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Abstract: Screen time (ST) and abdominal obesity have a negative effect on health-related quality
of life (HRQoL). However, there is little information regarding the mediating role of the muscle
quality index (MQI) in these relationships. The aim of the present study was to investigate the
association between HRQoL, physical status (i.e., anthropometrics and fitness), lifestyle (i.e., ST
and physical activity), and the MQI, and then to determine the potential mediating role of the
MQI in the relation of ST and abdominal obesity with HRQoL in Chilean schoolchildren. The
cross-sectional study included 750 schoolchildren (girls, n = 332 and boys, n = 418) aged between
10 and 14 years (11.73 ± 1.08 y). MQI, lifestyle, fitness parameters, waist-to-height ratio (WtHR)
and HRQoL were measured. HRQoL presented a significant correlation with WtHR (r: −0.19),
VO2max (r: 0.20), physical activity after school (r: 0.26), ST (r: −0.26) and MQI (r: 0.15). According to
MQI, the high-MQI group reported higher HRQoL than the low-MQI group (low MQI: 36.10 ± 3.63
vs. high MQI: 37.43 ± 4.00, p < 0.001). In the mediation model, ST and abdominal obesity were
negatively linked to HRQoL; the indirect effect confirmed that MQI is a partial mediator in the
relation between ST and HRQoL (indirect effect = −0.04; SE = 0.02; 95% CI: −0.09, −0.01) and in the
relation between abdominal obesity and HRQoL (indirect effect = −1.81; SE = 0.83; 95% CI: −3.41,
−0.40). In conclusion, MQI is related to better HRQoL in schoolchildren, and the negative relation of
ST and abdominal obesity with HRQoL is mediated by MQI.

Keywords: muscle quality index; fitness; schoolchildren; quality of life

1. Introduction

Health-related quality of life (HRQoL) is commonly described as a multi-dimensional
construct [1]; it is a term related to aspects of self-perceived wellbeing in the physical,
mental, and social dimensions, as well as how well a person functions in their life [2]. Hence,
there has been a growing concern to measure HRQoL in schoolchildren and adolescents [1],
due to childhood and adolescence being critical periods of life in which many social,
physiological, and psycho-emotional changes happen [3], especially in the development of
self, personal, and collective identities, as well as habits that favor a positive HRQoL [4,5].
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A positive wellbeing (i.e., mental health) allows an individual to develop their own abilities,
to be resistant to the stresses of life, and to make a beneficial contribution to their peers [6].

In addition, HRQoL is affected by lifestyle and different anthropometrics, fatness, and
fitness variables in children and adolescents. Different studies have reported that screen
time (ST) affects HRQoL and mental health. In terms of ST and its relation with physical
and mental health variables, evidence has suggested that higher levels of ST in children
and adolescents are associated with reduced physical activity, increased risk of depression,
and lower wellbeing [7,8]. A cross-sectional and longitudinal study reported that physical
activity and sedentary behaviors such as television viewing, computer and video-game
usage, etc., were linked to HRQL, and that subjects who spend more ST activities have
a poorer HRQoL than their counterparts [9]. On the other hand, abdominal obesity has
traditionally been linked to metabolic syndrome [10]; however, there is currently evidence
of its impact on HRQoL dimensions [11], as students with central obesity have lower
HRQoL scores in some dimensions. A study that determines the associations between the
waist-to-height ratio as a measure of central obesity with health-related HRQoL in primary
schoolchildren reported that lower HRQoL in children was linked to central obesity [12]. So,
based on previously reported findings, the encouragement to meet ST recommendations
and reduce abdominal obesity can improve HRQoL in children and adolescents [13].

Similarly, fitness has been shown to be powerful markers of health, including a greater
well-being self-concept [14], and physical fitness has been linked to better HRQoL. In
this sense, cardiorespiratory fitness has been positively associated with a higher score
in the different domains of HRQoL; hence, it might be especially useful for improving
HRQoL in children [15]. A study in Portuguese adolescents determined the relationship
between cardiorespiratory fitness and muscular fitness with HRQoL, and reported that
HRQoL was positively linked to cardiorespiratory fitness and muscular fitness scores
controlling for potential confounders [16]. Moreover, cardiorespiratory fitness in children
(6 and 8 years) moderates the relationship between the severity of life events and HRQoL,
where children with higher fitness levels present higher wellbeing in physical function and
report more positive relationships with friendship [17]. Moreover, evidence has shown
that handgrip strength (HGS) is correlated with HRQoL dimensions and cardiovascular
biomarkers [18,19], and it may be especially important when assessing markers of physical
and mental health. Therefore, an evaluation of HGS and the quality of skeletal muscle is
important in assessing deficient and low muscle performance, which is a key contributor
to different markers of metabolic syndrome [20]. In this sense, HGS is a good measure
of muscle strength and could help to recognize the risk of sarcopenic in students [21].
Likewise, in adult populations, it has been indicated that HGS is a good predictor of
morbidly and mortality and could be influenced by body composition parameters [22]. In
this sense, poor HGS predicts an increased risk of functional limitations in the future [23].

Using HGS to evaluate muscle strength has numerous advantages. In particular, com-
pared to other tools (i.e., dual-energy X-ray absorptiometry and bioelectrical impedance),
HGS can be evaluated rapidly and easily in field-based testing [20]. Likewise, the mus-
cle quality index (MQI), which is obtained by dividing the HGS score by the body mass
index (BMI), is an emerging indicator of health and physical function [18,19]. However,
studies have been carried out mainly in the adult population, and there are few studies
on the mediating role of the MQI in the relationship between negative health markers
and lifestyle with HRQoL. Thereby, this present study aims to investigate the association
between HRQoL, physical status (i.e., anthropometrics and fitness), lifestyle (i.e., ST and
physical activity), and the MQI, and then to determine the potential mediating role of the
MQI in relation to ST and abdominal obesity with HRQoL in Chilean schoolchildren.

