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Abstract
Hypertension is the single biggest cause of various cardiovascular complications and at the same time one of the most
preventable phenomena. Low- and middle-income countries (LMICs) are facing increasing prevalence of hypertension
which is imposing a huge burden on morbidity, premature mortality, and catastrophic health expenditure. This systematic
review searched for the nonpharmacological interventions for prevention of hypertension among normotensive people in
LMICs considering the period 1990–2016. This review has been conducted following standard methodology of Cochrane
review involving two independent reviewers in screening, quality appraisal, and data extraction. Narrative synthesis of
included articles was demonstrated using tables and meta-analysis was conducted to pool the estimates of studies which
fulfilled the criteria. Total seven trials were included in the review with 6046 participants from eight LMICs. Two cluster
randomized trials were pooled and there was a statistically significant effect (Systolic Blood Pressure: mean difference
−2.35 [95% CI: −4.31 to −0.38], Diastolic Blood Pressure: mean difference −2.11 [95% CI: −3.20 to −1.02]) of home
based health education in reducing blood pressure. Three individual studies reported reduction of blood pressure as a result
of restricted dietary sodium intake. None of the studies was appraised as low risk of bias due to poor methodological quality.
Non-pharmacological interventions can play important role in preventing the development of hypertension among
normotensive people. Further trials with longer follow-up period and robust methods are recommended for getting stronger
evidence on these interventions.

Introduction

Hypertension attributes to the 6% of global burden of dis-
eases and is responsible for 7.7 million global premature
deaths annually [1]. Hypertension and its complications
alone causes 53% cardiovascular diseases related mortality

which is in the long run responsible for almost one third of
total annual deaths [2]. Due to the epidemiological transi-
tion from infectious diseases to noncommunicable diseases
(NCDs) and unhealthy sedentary lifestyle, low- and middle-
income countries (LMICs) are experiencing the increasing
trend of hypertension prevalence [3]. A systematic review
and meta-analysis estimated that the overall prevalence of
hypertension in LMICs is 32.3% [4]. This phenomenon is
contributing to the dual burden of both infectious diseases
and NCDs in LMICs and at the same time imposing the
catastrophic healthcare expenditure to the communities and
the nations [5].

Despite highly prevalent, hypertension is one of the most
preventable conditions [6, 7]. Various studies have
demonstrated different lifestyle modification approaches to
reduce or prevent hypertension. Recommended measures
for preventing hypertension are reducing body weight in
case of obesity, undertaking regular physical activity,
reduced intake of salt or sodium, increasing potassium
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supplement, and avoiding harmful use of alcohol [8].
Dietary intervention such as dietary approaches to stop
hypertension has also promisingly reduced blood pressure
(BP) [9]. This specific dietary recommendation included
more intake of vegetables and fruits, milk products with
lower proportion of fat, reduction of cholesterol, and satu-
rated fat in meals [9]. A systematic review synthesizing
information from 16 intervention studies including >3000
participants reported the reduction of both systolic and
diastolic BP with increased calcium intake. Reduction of BP
was even higher with increasing dose of calcium. Effect of
calcium in reducing BP was greater among the younger
population [10]. Complementary and alternative medicine
has been found useful sometimes in this aspect [11–13]. A
systematic review incorporated six RCTs and explored the
effectiveness of “Yoga” either alone or in combination with
conventional therapies in lowering BP. Results from this
review also positively associated in reduction of BP
although the quality of the included trials was notified as
low grade [11]. The mind body therapy which is a combi-
nation of physical exercise and meditation was examined by
one review that included nine RCTs, 13 quasi experimental
studies and 4 observational studies. Pooled estimation
depicted the significant effect of “Tai Chi”—a martial art
originating in ancient China, embracing the mind, body, and
spirit—in reducing BP. Only few of the included RCTs
were methodologically strong in this systematic review
[12]. An overview of systematic review investigated the
effect of transcendental meditation—a technique for redu-
cing stress on BP. A total of eight systematic reviews
including Cochrane reviews were included. Overall the
assessment was fare in terms of the quality of the included
reviews. Results from the overview also supported the role
of meditation in lowering BP despite some conflicting
results between included reviews [13]. Apart from dietary
modifications, changing lifestyle, alternative medicine and
meditation, therapeutic agent such as combination of
Chlorthalidone and Amiloride have also been tested. This
double blinded, placebo controlled randomized trial
demonstrates the significance of the therapeutic agent in
preventing hypertension [14]. Despite significant effect on
prevention, there is risk of experiencing adverse effect
among the participants. Taking regular medication for pre-
vention may also raise question on compliance [15].

