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Objectives: Current literature is lacking a comprehensive
review of data on dietary interventions in blood pressure
(BP) management in sub-Saharan African countries. We
assessed the association of dietary and other lifestyle
interventions with BP-lowering effects in populations
within sub-Saharan Africa.

Methods: We performed a systematic review and random-
effects meta-analysis to determine the impact of dietary
and lifestyle interventions on SBP and DBP in sub-Saharan
Africa. We searched the MEDLINE, EMBASE, and Web of
Science databases. We included intervention studies that
were randomized and nonrandomized conducted in
Africans residing in sub-Saharan Africa investigating diet
and other lifestyle, physical activity, weight loss, tobacco,
and alcohol cessation modifications. We determined the
effect of diet and other lifestyle interventions on SBP and
DBP. We expressed effect size as weighted mean difference
and 95% confidence interval (CI).

Main results : We identified six studies with a total of
1412 individuals, 38% males, mean age of 52.8 years
(SD¼11.5). The weighted mean difference of dietary and
other lifestyle interventions on SBP and DBP was
�7.33mmHg, (95% CI: �9.90 to �4.76, P<0.001) and
�2.98mmHg, (95% CI: �4.28 to �1.69, P<0.001),
respectively. In the metaregression analyses, the duration of
the interventions did not have any effect on changes in SBP
and DBP.

Principal conclusion : Dietary modifications showed a
beneficial overall improvement in SBP and DBP in Africans.
However, aside from low-salt interventions, studies on
dietary potassium, healthy dietary patterns, and lifestyle
modifications have not been investigated extensively in
Africans and are in critical need. In addition, researchers
will need to consider the settings (rural, urban, or
semiurban) and the predominant existing dietary habits
while designing studies on dietary interventions in sub-
Saharan Africa.

PROSPERO registration : CRD42020207923.

Keywords: diet, hypertension, interventions, lifestyle, sub-
Saharan Africa

Abbreviations: BP, blood pressure; CKD, chronic kidney
disease
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INTRODUCTION
H
ypertension is an important public health problem
worldwide because it is a cardinal risk factor for
cardiovascular morbidity and mortality. SBP is the

leading contributor to disability-adjusted life years [1,2]. A
worldwide study of 19.1 million people showed that in the
40 years between 1975 and 2015, the burden of hyperten-
sion and other noncommunicable diseases has shifted from
high-income to low-income regions such as sub-Saharan
Africa [3–7].

The number of adults with hypertension is projected to
increase to 1.56 billion by the year 2025 [8]. Both genetic
and environmental factors may affect blood pressure (BP)
[9]. Of the environmental factors affecting BP, dietary fac-
tors have a predominant role in BP homeostasis [9]. The
African diet is largely made up of leafy greens, root veg-
etables, tubers like cassava, potatoes, sweet potatoes, yams,
and grains like beans, lentils, and black-eyed peas. Starches
andwhole grains includemaize, corn, millet, rice, sorghum,
injera, barley, couscous, and fonio, and protein from meat,
poultry, milk, and eggs. Comparatively, the typical US diet
consists of ultra-processed food, which is high in saturated
fat, sodium, added sugar, lower than recommended fruits,
vegetables, whole grains, and lower than normal dietary
fiber. The US diet is also high in saturated fatty acids and red
meat [10]. Since some sub-Saharan countries are geograph-
ically and economically disparate from high-income
DOI:10.1097/HJH.0000000000003411
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countries, it is important to investigate which dietary and
other lifestyle interventions have been successfully imple-
mented to lower BP in various sub-Saharan countries.

In the US, increased potassium intake, reduced
sodium intake, and consumption of dietary patterns such
as the dietary approach to stop hypertension (DASH)
lower BP [11–13]. However, the current literature is lack-
ing a comprehensive review of data on dietary and
lifestyle interventions reducing BP in sub-Saharan Africa.
Therefore, the objective of this study is to determine the
effect of dietary and lifestyle interventions on SBP and
DBP in Africa.

METHODS

The current review is based on a protocol registered on
PROSPERO: CRD42020207923. We performed a systematic
review andmetanalysis of dietary and lifestyle interventions
on SBP and DBP in sub-Saharan Africa, guided by PRISMA
Statement [14].

