@ PLOS|ONE

Check for
updates

G OPEN ACCESS

Citation: Wamba AA, Takah NF, Johnman C (2019)
The impact of interventions for the primary
prevention of hypertension in Sub-Saharan Africa:
A systematic review and meta-analysis. PLoS ONE
14(7): €0219623. https://doi.org/10.1371/journal.
pone.0219623

Editor: Wisit Cheungpasitporn, University of
Mississippi Medical Genter, UNITED STATES

Received: March 13,2019
Accepted: June 27,2019
Published: July 19, 2019

Copyright: © 2019 Wamba et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All data are contained
within the manuscript and supporting information
files. Also https://osf.io/hvg7q/.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

The impact of interventions for the primary
prevention of hypertension in Sub-Saharan
Africa: A systematic review and meta-analysis

Akosua A. Wamba®'*, Noah F. Takah2, Cathy Johnman®

1 Emergency Department, Korle-Bu Teaching Hospital, Accra, Ghana, 2 Clinical Research Department,
Faculty of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, London,
United Kingdom, 3 Institute of Health and Well-being, University of Glasgow, Glasgow, United Kingdom

* akoskelly @yahoo.com

Abstract

Background

The prevalence of hypertension is highest in the African Region with 46% of adults aged 25
and above diagnosed with hypertension, while the lowest prevalence of 35% is found in the
Americas. There is sparse evidence on the approaches used to prevent hypertension in
Sub-Saharan Africa and the effectiveness of these approaches. It is therefore imperative
that a systematic review; which synthesises all the available evidence on the approaches
and their impact is conducted to inform public health policy and practice.

Objective

To synthesise evidence on the interventions used for the primary prevention of hypertension
in Sub-Saharan Africa and to evaluate the effectiveness of these interventions in reducing
blood pressure, hypertension prevalence and the risk factors for hypertension.

Methods and results

This systematic review was reported per the Preferred Reporting ltems for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. Bibliographic databases were searched
on the 4"-17"" of January 2018 from 1970 to January 2018 and on the 5™ of May 2019 from
1970 to May 2019, for studies focusing on the primary prevention of hypertension in commu-
nities in Sub-Saharan Africa. A narrative synthesis was conducted based on study interven-
tions and outcomes. Also, a meta-analysis was carried out using pooled mean differences;
using a random effects model of generic inverse variance option in RevMan. A total of 854
studies were identified after deduplication, with thirteen studies meeting the inclusion crite-
ria. Six studies with varying interventions and methodologies observed a significant pooled
reduction in systolic blood pressure of -3.3mmHg (95%CI -4.64 to -1.96) and a reduction of
-2.26mmHg (95%Cl -6.36 to 1.85) in diastolic blood pressure, which was not statistically sig-
nificant (p = 0.28). Also, moderate to significant heterogeneity was observed (I? = 68% and
99%) for the systolic and diastolic blood pressure respectively. Intervention and study
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design accounted for 100% heterogeneity for both systolic and diastolic blood pressure
(** =100%).

Conclusion

Health promotion and interventions targeting various risk factors of hypertension and, salt
consumption restriction interventions have been employed in Sub-Saharan Africa with vary-
ing levels of success. We recommend that higher quality studies and a meta-analysis are
needed to evaluate the impact of these interventions and to inform public health policy and
practice.

Introduction

The WHO STEPS survey conducted between 2003 and 2009 in 20 African countries reported
high rates of hypertension, with prevalence by sex ranging from 15% to 45% and higher rates
of hypertension observed in men compared to women [1]. Similarly, another study estimated
the prevalence of hypertension to range from 19.3% in Eritrea to 39.6% in Seychelles [2]. A sys-
tematic review [3] was unable to estimate the overall prevalence due to high study heterogene-
ity but found that hypertension detection was low and ranged from 11% to 44%. Hypertension
was also found to be higher in urban areas compared to rural areas [3]. Despite the progress
that has been made in recent years in the prevention of hypertension globally, it still is an
important public health challenge especially in SSA due to an increase in unhealthy behav-
iours, poor health systems, and urbanisation [4]. Many studies have been published on the
prevalence, detection, and control of hypertension in SSA, but little is known about the status
of hypertension prevention in the region. Moreover, sparse evidence is available for informed
policy decisions [5].

Several systematic reviews and meta-analyses evaluating the effect of specific interventions
have been conducted, but none of them has evaluated all the interventions for the primary
prevention of hypertension employed in SSA. For instance, a systematic review and meta-
analysis [6] of 24 RCTs involving 23,858 participants, on the effects of dietary interventions
on blood pressure calculated a pooled overall reduction of -3.07mmHg (95% CI -3.85 to
-2.30) in SBP and -1.81 (95% CI -2.24 to -1.38) in DBP. However, the study did not include
trials conducted in SSA and only focused on dietary intervention trials. Similarly, another
systematic review [7] evaluated the effect of behavioural counselling interventions promoting
physical activity on CVD. They estimated that high-intensity dietary counselling, with or
without, physical activity resulted in a -1.5 (95% CI -0.9 to -2.1) decrease in SBP and a -0.7
(95% CI -0.6 to -0.9) decrease in SBP. The study is limited because only 13 out of 102 RCTs
were judged to be of good quality. Also, many of the reviewed trials had high attrition rates
and short follow—up periods making the study susceptible to selection bias, attrition bias and
systematic errors [7]. Furthermore, a Cochrane review [8] on population-level interventions
in government jurisdictions for dietary sodium reduction identified 15 national initiatives,
including more than 260,000 people. However, the study only included high and upper- mid-
dle income countries. Also, a pooled estimate could not be calculated due to high heterogene-
ity (I > 90%).

