yrs onwards
[19]. These age-related phenomena are explained by physiological changes in arterial structure
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Table 2. Multivariate analysis showing the predictors of decrease in DBP (WHO-SAGE Ghana Waves 1 and 3),
n=7%.

DBP mmHg
Characteristics Estimate p-value 95% CI
Sex
Male Ref
Female -0.02 0.990 -3.15-3.19
Age -0.19 < 0.001 -0.30-(-0.07)
Location
Urban Ref
Rural -3.63 < 0.002 -5.97-(-1.10)
Marital Status
Married Ref
Not married -2.36 0.933 -2.68-2.92
Own education (yrs) -0.30 0.04 -0.58-(-0.01)
Mothers education
Less than secondary school Ref
Secondary school and above -8.06 0.059 -16.41-0.29
Fathers Education
Less than secondary school Ref
Secondary school and above -1.20 0.477 -2.11-4.52
Health Insurance
No Ref
Yes -2.60 0.037 -5.03 -(-0.16)
BMI 0.03 0.359 -0.03-0.09
Diabetes
No Ref
Yes 0.31 0.878 -3.63-4.24
Ever used tobacco
No Ref
Yes 0.88 0.548 -1.99-3.76
Overall physical activity -2.65 0.030 -5.03 —(-0.25)

Note: Ref represents reference category used for the comparison. Voluntary refers to contributors to health insurance
who were not captured by the insurance scheme as public or civil service workers, while mandatory refers to
contributors who were employees within the public, civil and private sectors. Overall physical activity represents all
activities including vigorous, moderate, walking/cycling, vigorous fitness and moderate fitness completed in a typical
week. Multivariate regression was adjusted for age, sex, marital status, years of education, mother’s education,

father’s education, health insurance, diabetes and overall physical activity.

https://doi.org/10.1371/journal.pone.0244807.t002

and function. Aging is associated with an increased thickness of the arterial wall, nearly 3-fold
between the ages of 20y and 90y, even in the absence of atherosclerotic plaques [46, 47]. An
increase in the thickness of the arterial wall is accompanied by an increase in arterial stiffness
[48], due to structural and molecular changes in the arteries (decreased elastin content,
increased collagen 1 deposition, and calcification—a process termed ‘hardening of arteries’)
resulting in a decline in arterial elasticity [49], which in turn induces a decline in DBP [50-52].
Due to the fall in DBP and without any change in SBP in the current study, a reduction in
hypertension prevalence was observed. However, this reduction should not be misconstrued
to indicate a reduction in cardiovascular risk among the cohort. A longitudinal study that eval-
uated the risk of cardiovascular mortality emphasized that participants whose DBP decreased
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Table 3. Odds ratio showing the predictors of change in hypertension awareness (WHO-SAGE Ghana Waves 1 and 3), n = 369.

Hypertension Awareness
Characteristic OR p-value 95% CI
(95% CI)

Sex

Male Ref

Female 1.98 0.021 1.10-3.50
Age 1.05 0.000 1.03-1.08
Location
Urban Ref
Rural 0.58 0.017 0.37-0.91
Marital status
Married Ref
Not married 0.92 0.753 0.54-1.56
Own years of education 1.01 0.589 0.96-1.10
Mothers education
Less than secondary school Ref
Secondary school and above 3.65 0.053 0.98-13.54
Fathers education
Less than secondary school Ref
Secondary school and above 0.6 0.644 0.63-4.32
Health Insurance
No Ref
Yes 1.99 0.008 1.19-3.33
BMI 1.05 0.002 1.02-1.09
Diabetes
No Ref
Yes 7.29 0.000 3.19-16.65
Overall physical activity 1.44 0.109 0.92-2.25

Note: Ref represents reference category used for the comparison. Voluntary refers to contributors to health insurance who were not captured by the insurance scheme as

public or civil service workers, while mandatory refers to contributors who were employees within the public, civil and private sectors. Overall physical activity

represents all activities including vigorous, moderate, walking/cycling, vigorous fitness and moderate fitness completed in a typical week. Logistic regression was

adjusted for age, sex, marital status, years of education, mother’s education, father’s education, health insurance, diabetes and overall physical activity.

https://doi.org/10.1371/journal.pone.0244807.t003

with unchanged SBP had a higher cardiovascular mortality compared to those whose SBP and
DBP remained constant over time. [53]. Similarly, Witteman et al. reported that, among
females, a decline in DBP during a nine-year follow-up was associated with an enhancement
of atherosclerotic lesions of the aorta, suggesting that a decline in DBP was a marker for ath-
erosclerosis progression [54], reflecting prevailing compromise of the coronary circulation
[50]. Hypertension is a known risk factor for atherosclerosis [55, 56]. Additionally, PP
increased significantly due to the declining DBP in the current study, a situation that has the
tendency to cause extensive damage to essential organs such as the brain and kidneys [49]. A
large PP is associated with a greater risk for myocardial infarction, increased coronary disease
and stroke even after effective BP control [22, 50, 57]. PP remains the most powerful indepen-
dent predictor of cardiovascular risk in the elderly [17, 58].

The observed rise in hypertension awareness may reflect the older age of the participants
who have experienced more engagement with health services over time, including routine
measurement of BP at clinic visits. Other studies that included largely older participants from
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Ghana, China, India and Mexico reported relatively higher hypertension awareness figures
[25], compared to whole-of-population studies [59]. Despite the influence of advancing age,
increasing hypertension awareness in the Ghanaian population could also be attributed to sev-
eral health interventions and programmes that have been implemented by the Ghana Health
Service (GHS) over the past 15-20 years. The government’s broader development plan was
focused on Ghana achieving middle income country status by the year 2015, through various
policies, such as the Ghana Poverty Reduction Strategies (2003-2005; 2006-2009); as well as
those driven by the United Nations” Millennium Development Goals, including the Ghana
Shared Growth and Development Agenda, 2010-2013 [43, 60-62]. Concurrent policies with
varied mandates were also operationalized such as provision of community-based health plan-
ning and services (CHPs), which provided health information services, preventive and curative
care for chronic health conditions [24, 63] and increased access to primary health care for par-
ticularly hard-to-reach communities [64]. In addition, the roll out of the national health insur-
ance scheme in 2003 provided a major boost for services offered by CHPs and increased access
to healthcare services in general, as clients were no longer required to provide out of pocket
payments for some rendered healthcare services [42]. It is noteworthy that the current study
reports of a dramatic increase in voluntary health insurance between W1 and W3.

Along with CHPs, the Ministry of Health, in 2005, introduced the regenerative health and
nutrition programme (RHNP) as part of its effort to curb the rising trend of NCDs [65, 70]
while, in 2014, the ministry collaborated with the Novartis Foundation to launch the commu-
nity-based hypertension improvement program (ComHIP). This program continues to con-
duct community-based BP screening and BP monitoring in many parts of the country [41].