2. Materials and Methods
2.1. Participants

This cross-sectional study included seven hundred and fifty students (n = 332 girls
and n = 418 boys) aged between 10 and 14 years from public and subsidized schools in
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Temuco, Chile (Araucanía region). Guardians of the participants were asked to give signed
consent and assent of the children before involvement in this investigation. The sample
was intentional and non-probabilistic.

The inclusion criteria were: (i) assent of the children and informed consent of the
guardians; (ii) the participant belonged to the school; and (iii) the participant was aged
between 10–14 years. The exclusion criteria were: (i) presentation of a musculoskeletal
disorder; or (ii) having any other known condition (medical). Likewise, participants with
physical, sensory, or intellectual disabilities were excluded from this investigation. This
study complied with the Helsinki Declaration (2013) and was approved by the Ethics
Committee of Universidad de La Frontera, Chile (ACTAN 086_2017). This investigation
corresponds to a part of a research project (DFP16-0013; 2016–2017, DIUFRO, TEMUCO,
CHILE). The researchers´ team who evaluated the students were trained in protocols
of different tests and evaluations. In the first session, the anthropometric and health
variables were carried out in a comfortable room facilitated by the educational centers,
with good temperature and privacy. The questionaries and surveys, such as KIDSCREEN
and the Krece Plus test, were applied on different days to the anthropometric evaluations
in classrooms. The questionnaires were completed individually and in the presence of
researchers. In the last session, the physical fitness evaluations took place during physical
education classes, one for cardiorespiratory fitness and the other for muscular strength.

2.2. Main Outcomes
2.2.1. Health-Related Quality of Life

KIDSCREEN-10 was used to evaluate HRQoL. The KIDSCREEN-10 is the brief form of
a measure originally developed in Europe, for aged 8–18 years (children and adolescents).
The KIDSCREEN questionary has been validated in many countries [24], and it has been
validated in Chilean children and adolescents [25,26]. It has been used to determine the
relation between children’s lifestyles (i.e., physical activity, ST and sedentary behaviors),
anthropometrics’ parameters and HRQoL [27,28]. KIDSCREEN-10 has 10 items, each
answered on a five-point Likert scale indicating the frequency of a specific behaviour or
feeling (1 = never; 2 = almost never; 3 = sometimes; 4 = almost always; and 5 = always)
or the intensity of an attitude (1 = not at all; 2 = slightly; 3 = moderately; 4 = very; and
5 = extremely). The responses to items negatively formulated (i.e., items 3 and 4) were
recoded to have scores from 1 to 5; the raw scores were used to analyse differences. Higher
values indicate a higher HRQoL [29].

2.2.2. Muscle Quality Index

HGS was evaluated by a hand dynamometer (TKK 5101TM, Grip D; Takei, Tokyo,
Japan) in order to determine upper-body strength. The protocol, based on previous rec-
ommendations, consists of holding a dynamometer in one hand and squeezing as tightly
as possible without allowing the dynamometer to touch the body and the participants
occupied the same dynamometer [30]. Force was applied progressively for 3–5 s [31]. Each
students performed three attempts for each hand, with a rest of 120 s between each attempt.
A blinded evaluator recorded the three values, and the maximum one was used. The mean
of the scores performed by the left and right hands was recorded and used in the analysis.
MQI was calculated by dividing HGS by BMI, and we defined low MQI as≤50th percentile
and high MQI as >50th percentile (1.078 ratio).

2.2.3. Abdominal Obesity

Waist circumference (WC) was evaluated employing a Seca® tape measure model
201 (Hamburg, Germany) in agreement with standardized protocols [32]. Waist-to-height
ratio (WtHR) was determined according to the established formula (WC/height) and was
employed as a tool for establishing the abdominal obesity using universal standards [33].
Continuing with the above in a complementary way, a cut-off of ≥0.54 is ideal for consider-
ing cardiometabolic risk for the Latin American locality in children.
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2.2.4. Screen Time and Physical Activity

The participant’s lifestyle was obtained by the Krece Plus test [34]. This instrument
is a questionnaire that classifies lifestyle dimensions according to the average amount of
ST daily (i.e., watching television or playing video games) and PA after school per week.
The categorization is determined according to the number of hours for each item. The
total score is added up, and the subject is classified according to the following dimensions:
good lifestyle (male ≥ 9 h, female ≥ 8 h), regular lifestyle (male 6–8 h, female 5–7 h) or bad
lifestyle (male ≤ 5 h, female ≤ 4 h). This instrument has previously been used in Chilean
children and adolescents [35].

2.2.5. Cardiorespiratory Fitness

Cardiorespiratory fitness was evaluated by the 20 m shuttle run test (20mSRT) follow-
ing international indications [36]. The test has been performed in the National Physical Edu-
cation study and validated in Chilean schoolchildren [37]. The outcomes obtained from the
20mSRT were unified according to the Leger test protocol, and the VO2max was determined
using Leger’s equation [36]: VO2max = (31.025 + 3.238 (V) − 3.248 (A) + 0.1536 (VA)), where
V is the velocity in km/h reached in the last stage, and A represents the age of the sub-
ject [38]. Good values are equal to or higher than 42 mL/kg/min, whereas low values are
less than 42 mL/kg/min, according to age and sex [38].

2.2.6. Anthropometric Parameters

The participants’ body mass (kg) was determined using the TANITA model Scale Plus
UM–028 scales (Tokyo, Japan). The height (cm) was evaluated with a Seca® model 214
stadiometer (Hamburg, Germany), graded in mm. body mass index (BMI) was estimated
as body mass (kg) divided by the square of the height in metres (kg/m2) [39].