It must be acknowledged that two systematic reviews conducted in SSA were identified [9,
10]. However, one of them focused only on salt reduction interventions implemented in SSA,

PLOS ONE | https://doi.org/10.1371/journal.pone.0219623 July 19, 2019 2/16


https://doi.org/10.1371/journal.pone.0219623

@ PLOS|ONE

Hypertension prevention in Sub-Saharan Africa

with most of the studies targeting hypertensive individuals [9]; making it difficult to evaluate
the effect of the interventions on the primary prevention of hypertension. Also, the second sys-
tematic review [10] focused on the prevention of ischaemic heart disease but did not include
important interventions relevant for hypertension prevention such as sodium restriction. Fur-
thermore, it included individual-level interventions, the search was limited to 2015 and it is
unclear if they had language restrictions. Also, a meta-analysis could not be conducted due to
heterogeneity [10]. Lastly, it has been reported that some interventions for the primary preven-
tion of hypertension; which have been successful in higher income countries, may be less effec-
tive in Lower Middle-income countries (LMIC). Socio-cultural differences, poor access to
health care, rural/urban disparities, a high burden of communicable diseases, inadequate staff
numbers and lower per capita income have been implicated, which may hamper the imple-
mentation of interventions [9, 11-15].

Therefore, a systematic review and meta-analysis assessing all available hypertension pri-
mary prevention interventions implemented in SSA, and measuring their effectiveness in
reducing blood pressure, hypertension prevalence or key risk factors of hypertension, is neces-
sary to inform policy and public health practice in the region.

Methods

This systematic review was performed and reported per the Preferred Reporting Items for sys-
tematic review and meta-analysis protocols (PRISMA-P) guideline and checklist [16], see S1
Checklist. Also, the study has been registered, with PROSPERO—registration number
CRD42018091422.

We performed a search in the Ovid Medline, Ovid Embase, Cochrane and Web of Science
databases from January 1970 to May 2019. The search was conducted from the 4 to the 17
of January 2018 and on the 5™ of May 2019, using comprehensive search terms containing rel-
evant keywords and mesh terms available as supplementary documents (S1 and S2 Appendi-
ces). References and grey literature were hand searched for relevant articles and authors
contacted for additional information where necessary.

Our inclusion criteria included studies conducted in communities, whole or high-risk pop-
ulations of Sub-Saharan Africa, irrespective of language of publication and study design. Any
intervention recommended for the primary prevention of hypertension or targeting the risk
factors of hypertension, as contained in widely used guidelines was included in the study. Also,
we included studies with blood pressure, hypertension prevalence and urinary sodium excre-
tion outcome measurements.

Studies which were not conducted in at least one Sub-Saharan African country or con-
ducted on solely hypertensive patients in health facilities were excluded, since our focus was
on the primary prevention of hypertension. In addition, we excluded conference abstracts, edi-
torials and correspondence as it was unlikely, they held enough information relevant to the
study. It has been reported that less than half of all studies, and about 60% of RCTs, initially
presented as summaries or abstracts at conferences are subsequently published as peer-
reviewed journal articles [17]. Systematic reviews were not included in the study, but relevant
studies included in the reviews were extracted and assessed. Finally, studies that did not report
outcomes were excluded from the study since they did not have enough information for evalu-
ation. Selection of articles for inclusion was carried out by two researchers. Disagreements on
article selection were settled after discussion between A.W and T.N. However, C.] was con-
sulted if an agreement could not be reached between A.W and T.N. The level of agreement
between the two researchers, kappa, was calculated using Excel and was found to be 0.76,
which shows a substantial agreement between researchers [18].
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Data extraction

The extraction form was developed using forms used by similar systematic reviews as a refer-
ence and had the following headings: author, year, study design, study setting, sample size,
intervention, blinding, follow-up period, the control group, population under study and study
outcomes. The study outcomes mentioned in the eligibility criteria were eligible for extraction.
When two blood pressure readings were reported for two separate devices, an average of the
readings was extracted. Also, mean differences of continuous variables were retrieved with or
without a measure of dispersion, such as standard deviation or confidence intervals. One
reviewer extracted data which was cross-checked by another researcher.

Quality assessment

The Cochrane tool for assessing risk of bias [19] was used to critically appraise the randomised
controlled trials while the National Heart Lung and Blood Institute (NHLBI) tool was used to
assess observational and quasi-experimental studies [20], see S1 and S2 Files. The risk of bias
was assessed at the study level, and all studies were included irrespective of study quality due
to the limited number of studies retrieved from the search.

Data analysis

A meta-analysis was conducted on six articles deemed homogenous enough to be included in
the analysis. Only blood pressure mean difference effect sizes were used, also, systolic and dia-
stolic blood pressure was analysed separately. For each trial, we also calculated the variance of
the treatment effect for outcomes. We used funnel plots and Egger’s test [21] to detect the pres-
ence of publication bias. The analysis was conducted using the random effects model of the
generic inverse variance method (GIVM) available in the review manager (RevMan) [22]. This
method was chosen because effect sizes for treatment and control groups were reported jointly
instead of separately. Heterogeneity amongst studies was measured using the I statistic, which
does not inherently depend upon the number of studies considered, with values of 25%, 50%,
and 75% taken to indicate low, moderate, and high levels of heterogeneity, respectively.

Potential sources of heterogeneity were further investigated by meta-regression using
Robumeta package in R [23], with moderators suspected to be responsible for heterogeneity in
the model explored. The analysis was weighted by the inverse variance of the effect size and
the likelihood measures method employed.

Results
Study selection

Fig 1 shows the number of studies assessed and excluded through the stages of our review and
meta-analysis. A total of 13 papers met our inclusion criteria and were included in the review.
However, only six papers were deemed homogenous enough to be included in the meta-
analysis.

Study characteristics

The articles reviewed included, two RCTs, five quasi-experimental studies and six cross-sec-
tional studies, with follow-up periods ranging from 5 days to 5.5 years. In addition, sample
sizes ranged from 30 to 559,834 individuals, representing six countries namely: Ghana, Nige-
ria, South-Africa, Kenya, Tanzania and Mauritius. The interventions employed included, salt
restriction or limitation, health promotion, physical activity and healthy food price reduction.
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Fig 1. PRISMA study selection flow diagram [16].
https://doi.org/10.1371/journal.pone.0219623.9001
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Also, all the studies involved whole populations or communities except for two studies which

targeted high-risk individuals, see Table 1.
The RCT papers were observed to have a moderate risk of bias while three observational

studies were judged to be fair quality, two of good quality and one of poor quality. In addition,
two of the quasi-experimental studies were of good quality, while two were of poor quality and
one was fair (see S1 File, Risk of bias observational studies, and S2 File, Risk of bias RCT).
Effect of interventions aimed at limiting salt intake on blood pressure. Wentzel-Viljoen
et al [37] evaluated a mass media campaign aimed at reducing discretionary salt intake in
South-Africa after 1 year and observed a significant increase in the proportion of participants
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Table 1. Study characteristics.

