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Abstract

Background: High blood pressure (BP) is a major contributor to mortality and cardiovascular diseases. Despite the known benefits of exercise for

reducing BP, it is crucial to identify the most effective physical activity (PA) intervention. This systematic review and network meta-analysis

(NMA) aimed to evaluate the available evidence on the effectiveness of various PA interventions for reducing BP and to determine their hier-

archy based on their impact on BP.

Methods: A search of PubMed, SPORTDiscus, PsycINFO, Web of Science, CINAHL, Cochrane, and Eric databases was conducted up to

December 2022 for this systematic review and NMA. Randomized controlled trials and quasi-experimental studies targeting healthy children

and adolescents aged 6�12 years old were included in this study. Only studies that compared controlled and intervention groups using PA or

exercise as the major influence were included. We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines. Three independent investigators performed the literature screening, data extraction, and risk of bias assessment. We used

Bayesian arm-based NMA to synthesize the data. The primary outcomes were systolic BP and diastolic BP. We calculated the mean differences

(MDs) in systolic BP and diastolic BP before and after treatment. Mean treatment differences were estimated using NMA and random-effect

models.

Results: We synthesized 27 studies involving 15,220 children and adolescents. PA combined with nutrition and behavior change was the most

effective intervention for reducing both systolic BP and diastolic BP ((MD: �8.64, 95% credible interval (95%CI):�11.44 to �5.84); (MD:

�6.75, 95%CI: �10.44 to �3.11)), followed by interventions with multiple components ((MD: �1.39, 95%CI: �1.94 to �0.84); (MD: �2.54,

95%CI: �4.89 to �0.29)).

Conclusion: Our findings suggest that PA interventions incorporating nutrition and behavior change, followed by interventions with multiple

components, are most effective for reducing both systolic blood pressure and diastolic blood pressure in children and adolescents.

Keywords: Children; Diastolic blood pressure; Physical activity; Systolic blood pressure
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1. Introduction

High blood pressure (HBP), or hypertension, occurs when

the blood exerts too much pressure against the walls of blood

vessels due to systolic and diastolic forces.1 It is a significant

risk factor for cardiovascular diseases, contributing to

10.1 million deaths and 208.1 million cases of overall disease

burden worldwide in the past 2 decades.2 The death rate
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attributable to HBP increased to 34.2% between 2009 and

2019,3�5 with hypertension projected to affect 41% of US

adults by 2030.6,7 The economic burden of hypertension is

expected to rise significantly, with direct costs projected to

triple to USD 389.9 billion and indirect costs to double to

USD 42 billion by 2030.6,8,9 Around 50% of reported cases of

hypertension have a genetic component,10�12 while modifiable

factors like lifestyle, diet, and physical activity (PA) contribute

to the other half.13,14

The American Heart Association highlighted that the signif-

icance of HBP in children was previously underestimated.
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Recent studies show that many children and adolescents in the

United States face hypertension risks. Data reveals that 5% of

this demographic has HBP, while 18% exhibit elevated BP.15

Similarly, the Centers for Disease Control and Prevention

reported that among youth aged 12�19, 1 in 25 has hyperten-

sion, and 1 in 10 experiences elevated BP.16 Considering these

findings, both American Heart Association and Centers for

Disease Control and Prevention emphasize the increasing inci-

dence of HBP in young individuals, which could lead to health

complications in adulthood. As a result, it’s imperative to

implement preventive measures to counteract the rising trend

of HBP in this age group. While medical research explores

various approaches for monitoring and controlling genetically-

based hypertension, non-medical approaches may be more

feasible and effective in the interim.

