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Abstract:

Background: While numerous individual studies have investigated the impact of physical
activity on blood pressure, a comprehensive synthesis of existing evidence is crucial for
drawing more robust conclusions and informing clinical and public health guidelines. This
systematic review aims to provide a thorough examination of the effectiveness of physical
activity in preventing hypertension.

Methodology: A systematic and comprehensive search strategy was employed to identify
relevant studies for this review. A total of 12,046 articles were i‘nitially identified through
searches of databases including PubMed, Embase, Scopus, and the Cochrane Library from
inception to 2023. Data extraction was performed independently by two reviewers using a
standardized form, encompassing study characteristics, participant details, intervention
specifics, and relevant outcomes.

Results: We identified a total of 12,046 articles through our comprehensive searches.
Following a meticulous screening process, 17 articles were deemed suitable for inclusion in
this review. The meta-analysis revealed that moderate-intensity Leisure-Time Physical
Activities (LTPA) of various types led to a significant reduction in systolic blood pressure (SBP)
when compared to the non-intervention control group. The mean difference (MD) was -5.4 mm
Hg, with a 95% confidence interval (Cl) of -8.1 to -2.7 (P = 0.0001, 12 = 87.9%, nine trials, n
=531)

Conclusion: The available evidence suggests that engaging in moderate-intensity leisure-time
physical activity (LTPA) may lead to a reduction in both systolic and diastolic blood pressure
among individuals with hypertension.
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Introduction:

Hypertension, or elevated blood pressure, represents a major global health concern due to its
widespread prevalence and association with adverse cardiovascular outcomes [!?]. As a leading
risk factor for heart disease, stroke, and other cardiovascular complications, hypertension
places a substantial burden on healthcare systems worldwide [']. Given its multifactorial
etiology, incorporating lifestyle modifications has emerged as a pivotal approach in
hypertension prevention and management [**]. Among these lifestyle interventions, physical
activity has garnered significant attention for its potential to mitigate the development and
progression of hypertension [°].

The relationship between physical activity and blood pressure regulation has been the subject
of extensive research, with a growing body of evidence suggesting a protective role for regular
exercise in maintaining cardiovascular health. Physical activity encompasses a spectrum of
behaviors, ranging from structured exercise routines to daily activities such as walking,
gardening, and household chores [°]. This diversity allows for the exploration of various
modalities and intensities of physical activity in relation to hypertension prevention.

While numerous individual studies have investigated the impact of physical activity on blood
pressure, a comprehensive synthesis of existing evidence is crucial for drawing more robust
conclusions and informing clinical and public health guidelines. This systematic review aims
to provide a thorough examination of the effectiveness of physical activity in preventing
hypertension, synthesizing findings from relevant studies to offer a comprehensive overview
of the current state of knowledge in this field.

Methodology:

A systematic and comprehensive search strategy was employed to identify relevant studies for
this review. A total of 12,046 articles were initially identified through searches of databases
including PubMed, Embase, Scopus, and the Cochrane Library from inception to 2023.
Following a meticulous screening process, 17 articles were deemed suitable for inclusion. Two
independent reviewers conducted the initial screening of titles and abstracts, with full-text
articles then assessed for inclusion based on pre-defined criteria. The included studies
comprised 14 randomized control trials, two quasi-experimental studies, and three cross-
sectional studies. The Cochrane Collaboration's Risk of Bias tool and the Newcastle-Ottawa
Scale were utilized for assessing the methodological quality of randomized control trials and
other study designs, respectively. Data extraction was performed independently by two
reviewers using a standardized form, encompassing study characteristics, participant details,
intervention specifics, and relevant outcomes. A meta-analysis was conducted for studies with
comparable designs and outcomes, utilizing random-effects models to account for potential
heterogeneity. Subgroup analyses were performed when feasible, and sensitivity analyses were
conducted to assess the robustness of the results. Potential publication bias was evaluated
through visual inspection of funnel plots and, when appropriate, statistical tests such as Egger's
test. Ethical approval was not required as this study is based on a systematic review of published
literature. The methodology adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines to ensure transparency and completeness in
reporting the findings.

