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Abstract

Aims The purpose of this meta-analysis was to systematically review studies in the literature that evaluated the effect
of different exercise programs on blood pressure in overweight children and adolescents.

Data sources In September 2024, studies were searched in six electronic databases (PubMed, Web of Science,
Scopus, Sportdiscus, Lilacs, and Scielo) and in reference lists.

Study eligibility criteria, participants, and interventions Randomized and non-randomized controlled trials
with interventions involving physical exercise programs and assessment of systolic blood pressure (SBP) and diastolic
blood pressure (DBP) in children and adolescents with overweight and/or obesity were considered for synthesis.

Study appraisal and synthesis methods The quality of studies was assessed using the PEDro scale for studies with
randomized clinical trials. Meta-analysis was conducted using a random model in the Review Manager Software.

Results Seventeen studies were selected that involved 1,125 children and adolescents. The risk of bias score was
considered moderate (five to eight points out of 11). The high-intensity interval training (HIIT) showed the largest
effect, indicating a greater impact on BP reduction, while moderate-intensity continuous training (MICT) also had

a significant effect, although with greater heterogeneity. No significant effects were found for the other types of
exercise. For SBP, a summary effect of -0.44 (95% Cl=-0.68; -0.20; 12=73%) was observed. For DBP, the metanalysis
indicated —0.52 (95% Cl=-0.73;-0.31; 1> =63%).

Limitations There was a publication time limitation of ten years, and the search was restricted to articles published
in journals indexed in databases, and there was also significant heterogeneity for the intervention subgroups, which
can be explained by the moderate methodological quality of the studies.

Conclusions and implications of key findings Considering the significant effects of exercise interventions
on blood pressure, we suggest the development of more interventions based on physical exercise practice for
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and adolescents.

Keywords Hypertension, Exercise, Obesity, Therapeutics

overweight and obese children and adolescents, which may also add environmental elements, lasting at least 12
weeks, with three 60-minute sessions per week, better control of exercise intensity, as HIIT and MICT were more
effective in promoting a reduction in blood pressure when compared to other types of exercise. The implementation
of these programs must be carried out in a multicomponent and multiprofessional approach to guarantee the
adherence of participants and promote significant and sustainable changes in the cardiovascular health of children

Systematic review registration number PROSPERO no CRD42023469222.

Introduction

Inappropriate lifestyles have increased in the child and
adolescent population in recent decades, demonstrated
by the tendency for greater use of electronic devices [1],
a predominance of sedentary behaviors [2] and insuf-
ficient engagement in recommended levels of moderate
to vigorous physical activity (MVPA) [3]. It should be
noted that the World Health Organization recommends
that children and adolescents practice at least 60 min of
daily MVPA [4], with the aim of maintaining health and
preventing and reducing overweight. However, a study
monitoring Brazilian schoolchildren found a decreased
in the practice of activities 2420 min/week over 10 years,
decreasing from 62.2 to 34.1% in boys, while girls main-
tained similar percentages from 34.0 to 30.8% [5]. In
addition, sedentary Brazilian children and adolescents
showed a progressive decline in physical fitness, while
those who were active showed improvements [6]. The
impact of these daily changes, such as being more over-
weight, an inadequate diet and excessive use of salt, sleep
disorders and low participation in physical activities,
leads to the onset of hypertension [7] and other cardio-
metabolic risk factors [8].

Therefore, the association of excess general adiposity
and abdominal adiposity increased the risk of hyperten-
sion in adolescents threefold and sixfold, respectively [9],
as well as a higher risk with lower physical fitness and a
lower risk of hypertension with the practice of MVPA
[10]. The implementation of physical exercise programs
at an early stage is important and involves increasing
physical fitness, reducing central adiposity and insulin
resistance, as well as reducing the chronic inflammatory
process associated with obesity [11]. In general, inter-
vention programs use moderate-intensity continuous
training (MICT) to reduce insulin resistance and the
components of metabolic syndrome [12, 13], combined
physical exercise to reduce insulin resistance [14], meta-
bolic and inflammatory factors [15, 16], as well as higher
intensity activities such as high-intensity interval training
(HIIT), which has improved cardiorespiratory fitness [17]
and reduced cardiometabolic factors [18—-20].

In a recent study, the authors used MICT or HIIT pro-
grams as therapy for hypertensive adolescents and found

a reduction in diastolic blood pressure (DBP) in boys, but
did not evaluate the isolated effect of each of the exer-
cises [21]. Meanwhile, a systematic review was incon-
clusive as to whether physical exercise reduces blood
pressure (BP) in hypertensive individuals, but there was
a greater reduction in BP with regular aerobic exercise
compared to strength or combined training [22]. Another
systematic review with meta-analysis [23], which looked
at school-based interventions, found four studies in the
six to 19 age group and concluded that there was a favor-
able effect on DBP in obese in the intervention groups
compared to controls.

To date, despite the existence of various types of exer-
cise and the benefits of regular practice, there is a scien-
tific lacuna in relation to the effect of different exercise
on BP in children and adolescents, including those with
hypertension. Few studies have provided clinical out-
comes when comparing different types of exercises on
BP and there is little information [22, 23], as well as rare
studies on the therapeutic importance of exercise in
reducing BP in hypertensive in the child and adolescent
population [21]. Thus, the objective was to systemati-
cally review studies that evaluated the effect of different
exercises programs on BP in overweight children and
adolescents.