2.3. Statistical Analysis

Normal distribution was conducted using the Kolmogorov–Smirnov. Descriptive
data was presented in terms of means and standard deviation (SD). Differences between
mean values according to sex and MQI (in HRQoL) were established using ANOVA and
the chi-square test, respectively. The relationship between lifestyle, physical variables
and HRQoL was calculated with Pearson’s correlation coefficient (r). Regression analyses
were performed to verify the effect of the variables mediating MQI (M), considering ST
and abdominal obesity (WtHR) as independent variables (X) and HRQoL as a dependent
variable (Y); sex and age were included as covariables in the model (model 2) to determine
any changes in the associations. Within the analysis, the total effect (c), direct effect (c′)
and indirect effect (a * b, IE) were calculated for the samples as well as the 95% confidence
interval (CI) using the macro/interface process v. 3.3 for SPSS v. 23 and the bootstrapping
method with a resampling rate of 5000 [40]. All the statistical analyses were performed
with SPSS statistical software version 23.0 (SPSSTM Inc., Chicago, IL, USA). The alpha level
was set at p < 0.05 for statistical significance.

3. Results

Table 1 shows a comparison of the study variables according to sex. There were
significant differences in VO2MAX (p < 0.001), HGS (p = 0.001) and MQI (p < 0.001) (Table 1).

In the correlation analyses, HRQoL presented a significant relation with BMI (r: −0.14),
WtHR (r: −0.19), VO2max (r: 0.20), physical activity after school (r: 0.26), ST (r: −0.25) and
MQI (r: 0.14) (Table 2).
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Table 1. Characteristics of sample study according to sex.

Total
(n = 750)

Girls
(n = 332)

Boys
(n = 418) p Value (F-value)

Age (years) 11.65 ± 1.13 11.62 ± 1.08 11.66 ± 1.16 0.637 (0.22)
Height (cm) 155 ± 0.11 154 ± 0.09 156 ± 0.11 0.090 (7.13)

Body mass (kg) 53.23 ± 14.40 52.82 ± 13.49 53.55 ± 15.09 0.494(0.47)
BMI (kg/m2) 21.89 ± 4.63 22.10 ± 4.68 21.73 ± 4.59 0.273 (1.20)

WC (cm) 74.21 ± 12.08 73.32 ± 11.44 74.92 ± 12.53 0.093 (2.83)
WtHR (WC/size) 0.48 ± 0.07 0.48 ± 0.07 0.48 ± 0.07 0.443 (0.59)

Abdominal obesity
No 602 (80.3%) 274 (82.5%) 328 (78.5%) p = 0.097
Yes 148 (19.7%) 58 (17.5%) 90 (21.5%)

VO2max (ml/kg/min) 44.34 ± 5.57 42.77 ± 4.63 45.57 ± 5.93 p < 0.001 (49.94)
HGS (kg) 23.84 ± 7.94 22.76 ± 7.91 24.71 ± 7.88 p = 0.001 (11.33)

MQI (HGS/BMI) 1.14 ± 0.44 1.07 ± 0.42 1.19 ± 0.45 p < 0.001 (13.00)
Low MQI 373 (49.7%) 184 (55.4%) 189 (45.2%) p = 0.003
High MQI 377 (50.3%) 148 (44.6%) 229 (54.8%)

Screen time (h/day) 3.39 ± 1.12 3.45 ± 1.14 3.34 ± 1.11 0.221 (1.50)
PA after school (h/week) 2.45 ± 1.38 2.36 ± 1.32 2.51 ± 1.42 0.139 (2.19)

HRQoL (score) 36.77 ± 3.87 36.76 ± 3.83 36.78 ± 3.91 0.940 (0.01)

Data are presented as mean and standard deviations (SD). p < 0.05 considered statistically significant. BMI = body
max index, WC = waist circumference, WtHR = waist-to-height ratio, VO2max = maximal oxygen consumption,
ST = screen time, PA = physical activity, MQI = muscle quality index, HRQoL = health-related quality of life.

Table 2. Correlation among anthropometrics, abdominal obesity, fitness and health-related quality
of life.

BMI
(kg/m2)

WtHR
(WC/size)

VO2max
(ml/kg/min)

Screen Time
(h/day)

PA after School
(h/week)

MQI
(Ratio)

HRQoL
(Score)

BMI (kg/m2) -
WtHR (WC/size) 0.70 **

VO2max
(ml/kg/min) −0.33 ** −0.26 **

Screen time (h/day) 0.20 ** 0.15 ** −0.14 **
PA after school

(h/week) −0.26 ** −0.25 ** 0.29 ** −0.63 **

MQI (ratio) −0.50 ** −0.30 ** 0.31 ** −0.10 ** 0.17 **
HRQoL (score) −0.14 ** −0.19 ** 0.20 ** −0.25 ** 0.26 ** 0.14 ** -

Data are presented as Pearson coefficient correlation (r). p < 0.05 considered statistically significant, ** represents
p < 0.01. BMI = body max index, WtHR = waist-to-height ratio, VO2max = maximal oxygen consumption,
ST = screen time, PA = physical activity, MQI = muscle quality index, HRQoL = health-related quality of life.

According to MQI levels, high-MQI groups reported higher HRQoL than the low-MQI
group (low MQI: 36.10 ± 3.63 vs. high MQI: 37.43 ± 4.00, p < 0.001) (Figure 1).