Number | First Author

10

11

12

13

Ruopeng et al [24]

Forrester et al. [25]

Cappuccio et al [26]
Rossouw et al [27]
Dowse et al [28]
Tagoe et al [29]
Wentzel-Viljoen
etal [30]
Adeyemo et al [31]
Marfo et al [32]
Van de Vijver et al
(33]

Dickie [34]

Pouane [35]

Mtabaji [36]

Year

2013

2005
2006

1993

1995

2011

2017

2015

2016

2016

2014

2006

1990

Study design 1 Design 2 Sample Intervention Blinding | Follow-up | Control Country
size group
Cross-sectional | Longitudinal 559,834 Food price NA 2 years NO South-
reduction Africa
Randomised trial | Cross-over 58 Salt reduction NO 4weeks | YES Nigeria
Randomised trial | Cluster 1013 Salt reduction YES 3,6 Yes Ghana
months
Quasi NA 6793 Health promotion | NO 4years YES South-
experimental (HP) Africa
Cross-sectional | Repeat cross- 6381 HP NO Syears NO Mauritius
sectional
Cross-section al | Repeat cross- 13357 HP NO 5 years NO Ghana
sectional
Cross-sectional | Longitudinal 550 HP NO 1 year NO South-
Africa
Quasi NA 82 Salt reduction NO 2weeks | NO Nigeria
experimental
Quasi NA 170 HP/screening NO 6months | NO Ghana
experimental
Cross-sectional | Repeat cross- 3,220 HP NO l.6years | YES Kenya
sectional
Cross-sectional | Longitudinal 240 Physical activity NO 5.5years | YES South-
Africa
Quasi NA 76 HP NO 2 years NO South-
experimental Africa
Quasi NA 30 Salt reduction NO 5 days NO Tanzania
experimental

https://doi.org/10.1371/journal.pone.0219623.t001

who had taken steps to reduce dietary salt consumption (p<0.001). On the other hand, two
studies carried out cross-over RCTs limiting salt intake and observed significant reductions in

mean SBP. Similarly, a quasi-experimental study recorded a significant reduction in mean
arterial pressure (MAP) during the low salt phase, while a cluster RCT by Cappuccio et al [26]

found a significant reduction in DBP in the intervention group compared to the control group
at six months but observed no significant change in blood pressure at three months (as seen in
Fig 2).

Effect of health promotion interventions on blood pressure. Two papers [27, 38] evalu-
ated the use of health promotion using mass media campaigns in addition to health education
and counselling for high-risk individuals with conflicting results. One of them observed a sig-
nificant decrease in SBP and DBP four years after the campaign, while the other found no sig-
nificant change in both SBP and DBP 18 months after the intervention. However, a similar
study conducted in Mauritius [28] observed a decrease in hypertension prevalence in both
sexes after five years, hypertension prevalence in men, -2.9%mmHg (95% CI -4.7%mmHg to
-1.1%mmHg), hypertension prevalence in women, -1.5%mmHg (95%CI -3%mmHg to 0%
mmHg).

Effect of physical activity on blood pressure. Dickie et al [34] measured the difference in
blood pressure between physically active and inactive groups at baseline and after five years.
They observed a significant reduction in diastolic blood pressure in the active group compared
to the inactive group. Similarly, Pouane et al [35] evaluated the effect of a health club on blood
pressure and found an increase in mean SBP. However, it should be noted that the study was
of poor quality.
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Fig 2. Forest plot showing the effect of study interventions on systolic and diastolic blood pressure.

https://doi.org/10.1371/journal.pone.0219623.9002

Effect of health promotion on risk factors of hypertension. One study compared two
different national surveys conducted five years apart [29], to assess the impact of a mass media,
health promotion campaign. However, the study may be underpowered because of a small
joint sample size of 13,357, which appears too small for two national surveys in a country with
a population of 28 million. Nevertheless, the study reported an increase in the proportion of
respondents consuming 1-4 servings of fruit and vegetables daily but noted a decrease in the
number of participants consuming more than five servings of fruit and vegetables daily, within
the study period. In comparison, the second study [32] was a health promotion study using
community pharmacies and targeted high-risk individuals as previously mentioned. There
was a significant decrease in the number of obese participants (p = 0.008). In addition, physical
activity increased (p = 0.012), salt intake also decreased (0.002). However, only 28 participants
in this category were evaluated. Moreover, salt intake was self-reported as opposed to a
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validated questionnaire or urine sodium excretion which are more accurate and reliable mea-
sures of salt consumption.

Only one study investigated the effect of food price reduction on healthy eating [24].
Repeated surveys of about 350,000 participants who had received 10% or 25% discounts were
carried out. A 10% and 25% discount on healthy food purchases was associated with an increase
in daily fruits and vegetable consumption by 0.38 (95% CI: 0.37-0.39) and 0.64 (95% CI: 0.62-
0.65) servings, respectively. Also, individuals receiving a 10% and 25% discount were more
likely to have three or more servings of wholegrain foods on a daily basis with an odds ratio
(OR) 0f 2.05 (95% CI: 1.97-2.13) and 2.96 (95% CI: 2.84-3.08) respectively, but less likely to reg-
ularly have foods high in sugar with an OR of 0.73 (95% CI: 0.69-0.76) and 0.35 (95% CI: 0.34-
0.37), foods high in salt with an OR of 0.59 (95% CI: 0.55-0.62) and 0.26 (95% CI: 0.25-0.28).

