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Abstract

Background In especially, low and middle-income nations (LMICs), where healthcare access may be restricted, high
blood pressure (BP) is a major risk factor for cardiovascular disease and stroke, both of which can even lead to death.
Altering one’s lifestyle, in conjunction with medical therapy, has been demonstrated to be effective in lowering BP.
Recent research has shown that physical activity (PA), in a variety of guises and to varying degrees, can be an effective
means of lowering BP.

Objective The purpose of this meta-analysis and systematic review was to evaluate the impact that PA plays
in the development of hypertension in LMICs nations.

Methods An exhaustive search of the available research was carried out in order to locate studies that were perti-
nent. We searched a number of online databases, such as SCOPUS, Medline, and Web of Science, looking for clinical
trials that were published before March of 2023. Studies were only considered for inclusion if they were randomized
controlled trials (RCTs), reported on the association between PA and BP, and were carried out in LMICs countries.

Results This meta-analysis incorporated a comprehensive collection of 60 studies, encompassing a total of 11,002
people, consisting of 5,630 cases and 5372 controls. The findings indicate that engaging in PA had a notable

impact on decreasing systolic blood pressure (SBP), as seen by a weighted mean difference (WMD) of -7.70 mmHg,
with a 95% confidence interval (Cl) ranging from -9.50 to -5.91 (p < 0.001). Additionally, PA was found to have a sig-
nificant influence on reducing diastolic blood pressure (DBP), as indicated by a WMD of -3.60 mmHg, with a 95% Cl
ranging from -4.48to -2.73(p < 0.001). The findings from subgroup analysis indicate that the observed results remained
statistically significant when considering individuals with baseline SBP of 120 mmHg or lower and DBP of 80 mmHg
or lower.

Conclusion The incorporation of PA can significantly contribute to the mitigation of high BP within LMICs nations.
Additional investigation is required to ascertain the most effective form and amount of PA in order to mitigate BP
levels within these specific individuals.
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Induces a vasodilatory response
Improves endothelial function

Physical activity

Improves insulin sensitivity
Decreases plasma viscosity
Reducing fat in the body
Reduces oxidative stress
Inhance blood circulation
Increases muscle strength

Decrease of blood pressure

Introduction

Hypertension is diagnosed when an individual’s sys-
tolic blood pressure (SBP) is equal to or greater than 140
mmHg, and/or their diastolic blood pressure (DBP) is
equal to or greater than 90 mmHg [1]. It is a major con-
tributor to global mortality, affecting 40% of adults and is
linked to an increased risk of strokes and heart disease [2—
7]. Up to 10 million deaths worldwide can be attributed
to arterial hypertension [8]. In fact, a reduction in SBP, at
least 10 mmHg, can decrease the risk of CVD by about
20-30 percent [2]. Various studies have examined symp-
toms of hypertension such as headaches, hot flushes, and
mood disorders. Hypertension is often seen as asympto-
matic, but these symptoms may indicate secondary hyper-
tension caused by another medical condition [1, 9-11].
The prevalence of hypertension among adults is higher
in low and middle-income countries (LMICs) in com-
parison to high-income nations [12]. Records from 2019

shows the highest normalized death rate caused by car-
diovascular disease and SBP with regards to age in LMICs
[13]. The World Health Organization (WHO) presented a
table from The World Bank that categorizes countries as
LMICs based on Gross National Income (GNI). A nation
that possesses GNI per capita of $1,135 or lower is clas-
sified as a low-income country, whereas a nation with a
GNI per capita ranging from $1,136 to $13,846 falls into
the category of a middle-income country [14, 15]. Accord-
ing to the data presented in the table, there are a total of
26 countries classified as low-income and 108 countries
classified as middle-income [14]. Patients with hyperten-
sion require a combination of lifestyle modifications and
medication for effective medical care and self-manage-
ment [16, 17]. WHO has just published a comprehensive
inventory of indispensable pharmaceuticals for the man-
agement of hypertension. This list encompasses a range
of medications, including angiotensin-converting enzyme
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(ACE) inhibitors, calcium channel blockers (CCBs), angi-
otensin receptor blockers (ARBs), and diuretics. In addi-
tion to the aforementioned considerations, it is imperative
to address the management of other cardiovascular risk
factors, such as smoking, diabetes, and lipid abnormalities
[18-22]. Engaging in healthy lifestyle practices, including
the maintenance of a normal BMI and waist circumfer-
ence, regular physical activity, abstaining from smoking,
moderate alcohol consumption, adherence to the DASH
diet, and utilization of dietary supplements such as gar-
lic, cocoa, vitamin C, coenzyme Q10, omega-3 fatty acids,
calcium, potassium, and magnesium, has been associ-
ated with favorable health outcomes among individu-
als diagnosed with hypertension [17, 23-28]. Moreover,
lifestyle modifications may hold greater significance than
pharmacological interventions for those with moderate
hypertension. Thus, exercise training and other non-phar-
macologic treatments should be recommended as the pri-
mary treatment for stage 1 hypertension in conjunction
with medication [17]. Due to the significant health issues
caused by hypertension and the lack of comprehensive
studies. Therefore, a comprehensive systematic review
and meta-analysis of clinical trial studies was undertaken
to aggregate existing evidence pertaining to the correla-
tion between physical activity intervention and blood
pressure.