The finding that more women were hypertensive than men was expected due to the biologi-
cal changes that take place in women after menopause. Estrogen has been cited to cause endo-
thelial vasodilation, inhibit sympathetic and renin-angiotensin system (RAS) activity, enhance
the production of endothelin, reduce oxidative stress, increase antioxidant production and
reduce inflammation—all of which regulate BP [66-68]. After menopause, estrogen levels fall
causing an increase in hypertension [69-71].

The current study found that increasing age, residing in rural areas, increasing physical
activity and having health insurance were associated with a reduction in DBP between W1 and
W3. The assertion that BP increases with age has been established [72, 73], however age-related
BP may differ according to individual circumstances. Our finding that living in a rural setting
was associated with a decline in DBP is consistent with other studies conducted in Ghana.
Data from the Ghana Demographic and Health Survey 2014 which surveyed 13,265 partici-
pants nationwide reported lower BP levels in rural compared to urban areas [74]. Similarly,
sub-population studies conducted in Ghana have reported lower BP in rural residents com-
pared to their urban counterparts [75, 76]. However, contrasting findings have been reported
in other recent African-based comparison studies, indicating a rising BP in rural settings [77-
79]. The finding that increasing physical activity is associated with BP reduction is well known
[80, 81]. In terms of dose-relationship, engagement in more regular and frequent physical
activity results in greater reductions in BP irrespective of age, sex or ethnicity [82, 83].

Increased awareness of hypertension was associated with ageing, female gender, higher
BM]I, diabetes and having health insurance in the current study. Women were about 2 times
more likely than men to be aware of their hypertensive status in the current study. This may be
expected as women are known to generally have more interaction with clinics and hospitals
through maternal and child health programmes and are known to place more importance on
healthcare than men [84]. Furthermore, the sociocultural context (where men who sought
healthcare were seen as feminine, vulnerable or weak) [85, 86] may be a disincentive for
health-seeking behaviours in men. Increasing BMI predicted hypertension awareness.
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This association can be attributed to the higher incidence of hypertension among obese
individuals compared to those with ‘healthy weight’ [87, 88]. Increasing body weight is a grow-
ing concern in Ghana [89] and a major modifiable cardiovascular risk factor [27]. Those hav-
ing diabetes were about 7 times more likely to be aware of their hypertensive status than non-
diabetics in the current study. Similarly odds of hypertension awareness among diabetics have
been reported [27, 90]. Hypertension is a known risk factor for diabetes [91] and the two con-
ditions mostly coexist [92]. As such, Ghana has introduced clinics in open food markets specif-
ically for diabetes [93] and which simultaneously offers opportunity for BP monitoring.

It was not surprising that having health insurance was associated with a decrease in DBP
and an increase in hypertension awareness in the current study. The National Health Insur-
ance Scheme (NHIS) which provides universal access to health care, has over the years
improved in its efficiency and increased the range of healthcare services it covers, particularly
among those of the lowest socioeconomic status and those most vulnerable groups in the pop-
ulation [94]. The number of outpatient visits increased sharply and health-seeking behaviour
was enhanced as a result of the NHIS roll out [95, 96]. As of 2014, the NHIS had 40% coverage
of Ghana’s population, an increment of 6.3% from 2010 [97, 98]. The NHIS’s widened access
to most healthcare facilities in Ghana may have been an enabling factor in increase in hyper-
tension awareness.

A major strength of the current study was the prospective design that allowed follow up
of the same participants in two large countrywide studies of persons aged 50 years and older
using the same study design and methodology. Validity of data was achieved using extensively
trained teams of interviewers that used standard protocol and instruments and inherent qual-
ity control measures. Limitations were the high rate of loss to follow up and the inability to
generalize the findings over the entire population because of the higher age of the cohort and
lack of weighting applied.

Conclusions

Despite a reduction in DBP recorded between WHO-SAGE Ghana W1 and W3 (2007-2019),
hypertension prevalence in W3 remained high. An increase in awareness of hypertension over
this time period suggests improved health services for BP monitoring, but this was not accom-
panied by an increase in the proportion of hypertensive participants who were receiving treat-
ment for the condition, nor improved BP control. Factors associated with a reduction in DBP
included increasing age, residing in a rural area and having health insurance, while predictors
of hypertension awareness included higher BMI and having voluntary health insurance. This
data suggests that existing health programmes should be intensified to improve the manage-
ment of hypertension in Ghana.

Supporting information

S1 Table. Odds ratio showing the predictors of decrease in hypertension prevalence
(WHO-SAGE Ghana Waves 1 and 3), n = 368.
(DOCX)

S2 Table. Characteristics of Wave 1 participants included in the study (50+y, n = 820) and
those excluded (n = 3,904).
(DOCX)

S3 Table. Characteristics of Wave 1 participants included in the study (50+y, n = 820) and
those followed-up but excluded from analysis (n = 79).
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0244807 January 8, 2021 12/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244807.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244807.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244807.s003
https://doi.org/10.1371/journal.pone.0244807

PLOS ONE

Determinants of blood pressure change

Acknowledgments

The authors thank all participants for their contributions. All authors read and approved of
the final manuscript. Opinions expressed and conclusions arrived at, are those of the author
and are not necessarily to be attributed to the CoEHD.

Disclaimer: The content of this manuscript is solely the responsibility of the authors and
does not necessarily represent the official views of the World Health Organization or the fund-
ing bodies.

Author Contributions
Conceptualization: Paul R. Kowal, Karen E. Charlton.
Data curation: Barbara Corso, Nadia Minicuci, Ilaria Rocco, Paul R. Kowal.

Formal analysis: Elias K. Menyanu, Barbara Corso, Nadia Minicuci, Ilaria Rocco, Glory
Chidumwa.

Funding acquisition: Paul R. Kowal, Karen E. Charlton.
Methodology: Elias K. Menyanu, Nirmala N. Naidoo.

Project administration: Nirmala N. Naidoo, Richard B. Biritwum.
Supervision: Richard B. Biritwum, Paul R. Kowal, Karen E. Charlton.
Writing - original draft: Elias K. Menyanu.

Writing - review & editing: Elias K. Menyanu, Nadia Minicuci, Joanna C. Russell, Lisa J.
Ware, Richard B. Biritwum, Aletta E. Schutte, Karen E. Charlton.