Results:

We identified a total of 12,046 articles through our comprehensive searches. Following a
meticulous screening process, 17 articles were deemed suitable for inclusion in this review
(Fig. 1) ["#]. These selected articles comprised 14 randomized control trials [ !#161923]  two
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15,17,18]

quasi-experimental studies, and three cross-sectional studies [ , with details and

characteristics provided in table 1.

The studies spanned across 14 different countries, including two each from the USA [!%1%], the
UK ["!¢], and Brazil [*!?], and one each from China ['’], Hong Kong [!!], Kuwait ['®], Japan
[], Korea ['], Iran [*], Nepal [°], Bangladesh ['°], New Zealand ['*], Indonesia [*'], and
Sweden [*°]. Participants in the selected studies ranged in age from 18 to 80 years. Among the
17 articles, 11 studies included both male and female participants, while five studies
exclusively focused on female participants ['%!¢192223] " and one study exclusively on male
participants [*].

The interventions primarily involved various types of Leisure-Time Physical Activities (LTPA),
such as walking (in five studies ["%!%1314]) yoga (in two studies [*?°]), and one study each on
progressive muscle relaxation exercise [*'], stair climbing ['?], circuit training and chair-based
exercise [**], Quinton treadmill [**], beach tennis ['?], swimming ['®], and qgigong ["']. These
activities were categorized into moderate-intensity exercises, including walking, yoga, muscle
relaxation exercise, stair climbing, and moderate-intensity swimming, and high-intensity
exercises, such as running, soccer, beach tennis, and high-intensity swimming. The duration of
these exercise interventions varied, ranging from six days to 26 weeks.
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Figure 1: The PRISMA figures showing the steps to choose the studies for systematic review

The quality assessment scores for the randomized control trials (RCT) ranged from 7 to 12 out
of 13, while the quasi-experimental studies scored 7 and 5 out of 9 [*2!], and the cross-sectional
studies scored 7 out of 8. Quality was evaluated across domains, including inclusion criteria,
study subjects and setting details, reliability of exposure measurement, criteria of measurement,
identification and handling of confounders, outcomes measurement methods, and statistical
analyses. The reliability of exposure measurement was deemed unclear in both quasi-
experimental studies, while all other criteria were rated positively in both studies.
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Among the 12 randomized control trials (RCTs), a meta-analysis focused on studies involving
moderate-intensity physical activity with a weekly duration of 150 minutes, non-crossover trial

design, and a non-exercise control group. Nine studies meeting these criteria were identified
[7,9,10,13,16,19,20,22,23]

The meta-analysis revealed that moderate-intensity Leisure-Time Physical Activities (LTPA)
of various types led to a significant reduction in systolic blood pressure (SBP) when compared
to the non-intervention control group. The mean difference (MD) was -5.4 mm Hg, with a 95%
confidence interval (CI) of -8.1 to -2.7 (P = 0.0001, 12 = 87.9%, nine trials, n = 531) (Figure
2). Sensitivity analysis indicated a slightly larger effect when including cross-over trials (MD
-5.7 mm Hg, 95% CI -8.0 to -3.4, P < 0.000, 12 = 84.9%, 11 trials, n = 617). Excluding studies
with uncertain randomization and allocation reduced the effect (MD -4.0 mmHg, 95% CI -7.7
to -0.3, P < 0.03, 12 = 91.2%, 11 trials, n = 617). Subgroup analysis focusing on leisure-time
walking showed a mean SBP reduction of -8.4 mmHg (95% CI -13.4 to -3.3, P=0.001, 12 =
87.0%, 3 trials, n = 128) (Figure 3).