Systematic review

Search strategy
We utilized a predefined, comprehensive, and sensitive
search strategy combining Medline, EMBASE, and Web
of Science. We also used the African filter developed and
tested on MEDLINE and EMBASE with the names of coun-
tries in Africa to obtain the maximum possible number of
studies [15]. This filter included the names of each sub-
Saharan African country and shortened terms to capture
studies from regions. Table S1, http://links.lww.com/HJH/
C158 shows our search strategy for the metanalysis.

Eligibility
We included interventional studies that were either ran-
domized control trials (RCTs) or nonrandomized pre and
post-intervention studies, investigating lifestyle interven-
tions for BP management in sub-Saharan Africa. Studies
published up till November 2021 were considered. We
restricted our studies to those that included participants
aged 18 years and above. We defined hypertension as
SBP of more than 140mmHg and DBP of more than
90mmHg, and/or self-reported antihypertensive medica-
tion use. We included interventions that lasted at least
3 weeks.

We excluded studies of the population of Africans
living outside Africa. We also excluded studies involving
pregnant women.

The interventions were dietary and lifestyle modifica-
tions in studies conducted in Africans living in sub-
Saharan Africa. We included interventions lasting at least
3 weeks. The search strategy for interventions included
but was not limited to diet and dietary patterns, such as
the DASH diet, Mediterranean diet, carbohydrate, high-
protein, low-fat, vegetarian, low-sodium, low-glycemic
index, and paleolithic diets. Interventions were selected
whether or not they were applied alone or in combina-
tion with drugs or other lifestyle interventions such as
physical activity, tobacco cessation, or alcohol intake
modification.
Journal of Hypertension
Controls/comparator
We considered usual care or control or other treatment
modalities for high BP if available as comparators. Other-
wise, we included studies that showed results at baseline
and after an intervention was applied.

Data extraction process
Two independent investigators (A.Z. and R.V.) reviewed
the articles, titles, and abstracts of the full texts where
relevant. The final inclusion was based on full article
review. In addition, the reviewers screened references of
the selected articles to identify additional articles of interest.
When there were disagreements, we consulted a third
reviewer (T.I.), and a consensus was reached.

We extracted data from eligible studies using organized
data extraction sheets in a single excel file. Information was
collected on authors, country, year of publication, language
of publication, type of publication, and study design (ran-
domized trial or cross-over trial). We also included age, sex,
sample size, diagnostic criteria for hypertension, mean
baseline SBP and DBP, mean BMI, and how BP was
measured. Other factors considered were body weight,
medication use, especially antihypertensive medication,
dietary interventions, dietary protocols, dietary assessment
methods, and physical activity status. We examined the
presence of associated comorbidities cardiovascular dis-
ease, type 2 diabetes, the presence of control groups, the
dietary intervention of choice, specification of control
groups (if present), loss to follow-up, and funding source.

Metanalysis

Data synthesis
The mean change from baseline in the levels of the out-
come variables of interest (SBP and DBP) and standard
error (SE) for both intervention and control groups were
used to calculate the effect size. The effect size was defined
as the weighted mean difference calculated by net changes
in measurements (change scores). For RCTs, change scores
were calculated as measurement at the end of follow-up in
the treatment group minus measure at the end of follow-up
in the control group. For nonrandomized pre and post-
intervention studies, individuals’ BP was measured before
and after interventions. Change scores were calculated as
differences in the post-intervention measurement minus
baseline measurement. Where only the standard deviation
was reported, we calculated the SE. We derived SEs from
these effect estimates using the formulas from the Cochrane
training handbook. We used discrete likelihood methods
for the metanalysis of proportions and rates. For studies
with sufficient data, we performed meta-analyses by ran-
dom-effects models (DerSimonian–Laird method) to deter-
mine the pooled relative effect of each intervention relative
to every other intervention in terms of postintervention
values or changes from baseline scores of different lifestyle
interventions.

To assess for publication bias, we used the funnel plot
as a visual measure of precision against the average inter-
vention effect and Begg’s rank correlation, and Egger’s
weighted regression [16]. A Cochrane risk of bias tool
was also used to evaluate any methodological bias in the
www.jhypertension.com 919
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studies. We assessed for selection bias, performance bias,
detection bias, attrition bias, and reporting bias. Each trial
was then classified as low, high, or unclear risk of bias.