References

1. World Health Organization [Internet]. Salt Reduction; 2020 Apr.[cited 2020 Jan 02]. https://www.who.
int/news-room/factsheets/detail/salt-reduction

2. HeFJ, Pombo-Rodrigues S, MacGregor GA. Salt reduction in England from 2003 to 2011: Its relation-
ship to blood pressure, stroke and ischaemic heart disease mortality. BMJ Open. 2014; 4(4).

3. Alhamad N AE, Alamir N, Subhakaran M. An overview of salt intake reduction efforts in the Gulf Cooper-
ation Council countries. Cardiovasc Diagn Ther. 2015; 5(3):172-7. https://doi.org/10.3978/}.issn.2223-
3652.2015.04.06 PMID: 26090327

4. Wyness LA, Butriss JL, Stanner SA. Reducing the population’s sodium intake: the UK Food Standards
Agency’s salt reduction programme. Public Health Nutrition. 2012; 15(2):254-61. https://doi.org/10.
1017/S1368980011000966 PMID: 21729460

5. Enkhtungalag B, Batjargal J, Chimedsuren O, Tsogzolmaa B, Anderson CS, Webster J. Developing a
national salt reduction strategy for Mongolia. Cardiovascular Diagnosis and Therapy. 2015; 5(3):229—
37. https://doi.org/10.3978/j.issn.2223-3652.2015.04.11 PMID: 26090334

6. South Africa Government. Government Notice: Department of Health, No. R. 214. Foodstuffs, Cosmet-
ics and Disinfectants Act, 1972 (Act 54 of 1972). Regulations relating to the reduction of sodium in cer-
tain foodstuffs and related matters. Cape Town: Heart and Stroke Foundation. 2013.

7. LiX,JanS$, YanLL, Hayes A, ChuY, Wang H, et al. Cost and cost-effectiveness of a school-based edu-
cation program to reduce salt intake in children and their families in China. PLoS ONE. 2017; 12(9).
https://doi.org/10.1371/journal.pone.0183033 PMID: 28902880

8. Phuongdo HT, Santos AJ, Trieu K, Petersen K, Le MB, Lai TC, et al. Effectiveness of a communication
for behavioural impact (COMBI) intervention to reduce salt intake in a Vietnamese province based on
estimations from sport urine samples. J Clin. Hypertens 2016:1-8.

9. World Health Organization [internet]. Global NCD Target High Blood Pressure; 2016 [2020 May 07]
https:// www.who.int/beat-ncds/take-action/policy-brief-reduce-high-blood-pressure.pdf

10. World Health Organization [internet]. SHAKE the salt habit; 2016 [cited 2019 Aug 25]. https://apps.who.

int/iris/bitstream/handle/10665/250135/978924151-1346eng.pdf;jsessionid=
OE71054ADB60FCAD1E5BAB906AA91D597sequence=1

PLOS ONE | https://doi.org/10.1371/journal.pone.0244807 January 8, 2021 13/18


https://www.who.int/news-room/factsheets/detail/salt-reduction
https://www.who.int/news-room/factsheets/detail/salt-reduction
https://doi.org/10.3978/j.issn.2223-3652.2015.04.06
https://doi.org/10.3978/j.issn.2223-3652.2015.04.06
http://www.ncbi.nlm.nih.gov/pubmed/26090327
https://doi.org/10.1017/S1368980011000966
https://doi.org/10.1017/S1368980011000966
http://www.ncbi.nlm.nih.gov/pubmed/21729460
https://doi.org/10.3978/j.issn.2223-3652.2015.04.11
http://www.ncbi.nlm.nih.gov/pubmed/26090334
https://doi.org/10.1371/journal.pone.0183033
http://www.ncbi.nlm.nih.gov/pubmed/28902880
https://www.who.int/beat-ncds/take-action/policy-brief-reduce-high-blood-pressure.pdf
https://apps.who.int/iris/bitstream/handle/10665/250135/978924151-1346eng.pdf;jsessionid=0E71054ADB60FCAD1E5BA6906AA91D59?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250135/978924151-1346eng.pdf;jsessionid=0E71054ADB60FCAD1E5BA6906AA91D59?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250135/978924151-1346eng.pdf;jsessionid=0E71054ADB60FCAD1E5BA6906AA91D59?sequence=1
https://doi.org/10.1371/journal.pone.0244807

PLOS ONE

Determinants of blood pressure change

11.

12

13.

14.

15.

16.

17.
18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

World Health Organization [internet]. A Global Brief on Hypertension; 2013 [cited 2017 Jan 07]. http://
apps.who.int/iris/bitstream/10665/79059/1/WHO_DCO_WHD_2013.2_eng.pdf?ua=1

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assess-
ment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions,
1990-2010: A systematic analysis for the Global Burden of Disease Study 2010. The Lancet. 2012; 380
(9859):2224—-60. https://doi.org/10.1016/S0140-6736(12)61766-8 PMID: 23245609

Lawes CM, Hoorn SV, Rodgers A. Global burden of blood-pressure-related disease, 2001. The Lancet.
2008; 371(9623):1513-8. https://doi.org/10.1016/S0140-6736(08)60655-8 PMID: 18456100

Danaei G, Lu Y, Singh GM, Carnahan E, Stevens GA, Cowan MJ, et al. Cardiovascular disease, chronic
kidney disease, and diabetes mortality burden of cardiometabolic risk factors from 1980 to 2010: A com-
parative risk assessment. The Lancet Diabetes and Endocrinology. 2014; 2(8):634—47. https://doi.org/
10.1016/S2213-8587(14)70102-0 PMID: 24842598

Zhou B, Bentham J, Di Cesare M, Bixby H, Danaei G, Cowan MJ, et al. Worldwide trends in blood pres-
sure from 1975 to 2015: a pooled analysis of 1479 population- based measurement studies with 19-1
million participants. The Lancet. 2017; 389 (10064):37-55. https://doi.org/10.1016/S0140-6736(16)
31919-5 PMID: 27863813

Danaei G, Finucane MM, Lin JK, Singh GM, Paciorek CJ, Cowan MJ, et al. National, regional, and
global trends in systolic blood pressure since 1980: Systematic analysis of health examination surveys
and epidemiological studies with 786 country-years and 5-4 million participants. The Lancet. 2011; 377
(9765):568-77.

Pinto E. Blood pressure and ageing. Postgraduate Medical Journal. 2007; 83(976):109-14.

