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Abstract
Background
No review to date has evaluated the association between physical fitness and health-related quality of life (HRQoL) in healthy children and adolescents. The aims of this systematic review and meta-analysis were to examine the relationship between both cardiorespiratory fitness (CRF) and muscular fitness (MF) and HRQoL in healthy subjects under 18 years of age and to describe the dimensions of HRQoL in which these relationships are more robust.

Methods
The Medline, Embase, Cochrane Library, SCIELO, SPORTDiscus and PEDro databases were systematically searched to collect observational studies that examined the relationship between CRF and HRQoL and between MF and HRQoL in participants under 18 years of age without any diagnosed medical condition. Pooled effect sizes (ES) were estimated for the associations between both CRF and MF and the various HRQoL dimensions.

Results
The pooled ES (95% CI) estimates for the relationship between CRF and HRQoL were as follows: 0.19 (0.10 to 0.27) for physical well-being, 0.19 (0.07 to 0.32) for psychological well-being, 0.20 (− 0.14 to 0.55) for perceived health status, 0.10 (0.00 to 0.20) for self-perception/self-esteem, 0.07 (− 0.05 to 0.19) for quality of family relationship, 0.14 (0.04 to 0.25) for quality of peer relationship, 0.17 (0.04 to 0.29) for everyday functioning at school and 0.20 (0.12 to 0.28) for total HRQoL score. The pooled ES (95% CI) estimates for the relationship between MF and HRQoL were: 0.25 (0.12 to 0.37) for physical well-being, 0.11 (0.04 to 0.17) for psychological well-being, 0.08 (0.01 to 0.15) for quality of family relationship, 0.14 (0.03 to 0.25) for quality of peer relationship, and 0.09 (0.03 to 0.14) for total HRQoL score.

Conclusions
Our data suggest that both CRF and MF are positively associated with HRQoL, mainly in physical, psychological and peer relationships. Moreover, CRF is positively associated with school dimensions and MF is positively associated with family relationships.
Trail registration Protocol PROSPERO registration number: CRD42015025823.
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Background
Quality of life (QoL) has been defined as the individual’s perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns [1]. Health-related quality of life (HRQoL) encompasses the aspects of overall quality of life that can be clearly shown to affect physical or mental health status [2]. The term refers to the effects of health, disease and treatments on QoL and excludes aspects that are not related to health, such as cultural, political or social conditions [3].
In children and adolescents, HRQoL includes the dimensions generally connected with daily activities, cognitive acquisitions, emotions, self-perception and interpersonal relationships, and the environment around them. In generic HRQoL questionnaires for children and adolescents, the dimensions most commonly measured are self-esteem, body image and autonomy, physical functioning or well-being, emotional status, family and social relationships, and school and leisure [4]. It is known that in children with poor HRQoL, normal development is impaired, making them less likely to mature into healthy adults [5].
Health-related physical fitness in youth is defined as a person's ability to perform physical activity (PA) and/or exercise, as well as attributes and capabilities that are associated with a low risk of developing chronic diseases and premature death [6]. The main health-related fitness components are cardiorespiratory fitness (capacity of the cardiovascular and respiratory systems to supply oxygen during sustained PA), musculoskeletal fitness (which includes muscle strength as the ability of the muscle to generate force, and flexibility as the ability of the muscle to move freely through a full range of motion) and motor fitness (which includes speed, agility and balance) [6]. Several studies have shown that health-related physical fitness, particularly cardiorespiratory fitness (CRF) and muscular fitness (MF), are associated with numerous physical, emotional, mental, and social health benefits in youth [7–9].
A recent systematic review [10] found that healthy children and adolescents who participated in higher levels of PA (any bodily movement produced by skeletal muscles that requires energy expenditure) had better HRQOL and, conversely, longer sedentary time was related to decreased HRQoL. It is important to note that although PA and fitness are closely related, as PA can improve MF and CRF, these are different concepts. On the other hand, the relationship between physical fitness and HRQoL has mainly been analyzed in the general adult population [11, 12]. It has also been studied in children and adolescents with health conditions such as epilepsy [13], diabetes [14], obesity [15] and asthma [16]. It has been suggested that in healthy children and adolescents, physical fitness [17–19] has a direct association with HRQoL, positively affecting aspects such as physical and psychological well-being, the relationship with peers or the school environment. Some authors [19, 20] have suggested there are differences between boys and girls in how certain attributes of physical fitness affect HRQoL.
It is unclear which HRQoL domains are more influenced by fitness level and whether different fitness components affect distinct domains. The main type of PA performed by children and adolescents could condition the improvement of certain specific fitness components. This fact, and the results of previous studies [19–21], may lead us to think that CRF and MF are differently associated with some HRQoL domains. However, and despite the fact that fitness levels at early ages (and the potential influence on HRQoL) tend to be maintained throughout life [22], no systematic review or meta-analysis has synthesized these relationships in healthy children and adolescents.
The purpose of this systematic review and meta-analysis was therefore to examine the relationship between physical fitness (CRF & MF) and HRQoL in healthy children (under 12 years old) and adolescents (12–14 years old and 15–17 years old) and to describe the HRQoL dimensions in which these relationships are more robust.
Methods
Protocol and registration
This systematic review was conducted in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) Statement [23] and the Cochrane Collaboration Handbook [24]. The protocol for this systematic review and meta-analysis has been registered in PROSPERO (registration number: CRD42015025823) and published elsewhere [25].
Search strategy
The following electronic bibliographic databases were searched from their inception to Feb 2021 to identify relevant studies: Medline (via PUBMED), Embase, Cochrane Library, SCIELO, SPORTDiscus and PEDro. The search strategy combined the following keywords: “fitness”, “physical fitness”, “cardiorespiratory fitness”, “cardiovascular fitness”, “aerobic capacity”, “maximal oxygen uptake”, “peak oxygen uptake”, “VO2max”, “muscular strength”, “muscular endurance”, and “strength” with the terms “health-related quality of life”, “HRQoL”, “well-being”, “positive health”, “psychological health” and with “children”, “adolescent”, “young children”, and “schoolboy” (Table 1). References were imported into Endnote (Thompson Reuters, California, USA). Also, reference lists of relevant studies and previous systematic reviews and meta-analyses were identified to review the list of included studies.Table 1Sample search string for PubMed MEDLINE


	Limits: publication languages: English, Spanish

	Truncation symbol: * = all possible word endings included

	Query translation

	("fitness"[All Fields]) OR "physical fitness"[All Fields]) OR "cardiorespiratory fitness"[All Fields]) OR "cardiovascular fitness"[All Fields]) OR "aerobic capacity"[All Fields]) OR "maximal oxygen uptake"[All Fields]) OR "peak oxygen uptake"[All Fields]) OR "VO2max"[All Fields]) OR "muscular strength"[All Fields]) OR "muscular endurance"[All Fields]) OR "strength"[All Fields]) AND (((("health-related quality of life"[All Fields] OR "HRQoL"[All Fields]) OR "well-being"[All Fields]) OR "positive health"[All Fields]) OR "psychological health"[All Fields])) AND ((("children"[All Fields] OR "adolescent"[All Fields]) OR "young children"[All Fields]) OR "schoolboy"[All Fields])AND (English[lang] OR Spanish[lang])