Effective approaches for alleviating HBP in early ages, such

as weight loss, healthy diet, and regular exercise, are achieved

by controlling modifiable factors.17 The lifestyle therapeutic

changes can highly impact BP and reduce the possibility of

being at risk of hypertension during childhood. Exercise and PA

can lower the risk of cardiovascular disease and reduce elevated

BP, according to numerous studies.18�21 Low-to-moderate

intensity PA has a positive impact, reducing both systolic BP

(SBP) and diastolic BP (DBP),22,23 and these effects have been

observed across age groups.24 Literature not only demonstrates

a strong link between PA and reduced BP in adults but also

reveals its positive impact on children. In particular, studies

exploring the connection between PA and BP have underscored

the importance of focusing on the duration of PA, suggesting it

may be more critical than the intensity of the activity itself.25

Recent studies suggest that exercise can lower BP by about

5�8 mmHg.26 Although extensive research has been

conducted to define different PA interventions, studies suggest

that including other modifiable factors, such as diet, education,

and lifestyle, alongside exercise may be beneficial. Research

has shown that healthy diet plans including fruit and vegetable

intake can prevent elevation of BP in children.27 Therefore,

nutritional instructions are equally important for controlling

BP, with certain nutrients such as protein and vitamin D

known to help reduce BP. High sodium or alcohol consump-

tion can increase BP.28,29 However, studies have demonstrated

that combining a PA program with nutritional instructions can

significantly reduce BP.30,31 Other factors, such as lifestyle

changes like getting enough sleep, quitting smoking, and

engaging in social activities, have also been investigated for

their effects on lowering BP in various randomized controlled

trials (RCTs) and observational studies.32�34

Although meta-analyses and reviews have emphasized the

importance of PA and other approaches in reducing BP, it is

unclear which component has the most significant impact on

reducing BP. As a result, this review aims to systematically

evaluate the available evidence on the effectiveness of

different PA approaches in reducing BP and to determine the

hierarchy of these interventions according to their impact on

BP. This review also aims to inform health professionals,

educators, and kinesiologists of the best PA intervention to

prevent the increase of BP in children and adolescents.
Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.js
2. Methods

This review was guided by Preferred Reporting Items for

Systematic Reviews and Meta-Analyses statement

(PRISMA).35

2.1. Information sources and search strategies

Two investigators (WZ and MH) independently analyzed

the selection process and screening of the studies included in

this review. The search was conducted up to December 2022,

and the following databases were searched: PubMed, SPORT-

Discus, PsycINFO, Web of Science, CINAHL, Cochrane, and

Eric. In the literature search process, the investigators used the

following keywords: (“physical activity” OR activities OR

training OR exercise OR “physical education” OR sport OR

fitness) AND (“blood pressure” OR “diastolic Pressure” OR

“systolic Pressure” OR hypertension OR “Pulse pressure”)

AND (child OR children OR kid OR pupil OR adolescent OR

juvenile OR pediatric OR teenager OR student) AND (inter-

vention OR “randomized controlled trial” OR “quasi-

experimental”).
2.2. Eligibility criteria

To determine the eligibility criteria, the investigators used

the PICOS (aka., population, intervention, comparators,

outcomes, and setting) framework,36 which included the

following criteria: (a) participants must be children and adoles-

cents aged 6�12 years old; (b) only RCTs and quasi-experi-

mental studies were eligible; (c) only studies that compared

controlled and intervention groups using PA or exercise as the

major influence were included; (d) studies reporting SBP,

DBP, or both as outcomes were eligible; and (e) only studies

published in English were included. It was agreed that

preschool-age children would not be included due to the

limited number of studies targeting that age group. Addition-

ally, although 1 study reported SBP and DBP z-scores, it was

excluded from this review due to the limited number of studies

reporting z-scores.
2.3. Comparators

As the outcomes of the recruited studies were specified in 2

groups, SBP and DBP, the authors defined the comparators

according to interventions with 2 or more treatment arms as

following: (1) control group (e.g., usual care, regular PA

curriculum, or waiting list); (2) PA only (e.g., traditional PA

only or exercise-based programs); (3) PA + Education (e.g.,

intervention including exercise and informative PA sessions);

(4) PA + Nutrition (e.g., intervention including exercise and

informative nutrition sessions or diet programs combined); (5)

PA + Nutrition + Behavior change (e.g., interventions

combining exercise with both dieting program and psycholog-

ical informative sessions; and (6) multiple components, in

which an intervention arm includes 4 or more intervention

components (e.g., PA + Education + Nutrition + Lifestyle or

PA + Education + Nutrition + Social media).
interventions on blood pressure in children and adolescents: A systematic review and
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2.4. Data extraction and processing

The literature search involved 2 phases. In the first phase, 2

investigators (ZG and WZ) identified the search keywords,

and Rayyan37 was used to analyze studies based on the inclu-

sion criteria and search keywords. In the second phase, a third

investigator (MH) was included to conduct a second round of

article search. The identified articles were screened again for

potential exclusion due to insufficient data or irrelevant treat-

ment processes. After screening the titles and abstracts, the

potentially relevant studies were retrieved in full-text format

and stored in a shared online Google folder that allowed for

content editing and follow-up processes. Data extraction was

performed by (MH), specifically including mean differences

(MDs) and associated standard deviations. The accuracy of the

included data was then verified by (ZG).