For mean diastolic blood pressure (DBP), moderate-intensity LTPA across all types led to a
reduction of -4.8 mm Hg (95% CI -8.4 to -1.2, P = 0.01, 12 = 95.7%, nine trials, n = 531)
compared to the non-intervention control group (Figure 4). Sensitivity analysis including cross-
over trials (MD -4.5 mmHg, 95% CI -7.5 to -1.6, p = 0.00, 12 = 94.2%, 11 trials, n=617) and
excluding studies with uncertain randomization and allocation (MD -3.5 mmHg, 95% CI -6.4
to -0.5, p = 0.020, 12 = 90.8%, five trials, n = 346) showed similar results. Walking during
leisure time resulted in a mean DBP reduction of -5.0 mm Hg (95% CI -8.2 to -1.8, P = 0.02,
12 =77.2%, three trials, n = 128) (Figure 5).
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Table 1: General characteristics of the included studies

Authors

Cooper
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Nobrega
[°]

Mohr
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Yang
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Alexi
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Wolff
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Khadka
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2000
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90( 48/42)
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780
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Figure 2: systolic blood pressure among all types of moderate intensity leisure-time physical

activities vs non-intervention control
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Figure 3: systolic blood pressure among Leisure-time walking vs non-intervention control.
Overall, the synthesized evidence suggests that moderate-intensity LTPA can effectively reduce
both systolic and diastolic blood pressure in adults with hypertension. However, the certainty

of evidence is considered low according to the GRADE approach (Table 2).
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Figure 4: Diastolic blood pressure among all types of moderate intensity leisure-time physical
activities vs non-intervention control.

Figure 5: Diastolic blood pressure among leisure-time walking vs non-intervention control.

Table 2: Summary finding of moderate-intensity leisure-time physical activity (all types)
versus non-interventional control.
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Types of Outcomes Anticipated No of the Comments

leisure-time absolute participants

physical effects (95% (trials)

activity Cl)

All types of Systolic MD -5.35mm | 531 (9 RCTs) Reduce systolic

moderate- blood Hg (—8.06 to blood pressure

intensity pressure —2.65)

LTPA

All types of Diastolic MD —4.76 mm | 531 (9 RCTs) Reduce diastolic

moderate- blood Hg (-8.35 to blood pressure

intensity pressure -1.17)

LTPA

Walking Systolic MD —-8.36 mm | 128 (3 RCTS) Reduce systolic
blood Hg (—13.39 to blood pressure
pressure -3.32)

Walking Diastolic MD —-5.03 mm | 128 (3 RCTs) Reduce diastolic
blood Hg (—8.23 to blood pressure
pressure —1.84)

Studies not included in the meta-analysis consistently reported significant reductions in both
SBP and DBP due to Leisure-Time Physical Activity (LTPA) [*!1%14]. One study compared
gigong with conventional exercise, showing a non-significant difference in SBP and DBP [''].
Another study comparing walking with soccer found no significant difference in controlling
hypertension [*]. Three cross-sectional studies indicated that a sedentary lifestyle was
associated with higher blood pressure levels. One study reported lower DBP associated with 2
to 4 hours of daily leisure-time walking, though not statistically significant for SBP ['7].
Another study found that individuals engaging in relaxing/simple activities had higher odds of
uncontrolled hypertension than those involved in moderate/vigorous activities ['®].
Additionally, a study on recreational sports found a non-statistically significant lower SBP of -
3.9 mmHg ["].

Moderate-intensity LTPA, encompassing various types, was associated with a reduction in
mean heart rate by -2.7 beats/min (95% CI -4.8 to -0.6, P = 0.01, 12 = 66.9%, six trials, n =
256). Sensitivity analysis showed little difference, with mean heart rate reductions of -2.94
(95% CI -4.76 to -1.13, P=0.0015, 12 = 62.9%, seven trials, n = 318) when including cross-
over trials and -1.94 (95% CI -3.38 to -0.49, P = 0.0085, 12 = 0%, two trials, n = 71) when
excluding studies with unsure randomization and allocation.

Regarding mean atrial pressure, three studies examined the effect of LTPA ['%*!%2], with two
reporting a significant reduction [*'?], and one study finding an insignificant effect for leisure-
time swimming [°].