Materials and methods

The PRISMA procedure, which is used for reporting
systematic reviews and meta-analyses, served as the
basis for the planning, execution, and reporting of this
work [29].

Information sources and search strategy

Online databases including SCOPUS (http://www.
scopus.com), Medline (http://www.ncbi.nlm.nih.gov/
PubMed), and Web of Science (https://clarivate.com
» scientific-and-academic-research) were searched to
find all the relevant clinical trials up to March 2023.
We used the following search terms in our search in
the mentioned databases: (Exercise OR "Exercise ther-
apy" OR "Exercise test" OR "Exercise Movement Tech-
niques” OR kinesiotherapy OR "Physical Endurance"
OR Anaerobic OR aerobic OR "Resistance Training"
OR "Motor activity” OR "Physical Activity" OR "Loco-
motor Activity” OR "relaxation therapy" OR tai-ji OR
yoga) AND ("Blood pressure” OR Hypertension OR
"Systolic Pressure” OR "Diastolic Pressure” OR "Pulse
Pressure”) AND ("Developing Country" OR "Under
Developed country” OR "Underdeveloped country”
OR "less Developed country” OR "Developing nation”
OR "Under Developed nation" OR "Underdeveloped
nation" OR "less Developed nation" OR "Third World"
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OR "low resource country” OR "low resource nation"
OR Africa OR Africa OR "South America" OR "South
America”" OR "Latin America”" OR "central America"
OR Asia). All of the studies that were looked up were
incorporated into the Endnote software (version X9,
for Windows, Thomson Reuters, Philadelphia, PA,
USA) and screened. After that, duplicate citations were
removed from the articles. The present meta-analysis
did not take into account information from unpub-
lished sources or those considered as grey literature,
such as conference abstracts, theses, and patents. In
addition to this, we also conducted a hand search of the
reference lists of the papers that were obtained as well
as the reviews that were done previously in order to
include any other studies that might be suitable. There
were no limitations on language and date. The detailed
steps of the literature search are depicted in (Fig. 1).

Inclusion criteria

Human trials were included in the meta-analysis if they
fulfilled the following inclusion criteria: (A) Were RCTs
with either parallel or crossover designs; (B) Reported
blood pressure indices before and after intervention in
each group; (C) Compared intervention group with the
placebo group; (D) Reported data as mean and SD or
can be converted to it; (E) Were listed in LMICs accord-
ing to the World Bank incoming group list used by
WHO (Supplementary file).

Exclusion criteria

Studies were excluded if they: (A) Were non clinical tri-
als; (B) Duplicate studies (C) Animal, in vitro, and review
studies; (D) Pregnant women; (E) Did not provide effects
sizes on blood pressure before and after the trial in pla-
cebo and intervention groups; (F) They were conducted
solely in developed (high-income) countries according to
the World Bank incoming group list used by WHO.

Data extraction

The following data were extracted with a standardized
data collection form by three researchers working inde-
pendently (Hashemi M, Javid R, Kiani F). After reviewing
the titles and abstracts of the studies, relevant research
was incorporated into the present study. The disagree-
ments that arose amongst the reviewers were settled
through discussion and by coming to an agreement with
the assistance of a fourth reviewer (Monfared V). The
following information was extracted: first author, publi-
cation year, mean age, gender, study design, sample size,
intervention type, duration of intervention, mean and SD
in BMI, health status, and mean and SD changes in SBP
and DBP. The corrected mean changes and standard devi-
ations of blood pressure measurements were calculated
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Fig. 1 Flow diagram of the selection of the included studies

during the study for both the intervention group and the
control group. If the data on the blood pressure were pro-
vided in a different unit, we converted them to the unit
that was used the most frequently.