Meta-analysis

Fig 2 represents forest plots summarising the effects of 6 studies on systolic and diastolic blood
pressure. A statistically significant overall reduction in SBP was observed, -3.3 (95% CI -4.64 to
-1.96 mmHg). On the other hand, the overall reduction in DBP was -2.26 (95% CI -6.36 to
1.85 mmHg) and was not statistically significant. However, as expected there was a significant
amount of heterogeneity among the studies which was statistically significant, with (I* = 68%)
for the pooled estimate of SBP and (I = 99%) for the DBP pooled estimate, with p <0.001 for
both estimates. Hence, our results should be interpreted with caution, since the changes in
blood pressure may be explained by heterogeneity and not by chance. Plots showing the
change in blood pressure by study design can be seen in Fig 3.

Sources of heterogeneity. Table 2 summarises the results of a meta-regression analysis
conducted in Robumeta to explore sources of heterogeneity. Study design and Intervention
type were explored since they were thought to account for most of the heterogeneity observed
in the meta-analysis. Study design and Intervention used were observed to account for 100%
of the variation (R* = 100%), for both systolic and diastolic blood pressure respectively. The
RCT study designs were observed to increase SBP by 5.07mmHg (95% CI 0.82mmHG to
9.32mmHg) compared to observational studies, while quasi-experimental studies showed no
significant change in SBP compared to observational studies -2.27mmHg (95%CI -5.05mmHg
to 0.51mmHg). Also, a physical activity intervention reduced SBP by -3.68mmHg (95%CI
-5.86mmHg to -1.50mmHg) compared to health promotion interventions, while salt interven-
tions reduced SBP by -3.03mmHg (95%CI -6.05mmHg to -0.20mmHg) compared to health
promotion interventions. The Anova test of moderators was significant with p<0.001. For
DBP, quasi-experimental studies led to a significant reduction in DBP -4.61mmHg (95%CI
-6.36mmHg to -2.87mmHg) compared to observational studies, while RCT resulted in a
reduction of -2.23mmHg (95%CI -5.15mmHg to 0.70mmHg). Similarly, a physical activity
intervention reduced DBP by -9.10mmHg (95%CI -10.47mmHg to -7.71mmHg) compared to
health promotion interventions, with salt interventions increasing DBP by 1.75mmHg (95%CI
-0.43mmHg to 3.93mmHg) compared to health promotion interventions. However, the statis-
tical power for testing heterogeneity may not be sufficient because only six papers were
included in this meta-analysis and regression.

Publication bias

We created funnel plots by plotting the treatment effect against the standard error of the treat-
ment effect (see Figs 4 and 5). For DBP and SBP, the funnel plot was symmetrical around the
mean effect size line. Also, Egger’s test for funnel plot asymmetry was calculated, with p = 0.27
for SBP and 0.02 for DBP; this suggests the presence of bias in the DBP plot since 0.02 is
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Fig 3. Forest plot showing changes in blood pressure by study design.

https://doi.org/10.1371/journal.pone.0219623.9003

statistically significant. However, we assessed for funnel plot asymmetry using less than the

recommended 10 studies necessary to give the tests sufficient power. Hence, these findings

may not be accurate [39].

Discussion

Salt limiting interventions

Our review and meta-analysis show that interventions aimed at limiting salt intake reduced
the intake of salt leading to a decrease in SBP, DBP or both. Also, the meta-regression showed
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Table 2. Meta-regression analysis of study characteristics on average net reduction in blood pressure.

SBP (R* = 100%)

Characteristics Estimate
Intercept -0.32
Quasi-experimental study -2.27
RCT 5.07
Physical activity intervention -3.68
Salt intervention -3.03

https://doi.org/10.1371/journal.pone.0219623.t002
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DBP (R* = 100%)

SE P value LCI UCI Estimate SE P value LCI UCI
1.10 0.77 -2.48 1.84 1.09 0.7 0.12 -0.28 2.46
1.42 0.11 -5.05 0.51 -4.61 0.9 <0.001 -6.36 -2.87
2.17 0.02 0.82 9.32 -2.23 1.5 0.14 -5.15 0.70
1.11 0.009 -5.86 -1.50 -9.10 0.7 <0.001 -10.47 -7.71
1.53 0.04 -6.05 -0.02 1.75 1.1 0.12 -0.43 3.93

they were more effective in reducing blood pressure than health promotion interventions.
Decreases in SBP varied from 4 mmHg to 5.6mmHg, while DBP changed by 1.02mmHg. Also,
the changes in blood pressure were associated with a decrease in urinary sodium excretion of
between 25mmol/1/24 hour to 52mmol/l/24 hour, which is equivalent to approximately 1.5g to
3g of salt intake daily. Our results are consistent with several meta-analyses. For example, an
analysis of 78 trials [40] to determine whether reductions in blood pressure achieved in dietary
salt reduction trials was consistent with estimates derived from blood pressure and sodium
intake in measurements from different populations; found that a reduction in sodium intake
by about 50mmol/l/day (equivalent to 3g) was associated with a 5mmHg decrease in SBP, and
2.0mmHg decrease in DBP. Furthermore, a salt reduction campaign carried out in the UK in
2003 [41], led to a 15% reduction in salt intake (p<0.05) [42] with 6000 fewer deaths from car-
diovascular disease. The campaign was also found to be cost-effective, saving the UK govern-
ment an estimated 1.5 billion pounds a year [43], and has been copied by several nations [44,
45]. However, two recent papers claimed that, firstly, a lower salt intake was associated with
higher cardiovascular mortality [46] and, secondly, there was a J-shaped association between
salt intake and cardiovascular risk [47]. It should be noted that these papers have many

Funnel plot for SBP

Observed Outcome

Fig 4. Funnel plot for SBP.
https://doi.org/10.1371/journal.pone.0219623.9004
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Standard Error

Fig 5. Funnel plot for DBP.

0.81

162

Funnel plot for DBP

Observed Outcome

https://doi.org/10.1371/journal.pone.0219623.g005

methodological flaws, such as measurement error in assessing daily salt intake, confounding
factors not controlled for, and reverse causality. Many countries are adopting a policy of limit-
ing salt intake, the challenge now is encouraging low income countries to adopt this policy.