Eligibility criteria
Studies that examined the relationship between physical fitness and HRQoL in the general population of healthy children and adolescents were considered. The inclusion criteria were: (1) Participants: under 18 years of age, and without any diagnosed medical conditions, including obesity, diabetes, cancer or other chronic diseases; (2) Measurements: HRQoL conceptualized as a multidimensional construct composed of several domains which include physical, psychological, emotional and social aspects, measured by validated questionnaires with an acceptable internal consistency (Cronbach’s alpha > 0.7), either self-reported or reported by parents; Cardiorespiratory fitness (CRF) and muscular fitness (MF) measured by either laboratory tests, field tests or self-reported scales with demonstrated validity and reliability in children and adolescents. (3) Study design: Observational studies (cross-sectional, longitudinal). (4) Published in English or Spanish. No date limits were imposed in the search.
To make the review more focused and concrete, studies were excluded when they assessed specific constructs as outcomes, such as: (i) ‘stress’, ‘self-esteem’, ‘body image’, ‘anxiety’, ‘happiness’ ‘well-being’ or ‘depression’, which were not integrated within a validated multidimensional questionnaire to measure HRQoL because they do not measure that aspect of QoL in relation to health, i.e. they were not created to measure stress, anxiety, well-being or self-image according to the health status of the person, which is the aim of HRQoL questionnaires; (ii) ‘well-being” was also excluded when it was measured as a synonym for QoL, because this term refers to ‘‘a conscious cognitive judgment of satisfaction with one’s life’’, and HRQoL provides information on the way health affects well-being or QoL. Studies that reported their results with an overall fitness index without separating it into its components, or that measured sport participation or other components of fitness, such as speed, agility, balance, were also excluded, as they are closely related to the construct of motor competence (or motor skills) [26], making it difficult to determine when studies assessed motor competence or motor fitness, or flexibility, for which the evidence for health in children and adolescents is not as consistent as it is in the case of CRF and MF [6, 27, 28].
Study selection
Two authors (ABC and MSL) independently screened the titles and abstracts of the studies identified in the search. Then, the full text of potentially eligible studies was re-evaluated. Where necessary, a third author (CAB) read the entire article to resolve any discrepancies.
Data collection process
Two researchers (ABC and MSL) extracted the following data from the included studies using an ad hoc table (Table 2): study design, year, country, number of participants, age, instruments measuring CRF, MF and HRQoL results, and quality score. Disagreements regarding data extraction were resolved by consensus with a third author (CAB).Table 2Characteristic of the cross-sectional studies included in the review


	Study
	Country
	n
	Age (years)
	HRQoL instrument
	Fitness
	Results

	Andersen et al. [38]
	Norway
	1129
	10
	Kidscreen-27
	CRF: Andersen test
	↑CRF = ↑ HRQoL (↑ physical wellbeing, ↑ psychological well-being, ↑ autonomy and parents, ↑ social support and peers, ↑ school environment)

	MF: Handgrip test and the long jump test
	↑Explosive strength in the lower body = Better autonomy and parents score

	No relationship between handgrip strength and HRQoL

	Borras et al. [39]
	Spain
	302
	11–12
	CHIP-CE/PRF
	CRF: 20 m shuttle run test
	↑ CRF = ↑ physical well-being

	Eddolls et al. [44]
	United Kingdom
	576
	11–13
	PedsQL 4.0
	CRF: 20 m shuttle run test
	↑CRF = ↑ physical well-being and HRQoL (total score mediated by physical well-being)

	Evaristo et al. [40]
	Portugal
	567
	12–18
	Kidscreen-10
	CRF: 20 m shuttle run test
	↑ CRF = ↑ HRQoL

	MF: Handgrip test and the long jump test
	↑ MF = ↑ HRQoL

	Gálvez et al. [41]
	Spain
	298
	8–12
	Kidscreen-10
	CRF: 20 m shuttle run test
	↑CRF = ↑ HRQoL (Boys and girls)

	Gerber et al. [21]
	Switzerland
	378
	6–8
	KINDL-R
	CRF: 20 m shuttle run test
	↑CRF = ↑physical wellbeing and ↑peer relationships

	Marques et al. [17]
	Portugal
	3554
	13–18
	Kidscreen-10
	CRF and MF: International Fitness Scale (IFIS)
	↑CRF = ↑HRQoL, ↑self-rated health and ↑life-satisfaction (Boys and girls)

	 	↑MF = ↑HRQoL, ↑self-rated health and ↑life satisfaction (Boys and girls)

	Morales et al. [19]
	Spain
	1.158
	8–11
	Kidscreen-52/Kidscreen-10
	CRF: 20 m shuttle run test
	Boys:

	MF: Handgrip test and the long jump test
	↑CRF = ↑ physical well-being and Social support and peers

	↑MF = ↑ physical well-being, ↑Social support and peers, ↑social acceptance

	Girls: ↑CRF = ↑ physical well-being, ↑self-perception, ↑Social support and peers, ↑social acceptance, and ↑ HRQoL (Kidscreen-10 Index)

	↑MF = ↑ HRQoL and ↑physical well-being

	Padilla-Moledo et al. [43]
	Spain
	684
	6–16.9
	HBSC
	CRF: 20 m shuttle run test
	↑CRF = ↑ life satisfaction and ↑ perceived health status

	Palou et al. [18]
	Spain
	302
	10–12
	CHIP-CE/PRF
	CRF: 20 m shuttle run test
	↑CRF = ↑ physical well-being

	Redondo-Tébar et al. [20]
	Spain
	1413
	4–7
	KINDL-R PRF
	CRF: 20 m shuttle run test
	Total sample:

	MF: Long jump test
	↑CRF = ↑HRQoL (total score), ↑physical well-being, and ↑school

	↑MF = ↑HRQoL (total score), ↑physical well-being, and ↑school

	Boys:

	↑CRF = ↑physical well-being and ↑school

	↑MF = ↑physical well-being

	Girls:

	↑CRF = ↑HRQoL (total score), ↑school, ↑physical well-being and friends

	↑MF = ↑school

	Saavedra et al. [42]
	Spain
	351
	8–9
	EQ-5D-Y, VAS
	CRF: 20 m shuttle run test
	↑CRF = ↑ perceived health status


CRF cardiorespiratory fitness, MF muscular fitness, ↑ increases or improves, CHIP-CE Child Health and Illness Profile, EQ-5D-Y EuroQol Group 5-dimension questionnaire, HBSC Health Behavior in School-aged Children, HRQoL Heath Related Quality of Life, PRF Parents report form, VAS Visual Analogue Scale