Risk of bias assessment

We applied the Cochrane quality assessment tool for
assessing the risk of bias for each study included in the
current meta-analysis [30]. This instrument comprised
seven components, which included random sequence
generation, allocation concealment, reporting bias, per-
formance bias, detection bias, attrition bias, and addi-
tional sources of bias. A score of "high risk" was assigned
to each domain if the study contained methodological
concerns that could have affected its findings. A score of
"low risk" was assigned if there was no imperfection for
that domain, and a score of "unclear risk" was assigned if
the information was insufficient to determine the impact
of the study. If the trial met the criteria for "low risk" in
all dimensions, then the study was regarded as being of

= Records identified from:
-.% Scopus (n = 1886) Records removed before
g PubMed (n =5064) I »| screening:
= Web of science (n = 676) Duplicate records
3 Registers (n =2) removed (n = 1292)
Records screened »| Records excluded
(n=6634) (n=6547)
2 Reports sought for retrieval Reports not retrieved
£ | =87 "| m=0)
<
3 I
Reports assessed for Reports excluded:
eligibility >
(n=2387) They were not clinical trials (n=
1y
Intervention was not physical
activity (n=9)

— Do not have control group (n=
] Studies included in review Do not measure SBP and DBP
= (n=60) (n=2) )

E Reports of included studies Participants are not in low and
= (n = 60) middle-income countries (n= 4)

excellent quality and carrying an extremely low risk of
being biased overall. Both of the reviewers worked inde-
pendently on the assessment of the potential for bias
(Hashemi M and Yousefi M) (Table 2).

Statistical analysis

The overall effect sizes were calculated using the mean
changes in blood pressure measurements and their
respective standard deviations for both the intervention
group and the control group. We were able to determine
mean changes when they were not reported by consider-
ing the changes in blood pressure that occurred during
the intervention. The standard deviation (SD) was deter-
mined in research projects that reported the standard
error of means (SEM) by multiplying the SEM by the
square root of the sample size, as follows: SD=SEM x+vn.
We used a random-effects model that considering dif-
ferences from one study to the next in order to get an
accurate picture of the overall effect sizes. The I? statis-
tic and the Cochrane’s Q test were used to determine the
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presence of heterogeneity. It was determined that there
was significant heterogeneity between studies if the I?
value was >50% or P<0.05 [31]. To find probable sources
of heterogeneity, subgroup analyses were performed
according to the predefined variables including Type
of physical activities (Resistant training, Aerobic train-
ing, Combined exercise), Gender (Male, Female, Both),
Baseline SBP (>120 mmHg, <120 mmHg), Baseline DBP
(>80 mmHg, <80 mmHg), Age (>50 years, <50 years),
Health status (Healthy, Disease),Baseline BMI (Normal
(18.5-24.9 kg/m?), Overweight (25-29.9 kg/m?), Obese
(>30 kg/m?), Ethinc (Asia, Africa, America), and Trial
duration (>24 weeks, <24 weeks) (Table 3). A sensitivity
analysis was performed in order to determine whether
or not the overall effect size was dependent on a specific
study. The formal test developed by Begg looked into the
possibility of publication bias. Stata, version 17/0 was
utilized in the process of doing the meta-analysis, and P
value <0.05 was considered as significant level.

Certainty assessment

The overall certainty of evidence across the studies was
graded according to the GRADE guidelines Working
Group [32]. According to the relevant assessment stand-
ards, the standard of the evidence can be divided into
the following four categories: high, moderate, low, and
extremely low. Monfared V and Hasani M, two pairs of
authors, independently utilized the GRADE assessment
and then consensus to reach a single result (Table 4).

Results

Study selection

Out of a total of 7,626 articles obtained from three data-
bases (Scopus, PubMed, and Web of Science), the pri-
mary search yielded 1,886 items from Scopus, 5,064
articles from PubMed, and 676 articles from Web of Sci-
ence. After excluding 1,292 duplicate studies, a total of
6,634 unique articles remained for further analysis. Fol-
lowing the examination of titles and abstracts, a total
of 6,547 studies that did not meet our inclusion criteria
were excluded. These exclusions were based on the fol-
lowing reasons: 5,779 studies had titles and abstracts that
were irrelevant to our research topic, 465 studies had
animal subjects, and 222 studies were review articles. As
a result, a total of 87 studies were retained for analysis.
Following a thorough examination of the full-text arti-
cles, one study was excluded due to its lack of a clinical
trial design. Additionally, in nine studies, the intervention
did not involve physical activity. Furthermore, 11 studies
lacked an appropriate control group. Two study failed to
measure SBP and DBP, while four studies did not include
participants from LMICs countries. Ultimately, a total of
60 studies were identified that satisfied all the specified
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inclusion criteria and were then included in the meta-
analysis. Figure 1 illustrates the PRISMA flow diagram,
which outlines the search process.