Health promotion interventions

We observed conflicting results on the effect of mass media campaigns with or without indi-
vidual counselling on lifestyle modifications and hypertension. With some studies finding sig-
nificant reductions in SBP, DBP, or hypertension prevalence and others demonstrating no
change or negative results. However, it is important to mention that there was significant het-
erogeneity in study design and target population among the studies, as well as a significant risk
of bias from the poor-quality studies. Nevertheless, health promotion interventions, many of
which include salt limiting components, have been implemented by several countries with suc-
cessful results, for example, an evaluation of one such program implemented in Indonesia and
India reported a blood pressure decline of 1-3mmHg in India, and 7-16mmHg in Indonesia
[48]. A similar intervention was implemented in a workplace and rural communities in China
[49]. Over the 9-year period of the study, greater declines in smoking and alcohol intake levels,
and blood pressure (SBP/DBP of —1.4/0.5 mmHg in men and —3.4/-1.0 mmHg in women, p<
0.001) were seen in the intervention compared to the control villages. Also, an increase in the
intake of fruits and vegetables was observed, which is similar to what was observed in our
review [49].

Finally, the use of food pricing and community resources such as community pharmacies
were other strategies we uncovered, which can also be effective tools in carrying out health
promotion, education and screening for high-risk individuals. However, there was paucity of
evidence from our review to fully support the use of these interventions.
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Physical activity

In addition, policies aimed at increasing physical activity showed some promise. Even though
we only identified one study which reported an isolated decrease in DBP [34]. A similar study
by Mcdonnell et al [50] observed a decrease in DBP in individuals aged 30 and below in both
males and females. Although, Dickie et al [34] only recruited females, both studies had similar
age distributions. However, because levels of physical activity were not assessed during the fol-
low-up period, it cannot be concluded that physical activity is associated with a decrease in
blood pressure.

Strengths

We chose to adopt a broad scope for our review question as opposed to a narrow one since we
wanted a comprehensive synthesis of evidence to inform public health policy and practice in
SSA and there was anticipation of sparse evidence. However, broad review questions are more
prone to heterogeneity, are more difficult to interpret, and may not be generalisable to other
settings or populations [51].

Four databases were searched, more than the recommended three databases recommended
by the Cochrane handbook. Also, we searched Grey literature, study references and contacted
authors for missing data, all to minimise bias. Even though we did not search all available data-
bases, we believe our search strategy was robust enough to minimise the number of articles
missed. Also, we did not limit our search by time or language which further limits the impact
of publication bias.

Furthermore, we were able to conduct a meta-analysis and explain sources of heterogeneity
using a meta-regression which similar studies conducted in Sub-Saharan Africa were unable
to accomplish.

Limitations

We were only able to include 13 studies in our review, representing 6 out of 46 countries;
which may not be fully representative of the region and may only reflect changes in the coun-
tries represented. Also, the number of studies limits the power of our study. Most of our stud-
ies were either judged to be of low or fair quality and at risk of bias. Study screening, data
extraction and quality assessment were completed by one reviewer and cross-checked by a sec-
ond reviewer. Nevertheless, the study could still be liable to reviewer bias. In addition, we were
unable to do a sub-group analysis exploring the effect of follow-up time, location and sample
size on the outcomes due to an inadequate number of studies. Even though we retrieved stud-
ies published in different languages, they did not meet our inclusion criteria. Hence, our find-
ings may not represent countries where English is not spoken. Also, our research is subject to
moderate to high levels of heterogeneity due to the interventions and study designs used in the
studies we assessed, as demonstrated in the meta-regression analysis.

Conclusion
Public health implications

The systematic review and meta-analysis in this report suggest that the rising burden of hyper-
tension in SSA with sparse, effective population-wide interventions remains a huge public
health concern in the region. We observed that a variety of community/population health pro-
motion interventions were commonly used. Several studies also sought to pilot or establish the
feasibility of salt limiting interventions. We also reported on strategies that could be effective
in high-risk individuals. Our findings suggest that salt limiting and health promotion
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interventions can be effective in modifying risk factors of hypertension, and by extension
reducing blood pressure. However, our findings must be interpreted with caution due to the
limitations previously mentioned. The majority of salt limiting interventions we identified
were achieved through health education; however, evidence suggests that comprehensive pub-
lic health programmes which combine either food reformulation, food labelling, food subsi-
dies, or taxation with health promotion/education, have been more successful than ones that
employed only consumer-led interventions (e.g. health education), and can be implemented in
SSA. However, several of the studies included in our review were at risk of bias.

Recommendations for future research

We recommend that more population-wide, high quality, representative studies need to be
conducted in more SSA countries to explore the effectiveness of the interventions we described
and to better inform public health policy and practice. Also, study outcomes need to be
reported in formats that can easily be extracted for meta-analyses. Also, should more evidence
become available, a meta-analysis will be very useful in providing a point estimate of the inter-
ventions being used.

Supporting information

S1 Checklist. Prisma checklist.
(DOC)

S1 Appendix. Ovid/Embase search strategy.
(DOCX)

$2 Appendix. Cochrane and WES search strategy.
(DOCX)

S1 File. Risk of bias observational studies.
(DOCX)

S2 File. Risk of bias RCT.
(DOCX)

Acknowledgments

The authors would like to thank the University of Glasgow for access to its facilities and elec-
tronic databases.
We would also like to thank Dr Barbara Duncan for proofreading the manuscript.

Author Contributions

Conceptualization: Akosua A. Wamba.

Data curation: Noah F. Takah.

Formal analysis: Akosua A. Wamba.
Methodology: Akosua A. Wamba, Cathy Johnman.
Software: Akosua A. Wamba.

Supervision: Cathy Johnman.

Validation: Cathy Johnman.

PLOS ONE | https://doi.org/10.1371/journal.pone.0219623 July 19, 2019 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219623.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219623.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219623.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219623.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219623.s005
https://doi.org/10.1371/journal.pone.0219623

@ PLOS|ONE

Hypertension prevention in Sub-Saharan Africa

Writing - original draft: Akosua A. Wamba.

Writing - review & editing: Akosua A. Wamba, Noah F. Takah, Cathy Johnman.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Vijver S, Owii H, Oti S, Olajide A, Charles A, Aboderin |, et al. Status report on hypertension in Africa—
Consultative review for the 6th Session of the African Union Conference of Ministers of Health on
NCD’s2013. 38 p.