In addition, most of these interventions are based on
high-income countries. LMICs are challenged with limited
resources to provide useful programs for the early diag-
nosis, prevention, or control of this huge burden of disease
[2, 7, 16]. Interventions for prevention of hypertension
among persons with normal BP (Systolic BP (SBP)
120–139 mmHg and diastolic BP (DBP) 80–89 mmHg)
[17] or prehypertensive (SBP ≥ 120–139 mmHg and/or
DBP ≥ 80–89 mmHg) [18] can play an important role to

tackle this progressively increasing disease and reduce
complications and morbidity resulting from that. Our
objective of the present systematic review is to explore all
available interventions which are nonpharmacological in
approach and to synthesize their effectiveness in prevention
of hypertension in LMICs.

Methods

This systematic review has been carried out following the
methodology of Cochrane systematic reviews [19] and
addressed the requirements stated in preferred reporting
items for systematic reviews and meta-analysis protocols
guidelines [20, 21]. Details methodology including the
development of search strategy, dual-screening process,
dual-data extraction, dual appraisal of included articles for
quality assessment, narrative synthesis, and meta-analysis
has been described in the published protocol [22]. A com-
prehensive search strategy was developed using the key
words such as Exercise, “Physical activity”, “Weight loss”,
“Sodium restriction”, “Dietary potassium”, “Calcium sup-
plementation”, “Fish oil supplementation”, Lifestyle,
Hypertension, “Blood pressure” to search different elec-
tronic bibliographic database including Embase, MEDLINE
through Pubmed, Web of Science, Clinical Trials. gov., the
Cochrane Library (Cochrane Central Register of Controlled
Trials (CENTRAL), Scopus etc. The search period covered
from 1990 to 2016. Randomized control trials providing
nonpharmacological intervention on normotensive adult
population in LMICs were included. Both the screening of
“title and abstract” and “full text” of the retrieved articles
were conducted independently by two reviewers and any
disagreement was resolved by a third reviewer. Reference
management software was used to keep track of the
screening process. Each of the studies was appraised criti-
cally for assessment of risk of bias (ROB). A narrative
synthesis of the characteristics of study participants and
types of intervention with specific outcome was demon-
strated. Mean and standard deviation of both systolic and
diastolic BP were recorded from baseline and endline
information. For meta-analysis, a random effect model
was chosen with 95% confidence interval and both
the chi squared and I2 statistic were measured. The sys-
tematic review is registered in International Prospective
Register of Systematic Reviews. Registration number is
CRD42017055423.

Results

A total of 5131 articles were retrieved after searching eight
selected database using a comprehensive search strategy.
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After removing the duplicates, 4093 articles were compiled
for title and abstract review. Applying inclusion and
exclusion criteria, 19 articles were selected for full text
review. We did not found the full text of four articles even
after communicating with the corresponding author. The
main causes of excluding these articles were irrelevance
with the review objective. Out of these 15 articles, eight
articles were excluded due to the following reasons: four
articles were not focusing LMIC’s; two articles did not
follow RCT design; one article was a literature review and
intervention was given on hypertensive population in one
article. After screening, seven RCTs were included in the
final analysis. The detailed description of the selection
process of the included articles has been provided in Fig. 1
using PRISMA flow diagram.

Quality assessment of the included studies

We assessed the ROB of the included trials using the
guideline of Cochrane review. Majority of the trials (five
out of seven) performed the sequence generation randomly
and reported accordingly. Only three articles described the
process of allocation concealment. Thus, there was potential
risk of selection bias in almost half of the trials. Only two
studies maintained blinding at the level of participants and
implementers. Another two trials mentioned about blinding
at the level of outcome assessors. Overall, majority (five in
each case) of the trials were unable to minimize the chance
of performance bias and detection bias. Almost all the
studies mentioned about attrition rate. Only one study did
not describe regarding attrition and marked as unclear
information. All the articles were with sufficient informa-
tion regarding the primary outcome hence we recognized all
of them as at low risk for selective reporting bias. Majority
of the studies did not provide any information regarding

other potential biases. We did not get the description
regarding contamination in cluster randomized trials and
rationale behind the duration of washout period in the stu-
dies with crossover design. A graphical demonstration of
assessment of ROB has been provided in Figs. 2, 3.