Study characteristics

Overall, 60 studies, with 11,002participants (5,630cases
and 5,372controls), were included [33-94]. Included
studies were published between 2002 [58] and 2021 [66].
The duration period ranged from 2 [55] days to 96 [54]
weeks, and the sample size of the included studies ranged
from 20 to [56] to 674 [54] participants. The mean age
ranged from 13 [67] to 71 [40], and BMI ranged from 20
[67] to 32 [34] All of the studies were parallel RCTs,
except for three studies that were cross-over designs [52,
53, 55]. Selected studies enrolled subjects with hyperten-
sion [36, 40, 47, 48, 50, 52-56, 58, 59, 62, 71-75,
86—89],metabolic syndrome [44, 51, 69, 80, 82], healthy
persons [34, 35, 37, 49, 60, 61, 63, 65-67, 70, 76, 78, 83,
84, 91, 94], type 2 diabetes mellitus [46, 64, 90, 92],
peripheral artery disease [68], symptomatic peripheral
artery disease [81], chronic hemodialysis patient [33],
Parkinson disease [39], Prehypertension [42], HIV/AIDS
[85], chronic heart failure [41], coronary artery disease
[43], Stable coronary artery disease [79], coronary heart
disease [38], cardiovascular risk [45, 93]. The investiga-
tions were conducted in various countries, including the
India [43, 59, 78, 83, 90], China [35, 37, 38, 44, 47, 51, 60,
63, 65, 66, 79], Iran [36, 70, 76], Sri Lanka [46], Brazil [39,
50, 55, 56, 67, 68, 81, 86—88, 91, 92, 94, 95], Taiwan [40,
48, 61, 62, 82, 93, 95], East Africa [34, 49], South Africa
[64], Tunisia [33], Colombia [45, 69], Thailand [71], Nige-
ria [41, 52, 53, 72-75, 85], one multinational study in
(Argentina<Guatemala« Peru) [42], Egypt [84], Chile [80],
and Pakistan [54]. Characteristics of the included studies
are abstracted in Table 1.

Quality assessment

The Cochrane scoring system was used to assess the qual-
ity of the included studies (Table 2). This system consists
of seven criteria to evaluate the risk of bias, which are as
follows: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting, and other biases. Bias was assessed (high, low,
or unclear) for individual elements, interpreted as high
risk, low risk, and unknown risk, respectively. We clas-
sified 34 studies as low risk [35-37, 41-43, 45-47, 49,
52-54, 56, 62, 63, 72-76, 79, 81-88, 90-95], 16 moder-
ate risk [33, 34, 50, 58—60, 64—67, 69-72, 78, 80], and 10
high-risk studies [38—40, 44, 48, 51, 55, 61, 68, 79].
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Table 2 Risk of bias assessment

Study Random Allocation Selective Other Blinding Blinding Incomplete  General risk of
sequence concealment reporting sources of (participants (outcome outcome bias
generation bias and personnel) assessment) data

Mandal et al,, L L L H U H L Moderate risk

2021 [78]

Yu et al, 2021 U L L H U H L Moderate risk

[66]

Guetal, 2020 U L L L U U L Low risk

[35]

Hooshmand- L L L L U U L Low risk

moghadam et al,,

2020 [36]

Ranasingheetal, U U L H L L L Low risk

2020 [46]

Rosa Santos etal, U L L H u H L Moderate risk

2020 [67]

Acetal, 2019 L L L H H H L High risk

[68]

Leungetal,2019 L u L H H H L High risk

[51]

Mouodi et al., L L L L U H L Low risk

2019 [76]

Chhuganietal, U u L H u U L Low risk

2018 [83]

Gradidg et al,, L L H H L L L Moderate risk

2018 [34]

Ma et al, 2018 u u L H u V] L Low risk

[47]

Cavalcanteetal, L H L L u L L Low risk

2017 [81]

Frih et al,, 2017 L L L L H H L Moderate risk

[33]

Kanegusuku U H H H H H H High risk

etal, 2017 [39]

Changetal, L L L H U U L Low risk

2016 [82]

Farinatti et al,, L L L H U U L Low risk

2016 [86]

Gallo-Villegas L L L L H H L Moderate risk

etal, 2016 [69]

Rubinsteinetal, L L L L H U L Low risk

2016 [42]

Lauetal, 2015 H U L H H H L High risk

[44]

Ezemaetal, L U L H U U L Low risk

2014 [85]

Sikiru et al, 2014 L L L H L L L Low risk

[53]

Sujatha et al,, L L L H U H L Moderate risk

2014 [59]

Wuetal, 2014 L L L L L H L Low risk

[63]

Yan et al, 2014 U L L H U H L Moderate risk

[64]

Yuetal, 2014 H L L L u H L Moderate risk

[65]

Hou et al, 2014 L U L L U U L Low risk

[37]
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Table 2 (continued)

Study Random Allocation Selective Other Blinding Blinding Incomplete  General risk of
sequence concealment reporting sourcesof (participants (outcome outcome bias
generation bias and personnel) assessment) data

Ajiboye et al,, L U L H U U L Low risk

2013 [41]

Britoetal, 2013 L U L H U U L Low risk

[56]

Lamina et al, U L L H L U L Low risk

2013 [75]

Pal etal, 2013 L L L H U U L Low risk

[43]

Sikiru et al, 2013 U L L H L L L Low risk

[52]

Tsaietal, 2013 H U L H u H L High risk

[61]