Whelton PK. The elusiveness of population-wide high blood pressure control. Annual Review of Public
Health2015. p. 109-30. https://doi.org/10.1146/annurev-publhealth-031914-122949 PMID: 25594330

Franklin SS, Gustin W v, Wong ND, Larson MG, Weber MA, Kannel WB, et al. Hemodynamic patterns
of age-related changes in blood pressure: The Framingham heart study. Circulation. 1997; 96(1):308—
15. https://doi.org/10.1161/01.cir.96.1.308 PMID: 9236450

Whelton PK. Epidemiology of hypertension. Lancet. 1994; 344:101-6. https://doi.org/10.1016/s0140-
6736(94)91285-8 PMID: 7912348

Burt VL, Whelton P, Roccella EJ, Brown C, Cutler JA, Higgins M, et al. Prevalence of hypertension in
the US adult population: Results from the third National Health and Nutrition Examination Survey,
1988-1991. Hypertension. 1995; 25(3):305-13. https://doi.org/10.1161/01.hyp.25.3.305 PMID:
7875754

Liu FD, Shen XL, Zhao R, Tao XX, Wang S, Zhou JJ, et al. Pulse pressure as an independent predictor
of stroke: a systematic review and a meta-analysis. Clinical Research in Cardiology. 2016; 105(8):677—
86. https://doi.org/10.1007/s00392-016-0972-2 PMID: 26902972

Glasser SP, Halberg DL, Sands CD, Mosher A, Muntner PM, Howard G. Is pulse pressure an indepen-
dent risk factor for incident stroke, REasons for geographic and racial differences in stroke. American
Journal of Hypertension. 2015; 28(8):987—94. https://doi.org/10.1093/ajh/hpu265 PMID: 25588699

Geeganage C SG, Bath PM. Pulse pressure as a predictor of stroke. Expert Rev Neurother. 2008;
8:165—7. https://doi.org/10.1586/14737175.8.2.165 PMID: 18271702

Lloyd-Sherlock P, Beard J, Minicuci N, Ebrahim S, Chatterji S. Hypertension among older adults in low-
and middle-income countries: Prevalence, awareness and control. International Journal of Epidemiol-
ogy. 2014; 43(1):116—28. https://doi.org/10.1093/ije/dyt215 PMID: 24505082

Sanuade OA, Awuah RB, Kushitor M. Hypertension awareness, treatment and control in Ghana: a
cross-sectional study. Ethnicity and Health. 2018:1-15. https://doi.org/10.1080/13557858.2018.
1439898 PMID: 29448808

Ware LJ CG, Charlton K, Schutte AE, Kowal P. Predictors of hypertension awareness, treatment and
control in South Africa: results from the WHO-SAGE population survey (Wave 2). J Hum Hypertens.
2019; 33(2):157-66. https://doi.org/10.1038/s41371-018-0125-3 PMID: 30382179

Addo J, Smeeth L, Leon DA. Hypertension in sub-Saharan Africa: A systematic review. Hypertension.
2007; 50(6):1012-8. https://doi.org/10.1161/HYPERTENSIONAHA.107.093336 PMID: 17954720

Pilleron S, Aboyans V, Desormais |, Lacroix P, Preux PM, Guerchet M, et al. Prevalence, awareness,

treatment, and control of hypertension in older people in Central Africa: the EPIDEMCA study. Journal
of the American Society of Hypertension. 2017; 11(7):449-60. https://doi.org/10.1016/j.jash.2017.04.

013 PMID: 28551091

Kowal P, Chatterji S, Naidoo N, Biritwum R, Fan W, Ridaura RL, et al. Data resource profile: The world
health organization study on global ageing and adult health (SAGE). International Journal of Epidemiol-
ogy. 2012; 41(6):1639-49. https://doi.org/10.1093/ije/dys210 PMID: 23283715

PLOS ONE | https://doi.org/10.1371/journal.pone.0244807 January 8, 2021 14/18


http://apps.who.int/iris/bitstream/10665/79059/1/WHO_DCO_WHD_2013.2_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/79059/1/WHO_DCO_WHD_2013.2_eng.pdf?ua=1
https://doi.org/10.1016/S0140-6736%2812%2961766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
https://doi.org/10.1016/S0140-6736%2808%2960655-8
http://www.ncbi.nlm.nih.gov/pubmed/18456100
https://doi.org/10.1016/S2213-8587%2814%2970102-0
https://doi.org/10.1016/S2213-8587%2814%2970102-0
http://www.ncbi.nlm.nih.gov/pubmed/24842598
https://doi.org/10.1016/S0140-6736%2816%2931919-5
https://doi.org/10.1016/S0140-6736%2816%2931919-5
http://www.ncbi.nlm.nih.gov/pubmed/27863813
https://doi.org/10.1146/annurev-publhealth-031914-122949
http://www.ncbi.nlm.nih.gov/pubmed/25594330
https://doi.org/10.1161/01.cir.96.1.308
http://www.ncbi.nlm.nih.gov/pubmed/9236450
https://doi.org/10.1016/s0140-6736%2894%2991285-8
https://doi.org/10.1016/s0140-6736%2894%2991285-8
http://www.ncbi.nlm.nih.gov/pubmed/7912348
https://doi.org/10.1161/01.hyp.25.3.305
http://www.ncbi.nlm.nih.gov/pubmed/7875754
https://doi.org/10.1007/s00392-016-0972-2
http://www.ncbi.nlm.nih.gov/pubmed/26902972
https://doi.org/10.1093/ajh/hpu265
http://www.ncbi.nlm.nih.gov/pubmed/25588699
https://doi.org/10.1586/14737175.8.2.165
http://www.ncbi.nlm.nih.gov/pubmed/18271702
https://doi.org/10.1093/ije/dyt215
http://www.ncbi.nlm.nih.gov/pubmed/24505082
https://doi.org/10.1080/13557858.2018.1439898
https://doi.org/10.1080/13557858.2018.1439898
http://www.ncbi.nlm.nih.gov/pubmed/29448808
https://doi.org/10.1038/s41371-018-0125-3
http://www.ncbi.nlm.nih.gov/pubmed/30382179
https://doi.org/10.1161/HYPERTENSIONAHA.107.093336
http://www.ncbi.nlm.nih.gov/pubmed/17954720
https://doi.org/10.1016/j.jash.2017.04.013
https://doi.org/10.1016/j.jash.2017.04.013
http://www.ncbi.nlm.nih.gov/pubmed/28551091
https://doi.org/10.1093/ije/dys210
http://www.ncbi.nlm.nih.gov/pubmed/23283715
https://doi.org/10.1371/journal.pone.0244807

PLOS ONE

Determinants of blood pressure change

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

World Health Organization. National Report of the World Health Survey in Ghana, 2002-2004. Geneva,
Switzerland: WHO; 2006.