A summary description of the basic characteristics of the
included articles has been given in Table 1. Among the
seven included RCTs, two studies used clustered rando-
mized design [23, 24], two studies were randomized control
trials [25, 26] and three studies were with crossover design
[27–29]. Among the three crossover trials, two studies
incorporated a washout period of 1 and 3 weeks, respec-
tively [28, 29] before altering the treatment options. All the
studies described the effectiveness of the intervention to
prevent hypertension. The main outcome, BP, was mea-
sured manually with two exceptions which considered both
manual and electronic measurements [25, 28]. The inter-
ventions provided by different trials were health education
program, soy drink and cow’s milk; calcium tablets; and
low- or high-salt intake. Among these studies only two met
the criteria of meta-analysis and rest of the studies were

Fig. 1 Flow diagram of the inclusion process

Fig. 2 Overall risk of bias among the included articles

Fig. 3 Risk of bias assessment in individual studies
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described using summary statistics. All the included studies
considered both male and female except one [26] where
intervention was provided among the nonpregnant women.
Sample size of the studies varied based on the design
adapted. Cluster randomized trials included large number of
participants [23, 24] whereas some RCTs included <100
participants [25, 27]. Four studies were conducted in Afri-
can region [23, 25, 26, 28]; one was in Middle East [27] and
two studies were conducted in South Asia [24, 29]. All the
studies included adult respondents and only one study
included participants aged between 5 and 39 years [24].

Table 2 showed the results of studies that were not
included in meta-analysis. These studies were hetero-
geneous enough for not including in the meta-analysis in
terms of interventions, duration of the study, and study
settings. Azadbakht et al. measured the beneficial effect of
soy milk in comparison with cow’s milk on anthropometric
measurements and BP for overweight and obese female
youths [27]. It showed that the SBP was reduced sig-
nificantly following the soy drink intervention period than
that of the cow’s milk. Mean percent change during soy
milk period was −0.4 ± 0.9 and −1.7 ± 0.5 during cow’s
milk period. Diastolic BP was also reduced in soy milk
drink period (−0.4 ± 0.1 vs 0.4 ± 0.1). Adeyemo et al.
provided dietary intervention among normotensive adults
in South East Nigeria to determine the feasibility of redu-
cing dietary sodium intake [25]. BP of the participants was
measured using both manual procedure and electronic
device. In manual measurement, among the participants on
low sodium diet, SBP was reduced by −4.7 ± 2.8 mmHg
for men and by −7 ± 4.4 mmHg for women. The diastolic
BP was reduced by −1.9 ± 2.2 mmHg among men and by
−1.6 ± 3.4 mmHg among women. Hofmeyr et al. explored
the effect of calcium on the BP among nonpregnant women
who experienced pre-eclampsia previously [26]. The
follow-up was conducted in two phases at 12 weeks and
24 weeks, respectively. Participants were provided 500 mg
calcium tablet each day. Overall, the BP in calcium sup-
plementation group was reduced but that was not statisti-
cally significant. Forrester et al. compared the effectiveness
of high-salt diet (usual diet and additional 50 mEq salt
pills) and low-salt diet (usual diet and a reduction of 50
mEq salt) on BP [28]. This study was conducted in two
regions of Nigeria and Jamaica and results were compared
between these two zones as well. BP was measured using
both electronic automated machine and manual procedure.
The average result from the two procedures was used in the
final analysis. The mean change in SBP between low and
high sodium diet phase was ~5 mmHg in both groups. This
study depicted that there is a significant efficacy of sodium
reduction in lowering the BP. These results were consistent
with the studies conducted among affluent population in
high income countries. Jessani et al. also estimated theTa

bl
e
1
C
ha
ra
ct
er
is
tic
s
of

th
e
of

th
e
in
cl
ud

ed
ar
tic
le
s

A
ut
ho
r

Y
ea
r
of

P
ub
lic
at
io
n

S
am

pl
e
S
iz
e

S
tu
dy

de
si
gn

C
ou
nt
ry

A
ge

in
Y
ea
r

G
en
de
r

In
te
rv
en
tio

n
D
ur
at
io
n
of

in
te
rv
en
tio

n

C
ap
pu
cc
io

et
al
.