Lamina et al, L L L H u H L Moderate risk

2012[72]

Loetal, 2012 H H L H u U L High risk

[48]

M. Cunha et al,, U H L H H H L High risk

2012 [55]

Mizuno et al., H u L H u U L Moderate risk

2012 [50]

Vianna et al,, L u L L u U L Low risk

2012 [94]

Kanegusuku L u L L U L L Low risk

etal,2011[91]

Lamina et al, u L L H L V] L Low risk

2011 [73]

Lamina et al,, u L L H L U L Low risk

2011 [74]

Luk et al, L L L H H H L High risk

2011[79]

Mortimer et al., U U L H U U L Low risk

2011 [49]

Ansarietal, 2010 L L L H U U L Low risk

[84]

Monteiro et al., L U L H U U L Low risk

2010 [92]

Mujica et al,, L U L H L H L Moderate risk

2010 [80]

Arora etal, 2009 L U L L U U L Low risk

[90]

Bindchenetal, L U L H U U L Low risk

2009 [88]

Jafaretal, 2009 L L L L L L L Low risk

[54]

Barroso et al., L U H L U U L Low risk

2008 [87]

Meirelles et al.,, U U L H U U L Low risk

2008 [89]

Jiangetal, 2007 L L L H H H L High risk

[38]

Lee et al, 2007 L L L H H H L High risk

[40]

Pazoki et al, 2007 U U L H U H L Moderate risk

[70]
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Table 2 (continued)

Study Random Allocation Selective Other Blinding Blinding Incomplete  General risk of
sequence concealment reporting sourcesof (participants (outcome outcome bias
generation bias and personnel) assessment) data

Wu et al,, 2007 U U L H U U L Low risk

[93]

Mendivil et al,, L U L L U U L Low risk

2006 [45]

McCaffreyetal, U U L H U H L Moderate risk

2005 [71]

Thomas et al., L L L H U H L Moderate risk

2005 [60]

Tsai et al., 2003 L L L L L H L Low risk

[62]

Tsai et al., 2002 U L L H U H L Moderate risk

[58]

General Low risk < 2 high risk
General moderate risk=2 high risk
General high risk > 2 high risk

Effect of physical activity on SBP

A total of sixty studies, encompassing 84 effect sizes,
were analyzed in this research. The studies involved
a combined sample size of 11,002 participants, with
5,630 individuals classified as cases and 5,372 as con-
trols. The primary focus of these studies was to investi-
gate the impact of physical exercise on SBP. The results
indicated that physical activity had a statistically signifi-
cant impact on SBP (weighted mean difference [WMD]:
-7.70 mmHg; 95% confidence interval [CI]: -9.50, -5.91;
p<0.001) (Fig. 2A). Nevertheless, a notable level of vari-
ability was observed (I2=97.3%). The subgroup analysis
revealed that several factors, including type of physical
activities, gender, the health status of the research par-
ticipants, baseline SBP, BMI, trial duration, ethnicity, and
age, accounted for the observed variability. The subgroup
analysis revealed that the observed outcomes remained
statistically significant when the baseline SBP was equal
to or less than 120 mmHg, chose walking as a physical
activity as well as in groups characterized as healthy.
Healthy individuals had the greatest reduction in heter-
ogeneity among the groups, also in people with African
ethnic and male gender, they had the greatest reduction
in SBP, but the heterogeneity in this group was very high.
(Table 3).

Effect of physical activity on DBP

A total of fifty-six studies, comprising 78 effect sizes,
were included in the analysis. These investigations
involved a combined sample size of 10,721 participants,
with 5,495 cases and 5,226controls. The primary focus of
these research was to investigate the impact of physical
activity on DBP. The results indicate that physical activity

had a substantial impact on DBP (weighted mean differ-
ence [WMD]: -3.60 mmHg; 95% confidence interval [CI]:
-4.48, -2.73; p<0.001) as shown in Fig. 2B. Nevertheless,
a notable level of diversity was observed, as indicated by
the 12 statistic of 94.5%. The subgroup analysis revealed
that many factors, including type of physical activities,
gender, the health status of the research participants,
baseline DBP, baseline BMI, trial duration, ethnicity, and
age, accounted for the observed variability. The subgroup
analysis revealed that the observed outcomes continued
to be statistically significant when the baseline DBP was
equal to or less than 80 mmHg, chose walking as a physi-
cal activity as well as in populations without any pre-
existing health conditions. People who had lower DBP
equal to 80 had the greatest reduction in heterogeneity
among the groups, also in people with male gender, they
had the greatest reduction in DBP, but the heterogeneity
in this group was very high. (Table 3).