2.5. Network geometry

To gain insight into the structure of available evidence from

network meta-analyses (NMAs), it is recommended to create a

traditional network graph that displays the treatment options

(represented by nodes) and the available direct comparisons

(represented by edges). This network plot facilitates a better

visualization of different comparisons and treatments targeted

towards the defined comparators in this review. In this study,

we created 1 network plot that included the 2 outcomes (SBP

and DBP). Notably, the size of the nodes is proportional to the
Table 1

Cochrane risk of bias assessment for randomized controlled trials (low, high, unclea

Study Random sequence

generation

Allocation

concealment

Blinding

and perso

Angelopoulos et al. 2009 Low Low Unclear

Hansen et al. 1991 High High High

Henaghan et al. 2008 High Low Unclear

Muros et al. 2014 Low Unclear High

Reinhr et al. 2010 Low High High

Rocchini et al. 1988 Low Unclear Unclear

Vandongen et al. 1995 Low High High

Walther et al. 2009 Low Low Unclear

Willi et al. 2012 Low High High

Yu et al. 2016 Low Unclear Unclear

Gallotta et al. 2022 Low High Unclear

Martinez vizcaino et al. 2021 Low Low Low

Aguilar et al. 2009 Low Low Unclear

Harrell et al. 1996 Low Low Low

Kriemler et al. 2010 Low Low Low

Larsen et al. 2018 Low Unclear Unclear

Reed et al. 2008 Low Low Unclear

Resaland et al. 2016 Unclear Unclear Unclear

Simon et al. 2008 Low High Unclear

Taylor et al. 2007 High High Unclear

Vizcaino et al. 2008 Low Low Low

Weigel et al. 2008 Low Low High

Adab et al. 2017 Low High Low

Graf et al. 2006 Low Unclear Unclear

Harrell et al. 1998 Low Low Low

Hrafnkelsson et al. 2014 Low Unclear Low

Yin et al. 2005 Low Low Unclear

Notes: High risk = was poorly described or not described within the study; Low ris

adequately within the study.

Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.j
number of comparisons involving that treatment node, while

the thickness of the edges indicates the number of studies that

included the 2 connected treatments.

2.6. Statistical analysis

We utilized a Bayesian Arm-based NMA to better under-

stand the probability of heterogeneity between studies and to

infer the probability of ranking efficacy among treatment

arms. This approach offers a more accurate depiction of the

likelihood of treatment ranking. To conduct the analysis, we

utilized the “BUGSnet” package developed by B�eliveau et

al.38 In addition, the Markov Chain Monte Carlo sampling was

performed using “JAGS”.39 Both packages were performed

through R (Version 4.1.0; R Foundation for Statistical

Computing, Vienna, Austria). Continuous outcomes were

presented using the MD between baseline and post-treatment

BP (SBP and DBP) and 95% credible intervals (95%CIs).

2.7. Risk of bias and quality of evidence

Following the guidelines of the Cochrane Risk-of-Bias

Assessment,35 2 investigators (MH and WZ) assessed the risk

of bias of the included studies. Investigators have analyzed the

domains independently. Disagreements were resolved by

consulting a third investigator (ZG). Domains assessed were

selection bias, performance bias, detection bias, attrition bias,

reporting bias, and other bias (Table 1).
r).

of Participants

nnel

Blinding of outcome

assessment

Incomplete outcome

data addressed

Selective

reporting

Unclear Low Low

Unclear Low Low

Unclear Low Low

Unclear Low Low

High Low Low

Low Low Low

High Low Low

Unclear Low Low

Unclear Low Low

Unclear Low Low

Unclear Low Low

Low Low Low

High Low Low

Low Low Low

Low Low Low

Unclear Low Low

Unclear Low Low

Low Low Low

Low Low Low

High Low Low

Low Low Low

Unclear Low Low

Unclear Low Low

Unclear Low Low

Low Low Low

Low Low Low

Low Low Low

k = described adequately within the study; Unclear risk = described somewhat

interventions on blood pressure in children and adolescents: A systematic review and
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3. Results

