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Physical activity interventions s

for cardiopulmonary fitness in obese children
and adolescents: a systematic review
and meta-analysis
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Abstract

Purpose This study [PROSPERO CRD42023416272] systematically analysed the effects of a physical activity interven-
tion on cardiorespiratory fitness in obese children and adolescents and elucidated the factors that influenced those
effects.

Methods A systematic review of the literature on physical activity interventions for improving cardiopulmonary
fitness in obese children and adolescents from January 1,2011, to March 1, 2023, was conducted. The search was per-
formed on the Web of Science and PubMed databases, and the selected literature was first screened and then
assessed for quality. Finally, a systematic review was conducted.

Results Out of the initially identified 1424 search records, 28 studies were eventually included in the systematic
review. These studies encompassed a total of 2724 participants aged 5 to 18 years, with the publication dates

of the literature primarily ranging from 2011 to 2023. Physical activity was found to effectively improve the follow-
ing parameters in obese children and adolescents: weight [mean difference (MD), -2.03 (95% confidence interval,
-2.59to -1.47), p<0.00001], maximal oxygen consumption [MD, -1.95 (95% Cl, -1.06 to -2.84), p < 0.0001], heart rate
[MD, -2.77 (95% Cl, -4.88 t0 -0.67), p=0.010], systolic blood pressure [MD, -8.11 (95% Cl,-11.41 to -4.81), p <0.00001],
and diastolic blood pressure [MD, -4.18 (95% Cl, -5.32 to -3.03), p < 0.00001]. High-intensity exercise was found to yield
greater improvements than low- to moderate-intensity exercise in maximal oxygen consumption [MD, 1.43 (95% Cl,
0.04 to 2.82), p=0.04] and diastolic blood pressure [MD, -6.94 (95% Cl, -10.61 to -3.26), p=0.0002] in obese children
and adolescents.

Conclusion Physical activity can effectively improve the body weight, maximal oxygen consumption, heart rate,
systolic blood pressure, and diastolic blood pressure of obese children and adolescents. The type of physical activ-

ity directly influences the participation interest of obese children and adolescents, with moderate- to high-intensity
physical activity showing the most significant impact on intervention outcomes. High-frequency, long-term interven-
tions yield better results than short-term interventions.
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Cardiorespiratory fitness (CRF) is one of the most criti-
cal aspects of physical fitness [1], and is primarily defined
characterized by maximum oxygen uptake (VO,,..)
or metabolic equivalents (METs) [2—4]. Lower levels of
CRF are associated with cardiovascular disease (CVD)
and cancer, as well as higher morbidity and mortal-
ity [5]. Childhood CRF affects overall health status dur-
ing youth and can also reduce the risk of cardiovascular
disease [6]. Higher levels of CRF in children and adoles-
cents are associated with a healthier cardiovascular status
[7]. Childhood obesity is a global health problem, with
the prevalence of obesity increasing every year and obe-
sity inducing many other conditions [8]. Overweight and
obese children have lower CRF levels, which increases the
risk of CVD in adulthood [9]. CRF in obese children and
adolescents is closely linked to physical activity, and phys-
ical activity can significantly alter CRF levels in this popu-
lation [10-13]. Therefore, an increasing number of studies
have begun to explore effective ways to improve cardi-
orespiratory health in obese children and adolescents.
Physical activity (PA) is defined as “any physical move-
ment of skeletal muscle that results in energy expendi-
ture” [14]. When the body is physically active, the
respiratory and circulatory systems provide the body
with energy and transport metabolic substances. Lack
of PA, poor diet and other factors such as a sedentary
lifestyle are associated with an alarming increase in
overweight and obesity in children. Therefore, the World
Health Organisation recommends that children accumu-
late 60 min of moderate- to high -intensity PA per day
[15]. In terms of interventions, some scholars have noted
that an increase in school physical activity has benefi-
cial effects on CRF in obese children and adolescents
[16]. Many experimental studies comparing the effects
of high-intensity interval training (HIIT) and moderate-
intensity continuous training (MICT) on CRF in chil-
dren and adolescents have shown significant benefits of
HIIT interventions [17, 18]. To date, there is no litera-
ture that reviews and elucidates the factors influencing
CREF in obese children and adolescents and the effect of
PA on improving CRF in obese child adolescents.
Therefore, the aim of this study was to review the litera-
ture on CRF affecting adolescents with obesity and to iden-
tify the effects of PA interventions while analysing potential
moderators. The results of this study provide theoretical
references and recommendations for future intervention
strategies for CRF in obese children and adolescents.

Materials and methods

This systematic review has been registered with Pros-
pero, the International Prospective Register of System-
atic Reviews (Registration number: CRD42023416272).
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Literature search and data extraction

We conducted a systematic literature search using Pub-
Med and Web of Science for studies up to March 2023
that investigated the impact of exercise interventions on
CREF in adolescents with obesity and were published in
English. We searched the database using the following
search terms, and key terms, including Medical Subject
Headings (MeSH) terms. MeSH terms used included
‘physical activity (PA), ‘exercise; ‘physical activity, ‘obe-
sity; ‘overweight; ‘children; ‘adolescents’ and ‘cardiorespi-
ratory fitness! The detailed search strategy is presented in
Supplementary Table (see Additional file 1).

Literature inclusion and exclusion criteria

This systematic review was guided by the PRISMA
checklist [19]. The first step was to identify the core con-
cepts in the research question, followed by a systematic
search. The study population was required to meet the
following criteria: School-aged children and adolescents
(5—18 years) who were obese or overweight were eligi-
ble for the study. Regardless of the age range of the study
sample, the mean participant age of an eligible study
must have been in the 5-18 years age range. For exam-
ple, a study sample was included if the participants had
an age range of 11-20 years and a mean age equal to
15 years. The study intervention was required to meet the
following criteria: PA, physical education classes or pro-
motion of PA to increase the behaviour of PA. The study
conclusion was required to meet the following criteria:
exercise-based CRF measurement with appropriate anal-
ysis of the effect on CRF (i.e. pretest to posttest compared
to the control group). The study design was required to
be either a randomised controlled trial (RCT) or a quasi-
experimental design (QES). The study exclusion criteria
were as follows: the intervention was not restricted to
children with obesity; and qualitative studies, case stud-
ies, reviews, nonintervention studies, master’s theses,
conference papers.

Literature screening and data extraction

The retrieved literature was imported into EndNote soft-
ware for deduplication and then 2 researchers (CCW
and QYL) independently read the title, abstract and full
text for literature screening. When disagreements arose,
the final results were determined by consensus with a
third researcher (ZGT). Based on the literature screen-
ing, the two researchers proceeded to extract and code
the literature information including author, country, year
of publication, study population, intervention content,
intervention protocol (timing, frequency and periodic-
ity), measurement tools and outcome indicators.
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Evaluation of the quality of the literature

The Physiotherapy Evidence Database (PEDro) scale was
used to assess the methodological quality of the included
literature. Eleven items were included, including “eligibil-
ity criteria’, “random allocation’, “concealed allocation’,
“baseline comparability’, “blind subject’, “blind clinician’,
“blind assessor’, “adequate follow-up’, “intention-to-treat
analysis’, “between-group analysis’, and “point estimates
and variability”. Items 2 to 11 are scored, with 1 mark for
meeting the criteria and 0 mark for not meeting or being
unclear. The scale was scored out of 10, with <4 being
poor quality, 4-5 being moderate quality, 6—8 being good
quality and 9-10 being high quality. The quality of the
literature was scored by two researchers independently,
and in case of disagreement, the final decision was made

by a third researcher in a joint discussion.