Methods

This systematic review and meta-analysis were based on
the items in the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement
[24]. The study protocol was previously registered and
is available on the International Prospective Register of
Systematic Reviews (PROSPERO no. CRD42023469222).
Inclusion criteria were based on the PICOS strategy for
eligibility: Population (children and adolescents, aged
6-17 vyears, with overweight/obesity); Interventions
(interventions that involved physical exercise programs,
according to the type, frequency, volume, intensity and
total duration of exercise); Comparators (inter-and intra-
group comparisons of exercise and control group with-
out intervention); Outcome (systolic and diastolic blood
pressure); and Study Design (randomized and non-ran-
domized controlled trials).



Tozo et al. BMC Pediatrics (2025) 25:252

We performed a systematic search for publications
using Medical Literature Analysis and Retrieval System
Online (Medline) via PubMed, Web of Science, Scopus,
SPORTDiscus, Latin American and Caribbean Litera-
ture in Health Sciences (LILACS), Scientific Electronic
Library Online (SciELO) databases and manual searches
in the reference lists of studies. The descriptors were
selected based on the Medical Subject Headings (MESH)
and were combined with the Boolean terms “AND” and
“OR” Search strategies were conducted in September
2024, using subject headings and keywords in all data-
bases: ((“child” OR “adolescent” OR “youth” OR “teens”)
AND (“blood pressure” OR “hypertension”) AND (“exer-
cise” OR “physical training”)). Searches were limited to
the English, Portuguese and the Spanish language.

The work process of the review, related to the removal
of duplicates, evaluation of titles, abstracts and full texts,
extraction of original data and syntheses (descriptive
and statistical) counted with the participation of three
researchers, acting independently. The data extraction
process was based on previous references, using an elec-
tronic spreadsheet, divided into three domains: descrip-
tive (e.g., authors of the studies, place where they were
carried out, sample size, sample profile); methodological
(e.g., intervention time, protocol of exercise) and results.

Meta-analysis was conducted from the original data
presented in the studies, using the software Review Man-
ager (v.5.4.1). Given the heterogeneity of the data, we
used the random model [25], inserting in the model the
post-intervention and pre-intervention means of each
group to identify the A value. To analyze heterogeneity,
the I? statistic was used, taking as definitions moderate
up to 50 and high >75%. The significance level of p <0.05
and 95% confidence interval were considered.

The methodological quality of the studies was evaluated
using the PEDro scale for studies with randomized clini-
cal trials [26]. The scale is composed of 11 criteria rele-
vant for quasi-experimental and experimental studies, for
each criterion contemplated was attributed the value 1,
while for the unmet criteria the value 0 was attributed.
According to the total scores, the studies with scores: <6
(high), 6-7 (moderate), and >7 (low) risk of bias.

Results

In total, the systematic searches in the electronic data-
bases led to the identification of 2,069 potentially rel-
evant references, from the following: PubMed (n=370),
Web of Science (n=939), Scopus (n=80), SPORTDiscus
(n=340), LILACS (n=318), and SciELO (n=22). After
identification and removal of duplicates (n=555), 1,514
studies were evaluated by their titles, and subsequently
63 of them remained for evaluation by their full texts.
Of these, 46 did not meet the eligibility criteria, the most
frequent reasons being: studies with an acute effect of

Page 3 of 12

exercise (n=14); studies only with eutrophic children
and adolescents (n=12); studies without blood pressure
analysis (n=11); and studies based on interventions other
than exercise programs (1n=09). Thus, seventeen articles
were referred to the synthesis of this review (Fig. 1).

Per location, the studies were conducted in Brazil [8,
11, 13, 21, 27-30], Korea [31-33], United States of Amer-
ica [34, 35], Spain [36], Italy [37], Iran [38] and Tunisia
[39], comprising an average age between 11.2 and 16.3
years old. It was observed that a great variation among
the criteria adopted for the inclusion of children and ado-
lescents, and the interventions had overweight/obesity as
their primary outcome. Three studies had other variables
as the primary outcome for the inclusion of children and
adolescents in the proposed interventions: adolescents
diagnosed with pre-hypertensive, hyperinsulinemia and
obesity [31], adolescents diagnosed with overweight, and
hypertension [21] and adolescents diagnosed with pre-
hypertensive and obesity [33] (Table 1).

The methodological evaluation indicated that the qual-
ity of the studies was moderate risk of bias (mean score:
6.7 +1.0; variation from five to eight; Table 1). Among the
studies, two were classified as high risk of bias, 11 were
classified as moderate risk of bias and four were classi-
fied as low risk of bias. Common limitations were related
to the allocation, therapists, evaluator, and blind subjects
to the intervention. Less than half of the studies (41.2%)
randomly allocated individuals. Only five studies had a
dropout rate of more than 15%.

The interventions used in the studies showed similar-
ity. Most of the interventions had a frequency of three
times per week that lasted four [35] and nine months
[36]. Among the types of exercise training, studies were
identified that conduct an intervention with moderate-
intensity continuous training (MICT) [8, 11, 13, 21, 29,
31, 33, 34, 36, 38], high-intensity interval training (HIIT)
[11, 21, 29, 35, 38, 39], moderate-intensity interval train-
ing (MIIT) [39], resistance training (RT) [28, 34, 37],
functional training (FT) [28, 32], combined training (CT)
[27, 37], recreational soccer program (RSP) [30] and who
presented a control group without exercise [8, 11, 13, 21,
29, 30, 32-34, 36, 39]. The training protocols are detailed
in Tables 2 and 3.