[1
]

20
06

I—
52
2

C
—

49
1

R
C
T
—

cl
us
te
r

ra
nd
om

iz
ed

de
si
gn

G
ha
na

I-
54

C
−
55

M
an
d
F

H
ea
lth

ed
uc
at
io
n
vs

co
nt
ro
l

D
ai
ly

m
ee
tin

g
fo
r
th
e
fi
rs
t
w
ee
k—

on
ce

w
ee
kl
y
th
er
ea
ft
er
.

A
za
db
ak
ht

et
al
.

[2
]

20
11

I
an
d
C
—

23
R
C
T
—

cr
os
so
ve
r
de
si
gn

Ir
an

18
–
30

F
S
oy

dr
in
k
vs

co
w
’s

m
ilk

6
w
ee
ks

A
de
ye
m
o
et
al
.[
3]

20
02

82
R
C
T

N
ig
er
ia

>
25

M
an
d
F

R
ed
uc
ed

sa
lt
in
ta
ke

2
w
ee
ks

H
of
m
ey
r
et

al
.
[4
]

20
15

I—
1s
t
tr
ia
l;
1s
t—

18
1,

2n
d—

97
C
—

2n
d
tr
ia
l;
1s
t—

18
6,

2n
d—

10
4

R
C
T

S
ou
th

A
fr
ic
a,
Z
im

ba
bw

e
an
d
A
rg
en
tin

a
≥1
8,

m
ea
n
30
.3

F
C
al
ci
um

ta
bl
et

12
w
ee
ks

(1
st
tr
ia
l
vi
si
t)
24

w
ee
ks

(2
nd

tr
ia
l
vi
si
t)

F
or
re
st
er

et
al
.
[5
]

20
05

N
ig
er
ia

58
,

Ja
m
ai
ca

56
R
C
T
—

cr
os
so
ve
r
de
si
gn

N
ig
er
ia
,
Ja
m
ai
ca

25
–
55

M
an
d
F

L
ow

-s
al
t
vs

hi
gh
-

sa
lt
di
et

8
w
ee
ks

(i
nt
er
ve
nt
io
n
3
w
ee
ks
,

fo
llo

w
up

2
w
ee
ks
,
w
as
ho
ut

3
w
ee
ks
)

Je
ss
an
i
et

al
.
[6
]

20
08

20
0

R
C
T
—

cr
os
so
ve
r
de
si
gn

P
ak
is
ta
n

≥4
0

M
an
d
F

L
ow

so
di
um

vs
hi
gh

so
di
um

3
w
ee
ks

(i
nt
er
ve
nt
io
n
1
w
ee
k,

fo
llo

w
up
1
w
ee
k,

w
as
ho
ut

1
w
ee
k)

Ja
fa
r
et

al
.
[7
]

20
10

I
20
08

C
20
15

R
C
T
—

cl
us
te
r

ra
nd
om

iz
ed

de
si
gn

P
ak
is
ta
n

M
ay
-3
9

M
an
d
F

H
ea
lth

ed
uc
at
io
n
vs

co
nt
ro
l

3
m
on
th
s

I
In
te
rv
en
tio

n
gr
ou

p,
C

co
nt
ro
l
gr
ou

p,
M

M
al
e,

F
F
em

al
e

Nonpharmacological interventions for the prevention of hypertension in low- and middle-income. . . 789



effect of high and low sodium diet among the Pakistani
population [29]. Participants were randomly allocated
either in a low sodium diet group (20 mEq/day) or a high
sodium diet group (220 mEq/day) for 1 week. The washout
period for both the groups was 1 week before the crossover
phase. The crossover period with the altered diet was for
another 1 week. Researchers measured the difference in
SBP and diastolic BP in each phase as primary outcome.
SBP was classified as high normal SBP and normal SBP.
The result showed that adjusted mean of SBP reduced
significantly among the participant with high normal SBP
(130–139 mmHg) during low sodium diet in comparison
with baseline. There were no significant changes among the
participants with normal SBP (<130 mmHg) at the
baseline.