Quality assessment
Two authors (ABC and MSL) independently assessed the methodological quality of the included studies. A third author (CAB) was consulted to resolve disagreements when necessary. The final decision on each assessment was agreed by all three authors. The methodological quality of the included studies was scored using a quality assessment list based on the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) [29] and the Effective Public Health Practice Project (EPHPP) [30] criteria, which has been used in previous reviews [31, 32]. The list contains information on five categories: adequate description of the study sample (number of participants, mean age and sex); adequate assessment/reporting of HRQoL (measurement of the HRQoL construct and its domains by means of a validated questionnaire); adequate assessment of the fitness components (validity/reliability of the outcome measure reported and/or measurement procedure adequately described); adequate adjustment of confounders (at least sex and age); description of both the numbers and reasons for withdrawals and dropouts (participation rate at baseline at least 70%). For each study, the items on the list were rated as 1 or 0 depending on whether they met the criteria or not. A total quality score for each study was calculated by counting the number of positive items. The risk of bias of the studies was classified as high (0–2 positive items), medium (3 positive items) or low (4–5 positive items).
Data synthesis and statistical analysis
The HRQoL dimensions included in the various questionnaires and which shared meaning were grouped into domains for analysis (Table 3). Effect size (ES) and 95% confidence intervals (CIs) for the association between children’s physical fitness (distinguishing between CRF and MF) and HRQoL were calculated for each report using Cohen’s d index [33]. We calculated the pooled ES for the total HRQoL score and each HRQoL dimension using a random-effects model based on the DerSimonian and Laird method [33]. When studies provided a linear regression b coefficient, it was used to calculate a standardized mean difference score [34, 35]. When it was not possible to estimate the pooled ES, a graphical representation of the individual ES was drawn.Table 3Grouping of variables by domains that share meaning


	Domain
	Denomination in the questionnaires

	Physical well-being
	Physical well-being [18–21, 38]

	Physical comfort [39]

	Physical QoL [44]

	Psychological well-being
	Psychological well-being [19, 21, 38]

	Emotional well-being [18, 20]

	Emotional comfort [39]

	Quality of family relationship
	Family [20, 21]

	Autonomy and parents [38]

	Quality of family relationship [43]

	Parents relationship [19]

	Quality of peer relationship
	Friends [20, 21]

	Social support and peers [19, 38]

	Quality of peer relationship [43]

	Everyday functioning at school
	Everyday functioning at school [21]

	School [20]

	School environment [38]

	Academic performance [43]

	Perceived health status
	Perceived health status [42, 43]

	Satisfaction with health [18, 39]

	Self-perception/self-esteem
	Self-perception [19]

	Self-esteem [20, 21]




The I2 statistic was used to assess heterogeneity across studies, with the following thresholds: not important (0–30%), moderate (30–50%), substantial (50–75%) and considerable (75–100%) [36]; p values were also considered. A sensitivity analysis was conducted by removing studies from the analysis one by one to analyze the influence of each study on the overall results and to detect whether any particular study accounted for a considerable proportion of heterogeneity. Finally, the funnel plot and the Egger test were used to examine publication bias [37]. STATA 14 (StataCorp) software was used to combine data.
Results
Study selection
This systematic search identified 2616 potentially relevant studies (Fig. 1). After removing 170 duplicates, 2268 studies were excluded based on the tittle. We screened 51 full texts in detail based on the title and abstract. Finally, a total of 12 studies [17–21, 38–44] met the inclusion criteria.[image: ../images/12955_2021_1766_Fig1_HTML.png]
Fig. 1PRISMA Flow chart with the progress through the stages of study selection


Study characteristics and participants
The main characteristics of the included studies are shown in Table 2. The studies were published between 2011 and 2019 and all of them were cross-sectional. The total sample included 10,712 participants between 4 and 18 years of age without any health problems. The sample size ranged from 298 [41] to 3554 [17]. Only in one study [43] were the results separated for children (6–11.9 years) and adolescents (12–17.9 years). All studies involved both sexes but only four of them [17, 19, 20, 41] showed results by boys and girls separately. The studies included were from six different countries.
Risk of bias
Table 4 shows the list of included studies with quality scores. Eight studies [17, 19–21, 38, 40, 42, 43] were rated as being at low risk of bias, two studies as medium risk [41, 44], and two studies as high risk [18, 39].Table 4List of included studies with quality scores


	Study
	Design
	Assessment
	1
	2
	3
	4
	5
	Total score
	Risk of bias

	Andersen et al. [38]
	Cs
	CRF and MF
	1
	1
	1
	0
	1
	4
	Low

	Borras et al. [39]
	Cs
	CRF
	1
	0
	1
	0
	0
	2
	High

	Eddolls et al. [44]
	Cs
	CRF
	1
	0
	1
	1
	0
	3
	Medium

	Evaristo et al. [40]
	Cs
	CRF and MF
	1
	1
	1
	1
	0
	4
	Low

	Gálvez et al. [41]
	Cs
	CRF
	1
	1
	1
	0
	0
	3
	Medium

	Gerber et al. [21]
	Cs
	CRF
	1
	1
	1
	1
	0
	4
	Low

	Marques et al. [17]
	Cs
	CRF and MF
	1
	1
	1
	1
	1
	5
	Low

	Morales et al. [19]
	Cs
	CRF and MF
	1
	1
	1
	1
	1
	5
	Low

	Padilla-Moledo et al. [43]
	Cs
	CRF
	1
	1
	1
	1
	1
	5
	Low

	Palou et al. [18]
	Cs
	CRF
	1
	0
	1
	0
	0
	2
	High

	Redondo-Tébar et al. [20]
	Cs
	CRF and MF
	1
	1
	1
	1
	1
	5
	Low

	Saavedra et al. [42]
	Cs
	CRF
	1
	1
	1
	1
	1
	5
	Low


CRF Cardiorespiratory fitness, Cs Cross-sectional, MF Muscular fitness
(1) Adequate description of the study sample (number of participants, mean age and sex); (2) Adequate assessment/reporting of HRQoL (measurement of the HRQoL construct and its domains by means of a validated questionnaire); (3) Adequate assessment of the physical fitness components (validity/reliability of the outcome measure reported and/or measurement procedure adequately described); (4) Adequate adjustment of confounders (at least sex and age); (5) Description of both the numbers and reasons for withdrawals and dropouts (participation rate at baseline at least 70%). “high risk = 0–2 score, “medium risk” = 3 score, and “low risk” = 4–5 score



Measurements of HRQoL
Questionnaires used for measuring HRQoL varied across studies and included KINDL-R [20, 21], Kidscreen-52 [19], Kidscreen-27 [38], Kidscreen-10 [17, 19, 40, 41], EQ-5D with a Visual Analog Scale (VAS) [42], HBSC [43], PedsQL [44] and the CHIP-CE [18, 39]. The HRQoL questionnaires were self-administered in nine studies [17, 19, 21, 38, 40–44] and parent-reported in three studies [18, 20, 39].
Cardiorespiratory fitness and health related quality of life
Ten studies [18–21, 39–44] assessed CRF using the 20-m shuttle run test [45], one study used the Andersen test [38], and one study used a self-reported scale, the International Fitness Scale (IFIS) [17]. Seven studies reported a positive relationship between CRF and total HRQoL score [17, 19–21, 40, 41, 44] and seven [18–21, 38, 39, 44] reported a positive relationship between CRF and physical well-being. In children and adolescents with higher CRF levels, four studies [19–21, 38] showed better peer relationship, three studies [17, 42, 43] shower better perceived health status, two studies shower better satisfaction with life [17, 43] and functioning at school [20, 38], one study [38] showed a positive relationship with psychological well-being and with quality of family relationship, and another [19] showed a positive relationship with self-perception in girls.
Muscular fitness and health related quality of life
Five studies [17, 19, 20, 38, 40] reported the relationship between MF and HRQoL. MF was assessed using handgrip test (upper body isometric strength) [19, 38, 40] and the long jump test [19, 38] (lower body explosive strength). In one study [17], MF was measured using the IFIS scale. Morales et al. [19] and Evaristo et al. [40] used both strength tests to calculate an MF index (as the sum of the Z-scores of the two tests according to age and sex) to show their results. Andersen et al. [38] showed the results of handgrip strength and explosive strength in the lower body separately. Redondo-Tébar et al. [20] categorized MF into three quartiles (low, medium, and high).
All studies [17, 19, 20, 38, 40] reported a positive relationship between MF and total HRQoL score and only one study [38] reported no relationship between handgrip strength and HRQoL. The included studies showed positive relationships between MF and various HRQoL domains: physical well-being [19, 20], autonomy and parents [38], life satisfaction [17], social support and peers [19], self-rated health [17] and functioning at school (in girls) [20].
Meta-analysis
Figures 2 and 3 display the pooled ES (95% CI) estimates for the relationship between CRF and HRQoL: 0.19 (0.10 to 0.27) for physical well-being, 0.19 (0.07 to 0.32) for psychological well-being, 0.14 (0.04 to 0.25) for quality of peer relationships, 0.17 (0.04 to 0.29) for everyday functioning at school and 0.20 (0.12 to 0.28) for total HRQoL score. The pooled ES (95% CI) estimate was not statistically significant for self-perception/self-esteem: 0.10 (0.00 to 0.20), for perceived health status: 0.20 (− 0.14 to 0.55), or for quality of family relationship: 0.07 (− 0.05 to 0.19). Heterogeneity estimates ranged from substantial (I2 = 51.1% for Self-perception) to considerable (I2 = 95.9% for Perceived health status).[image: ../images/12955_2021_1766_Fig2_HTML.png]
Fig. 2Pooled estimated effect size values of associations between CRF and physical well-being, psychological well-being, perceived health status, and self-perception/self-esteem