The metanalysis was carried out based on data from
1,125 participants in the different studies. In Fig. 2, the
results for systolic blood pressure (SPB) after the inter-
ventions with different physical exercise we observed a
summary effect of -0.44 (95% CI: -0.68; -0.20, 1> =73%)
(Fig. 2). In Fig. 3, the results of diastolic blood pressure
(DBP) resulted in a summary effect of -0.52 (95% CI:
-0.73; -0.31, I’=63%). In Fig. 4, the results of the control
group without exercise for SPB and DBP resulted in a
summary effect of -0.01 (95% CI: -0.19; 0.16, I>=8%) and
effect of -0.01 (95% CI: -0.23; 0.20, I? = 19%), respectively.
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Fig. 1 Flow of information the phases of the systematic review and meta-analysis

A significant relative risk was observed to decrease
the PAS for the general effect of the MICT (SMD=-
0.65; 95%CI=-1.09; -0.21; p=0.004; 1*=84%) and for
the HIIT (SMD=-0.71; 95%CI=-1.33; -0.09; p=0.02;
>=71%). However, no significant relative risk effects
were observed for the CT (SMD=-0.05; 95%CI=-0.38;
0.29; p=0.79; I? = 0%) and other types of exercise (SMD=-
0.08; 95%CI=-0.33; 0.17; p = 0.53; I* = 0%), with significant
differences between the subgroups (Chi’=8.46; p=0.04;
’=64.5%) (Fig. 2).

A significant relative risk was observed to decrease the
PAD for the general effect of the MICT (SMD=-0.62;
95%CI=-0.93; -0.32; p<0.001; I*=65%) and for the HIIT
(SMD=-0.88; 95%CI=-1.50; -0.25; p=0.006; I*=70%).
However, no significant relative risk effects were
observed for the CT (SMD=-0.32; 95%CI=-0.68; 0.04;
p=0.08; ’=13%) and other types of exercise (SMD=-
0.18; 95%CI=-0.61; 0.26; p = 0.42; I*=60%), no significant
differences between the subgroups (Chi’=4.99; p=0.17;
’=39.9%) (Fig. 3).
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Table 1 Descriptive information on the studies included in the systematic review and meta-analysis
Reference Place of study Sex/Age Groups Primary outcome Risk of
(year) bias
Aguilar-Cordero et al. [36]  Spain (2019) Q3 10-15yrs  MICT (n=49), CG (n=49) Overweight/obesity Moderate
Antunes et al. [27] Brazil (2020) Q3 12-15yrs  CT (RT+MICT): /10w (n=12) —20w (n=12), Obesity Moderate
3/10w (n=13) —20w (n=13)
Branco et al. [28] Brazil (2018) 3 11-16yrs RT (n=09), FT (n=09) Obesity Moderate
Fanelli et al. [37] [taly (2021) Q3 14-20yrs  RT (n=10), CT (RT+MICT, n=10) Overweight/obesity Low
Horner et al. [34] United States Q3 12-18yrs  MICT (n=30), RT (n=27), GC (n=24) Obesity Low
(2015)
Kargarfard et al. [38] Iran (2016) Q3 10-14yrs  MICT (n=10), HIIT (h=10), CG (n=10) Obesity Low
Kim et al. [31] Korea (2020) Q3 14-16yrs  MICT (n=24),CG (n=24) Pre-hypertensive, hyperin- High
sulinemia, obesity
Lee; Spector; Reilly [35] United States Q3 11-17yrs  HIT(h=12) Overweight/obesity Moderate
(2016)
Leite et al. [29] Brazil (2022) 3 10-17 yrs MICT (n=20), HIIT (n=20), GC (h=16) Obesity Moderate
Leite et al. [8] Brazil (2023) Q3 10-16yrs  MICT 12w (n=55), MICT 24w (n=27), GC Overweight/obesity Moderate
(n=17)
Leite et al. [21] Brazil (2024) 3 10-17yrs GEN (n=55), GEH (n=26), GCN (n=14), GCH Overweight, hypertensive  Moderate
(n=12)
Racil et al. [39] Tunisia (2016) Q13-15yrs MIT (n=17), HIIT (n=16), CG (n=14) Obesity Low
Seo et al. [32] Korea (2019) Q3 6-16yrs MICT (n=26), Usual care group (n=44) Overweight/obesity Moderate
Sung et al. [33] Korea (2019) Q3 14-16yrs  MICT (n=20), CG (n=20) Pre-hypertensive, obesity  High
Tadiotto et al. [11] Brazil (2023) @3 11-16yrs  HIIT (n=13), MICT (n=15), CG (n=24) Overweight/obesity Moderate
Tornquist et al. [13] Brazil (2020) @3 11-17yrs  MICT (n=23),CG (n=23) Overweight/obesity Moderate
Vasconcellos et al. [30] Brazil (2015) Q@3 12-17yrs RSP (n=10),CG (n=10) Obesity Moderate

@ =girls; 3 = boys; n=sample; RT =resistance training; CT=combined training; MICT = moderate-intensity continuous training; HIIT = high-intensity interval training;
CG=control group; FT=functional training, MIIT=moderate-intensity interval training; RSP =recreational soccer program; GEN =group exercise non-hypertensive;
GEH=group exercise hypertensive; GCN =group control non-hypertensive; GCH=group control hypertensive

Discussion

The purpose of this systematic review was to see what
evidence is available on the effects of different exer-
cise programs on blood pressure in overweight and/or
obese children and adolescents. It should be noted that
metabolic alterations are associated with greater body
mass and are linked to increased blood pressure [9, 40,
41]. Clinical interventions to reduce blood pressure are
essential in adults [40, 41] and in children and adoles-
cents as primary [7] and secondary health prevention in
hypertensive patients [21]. In the population of children
and adolescents, the effects of exercise on blood pres-
sure and hypertensive measures are relevant and have
some scientific lacunae, since several studies have been
found approaching cardiometabolic risk factors in this
population [21, 42], but there is a scarcity in relation to
the responses of different interventions and exercise pro-
grams on blood pressure.