Meta-analysis

In this analysis, only two articles fulfilled the criteria of
meta-analysis. Pooled estimate revealed a significant
reduction in BP of home based health education with con-
trol (pooled mean difference SBP: −2.35 [95% CI −4.31,
−0.38] mmHg, p= 0.02; pooled mean difference DBP:
−2.11 [95% CI−3.20, −1.02] mmHg, p= 0.0001) (Fig. 4).
Heterogeneity between these cluster randomized trials was
very low (SBP: I2= 18%; DBP: I2= 0%) which implies

that there is necessity to conduct meta-analysis without
subgroup analysis. The forest plot is demonstrated in Fig. 4.

Publication bias

In our review, it was not possible to observe the publication
bias because of very few numbers of included studies for
meta-analysis. Funnel plot generally used to estimate the risk
of publication bias. For only two studies, result of this graph
is unpredictable. It is also recommended that test of funnel
plot asymmetry or existence of publication bias is not pos-
sible if the selected study is <10 in meta-analysis [30].

Discussion

With an aim to examine the effectiveness of non-
pharmacological interventions for prevention of hyper-
tension in LMICs, this systematic review included seven
trials incorporating 6046 patients from eight countries
over the last 16 years. Although a comprehensive search
was undertaken, just seven studies met the inclusion cri-
teria. The studies investigated a range of interventions on
normotensive population including health education, soy
drink, calcium supplementation, and low sodium diet.
Only of two studies were eligible to [23, 24] combine the

Table 2 Summary results of the studies not included in meta-analysis

Authors Intervention SBP DBP Mean percent changes

Baseline/
placebo

Endline/
intervention

Baseline/
placebo

Endline/
intervention

SBP DBP

Mean SD Mean SD Mean SD Mean SD Mean SE Mean SE

Azadbakht et al. [2]

Cow’s milk 102.1 2.2 100 2.1 65.6 2.2 65.8 2 −1.7 0.5 0.4 0.1

Soy milk 100.8 2.1 96 2.2 66.3 2 66 2.2 −4 0.9 −0.4 0.1

Adeyemo et al. [3] Manual Low vs high sodium
diet—women

110.1 14.6 103.1 9.8 69.1 11.5 67.5 7.5 −7 4.4 −1.6 3.4

Adeyemo et al. [3] Low vs high sodium diet—men 116.8 15.3 112.1 12.5 74 9.5 72.1 9.5 −4.7 2.8 −1.9 2.2

Hofmeyr et al. [4] 1st trial—Placebo vs Calcium
supplementation

126.1 16.3 127.4 17.2 81.6 11.5 81.5 13 1.4 3 1 2.4

2nd trial—Placebo vs Calcium
supplementation

126.8 16 131 19.6 81.9 11.4 83.6 14.5 2.5 4.4 1.4 3.5

Forrester et al. [5] Nigeria—high vs low
sodium phase

114.8 11.4 73.3 9.1 4.5 2.9 2.7 2

Jamaica—high vs low
sodium phase

122.3 10.2 75.9 7.3 5.5 1.5 2.8 2.3

Jessani et al. [6] High sodium phase 122 11 134 40 79 6 82 13.5 6 3 0 1

High normal SBP Low sodium phase 122 11 128 20 79 6 81 13.5

Jessani et al. [6] High sodium phase 122 11 118 27 79 6 82 13.5 −1 1 0 1

Normal SBP Low sodium phase 122 11 119 27 79 6 81 13.5
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outcomes through meta-analysis which showed the effects
of health education on reducing BP in normotensive
participants. The significant change in BP indicates that
positive effect of health education among normotensive
individuals in reducing their BP. However, there were
dissimilarities in number and age group among two study
participants. Health education for the prevention of
hypertension is widely used in the interventions which
covered prehypertension individuals. Moreover, this
approach is also used for normotensive individuals to
make them aware. Study showed that community-based
health education program on hypertension and cardio-
vascular risk factors resulted into declining BP of the
participants in the intervention group [31]. The behavior
change communication messages mentioned in the
included articles in this review focused on knowledge of
lifestyle modification such as lowering salt intake in food
[23], increased physical activity, cessation of smoking,
consumption of low fat diet including dairy products, and
increased intake of fruits and vegetables [24]. Another
systematic review demonstrated the effectiveness of life-
style modification on metabolic syndrome where infor-
mation from eight trials were pooled together [32].