Opie LH, Seedat YK. Hypertension in sub-Saharan African populations. Circulation. 2005; 112
(23):3562-8. https://doi.org/10.1161/CIRCULATIONAHA.105.539569 PMID: 16330697

Addo J, Smeeth L, Leon DA. Hypertension in sub-saharan Africa: a systematic review. Hypertension
(Dallas, Tex: 1979). 2007; 50(6):1012-8.

BeLue R, Okoror TA, Iwelunmor J, Taylor KD, Degboe AN, Agyemang C, et al. An overview of cardio-
vascular risk factor burden in sub-Saharan African countries: a socio-cultural perspective. Global
Health. 2009; 5:10. https://doi.org/10.1186/1744-8603-5-10 PMID: 19772644

Churchill LO. Epidemiology of ischaemic heart disease in sub-Saharan Africa. Cardiovasc J Afr. 2013;
24(2):34—42. https://doi.org/10.5830/CVJA-2012-071 PMID: 23612951

Gay HC, Rao SG, Vaccarino V, Ali MK. Effects of Different Dietary Interventions on Blood Pressure
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Hypertension. 2016; 67
(4):733-9. https://doi.org/10.1161/HYPERTENSIONAHA.115.06853 PMID: 26902492

Lin JS, O’Connor E, Whitlock EP, Beil TL. Behavioral Counseling to Promote Physical Activity and a
Healthful Diet to Prevent Cardiovascular Disease in Adults: A Systematic Review for the U.S. Preven-
tive Services Task Force. Annals of Internal Medicine. 2010; 153(11):736-50. https://doi.org/10.7326/
0003-4819-153-11-201012070-00007 PMID: 21135297

Barberio AM, Sumar N, Trieu K, Lorenzetti DL, Tarasuk V, Webster J, et al. Population-level interven-
tions in government jurisdictions for dietary sodium reduction: a Cochrane Review. International Journal
of Epidemiology. 2017; 46(5):1551-63. https://doi.org/10.1093/ije/dyw361 PMID: 28204481

Muthuri SK, Oti SO, Lilford RJ, Oyebode O. Salt Reduction Interventions in Sub-Saharan Africa: A Sys-
tematic Review. PLoS ONE [Electronic Resource]. 2016; 11(3):e0149680. https://doi.org/10.1371/
journal.pone.0149680 PMID: 26963805

Ebireri J, Aderemi AV, Omoregbe N, Adeloye D. Interventions addressing risk factors of ischaemic
heart disease in sub-Saharan Africa: a systematic review. Bmj Open. 2016; 6(7).

Gaziano TA. Economic burden and the cost-effectiveness of treatment of cardiovascular diseases in
Africa. Heart. 2008; 94(2):140—4. https://doi.org/10.1136/hrt.2007.128785 PMID: 18195120

Poverty, inequality and health: the challenge of the double burden of disease in a non-profit hospital in
rural Ethiopia. Trans Roy Soc Trop Med Hyg. 2009; 103(5):461-8. https://doi.org/10.1016/j.trstmh.
2008.11.027 PMID: 19157475

Iwelunmor J, Plange-Rhule J, Airhihenbuwa CO, Ezepue C, Ogedegbe O. A Narrative Synthesis of the
Health Systems Factors Influencing Optimal Hypertension Control in Sub-Saharan Africa. PLoS ONE
[Electronic Resource]. 2015; 10(7):e0130193. https://doi.org/10.1371/journal.pone.0130193 PMID:
26176223

Cardiovascular diseases and diabetes as economic and developmental challenges in Africa. Progress
in Cardiovascular Diseases. 2013; 56(3):302—13. https://doi.org/10.1016/j.pcad.2013.10.011 PMID:
24267437

Mkhonto SS, Labadarios D, Mabaso ML. Association of body weight and physical activity with blood
pressure in a rural population in the Dikgale village of Limpopo Province in South Africa. [Retraction in
BMC Res Notes. 2013; 6:422; https://doi.org/10.1186/1756-0500-6-422 PMID: 24139640]. BMC
Research Notes. 2012;5:118.

Moher D, Liberati A, Tetzlaff J, Altman DG, The PG. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLOS Medicine. 2009; 6(7):e1000097. https://doi.org/10.
1371/journal.pmed.1000097 PMID: 19621072

Scherer RW, Langenberg P, von EIm E. Full publication of results initially presented in abstracts.
Cochrane Database of Systematic Reviews. 2007(2).

McHugh ML. Interrater reliability: the kappa statistic. Biochemia medica. 2012; 22(3):276-82. PMID:
23092060

Higgins JPT SJ, Savovi¢ J, Page MJ, Hrébjartsson A, Boutron |, Reeves B, Eldridge S. A revised tool
for assessing risk of bias in randomized trials: Cochrane database os systematic reviews; 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0219623 July 19, 2019 14/16


https://doi.org/10.1161/CIRCULATIONAHA.105.539569
http://www.ncbi.nlm.nih.gov/pubmed/16330697
https://doi.org/10.1186/1744-8603-5-10
http://www.ncbi.nlm.nih.gov/pubmed/19772644
https://doi.org/10.5830/CVJA-2012-071
http://www.ncbi.nlm.nih.gov/pubmed/23612951
https://doi.org/10.1161/HYPERTENSIONAHA.115.06853
http://www.ncbi.nlm.nih.gov/pubmed/26902492
https://doi.org/10.7326/0003-4819-153-11-201012070-00007
https://doi.org/10.7326/0003-4819-153-11-201012070-00007
http://www.ncbi.nlm.nih.gov/pubmed/21135297
https://doi.org/10.1093/ije/dyw361
http://www.ncbi.nlm.nih.gov/pubmed/28204481
https://doi.org/10.1371/journal.pone.0149680
https://doi.org/10.1371/journal.pone.0149680
http://www.ncbi.nlm.nih.gov/pubmed/26963805
https://doi.org/10.1136/hrt.2007.128785
http://www.ncbi.nlm.nih.gov/pubmed/18195120
https://doi.org/10.1016/j.trstmh.2008.11.027
https://doi.org/10.1016/j.trstmh.2008.11.027
http://www.ncbi.nlm.nih.gov/pubmed/19157475
https://doi.org/10.1371/journal.pone.0130193
http://www.ncbi.nlm.nih.gov/pubmed/26176223
https://doi.org/10.1016/j.pcad.2013.10.011
http://www.ncbi.nlm.nih.gov/pubmed/24267437
https://doi.org/10.1186/1756-0500-6-422
http://www.ncbi.nlm.nih.gov/pubmed/24139640
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://www.ncbi.nlm.nih.gov/pubmed/23092060
https://doi.org/10.1371/journal.pone.0219623

@ PLOS|ONE

Hypertension prevention in Sub-Saharan Africa

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

NHLBI quality assessment tools [https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-
tools.