In our review of the literature, considering publications
from the last ten years, only 17 articles were analyzed in
full because they met the inclusion criteria, all of which
were carried out on overweight children and adolescents
and evaluated the effect of different exercise programs
on systolic and diastolic blood pressure. However, the
studies selected were heterogeneous in their methods in
terms of the characteristics of the exercises, i.e. in relation

to the type and intensity, duration of the session, weekly
frequency and intervention time of the exercises, known
as FITT (frequency, intensity, time and type) [43]. In the
specific articles in this review, the total sample size was
458 and ranged from nine [28] to fifty-five participants
[21]. In addition, for this review we chose to select inter-
ventions with an age range of between six and 17 years,
with only one study including children aged six and over
[32], the rest were equal to or older than 10 years.

Among the intervention protocols applied, the studies
involved controlled exercise, which included frequency,
duration and intensity, and although they were differ-
ent protocols, positive changes were observed in the
variables studied. Heart rate was used as a criterion for
monitoring the intensity of physical exercise in most of
the articles evaluated, given its importance as an indi-
cator of the intensity of physical activity in children and
adolescents [44]. Furthermore, it is important to note
that among the training protocols, MICT was the most
frequently used exercise protocol (53%) and was used in
nine studies [8, 11, 13, 21, 29, 31, 33, 34, 38], standing out
in the prevention of cardiometabolic diseases. MICT has
been considered the most suitable type of exercise for
overweight and/or obese individuals in children, adults
and the elderly, and localized exercise has been included
as a complement [43].
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Table 2 Descriptive information on the types of physical
exercise in the studies included in the systematic review and
meta-analysis

Reference Intensity  Volume Protocol exercise  Dura-
(week) + ses- tion
sion (min)

Aguilar- No info 4 sessions Games and sports  39wks

Cordero et available (90 appropriate to

al. [36] capacities, with

a largely aerobic
component and
involving little
jumping, structured
as a warm-up, main
activity and cool
down

Antunes et RT=40- CT=3ses- RT = 8 exercises, 1 10wks

al. [27] 55% of sions (30 set, 15-20 reps, 1-2" 20wks

10RM + RT+30'MICT) rest+
MICT=65- MICT = walk/
85% HR . running
Brancoet  RT=12-14 3 sessions 1st to 6th week, 12wks
al. [28] RPE; (alternating moderate-intensity
FT=12-14 intrainings A  resistance exercises;
RPE; and B) 7th to 12th week,

high-intensity
resistance exercises
were used inan
“all-out”mode (3
sets, passive rest
interval)

Fanellietal. RT=weight RT=2sessions RT=8 exercises, 3 24wks

[37] /(1.0278-  (30-35) set, constant load
0.0278 X CT=2 ses- CT=(RT+30
rep) sions (30-35")  MICT - stationary
CT=50- bicycle or elliptical
60% HR machine)
Hormeret  MICT=60- MICT=3ses- MICT = treadmill, 12wks
al. [34] 75% VO,pey  SioNs (60) elliptical or station-
RT=? RT=3sessions ary bike
(60" RT=10 exercises, 2
sets, 8-12 reps
Kargarfard  MICT=60- MICT=3ses- MICT =runningon 8wks
etal. [38] 95% HR e sions (50-60")  a treadmill
HIT=60-  HIT=(50-60) HIIT=4'(60-70%
90% HR s HRes) +2'(40-50%
HRTES)
Kim et al. MICT=40- MICT=5ses- 7 ropejumping 12wks
[31] 70% HR.../ sions (50 exercises

res

11-16 RPE
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Table 2 (continued)

Reference Intensity  Volume Protocol exercise Dura-
(week) + ses- tion
sion (min)

Lee;Spec-  HIT=80-  HIIT=3ses- HIIT=10 sets, 60" 4wks

tor; Reilly 90% HR,,  sions (30') cycling, 90" 40-50%

(35] AR nax

Leiteetal. MICT=35- MICT=3ses- MICT=45"indoor 12wks

[29] 75% HR o sions (110") cycling, 45'walking,

HIT=100% HIIT=3 ses- 20'stretching

MAS sions (45-48")  HIT=2 sets, 8 rep
30"maximum ef-
fort, 30-60" active
recovery, 4' passive
rest between sets
- running

' = minutes; " = seconds; rep=repetitions; RT=resistance training;

MICT =moderate-intensity continuous training; 10RM = 10 repetition maximum;
HRhax = maximum heart rate; CT=combined training; FT=functional training;
RPE=rating of perceived exertion; VOZpeak=peak oxygen uptake; HIIT=high-
intensity interval training; HR . = reserve heart rate

However, in recent years HIIT has been the subject of
several studies as an alternative to health promotion [45—
47], and one study using HIIT was selected in this review
[35]. Four studies (27%) chose to compare interventions
with MICT and HIIT in the same study [11, 29, 38, 39],
as a way of comparing the interventions, or in the same
group, but at different times, as an alternative to evolv-
ing the training method [28]. Finally, two studies [30,
36] proposed sports-related training protocols for over-
weight children and adolescents.