Data synthesis and analysis

Evidence synthesis was conducted using Review Man-
ager 5.3 (Cochrane Collaboration, Oxford, UK). Weight,
maximal oxygen consumption, heart rate, systolic blood
pressure, and diastolic blood pressure were analysed
as continuous variables. We selected the mean differ-
ences (MDs) and 95% confidence intervals (CIs) as sum-
mary statistics for the meta-analysis. Heterogeneity
among studies was assessed using the chi-square (X?)
test (Cochran’s Q) and the inconsistency index (I%) [20].
A X2 p value <0.05 or I>>50% was considered to indicate
significant heterogeneity. In the presence of significant
heterogeneity, a random-effects model was employed.
Otherwise, a fixed-effects model was applied. A funnel
plot was created using Review Manager 5.3 (Cochrane
Collaboration, Oxford, UK). Outcomes were assessed in
at least two included RCTs.

Research results

A total of 1424 studies were identified by the search.
After excluding 135 duplicate studies, 1289 documents
were screened by title and abstract. After 1132 stud-
ies were disqualified for reasons such as noncompliance
with the article topic and study design, the remaining 157
studies were reviewed in full. After a review and thor-
ough reading of the remaining studies, 28 papers were
ultimately include [10-13, 16, 18, 21-42] (Fig. 1).

Basic characteristics of included studies

This review included 28 studies (Table 1): 8 studies were
conducted in Europe (1 from Italy, 1 from Serbia, 1 from
the Netherlands, 1 from Denmark, 2from France, 1 from
Norway, and 2 from Spain), 6 studies in South America
(1 from Chile, 5 from Brazil), 5 studies in North America
(4 from the United States, 1 from Canada), 6 studies in
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Asia (2 from China, 1 from Iran, 3 from South Korea), 2
studies in Africa (all from Tunisia), and 1 study in Oce-
ania (from Australia). The publication dates primar-
ily ranged from 2011 to 2023. The earliest publication
among the included studies was in 2011 [21], and the
most recent study was published in 2023 [42]. The study
designs mainly consisted of 25 randomised controlled
trials (RCTs), 2 quasi-experimental studies (QES), and
1 nonrandomised controlled trial (non-RCT). The total
number of participants was 2724, all of whom were obese
children and adolescents. The largest number of partici-
pants in a single study was 574 [23], while the smallest
was 13 [30, 42]. In almost all of the studies, participants
included both males and females. However, in 5 studies
[12, 29, 31, 36, 42], participants were exclusively male. In
3 studies [25, 33, 34], all participants were female.

Evaluation of the quality of the included literature

The 28 studies included in the analysis scored 3 to 9 on
the PEDro scale, of which 1 scored <3 [10], 10 scored 4 to
5 [22, 24, 28, 30, 31, 33, 38—40, 42], 15 scored 6 to 8 [11,
12, 16, 21, 23, 25-27, 29, 32, 34—37, 41], and two scored
9 to 10 [13, 18], with an average score of 6.3. The overall
quality of the included studies was good (Table 2).

Choice of physical activity

The choice of activity type, intensity, frequency, and
duration significantly impacts the effectiveness of car-
diovascular health interventions in obese children and
adolescents. In this study, physical activity types encom-
passed both physical education classes and extracurricu-
lar exercises, specifically including moderate-intensity
training, high-intensity interval training, strength train-
ing, 6-min walk tests, half-mile runs, multidisciplinary
weight loss programs, treadmill exercises, sports games,
and endurance training. Activity intensity primarily
focused on high and moderate intensities, with 17 studies
opting for high-intensity activities [13, 16, 18, 22, 24, 25,
27, 30-32, 35-37, 39-42] and 11 studies selecting mod-
erate-intensity activities [16, 18, 22, 24, 25, 28, 33-37, 40].
Nine studies compared high-intensity activities with low-
to moderate-intensity activities [18, 22, 24, 25, 27, 31,
35-37]. The duration of single interventions was mainly
centred at approximately 60 and 40 min, with six stud-
ies employing 60 min [10, 13, 21, 33, 36, 40] and three
studies using 40 min [11, 29, 39]. The longest interven-
tion period was 156 weeks [23], while the shortest was
3 weeks [31]. Statistical analysis of the selected literature
revealed a diverse range of physical activity types, with
walking and running being the predominant choices.
From the literature, it was evident that walking and run-
ning are conducive to controlling the intensity of physical
activity. The majority of physical activity was conducted
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Fig. 1 Flowchart detailing the systematic search, screening, eligibility, and inclusion procedure

at a moderate-to-high intensity level, which can have an
impact on cardiovascular outcomes.

Effectiveness of the intervention

A number of programmes are used to derive outcome
indicators. The main measurement options are SRT, CPP
and TRE. Eight of these use SRT [10, 13, 16, 21, 29, 32, 37,
41], one of which is an incremental two-phase cycle [32].
Nine used TRE [11, 16, 18, 22, 26, 27, 30, 31, 35], of which
two used a modified treadmill scheme [30, 31]. Two items
used treadmill ramp and respiratory gas analysis [18, 35].
The measurement program was mainly based on running

and walking, with a modified program chosen according
to the experiment. In terms of outcome indicators, a total
of 13 indicators were covered, including Weight, VO, ..,
VOypeaio BP, SBP, DBP, HR, HRR, RHR, HRYV, LVSEF,
IVRTglobal and EPOC. Fourteen studies used Weight
as the outcome measure [12, 18, 21, 24, 26-29, 31, 33,
34, 36, 37, 40]. Ten studies used VO, . as the outcome
measure [10, 13, 16, 25, 26, 28—-30, 39, 40]. Three studies
used VO, as the outcome measure [11, 18, 31]. Eight
studies used SBP and DBP as outcome indicators [22, 24,
32-36, 41]. Five studies used RHR as an outcome indica-
tor [12, 21, 34, 36, 37]. The primary outcome indicators