The mediation analysis is shown in Figure 2 for the total sample (n = 750 schoolchil-
dren). MQI appears as a mediating variable in the relationship between ST and HRQoL.
In the first regression step (a), ST was inversely related to MQI (p < 0.05). In the second
step (c), the regression coefficient of ST in HRQoL was also significant (p < 0.001). In the
third step, the potential mediator MQI was positively related to the dependent variable
(b) (p < 0.05), but when both ST and MQI were included in the model (c′), the regression
coefficient remained statistically significant (p < 0.001). Finally, the indirect effect confirms
that MQI is a partial mediator of HRQoL (indirect effect = −0.04; SE = 0.02; 95% CI: −0.09,
−0.01) (Figure 2).
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Considering abdominal obesity (WtHR), in the first regression step (a), it was inversely
related to MQI (p < 0.001). In the second step (c), the regression coefficient of abdominal
obesity in HRQoL was also significant (p < 0.001). In the third step, the potential mediator
MQI was positively related to the dependent variable HRQoL (b) (p < 0.001). Finally, the
indirect effect confirms that MQI is a partial mediator of HRQoL (indirect effect = −1.62;
SE = 0.77; 95% CI: −3.18, −0.20) (Figure 3). When the model was adjusted for sex and age,
the results remained the same.
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4. Discussion

In the present study, the aim was to investigate the association between HRQoL,
physical status (i.e., anthropometrics and fitness), lifestyle (i.e., ST and PA), and the MQI,
and then to determine the potential mediating role of the MQI in the relation of ST and
abdominal obesity with HRQoL in Chilean schoolchildren. The main results of the present
study were as follows: (i) there was an association between ST and abdominal obesity
with HRQoL in children; (ii) the MQI had a mediating role in these relationships; and
(iii) cardiorespiratory fitness was related to HRQoL.

The MQI played a mediating role in the relation between ST and HRQoL in Chilean
schoolchildren: the correlation analyses showed that HRQoL is inversely related to ST.
Consistently, ST has been negatively linked with mental health and HRQoL [7,41]. Students
who exceeded 2 h of ST a day had lower HRQoL scores [42]. Despite the evidence linking ST
with poorer health, schoolchildren and adolescents do not meet ST recommendations [43].
For example, it has been reported in Chilean adolescents that an unhealthy lifestyle that
included high ST was related to low HRQoL. Moreover, PA after school and Mediterranean
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diet adherence positively mediated the link between self-esteem and HRQoL; on the con-
trary, ST negatively mediated this relation [27]. In this sense, a previous study showed
that high ST and bad food habits were related with poorer mental health; likewise, this
study reported that physical fitness dimensions were positively linked with the absence of
body image dissatisfaction [14]. Likewise, a cross-sectional study conducted in children
indicated that excessive ST was linked with a high risk of internalizing and externalizing
mental health problems; therefore, the authors concluded that it is fundamental to develop
healthy lifestyle interventions [44]. In addition, a systematic review which examined the
longitudinal relation between ST and mental health reported that recreational ST was nega-
tively linked with psychological wellbeing [45]. On the contrary, the evidence highlights
the positive role of muscle fitness in HRQoL in school-aged children [46]. In this sense,
a study conducted in adolescents reported that physical fitness that included muscular
strength and cardiorespiratory fitness was positively linked with HRQoL; therefore, physi-
cal fitness components could be an important factor in improving subjective wellbeing [47].
Another study showed that subjects with high physical fitness (i.e., HGS, cardiorespiratory
fitness and motor fitness) and high Mediterranean diet adherence (i.e., KIDMED index)
had better HRQoL compared with their counterparts [46]. In addition, it has been reported
that strength in the lower body was positively linked with some dimensions of HRQoL (i.e.,
higher autonomy and parents score) in children [15]. Moreover, data from Spanish children
and adolescents showed that participants who had better HRQoL obtained optimal levels
of muscle strength [48]. In addition, another study conducted in Portuguese adolescents
showed that muscular fitness scores (i.e., the mean HGS score and the standing long jump
test results) were positively related with HRQoL. In addition, students with high muscular
fitness and cardiorespiratory fitness had better HRQoL than those with poor physical
fitness; therefore, fitness levels could be a good indicator for HRQoL [16].

Continuing with the above, in the present study, cardiorespiratory fitness was related
to HRQoL in the sample study. In this sense, a previous investigation reported that
physical fitness mediates the association between physical activity and HRQoL, muscular
fitness, and cardiorespiratory fitness by predicting the mental wellbeing dimensions of
HRQoL in schoolchildren [49]. Likewise, it has been indicated that healthy lifestyle was
positively related with mental health (i.e., self-esteem) and HRQoL [27]. Likewise, it has
been shown that bad cardiorespiratory fitness was linked with poor physical self-concept
in Chilean schoolchildren [14]. Another study reported that cardiorespiratory fitness was
linked with mental health, therefore promoting physical fitness may improve adolescent’s
wellbeing [50]. Moreover, it has been indicated that a high fitness status, which includes
muscular strength, is linked with improved HRQoL in Spanish students [48]. Additionally,
it has been demonstrated that muscular fitness and cardiorespiratory fitness mediate the
association between a healthy lifestyle (i.e., ST, physical activity, and Mediterranean diet
adherence) and body dissatisfaction; therefore, adolescents with better physical fitness may
have fewer mental health problems [14,51] and better HRQoL [52]. Another study showed
a positive relation between cardiorespiratory and muscular fitness with mental health and
HRQoL [53]. In this sense, a previous study conducted in Serbian adolescents reported that
high cardiorespiratory fitness was related with a better HRQoL score and psychological
wellbeing [54].

On the other hand, in this study, abdominal obesity (i.e., WtHR) was inversely related
to HRQoL, and the MQI of schoolchildren played a mediating role in this relation. In this
sense, another study reported poorer HRQoL in schoolchildren who had more central
obesity classified by WtHR [12]. Similarly, a cross-sectional study that evaluated the
associations between central obesity and HRQoL showed that central obesity is linked
to different HRQoL dimensions [55]. In this way, there is evidence that the negative link
between weight status and poor HRQoL is mediated by physical fitness that includes HGS,
countermovement jumps, core body strength, and agility [56]. Likewise, a systematic review
showed a significant reduction in HRQoL in obese youths [57]. Moreover, in data from
seven Italian schools, obesity categories were negatively linked with HRQoL dimensions,
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with the relations being more pronounced in females than in males [58]. Furthermore, a
study conducted in overweight and obese schoolchildren reported that improvements in
HRQoL after the application of physical activity intervention were mediated by a reduction
in central obesity [13]. On the other hand, a negative association between physical fitness
and central obesity has been reported [59]. Another study that measured the relationship
between adiposity and muscular strength in Chilean students showed that participants
with a risk of abdominal obesity had increased risk of poor relative HGS (i.e., the MQI) [60].
Likewise, another study showed that HGS is related to lower body fat in schoolchildren [61].
Improvements in HGS could also promote better HRQoL.