Kowal P, Naidoo N, Biritwum R, Fan W, Ridaura RL, Maximova T, et al. Data Resource Profile: The
World Health Organization Study on global AGEing and adult health (SAGE). Int J Epidemiol 2012;
41:1639-49. https://doi.org/10.1093/ije/dys210 PMID: 23283715

Topouchian JA, El Assaad MA, Orobinskaia LV, El Feghali RN, Asmar RG. Validation of two automatic
devices for self-measurement of blood pressure according to the International Protocol of the European
Society of Hypertension: The Omron M6 (HEM-7001-E) and the Omron R7 (HEM 637-IT). Blood Pres-
sure Monitoring. 2006; 11(3):165-71. https://doi.org/10.1097/01.mbp.0000209078.17246.34 PMID:
16702826

Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burnier M, et al. 2018 practice guidelines for the
management of arterial hypertension of the European society of cardiology and the European society of
hypertension ESC/ESH task force for the management of arterial hypertension. Journal of Hyperten-
sion. 2018; 36(12):2284—309. https://doi.org/10.1097/HJH.0000000000001961 PMID: 30379783

World Health Organization. Global Physical Activity Questionnaire. Geneva, Switzerland: World Health
Organization.

World Health Organization. Obesity: Preventing and managing the global epidemic. Geneva: World
Health Organization; 2000.

WHO/PAHO Regional Expert Group for Cardiovascular Disease Prevention through Population-wide
Dietary Salt Reduction [internet]. Protocol for population level sodium determination in 24hr urine sam-
ples, 2010 (cited 2020 Jul 25). https://www.paho.org/hg/dmdocuments/2013/24h-urine-Protocol-eng.
pdf

Laird NM WJ. Random-effects models for longitudinal data. Biometrics. 1982; 38:963-74. PMID:
7168798

Cnaan A, Slasor P. Using the general linear mixed model to analyse unbalanced repeated measures
and longitudinal data. Stat Med. 1997; 16:2349-80. https://doi.org/10.1002/(sici)1097-0258(19971030)
16:20<2349::aid-sim667>3.0.co;2-e PMID: 9351170

Frimpong-Kwarteng OAT. Dynamics of Adult Education Provisions in the African Sub-Region: Focus on
University Based Adult Education in Ghana. PAACE Journal of Lifelong Learning. 2015; 24:67-82.

Lamptey P, Adler AJ, Dirks R, Caldwell A, Prieto-Merino D, Aerts A, et al. Evaluation of a community-
based hypertension improvement program (ComHIP) in Ghana: data from a baseline survey. BMC Pub-
lic Health 2017; 17(1):368. https://doi.org/10.1186/s12889-017-4260-5 PMID: 28454523

National Community-Based Health Planning and Policy. 2016.

Ghana Statistical Service [internet]. Population & Housing Census Report: Millennium Development
Goals in Ghana. Ghana Statistical Service. 2013 [cited 2020 Mar 10]. http://www.statsghana.gov.gh/
docfiles/2010phc/MDG%20-report%20(24-10-13).pdf.

Ministry of Health, Ghana. The Ghana Health Sector 5 Year Programme of Work 2007—2011: Creating
Wealth through Health. Accra: MOH; 2008.

The Worldbank [internet]. Life expectancy at birth, total (years)-Ghana [cited 2020 Jul 07]. https://data.
worldbank.org/indicator/SP.DYN.LE0O.IN?loca-tions=GH

Nagai Y, Metter EJ, Earley CJ, Kemper MK, Becker LC, Lakatta EG, et al. Increased carotid artery inti-
mal-medial thickness in asymptomatic older subjects with exercise- induced myocardial ischemia. Cir-
culation. 1998; 98(15):1504-9. https://doi.org/10.1161/01.cir.98.15.1504 PMID: 9769303

Lakatta EG. Cardiovascular regulatory mechanisms in advanced age. Physiological Reviews. 1993; 73
(2):413-65. https://doi.org/10.1152/physrev.1993.73.2.413 PMID: 8475195

Vaitkevicius PV, Fleg JL, Engel JH, O’'Connor FC, Wright JG, Lakatta LE, et al. Effects of age and aero-
bic capacity on arterial stiffness in healthy adults. Circulation. 1993; 88(4 1):1456—62. https://doi.org/10.
1161/01.cir.88.4.1456 PMID: 8403292

Homan TD BS, Cichowski E. Physiology, Pulse Pressure; 2020 Jun [cited 2020 Jul 25]. https://www.
ncbi.nim.nih.gov/books/NBK482408/

Fang J, Madhavan S, Cohen H, Alderman MH. Measures of blood pressure and myocardial infarction in
treated hypertensive patients. Journal of Hypertension. 1995; 13(4):413-9. PMID: 7629401

Nichols WV. McDonald’s blood flow in arteries; theoretic, experimental, and clinical principles. In: Arnold
E, editor. London, Melbourne: Edward Arnold.1990.

Smulyan H, Safar ME. Systolic blood pressure revisited. Journal of the American College of Cardiology.
1997; 29(7):1407-13. https://doi.org/10.1016/s0735-1097(97)00081-8 PMID: 9180097

Benetos A, Zureik M, Morcet J, Thomas F, Bean K, Safar M, et al. A decrease in diastolic blood pres-
sure combined with an increase in systolic blood pressure is associated with a higher cardiovascular

PLOS ONE | https://doi.org/10.1371/journal.pone.0244807 January 8, 2021 15/18


https://doi.org/10.1093/ije/dys210
http://www.ncbi.nlm.nih.gov/pubmed/23283715
https://doi.org/10.1097/01.mbp.0000209078.17246.34
http://www.ncbi.nlm.nih.gov/pubmed/16702826
https://doi.org/10.1097/HJH.0000000000001961
http://www.ncbi.nlm.nih.gov/pubmed/30379783
https://www.paho.org/hq/dmdocuments/2013/24h-urine-Protocol-eng.pdf
https://www.paho.org/hq/dmdocuments/2013/24h-urine-Protocol-eng.pdf
http://www.ncbi.nlm.nih.gov/pubmed/7168798
https://doi.org/10.1002/(sici)1097-0258(19971030)16:20<2349::aid-sim667>3.0.co;2-e
https://doi.org/10.1002/(sici)1097-0258(19971030)16:20<2349::aid-sim667>3.0.co;2-e
http://www.ncbi.nlm.nih.gov/pubmed/9351170
https://doi.org/10.1186/s12889-017-4260-5
http://www.ncbi.nlm.nih.gov/pubmed/28454523
http://www.statsghana.gov.gh/docfiles/2010phc/MDG%20-report%20(24-10-13).pdf
http://www.statsghana.gov.gh/docfiles/2010phc/MDG%20-report%20(24-10-13).pdf
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?loca-tions=GH
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?loca-tions=GH
https://doi.org/10.1161/01.cir.98.15.1504
http://www.ncbi.nlm.nih.gov/pubmed/9769303
https://doi.org/10.1152/physrev.1993.73.2.413
http://www.ncbi.nlm.nih.gov/pubmed/8475195
https://doi.org/10.1161/01.cir.88.4.1456
https://doi.org/10.1161/01.cir.88.4.1456
http://www.ncbi.nlm.nih.gov/pubmed/8403292
https://www.ncbi.nlm.nih.gov/books/NBK482408/
https://www.ncbi.nlm.nih.gov/books/NBK482408/
http://www.ncbi.nlm.nih.gov/pubmed/7629401
https://doi.org/10.1016/s0735-1097%2897%2900081-8
http://www.ncbi.nlm.nih.gov/pubmed/9180097
https://doi.org/10.1371/journal.pone.0244807