In general, it is suggested that a longer period of inter-
vention provides greater benefits [48], as well as greater
adherence to physical activity in everyday life [49]. How-
ever, a period of four to 12 weeks has been indicated as
the period in which the greatest benefits appear [48], and
at 24 weeks there is a tendency to maintain the effects
achieved in the first 12 weeks [8]. However, another
review reported better results in body composition, met-
abolic and inflammatory parameters after 24 weeks [50].
It should be noted that intervention time is one of the
components in the FITT prescription, and the frequency
of exercises has been indicated as three times a week, in
sessions of around 60 min, and the favorable results are
more evident after 1500 min of practice in different pro-
grams [48].

In the current review, most of the studies were con-
ducted over 12 weeks, while one study was conducted
over four weeks [35] and three studies were conducted
over a longer period, with exercise over six months [13,
37] and nine months [36]. Most of the selected studies
(94%) reached the minimum time of 12 weeks, the time
cited to achieve the effectiveness of the interventions. It
should be emphasized that studies lasting longer than 24
weeks obtained similar results to those lasting 12 weeks.
Therefore, there were no major effects and no significant
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Table 3 Descriptive information on the types of physical
exercise in the studies included in the systematic review and
meta-analysis (continued)

Reference Intensity Volume Protocol Dura-
(week) +ses- exercise tion
sion (min)

Leiteetal.[8] MICT=35- MICT=3ses- MICT=45 12wks

75% HR sions (110) indoor cycling,  24wks
45'walking, 20’
stretching

Leiteetal. [21] MICT=35- MICT=3ses- MICT =indoor 12wks

75%HR,.,  sions (60 cycling or

HIIT = HIIT=3 ses- aquatic

85-100% sions (35-45")  environment

HR e HIIT=2 sets, 4
rep 30" maxi-
mum effort, 60"
active recovery
(50% HR o),
4'passive rest
between sets—
aquatic/sta-
tionary bicycle/
running

Raciletal.[39] MIT=80%  MIIT=3ses- MICT =3 sets, 12wks

MAS sions (40-50")  15"at 80% MAS,
HIT=100% HIIT=3 ses- 15"at 50% MAS
MAS sions (40-50")  HIIT=3 sets, 15’
at 80% MAS, 15"
at 50% MAS
Seoetal [32] FT-60-90% 3 sessions FT —-60;6 12wks
HRmax + (one group exercises, 1'du-
MICT exercise ses- ration, 30-60"
sionandtwo  recovery)
home-based  (Home: FT+ 30’
exercise running/
sessions) cycling
Sungetal [33] MICT=40- MICT=5ses- 7ropejumping 12wks
70% HRs/  sions (50 exercises
11-16 RPE
Tadiottoetal.  HIT=80- HIT=3 HIT=3sets, 4  12wks
[11] 100% HR,.s  sessions (35" rep 30" maxi-
MICT=35-  stationary mum effort, 60"
75% HR o bicycle) active recovery,
MICT=3 4'passive rest
sessions (60" between sets
stationary
bicycle)
Tornquist et MICT=50- MICT=3ses- (Ist:sports 24wks
al. [13] 70% HR.x  sions (40 activity; 2nd:
walking and
resistance
exercises;
3rd: aquatic
activities)

Vasconcellos RSP=80- RSP=3 ses- Recreational 12wks

et al. [30] 88% HR,,,  sions (60) soccer program

‘ = minutes; " = seconds; rep=repetitions; MICT=moderate-intensity

continuous training; HIIT=high-intensity interval training; HR ., = reserve heart
rate; MAS =maximal aerobic speed; MIIT=moderate-intensity interval training;
FT=functional training; RPE=rating of perceived exertion; HR,,, = maximum

heart rate; RSP =recreational soccer program

max
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differences in duration between the exercises. However,
some studies showed less significant effects than others,
which may be directly related to the training protocol
and not to the duration of the intervention, as observed
in studies in which adolescents participated in sports and
walking sessions [13] and recreational soccer programs
[30]. This may show that some of the activities proposed
in the protocols may be more difficult to control the
intensity of, as they depend largely on the physical capac-
ity, assimilation and adaptation, as well as the final per-
formance of the participant. On the other hand, the study
by Lee et al. [35], which took the shortest time to conduct
(4 weeks), showed a significantly positive result, which
may demonstrate the rapid effect of interrupting a seden-
tary routine in overweight children and adolescents.

Regarding the results of the physical exercise programs
in this review, the majority showed an improvement in
blood pressure values in SBP (SMD=-0.44; 95% CI=-0.68;
-0.20; p=0.04; I*=73%) and DPB (SMD=-0.52; 95% CI=-
0.73; -0.31; p=0,17; I>=63%), which confirms the impor-
tance of physical activity as a crucial factor in improving
health parameters. Four interventions resulted in a sig-
nificant and statistically significant reduction in SBP
[31, 33, 38, 39], while eight studies in DBP [11, 31, 33,
37-39]. The studies that used a protocol of progression
of the intensity of exercise over the course of weeks stand
out, and in the end, obtained notably positive results [31,
38]. However, some studies have not shown a significant
reduction in SBP [11, 27, 34], despite being well proto-
coled and with uniformity among the participants, prob-
ably due to the variety of factors that can influence SBP,
such as white coat hypertension, a factor well described
and studied in medicine [41], which is difficult to control
in children and adolescents [51].