Additional analyses of subgroups or subsets
We used the I2 value to determine the heterogeneity of the
studies. Where heterogeneity or inconsistency existed, we
used subgroup analyses and metaregression analyses to
identify possible sources. Low,moderate, and high I2 values
were 25, 50, and 75%, respectively. When heterogeneity
was substantial, we used a prediction interval rather than a
confidence interval (CI) to capture uncertainty around the
effect estimate. We explored the potential impact of inter-
vention duration on calculated weighted mean difference
using meta-regression. A mixed-effects model was applied
with study length centered to 2 months for the meta-
FIGURE 1 Process of study selection for the meta-analysis on the impact of dietary and
figure shows the process of study selection for the meta-analysis of the impact of dietary
for meta-analysis shows the identification, screening, eligibility, and inclusion of participa
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regression. To evaluate the influence of each study on
the overall effect size, a sensitivity analysis was conducted
using the leave-one-out method. We analyzed the data by
leaving out one study at a time to see if the results changed.
This would indicate if there was one specific study driving
the results (i.e. removing one study each time and repeating
the analysis).

RESULTS

Review process
We identified 950 records using the different search termi-
nologies. Figure 1 shows the selection process for articles
included in the final systematic review and meta-analysis.
After removing duplicates (n¼ 57), we scanned titles and
abstracts of the remaining 893 studies. After excluding 706
lifestyle interventions on blood pressure management in sub-Saharan Africa. Thi
and lifestyle interventions on blood pressure in sub-Saharan Africa: study selection
nts.
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irrelevant studies, we selected 187 studies for the full
review. After further examination of the studies, we includ-
ed six studies in the final systematic review and meta-
analysis (Fig. 1).

The six intervention-type studies were RCTs (n¼ 5) and
one nonrandomized pre and post-intervention study
(n¼ 1). Details on the type of studies, countries of location,
and mean age and SD of the studies included in the
metanalysis are seen in Table 1. We included a total of
1412 individuals, 38% of the entire population was male
(n¼ 548), and the mean age of the population was 52.8
years (SD¼ 11.5).

Systematic review
Siervo et al. [17] showed in a pilot RCT that inorganic nitrate
supplementation (in beetroot juice) with and without folic
acid significantly reduced SBP, but DBP was only signifi-
cantly reduced in the nitrate and placebo groups. Using a
work-based wellness program with dietary and lifestyle
changes, Schouw et al. [18] found significant reductions
in SBP and DBP. A high-fiber intervention by Babiker et al.
[19] using gum Arabic (30-g gum Arabic vs. 5-g Pectin) on
BP also showed a significant reduction in SBP but not in
DBP (Figs. 2 and 3).

Charlton et al. [20] tested salt replacement substitutes in
six specified foods in an RCT and found a significant
reduction in SBP but not DBP (Figs. 2 and 3). Cappuccio
et al. [21] reported a large cluster randomized trial involving
(n¼ 1013) over 6 months, using a health promotion activity
counseling on low-salt diet and BP. The study by Cappuc-
cio using a health promotion activity counseling on low-salt
diet and BP showed a significant change in DBP but not SBP
(Fig. 2) [11]. The study by Forrester et al. [22] measured
changes in BP on a high-sodium vs. low-sodium diet and
found a significantly lower SBP and DBP �4.8mmHg (95%
CI: �7.65 to �1.95) and �3.20mmHg (95% CI: �5.20 to
�1.20), respectively (Figs. 2 and 3).

Not all studies characterized the number of individuals
with hypertension at baseline [18]. Siervo et al. [17]
reported that 39 of 47 participants had grade 1 and
2 hypertension at baseline, and five individuals who
started BP medication during the trial. Babiker et al.
[19] reported a baseline prevalence of hypertension of
30.4 and 13.3% in the intervention and control groups,
respectively. The study by Charlton et al. in South Africa
included individuals with mild-to-moderate hypertension
(SBP� 160mmHg and DBP� 95mmHg) at baseline
[19,20]. In the study by Cappuccio et al. [21], there were
30% of hypertensive individuals in the intervention group
and 28% of hypertensives in the control group. The study
by Babiker et al. [19] focused on individuals with type 2
diabetes. Only one study, Babiker et al. [19] reported a
change in BMI with the high-fiber gum Arabica interven-
tion in addition to SBP reduction.