Sensitivity analysis and publication bias

The results of the sensitivity analysis revealed that the
magnitude of the overall effect regarding the associa-
tion between physical activity on SBP and DBP did not
depend on a single study. Also, Visual inspection of the
funnel plot revealed no evidence of publication bias in
the studies that evaluated the effect of physical activity on
SBP (Begg: 0.454) and DBP (Begg: 0.360) (Fig. 3A, B).

Meta-regression analysis

Meta-regression was used to investigate the potential
linear association between duration of intervention, age,
BMI, baseline SBP, and DBP with changes in SBP and
DBP. Accordingly, meta-regression analysis did reveal
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Fig. 2 A Forest plot of randomized controlled trials to investigate the effect of physical activity on systolic blood pressure. B Forest plot
of randomized controlled trials to investigate the effect of physical activity on diastolic blood pressure

a significant association between the duration of inter-
vention and changes in SBP (P jq.,=<0.001) and
DBP (P jiearity=0.004). The findings indicate that the
longer the intervention period, the less impact it has
on both SBP and DBP levels. In other words, the effec-
tiveness of the intervention decreases as its duration
increases.(Fig. 4A, B). Also, there was a significant asso-
ciation between baseline SBP and changes in SBP (P lin-
earity=<0.001) and between baseline DBP and changes
in DBP (Pjiyearity=0.001) (Figs. 4C, D). Based on the
graphs, it can be observed that as the baseline BP level
increases, there is a corresponding increase in the blood
pressure level during physical activity. In other words,
the higher the baseline BP, the greater decrease in the
level of blood pressure was observed. However, meta-
regression analysis did not show any significant associa-
tion between age and changes in SBP (Pje,i, =0.282),
DBP (Pjiearity=0.631), and BMI with changes in SBP
(Plincarity=0.871) and DBP (Pyy,,ir, =0.208) (Figs. 4E~H).

Grading of evidence

The GRADE protocol was used to assess the certainty of
the evidence (Table 4). Accordingly, studies investigat-
ing the effect of physical activity on SBP and DBP were

regarded as moderate quality due to the high heterogene-
ity between studies.

Discussion

We conducted a meta-analysis that indicates a relation
between blood pressure (SBP and DBP) and physical
activity (PA). Our findings also, suggest that PA is a good
lifestyle intervention for reducing BP. This study repre-
sents the first meta-analysis conducted to examine the
effects of PA on blood pressure across low and middle-
income countries (LMICs), as far as our current under-
standing allows us to ascertain. The rigorous evaluation
of the outcomes of this investigation is crucial owing to
the significant heterogeneity seen throughout the analy-
ses. To account for this heterogeneity, subgroup analy-
ses were performed based on type of physical activities
(Resistant training, Aerobic training,Combined exer-
cise), trial duration (<12 vs. > 12 weeks), age (<50 vs.> 50
years), health status (healthy vs. disease vs. both), gen-
der (male, female, both), ethnicity (Asian vs. African vs.
American), baseline BMI (normal (18.5-24.9) vs. over-
weight (25-29.9) vs. obese (>30)), baseline SBP (<120
vs.>120 mmHg), and baseline DBP (<80 vs. >80 mmHg).
Subgroup analysis showed that the results remained sig-
nificant when baseline SBP <120 mmHg and in healthy
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Table 3 Subgroup analyses of physical activity on blood pressure in low and middle income countries