[image: ../images/12955_2021_1766_Fig3_HTML.png]
Fig. 3Pooled estimated effect size values of associations between CRF and quality of family relationship, quality of peer relationship, everyday functioning at school, and total HRQoL score


ES (95% CI) for the relationship between CRF and life satisfaction was 0.28 (0.08 to 0.49) in children and 0.33 (0.10 to 0.57) in adolescents. ES for social acceptance ranged between 0.17 (0.02 to 0.32) in boys and 0.29 (0.05 to 0.54) in girls (Fig. 4).[image: ../images/12955_2021_1766_Fig4_HTML.png]
Fig.  4ES values of association between CRF and life satisfaction / social acceptance


Figure 5 displays the pooled ES (95% CI) estimates for the relationship between MF and HRQoL: 0.25 (0.12 to 0.37) for physical well-being, 0.11 (0.04 to 0.17) for psychological well-being, 0.08 (0.01 to 0.15) for quality of family relationship, 0.14 (0.03 to 0.25) for quality of peer relationship, and 0.09 (0.03 to 0.14) for total HRQoL score. Heterogeneity across the studies was rated as not important for psychological well-being and quality of family relationship (I2: 0% and 20.8%, respectively), moderate for quality of peer relationship and total HRQoL score (I2: 44.9% and 48.3%, respectively) and substantial for physical well-being (I2: 70.2%).
[image: ../images/12955_2021_1766_Fig5_HTML.png]
Fig. 5Pooled estimated effect size values of associations between MF and physical well-being, psychological well-being, quality of family relationship, quality of peer relationship, and total HRQoL score


ES (95% CI) for the relationship between MF and everyday functioning at school ranged between 0.07 (− 0.07 to 0.21) and 0.27 (0.08 to 0.47). For self-perception, ES (95% CI) ranged between -0.05 (− 0.18 to 0.09) and 0.14 (− 0.01 to 0.29) in girls and between 0.03 (− 0.08 to 0.14) and 0.16 (0.01 to 0.31) in boys. For social acceptance, ES was 0.20 (95% CI 0.01 to 0.39) in boys. In girls, ES was 0.09 (95% CI − 0.06 to 0.24) (Fig. 6).[image: ../images/12955_2021_1766_Fig6_HTML.png]
Fig. 6ES values of association between MF and everyday functioning at school, self-perception/self-esteem, and social acceptance


Sensitivity analyses
Sensitivity analyses suggested that the pooled ES estimates did not change when studies were removed one by one (Additional file 1 and Additional file 2: Table S1 and Table S2).
Publication bias
There was significant publication bias, as evidenced by both funnel plot asymmetry and Egger’s test for some outcome variables: for CRF, total HRQoL score (p = 0.020) and perceived health status (p = 0.007); and for MF, quality of family relationship (p = 0.090), total HRQoL score (p = 0.016), and physical well-being (p = 0.097) (Additional file 3 and Additional file 4: Table S3 and Table S4).
Discussion
Fitness levels in childhood and adolescence are a lifelong marker of health and QoL. To our knowledge, this systematic review is the first synthesis on the relationship between physical fitness and HRQoL in the general population of healthy children and adolescents. The results of this meta-analysis suggest that there was a direct relationship between both CRF and MF and HRQoL mainly in physical, psychological and peer relationships; between CRF and school environment dimensions; and between MF and family relationships. Our estimates also show that CRF was not significantly associated with other dimensions of HRQoL such as self-perception/self-esteem, perceived health status or family relationships.
The available studies reported that good levels of physical fitness have a positive effect on physical, mental and social health in childhood and adolescence [7, 9, 46, 47]. In this regard, our meta-analysis shows that high levels of CRF and MF are associated with better HRQoL in both sexes, mainly affecting the domains of physical well-being, psychological well-being and quality of peer relationships.
Higher CRF and MF levels have been linked to better bone health and body composition [8, 43], lower risk of cardiometabolic diseases [9, 46] and greater muscular endurance [42], which may be related to improved perception of physical well-being identified in our meta-analysis. The positive association between CRF and MF and psychological health found in this meta-analysis could be explained by the effect of exercise on neuropeptides like serotonin and endorphins, which have a positive influence on mood [7]. Additionally, many children and adolescents engage in physical activity through sport or through play with friends of their age. Previous research has shown that friendship in young people can increase motivation to participate in physical activity and promote an increase in it [48]. Moreover, peer acceptance is of particular importance for youth development [49], directly affecting their perception of HRQoL.
Higher MF levels had a positive effect on family relationships, albeit with low ES. To our knowledge, no studies have analyzed the association between children's strength and relationships with parents, so it is difficult to compare our results with other studies. The existing literature has pointed out the importance of parents being active to ensure that children are active too [50] and the positive influence of parental exercise on children's fitness level [51, 52]. Thus, if children are active, they are more likely to have better fitness. Parental support for sport activities is positively associated with the enjoyment of sport and the importance it acquires in children's lives [53]. Arguably, active families are more involved in their children's physical activities and dedicate more time to active leisure, which could lead to a better parental relationship by spending time together on these activities.
The results of this review and meta-analysis also suggest a positive relationship between functioning at school (understood as the children’s perceptions of his/her cognitive capacity, concentration and learning, and their feelings about school), and CRF. These results can be compared with previous systematic reviews [54–56] in which the relationship between physical fitness and academic performance was evaluated, with better academic achievement in children with higher fitness levels observed in most of the studies included. In the same vein, one study that used functional magnetic resonance to evaluate brain activity in children in relation to fitness levels reported that children with higher physical fitness levels were better able to activate frontal and parietal brain regions, allowing them greater cognitive skills necessary for optimal functioning in school [57].
Finally, the results of our meta-analysis showed that the HRQoL domains related to self-perception, perceived health status and relationships with parents were not associated with CRF. These results could be explained by the fact we included studies with participants of different ages and that the variables within the domain groupings may have slightly different meanings.
Due to the subjective nature of QoL, it cannot be directly improved; however, it can be enhanced through increases in other behavioral factors. It is known that PA of different intensities, mainly vigorous [58, 59], can improve fitness in children and adolescents, and thus fitness could be a mediator between PA and HRQoL. In this regard, Eddolls et al. [44] found that enhancing CRF through increasing vigorous PA improved HRQoL in adolescents.
This systematic review has some potential limitations. First, although we have conducted and reported our review using existing guidelines [23], the characteristics and quality of the included studies could be a limitation. It should be noted that our findings come from observational studies; therefore, new research with experimental designs might reinforce the existing evidence. Second, three of the 11 studies included were based on parent-reported rather than child-reported HRQoL questionnaires, and considering that previous studies have shown discrepancies between parent and child scores on proxy questionnaires [60, 61], the results should be interpreted with caution. Third, it should be borne in mind when interpreting the results that this meta-analysis includes studies that have used different HRQoL questionnaires, so it is possible that the variables in the domain groupings do not refer to exactly the same constructs, even if they share similar meanings. Fourth, the studies included in this systematic review were conducted only in European population, which may be a limitation when generalizing the results obtained. Fifth, an analysis of the effects of fitness on HRQoL by age group could not be performed because only one study reported their results separately for children and adolescents. Finally, gray literature was not included in the search and we only included studies published in English or Spanish. This may result in a loss of information for the results reported.
Conclusions
The results of this systematic review show that there is consistent evidence to support that healthy children and adolescents with high CRF and MF levels have better HRQoL than those peers that do not, showing greater physical and psychological well-being and better quality peer relationships. The findings of this systematic review could be of interest to researchers, policy makers, and practitioners in the areas of physical activity, education and health care, providing the basis for the development of effective action plans to promote physical activity, including programs that reinforce the role of CRF and MF. These programs could include projects for sustainable mobility and active commuting to and from school, modifications to the schoolyard environment to facilitate strength and endurance games (e.g., with fixed elements such as bars for hanging, tire wheels for pushing and moving or climbing walls, or mobile elements such as skipping ropes, balls, etc.), as well as organized physical activities to improve fitness during recess. Games of strength and endurance should be enhanced and reinforced during physical education hours and implemented in children’s and adolescents’ daily leisure time, which will have positive effects on their QoL and increase their physical, psychological, and social well-being.
Acknowledgements
We would like to thank to the researchers from the Health and Social Research Center for their support during the preparation of this systematic review and meta-analysis.