3.1. Search results and study characteristics

Based on the selection criteria, a total of 27 studies were

eligible and included in this analysis (Fig. 1). The total sample

size of the included studies was 15,220 children and adoles-

cents, divided into 2 groups: 8679 (57%) in the intervention

group and 8121 (53%) in the control group. The minimum

mean age noted was 6.3 years,40 while the maximum was

12.6 years.41 The year of publishing ranged from 1988 to

2022. It is worth mentioning that 22 of 27 (81%) studies were

published in the last 18 years. In terms of study location, the

selected studies represented 15 countries: 5 studies from the

USA41�45; 4 studies from Germany46�49; 4 studies from

Spain50�53; 2 studies from the UK40,54; 2 studies from

Denmark55,56; and 1 study from Greece57; Australia58; Hong

Kong, China59; Switzerland60; Canada61; Norway62; France63;

New Zealand64; Iceland65; and Italy.66 Regarding type of inter-

vention, 11 (41%) of the studies targeted PA

only47,51�53,55,56,59�62,66; 6 (22%) targeted

PA +Nutrition40,42,50,57,58,64; 4 (15%) targeted multiple

components43,44,49,65; 3 (11%) targeted PA + Education45,54,63;

and 3 (11%) targeted PA + Nutrition + Behavior change.41,46,48
Fig. 1. PRISMA flow chart

Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.js
3.2. Network geometry

A network plot was executed to represent all possible direct

comparisons between treatments shown in Fig. 2. Closed loops

were detected between (i.e., control, PA only, and PA + Nutri-

tion) and (i.e., control, PA only, and PA + Education). Closed

loops refer to direct comparisons including more than 2

comparators. Among all comparators, control and PA only are

considered large and similar in size when compared to the rest

of the comparators. Moreover, the thickest edge noted is illus-

trating the direct comparison between control and PA only

comparators.

3.3. Network meta-analysis

First, in terms of modelling fit, 2 models were performed: a

fixed-effects model and a random-effects model for SBP and

DBP separately. Fig. 3 illustrates the identification of potential

outliers. This plot of leverage values shows the corresponding

effective number of parameters total residual deviance, and

deviance information criterion (DIC). Those values can be

used to determine the model choice. As shown in Figs. 3A and

3B, specifically random-effects models presented lower DIC,

and the leverage values were visually presented in a better fit
for systematic reviews.
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Fig. 2. Network plot for systolic and diastolic blood pressure. PA = physical

activity.

Fig. 3. Leverage plots and DIC for fixed and random effects models for systolic blo

Dres = deviance residual; DIC = deviance information criterion.

Fig. 4. Leverage plots and DIC for consistency and inconsistency model for

against consistency model for SBP (B). Dres = deviance residual; DIC = deviance in

sure.
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with less outliers; thus, the random-effects models were

chosen for both outcomes SBP and DBP.

Second, as consistency is one of the main assumptions in

NMA, we checked the inconsistency by fitting a random-effects

inconsistency model and compared it with our random-effects

consistency model. Figs. 4A and 5A show the consistency and

inconsistency models for SBP and DBP, respectively. When

assessing the fit of both models, we found that the inconsis-

tency model had slightly less DIC than the consistency model

in both SBP and DBP. This illustrates the possibility of incon-

sistency in the network. Further, we performed a plot of the

posterior mean deviance of the individual data points between

both models for SBP (Fig. 4B) and DBP (Fig. 5B). Both plots

showed an agreement between the 2 models given that most of

the leverage values are close to 0. However, the difference

between both models’ DIC seems relatively small, more

caution should be considered with the consistency model.
od pressure (A) and diastolic blood pressure (B). pD = posterior mean deviance;

SBP (A) and plot of the posterior mean deviance of inconsistency model

formation criterion; pD = posterior mean deviance; SBP = systolic blood pres-
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Third, with regards to ranking the treatments, we conducted

a treatment rank probability analysis by comparing the poste-

rior probabilities of ranking to determine the ranks of all treat-

ments. Furthermore, we generated surface under the

cumulative ranking curve (SUCRA) plots to visually display

the percentage probability of ranking. For SBP, looking at

treatment rank plot (Fig. 6A) and SUCRA plot (Fig. 6B), it is

obvious that compared with the control group, PA + Nutri-

tion + Behavior change interventions have remarkably

decreased the SBP, and thus it is considered the best treatment.