NO WMD (95%Cl) P-value heterogeneity
P heterogeneity 12 P between
sub-
groups
Subgroup analyses of physical activity on SBP
Overall effect 84 -7.70(-9.49,-5.91) <0.001 <0.001 973
Baseline SBP (mmHg)
>120 73 -8.15 (-10.43,-5.86) <0.001 <0.001 97.5 <0.001
<120 9 -4.73 (-6.26, -3.20) <0.001 0.001 709
Trial duration (week)
<12 50 -9.64 (-12.50,-6.79) <0.001 <0.001 978 <0.001
>12 31 -4.72 (-6.37,-3.06) <0.001 <0.001 91
Age (year)
>50 54 -7.19 (-9.48, -4.90) <0.001 <0.001 976 <0.001
<50 26 -8.76 (-12.34,-5.17) <0.001 <0.001 96.8
Health status
Disease 57 -8.94 (-11.33,6.55) <0.001 <0.001 98.1 <0.001
Healthy 26 -4.95 (-6.30,-3.60) <0.001 <0.001 64.1
Both 1 -2.24 (-5.63,1.15) 0.196 0 0
Gender
Both 60 -6.84 (-8.80, -4.88) <0.001 <0.001 97 <0.001
Male 13 -14.26 (-16.24,-12.29) <0.001 <0.001 84.9
Female 11 -4.90(-11.79,1.98) 0.163 <0.001 97
Baselin BMI (kg/m?)
Normal (18.5-24.9) 18 -11.75(-14.95,-8.55) <0.001 <0.001 96 <0.001
Overweight (25-29.9) 50 -7.04 (-9.88,-4.20) <0.001 <0.001 96.5
Obese (>30) 5 -3.48 (-6.02,-0.95) 0.007 <0.001 879
Ethinc
Asia 41 -6.22 (-8.52,-3.91) <0.001 <0.001 96.2 <0.001
Africa 15 -14.26 (-16.84,-11.68) <0.001 <0.001 904
America 27 -6.62 (-9.97,-3.28) <0.001 <0.001 974
Types of physical activities 84
Resistant training 1 -3.93(-9.32,145) 0.158 <0.001 97.1 <0.001
Aerobic training 38 -9.17 (-12.46,-5.87) <0.001 <0.001 979
Combined exercise 32 -7.47 (-9.85,-5.09) <0.001 <0.001 96.2
Subgroup analyses of physical activity on DBP
Overall effect 78 -3.60 (-4.48,-2.72) <0.001 <0.001 945
Baseline DBP (mmHg)
>80 42 -4.96 (-6.24,-3.68) <0.001 <0.001 96.5 <0.001
<80 36 -1.91 (-2.62,-1.19) <0.001 <0.001 63.8
Trial duration (week)
>12 29 -2.36 (-3.69,-1.04) <0.001 <0.001 94.1 <0.001
<12 46 -4.40 (-5.52,-3.27) <0.001 <0.001 938
Age (year)
>50 49 -3.52 (-4.56,-2.48) <0.001 <0.001 944 <0.001
<50 26 -3.70(-5.58,-1.82) <0.001 <0.001 94.5
Health status
Disease 54 -4.36 (-5.46, -3.25) <0.001 <0.001 958 <0.001
Healthy 23 -2.05 (-2.96,-1.15) <0.001 <0.001 64.3

Both 1 0.30 (-1.85,2.45) 0.785 0 0
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Table 3 (continued)
NO WMD (95%Cl) P-value heterogeneity
P heterogeneity 12 P between
sub-
groups
Gender
Both 55 -3.34(-4.52,-2.17) <0.001 <0.001 94.8 <0.001
Male 13 -5.01 (-6.43,-3.59) <0.001 <0.001 93.7
Female 10 -3.23(-6.76,0.29) 0.073 <0.001 91.9
Baselin BMI (kg/m?)
Normal (18.5-24.9) 18 -4.18 (-5.37,-2.99) <0.001 <0.001 90.8 <0.001
Overweight (25-29.9) 45 -3.89(-5.34,-2.43) <0.001 <0.001 94.4
Obese (>30) 4 -1.95 (-3.67,-0.24) 0.025 0.001 81.3
Ethinc
Asia 41 -3.08 (-4.45,-1.71) <0.001 <0.001 95 0.038
Africa 14 -4.50 (-5.70,-3.30) <0.001 <0.001 884
America 23 -4.00 (-6.07,-1.93) <0.001 <0.001 954
Types of physical activities 78 <0.001
Resistant training 10 -3.03 (-6.17,-0.10) 0.058 <0.001 95
Aerobic training 36 -4.21 (-5.59,-2.83) <0.001 <0.001 95
Combined exercise 32 -3.00 (-4.01,-1.98) <0.001 <0.001 89.9
Abbreviations: Cl Confidence interval, WMD Weighted mean differences, SBP Systolic blood pressure, DBP Diastolic blood pressure
A Funnel plot with pseudo 95% confidence limits B Funnel plot with pseudo 95% confidence limits
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Fig.3 A Funnel plot detailing publication bias in the studies reporting the impact of physical activity on systolic blood pressure. B the sensitivity
analysis of included studies reporting the impact of physical activity on diastolic blood pressure

populations for SBP and the results remained significant
when baseline DBP <80 mmHg and in healthy popula-
tions in DBP, respectively. The findings of our study align
with other research indicating that engaging in leisure-
time PA has the potential to decrease both SBP and DBP
levels [96]. Nevertheless, it is important to acknowledge
a constraint of this study, namely the limited number of
studies that were encompassed, potentially impeding the
extent to which the findings can be applied to a broader
population [96]. Moreover, another recent study supports

the perspective that a higher intensity of PA is associated
with larger reductions in DBP [97]. The primary focus of
our analysis was on LMICs, and it encompassed a sub-
stantial number of RCTs. In contrast, previous investiga-
tions have examined this correlation in smaller cohorts
and did not specifically target this particular demo-
graphic. Different kinds of medication are used in the
treatment of hypertension and they can lower the BP in
different ways. The ACE enzyme facilitates the transfor-
mation of angiotensin I to angiotensin II, which results
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Fig. 4 Result of meta-regression analysis for exploring the potential linear association between duration of intervention (A, B), baseline SBP

and DBP (C, D), age (E, F) and BMI (G, H) with changes in SBP and DBP

Table 4 GRADE profile of physical activity for SBP and DBP

Quality assessment Summary of findings Quality of
evidence
Outcomes Risk of bias Inconsistency  Indirectness Imprecision Publication Number of WMD (95%Cl)
Bias intervention/
control
SBP No serious Very serious No serious No serious No serious 5630/5372 -7.70 (-9.50, a0
limitation limitation® limitation limitation limitation -5.91) Moderate
DBP No serious Very serious No serious No serious No serious 5495/5226 -3.60 (-4.48, 12131@)
limitation limitation® limitation limitation limitation -2.73) Moderate