Authors' contributions
ABC and MSL conceptualized and designed the study. ABC wrote the manuscript with the support of MSL, CAB, and VMV. MSL was the Principal Investigator and Guarantor. For the review, ABC, MSL and CAB screened, identify, and assessed the quality of the studies. ABC, CAB, VMV, ART, DPPC and MSL were involved in the analysis and interpretation of data, and revised the manuscript, approving the final manuscript as submitted. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Kuyken W. The World Health Organization Quality of Life assessment (WHOQOL): position paper from the World Health Organization. Soc Sci Med. 1995;41(10):1403–9.

	2.
Prevention CfDCa. Measuring Healthy Days. Atlanta: CDC; 2000. 42 p.

	3.
Ferrans CE, Zerwic JJ, Wilbur JE, Larson JL. Conceptual model of health-related quality of life. J Nurs Scholarsh. 2005;37(4):336–42.PubMed

	4.
Pane S, Solans M, Gaite L, Serra-Sutton V, Estrada M, Rajmil L. Instrumentos de calidad de vida relacionada con la salud en la edad pediátrica. Revisión sistemática de la literatura:actualización.: Agencia d’Avaluació de Tecnologia i Recerca Mèdiques; 2006.

	5.
Riley AW, Spiel G, Coghill D, Döpfner M, Falissard B, Lorenzo MJ, et al. Factors related to health-related quality of life (HRQoL) among children with ADHD in Europe at entry into treatment. Eur Child Adolesc Psychiatry. 2006;15(Suppl 1):I38-45.PubMed

	6.
Ruiz JR, Castro-Piñero J, Artero EG, Ortega FB, Sjöström M, Suni J, et al. Predictive validity of health-related fitness in youth: a systematic review. Br J Sports Med. 2009;43(12):909–23.PubMed

	7.
Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical fitness in childhood and adolescence: a powerful marker of health. Int J Obes Lond. 2008;32(1):1–11.PubMed

	8.
Janssen I, Leblanc AG. Systematic review of the health benefits of physical activity and fitness in school-aged children and youth. Int J Behav Nutr Phys Act. 2010;7:40.PubMedPubMedCentral

	9.
Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum AD, Lubans DR. The health benefits of muscular fitness for children and adolescents: a systematic review and meta-analysis. Sports Med. 2014;44(9):1209–23.PubMed

	10.
Wu XY, Han LH, Zhang JH, Luo S, Hu JW, Sun K. The influence of physical activity, sedentary behavior on health-related quality of life among the general population of children and adolescents: a systematic review. PLoS ONE. 2017;12(11):e0187668.PubMedPubMedCentral

	11.
Sloan RA, Sawada SS, Martin CK, Church T, Blair SN. Associations between cardiorespiratory fitness and health-related quality of life. Health Qual Life Outcomes. 2009;7:47.PubMedPubMedCentral

	12.
Häkkinen A, Rinne M, Vasankari T, Santtila M, Häkkinen K, Kyröläinen H. Association of physical fitness with health-related quality of life in Finnish young men. Health Qual Life Outcomes. 2010;8:15.PubMedPubMedCentral

	13.
Rauchenzauner M, Hagn C, Walch R, Baumann M, Haberlandt E, Frühwirth M, et al. Quality of Life and Fitness in Children and Adolescents with Epilepsy (EpiFit). Neuropediatrics. 2017;48(3):161–5.PubMed

	14.
Lukács A, Mayer K, Török A, Kiss-Tóth E, Barkai L. Better cardiorespiratory fitness associated with favourable metabolic control and health-related quality of life in youths with type 1 diabetes mellitus. Acta Physiol Hung. 2013;100(1):77–83.PubMed

	15.
Perez-Sousa MA, Olivares PR, Escobar-Alvarez JA, Parraça JA, Gusi N. Fitness as mediator between weight status and dimensions of health-related quality of life. Health Qual Life Outcomes. 2018;16(1):155.PubMedPubMedCentral

	16.
Crosbie A. The effect of physical training in children with asthma on pulmonary function, aerobic capacity and health-related quality of life: a systematic review of randomized control trials. Pediatr Exerc Sci. 2012;24(3):472–89.PubMed

	17.
Marques A, Mota J, Gaspar T, de Matos MG. Associations between self-reported fitness and self-rated health, life-satisfaction and health-related quality of life among adolescents. J Exerc Sci Fit. 2017;15(1):8–11.PubMedPubMedCentral

	18.
Palou P, Vidal J, Ponseti X, Cantallops J, Borras P. [Relationship between quality of life, physical activity and cardiorrespiratory fitness in children]. Revista de Psicología del Deporte2012. p. 393–8.