Surprisingly, the control group had a better ranking over

PA + Education interventions, which ranked as the worst treat-

ment. Similarly, in DBP, looking at treatment rank plot

(Fig. 7A) and SUCRA plot (Fig. 7B), PA + Nutri-

tion + Behavior change interventions were ranked as the best
Fig. 6. SBP plot of treatment rank probabilities (A), SBP SUCRA plot (B). Treatm

5 = PA + Nutrition +Behavior change; 6 =Multiple components. PA = physical act

ranking curve.

Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.js
treatment, followed by Multiple Components interventions.

Unlike SBP, the control group was the worst treatment illus-

trating the least effect on reducing DBP.

Fourth, a league plot was generated to provide a compre-

hensive summary of the NMA results, indicating the signifi-

cance of all interventions compared to both the control group

and other treatments. In this plot, green cells represent better

performance of a treatment compared to its comparator, while

red cells indicate worse performance. The symbols (**) denote

statistically significant differences between treatments and

comparators at a 95% confidence level. For SBP, Fig. 8 illus-

trates statistically significant differences when comparing

PA +Nutrition + Behavior change interventions with the

control group (MD �8.64, 95%CI: �11.44 to �5.84),

followed by the Multiple Component interventions (MD
ents: 1 = control group; 2 = PA only; 3 = PA + Education; 4 = PA + Nutrition;

ivity; SBP = systolic blood pressure; SUCRA = surface under the cumulative
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Fig. 7. DBP plot of treatment rank probabilities (A), DBP SUCRA plot (B).

Treatments: 1 = control group; 2 = PA only; 3 = PA + Education; 4 = PA + Nutrition; 5 = PA + Nutrition + Behavior change; 6 =Multiple components

DBP = diastolic blood pressure; PA = physical activity; SUCRA = surface under the cumulative ranking curve.
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�1.39, 95%Cl: �1.94 to �0.84). Inversely, comparing PA

only interventions led to statistically significance differences

but in favor of the comparator. For DBP, similar to SBP,

PA + Nutrition + Behavior change interventions seem to be the

best intervention for reducing DBP (MD �6.75, 95%CI:

�10.44 to �3.11), followed by the Multiple Component inter-

ventions (MD �2.54, 95%CI: �4.89 to �0.29). In addition,

other interventions (i.e., PA only, PA + Education, and

PA + Nutrition) showed no significant difference when

compared with the comparator (Fig. 9). Overall, multiple inter-

ventions comparisons illustrated statistically significant differ-

ences when compared with one another. However, SBP had

more significant pairs of comparisons than DBP. In addition,

to have a better visualization of MD differences with 95% CI
Fig. 8. League heat plot for all treatment in the network for SBP. Treatmen

5 = PA +Nutrition + Behavior change; 6 =Multiple components. PA = physical activ

Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.j
between interventions, forest plots were performed for both

SBP (Fig. 10A) and DBP (Fig. 10B). Both plots show approxi-

mately the same results, illustrating how PA + Nutri-

tion + Behavior change interventions and multicomponent

interventions remarkably reduced SBP and DBP.

Fifth, to test the presence of any publication bias, funnel

plots were executed for both SBP (Fig. 11A) and DBP

(Fig. 11B). While, both figures have an approximately

symmetrical presentation of effect size estimates, Fig. 11A

indicates a more precise symmetric distribution. Overall, the

funnel plots indicate minimal publication bias or small sample

effects.

Sixth, to test the reliability and stability of our results, we

conducted a sensitivity analysis utilizing the “leave-one-out”
ts: 1 = control group; 2 = PA only; 3 = PA + Education; 4 = PA + Nutrition;

ity; SBP = systolic blood pressure.
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Fig. 9. League heat plot for all treatment in the network for DBP. Treatments: 1 = control group; 2 = PA only; 3 = PA + Education; 4 = PA + Nutrition;

5 = PA + Nutrition + Behavior change; 6 =Multiple components. DBP = diastolic blood pressure.