In the present study, children with a high MQI reported a higher score in HRQoL than
their counterparts. In this sense, another study conducted in schoolchildren reported that
explosive strength is positively linked with some dimensions of HRQoL, such as higher
autonomy and parents’ score [15]. In addition, it has been indicated that poor HGS is linked
with discomfort dimensions of HRQoL [62]. Another example of this is a study that showed
that HGS is related to the social support and peer dimensions of HRQoL [63]; therefore, it is
fundamental to consider physical fitness as a means to improve the dimensions of HRQoL.
In addition, another study reported that physical fitness is more linked with self-perception
and social confidence [56].

Possible limitations of the study include (i) not including assessments of neurophysio-
logical mechanisms to determine the activation of flexor–extensor muscles implicated in the
evaluation of physical fitness, (ii) as well as the selection of the sample (non-probabilistic).
Likewise, another limitation is the cross-sectional design. Among the strengths, we could
indicate: (i) utilize the questionnaires and protocols that have been validated in the Chilean
context to assess schoolchildren or (ii) the simplicity of the assessments (which would
allow their use and implementation in healthy lifestyle programs focused on children
and adolescents).

5. Conclusions

In conclusion, the MQI is associated with better HRQoL in schoolchildren, and the
negative relation between ST and abdominal obesity with HRQoL is mediated by the MQI.
Thus, the MQI is an important measure to consider as a variable of not only physical health
but also wellbeing in schoolchildren. Moreover, cardiorespiratory fitness was positively
related to HRQoL; therefore, promoting a positive physical fitness and weight status
among students should be a target of community- and school-based interventions in
order to promote a better wellbeing. These findings provide evidence that improving the
MQI and cardiorespiratory fitness might be a practical strategy to improve HRQoL in
children. Thus, the educational community should incorporate effective strategies and
interventions that generate opportunities inside and outside school that aim to jointly
improve general wellbeing.

Author Contributions: Conceptualization, P.D.-F. and F.C.-N.; methodology, P.D.-F. and M.G.-L.;
software, P.D.-F. and F.C.-N.; validation, F.C.-N., D.J.-M., M.G.-L. and P.V.-B.; formal analysis, investi-
gation, P.D.-F.; resources, P.D.-F.; data curation, P.V.-B.; writing—original draft preparation, P.D.-F.;
writing—review and editing, F.C.-N., D.J.-M., M.G.-L. and P.V.-B.; visualization, D.J.-M.; supervision,
P.D.-F.; project administration, P.D.-F.; funding acquisition, P.D.-F. All authors have read and agreed
to the published version of the manuscript.

Funding: The postdoctoral researcher Pedro Delgado Floody has a contract through the programme
“Recualificación del Profesorado Universitario. Modalidad María Zambrano”, Universidad de
Granada/Ministerio de Universidades y Fondos Next Generation de la Unión Europea. Daniel
Jerez-Mayorga has a contract through the programme “Recualificación del Profesorado Universi-
tario. Modalidad Margarita Salas”, Universidad de Granada/Ministerio de Universidades y Fondos
NextGeneration de la Unión Europea.



Nutrients 2023, 15, 714 10 of 12

Institutional Review Board Statement: The research process complied with the Helsinki Decla-
ration (2013) and was approved by the Ethics Committee of Universidad de La Frontera, Chile
(ACTAN 086_2017).

Informed Consent Statement: Informed consent of parents and assent was obtained from all
schoolchildren involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Frisén, A. Measuring health-related quality of life in adolescence. Acta Paediatr. 2007, 96, 963–968. [CrossRef] [PubMed]
2. Stenman, U.; Hakama, M.; Knekt, P.; Aromaa, A.; Teppo, L.; Leinonen, J.; Zhang, B.; Yang, B.; Tang, Z. Measurement and modeling

of health-related quality of life. Epidem. Demog. Public Health 2010, 195, 130–135.
3. Jonsson, U.; Alaie, I.; Löfgren Wilteus, A.; Zander, E.; Marschik, P.B.; Coghill, D.; Bölte, S. Annual Research Review: Quality of life

and childhood mental and behavioural disorders–a critical review of the research. J. Child Psychol. Psychiatry 2017, 58, 439–469.
[CrossRef] [PubMed]

4. Marker, A.; Steele, R.; Noser, A. Physical activity and health-related quality of life in children and adolescents: A systematic
review and meta-analysis. Health Psychol. 2018, 37, 893–903. [CrossRef] [PubMed]

5. Pfeifer, J.H.; Berkman, E.T. The Development of Self and Identity in Adolescence: Neural Evidence and Implications for a
Value-Based Choice Perspective on Motivated Behavior. Child Dev. Perspect. 2018, 12, 158–164. [CrossRef]

6. World Health Organization. Promoting Mental Health: Concepts, Emerging Evidence, Practice: A Report of the World Health Organization,
Department of Mental Health and Substance Abuse in Collaboration with the Victorian Health Promotion Foundation and the University of
Melbourne; World Health Organization: Geneve, Switzerland, 2005.