Metanalysis
Figure 2 shows the forest plots for the mean differences and
SEs for the net effect of dietary and lifestyle interventions on
SBP. Overall, the net SBP change ranged from �2.54 to
�11.2mmHg. The overall pooled net effect of dietary and
Journal of Hypertension
other lifestyle interventions on SBP was �7.33mmHg (95%
CI: �9.90 to �4.76). We found that the largest net SBP
reduction was in a study in a placebo-controlled, double-
blind trial, testing high-nitrate beetroot juice with folic acid/
placebo vs. nitrate-depleted beetroot juice and placebo to
lower BP [17].

Overall, the net DBP change ranged from �0.60 to
�4.90mmHg (Fig. 3). The overall pooled net effect of diet
and lifestyle interventions on DBP was �2.98mmHg (95%
CI: �4.28 to �1.69), as seen in Fig. 3.

The estimated effect size for the impact of dietary and
lifestyle on SBP and DBP was robust when we performed a
sensitivity analysis leaving out each study (Fig. S3A, http://
links.lww.com/HJH/C158, Fig. S3B, http://links.lww.com/
HJH/C158). If the P value of the new model leaving out a
study is more than 0.05 (or other alpha level as indicated),
then the overall results are sensitive to the study taken out.

We found moderate heterogeneity between our studies
for SBP (I2¼ 64%, P¼ 0.01) but not for DBP (I2¼ 9%,
P¼ 0.36) (Figs. 2 and 3). The funnel plots show that there
was no evidence of bias in the studies for SBP or DBP (Fig.
S1, http://links.lww.com/HJH/C158). The metaregression
analyses showed that there was no significant effect of the
duration of the intervention on the changes in SBP or DBP
in the populations (Fig. S2, http://links.lww.com/HJH/
C158). Four of the studies provided sample size calcula-
tions, and three out of four of the studies provided power
analyses that were based on estimates, and one of the
studies was a feasibility trial. Two studies did not provide
sample size analyses (Table S2, http://links.lww.com/HJH/
C158). Overall, there was one high-quality study and others
with some concerns for bias.

DISCUSSION

The current meta-analysis of six intervention studies and a
total of 1412 participants in sub-Saharan Africa showed that
there was a significant reduction in SBP and DBP with
dietary interventions. The interventions tested in the met-
analysis included low-salt diets, high-nitrate beetroot juice,
and programs involving dietary counseling and behavioral
modifications.

Gay et al. [23] reported a meta-analysis of 24 trials with a
total of 23 858 participants, the overall net effect on SBP and
DBP was �3.07mmHg (95% CI �3.85 to �2.30) and
�1.81mmHg (95% CI �2.24 to �1.38), respectively. How-
ever, the study from Gay et al. did not focus on studies
based in sub-Saharan Africa. Our metanalysis showed an
overall higher net difference in SBP and DBP; however,
compared with other studies done in other regions, we are
limited by the small sample sizes resulting in larger CIs
around our pooled effects. Our study also differs from other
meta-analysis where DASH-type dietary patterns rich in
fruits and vegetables or a ‘combination’ diet rich in fruits,
vegetables, and low-fat dairy products with reduced satu-
rated and total fat showed the lowest reduction in BP [23].
We were not able to make inferences on interventions in
sub-Saharan because of the paucity of studies.

Our metaregression analyses showed that the duration of
the intervention did not significantly change the SBP orDBP.
Other trials examining dietary and lifestyle interventions and
www.jhypertension.com 921

http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158
http://links.lww.com/HJH/C158


T
A
B
LE

1
.
S
tu
d
ie
s
o
f
d
ie
ta
ry

a
n
d
li
fe
st
y
le

in
te
rv
e
n
ti
o
n
s
o
n
li
fe
st
y
le

in
te
rv
e
n
ti
o
n
s
o
n
b
lo
o
d
p
re
ss
u
re

m
a
n
a
g
e
m
e
n
t
in

su
b
-S
a
h
a
ra
n
A
fr
ic
a

Fi
rs
t
a
u
th
o
r

(y
e
a
r
o
f

p
u
b
li
ca
ti
o
n
)

C
o
u
n
tr
y

M
e
a
n
a
g
e

(S
D
)
(y
e
a
rs
)

T
o
ta
l

sa
m
p
le

si
ze

M
a
le

(%
)

In
te
rv
e
n
ti
o
n

C
o
n
tr
o
l

S
tu
d
y
ty
p
e

D
u
ra
ti
o
n

1
.