Page 5 of 18

(2023) 23:558

Wang et al. BMC Pediatrics

Appeem sown € UCON%OYLIT
W 9T sh  **Con060,:AsuaIUl 10
S_mc&c%mf 9 LIIH) |od0304d Ul ¢ ¥ LE YbIH (Buniiem) 0EW [Lel
*PCCON " AYBIM € |lwpeal] pazuoIoN Ul € F /¢ *EHCON9600 LELIIH Nl 0CFLEL 0EN ARl (9107) e 19 J97Ze
@) T 1Y
«J0d3 |020304d |[1wipeas]. Apjoam sawn ¢ 34D SN o]
P\ €l 191 UNJ SMNYS uIw 06 Ausuarul ybIH W +3d3 6-L ¥6IN ureds  (9107) ‘[e 19 Zouney
0l 1Y
(3v 3 LiH) 1030304 Apteam sown € XeUIYH9%06-08 LiIH SN [0g]
« CUEON v [Ilupesi] pszIoIoN uIw 0§ XeWwyH %S9 EN 0CFLEL CLN VSN (S107) e 18 Aydinpy
3 Apfoam sawn g A1lsua1ul xew UO[IUSAJIUI ON D 104
£ EYCON " AYBIM oL 1531 UnJ 21INYS Ul oy -Lvd pazilenpiaipul vd Allea 3 01-8 VTN eulyd  [67] (5107) e 19 ueL
3591 |esieiddy
314159y pue ssaull4 104
() Aoy [eisAyd uonuUSAIRIUL ON D (87
£ EYEON " AYBIM TC¢  uelpeue) €007 Y v/N Alsuarul wnipaw v 8l-vl LSLN epeued  (5107) [e 12 ebiaqly
(LIT8LIH)
xd90 '«ddS wipeain e uo ol 1Y
(LIH) LA %0817 Buujen d1gosay) 6N Vid)
«NEH xdH UBIM ¥z |od0j0id [jlupeal] Apeam sawn € 1A%00L:LIH L LH CLFLSL 6LN lizeig (¥102) "2 30 Yeieq
€0l
3 Apfoam sawn g Ajsus1ul UOIIUSAISIUI ON D VAR 1Dy
« CUCON YBIM 6 |0d030id [iwpeai] uiw 0/ ybiy oy wnipay VdAN 3 6-8 0ZTN VSN [97] (7107)[e 18 ueyy)
UONU9AIS1UI ON D
Aisua1ul puluuna:IN €
« oM 4! 1591 [eWIXRW BY | Aptoam sown € yb1y Jo wnipsiy Buruun :L|IH C0F661 PEN siunl [S2] (£102) e 32 ey
EHCON (6ul 10y
JO 90/ 01 %09:1D  -UIRJ} SNONUAUOD) 24!
(3)xdgS A4bIMm 4 1531 Dlweukp Apeam sawn ¢ €O aya Jo 9081l 1DLIH S0FEL 6N siunl (€107 e 12 eeqnoy
(083) Aysuaiu 1Y
<4H 951 1591 daig Ajtep uiw oz 1 yb1y o1 wnipay U4ESp “Alreq SOFL8 FZAN VSN [€2) (Z10T) 1232 UIA
syuuds
[luipeai 1 |IH
Ausua1ut ybiy 1 j|H ENBIENC] 104
(LIH) liwipeas Aisusiur wnipay Buiuuni/bupyiem [cd (107) 1219
«dg9d ~*n_m_m ‘*ur_m_>> 4! o)|eg paylpowd v YoM B 90IM] 9S1DJ9Xe 9dueINpuU] :9S12J9Xe 2dueInpuy % 18 0EN |lzeig 0_3@/\ °op 21N0)
10
(O%3) 1amod yead 924> AY2am sawiing 3dD [a
<HHY “<dgH “AubIm 74 1591 UNJ MNYS uIw 09 V/N W+3d3 01-9 LOLN aduel (L107)1e 13 [PAIYL
b CIN
[EEELY) sypalqng
UOIJUSAIBIU| weibousd uoneing uondudsag  (9bues uesaw Jo -ubiseQg-
synsay Jo uoneing jJudwiainsea|y UOIUDAIDIU| JSTHIEMI]| uoljuaAIduU| 10 3bues)dby  JdquNN A1uno> 2dualayey Apnis

=2Jnielall| Papn|oul 9yl JO sOislieloeleyod diseg | ajqel



Page 6 of 18

(2023) 23:558

Wang et al. BMC Pediatrics

A11D0[9A anem as|nd o4 104
3 |eJoWwa)-proied UOIIUSAJSIUI ON 1D 6C:WN (L]
REEeYN Ge  |odooid |jiwipeas| Ul Ot Alled  UIW/SBWNoY | < YHY Jvsv 3 86-56 SLN VSN (6102) "2 33 sined
6¢4
A2am/| 3dD N 530
/ s¢ uni 3jiw-jleH uIw 0g V/N OX3+3d3 790F€T6 L8N eulyD  [8€1(6107) 1B 1934
(S EEINe]
1587) Ajpfoam sawin |
@ (49em 9 884 530
xdg 1SI14):ApRem saWINg 99N [oL](8L07)
« O €l 1591 Un1 aNYS uIw 09 W/N HH7SPY g1L¥S8 YSLN  SPUBLRYISN €13 UamnaaT
(1DIW)
«d9d Apteem sawin € 1z 1Dy-uou
(LIS LIH) sinog uiw 09-0t XeWYH 9%0/—09 LOIW SN [£€]1(8102)
<HHY “AybIm T 1881 UNIBMNYSWOT Ul 7€-4¢ XeWyH %5606 LiIH YIFCSL 6N aduel ‘e 19 AssLion
(Buiureny |jeqioo 8yJ)
«d9S '«ddd
(LIH) 104
«d8S Apteem sawin € N Buiuuny :11H LZW [9€] (8100)
'«d9Q WdHY UBIM Tl 8dUPISIP 1531 OA—OA uIw 09 SYW %001  Buiureiy |leqiooj ayL cl-11 LN CIleIEIN ‘1219 JIAOM1RAD
sisAjeue
seb Alojesidsay 0¢4 104
(LDIWBLIH) dwel XeWYH%0L~09:LDIW LZW [5€]
+d90 'xdgS ZL  |030)04d ||iwpeal] Ajeom sawin ¢ XeWYH9%S6-G8:LIH Buiphd €TFOTL L¥IN AemioN (8107) "|e 32 |nbu
(E)} 104
<4H Jolawouewow 3oam Jad sawin UONUSAISIUI ON D 04 [y€]
"+d9Q '«dgS Aybim ¢L -BAydsdnewoiny G 'Aep Jad uiw 0§ Aysusiur wnipaw ado. dwnr 3 91 OFN RV (8100) '|e 32 BUNS
MEEL Jad Soudll UONUaAI21UI ON D
3) Ja1swouewIow ¢ ‘Aep sad sa1n ENBIENE] Ot 10Y
«d90 x9S YBIM z1 -bAydsonewoiny -ulw 09 Y4H %009 pauiquiod 13 LFSL OFN ealoy  [£€](£107) [e 18 uos
sisAjeue
seb Aiojeidsay 0z
. (LIH) dwel XeWYH9%0/~09:LDIN LN 1Y
OB ZL |odo10id |jiwupeai) Apf@emsaWn € XWYHIS6-S8:LIH Bupyiem NExad! 7N eleasny  [811(£107) e 18 seig
(Butuuny) 104
(1F9LIH) 92> oseyd Apteem sawin € YYH%0.-09 13 [e€] (9100)
+d90 'xdgS 8 -OM] [RIUSWIRIDU| uiw 09-05 H4H9%06-09 LiIH cLFETl 0N uey| ‘13 piejlebiey
X295
(3]o3am) spalgns
UOIUDAIRNU| weibousd uoneing uondudsag (9bues uesw Jo -ubisaqg-
synsay jo uoneing jJuswaInsesy UOIUDAIU| fysuaju| uonuaAIdU| Jodbues)aby  JaquinN Anuno) 2dudI9y9Y Apni1s