7. Cheung, M.-C.; Yip, J.; Cheung, J.P.Y. Influence of Screen Time during COVID-19 on Health-Related Quality of Life of Early
Adolescents. Int. J. Environ. Res. Public Health 2022, 19, 10498. [CrossRef]

8. Stiglic, N.; Viner, R.M. Effects of screentime on the health and well-being of children and adolescents: A systematic review of
reviews. BMJ Open 2019, 9, e023191. [CrossRef]

9. Gopinath, B.; Hardy, L.L.; Baur, L.A.; Burlutsky, G.; Mitchell, P. Physical activity and sedentary behaviors and health-related
quality of life in adolescents. Pediatrics 2012, 130, e167–e174. [CrossRef] [PubMed]

10. Després, J.-P.; Lemieux, I. Abdominal obesity and metabolic syndrome. Nature 2006, 444, 881–887. [CrossRef]
11. Wu, S.; Wang, R.; Jiang, A.; Ding, Y.; Wu, M.; Ma, X.; Zhao, Y.; He, J. Abdominal obesity and its association with health-related

quality of life in adults: A population-based study in five Chinese cities. Health Qual. Life Outcomes 2014, 12, 100. [CrossRef]
12. Kesztyüs, D.; Wirt, T.; Kobel, S.; Schreiber, A.; Kettner, S.; Dreyhaupt, J.; Kilian, R.; Steinacker, J.M. Is central obesity associated with

poorer health and health-related quality of life in primary school children? Cross-sectional results from the Baden-Württemberg
Study. BMC Public Health 2013, 13, 260. [CrossRef] [PubMed]

13. Perez-Sousa, M.A.; Olivares, P.R.; Garcia-Hermoso, A.; Gusi, N. Does anthropometric and fitness parameters mediate the effect of
exercise on the HRQoL of overweight and obese children/adolescents? Qual. Life Res. 2018, 27, 2305–2312. [CrossRef]

14. Delgado-Floody, P.; Soto-García, D.; Caamaño-Navarrete, F.; Carter-Thuillier, B.; Guzmán-Guzmán, I.P. Negative Physical Self-
Concept Is Associated to Low Cardiorespiratory Fitness, Negative Lifestyle and Poor Mental Health in Chilean Schoolchildren.
Nutrients 2022, 14, 2771. [CrossRef] [PubMed]

15. Andersen, J.R.; Natvig, G.K.; Aadland, E.; Moe, V.F.; Kolotkin, R.L.; Anderssen, S.A.; Resaland, G.K. 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, 3421–3428. [CrossRef]

16. Evaristo, S.; Moreira, C.; Lopes, L.; Oliveira, A.; Abreu, S.; Agostinis-Sobrinho, C.; Oliveira-Santos, J.; Póvoas, S.; Santos, R.; Mota,
J. 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, 55–61. [CrossRef] [PubMed]

17. Gerber, M.; Endes, K.; Brand, S.; Herrmann, C.; Colledge, F.; Donath, L.; Faude, O.; Hanssen, H.; Pühse, U.; Zahner, L. 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. 2016, 26, 695–706. [CrossRef]

18. Lawman, H.G.; Troiano, R.P.; Perna, F.M.; Wang, C.-Y.; Fryar, C.D.; Ogden, C.L. Associations of relative handgrip strength and
cardiovascular disease biomarkers in US adults, 2011–2012. Am. J. Prev. Med. 2016, 50, 677–683. [CrossRef]

19. Kwak, Y.; Kim, Y. Quality of life and subjective health status according to handgrip strength in the elderly: A cross-sectional
study. Aging Ment. Health 2019, 23, 107–112. [CrossRef]

20. Yi, D.; Khang, A.R.; Lee, H.W.; Son, S.M.; Kang, Y.H. Relative handgrip strength as a marker of metabolic syndrome: The Korea
National Health and Nutrition Examination Survey (KNHANES) VI (2014–2015). Diabetes Metab. Syndr. Obes. Targets Ther. 2018,
11, 227. [CrossRef]

21. Steffl, M.; Chrudimsky, J.; Tufano, J.J. Using relative handgrip strength to identify children at risk of sarcopenic obesity. PLoS ONE
2017, 12, e0177006. [CrossRef]

http://doi.org/10.1111/j.1651-2227.2007.00333.x
http://www.ncbi.nlm.nih.gov/pubmed/17498184
http://doi.org/10.1111/jcpp.12645
http://www.ncbi.nlm.nih.gov/pubmed/27709604
http://doi.org/10.1037/hea0000653
http://www.ncbi.nlm.nih.gov/pubmed/30234348
http://doi.org/10.1111/cdep.12279
http://doi.org/10.3390/ijerph191710498
http://doi.org/10.1136/bmjopen-2018-023191
http://doi.org/10.1542/peds.2011-3637
http://www.ncbi.nlm.nih.gov/pubmed/22689863
http://doi.org/10.1038/nature05488
http://doi.org/10.1186/1477-7525-12-100
http://doi.org/10.1186/1471-2458-13-260
http://www.ncbi.nlm.nih.gov/pubmed/23521780
http://doi.org/10.1007/s11136-018-1893-5
http://doi.org/10.3390/nu14132771
http://www.ncbi.nlm.nih.gov/pubmed/35807951
http://doi.org/10.1007/s11136-017-1634-1
http://doi.org/10.1016/j.jesf.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/30740134
http://doi.org/10.1007/s11136-016-1472-6
http://doi.org/10.1016/j.amepre.2015.10.022
http://doi.org/10.1080/13607863.2017.1387766
http://doi.org/10.2147/DMSO.S166875
http://doi.org/10.1371/journal.pone.0177006


Nutrients 2023, 15, 714 11 of 12

22. Zaccagni, L.; Toselli, S.; Bramanti, B.; Gualdi-Russo, E.; Mongillo, J.; Rinaldo, N. Handgrip Strength in Young Adults: Association
with Anthropometric Variables and Laterality. Int. J. Environ. Res. Public Health 2020, 17, 4273. [CrossRef] [PubMed]