	19.
Morales PF, Sánchez-López M, Moya-Martínez P, García-Prieto JC, Martínez-Andrés M, García NL, et al. Health-related quality of life, obesity, and fitness in schoolchildren: the Cuenca study. Qual Life Res. 2013;22(7):1515–23.PubMed

	20.
Redondo-Tébar A, Ruíz-Hermosa A, Martínez-Vizcaíno V, Cobo-Cuenca AI, Bermejo-Cantarero A, Cavero-Redondo I, et al. Associations between health-related quality of life and physical fitness in 4-7-year-old Spanish children: the MOVIKIDS study. Qual Life Res. 2019;28(7):1751–9.PubMed

	21.
Gerber M, Endes K, Brand S, Herrmann C, Colledge F, Donath L, et al. In 6- to 8-year-old children, cardiorespiratory fitness moderates the relationship between severity of life events and health-related quality of life. Qual Life Res. 2017;26(3):695–706.PubMed

	22.
Blasquez Shigaki GL, Barbosa CC, Batista MB, Romanzini CLP, Gonçalves EM, Serassuelo Junior H, et al. Tracking of health-related physical fitness between childhood and adulthood. Am J Hum Biol. 2019;66:23381.

	23.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Int J Surg. 2010;8(5):336–41.

	24.
Higgins JPT GSe. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011]. The Cochrane Collaboration; 2011.

	25.
Bermejo-Cantarero A, Álvarez-Bueno C, Martinez-Vizcaino V, García-Hermoso A, Torres-Costoso AI, Sánchez-López M. Association between physical activity, sedentary behavior, and fitness with health related quality of life in healthy children and adolescents: a protocol for a systematic review and meta-analysis. Medicine. 2017;96(12):e6407.PubMedPubMedCentral

	26.
Gallahue DL, Ozmun JC. Understanding motor development: infants, children, adolescents, adults. 6th ed. New York2006.

	27.
Artero EG, España-Romero V, Castro-Piñero J, Ortega FB, Suni J, Castillo-Garzon MJ, et al. Reliability of field-based fitness tests in youth. Int J Sports Med. 2011;32(3):159–69.PubMed

	28.
Castro-Piñero J, Artero EG, España-Romero V, Ortega FB, Sjöström M, Suni J, et al. Criterion-related validity of field-based fitness tests in youth: a systematic review. Br J Sports Med. 2010;44(13):934–43.PubMed

	29.
von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, et al. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational studies. Int J Surg. 2014;12(12):1495–9.

	30.
Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings GG. Assessment of study quality for systematic reviews: a comparison of the Cochrane Collaboration Risk of Bias Tool and the Effective Public Health Practice Project Quality Assessment Tool: methodological research. J Eval Clin Pract. 2012;18(1):12–8.PubMed

	31.
Rodriguez-Ayllon M, Cadenas-Sánchez C, Estévez-López F, Muñoz NE, Mora-Gonzalez J, Migueles JH, et al. Role of physical activity and sedentary behavior in the mental health of preschoolers, children and adolescents: a systematic review and meta-analysis. Sports Med. 2019;49(9):1383–410.PubMed

	32.
Ruiz-Hermosa A, Álvarez-Bueno C, Cavero-Redondo I, Martínez-Vizcaíno V, Redondo-Tébar A, Sánchez-López M. Active commuting to and from school, cognitive performance, and academic achievement in children and adolescents: a systematic review and meta-analysis of observational studies. Int J Environ Res Public Health. 2019;16(10).

	33.
DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an update. Contemp Clin Trials. 2007;28(2):105–14.PubMed

	34.
Peterson RA, Brown SP. On the use of beta coefficients in meta-analysis. J Appl Psychol. 2005;90(1):175–81.PubMed

	35.
Lipsey M, Wilson D. Practical meta-analysis. Thousnad Oaks: Sage; 2001.

	36.
Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002;21(11):1539–58.

	37.
Sterne JA, Egger M, Smith GD. Systematic reviews in health care: Investigating and dealing with publication and other biases in meta-analysis. BMJ. 2001;323(7304):101–5.PubMedPubMedCentral

	38.
Andersen JR, Natvig GK, Aadland E, Moe VF, Kolotkin RL, Anderssen SA, et al. Associations between health-related quality of life, cardiorespiratory fitness, muscle strength, physical activity and waist circumference in 10-year-old children: the ASK study. Qual Life Res. 2017;26(12):3421–8.PubMed

	39.
Borras PA, Vidal J, Ponseti X, Cantallops J, Palou P. Predictors of quality of life in children. Qual Life Res. 2011;6(4):8.

	40.
Evaristo S, Moreira C, Lopes L, Oliveira A, Abreu S, Agostinis-Sobrinho C, et al. Muscular fitness and cardiorespiratory fitness are associated with health-related quality of life: results from labmed physical activity study. J Exerc Sci Fit. 2019;17(2):55–61.PubMedPubMedCentral

	41.
Gálvez Casas A, Rodríguez García PL, García-Cantó E, Rosa Guillamón A, Pérez-Soto JJ, Tarraga Marcos L, et al. Aerobic capacity and quality of life in school children from 8 to 12. Clin Investig Arterioscler. 2015;27(5):239–45.PubMed

	42.
Saavedra JM, Escalante Y, Domínguez AM, García-Hermoso A, Hernández-Mocholí MA. Prediction of correlates of daily physical activity in Spanish children aged 8–9 years. Scand J Med Sci Sports. 2014;24(3):e213–9.PubMed

	43.
Padilla-Moledo C, Castro-Piñero J, Ortega FB, Mora J, Márquez S, Sjöström M, et al. Positive health, cardiorespiratory fitness and fatness in children and adolescents. Eur J Public Health. 2012;22(1):52–6.PubMed

	44.
Eddolls WTB, McNarry MA, Lester L, Winn CON, Stratton G, Mackintosh KA. The association between physical activity, fitness and body mass index on mental well-being and quality of life in adolescents. Qual Life Res. 2018;27(9):2313–20.PubMedPubMedCentral

	45.
Léger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run test for aerobic fitness. J Sports Sci. 1988;6(2):93–101.PubMed

	46.
Lang JJ, Belanger K, Poitras V, Janssen I, Tomkinson GR, Tremblay MS. Systematic review of the relationship between 20m shuttle run performance and health indicators among children and youth. J Sci Med Sport. 2018;21(4):383–97.PubMed

	47.
García-Hermoso A, Ramírez-Campillo R, Izquierdo M. Is Muscular fitness associated with future health benefits in children and adolescents? A systematic review and meta-analysis of longitudinal studies. Sports Med. 2019;49(7):1079–94.PubMed

	48.
Salvy SJ, Roemmich JN, Bowker JC, Romero ND, Stadler PJ, Epstein LH. Effect of peers and friends on youth physical activity and motivation to be physically active. J Pediatr Psychol. 2009;34(2):217–25.PubMed

	49.
Smith A, Ullrich-French S, Walker E, Hurley K. Peer relationship profiles and motivation in youth sport. J Sport Exerc Psychol. 2006;28:362–82. https://​doi.​org/​10.​1123/​jsep.​28.​3.​362.Crossref

	50.
Moscoso-Sánchez D, Moyano E, Velazquez L, Fernández-Ballesteros R, Martín Rodríguez M, Ramos C, et al., editors. Deporte, salud y calidad de vida2008.