(panunuod) L ajqey



Page 7 of 18

(2023) 23:558

Wang et al. BMC Pediatrics

wswanosdwi JuedHIUbIS

uondwnsuod

uabAxo 3s1219%3-150d $599X3 D047 ‘Inssaid poojq dljoiselq 4gg ‘dinssaid poojq 1j01sAS Jgs ‘2inssaid poo|d 4g ‘Wil Uollexe[al dL13WN|oAos! [eqo|b [pqojbl YA ‘UoIIdel) UoIII[B d1|0ISAS JRINDLIIUIA 13| 4SAT ‘AljIqeLien
911 1ISH AYH ‘911 1IBSH YH ‘9181 1e3Y 1531 YHY ‘918 1eay aBeIany YHY ‘Paads J1qoIse WNWIXE| Sy ‘9A19s31 911 1eaH yyH ‘oeidn uabAxo yead *% o, ‘uondwinsuod usbAxo [ewixew *®420 ‘s1el 1eay wnwixew
XDWYH ‘PIOYS3IY} UON|IIUSA [/ ‘Buluies) Asusiul-mo /7 ‘Bulurell snonunuod Alsuaiul 91edapoln [ D ‘buluresy jeassrur Ausuaiul ybiy j/H ‘wiesbold Buiulel] 193306 Ul [euoieasdady | Sy ‘buluresy duiawok|d

17d ‘951249%3 d100J3e [00YDS JYJe FYSY ‘Buiwebiaxs D37 ‘Buiuies adueinpul 7 ‘S91IIAIDE 2INSID| /] ‘DS1249Xd d1qoide Fy ‘Bululely oipied |jiwpeas] D) ‘AlAnde [edisAyd A1isusiul snolobia-01-a1e1apow AW ‘Bululely
|leqio04 4 ‘weiboid uonsnpai ybram Areurdidsipinu 145spry ‘uonesnpd [esisAyd 34 ‘Alanse [edisAyd g ‘dnoub [0uod D ‘dnoib jeyuswuiadxa 7 ‘syuedidiiied sjewsy 4 ‘syuedidiied sjew py ‘syuspuodsal Jo Jaquinu

1591 BupPAS sno S30
-NUIIUOD) aAISsaIB0Id AP2am sauwng [y
/ Cl NO-|IV I21SeINPIN ulw 08 XeWHH%08 < 1SY -8 ELW |1zeig (€207) "2 19 0yuld
104
(BulWIMG) 1591 Apjoam saung Alsuaiul A1eluapas + 34 [L¥] (cz02)
»d90 'xd9S 8Y uni ssINys W oc uiw 0g ybry o3 wnipayy Buiwwims +34 8LFE0L 99N |izeig 819 opeyoe
54 104
Q) Aptoom sawny TN [€l](cToD) es
+ 0N 'xdg 6€ 1S3 uni amNys Ui 09 Ansusyur ybiH HHCP-IAOW @Y1 L/0F686 /8N uledS  OuBIEDSIA-ZAUILIBI
Jojuow 1Dy
e ainssaid pooyq APPI9am sawg AUSUSIUI  UONUDAIIUI ON D) el
*dHY 'xd9 €l [eliS1Je DewoIne Ui 0¢ ybiy o1 wnipay 11d3 6=/ LN llzeig  (1207) e 1 oipueT]
UONUSAIRIUI ON D
3) 399M B SaWI1 MY Aysuaiul Bujuen 10y
£ CUCON AYBIM 91 Aessedl18WLO|0d uIuw 09 yb1y o1 wnipay opuomsiee] 3 IS0FSSTL 0TN ea10y  [0¥] (0207) e 32 Yoy
P51 104
(€) HOIM/XC UONUaAJILIUI ON D 0ZL'W (6100) [6€]
< HON o€ 1s31leM UIW 9 uiw 05-0v Aysusaur ybiH LIH3 6-L VLN YD e 3R eAlIS-EZOUIDS]
X3g
[EEELY) sypalqng
UOIJUIAIBIU| weibosd uoneinQg uondudsag  (9bues uesw Jo -ubisaQg-
s)nsay jJo uopeing JuUdWAINSEIN UOIJUdAIBIU| Ausuayu| uonuaAIdu| Joabues)aby  iaquinN £Anuno> 2duaJaey Apmis

(panunuod) | sjqel



Page 8 of 18

(2023) 23:558

Wang et al. BMC Pediatrics

L

LoL oL oLLLy

LoLoLou

t

t

L L L L L L4

LoL oL oL L L L Ly

2

At

iy
iy

L oL oL L Ly
L oL oL oL LoL oL L L L L Ly

L L L L L LN

2

L L K L L L L L

L L L L5

o

v
4

[£€]1(8100)
‘|B 12 ASSSILIOW

[9€] (8L0T)
‘e 12 DIAOMI9AD)

[€]
(8107) e 32 Inbu|

[r€]
(8107) e 39 BUNS

[e€]
(£107) e 18 uos

(81l
(£100) e 39 seld

[cel (9100)
‘|e 12 piepiebiey

[Le] (910D
1212 197ze7

911 (9100
‘|e 12 ZaUIe

[0€] (5100)
‘e 12 Ayduniy

lec]
(5100) e 19 UBL

[87] (5L00)
‘|e 19 eblaq|y

a
(#107) '|e 39 Yeueq

o]
(7102) e 12 URYy

74

(€100) e 19 19eY
[vel (€100)

‘|e 19 PEQNOY
k4

(¢107) e 19 UIA
[c2) (zl0T) e
olneJy ap a1n0D)

(1
(1107) e 32 [9AIYL

Lo oL L L L L L L L L L L L

sjutod
papieme
|lelol

Auiqeren
pue sajewnsa
julod

sisk|eue
dnoib
-usamiag

siskjeue
1ea.11-0)
-uonualu|

dn-moj|oy
9lenbapy Jossasse puljg uepiulp pullg 129(gns pullg

Ayjiqesedwod  uonedojje uonedo|e

aujjaseg pajeaduo)

el

wopuey Aunqiby3 Apmg

synsal aeds 0idid T alqel



Page 9 of 18

Je3|2Un JO ALWIOJUODUL J0J USAID 3¢ ||IM SYIew O pue ‘spiepuels aY) Builaaw 1oy UsAIB 34 ||IM Y4ew | *swa)l buliods aJe | | 0 7 swa)|

[ev]

5 v 2t vy At vy _} (€200) le19 oyud

[Lv] (czoD)

8 £ 2 £ 2 2 N N ) ) e opeydep

€1l

(cz07) le1s ouel

6 y, ¥, ¥, ) ¥, y, ) ¥, y, o -esinzaunIe

[z11(1200)

L £ £ £ 2 2 £ £ N ‘e 19 o1pueaT

[ov]

v t _t _t £ _} (0200) 238 Yoy

l6€l (6102) 212

S 2 2 4 2 2 ) enis-ezouds3

[Lt]

8 t _t t _t 2t I» vy 2 _} (6100) e 19 s1neQ

(8¢l

S £ i £ £t £ (6100119 3A

011 (8L00)

€ A ) s iy ‘e 18 Usmnaa

sjyutod Aujigenen sisk|eue sisk|eue

papieme  pue sajewi}sd dnoib jean-o1 dn-mojjoy Ayjiqesedwod uonedojje uonedoje eudd

|eloL juiod -usamiag -uonuaju] 3enbapy Jossasse pullg uepiulp pullg 123fqns pulig aujjdseg psjeaduo)  wopuey Aiqibig Apms

(2023) 23:558

Wang et al. BMC Pediatrics

(panunUOd) Z 3jqey



Wang et al. BMC Pediatrics (2023) 23:558

for evaluating the effect of a PA intervention on CRF in
obese children and adolescents were VO,,,, VOypepi0
SBP, DBP, BP and RHR.