Most of the studies showed a significant reduction
in DBP in the population studied, an effect that may be
related to a reduction in peripheral vascular resistance,
closely linked to the DBP value, as a result of the adaptive
action provided by regular physical exercise, especially
in its action on the sympathetic nervous system, through
a reduction in noradrenaline and an increase in prosta-
glandins in the peripheral blood [52, 53]. The deleterious
effect of not practicing regular physical exercise is note-
worthy, since SBP and DBP values remained the same in
the control group, whose children and adolescents were
instructed not to take part in weight loss programs or
assisted physical training.

The results found reinforce the positive impact of
structured exercise programs on blood pressure in over-
weight and obese children and adolescents. It is impor-
tant to note that the effectiveness of these interventions
seems to be directly related to the duration, intensity and
type of exercise proposed. Although longer interventions
did not demonstrate greater benefits than the 12-week
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Favours to decrease Pre-intervention Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Moderate-intensity continuos training (MICT)
Aguilar-Cordero et al., 2019 125 B 43 128 ] 49 47% -0.39 [-0.79, 0.01] -
Horneretal., 2015 110 12 30 113 12 30 44% -0.25[-0.75, 0.26] T
Kargarfard et al., 2016 121 5 10 129 3 10  26% -1.86[-2.95,-0.77]
Kimetal,, 2019 128 2 24 134 3 24 36% -2.31 [-3.06,-1.57] e
Leite etal., 2021 93 10 27 106 15 27 42% -0.62[1.17,-0.07] B
Leite etal., 2021 103 13 55 107 15 55  4.8% -0.28 [-0.66, 0.09] 7
Leite etal.,, 2022 104 15 20 107 14 20 4.0% -0.20 [-0.82, 0.42] I
Seoetal, 2019 123 11 26 126 15 26 42% -0.22 [-0.77,0.32] T
Sungetal., 2019 120 2 20 126 3 20 33% -2.31[-3.12,-1.49]
Tadiotto et al., 2023 110 11 15 108 11 15  37% 0.18 [-0.54, 0.89] -1
Tornquist etal., 2020 119 13 23 13 21 23 41% 0.34 [[0.24,0.92] T
Subtotal (95% CI) 299 299 43.6% -0.65 [-1.09, -0.21] R
Heterogeneity: Tau®= 0.44; Chi*= 63.42, df= 10 (P < 0.00001); = 84%
Test for overall effect: Z=2.92 (P = 0.004)
2.1.2 High-intensity interval training (HIT)
Kargarfard et al., 2016 17 4 10 127 3 10 21% -2.71[-3.99,-1.43]
Lee; Spector; Reilly, 2017 108 B 12 116 ] 12 32% -1.01 [-1.87,-0.15]
Leite etal.,, 2022 124 14 20 124 13 20 4.0% 0.00 [-0.62, 0.62] -
Racil etal., 2016 115 5 16 119 5 16 36% -0.78 [-1.50,-0.06] —
Tadiotto et al., 2023 114 10 13 115 16 13 35% -0.07 [-0.84,0.70] T
Yasconcellos etal, 2015 123 13 10 128 10 10 31% -0.41 [-1.30, 0.48] T
Subtotal (95% CI) 81 81 19.5% -0.71[-1.33,-0.09] R
Heterogeneity: Tau®*=0.41; Chi*=16.96, df= 5 (P =0.005); F=71%
Testfor overall effect: Z=2.25 (P=0.02)
2.1.3 Combined training (CT)
Antunes etal., 2015 123 14 12 122 20 12 34% 0.06 [-0.74, 0.86] I
Antunes etal., 2015 121 11 12 122 20 12 34% -0.06 [-0.86,0.74] T
Antunes etal., 2015 132 14 13 129 12 13 35% 0.22 [-0.55, 0.99] -
Antunes etal., 2015 128 10 13 129 12 13 35% -0.09 [-0.86, 0.68] T
Fanellietal., 2021 120 g 20 122 8 20 4.0% -0.25[-0.87,0.38] I
Subtotal (95% CI) 70 70 17.7% -0.05 [-0.38, 0.29] @
Heterogeneity: Tau®*=0.00; Chi*=0.93, df=4 (P=0892); F=0%
Test for overall effect: Z=0.27 (P=0.79)
2.1.4 Other types of exercise
Branco etal., 2018 126 17 9 133 1 9  3.0% -0.47 [-1.41,0.47] E——
Branco etal., 2018 124 17 9 126 7 9  3.0% -0.15[1.07,0.78] . —
Horner etal, 2015 11 14 27 108 14 27 43% 0.21 [-0.32,0.75] T
Leite etal., 2024 105 12 55 105 8 55  4.8% 0.00 [-0.37,0.37] -
Leite etal.,, 2024 119 15 26 124 ] 26 42% -0.40[-0.95,0.15] T
Subtotal (95% CI) 126 126 19.3% -0.08 [-0.33, 0.17] E:3
Heterogeneity: Tau®= 0.00; Chi*= 3.27, df= 4 (P = 0.51); F= 0%
Test for overall effect: Z= 062 (P=0.53)
Total (95% CI) 576 576 100.0% -0.44 [-0.68, -0.20] L 2
Heterogeneity: Tau®= 0.27; Chi*= 95.62, df= 26 (P < 0.00001); F=73% 54 ?2 o é j‘

Test for overall effect: Z= 3.59 (P = 0.0003)
Test for subaroup differences: Chi*= 8.46, df= 3 (P =0.04), F=64.5%

Favours to decrease Favours to increase

Fig. 2 Forest graph with comparison of the effect of exercise interventions intra- and inter-subgroups on systolic blood pressure in children and

adolescents

programs, adherence and appropriate intensity control
were crucial factors for better results. Therefore, these
findings highlight the need for well-structured exercise
programs to maximize cardiometabolic health benefits in
this population.