23. Norman, K.; Stobäus, N.; Gonzalez, M.C.; Schulzke, J.D.; Pirlich, M. Hand grip strength: Outcome predictor and marker of
nutritional status. Clin. Nutr. 2011, 30, 135–142. [CrossRef] [PubMed]

24. Dumuid, D.; Olds, T.; Lewis, L.K.; Martin-Fernández, J.A.; Katzmarzyk, P.T.; Barreira, T.; Broyles, S.T.; Chaput, J.-P.; Fogelholm,
M.; Hu, G.; et al. Health-related quality of life and lifestyle behavior clusters in school-aged children from 12 countries. J. Pediatr.
2017, 183, 178–183.e172. [CrossRef] [PubMed]

25. Sepúlveda, R.; Molina, T.; Molina, R.; Martínez, V.; González, E.; George, M.; Montaño, R.; Hidalgo-Rasmussen, C. Validation of
an instrument to measure health-related quality of life in Chilean children and adolescents. Rev. Méd. Chile 2013, 141, 1283–1292.

26. Molina, G.; Montaño, E.; González, A.; Sepúlveda, P.; Hidalgo-Rasmussen, C.; Martínez, N.; Molina, C.; George, L. Psychometric
properties of the quality of life questionnaire health related KIDSCREEN-27 in Chilean adolescents. Rev. Med. Chile 2014,
142, 1415–1421.

27. Caamaño-Navarrete, F.; Angel Latorre-Roman, P.; Guzmán-Guzmán, I.P.; Parraga Montilla, J.; Jerez-Mayorga, D.; Delgado-Floody,
P. Lifestyle mediates the relationship between self-esteem and health-related quality of life in Chilean schoolchildren. Psychol.
Health Med. 2022, 27, 638–648. [CrossRef]

28. Zulic-Agramunt, C.M.; Guzmán-Guzmán, I.P.; Delgado-Floody, P.; Saavedra, M.B.C.; De La Fuente, P.G.; Solano, M.M.; Berrios,
C.S.; Testor, C.P. Psychosocial factors and sociodemographic characteristics associated with suicidality risk in Chilean adolescents.
Children 2022, 9, 1185. [CrossRef]

29. Ravens-Sieberer, U.; Erhart, M.; Rajmil, L.; Herdman, M.; Auquier, P.; Bruil, J.; Power, M.; Duer, W.; Abel, T.; Czemy, L. Reliability,
construct and criterion validity of the KIDSCREEN-10 score: A short measure for children and adolescents’ well-being and
health-related quality of life. Qual. Life Res. 2010, 19, 1487–1500. [CrossRef]

30. Fess, F. Grip strength. In Casanova JS Clinical Assessment Recommendations, 2nd ed.; American Society of Hand Therapists: Mount
Laurel, NJ, USA, 1992; pp. 41–45.

31. Ruiz, J.R.; Espana Romero, V.; Castro Pinero, J.; Artero, E.G.; Ortega, F.B.; Cuenca, M.; Jimenez, D.; Chillon, P.; Girela, M.J.; Mora,
J.; et al. Bateria ALPHA-Fitness: Test de campo para la evaluacion de la condicion fisica relacionada con la salud en ninos y
adolescentes. Nutr. Hosp. 2011, 26, 1210–1214.

32. Schröder, H.; Ribas, L.; Koebnick, C.; Funtikova, A.; Gomez, S.F.; Fíto, M.; Perez-Rodrigo, C.; Serra-Majem, L. Prevalence of
abdominal obesity in Spanish children and adolescents. Do we need waist circumference measurements in pediatric practice?
PLoS ONE 2014, 9, e87549. [CrossRef]

33. Chung, I.H.; Park, S.; Park, M.J.; Yoo, E.-G. Waist-to-height ratio as an index for cardiometabolic risk in adolescents: Results from
the 1998–2008 KNHANES. Yonsei Med. J. 2016, 57, 658–663. [CrossRef] [PubMed]

34. Majem, L.S.; Barba, L.R.; Bartrina, J.A.; Rodrigo, C.P.; Santana, P.S.; Quintana, L.P. Obesidad infantil y juvenil en España.
Resultados del Estudio enKid (1998–2000). Med. Clin. 2003, 121, 725–732. [CrossRef] [PubMed]

35. Caamaño-Navarrete, F.; Latorre-Román, P.Á.; Párraga-Montilla, J.A.; Álvarez, C.; Delgado-Floody, P. Association between
Creativity and Memory with Cardiorespiratory Fitness and Lifestyle among Chilean Schoolchildren. Nutrients 2021, 13, 1799.
[CrossRef] [PubMed]

36. Leger, L.A.; Mercier, D.; Gadoury, C.; Lambert, J. The multistage 20 metre shuttle run test for aerobic fitness. J. Sport. Sci. 1988,
6, 93–101. [CrossRef]

37. MINEDUC. SIMCE 2015 Educación Física, Resultados para Docentes y Directivos; Santiago, Chile, 2015.
38. Silva, D.A.S.; Lang, J.J.; Barnes, J.D.; Tomkinson, G.R.; Tremblay, M.S. Cardiorespiratory fitness in children: Evidence for

criterion-referenced cut-points. PLoS ONE 2018, 13, e0201048. [CrossRef]
39. Karnik, S.; Kanekar, A. Childhood obesity: A global public health crisis. Int. J. Prev. Med. 2012, 3, 1–7.
40. Preacher, K.; Hayes, A. SPSS and SAS procedures for estimating indirect effects in simple mediation models. Behav. Res. Methods

Instrum. Comput. 2004, 36, 717–731. [CrossRef]
41. Wu, X.; Tao, S.; Zhang, Y.; Zhang, S.; Tao, F. Low physical activity and high screen time can increase the risks of mental health

problems and poor sleep quality among Chinese college students. PLoS ONE 2015, 10, e0119607. [CrossRef]
42. Lacy, K.E.; Allender, S.E.; Kremer, P.J.; de Silva-Sanigorski, A.M.; Millar, L.M.; Moodie, M.L.; Mathews, L.B.; Malakellis, M.;