Results of the meta-analyses

In our review, we primarily conducted meta-analyses for
weight, vo,,.., heart rate, systolic blood pressure, and
diastolic blood pressure. Change scores from baseline to
final values were used for our final efficacy analysis. The
analysis results for each outcome are as follows.

Weight
Nine trials [18, 21, 26, 28, 29, 33, 34, 36, 40] reported
the impact of exercise interventions on weight in obese
children and adolescents, comprising 573 participants.
Therefore, these nine studies were included in the meta-
analysis. Due to low heterogeneity in this review (I>=0%,
P=0.84), a fixed-effects model was used. The results
demonstrated strong evidence that exercise interven-
tions significantly lowered the weight levels of obese
children and adolescents compared to the control group
(mean difference (MD)=-2.03, 95% confidence interval
[CI]=[-2.59, -1.47], P<0.00001) (Fig. 2A). Visual inter-
pretation of funnel plots suggested no evidence of asym-
metry (see Additional file 1).

Seven trials [18, 22, 24, 27, 31, 36, 37] reported the
impact of high-intensity and low-intensity exercise on

Exercise Group Non-exercise Group

Study or Subgroup  Mean SD Total Mean SD__ Total Weight IV, Fixed, 95% CI
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weight in obese children and adolescents, comprising
197 participants. Therefore, these seven studies were
included in the meta-analysis. As there was no hetero-
geneity in this review (I>=0%, P=0.98), a fixed-effects
model was used. The results indicated that there was
no significant difference in weight levels for obese chil-
dren and adolescents between the high-intensity exer-
cise and low-intensity exercise groups (mean difference
(MD)=0.78, 95% confidence interval [CI] =[-3.09, 4.66],
P=0.69) when compared with the low-intensity exercise
group (Fig. 2B). Visual interpretation of funnel plots sug-
gested no evidence of asymmetry (See Additional file 1).

Maximal oxygen consumption

Five trials [18, 25, 26, 29, 40] reported the impact of exer-
cise interventions on VO, ,. in obese children and ado-
lescents, comprising 240 participants. Therefore, these
five studies were included in the meta-analysis. Due
to low heterogeneity in this review (I>=0%, P=0.82),
a fixed-effects model was used. The results provided
strong evidence that exercise interventions significantly
increased the VO, .. levels of obese children and ado-
lescents compared to the control group (mean difference
(MD)=1.95, 95% confidence interval [CI]=[1.06, 2.84],
P<0.0001) (Fig. 3A). Visual interpretation of funnel plots
suggested no evidence of asymmetry (See Additional
file 1).

Mean Difference Mean Difference

IV il'rgs‘l. 95%Cl

Alberga 2015 08 1.85 75 13 1.85 76 90.0% -2.10[-2.69,-1.51]
Cvetkovic 2018 -0.37 11.54 21 383 15.69 14 0.3% -4.20[-13.79, 5.39)
Dias 2017 -2.75 1837 48 1.5 19.84 26 0.4% -1.25[-10.48,7.98]
Khan NA 2014 3 11.68 46 4 1269 42 12% -1.00[-6.11,4.11] —
Roh 2020 -235 6.85 10 0.35 6.8 10 09% -2.70(-8.68, 3.28) —
Son 2017 -449 973 20 -203 977 20 0.9% -2.46 [-8.50, 3.58] —
Sung 2018 -3 855 20 2 8.49 20 1.1% -5.00[-10.28, 0.28]
Tan 2015 -1 158 1 04 10.5 13 0.3% -1.40[-12.34, 9.54)
Thivel 2011 051 762 60 0.53 52 41 50% -0.02[-2.52,2.48] -1
Total (95% CI) 31 262 100.0% -2.03 [-2.59, -1.47] ¢
Heterogeneity: Chi? = 4.21, df = 8 (P = 0.84); I = 0% 3 1‘0 5 o 5 1°0
Test for overall effect: Z = 7.09 (P < 0.00001) Favours [experimental] Favours [control]
High instensity Group Low-intensity Group Mean Difference Mean Difference
—StudyorSubgroup __Mean __ SD Total Mean  SD Total Weight 1V, Fixed, 95% C| 1V, Fixed, 95% C|
Araujo 2012 -2 10 15 -1 16 15 16.5% -1.00[-10.55, 8.55)
Cvetkovic 2018 0.04 10.89 1 -089 1284 10 14.3% 0.93[-9.30, 11.16]
Dias 2017 -16 1523 23 -38 2112 25 14.0% 2.20(-8.16, 12.56)
Farah 2014 -36 1557 9 0.3 156 10 7.6% -3.90[-17.93, 10.13)
Koubaa 2013 -2 13.56 15 49 1232 14 169% 2.90[-6.52, 12.32)
B Lazzer 2016 -4.9 9.1 10 -83 1437 11 145% 3.40[-6.79, 13.59)
Morrissey 2018 -7.3 1347 16 -6.2 129 13 16.2% -1.10[-10.73, 8.53)
Total (95% Cl) 99 98 100.0%  0.78 [-3.09, 4.66] ’
Heterogeneity: Chi* = 1.23, df = 6 (P = 0.98); I = 0% _:0 _:5 6 ; 1=0

Test for overall effect: Z = 0.40 (P = 0.69)

Favours [experimental] Favours [control]

Fig. 2 Forest plot for weight. A Forest plot of the exercise group vs the nonexercise group. B Forest plot of the high-instensity group vs

the low-intensity group
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Exercise Group Non-exercise Group

—Study or Subgroup Mean  SD Total Mean  SD Total Weight

Dias 2017 332 6.56 48 06 571 26
Khan NA 2014 23 6.18 46 0.8 6.1 42
Racil 2013 235 1.99 22 0.5 1.45 12
Roh 2020 -0.18 5.58 10 003 544 10
Tan 2015 27 251 1" 0.1 292 13
Total (95% ClI) 137 103

Heterogeneity: Chi* = 1.53, df =4 (P = 0.82); I’ = 0%
Test for overall effect: Z = 4.29 (P < 0.0001)

High instensitv Group Low-intensity Group
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Mean Difference Mean Difference

IV. Fixed, 95% Cl IV, Fixed. 95% Cl
9.6% 2.72[-0.15, 5.59] T
12.0% 1.50 [-1.07, 4.07) —
58.1%  1.85[0.68, 3.02] —i—
3.4% -0.21[-5.04, 4.62)
16.8%  2.60 [0.43, 4.77) —_—
100.0% 1.95 [1.06, 2.84] Ry

4 2 0 2

4
Favours [experimental] Favours [control]

Mean Difference Mean Difference

1V, Fixed, 95% CI IV, Fixed, 95% Cl
Dias 2017 54 678 23 14 584 25 149%  4.00(0.41,7.59) ‘
Farah 2014 104 678 9 61 829 10 4.2% 4.30(-2.48, 11.08)
Murphy 2015 36 377 7 34 399 6 10.7% 0.20 (-4.04, 4.44)
B Racil 2013 28 18 1 19 215 11 702% 0.90 [-0.76, 2.56) T
Total (95% CI) 50 52 100.0%  1.43 [0.04, 2.82) -
Heterogeneity: Chi? = 3.37, df = 3 (P = 0.34); P = 11% _; 2 o 2 ;