Strengths and limitations

The present study also presents some limitations to be
observed. First, there was a 10-yr publication time limi-
tation. Secondly, the research was conducted and limited
to articles published in journals indexed in the electronic
bases PubMed, Web of Science, Scopus, SPORTDis-
cus, LILACS, and SciELO. It may be that some studies
published before 2014 that address this issue were not

included in this review. Furthermore, during the search
strategy, we did not include the term physical activity. As
a result, it is possible that studies investigating the effects
of physical activity (when not described as exercise or
physical training) on blood pressure were excluded from
the analysis.

Moreover, limitations in the analysis should also be
highlighted. There was significant heterogeneity for the
intervention subgroups that can be explained by the
moderate methodological quality of the studies of which
approximately 76.5% of the studies presented moderate
or high risk of bias while only four presented low risk of
bias. Therefore, the findings of the present study should
be interpreted with caution. Another important point
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Post-intervention Pre-intervention Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 Moderate-intensity continuos training (MICT)
Aguilar-Cordero etal,, 2019 73 5 49 77 g 49 53% -0.59 [-1.00,-0.19] I
Horneretal,, 2015 59 7 30 62 7 30 48% -0.42 [-0.94, 0.09] 7
Kargarfard et al., 2016 72 3 10 g4 5 10  1.9% -2.79[-4.09,-1.48]
Kimetal, 2019 80 1 24 a1 2 24 44% -0.62 [-1.20,-0.04] —
Leite etal., 2021 62 g 27 70 1" 27 45% -0.82 [-1.38,-0.26] —
Leite etal., 2021 68 11 55 69 10 55 55% -0.09 [-0.47,0.28] -1
Leite etal., 2022 66 13 20 67 10 20 42% -0.08 [[0.70,0.54] I
Seoetal, 2019 61 9 26 66 7 26 45% -0.61 [1.17,-0.05] I
Sung etal, 2019 a0 2 20 82 0.4 20 3.8% -1.36 [-2.05, -0.66] _—
Tadiotto etal., 2023 66 7 15 69 1 15  37% -0.32 [-1.04, 0.40] T
Subtotal (95% CI) 276 276 42.7% -0.62[-0.93,-0.32] E:S
Heterogeneity: Tau®= 0.15; Chi*= 26.01, df=9 (P = 0.002); F=65%
Test for overall effect: Z= 3.97 (P = 0.0001)
3.2.2 High-intensity interval training (HIT)
Kargarfard et al., 2016 72 3 10 a5 5 10 1.7% -3.02 [-4.38,-1.66]
Lee; Spector; Reilly, 2017 66 6 12 68 10 12 3.4% -0.23[-1.04,0.57] T
Leite etal., 2022 66 5 20 72 7 20 4.0% -0.97 [[1.63,-0.31] —_—
Racil etal., 2016 75 4 16 79 2 16 3.5% -1.23[-2.00,-0.47] e
Tadiotto etal,, 2023 68 g 13 72 14 13 35% -0.34 [-1.12,0.44] I
Vasconcellos etal., 2015 79 14 10 a1 5 10 31% -0.18 [-1.06, 0.70] T
Subtotal (95% CI) 81 81 19.2% -0.88 [-1.50, -0.25] ’
Heterogeneity: Tau®= 0.42; Chi*=16.81, df= 5 (P = 0.005); F=70%
Test for overall effect: Z= 2.75 (P = 0.006)
3.2.3 Combined training (CT)
Antunes etal., 2015 73 g 12 72 g 12 3.4% 0.12 [-0.68,0.92] -
Antunes etal,, 2015 7 6 12 72 g 12 3.4% -0.14 [-0.94, 0.66] I
Antunes etal., 2015 72 g 13 73 6 13 35% -0.14 [-0.91,0.63] I
Antunes etal., 2015 7 6 13 73 6 13 3.5% -0.32[1.10, 0.45) .
Fanellietal., 2021 68 6 20 75 9 20 4.0% -0.90 [-1.55,-0.24] I
Subtotal (95% CI) 70 70 17.8% -0.32[-0.68, 0.04] 3
Heterogeneity: Tau®= 0.02; Chi*= 4,57 df=4 (P=0.33); F=13%
Test for overall effect: Z=1.74 (P = 0.08)
3.2.4 Other types of exercise
Branco etal,, 2018 81 11 9 a1 g 9  29% 0.00 [-0.92, 0.92] I —
Branco etal,, 2018 78 10 9 75 1" 9 29% 0.27 [-0.66, 1.20] T
Horneretal,, 2015 59 6 27 58 6 27 46% 016 [-0.37,0.70] T
Leite etal., 2024 64 g 55 65 6 55 55% -0.14 [0.51,0.23] -1
Leite etal., 2024 69 9 26 77 7 26 4.4% -0.98 [-1.55,-0.40] —
Subtotal (95% CI) 126 126 20.3% -0.18 [-0.61, 0.26] -
Heterogeneity: Tau®=0.14; Chi*=10.00, df= 4 (P = 0.04); F= 60%
Test for overall effect: Z=0.80 (P =0.42)
Total (95% CI) 553 553 100.0% -0.52[-0.73,-0.31] ¢
Heterogeneity: Tau®= 0.17; Chi*= 66.69, df= 25 (P < 0.0001), F=63% 54 52 b é i

Test for overall effect: Z= 4.85 (P < 0.00001)

Test for subaroup differences: Chi*=4.99, df=3 (P=017), F=39.9%

Favours to decrease Favours to increase

Fig. 3 Forest graph with comparison of the effect of exercise interventions intra- and inter-subgroups on diastolic blood pressure in children and

adolescents

observed was the lack of investigations with well-con-
trolled methodologies on the effects of exercises on pre-
hypertension and hypertension. Therefore, it is important
that more studies are conducted with more methodologi-
cal control and a more detailed description of the exer-
cise protocols.