Fig. 10. Forest plot for all treatments compared to control group as reference for SBP (A) and DBP (B). Treatments: 1 = control group; 2 = PA only;

3 = PA + Education; 4 = PA + Nutrition; 5 = PA + Nutrition + Behavior change; 6 =Multiple components. DBP = diastolic blood pressure; PA = physical activity;

SBP = systolic blood pressure

Fig. 11. Funnel plots of the effects of intervention arms on SBP (A) and DBP (B). DBP = diastolic blood pressure; SBP = systolic blood pressure.
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Fig. 12. Sensitivity analysis for SBP. SBP = systolic blood pressure.
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method. Fig. 12 illustrates the sensitivity analysis for SBP,

while Fig. 13 represents the sensitivity analysis for DBP. Both

figures indicate conclusions that were not drastically changed

in the analysis. All the results were of significance or marginal

significance.

Finally, for the risk of bias assessment results shown in

Table 1, among the 27 included studies, only 3 (11%) reported

high risk in random sequence generation, while only 1 study

had an unclear description of the randomization process. With

reference to allocation concealment, 45% of the studies

included had low risk of bias while the rest had either high or

unclear reporting. Regarding blinding of participants,

personnel, and outcome assessment, few studies were noted to

have high risk of bias. Yet, several studies provided unclear

reporting of the blinding process or failed to describe it at all.

Lastly, all studies have adequately reported the outcome data
Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.j
addressed and provided low risk of bias within the selective

reporting domain.
4. Discussion

This NMA conducted a comprehensive analysis of the

current evidence and available data to determine the efficacy

of various interventions, such as PA, nutrition, education, and

behavior change, for reducing BP. It provides a quantification

of the comparative effectiveness of these interventions.

In essence, our hypothesis was that including additional

components in an intervention beyond PA would lead to a

more significant reduction in BP. This idea was supported by

the outcomes of several studies, which showed that PA inter-

ventions alone did not provide enough evidence of BP reduc-

tion. For example, Sun and colleagues67 systematically
interventions on blood pressure in children and adolescents: A systematic review and
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Fig. 13. Sensitivity analysis for DBP. DBP = diastolic blood pressure.
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evaluated 18 RCTs on the effectiveness of school-based PA

interventions on cardiometabolic markers in children and

adolescents, including different PA doses and a combined total

of 6207 participants. The results suggested the reduction of

SBP and DBP was uncertain and required further evidence.

Similarly, Pozuelo-Carrascosa et al.68 conducted a meta-anal-

ysis of 19 RCTs on school-based PA interventions, which

included 11,988 children aged 3�12 years. Kelley et al.69 also

conducted a meta-analysis of 12 RCTs on the effect of exercise

on SBP and DBP in children and adolescents, which included

1266 participants. The results showed a decrease of approxi-

mately 1% and 3% in SBP and DBP, respectively. However,

these findings were not significant in terms of the intervention

length. In terms of the type and intensity of PA, other system-

atic reviews and meta-analyses have investigated the effect of

resistance training on BP in pre-adolescents and adolescents

and compared the effects of high-intensity and moderate-
Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.js
intensity training on BP. However, the results were also incon-

clusive in terms of reducing SBP and DBP.70�72 These find-

ings were in line with our results, which indicated that PA-

only interventions may not be effective at reducing BP, as

other interventions ranked higher in effectiveness.

Regarding the inclusion of additional components in PA

interventions, Cai et al.73 conducted a systematic review and

meta-analysis to assess the effect of childhood obesity preven-

tion programs on BP in children from developed countries.