	51.
Cleland V, Venn A, Fryer J, Dwyer T, Blizzard L. Parental exercise is associated with Australian children’s extracurricular sports participation and cardiorespiratory fitness: a cross-sectional study. Int J Behav Nutr Phys Act. 2005;2(1):3.PubMedPubMedCentral

	52.
Erkelenz N, Schreiber AC, Kobel S, Kettner S, Drenowatz C, Steinacker JM. Relationship of parental health-related behaviours and physical fitness in girls and boys. Z Gesundh Wiss. 2014;22(5):407–14.PubMedPubMedCentral

	53.
Hoyle RH, Leff SS. The role of parental involvement in youth sport participation and performance. Adolescence. 1997;32(125):233–43.PubMed

	54.
Marques A, Santos DA, Hillman CH, Sardinha LB. How does academic achievement relate to cardiorespiratory fitness, self-reported physical activity and objectively reported physical activity: a systematic review in children and adolescents aged 6–18 years. Br J Sports Med. 2018;52(16):1039.PubMed

	55.
Santana CCA, Azevedo LB, Cattuzzo MT, Hill JO, Andrade LP, Prado WL. Physical fitness and academic performance in youth: a systematic review. Scand J Med Sci Sports. 2017;27(6):579–603.PubMed

	56.
Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S, Tomporowski P, et al. Physical activity, fitness, cognitive function, and academic achievement in children: a systematic review. Med Sci Sports Exerc. 2016;48(6):1223–4.PubMed

	57.
Chaddock L, Erickson KI, Prakash RS, Voss MW, VanPatter M, Pontifex MB, et al. A functional MRI investigation of the association between childhood aerobic fitness and neurocognitive control. Biol Psychol. 2012;89(1):260–8.PubMed

	58.
Smith JJ, Eather N, Weaver RG, Riley N, Beets MW, Lubans DR. Behavioral correlates of muscular fitness in children and adolescents: a systematic review. Sports Med. 2019;49(6):887–904.PubMed

	59.
Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al. Systematic review of the relationships between objectively measured physical activity and health indicators in school-aged children and youth. Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S197-239.PubMed

	60.
Solans M, Pane S, Estrada MD, Serra-Sutton V, Berra S, Herdman M, et al. Health-related quality of life measurement in children and adolescents: a systematic review of generic and disease-specific instruments. Value Health. 2008;11(4):742–64.PubMed

	61.
Eiser C, Morse R. Quality-of-life measures in chronic diseases of childhood. Health Technol Assess. 2001;5(4):1–157.PubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Relationship between both cardiorespiratory and muscular fitness and health-related quality of life in children and adolescents: a systematic review and meta-analysis of observational studies


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12955_2021_1766_Fig6_HTML.png
Effect

%

Study size (95% ClI) Weight
Everyday functioning at school
Andersen et al, 2017 4 0.07 (-0.07, 0.21) 18.34
Redondo-Tébar et al, 2019 (total) —_— 0.18 (0.10, 0.25) 49.74
Redondo-Tébar et al, 2019 (boys) 4 0.12 (-0.01, 0.25) 21.71
Redondo-Tébar et al, 2019 (girls) * 0.27 (0.08, 0.47) 10.21
Self-perception/Self-steem
Morales et al, 2012 (boys) 4 0.16 (0.01, 0.31) 22.06
Morales et al, 2012 (girls) 4 0.14 (-0.01, 0.29) 22.06
Redondo-Tébar et al, 2019 (boys) g 0.03 (-0.08, 0.14) 31.22
Redondo-Tébar et al, 2019 (girls) + -0.05(-0.18, 0.09) 24.67
Social acceptance
Morales et al, 2012 (boys) 4 0.20 (0.01, 0.39) 38.40
Morales et al, 2012 (girls) L g 0.09 (-0.06, 0.24) 61.60
| |
=2 2






OEBPS/css/envelope.png





OEBPS/images/12955_2021_1766_Fig1_HTML.png
References retrieved from the
= electronic search on MEDLINE, Additional records identified through
= SCIENCE DIRECT, THE other sources
= COCHRANE LIBRARY, SCIELO, n=4
= SPORTDiscus and PEDro
g~ n=2616
=
]
= | !
L]
References after duplicates removed (#=170):
n=2450
&n
£ Studies excluded by both independent
5 > reviewers based on the tittle:
o 1n=2268
9
Z v
Potentially relevant studies identified for possible inclusion:
n=182
Articles excluded after reading abstracts with
reasons: n=131
* 108 did not study the relationship between
HRQoL and fitness explicitly.
« 7 clinical trials (6 randomized and 1 non-
N randomized).
« 10 targeted adult populations (>18 years old).
z ¢ 4 targeted non-healthy children (3
E obesity/overweight and 1 disabled children).
= * 1 published in German.
él) * 1 was astudy protocol.
=
y
Full-text articles assessed for eligibility:
n=51
Full-text articles excluded with reasons: n=39
« 2 were study protocols.
« 2 targeted adult populations (>18 years old).
« 23 did not study the relationship between
—> HRQoL and fitness.
* 10 did not assess HRQoL according to inclusion
criteria.
= ¢ 1 measured sport participation.
% « 1 showed a fitness global index
=
=
[>)
= v
b= . ¥ 3 . .
Studies included in the review: n=12 Cross-sectional
studies.

HRQoL: Health Related Quality of Life






OEBPS/images/12955_2021_1766_Fig5_HTML.png
Study

Physical well-being

Andersen et al, 2017

Morales et al, 2012 (boys)

Morales et al, 2012 (girls)
Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2019 (girls)
Subtotal (I-squared = 70.2%, p = 0.009)

Psychological well-being

Andersen et al, 2017

Morales et al, 2012 (boys)

Morales et al, 2012 (girls)
Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2018 (girls)
Subtotal (l-squared = 0.0%, p = 0.913)

Quality of family relationship

Andersen et al, 2017

Morales et al, 2012 (boys)

Morales et al, 2012 (girls)
Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2019 (girls)
Subtotal (I-squared = 20.8%, p = 0.282)

Quality of peer relationship

Andersen et al, 2017

Morales et al, 2012 (boys)

Morales et al, 2012 (girls)
Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2019 (girls)
Subtotal (l-squared = 44.9%, p = 0.123)

HRQoL

Evaristo et al, 2019

Marques et al, 2017 (boys)

Marques et al, 2017 (girls)

Morales et al, 2012 (boys)

Morales et al, 2012 (girls)
Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2019 (girls)
Subtotal (I-squared = 48.3%, p = 0.071)

KRR

|
1

L

L 4

Effect %
size (95% Cl)  Weight

.07, 0.27) 25.82
28, 0.76) 13.96
13, 0.69) 11.92
13, 0.37) 24.04
-0.03, 0.20)24.27
0.12, 0.37) 100.00

(0.01,0.29) 21.43
(-0.06, 0.25)17.48
(-0.08, 0.23)17.48
(-0.16, 0.24)10.14
(0.01, 0.23) 33.48
(0.04, 0.17) 100.00

12)28.17
0.01,0. 15) 100.00

0.13 (-0.17, 0.43)10.30
0.42 (0.14, 0.69) 11.77
0.19 (0.04, 0.34) 24.80
0.02 (-0.12, 0.17)25.91
0.09 (-0.04, 0.23)27.23
0.14 (0.03, 0.25) 100.00