Swinburn, B.A. Screen time and physical activity behaviours are associated with health-related quality of life in Australian
adolescents. Qual. Life Res. 2012, 21, 1085–1099. [CrossRef]

43. Saunders, T.J.; Vallance, J.K. Screen Time and Health Indicators Among Children and Youth: Current Evidence, Limitations and
Future Directions. Appl. Health Econ. Health Policy 2017, 15, 323–331. [CrossRef]

44. Aoki, A.; Togoobaatar, G.; Tseveenjav, A.; Nyam, A.; Zuunnast, K.; Lkhagvasuren, G.; Shagdar, B.-E.; Mori, R.; Kikuchi, A.;
Soya, H.; et al. Socioeconomic and lifestyle factors associated with mental health problems among Mongolian elementary school
children. Soc. Psychiatry Psychiatr. Epidemiol. 2022, 57, 791–803. [CrossRef] [PubMed]

45. Babic, M.J.; Smith, J.J.; Morgan, P.J.; Eather, N.; Plotnikoff, R.C.; Lubans, D.R. Longitudinal associations between changes in
screen-time and mental health outcomes in adolescents. Ment. Health Phys. Act. 2017, 12, 124–131. [CrossRef]

46. Evaristo, O.S.; Moreira, C.; Lopes, L.; Abreu, S.; Agostinis-Sobrinho, C.; Oliveira-Santos, J.; Póvoas, S.; Oliveira, A.; Santos, R.;
Mota, J. Associations between physical fitness and adherence to the Mediterranean diet with health-related quality of life in
adolescents: Results from the LabMed Physical Activity Study. Eur. J. Public Health 2018, 28, 631–635. [CrossRef] [PubMed]

http://doi.org/10.3390/ijerph17124273
http://www.ncbi.nlm.nih.gov/pubmed/32549283
http://doi.org/10.1016/j.clnu.2010.09.010
http://www.ncbi.nlm.nih.gov/pubmed/21035927
http://doi.org/10.1016/j.jpeds.2016.12.048
http://www.ncbi.nlm.nih.gov/pubmed/28081885
http://doi.org/10.1080/13548506.2021.1934496
http://doi.org/10.3390/children9081185
http://doi.org/10.1007/s11136-010-9706-5
http://doi.org/10.1371/journal.pone.0087549
http://doi.org/10.3349/ymj.2016.57.3.658
http://www.ncbi.nlm.nih.gov/pubmed/26996566
http://doi.org/10.1016/S0025-7753(03)74077-9
http://www.ncbi.nlm.nih.gov/pubmed/14678693
http://doi.org/10.3390/nu13061799
http://www.ncbi.nlm.nih.gov/pubmed/34070541
http://doi.org/10.1080/02640418808729800
http://doi.org/10.1371/journal.pone.0201048
http://doi.org/10.3758/BF03206553
http://doi.org/10.1371/journal.pone.0119607
http://doi.org/10.1007/s11136-011-0014-5
http://doi.org/10.1007/s40258-016-0289-3
http://doi.org/10.1007/s00127-021-02178-7
http://www.ncbi.nlm.nih.gov/pubmed/34595562
http://doi.org/10.1016/j.mhpa.2017.04.001
http://doi.org/10.1093/eurpub/cky043
http://www.ncbi.nlm.nih.gov/pubmed/29590337


Nutrients 2023, 15, 714 12 of 12

47. Solera-Sanchez, A.; Adelantado-Renau, M.; Moliner-Urdiales, D.; Beltran-Valls, M.R. Individual and combined impact of physical
fitness on health-related quality of life during adolescence: DADOS Study. Eur. J. Sport Sci. 2021, 1–7. [CrossRef] [PubMed]

48. Pastor, R.; Bouzas, C.; Albertos, I.; García, C.; García, Á.; Prieto, T.; Velázquez, J.; Sánchez-Jiménez, E.; Rodríguez, R.; Martín,
F.J. Health-Related Quality of Life in Spanish Schoolchildren and Its Association with the Fitness Status and Adherence to the
Mediterranean Diet. Nutrients 2022, 14, 2322. [CrossRef]

49. Gu, X.; Chang, M.; Solmon, M.A. Physical activity, physical fitness, and health-related quality of life in school-aged children.
J. Teach. Phys. Educ. 2016, 35, 117–126. [CrossRef]

50. Janssen, A.; Leahy, A.A.; Diallo, T.M.; Smith, J.J.; Kennedy, S.G.; Eather, N.; Mavilidi, M.F.; Wagemakers, A.; Babic, M.J.; Lubans,
D.R. Cardiorespiratory fitness, muscular fitness and mental health in older adolescents: A multi-level cross-sectional analysis.
Prev. Med. 2020, 132, 105985. [CrossRef]

51. Tapia-Serrano, M.A.; Jorge, M.-L.; David, S.-O.; Mikel, V.-S.; Sánchez-Miguel, P.A. Mediating effect of fitness and fatness on the
association between lifestyle and body dissatisfaction in Spanish youth. Physiol. Behav. 2021, 232, 113340.

52. Bermejo-Cantarero, A.; Álvarez-Bueno, C.; Martínez-Vizcaino, V.; Redondo-Tébar, A.; Pozuelo-Carrascosa, D.P.; Sánchez-López,
M. 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. Health Qual. Life Outcomes 2021, 19, 127. [CrossRef]

53. Appelqvist-Schmidlechner, K.; Vaara, J.P.; Vasankari, T.; Häkkinen, A.; Mäntysaari, M.; Kyröläinen, H. Muscular and cardiores-
piratory fitness are associated with health-related quality of life among young adult men. BMC Public Heal. 2020, 20, 842.
[CrossRef]
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