Test for overall effect: Z = 2.02 (P = 0.04)

Favours [experimental] Favours [control)

Fig. 3 Forest plot for VO, ... A Forest plot of the exercise group vs the nonexercise group. B Forest plot of the high-instensity group vs

the low-intensity group

Four trials [18, 25, 27, 30] reported the impact of
high-intensity and low-intensity exercise on VO, .. in
obese children and adolescents, comprising 102 par-
ticipants. Therefore, these four studies were included
in the meta-analysis. Given the low heterogeneity in
this review (I>=11%, P=0.34), a fixed-effects model
was used. The results indicated that, compared to
low-intensity exercise, high-intensity exercise had a
significantly more pronounced effect on improving
the VO,,,. levels of obese children and adolescents
(mean difference (MD)=1.43, 95% confidence interval
[CI] =[0.04, 2.82], P=0.04) (Fig. 3B). Visual interpreta-
tion of funnel plots suggested no evidence of asymme-
try (See Additional file 1).

Exercise Group Non-exercise Group

Study or Subgroup _Mean _ SD Total Mean SD__Total Weight IV, Random, 95% ClI

Heart rate

Three trials [21, 34, 36] reported the impact of exercise
interventions on heart rate in obese children and adoles-
cents, comprising 176 participants. Therefore, these three
studies were included in the meta-analysis. Given the
moderate heterogeneity in this review (2=59%, P=0.09),
a random-effects model was used. The results provided
strong evidence that exercise interventions significantly
lowered the heart rate levels of obese children and ado-
lescents compared to the control group (mean differ-
ence (MD)=-2.77, 95% confidence interval [CI]=[-4.88,
-0.67], P=0.010) (Fig. 4A). Visual interpretation of fun-
nel plots suggested no evidence of asymmetry (See Addi-
tional file 1).

Mean Difference

IV, Random, 95% Cl

JRS———

Mean Difference

Cvetkovic 2018 049 365 21 087 464 14 275%  -1.36(-4.25, 1.53]
Sung 2018 3 265 20 4 265 20 423%  -2.00[-3.64,-0.36] ——

Thivel 2011 3 747 60 215 599 41 301% -5.15[7.78,252) — &

Total (95% Cl) 101 75 100.0%  -2.77 [-4.88, -0.67] —~—

Heterogeneity: Tau? = 2.02; Chi? = 4.82, df = 2 (P = 0.09); I = 59% j‘ 2 3 2 j‘

Test for overall effect: Z = 2.58 (P = 0.010)

High instensitv Group Low-intensity Group

Favours [experimental] Favours [control]

Mean Difference Mean Difference

_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fix.e.ﬁtﬁi% Cl
Cvetkovic 2018 1146 1356 1 -88 1162 10 30.8% -2.66[-13.43,8.11) o
Morrissey 2018 55 966 16 53 996 13 69.2% -0.20[-7.39, 6.99]
Total (95% Cl) 27 23 100.0% -0.96 [-6.94, 5.02]
Heterogeneity: Chi? = 0.14, df = 1 (P = 0.71); I = 0% o 5 : 5 1’0

Test for overall effect: Z = 0.31 (P = 0.75)

Favours [experimental] Favours [control]

Fig. 4 Forest plot for Heart rate. A Forest plot of the exercise group vs the nonexercise group. B Forest plot of the high-instensity group vs

the low-intensity group
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Two trials [36, 37] reported the impact of high-intensity
and low-intensity exercise on heart rate in obese children
and adolescents, comprising 50 participants. Therefore,
these two studies were included in the meta-analysis.
As there was no heterogeneity in this review (I>=0%,
P=0.71), a fixed-effects model was used. The results
indicated that, compared to low-intensity exercise, high-
intensity exercise did not significantly differ in its effect
on heart rate levels for obese children and adolescents
(mean difference (MD)=-0.96, 95% confidence interval
[CI]=[-6.94, 5.02], P=0.75) (Fig. 4B). Visual interpreta-
tion of funnel plots suggested no evidence of asymmetry
(See Additional file 1).

Systolic blood pressure

Four trials [33, 34, 36, 41] reported the impact of exercise
interventions on systolic blood pressure in obese children
and adolescents, comprising 133 participants. Therefore,
these four studies were included in the meta-analysis.
Given the high heterogeneity in this review (I*=71%,
P=0.02), a random-effects model was used. The results
provided strong evidence that exercise interventions sig-
nificantly reduced the systolic blood pressure levels of
obese children and adolescents compared to the control
group (mean difference (MD)=-8.11, 95% confidence
interval [CI] =[-11.41, -4.81], P<0.00001) (Fig. 5A).

Five trials [22, 24, 27, 36, 37] reported the impact of
high-intensity and low-intensity exercise on systolic
blood pressure in obese children and adolescents, com-
prising 128 participants. Therefore, these five studies
were included in the meta-analysis. Given the low heter-
ogeneity in this review (I?=13%, P=0.33), a fixed-effects
model was used. The results indicated that, when com-
pared with low-intensity exercise, high-intensity exer-
cise did not result in a significant difference in systolic

Exercise Group Non-exercise Group

Cvetkovic 2018 -5.54 12.33 21 092 13.85 14
Machado 2022 -7.7 6.59 9 59 13.92 9
Son 2017 -103 229 20 0.4 14 20
Sung 2018 -6 288 20 1 4.78 20
Total (95% Cl) 70 63

Heterogeneity: Tau? = 6.10; Chi? = 10.23, df = 3 (P = 0.02); = 71%
Test for overall effect: Z = 4.82 (P < 0.00001)

High instensitv Group Low-intensity Group

Study or Subgroup Mean SD otal Mean SD__ Total Weight V, Fixed, 95% Cl

Araujo 2012 -9 10 15 0 1153 15
Cvetkovic 2018 714 1339 11 35 1112 10
Farah 2014 415 10.39 9 -0 837 10
Koubaa 2013 3 265 15 2 3 14
Morrissey 2018 07 978 16 08 695 13
Total (95% Cl) 66

Heterogeneity: Chi* = 4.58, df = 4 (P = 0.33); I? = 13%
Test for overall effect: Z = 1.88 (P = 0.06)

10.5%

8.7%
43.8%
37.0%

100.0%

62 100.0%
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blood pressure levels for obese children and adolescents
(mean difference (MD)=-1.75, 95% confidence interval
[CI]=[-3.58, 0.07], P=0.06) (Fig. 5B). Visual interpreta-
tion of funnel plots suggested no evidence of asymmetry
(See Additional file 1).

Diastolic blood pressure

Three trials [34, 36, 41] reported the impact of exer-
cise interventions on diastolic blood pressure in obese
children and adolescents, comprising 93 participants.
Therefore, these three studies were included in the meta-
analysis. Since there was no heterogeneity in this review
(I2=0%, P=0.38), a fixed-effects model was used. The
results provided strong evidence that exercise interven-
tions significantly reduced the diastolic blood pressure
levels of obese children and adolescents compared to the
control group (mean difference (MD)=-4.18, 95% confi-
dence interval [CI]=[-5.32, -3.03], P<0.00001) (Fig. 6A).
Visual interpretation of funnel plots suggested no evi-
dence of asymmetry (See Additional file 1).