PLOS ONE

Determinants of blood pressure change

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

mortality in men. Journal of the American College of Cardiology. 2000; 35(3):673-80. https://doi.org/10.
1016/s0735-1097(99)00586-0 PMID: 10716470

Witteman JCM, Grobbee DE, Valkenburg HA, Stijnen T, Burger H, Hofman A, et al. J-shaped relation
between change in diastolic blood pressure and progression of aortic atherosclerosis. The Lancet.
1994; 343(8896):504—7. https://doi.org/10.1016/s0140-6736(94)91459-1 PMID: 7906758

Nakanishi R, Baskaran L, Gransar H, Budoff MJ, Achenbach S, Al-Mallah M, et al. Relationship of
hypertension to coronary atherosclerosis and cardiac events in patients with coronary computed tomo-
graphic angiography. Hypertension. 2017; 70(2):293-9. https://doi.org/10.1161/HYPERTENSIONAHA.
117.09402 PMID: 28607128

Kronmal RA, McClelland RL, Detrano R, Shea S, Lima JA, Cushman M, et al. Risk factors for the pro-
gression of coronary artery calcification in asymptomatic subjects: Results from the Multi-Ethnic Study
of Atherosclerosis (MESA). Circulation. 2007; 115(21):2722-30. https://doi.org/10.1161/
CIRCULATIONAHA.106.674143 PMID: 17502571

Safar ME. Hemodynamics in systolic hypertension, In: Zanchetti A, Tarazi RC (eds), Handbook of
Hypertension, Vol 7: Pathophysiology of Hypertension, Cardiovascular aspects, pp 225-241. Amster-
dam: Elsevier. 1986.

Vaccarino V, Holford TR, Krumholz HM. Pulse pressure and risk for myocardial infarction and heart fail-
ure in the elderly. Journal of the American College of Cardiology. 2000; 36(1):130-8. https://doi.org/10.
1016/s0735-1097(00)00687-2 PMID: 10898424

Irazola VE, Gutierrez L, Bloomfield G, Carrillo-Larco RM, Dorairaj P, Gaziano T, et al. Hypertension
Prevalence, Awareness, Treatment, and Control in Selected LMIC Communities Results from the
NHLBI/UHG Network of Centers of Excellence for Chronic Diseases. Global Heart. 2016; 11(1):47-59.
https://doi.org/10.1016/j.gheart.2015.12.008 PMID: 27102022

Ghana Poverty Reduction Strategy 2003—-2005 [internet]. An Agenda for Growth and Prosperity Volume
I: Analysis and Policy Statement. [cited 2020 Jul 25]. https://planipolis.iiep.unesco.org/en/2003/ghana-
poverty-reduction-strategy-2003-2005-agenda-growth-and-prosperity-volume-1-analysis-and

Growth and Poverty Reduction Strategy (GPRS I1) (2006—2009) [internet]. National Development Plan-
ning Commission, 2005 Nov. [cited 2020 Jul 25]. https://planipolis.iiep.unesco.org/en/2005/ghana-
growth-and-poverty-reduction-strategy-gprs-ii-2006-2009-3756

National Development Planning Commission (NDPC)[internet]. Medium-Term National Development
Policy Framework: Ghana Shared Growth and Development Agenda, 20102013 Volume I: Policy
Framework Government of Ghana. National Development Planning Commission. 2010 [cited 2020 Mar
10]. http://planipolis.iiep.unesco.org/upload/Ghana/Ghana_GSGDA_2010_2013_Voll.-pdf.
publications/2014%20GDHS%20%20Report.pdf. Accessed 10/03/2020 2014 [

De-Graft Aikins A, Kushitor M, Koram K, Gyamfi S, Ogedegbe G. Chronic non- communicable diseases
and the challenge of universal health coverage: Insights from community-based cardiovascular disease
research in urban poor communities in Accra, Ghana. BMC Public Health. 2014; 14(SUPPL. 2). https://
doi.org/10.1186/1471-2458-14-S2-S3 PMID: 25082497

Nyonator FK, Phillips JF, Jones TC, Miller RA. The Ghana community-based health and planning ser-
vices initiative for scaling up service delivery innovation. Health Policy Plan. 2005; 20:25-30 https://doi.
org/10.1093/heapol/czi003 PMID: 15689427

Ministry of Health, Ghana. Regenerative health and nutrition training of trainers; facilitators guide. Min-
istry of Health, Ghana. 2008.

lorga A, Cunningham CM, Moazeni S, Ruffenach G, Umar S, Eghbali M. The protective role of estrogen
and estrogen receptors in cardiovascular disease and the controversial use of estrogen therapy. Biol
Sex Differ 2017; 8:33. https://doi.org/10.1186/s13293-017-0152-8 PMID: 29065927

Hay M. Sex, the brain and hypertension: brain oestrogen receptors and high blood pressure risk factors.
Clin Sci 2016; 130:9-18.

Abramson BL, Melvin RG. Cardiovascular risk in women: focus on hypertension. Can J Cardiol 2014;
30:553-9. https://doi.org/10.1016/j.cjca.2014.02.014 PMID: 24786446

Coutinho T. Arterial stiffness and its clinical implications in women. Can J Cardiol 2014; 30:756—64.
https://doi.org/10.1016/j.cjca.2014.03.020 PMID: 24970788

Coutinho T, Yam Y, Chow BJW, Dwivedi G, Inacio J. Sex differences in associations of arterial compli-
ance with coronary artery plaque and calcification burden. J Am Heart Association 2017; 6. https://doi.
org/10.1161/JAHA.117.006079 PMID: 28862955

Muiesan ML, Salvetti M, Rosei CA, Paini A. Gender differences in antihypertensive treatment: myths or
legends? High Blood Press Cardiovasc Prev 2016; 23:105—-13. https://doi.org/10.1007/s40292-016-
0148-1 PMID: 27106810