0.20
0.02
0.02
0.20
0.09
0.12 (-
0.11
0.09

0.08, 0.31) 13.37
0.05, 0.09)21.77
0.04, 0.08)22.71
0.01, 0.39) 6.80
0.06, 0.24)9.68
0.01, 0.25)11.66
0.00, 0.22)14.01
0.03, 0.14) 100.00

~T T






OEBPS/images/12955_2021_1766_Fig4_HTML.png
Effect %

Study size (95% ClI) Weight

Life satisfaction

L 4

Padilla-Moledo et al, 2011 (adolescents) 0.33 (0.10, 0.57) 43.21

Padilla-Moledo et al, 2011 (children) 0.28 (0.08, 0.49) 56.79

*

Social acceptance

Morales et al, 2012 (boys) e 0.17 (0.02, 0.32) 72.74

*

Morales et al, 2012 (girls) 0.29 (0.05, 0.54) 27.26






OEBPS/images/12955_2021_1766_Fig2_HTML.png
Study

Physical well-being

Andersen et al, 2017

Bomras et al, 2011

Eddolls et al, 2018

Gerber et al, 2011

Morales et al, 2012 (boys)
Morales et al, 2012 (girls)

Palou et al, 2012
Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2019 (girs)
Subtotal (l-squared = 54.4%, p = 0.025)

Psychological Well-being

Andersen et al, 2017

Bomras et al, 2011

Gerber et al, 2011

Morales et al, 2012 (boys)

Morales et al, 2012 (girls)

Palou et al, 2012

Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2019 (gids)
Subtotal (l-squared =72.7%. p =0.001)

Perceived health status

Bomas et al, 2011

Lammie et al, 2013

Padilla-Moledo et al, 2011 (adolescents)
Padilla-Moledo et al, 2011 (children)
Palou et al, 2012

Saavedra et al, 2013

Subtotal (l-squared = 95.9%, p = 0.000)

Self-perception/Self-esteem
Gerber et al, 2018

Morales et al, 2012 (boys)

Morales et al, 2012 (girls)
Redondo-Tébar et al, 2019 (boys)
Redondo-Tébar et al, 2019 (girs)
Subtotal (l-squared =51.1%, p = 0.085)

L
I

Effect %
size (5% Cl)  Weight

0.12(0.03,021) 18.20
0.08(-0.17.0.29) 8.82
0.03(-0.13,020) 1255
0.20(0.00,042) 9.72
048(0.29,0.67) 11.14
0.37(0.02,0.72) 4.85
0.28 (0.03,040) 877
0.17(0.06,0.29) 16.15
0.15(-0.05, 0.38) 9.80
0.19(0.10,0.27) 100.00

0.39(0.26,051) 15.73
0.39(0.17.0.61) 11.75
0.18(-0.02.0.38) 12.75
0.10(-0.05.0.25) 14.73
0.27 (-0.06,0.60) 822

0.15(-0.08,0.38) 11.55
-0.00 (0.12,0.11) 16.12
0.08(-0.22.0.38) 9.15

0.19(0.07.0.32) 100.00

0.79 (055, 1.03) 16.32
-0.30 (-0.38, -0.24) 17.58
0.20(0.08,052) 16.38
0.17 (0.03,0.37) 16.67
0.11(-0.12.0.34) 16.43
0.20 (0.01. 0.41) 16.62
0.20 (0.14, 0.55) 100.00

0.02(-0.18,0.22) 15.88
0.14(-0.01.029) 21.53
0.28(0.10,045) 18.48
-0.01(0.13,0.11) 25.63
0.10(-0.07.0.28) 18.48
0.10(-0.00,0.20) 100.00
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Effect %

Study size (95% ClI) Weight
Quality of family relationship
Andersen et al, 2017 —— 0.34 (0.22,0.47) 14.59
Gerber et al, 2016 — -0.14 (-0.34, 0.06) 11.80
Morales et al, 2012 (boys) -To— 0.09 (-0.06, 0.24) 13.65
Morales et al, 2012 (girls) —— 0.05 (-0.17,0.26) 11.16
Padilla-Moledo et al, 2011 (adolescents) — — 0.06 (-0.17,0.29) 10.51
Padilla-Moledo et al, 2011 (children) e 0.12 (-0.09, 0.33) 11.23
Redondo-Tébar et al, 2019 (boys) — -0.07 (-0.19, 0.05) 14.93
Redondo-Tébar et al, 2019 (girls) —1— 0.06 (-0.13,0.25) 12.14
Subtotal (l-squared = 75.0%, p = 0.000) <> 0.07 (-0.05, 0.19) 100.00
Quality of peer relationship
Andersen et al, 2017 —— 0.28 (0.16, 0.41) 15.89
Gerber et al, 2016 T— 0.16 (-0.04, 0.36) 11.98
Morales et al, 2012 (boys) — 0.37 (0.17,0.56) 12.13
Morales et al, 2012 (girls) —— 0.20 (0.00, 0.40) 11.89
Padilla-Moledo et al, 2011 (adolescents) — 0.02 (-0.21, 0.25) 10.35
Padilla-Moledo et al, 2011 (children) — -0.16 (-0.37, 0.05) 11.26
Redondo-Tébar et al, 2019 (boys) T 0.11 (-0.05, 0.27) 14.16
Redondo-Tébar et al, 2019 (girls) —1— 0.10 (-0.09, 0.29) 12.33
Subtotal (I-squared = 63.2%, p = 0.008) L @ 0.14 (0.04, 0.25) 100.00
Everyday functioning at school
Andersen et al, 2017 —— 0.18 (0.05, 0.31) 21.20
Gerber et al, 2016 — 0.39 (0.18,0.59) 15.68
Padilla-Moledo et al, 2011 (adolescents) — -0.16 (-0.40, 0.07) 13.79
Padilla-Moledo et al, 2011 (children) +—— 0.18 (-0.03, 0.38) 15.68
Redondo-Tébar et al, 2019 (boys) —— 0.24 (0.09, 0.38) 20.01
Redondo-Tébar et al, 2019 (girls) —— 0.10(-0.14,0.33) 13.64
Subtotal (I-squared = 62.0%, p = 0.022) <> 0.17 (0.04, 0.29) 100.00
HRQoL
Evaristo et al, 2019 —— 0.28 (0.17,0.40) 13.62
Gerber et al, 2016 —— 0.18 (-0.02, 0.38) 9.01
Galvez et al, 2015 (boys) . g 1.29 (0.75, 1.83) 2.07
Galvez et al, 2015 (girls) —_— 0.53(0.13,0.93) 3.41
Marques et al, 2017 (boys) - 0.13(0.06, 0.19) 16.62
Marques et al, 2017 (girls) - 0.12 (0.06, 0.18) 16.90
Morales et al, 2012 (boys) —— 0.14 (-0.01, 0.29) 11.58
Morales et al, 2012 (girls) —_— 0.28 (0.05, 0.50) 7.82
Redondo-Tébar et al, 2019 (boys) —o— 0.10 (-0.01, 0.22) 13.75
Redondo-Tébar et al, 2019 (girls) — 0.16 (-0.15,0.47) 5.22
Subtotal (I-squared = 68.9%, p = 0.001) < 0.20 (0.12, 0.28) 100.00
| | | | | 1