Three trials [27, 36, 37] reported the impact of high-
intensity and low-intensity exercise on diastolic blood
pressure in obese children and adolescents, compris-
ing 69 participants. Therefore, these three studies were
included in the meta-analysis. Since there was no heter-
ogeneity in this review (I>*=0%, P=0.41), a fixed-effects
model was used. The results indicated that, when com-
pared with low-intensity exercise, high-intensity exercise
had a significantly greater effect on reducing diastolic
blood pressure levels in obese children and adolescents
(mean difference (MD)=-6.94, 95% confidence interval
[CI]=[-10.61, -3.26], P=0.0002) (Fig. 6B). Visual inter-
pretation of funnel plots suggested no evidence of asym-
metry (See Additional file 1).

Mean Difference
95%Cl

Mean Difference
% Cl 1V.

-6.46 [-15.43, 2.51]
-1.80 [-11.86, 8.26]

-10.70 [-11.88, -9.52) -
-7.00 -9.45, -4.55) —a—
8.11 [-11.41, -4.81] <

40 5 0 5 10
Favours [experimental] Favours [control]

Mean Difference Mean Difference

IV, Fixed, 95% CI

5.6% -9.00 [-16.72,-1.28]

3.0% -3.64 [-14.13,6.85]

46% -5.00 -13.54, 3.54] —

77.9%  -1.00 [-3.07, 1.07) -

89%  -1.50(-7.60, 4.60] —
-1.75 [-3.58, 0.07) >

-10 -5 0 5 10
Favours [experimental] Favours [control]

Fig. 5 Forest plot for Systolic blood pressure. A Forest plot of the exercise group vs the nonexercise group. B Forest plot of the high-instensity

group vs the low-intensity group
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Exercise Group Non-exercise Group
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Mean Difference Mean Difference
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Farah 2014 13 9 9 3 949 10 195% -10.00(-18.32,-168) —
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Fig. 6 Forest plot for Diastolic blood pressure. A Forest plot of the exercise group vs the nonexercise group. B Forest plot of the high-instensity

group vs the low-intensity group

Discussion

CREF in obese children and adolescents is caused by dif-
ferent factors. The present discussion focuses on the
effects of PA on CRF in obese children and adolescents.
These study results indicate that physical activity can
effectively reduce body weight, heart rate (HR), systolic
blood pressure (SBP), and diastolic blood pressure (DBP)
and increase VO, .. (maximal oxygen uptake) in obese
children and adolescents. (Fig. 7I). Living environment,
genetics, dietary patterns, sleep status, body mass index,
and PA may be associated with CRF in obese children
and adolescents, but not all influencing factors. II. The

Medium-high
strength

long-term

I11.

mechanism of PA intervention for CRF in obese children
and adolescents mainly consists of three pathways that
act on the (A) brain, (B) heart region, and (C) abdominal
regions. When evaluating the effectiveness of different
PA interventions for CRF in obese children and adoles-
cents, the main focus is on the relationship between dif-
ferent exercise modes and intensities (Fig. 7).

Mechanisms of physical activity interventions for CRF

in obese children and adolescents

PA can be used to improve the cardiovascular health of
obese children and adolescents. Heart rate variability

(A)Brain region

| @‘mw M, -
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Fig. 7 Summary of physical activity interventions for cardiopulmonary health in obese children and adolescents
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(HRV) is thought to reflect the balance between sympa-
thetic and parasympathetic mediators in the heart, with
the ability of the autonomic nervous system to respond
dynamically to environmental changes, which results
in increased HRV and is often considered indicative of
a healthy heart [43]. Farahb suggests that resting heart
rate in obese adolescents is reduced by HIT and that this
reduction is caused by increased parasympathetic mod-
ulation of the heart, as indicated by increases in mean
interval RR, PNN50 and logHF after HIT. The aerobic
exercise training program improved cardiovascular fit-
ness in both the low- and high -intensity groups, but the
greater increase in VO, observed in the HIT group
may be related to increased parasympathetic regulation
[27] (Fig. 711 (A)).

PA reduces autoimmune inflammation in obese chil-
dren and adolescents. PA increases the levels of neuro-
transmitters in the brain regions of obese children and
adolescents, dopamine and the amino acid gamma-amin-
obutyric acid (GABA) in plasma and in different brain
regions of humans [44—46]. Low CRF levels are associ-
ated with inflammation [47]. Deficiency of PA in child-
hood obesity leads to impairment of dopamine synthesis,
release and receptor function (mainly in cells of the nerv-
ous system) [48]. Obesity may impair the dopaminergic
and GABAergic systems [48]. Whereas dopaminergic and
GABAergic neurons can be expressed in different types
of immune cells and have different roles in the immune
system, increasing GABAergic activity reduces autoim-
mune inflammation [49, 50]. The negative effects of obe-
sity on the dopaminergic and GABAergic systems can be
reduced through PA or exercise, thereby increasing CRF
levels (Fig. 71I (B)).

PA improves fat metabolism in obese children and
adolescents. Obese children and adolescents have higher
levels of fat than the normal population, especially in the
abdomen. As a result, obese children and adolescents
have high serum levels of homocysteine compared to
normal weight populations [51], leading to reduced vas-
cular endothelial function, which in turn predisposes to
many cardiovascular and cerebrovascular diseases [52].
PA can reduce fat in obese children and adolescents in
several ways. First, PA increases the amount of free fatty
acids (FFAs) in the blood of obese children and adoles-
cents. The large amount of free fatty acids in the blood
allows for adequate oxidation of fat and the breakdown
of fat that has built up in the blood vessels. The vascu-
lar pathways become more elastic, enhancing the effi-
ciency of oxygen delivery and improving the effectiveness
of the circulatory system, achieving an improved cardi-
orespiratory system [53]. PA can increase the activity of
a number of enzymes. Long-term aerobic training leads
to enhanced lipid oxidase activity and upregulation of
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skeletal muscle lipid-droplet proteins (perilipins), hor-
mone-sensitive lipase (HSL), and adipose triglyceride
lipase (ATGL) levels [54]. Fat degradation is achieved
by increasing the activity of the enzyme. Second, there
is also extensive research confirming that the accumula-
tion of fat in the central region of the body compresses
the abdominal space, thereby causing the septum to rise
reducing the depth of breathing and affecting one’s car-
diorespiratory function [53]. PA reduces abdominal fat
accumulation, expands abdominal space and improves
breathing depth, thereby improving cardiorespiratory
function in obese children and adolescents. The mecha-
nism of this process is the degradation of fat through a
PA intervention, which results in improved cardiorespi-
ratory function (Fig. 71I (C)).