Si
er
vo

(2
0
2
0
)

Ta
n
za
n
ia

(r
u
ra
l)

6
0
.7
�
6
.3

3
3

1
7

C
o
m
b
in
ed

in
te
rv
en

ti
o
n

(N
¼
1
1
):
h
ig
h
-n
it
ra
te

b
ee
tr
o
o
t
ju
ic
e

(�
4
0
0
m
g
)
an

d
fo
lic

ac
id

(�
5
m
g
);
Si
n
g
le

in
te
rv
en

ti
o
n
(N

¼
1
2
):

h
ig
h
-n
it
ra
te

b
ee
tr
o
o
t

ju
ic
e
(�

4
0
0
m
g
)
an

d
p
la
ce
b
o

N
it
ra
te
-d
ep

le
te
d

b
ee
tr
o
o
t
ju
ic
e
an

d
p
la
ce
b
o
(n
¼
1
0
)

R
C
T
d
o
u
b
le
-b
lin
d

p
la
ce
b
o

6
0
d
ay
s

2
.

Sc
h
o
u
w

(2
0
2
0
)

So
u
th

A
fr
ic
a

(u
rb
an

)
4
2
.7
�
9
.7

1
3
7

6
4

H
ea
lt
h
y
ch
o
ic
es

at
w
o
rk

p
ro
g
ra
m

fo
cu
se
d
o
n
fo
o
d

se
rv
ic
es
,
p
h
ys
ic
al

ac
ti
vi
ty
,
h
ea
lt
h
an

d
w
el
ln
es
s
se
rv
ic
es
,

an
d
m
an

ag
er
ia
l

su
p
p
o
rt

In
d
iv
id
u
al
s
w
er
e
th
ei
r

o
w
n
co
n
tr
o
ls

–
p
ai
re
d
p
re

an
d
p
o
st
-

in
te
rv
en

ti
o
n

Pr
e
an

d
p
o
st
in
te
rv
en

ti
o
n

2
4
m
o
n
th
s

3
.

B
ab

ik
er

(2
0
1
8
)

Su
d
an

(u
rb
an

)
5
0
.0
9
�
9
.3

9
1

1
9
.7

C
o
n
su
m
p
ti
o
n
o
f
3
0
-g

g
u
m

A
ra
b
ic

(n
¼
4
6
)

(f
ib
er
)

C
o
n
su
m
p
ti
o
n
o
f
5
-g

Pe
ct
in

(N
¼
4
5
)

R
C
T
d
o
u
b
le
-b
lin
d
ed

,
p
la
ce
b
o
-c
o
n
tr
o
lle
d

3
m
o
n
th
s

4
.

C
h
ar
lt
o
n
(2
0
0
8
)

So
u
th

A
fr
ic
a

(p
er
iu
rb
an

)
6
1
.7
�
7
.9

8
0

1
6
.3

8
-w

ee
k
p
ro
vi
si
o
n
o
f
si
x

fo
o
d
it
em

s
w
it
h
a

m
o
d
if
ie
d
ca
ti
o
n

co
n
te
n
t
(s
al
t

re
p
la
ce
m
en

t
(S
O
LO

),
b
re
ad

,
m
ar
g
ar
in
e,

st
o
ck

cu
b
es
,
so
u
p

m
ix
,
an

d
a
fl
av
o
r

en
h
an

ce
r)
an

d
5
0
0
m
l
o
f
m
as
s

(f
er
m
en

te
d
m
ilk
)/
d
.

(lo
w
-s
al
t,
h
ig
h
-

p
o
ta
ss
iu
m
,
an

d
lo
w
-

fa
t
an

d
d
ai
ry
)

Th
e
co
n
tr
o
l
d
ie
t

p
ro
vi
d
ed

th
e
sa
m
e

q
u
an

ti
ti
es

o
f
th
e

ta
rg
et
ed

fo
o
d
s
b
u
t

o
f
st
an

d
ar
d

co
m
m
er
ci
al

co
m
p
o
si
ti
o
n
an

d
5
0
0
m
l/d

ay
o
f

ar
ti
fi
ci
al
ly

sw
ee
te
n
ed

d
ri
n
k

R
C
T

8
w
ee
ks

5
.