This review encompassed 23 studies that reported changes in

SBP and DBP, and involved a total of 18,925 participants. The

results indicated that interventions combining PA and diet

yielded a greater and significant reduction in both SBP and

DBP when compared to interventions focusing only on PA or

diet. These findings are consistent with our own results, as

interventions combining PA and Nutrition ranked higher than

PA-only interventions in terms of reducing both SBP and
interventions on blood pressure in children and adolescents: A systematic review and

hs.2024.01.004
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DBP. Additionally, Oosterhoff et al.74 conducted a multivar-

iate multilevel meta-analysis of RCTs to evaluate the effec-

tiveness of school-based lifestyle interventions (including PA,

nutrition, education, diet, and multiple components) on body

mass index and BP. The review included a total of 85 RCTs

meeting the inclusion criteria. The results demonstrated signif-

icant beneficial changes in BP, with school-based lifestyle

interventions leading to a significant reduction in both SBP

and DBP. These findings are consistent with our results,

suggesting that multi-component interventions may contribute

to a reduction in BP.

The effectiveness of pharmaceutical interventions for

reducing BP is now widely accepted. A myriad of clinical

research, involving diverse drug treatments, has substantiated

the benefits of clinical measures for those with or at risk for

hypertension.75 Conversely, studies on individuals with

normal or slightly elevated BP have demonstrated the potential

of non-drug strategies and dietary modifications to reduce

BP.76 Although non-pharmaceutical treatments have shown

promising outcomes with good tolerability, there’s an

emphasis in the research on the importance of such strategies

for mitigating hypertension risks, as we see reflected in various

guidelines and recommendations.77 In the NMA mentioned,

the focus was on studies involving children and adolescents in

school or combined school and home environments (Table 2 X X).

Most of these studies dealt with a generally healthy population,

with only a few targeting obesity or those at cardiovascular

disease risk. The findings suggest that interventions centered

on PA combined with other modifiable factors might be a

more efficient approach than relying solely on drug treatments.

However, drawing a definitive conclusion regarding the most

effective dietary program, PA guidelines, or behavioral

changes remains challenging due to the diverse approaches

present in the NMA. Additionally, with only 3 studies focusing

on PA, nutrition, and behavioral change, a comprehensive defi-

nition of “behavior change” is elusive. Even though the studies

in the NMA broadly define behavior change as participating in

counseling sessions on coping strategies, ensuring healthy

eating patterns, and providing information on food ingredients,

further research is needed for a more robust definition.

Including additional components in PA interventions

appears to enhance the positive effects of reducing BP.

However, there is limited literature specifically examining the

effectiveness of interventions combining PA, nutrition, and

behavior change. Our findings suggest that such interventions

are the most effective for reducing BP. This is consistent with

previous research that has demonstrated the benefits of multi-

component interventions for reducing BP. Our results high-

light that, when combined, PA, nutrition, and behavior change

are the most effective at reducing BP, with multi-component

interventions ranking second in both SBP and DBP reduction.

The key takeaway here is that an effective intervention for

reducing BP should incorporate multiple components, such as

PA, nutrition, and behavior change.

To our knowledge, this is the first NMA to combine existing

literature on the effect of interventions (including PA and other

components) at reducing BP in children and adolescents. Our
Please cite this article as: Mohamed A. Hassan et al., The effectiveness of physical activity

network meta-analysis, Journal of Sport and Health Science (2024), https://doi.org/10.1016/j.j
results can be generalized since we included studies from 15

different countries with varying cultural differences, PA

approaches, length, content, and included components.

Furthermore, our study provides reliable and high-quality

evidence that interventions that combine PA, nutrition, and

behavior change are more effective and so are superior to

other approaches. Nonetheless, our study has limitations.

Firstly, some of the included studies have a high risk of bias;

and there is slight inconsistency noted in the network, which

calls for cautious consideration of our results. Secondly, while

multi-component interventions ranked second best, more

explanation and classification of the contained components are

required. Thirdly, having a conclusive categorization of

behavior change warrants more investigation. Finally, the

frequency and content of PA-only interventions varied among

included studies, hence the conclusive effect of PA alone

remains unclear.
5. Conclusion

Although medication-based treatments are essential for

young individuals with hypertension, non-drug strategies have

demonstrated effectiveness for lowering BP among healthy

youth. Thus, integrating PA with other alterable factors early

on can serve as a protective shield against future health issues.

Notably, interventions that amalgamate PA, nutrition, and

behavioral adjustments tend to be notably superior at

decreasing both SBP and DBP compared to interventions

focused solely on PA. Moreover, further investigation is

required to classify PA modalities in terms of content, length,

and intensity before concluding that PA-only intervention is

the least effective approach for reducing BP.
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