Effectiveness of different physical activity interventions

for CRF in adolescents with obesity

There are differences in the effects of interventions for
different types of PA.PA covered in the literature in this
study included aerobic exercise (AE), augmented training
(PLT), physical games (the MOVI-daFIT intervention),
moderate-to-vigorous physical activity (MVPA), multi-
disciplinary weight loss programs (Kids4Fit), training at
the maximal-fat-oxidation intensity (FAT,,,), and high
intensity interval training (HIIT). School-based HIIT
programmes can improve aerobic capacity in overweight
and obese children. A study by Martinez et al. found
that a 12-week extracurricular strength training pro-
gramme improved CREF levels in children and adolescents
more than a traditional low-intensity PA programme,
mainly because high-intensity interval training improved
VOypeaic VOomax and EPOC [16]. In addition, Leeuwen
et al. [10] used Kids4Fit as an intervention to enhance
CRE, with two weekly interventions for the initial six
weeks and one weekly intervention for the final six weeks.
At the time of this study, significant positive effects on
CRF were also noted in overweight and obese children,
but after the intervention, CRF gradually decreased.
Improvements in CRF in overweight and obese chil-
dren are greatly affected when two additional exercises
are added to the regular physical education programme,
including exercises to improve coordination, strength,
endurance, speed and flexibility [21]. Several studies
have shown that high-intensity interval training (HIIT) is
effective in improving CRF in obese children and adoles-
cents [24, 55, 56].Martinez-Vizcaino et al. studied mainly
female children and adolescents and noted that HIIT
improved girls’ CRF during a school year [13]. In addi-
tion, scholars such as Espinoza-Silva have applied strate-
gies of fitness equipment such as bicycles and treadmills
as well as basic motor skills (running, jumping, throw-
ing) in high-intensity programs [39]. The above literature
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demonstrates that HIIT is most effective in improv-
ing CRF in obese children and adolescents. Most forms
of PA are based on treadmill walking or running, which
has the advantage of being easy to monitor and organise;
however, long-term treadmill interventions are limited
in that they have no way to motivate and interest young
obese children. Some studies have also involved sports
games, which are more likely to attract the interest of
obese children and adolescents, but the low intensity of
exercise in sports games makes it difficult to achieve the
goal of improving CREF. Therefore, it is important to tar-
get this group of obese children and adolescents both to
stimulate their interest in PA and to achieve the goal of
improving CRF. A combination of different sports within
an intervention is recommended to avoid the boredom
associated with a single activity and to complement each
other activity in the programme (Fig. 711I).

There were also differences in the effects of exercise
intensity on the intervention. The results showed that
high-intensity exercise had a more significant effect on
VO,,..x and DBP in obese children and adolescents than
low- to moderate-intensity exercise. First, involvement in
mild-to-moderate PA may not be sufficient to improve
CRF in children, and the effective dose of PA (i.e., PA
intensity X PA duration) may be much higher in chil-
dren than in adults [57]. Play sessions can be provided as
a form of exercise at recess and before and after school.
However, this is not sufficient to improve children’s CRE,
as it is not sufficient to achieve recommended 60 min/day
of MPVA for children [37]. Second, the conclusions of
the study by Sung et al. suggest that the amount and fre-
quency of PA (preferably more than three times a week)
is critical for improving CRF in children [34]. On the
other hand, Martinez, S.R et al. demonstrated that the
VO, of overweight children was increased in just three
months while performing HIIT training twice a week
as well as other physical activity, with the intervention
effect becoming more pronounced when the intervention
period was longer [16]. Kids4Fit is a good school-based
intervention program for CRF in obese children, but
daily interventions are necessary and longer intervention
cycles are required for CRF to continue to improve. From
the above literature, it appears that lower-intensity PA is
not sufficient to improve CRF in obese children and ado-
lescents, but a large body of literature demonstrates that
moderate-to-high intensity PA has a significant effect on
CREF in obese children and adolescents. High-frequency,
long-term interventions have been shown to be more
effective than short-term interventions (Fig. 71II).

Other influencing factors
In terms of the individual, the chronological age (actual
age), biological maturity, height and body mass of obese
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children and adolescents, have an impact on CRF [58].
Some studies have shown that the ratio of fruit, and veg-
etable intake to other nutritional intake of obese children
and adolescents can have an impact on CRF [59]. It is
possible that the quality of sleep and sedentary behaviour
of obese children and adolescents may have some impact
on CREF. Caloric restriction combined with exercise may
lead to greater weight loss and better effects on metabolic
and cardiovascular parameters [60]. There are also stud-
ies that combine factors such as sleep, diet and exercise
to explore the effects of the combination of different fac-
tors on physical health indicators in children and ado-
lescents. Although the population studied was not obese
children and adolescents, and CRF has not been studied
in depth, it is suggested to some extent that a combina-
tion of different factors may have an impact on CRF in
obese children and adolescents.

On an objective level, first, environmental factors may
influence CRF in obese children and adolescents. The
environment and culture in which children and young
people live varies from region to region, and environ-
mental factors such as family upbringing and exercise
philosophies may influence CRFE. Living conditions, air
pollution and other environmental factors in obese chil-
dren and adolescents also contribute to asthma, thus
affecting CRF. Second, genetics plays a crucial role in the
physical health of children and adolescents, and good
genetics, including parental health and education, will
also improve CRF (Fig. 7I).

Strengths, limitations and future prospects of this study

One of the strengths of this review is the strict adherence
to scientific search procedures and evaluation methods.
The second strength is the novelty of the perspective,
which explores the mechanisms of PA intervention in
CRF in obese children and adolescents from different
regions of the body and the effects of the intervention
from different perspectives of PA. Limitations of this
review are as follows. First, we screened only two major
databases and we deliberately decided to exclude grey
literature, thus not necessarily including all relevant lit-
erature. The majority of the included literature used an
RCT design, with a relatively homogenous type of experi-
ment. Second, obese children and adolescents in different
regions are influenced by different sociocultural and eth-
nic differences, and participants’ PA levels and motiva-
tions were not clear. Third, it is not possible to determine
whether there are other relevant factors affecting PA lev-
els that influence the actual effect of CRF. Fourth, CRF
assessment methods vary from study to study, which may
lead to heterogeneity and bias in the overall effect esti-
mates. In future studies, first, we propose a sex-differ-
entiated comparison of CRF in adolescents with obesity,
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where physiological differences between boys and girls
are likely to lead to different outcomes. Second, the age
range of obese children and adolescents is 5-18 years old,
and each stage of child and adolescent development has
different physical and psychological characteristics. The
delineation of age stages allows for relatively accurate
problem solving. Again, future research needs to include
improved and standardised the research methods, par-
ticularly in PA and CRF assessments.

Conclusion

This systematic review mainly shows that PA can
improve CRF in obese children and adolescents. The
type of PA directly affects the interest in participation
of obese children and adolescents, and the effects of dif-
ferent PA modes on CRF have not been explored in the
literature. The PA intensity directly impacts the effect of
the intervention, with the most significant effect being
derived from moderate- to high-intensity PA, as well as
high-frequency, long-term interventions, compared with
short-term interventions. The three pathways to enhance
CRF in obese children and adolescents are through PA,
improving cardiovascular health, and reducing autoim-
mune inflammation and fat metabolism. The effects of
the intervention are mainly reflected in maximum oxygen
uptake, peak oxygen uptake, heart rate and resting heart
rate, systolic blood pressure and diastolic blood pressure.
Other factors that influence CRF in obese children and
adolescents include genetic inheritance, living environ-
ment, dietary patterns and sleep.
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