In this review, three studies reported effect on reducing
BP through reduction in dietary sodium intake [25, 28, 29].
Intervention period in these studies were short, ranging
from 2 to 8 weeks. The result showed significant effect of
sodium intake modification, it is worth mentioning that the
three included studies varied in their findings, reporting
different range of changes in SBP and DBP. A Cochrane
review also demonstrated the significant change in BP
among White, Black, and Asian people with normal BP
where there was a greater reduction rate among Black and
Asian people [33].

One RCT (crossover design) focused on the effect of soy
drinks and cow milk among the females [27]. SBP reduced

significantly but no significant changes in DBP due to the
intervention of soy drink. However, included participants
were obese and on a weight reducing diet. Calcium tablet
was given to intervention group in one study [26] where no
significant change in reducing BP was observed. Similar
results has been demonstrated in a systematic review
incorporating sixteen trials [10] where slight reduction of
BP was observed due to increase in dietary calcium intake.
However, these trials could not conclude with strong
recommendations for this specific intervention.

As per world health organization, sodium reduction in
food intake can reduce BP in normotensive individuals [2].
In this systematic review, a trend toward reduction in BP
was observed by dietary sodium reduction. Studies con-
ducted by Law et al. and Miller et al. [34, 35] reveled that
participants having higher BP at baseline resulted in greater
reductions in BP due to the effect of sodium reduction.
Many studies demonstrated that decreasing sodium in diets
have benefits in lowering BP among prehypertensive par-
ticipants [36–38]. However, one study showed that the
reduction of dietary sodium has no significant effect in
normotensive individuals with SBP < 130 mmHg and with
normal kidney function [39]. Another crossover study
reported no significant changes in BP due to the reduction
of salt intake [40].

No studies on physical activities related intervention to
reduce hypertension was found in LMICs. However, meta-
analysis of seven studies conducted among Brazilian
population also demonstrated the significant impact of
resistance exercise and aerobics in lowering both SBP and
DBP [41]. Pooled estimate showed reduction in both sys-
tolic and diastolic pressures which was statistically sig-
nificant. But the sample size of included studies were very
small with short intervention period and both normotensive
and hypertensive patients were included. Another sys-
tematic review and meta-analysis conducted demonstrated

Fig. 4 Comparison between
home health education (HHE)
and no HHE, outcome effect
mean difference of systolic
blood pressure and diastolic
blood pressure
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that isometric handgrip exercise is efficacious for reducing
SBP and DBP in adult participants [42].

We conducted a broad search of several databases but
placed restrictions on the language of the study when
searching the electronic databases. Studies published in
english language were only considered in this review which
is one of the main limitations. It is likely that there are other
studies published in other languages which we have missed
in this review. Strengths of this systematic review are the
inclusion of RCTs only and following Cochrane guideline
strictly.

None of the included studies was found as low ROB and
also methodologically none of the studies was of high
quality. In some studies, short duration of intervention
period with small sample demonstrated quick significant
results but their sustainability remained questionable.
Follow-up after a longer duration could have observed for
the sustainability of the impact of interventions. Studies did
not mention about potential confounders and contamination
in case of cluster randomized trials.

Conclusion

This review demonstrated the effectiveness of non-
pharmacological interventions for prevention of hyperten-
sion of the included trials. Given the limited scientific
evidence in LMICs and quality of the evidences, no strong
conclusion about effectiveness of nonpharmacological
approaches could be drawn. This systematic review high-
lights the need of future research opportunities and a
necessity for more scientific studies with larger numbers of
participants and longer intervention period using robust
study design.

Summary

What is known about topic

● Hypertension attributes to the cardiovascular disease
burden and responsible for premature death.

● Different non pharmacological approaches have been
implemented for prevention of hypertension in high
income countries

What this study adds

● Explored all available non pharmacological intervention
trials in LMICs

● Home based health education has got significant effect
in preventing hypertension among people with normal
blood pressure in LMICs

● More researches with robust methodology and longer
follow up are required for recommending other non
pharmacological approaches
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