C
ap

p
u
cc
io

(2
0
0
6
)

G
h
an

a
(r
u
ra
l)

5
4
.7
�
1
1
.3

1
0
1
3

3
8

H
ea
lt
h
p
ro
m
o
ti
o
n

ac
ti
vi
ty

w
h
ic
h

in
cl
u
d
ed

d
ie
ta
ry

p
re
ve
n
ti
o
n
o
f

h
yp
er
te
n
si
o
n
,
ad

vi
ce

n
o
t
to

ad
d
sa
lt
to

fo
o
d
,
lim

it
in
g
th
e

am
o
u
n
t
o
f
sa
lt
ed

fi
sh

an
d
b
ee
f
co
n
su
m
ed

H
ea
lt
h
p
ro
m
o
ti
o
n

m
es
sa
g
e
o
n

p
re
ve
n
ti
o
n
o
f
m
al
ar
ia

an
d
d
ia
rr
h
ea

an
d

en
h
an

ci
n
g
aw

ar
en

es
s

o
f
d
ia
b
et
es

an
d

h
yp
er
te
n
si
o
n
.
N
o

m
en

ti
o
n
o
f
d
ie
ta
ry

in
te
rv
en

ti
o
n
s
an

d
h
yp
er
te
n
si
o
n

C
lu
st
er

ra
n
d
o
m
iz
ed

tr
ia
l

6
m
o
n
th
s

6
.

Fo
rr
es
te
r
(2
0
0
5
)

N
ig
er
ia

(r
u
ra
l)

4
6
.6
�
8
.3

5
8

5
8
.6

Lo
w

(5
0
m
eq

)
re
d
u
ct
io
n

fr
o
m

b
as
el
in
e
o
r

h
ig
h
-s
al
t
d
ie
t

(6
4
m
eq

o
f
sa
lt
)
fo
r
3

w
ee
ks

fo
llo
w
ed

b
y
a

2
-w

ee
k
w
as
h
-o
u
t

an
d
th
en

cr
o
ss
o
ve
r

fo
r
3
w
ee
ks

B
as
el
in
e
lin
e
st
at
e

(r
ec
o
rd
ed

d
if
fe
re
n
ce

in
h
ig
h
-s
al
t
vs
.
lo
w
-

sa
lt
d
ie
t)

R
C
T
w
it
h
cr
o
ss
o
ve
r

d
es
ig
n

3
w
ee
ks

th
en

cr
o
ss
o
ve
r

to
ta
l¼

6
w
ee
ks

R
C
T,

ra
n
d
o
m
iz
ed

co
n
tr
o
l
tr
ia
l.

Ilori et al.

922 www.jhypertension.com Volume 41 � Number 6 � June 2023



FIGURE 2 Mean difference and standard errors for the net effect of dietary and other lifestyle interventions on SBP (meta-analysis). The mean differences in SBP and 95%
confidence intervals and standard errors are shown for the intervention and control groups for the populations analyzed in the meta-analysis. First, results are reported in
mmHg. Horizontal lines are reported as 95% confidence interval. Second, studies (1) and (2) by Siervo are the same study with two intervention groups [17], include two
groups (high-nitrate beetroot juice with folic acid (1) and high-nitrate beetroot juice without folic acid (2). Third, Chi2, chi-square statistic; CI, confidence interval; df,
degree of freedom; I2, I-square heterogeneity statistic; IV, weighted mean difference; SE, standard error of treatment Effect; Tau2, between-study variance; TE, treatment
effect.

Dietary and lifestyle interventions on blood pressure in Africa
BP have shown similar findings [23,24]. However, it is possi-
ble that because this is a subgroup analysis, we may be
missing an existing effect of the duration of the intervention
on SBP or DBP.