PLOS ONE | https://doi.org/10.1371/journal.pone.0244807 January 8, 2021 16/18


https://doi.org/10.1016/s0735-1097%2899%2900586-0
https://doi.org/10.1016/s0735-1097%2899%2900586-0
http://www.ncbi.nlm.nih.gov/pubmed/10716470
https://doi.org/10.1016/s0140-6736%2894%2991459-1
http://www.ncbi.nlm.nih.gov/pubmed/7906758
https://doi.org/10.1161/HYPERTENSIONAHA.117.09402
https://doi.org/10.1161/HYPERTENSIONAHA.117.09402
http://www.ncbi.nlm.nih.gov/pubmed/28607128
https://doi.org/10.1161/CIRCULATIONAHA.106.674143
https://doi.org/10.1161/CIRCULATIONAHA.106.674143
http://www.ncbi.nlm.nih.gov/pubmed/17502571
https://doi.org/10.1016/s0735-1097%2800%2900687-2
https://doi.org/10.1016/s0735-1097%2800%2900687-2
http://www.ncbi.nlm.nih.gov/pubmed/10898424
https://doi.org/10.1016/j.gheart.2015.12.008
http://www.ncbi.nlm.nih.gov/pubmed/27102022
https://planipolis.iiep.unesco.org/en/2003/ghana-poverty-reduction-strategy-2003-2005-agenda-growth-and-prosperity-volume-1-analysis-and
https://planipolis.iiep.unesco.org/en/2003/ghana-poverty-reduction-strategy-2003-2005-agenda-growth-and-prosperity-volume-1-analysis-and
https://planipolis.iiep.unesco.org/en/2005/ghana-growth-and-poverty-reduction-strategy-gprs-ii-2006-2009-3756
https://planipolis.iiep.unesco.org/en/2005/ghana-growth-and-poverty-reduction-strategy-gprs-ii-2006-2009-3756
http://planipolis.iiep.unesco.org/upload/Ghana/Ghana_GSGDA_2010_2013_VolI.-pdf.publications/2014%20GDHS%20%20Report.pdf
http://planipolis.iiep.unesco.org/upload/Ghana/Ghana_GSGDA_2010_2013_VolI.-pdf.publications/2014%20GDHS%20%20Report.pdf
https://doi.org/10.1186/1471-2458-14-S2-S3
https://doi.org/10.1186/1471-2458-14-S2-S3
http://www.ncbi.nlm.nih.gov/pubmed/25082497
https://doi.org/10.1093/heapol/czi003
https://doi.org/10.1093/heapol/czi003
http://www.ncbi.nlm.nih.gov/pubmed/15689427
https://doi.org/10.1186/s13293-017-0152-8
http://www.ncbi.nlm.nih.gov/pubmed/29065927
https://doi.org/10.1016/j.cjca.2014.02.014
http://www.ncbi.nlm.nih.gov/pubmed/24786446
https://doi.org/10.1016/j.cjca.2014.03.020
http://www.ncbi.nlm.nih.gov/pubmed/24970788
https://doi.org/10.1161/JAHA.117.006079
https://doi.org/10.1161/JAHA.117.006079
http://www.ncbi.nlm.nih.gov/pubmed/28862955
https://doi.org/10.1007/s40292-016-0148-1
https://doi.org/10.1007/s40292-016-0148-1
http://www.ncbi.nlm.nih.gov/pubmed/27106810
https://doi.org/10.1371/journal.pone.0244807

PLOS ONE

Determinants of blood pressure change

72.

73.
74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

Baksi AJ, Treibel TA, Davies JE, Hadjiloizou N, Foale RA, Parker KH, et al. A meta-analysis of the
mechanism of blood pressure change with aging. J Am Coll Cardiol. 2009; 54:2087 https://doi.org/10.
1016/j.jacc.2009.06.049 PMID: 19926018

Finch C. The Biology of Human Longevity. San Diego, CA: Academic Press; 2007.

Ghana Statistical Service/Ghana Health Service. Ghana Demographic and Health Survey 2014. Accra:
Ghana Health Service, 2015.

Cappuccio FP, Micah FB, Emmett L, Kerry SM, Antwi S, Martin-Peprah R, et al. Prevalence, Detection,
Management, and Control of Hypertension in Ashanti, West Africa. Hypertension. 2004; 43(5):1017—
22. https://doi.org/10.1161/01.HYP.0000126176.03319.d8 PMID: 15037552

Agyemang C. Rural and urban differences in blood pressure and hypertension in Ghana, West Africa.
Public Health. 2006; 120(6):525-33. https://doi.org/10.1016/j.puhe.2006.02.002 PMID: 16684547

Kavishe B, Biraro S, Baisley K, Vanobberghen F, Kapiga S, Munderi P, et al.: High prevalence of hyper-
tension and of risk factors for non-communicable diseases (NCDs): A population based cross-sectional
survey of NCDS and HIV infection in Northwestern Tanzania and Southern Uganda. BMC Medicine
2015, 13(1). https://doi.org/10.1186/s12916-015-0357-9 PMID: 26021319

Oladapo OO, Salako L, Sodiq O, Shoyinka K, Adedapo K, Falase AQO: A prevalence of cardiometabolic
risk factors among a rural Yoruba south-western Nigerian population: A population-based survey. Car-
diovascular Journal of Africa 2010, 21(1):26-31. PMID: 20224842

Commodore-Mensah Y, Samuel LJ, Dennison-Himmelfarb CR, Agyemang C: Hypertension and over-
weight/obesity in Ghanaians and Nigerians living in West Africa and industrialized countries: A system-
atic review. Journal of Hypertension 2014, 32(3):464—472. https://doi.org/10.1097/HJH.
0000000000000061 PMID: 24445390

Chase NL, Sui X, Lee DC, Blair SN: The association of cardiorespiratory fitness and physical activity
with incidence of hypertension in men. American Journal of Hypertension 2009, 22(4):417—-424. https://
doi.org/10.1038/ajh.2009.6 PMID: 19197248

Carnethon MR, Evans NS, Church TS, Lewis CE, Schreiner PJ, Jacobs DR, et al.: Joint associations of
physical activity and aerobic fitness on the development of incident hypertension: Coronary artery risk
development in young adults. Hypertension 2010, 56(1):49-55. https://doi.org/10.1161/
HYPERTENSIONAHA.109.147603 PMID: 20516395

Pescatello LS: Exercise and hypertension: Recent advances in exercise prescription. Curr Hypertens
Rep 2005, 7:281-286. https://doi.org/10.1007/s11906-005-0026-z PMID: 16061047

Ash G, Eicher JD, Pescatello LS: The promises and challenges of the use of genomics in the prescrip-
tion of exercise for hypertension: the 2013 update. Hypertens Rev 2013, 9:130-147. https://doi.org/10.
2174/15734021113099990010 PMID: 23971695

Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA. Gender differences in the utilization of health
care services. J Fam Pract. 2000 Feb; 49(2):147-52. PMID: 10718692

Courtenay WH: Engendering health: A social constructionist examination of men’s health beliefs and
behaviors. Psychology of Men & Masculinity 2000, 1(1):4-15.