Discussion:

The findings from this meta-analysis encompassing nine randomized controlled trials involving
531 individuals with hypertension indicate a significant reduction in both systolic and diastolic
blood pressure through engaging in moderate-intensity leisure-time physical activity (LTPA)
compared to non-intervention controls, which typically involved usual activities. Notably, the
blood pressure-lowering effects of LTPA persist even when studies with unclear randomization
and allocation bias are excluded, as confirmed by sensitivity analyses. Additionally,
engagement in LTPA, particularly leisure-time walking, is associated with a decrease in heart
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rate. Distinctly, the study discerns that high-intensity physical activities, as observed in the
high-intensity and soccer groups, result in a more pronounced reduction in systolic blood
pressure compared to lower/moderate intensity activities, exemplified by the lower intensity
and walking groups [*??]. It is noteworthy that the degree of blood pressure reduction, measured
in millimeters of mercury (mmHg), is not contingent upon the duration of the intervention.
Both short-term (10 days) brisk walking intervention and long-term (26 weeks) walking
intervention exhibit substantial reductions in systolic blood pressure, amounting to -11.2
mmHg and -8.5 mmHg, respectively ['*!4].

Engaging in physical activity has been demonstrated to positively impact various biological
processes, contributing to the mitigation of cardiovascular risk factors. Among individuals with
hypertension, physical activity plays a role in lowering blood pressure by diminishing
sympathetic nerve activity [>*]. This reduction is attributed to a decrease in the release of
norepinephrine, a mediator of vasoconstriction, thereby lowering vascular resistance [*].
Additionally, physical activity enhances insulin sensitivity and can diminish insulin-mediated
sympathetic activity, further influencing blood pressure regulation [**]. Moreover, physical
activity diminishes vascular responsiveness to endothelin-1, an additional vasoconstrictor in
individuals with hypertension [*]. Furthermore, physical activity promotes endothelial-
dependent vasodilation by augmenting the production of nitric oxide and facilitating
acetylcholine infusion [*7?%]. Vascular remodeling is another notable effect of physical activity,
involving the formation of new arteries, an increase in cross-sectional area, and the enlargement
of existing veins and arteries. This restructuring contributes to a reduction in peripheral
resistance, ultimately influencing blood pressure regulation [*°]. In the realm of heart rate
reduction, the mechanisms associated with physical activity remain unclear, as highlighted by
Bahrainy et al. [*°]. Their research indicates that neither an increase in parasympathetic tone
nor a reduction in beta-adrenergic stimulation due to physical activity can consistently account
for the observed decrease in heart rate [*']. Alternatively, Tyagi et al. propose that an augmented
parasympathetic output, potentially induced by activities such as yoga, may contribute to a
reduction in heart rate [*?].

Our study findings reveal that engaging in leisure-time physical activity (LTPA) is associated
with a reduction in both systolic blood pressure (SBP) and diastolic blood pressure (DBP).
However, the GRADE assessment underscores low certainty in the evidence, primarily
attributed to significant heterogeneity among the randomized controlled trials (RCTs) and
imprecision in the data [**]. Notably, the observed heterogeneity may stem from variations in
LTPA types, geographic locations, and participant gender. It is essential to recognize that
geographic factors such as latitude, ambient temperature, and solar radiation vary, potentially
influencing the heterogeneous response to LTPA and its impact on blood pressure [**]. Gender
differences in the effects of LTPA on blood pressure could be attributed to variations in the
metaboreflex, insular gyral response, and hormonal influences, such as estrogen [***°].
Understanding the heterogenous effects of different LTPA types on blood pressure warrants
further exploration. Notably, the included articles in the meta-analysis did not categorize the
impact of LTPA on blood pressure based on common effect modifiers for hypertension and
LTPA, such as age, sex, body mass index, and socio-economic status. Nevertheless, these
articles acknowledged these factors as confounders during their analyses [7%10:13:20.23]
Addressing the causative factors for the varied effects of LTPA types on blood pressure requires
more in-depth investigation.