Although the majority of our population were women
(62%), we did not find any sex-based differences in BP.
Data from the National Health and Nutrition Examination
Survey in the US shows us that hypertensive women are
significantly more likely to be treated than men but less
FIGURE 3 Mean difference and standard errors for the net effect of dietary and other lif
confidence intervals and standard errors are shown for the intervention and control grou
mmHg. Horizontal lines are reported as 95% confidence interval. Second, studies 1 and
groups (high-nitrate beetroot juice with folic acid (1) and high-nitrate beetroot juice with
degree of freedom; I2, I-square heterogeneity statistic; IV, weighted mean difference; SE
effect.
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likely to achieve BP control [25]. However, post-hoc
analysis of the Comparison of three Combination Thera-
pies in lowering Blood Pressure in Black Africans (CRE-
OLE) trial showed that African women might have
significantly lower BP compared with men after treatment
for 6 months [26]. Therefore, it is plausible that the
treatment effect may have been larger than expected
because we have a higher percentage of women in our
population. We did not find any sex difference in dietary
estyle interventions on DBP (meta-analysis). The mean differences in DBP and 95%
ps for the populations analyzed in the meta-analysis. First, results are reported in
2 by Siervo are the same study with two intervention groups [17], include two
out folic acid (2). Third, Chi2, chi-square statistic; CI, confidence interval; df,
, standard error of treatment effect; Tau2, between-study variance; TE, treatment
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and lifestyle control for BP in our aggregated data or in
the individual-level data.

The greatest reduction in BP was seen in the study by
Siervo et al. [17], testing the effect of high-nitrate beetroot
juice. Dietary inorganic nitrate is a substrate for nitric oxide,
which is found in green leafy vegetables and beetroot and
has been shown to be a nutritional antihypertensive agent
[17,27]. The Siervo study was a randomized controlled
feasibility trail that had three arms, with the high-nitrate
and placebo groups showing the greatest difference [17].
The next greatest reduction was seen in the ‘Healthy
choices at work’ study in South Africa that paired 137
employees and involved pre and post-intervention and
focused on food services, physical activity, health and
wellness services, and managerial support [18]. However,
this study has its limitations of being a pre and postinter-
vention study without a control group, and the randomiza-
tion was not completed. Existing studies in the metanalysis
focused primarily on sodium intake, and there was less
focus on interventions that included other dietary nutrients
like increased potassium to reduce BP. Two of the studies
tested community-based educational and behavioral inter-
ventions to reduce BP [11,20].

Previous studies have assumed that because of the low
number of processed foods consumed in sub-Saharan rural
and semiurban areas, interventions should focus on com-
munity-based health promotion of dietary and lifestyle
intervention [28,29]. However, with the increase in the
fast-food industry and adoption of Western diets in sub-
Saharan Africa, future intervention community-based die-
tary counseling/behavior modifications may not be ade-
quate for more urban-type settings. Future studies may
need to pilot what interventions would be appropriate
for different settings in settings (rural, semi-urban, or urban
areas). Involvement of the food industry in the urban
settings may become increasingly important.

Our study shows significant clinical and public health
implications. First, aside from medications, dietary inter-
ventions are effective for lowering SBP and DBP in African
populations. With the increase in westernized diets and
processed foods, interventions employed in sub-Saharan
Africa may need to be tailored to suit populations in rural,
semiurban, or urban settings. Finally, some of the chal-
lenges which may need to be considered in the design of
future studies will be adherence to interventions, preven-
tion of contamination across groups, the small size of many
of the African studies. We need larger RCTs, including
cluster designs, on the African continent that are rigorously
conducted, like the Salt Substitute and Stroke Study and the
China Rural Health Initiative Salt Reduction Study [30].

We conducted a rigorous search of publications showing
the impact of dietary interventions on BP in Africa. We used
three comprehensive databases to complete our search. We
had rigorous inclusion and exclusion criteria limiting stud-
ies to those that involved RCTs or nonrandomized pre and
postintervention studies. Despite the strengths in the ap-
proach and methodology of our systematic review and
metanalysis, we found that very few studies met inclusion
and exclusion criteria, thus limiting our metanalysis to only
six studies. The metanalysis needs to be interpreted with
caution because we did not have many studies included in
924 www.jhypertension.com
the final analyses, and there was significant heterogeneity
for SBP within the studies.

In conclusion, overall, there was a pooled effect on the
reduction in both SBP and DBP from all the studies in the
metanalysis, which considered an array of dietary modifi-
cations. Aside from dietary sodium interventions, there is a
need for studies focused on other dietary nutrients like
potassium, healthy dietary patterns, and lifestyle interven-
tions like physical activity, smoking, and alcohol cessation.
In addition, it may be beneficial to scale up studies to larger
RCTs tailored for populations in the rural, urban, semiurban
areas. Large high-quality trials in sub-Saharan Africa
addressing the impact of dietary interventions on BP will
be important in informing clinical practice and perhaps
policy decision-making.
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