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test.
BMJ. 1997; 315(7109):629. https://doi.org/10.1136/bm|.315.7109.629 PMID: 9310563

Review Manager (RevMan). 5.3 ed. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collab-
oration; 2014.

Zachary Fisher [aut ¢, Elizabeth Tipton [aut], [aut] HZ. Robust Variance Meta-Regression 2017 [14/05/
2019]. https://github.com/zackfisher/robumeta.

An R, Patel D, Segal D, Sturm R. Eating better for less: a national discount program for healthy food pur-
chases in South Africa. Am J Health Behav. 2013; 37(1):56—61. https://doi.org/10.5993/AJHB.37.1.6
PMID: 22943101

Forrester T, Adeyemo A, Soarres-Wynter S, Sargent L, Bennett F, Wilks R, et al. A randomized trial on
sodium reduction in two developing countries. Journal of human hypertension [Internet]. 2005; 19(1):
[55-60 pp.]. Available from: http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/501/CN-
00513501/frame.html. PMID: 15470483

Cappuccio FP, Kerry SM, Micah FB, Plange-Rhule J, Eastwood JB. A community programme to reduce
salt intake and blood pressure in Ghana [ISRCTN88789643]. BMC Public Health. 2006; 6:13. https://
doi.org/10.1186/1471-2458-6-13 PMID: 16433927

ROSSOUW JE, JOOSTE PL, CHALTON DO, JORDAAN EA, LANGENHOVEN ML, JORDAAN PC,
et al. Community-based intervention: the coronary risk factor study (CORIS). International Journal of
Epidemiology. 1993; 22(3):428-38. https://doi.org/10.1093/ije/22.3.428 PMID: 8359958

Dowse GK, Gareeboo H, Alberti KG, Zimmet P, Tuomilehto J, Purran A, et al. Changes in population
cholesterol concentrations and other cardiovascular risk factor levels after five years of the non-commu-
nicable disease intervention programme in Mauritius. Mauritius Non-communicable Disease Study
Group. Bmj. 1995; 311(7015):1255-9. https://doi.org/10.1136/bmj.311.7015.1255 PMID: 7496233

Tagoe HA, Dake FAA. Healthy lifestyle behaviour among Ghanaian adults in the phase of a health pol-
icy change. Global Health. 72011. p. 7. https://doi.org/10.1186/1744-8603-7-7 PMID: 21473779

Wentzel-Viljoen E, Steyn K, Lombard C, De Villiers A, Charlton K, Frielinghaus S, et al. Evaluation of a
Mass-Media Campaign to Increase the Awareness of the Need to Reduce Discretionary Salt Use in the
South African Population. Nutrients. 92017.

Adeyemo AA, Prewitt TE, Luke A, Omotade OO, Rotimi CN, Brieger WR, et al. The feasibility of imple-
menting a dietary sodium reduction intervention among free-living normotensive individuals in south
west Nigeria. Ethnicity & Disease. 2002; 12(2):207-12.

Marfo AFA, Owusu-Daaku FT. Evaluation of a pharmacist-led hypertension preventative and detection
service in the Ghanaian community pharmacy: an exploratory study. International Journal of Pharmacy
Practice. 2016; 24(5):341-8. https://doi.org/10.1111/ijpp.12263 PMID: 26990673

Svd Vijver, Oti SO, Gomez GB, Agyemang C, Egondi T, Charante EMv, et al. Impact evaluation of a
community-based intervention for prevention of cardiovascular diseases in the slums of Nairobi: the
SCALE-UP study. Global Health Action. 2016; 9:30922-. https://doi.org/10.3402/gha.v9.30922 PMID:
27019347

Dickie K, Micklesfield LK, Chantler S, Lambert EV, Goedecke JH. Meeting physical activity guidelines is
associated with reduced risk for cardiovascular disease in black South African women; a 5.5-year fol-
low-up study. BMC Public Health. 2014; 14:498. https://doi.org/10.1186/1471-2458-14-498 PMID:
24886324

Puoane TR, Tsolekile L, Igumbor EU, Fourie JM. Experiences in Developing and Implementing Health
Clubs to Reduce Hypertension Risk among Adults in a South African Population in Transition. Interna-
tional Journal Of Hypertension.2012:913960. https://doi.org/10.1155/2012/913960 PMID: 22957212

Mtabaiji JP, Nara'Y, Yamori Y. The cardiac study in Tanzania: salt intake in the causation and treatment
of hypertension. Journal of Human Hypertension. 1990; 4(2):80—1. PMID: 2338696

Wentzel-Viljoen E, Steyn K, Lombard C, De Villiers A, Charlton K, Frielinghaus S, et al. Evaluation of a
Mass-Media Campaign to Increase the Awareness of the Need to Reduce Discretionary Salt Use in the
South African Population. Nutrients. 2017; 9(11):12.

van de Vijver S, Oti SO, Gomez GB, Agyemang C, Egondi T, Moll van Charante E, et al. Impact evalua-
tion of a community-based intervention for prevention of cardiovascular diseases in the slums of Nai-
robi: the SCALE-UP study. Glob Health Action. 2016; 9:30922. https://doi.org/10.3402/gha.v9.30922
PMID: 27019347

Sterne JAC, Sutton AJ, loannidis JPA, Terrin N, Jones DR, Lau J, et al. Recommendations for examin-
ing and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ. 2011;
343:d4002. https://doi.org/10.1136/bmj.d4002 PMID: 21784880