Addis ME. Men, masculinity, and the contexts of help seeking. Am Psychol 2003, 58(1):5-14. https:/
doi.org/10.1037/0003-066x.58.1.5 PMID: 12674814

Forman JP, Stampfer MJ, Curhan GC. Diet and lifestyle risk factors associated with incident hyperten-
sion in women. JAMA—Journal of the American Medical Association. 2009; 302(4):401—11. https://doi.
org/10.1001/jama.2009.1060 PMID: 19622819

Saydah S, Cheng Y, Ali MK, Gregg EW, Geiss L, Imperatore G. Trends in cardiovascular disease risk
factors by obesity level in adults in the United States, NHANES 1999—2010. Obesity. 2014; 22(8):1888—
95. https://doi.org/10.1002/0by.20761 PMID: 24733690

UNICEF. Improving child nutrition: The achievable imperative for global progress. New York: UNICEF;
2013.

Maahs DM, Kinney GL, Wadwa P, Snell-Bergeon JK, Dabelea D, Hokanson J, et al.: Hypertension
prevalence, awareness, treatment, and control in an adult type 1 diabetes population and a comparable
general population. Diabetes Care 2005, 28(2):301-306. https://doi.org/10.2337/diacare.28.2.301
PMID: 15677783

Kim MJ, Lim NK, Choi SJ, Park HY: Hypertension is an independent risk factor for type 2 diabetes: The
Korean genome and epidemiology study. Hypertension Research 2015, 38(11):783-789. https://doi.
org/10.1038/hr.2015.72 PMID: 26178151

Tiptaradol S, Aekplakorn W: Prevalence, awareness, treatment and control of coexistence of diabetes
and hypertension in Thai population. International Journal of Hypertension 2012, 2012.

PLOS ONE | https://doi.org/10.1371/journal.pone.0244807 January 8, 2021 17/18


https://doi.org/10.1016/j.jacc.2009.06.049
https://doi.org/10.1016/j.jacc.2009.06.049
http://www.ncbi.nlm.nih.gov/pubmed/19926018
https://doi.org/10.1161/01.HYP.0000126176.03319.d8
http://www.ncbi.nlm.nih.gov/pubmed/15037552
https://doi.org/10.1016/j.puhe.2006.02.002
http://www.ncbi.nlm.nih.gov/pubmed/16684547
https://doi.org/10.1186/s12916-015-0357-9
http://www.ncbi.nlm.nih.gov/pubmed/26021319
http://www.ncbi.nlm.nih.gov/pubmed/20224842
https://doi.org/10.1097/HJH.0000000000000061
https://doi.org/10.1097/HJH.0000000000000061
http://www.ncbi.nlm.nih.gov/pubmed/24445390
https://doi.org/10.1038/ajh.2009.6
https://doi.org/10.1038/ajh.2009.6
http://www.ncbi.nlm.nih.gov/pubmed/19197248
https://doi.org/10.1161/HYPERTENSIONAHA.109.147603
https://doi.org/10.1161/HYPERTENSIONAHA.109.147603
http://www.ncbi.nlm.nih.gov/pubmed/20516395
https://doi.org/10.1007/s11906-005-0026-z
http://www.ncbi.nlm.nih.gov/pubmed/16061047
https://doi.org/10.2174/15734021113099990010
https://doi.org/10.2174/15734021113099990010
http://www.ncbi.nlm.nih.gov/pubmed/23971695
http://www.ncbi.nlm.nih.gov/pubmed/10718692
https://doi.org/10.1037/0003-066x.58.1.5
https://doi.org/10.1037/0003-066x.58.1.5
http://www.ncbi.nlm.nih.gov/pubmed/12674814
https://doi.org/10.1001/jama.2009.1060
https://doi.org/10.1001/jama.2009.1060
http://www.ncbi.nlm.nih.gov/pubmed/19622819
https://doi.org/10.1002/oby.20761
http://www.ncbi.nlm.nih.gov/pubmed/24733690
https://doi.org/10.2337/diacare.28.2.301
http://www.ncbi.nlm.nih.gov/pubmed/15677783
https://doi.org/10.1038/hr.2015.72
https://doi.org/10.1038/hr.2015.72
http://www.ncbi.nlm.nih.gov/pubmed/26178151
https://doi.org/10.1371/journal.pone.0244807

PLOS ONE

Determinants of blood pressure change

93.

94.

95.

96.

97.

98.

Ghana News Agency. Kumasi introduces market clinics to control hypertension and diabetes. Cited 14/
04/2020. http://ghananewsagency.org/health/kumasi-introduces-market-clinics-to-control-
hypertension-and-diabetes-85148.

National Health Insurance Authority. National Health Insurance Scheme. Cited 2020 Mar 04. http://
www.nhis.gov.gh/nhia.aspx. Accessed 3/12/18.

Witter S. Something old or something new? Social health insurance in Ghana. BMC International Health
and Human Rights. 2009; 9(20). https://doi.org/10.1186/1472-698X-9-20 PMID: 19715583

Health Systems 20/20 Project and Research and Development Division of the Ghana Health Service.
An evaluation of the effects of the National Health Insurance Scheme in Ghana. Bethesda, Maryland:
Health Systems 20/20 project, Abt Associates Inc; 2009.

National Health Insurance Authority, Ghana. National health insurance authority annual report 2011.
2012[2018 Dec 01]. http://www.nhis.gov.gh/_-Uploads/dbsAttachedFiles/23%281%29.pdf.

Wang H, Otoo N, Dsane-Selby L. Ghana National Health Insurance Scheme: Improving financial sus-
tainability based on expenditure review. A World Bank study Washington, D.C.: World Bank Group;
2017.

PLOS ONE | https://doi.org/10.1371/journal.pone.0244807 January 8, 2021 18/18


http://ghananewsagency.org/health/kumasi-introduces-market-clinics-to-control-hypertension-and-diabetes-85148
http://ghananewsagency.org/health/kumasi-introduces-market-clinics-to-control-hypertension-and-diabetes-85148
http://www.nhis.gov.gh/nhia.aspx
http://www.nhis.gov.gh/nhia.aspx
https://doi.org/10.1186/1472-698X-9-20
http://www.ncbi.nlm.nih.gov/pubmed/19715583
http://www.nhis.gov.gh/_-Uploads/dbsAttachedFiles/23%281%29.pdf
https://doi.org/10.1371/journal.pone.0244807