Conclusion

In this systematic review and meta-analysis, the regular
practice of physical exercise was relevant in reducing
systolic and diastolic blood pressure, a factor that lends
credence to the importance of physical activity in over-
weight and obese children and adolescents in the preven-
tion and treatment of hypertension and cardiometabolic

risk factors. Regarding the types of exercise, we highlight
the results found in exercise programs involving moder-
ate-intensity continuous training or high-intensity inter-
val training, while the lack of exercise led to unfavorable
changes in blood pressure.

Considering the significant effects on blood pressure,
we suggest the development of interventions based on
physical exercise practice lasting at least 12 weeks, with
three 60-minute sessions per week, and including con-
trol of exercise intensity, preferably monitored by heart
rate and intensity progression over time, considering that
other types of exercise do not have a significant effect.
The implementation of these programs should be multi-
component and multiprofessional, with the participation



Tozo et al. BMC Pediatrics (2025) 25:252

Post-intervention Pre-intervention
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Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Systolic blood pressure

Aguilar-Cordero et al., 2019 131 12 49 130 13 49  77% 0.08 [[0.32,0.48] i
Horneretal,, 2015 116 12 24 115 12 24 45% 0.08 [-0.48, 0.65] I —
Kimetal., 2019 133 4 24 132 31 24 45% 0.27 [-0.29, 0.84] I
Leite etal., 2021 106 11 17 106 1 17 34% 0.00 [-0.67, 0.67] I —
Leite etal., 2022 116 14 16 114 13 16 3.2% 0.14 [-0.55, 0.84] E Re—
Leite etal., 2024 105 6 14 108 7 14 29% -0.15[-0.89, 0.59] B E—
Racil etal., 2016 120 11 12 126 1 12 2.4% -0.53 [-1.34,0.29] —
Seoetal, 2019 118 5 14 118 6 14 29% 0.00 [-0.74,0.74] . E—
Sung etal, 2019 124 16 44 132 16 44 7.0% -0.50 [-0.92,-0.07] —
Tadiotto et al.,, 2023 127 5 20 126 4 20 3.9% 0.22[-0.41,0.84] e E—
Tornquistetal., 2020 1158 9 24 17 1 24 45% -0.20 [F0.76, 0.37] I
Vasconcellos etal, 2015 124 12 23 116 19 23 4.3% 0.49[-0.09,1.08] T
Subtotal (95% CI) 281 281 51.3% -0.01[-0.19, 0.16] @
Heterogeneity: Tau®=0.01;, Chi*=11.91, df=11 (P=0.37); F= 8%

Test for overall effect Z=0.13 (P = 0.90)

4.1.2 Diastolic blood pressure

Aguilar-Cordero et al., 2019 78 9 49 77 10 49  77% 0.10 [-0.29, 0.50] i
Horneretal,, 2015 61 6 24 61 6 24 45% 0.00 [-0.57, 0.57] . —
Kimetal, 2019 81 3 24 80 3 24 45% 0.33 [-0.24, 0.90] 1T
Leite etal., 2021 65 9 17 68 7 17 3.4% -0.36 [-1.04,0.32) —
Leite etal., 2022 69 5 16 69 7 16 3.2% 0.00 [-0.69, 0.69]

Leite etal., 2024 64 5 14 64 6 14 29% 0.00[-0.74,0.74] . E—
Racil etal., 2016 66 6 12 72 11 12 2.4% -0.65[-1.48,017] ~
Seoetal, 2019 74 2 14 75 3 14 2.8% -0.38 [1.13,0.37] —
Sung etal., 2019 65 6 44 67 g 4 71% -0.28 [0.70,0.14] T
Tadiotto etal., 2023 84 2 20 82 2 20 3.5% 0.98 [0.32, 1.64]

Tornquist et al., 2020 65 7 24 66 9 24 45% -0.12 [-0.69, 0.44] s
Vasconcellos etal, 2015 79 4 10 79 5 10 21% 0.00 [-0.88, 0.88] I E—
Subtotal (95% CI) 268 268 48.7% -0.01[-0.23, 0.20] <
Heterogeneity: Tau®= 0.05; Chi*=16.39, df=11 (P=0.13); F=33%

Test for overall effect: Z=0.14 (P = 0.89)

Total (95% CI) 549 549 100.0% -0.01[-0.15,0.12]

Heterogeneity: Tau®= 0.02; Chi*= 28.29, df= 23 (P=0.20); F=19%
Test for overall effect Z=0.16 (P=0.87)
Test for subaroup differences: Chi*= 0.00, df=1 (P = 0.98), F= 0%

\

+ + + t
-2 -1 0 1 2
Favours to decrease Favours to increase

Fig.4 Forest graph with comparison of the effect of interventions in the control group on systolic blood pressure and diastolic blood pressure in children

and adolescents

of different health professionals, and should take place in
accessible environments and with continuous social sup-
port. These strategies aim to guarantee adherence and
promote significant and sustainable changes in the car-
diovascular health of overweight and obese children and
adolescents.
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