PLOS ONE | https://doi.org/10.1371/journal.pone.0219623 July 19, 2019 15/16


https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
https://github.com/zackfisher/robumeta
https://doi.org/10.5993/AJHB.37.1.6
http://www.ncbi.nlm.nih.gov/pubmed/22943101
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/501/CN-00513501/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/501/CN-00513501/frame.html
http://www.ncbi.nlm.nih.gov/pubmed/15470483
https://doi.org/10.1186/1471-2458-6-13
https://doi.org/10.1186/1471-2458-6-13
http://www.ncbi.nlm.nih.gov/pubmed/16433927
https://doi.org/10.1093/ije/22.3.428
http://www.ncbi.nlm.nih.gov/pubmed/8359958
https://doi.org/10.1136/bmj.311.7015.1255
http://www.ncbi.nlm.nih.gov/pubmed/7496233
https://doi.org/10.1186/1744-8603-7-7
http://www.ncbi.nlm.nih.gov/pubmed/21473779
https://doi.org/10.1111/ijpp.12263
http://www.ncbi.nlm.nih.gov/pubmed/26990673
https://doi.org/10.3402/gha.v9.30922
http://www.ncbi.nlm.nih.gov/pubmed/27019347
https://doi.org/10.1186/1471-2458-14-498
http://www.ncbi.nlm.nih.gov/pubmed/24886324
https://doi.org/10.1155/2012/913960
http://www.ncbi.nlm.nih.gov/pubmed/22957212
http://www.ncbi.nlm.nih.gov/pubmed/2338696
https://doi.org/10.3402/gha.v9.30922
http://www.ncbi.nlm.nih.gov/pubmed/27019347
https://doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/pubmed/21784880
https://doi.org/10.1371/journal.pone.0219623

@ PLOS|ONE

Hypertension prevention in Sub-Saharan Africa

40.

M.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

Law M, Frost C, Wald N. By how much does dietary salt reduction lower blood pressure? Ill—Analysis
of data from trials of salt reduction. Bmj. 1991; 302(6780):819-24. https://doi.org/10.1136/bmj.302.
6780.819 PMID: 1827353

He FJ, Li J, MacGregor GA. Effect of longer term modest salt reduction on blood pressure: Cochrane
systematic review and meta-analysis of randomised trials. BMJ: British Medical Journal. 2013; 346.

Health Do. Assessment of dietary sodium levels among adults (aged 19-64) in England 2011 [

(NICE) NIfHaCE. Guidance on the prevention of cardiovascular disease at the population level. 2010
[http://guidance.nice.org.uk/PH25.

Joffres MR, Campbell NR, Manns B, Tu K. Estimate of the benefits of a population-based reduction in
dietary sodium additives on hypertension and its related health care costs in Canada. Can J Cardiol.
2007; 23(6):437—-43. https://doi.org/10.1016/s0828-282x(07)70780-8 PMID: 17487286

Medicine lo. Strategies to reduce sodium intake in the United States 2010 [www.iom.edu/Reports/2010/
Strategies-to-Reduce-Sodium-Intake-in-the-United-States.aspx.

Stolarz-Skrzypek K, Kuznetsova T, Thijs L, et al. Fatal and nonfatal outcomes, incidence of hyperten-
sion, and blood pressure changes in relation to urinary sodium excretion. JAMA. 2011; 305(17):1777—
85. https://doi.org/10.1001/jama.2011.574 PMID: 21540421

O’Donnell MJ, Yusuf S, Mente A, Gao P, Mann JF, Teo K| et al. Urinary sodium and potassium excre-
tion and risk of cardiovascular events. Jama. 2011; 306(20):2229-38. https://doi.org/10.1001/jama.
2011.1729 PMID: 22110105

Krishnan A, Ekowati R, Baridalyne N, Kusumawardani N, Kapoor S, Leowski J. Evaluation of commu-
nity-based interventions for non-communicable diseases: experiences from India and Indonesia. Health
promotion international. 2010; 26(3):276-89. https://doi.org/10.1093/heapro/daq067 PMID: 21071458

Chen X, Wei W, Zou S, Wu X, Zhou B, FuL, et al. Trends in the prevalence of hypertension in island
and coastal areas of china: a systematic review with meta-analysis. American Journal of Hypertension.
2014; 27(12):1503—10. https://doi.org/10.1093/ajh/hpu026 PMID: 24610901

McDonnell BJ M-P KMa M Ma Ya IB W CJ Ra MC M. Habitual Exercise and Blood Pressure: Age
Dependency and Underlying Mechanisms. American Journal of Hypertension. 2013; 26(3):334—41.
https://doi.org/10.1093/ajh/hps055 PMID: 23382483

Cochrane Handbook for Systematic Reviews of Interventions In: Higgins JPT GS, editor. 5.1.0: The
Cochrane Collaboration; 2011.

PLOS ONE | https://doi.org/10.1371/journal.pone.0219623 July 19, 2019 16/16


https://doi.org/10.1136/bmj.302.6780.819
https://doi.org/10.1136/bmj.302.6780.819
http://www.ncbi.nlm.nih.gov/pubmed/1827353
http://guidance.nice.org.uk/PH25
https://doi.org/10.1016/s0828-282x(07)70780-8
http://www.ncbi.nlm.nih.gov/pubmed/17487286
http://www.iom.edu/Reports/2010/Strategies-to-Reduce-Sodium-Intake-in-the-United-States.aspx
http://www.iom.edu/Reports/2010/Strategies-to-Reduce-Sodium-Intake-in-the-United-States.aspx
https://doi.org/10.1001/jama.2011.574
http://www.ncbi.nlm.nih.gov/pubmed/21540421
https://doi.org/10.1001/jama.2011.1729
https://doi.org/10.1001/jama.2011.1729
http://www.ncbi.nlm.nih.gov/pubmed/22110105
https://doi.org/10.1093/heapro/daq067
http://www.ncbi.nlm.nih.gov/pubmed/21071458
https://doi.org/10.1093/ajh/hpu026
http://www.ncbi.nlm.nih.gov/pubmed/24610901
https://doi.org/10.1093/ajh/hps055
http://www.ncbi.nlm.nih.gov/pubmed/23382483
https://doi.org/10.1371/journal.pone.0219623