2The test for heterogeneity is significant, and the 12 is high, 97.3%
b The test for heterogeneity is significant, and the I is high, 94.5%

in heightened blood pressure. ACEIs impede this pro-
cess, whereas ARBs obstruct the receptors. CCBs cur-
tail vascular resistance by hindering calcium channels.
Diuretics decrease blood pressure by impeding sodium
reabsorption at different segments of the nephron. Thi-
azides target the distal convoluted tubule to check the

sodium-chloride cotransporter [98]. However, the role
of PA in reducing BP can be as important as pharma-
cological treatment [16]. The precise mechanisms via
which PA mitigates the development of hypertension
are still uncertain and subject to debate. This is mostly
attributed to the complex and multifaceted character of
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hypertension, as well as the ambiguous ways in which
several contributing factors interact with each other.
According to the research conducted by Millar and col-
leagues (Millar PJ et al.), it is proposed that the decrease
in resting blood pressure (BP) resulting from isometric
exercise training necessitates modifications in either one
or both of the factors that determine mean arterial pres-
sure, namely cardiac output and total peripheral resist-
ance [99]. Following mechanisms can be mentioned: PA
induces a vasodilatory response that widens blood ves-
sels and diminishes their constriction [100, 101]. This
response includes decreasing cardiac output, sympathetic
nervous system activity, levels of plasma norepineph-
rine, and total peripheral resistance [102, 103]. One of
the other mechanisms is improving endothelial function
which can be compromised in individuals with hyperten-
sion [102, 104—-106]. Based on a comprehensive study of
existing research studies and a synthesis of their findings,
it has been determined that aerobic endurance training
has the capacity to lower BP by diminishing vascular
resistance. This effect is believed to be mediated via the
involvement of the sympathetic nervous system and the
renin-angiotensin system [107]. Furthermore, hyperinsu-
linemia and insulin resistance can lead to hypertension.
This happens because insulin causes the body to hold
onto sodium, makes the nervous system more active, and
causes the proliferation of muscles inside blood vessels
[102, 108]. Exercise improves insulin sensitivity, provid-
ing another possible mechanism for its antihypertensive
effect [102, 109]. Additionally, PA may decrease plasma
viscosity, leading to less resistance in blood vessels and
improving blood flow [102]. Apart from what was pre-
viously mentioned, doing exercise can lower the chance
of getting high BP by helping maintain a healthy weight
and reducing fat in the body which is the main reason for
high BP [102, 110-113]. Besides affecting the constric-
tion and relaxation of blood vessels, exercise also helps
to reduce BP by decreasing the levels of oxidative stress
and inflammation [100]. According to a recent system-
atic review and meta-analysis of randomized clinical tri-
als, Strength training can help reduce BP by improving
cardiovascular function, increasing muscle strength and
endurance, promoting weight loss, and reducing periph-
eral vascular resistance [114]. It can also improve insulin
sensitivity and glucose metabolism, which can contrib-
ute to a reduction in BP [114]. One possible explanation
for this finding could be that strength training makes the
body produce more nitric oxide, which in turn leads to
the vasodilation of blood vessels [114].

Strengths and limitations
There are some noteworthy strengths inherent in
this study that warrant acknowledgment. This study
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encompasses a thorough investigation and examina-
tion of the existing research about the influence of
physical activity on blood pressure. The search tech-
nique employed in this study was comprehensive and
encompassed a variety of databases, hence reducing the
likelihood of inadvertently omitting relevant studies. Fur-
thermore, we have incorporated data from 19 LMICs,
so enhancing the generalizability of our findings to all
nations of similar economic status. Furthermore, our
investigations did not identify any potential sources for
conducting sensitivity analysis. Nevertheless, it is impor-
tant to acknowledge the presence of several limitations in
our study that may have been mitigated. The RCTs that
were included in our investigation exhibited variability in
terms of both sample size and length of the intervention.
Moreover, it is worth noting that the individuals in each
study exhibited varying health statuses, as well as diverse
dietary and lifestyle patterns, which may have influenced
the outcomes observed.

Conclusion

Recent research consistently validates the connection
between PA and BP. Given the rise in high BP cases in
LMICs, notable emphasis has been placed on the fact
that our comprehensive analysis also verifies the substan-
tial impact of PA in lowering BP within these countries.
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