A prior investigation emphasized the association between lowering blood pressure and a
subsequent decrease in mortality from cardiovascular diseases, highlighting the significant
impact of even modest reductions. Specifically, a 2 mm Hg reduction in systolic blood pressure
(SBP) was linked to a noteworthy 10% decrease in stroke mortality and a 7% reduction in
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vascular risk mortality [**]. In our study, we observed that engaging in moderate-intensity
leisure-time physical activity (LTPA) resulted in a substantial reduction in SBP mean difference
(MD) by -5.35 mm Hg (95% CI: -8.06 to -2.65). This magnitude of reduction surpasses the
previously established 2 mm Hg threshold, underscoring the clinical significance of our
findings. Importantly, this suggests that LTPA could serve as an effective and valuable
complement to, or even an alternative to, pharmacological treatments for individuals with
hypertension. Notably, it is essential to recognize that the effects of physical activity do not
persist in the long term, emphasizing the importance of regular and sustained physical activity.
The recommended guideline of 150 minutes of physical activity per week [*’] aligns with the
parameters of our meta-analysis, which specifically focused on interventions involving this
duration. Consequently, the outcomes of this study provide valuable insights for formulating
LTPA recommendations tailored to individuals with hypertension, reinforcing the potential role
of regular physical activity in managing blood pressure.

Our systematic review, in alignment with other reviews in the field [***#?], highlights a broad
spectrum of physical activity interventions characterized by differences in participant
willingness and intensity. Notably, aerobic exercise emerged as an effective intervention,
resulting in a reduction of both systolic blood pressure (SBP) by -5.4 mm Hg and diastolic
blood pressure (DBP) by -3 mm Hg among individuals with hypertension [+*]. Consistent with
these findings, another meta-analysis demonstrated that moderate-intensity continuous training
led to a reduction in SBP by 3.7 mm Hg and DBP by 2.41 mm Hg in the same population [*].
Our study aligns with previous meta-analyses in suggesting that leisure-time physical activity
(LTPA) yields reductions in both SBP and DBP, offering a comprehensive perspective on the
benefits of diverse physical activity interventions. Importantly, our investigation specifically
underscores the blood pressure-lowering effects of walking, reinforcing the findings of a
Cochrane review that also reported reductions in both SBP and DBP associated with walking
[*]. These consistent findings across various physical activity interventions contribute to a
robust understanding of the positive impact of LTPA on blood pressure management among
individuals with hypertension.

This systematic review and meta-analysis exhibit notable strengths. Firstly, adherence to
rigorous standards is demonstrated by the application of a robust methodology, adhering to the
gold standard of research design, namely randomized controlled trials (RCTs), for conducting
the meta-analysis. This ensures the reliability and validity of the research outcomes. However,
several limitations must be acknowledged. A noteworthy constraint lies in the fact that a
considerable number of studies did not provide explicit details about their randomization
processes. Despite this, a sensitivity analysis excluding studies with unclear randomization was
conducted, revealing a significant reduction in both systolic (SBP) and diastolic blood pressure
(DBP). High heterogeneity among the included studies is acknowledged, and to mitigate this,
a random-effects model was employed. While the meta-analysis considered all types of LTPA
collectively, numerous subgroup and sensitivity analyses were conducted to address this
potential limitation. Furthermore, the restriction to articles published solely in the English
language may introduce language bias, as evidenced by the exclusion of five non-English
articles during full-text assessment. Lastly, the limited sample size in the majority of the
included studies is recognized as a factor diminishing the precision of effect estimates,
cautioning against broad generalizations. These limitations highlight the nuanced nature of the
findings and underscore the need for careful interpretation within the context of these
constraints.

The available evidence suggests that engaging in moderate-intensity leisure-time physical
activity (LTPA) may lead to a reduction in both systolic and diastolic blood pressure among
individuals with hypertension. It is important to note that the certainty of this evidence is
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considered low. Despite this, the promotion of moderate-intensity physical activity during
recreational time is recommended for individuals with elevated blood pressure as it shows
potential in lowering blood pressure levels. However, it is emphasized that additional studies
are needed to deepen our understanding of the differential effects among various types of LTPA
in the context of blood pressure control. This acknowledgment underscores the need for further
research to refine recommendations and tailor interventions for optimizing the management of
hypertension through physical activity.
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