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Abstract
Purpose The purpose of the current study was to investigate the mediatory role between vigorous physical activity, body
mass index (BMI), and cardiorespiratory fitness on symptoms of depression and their subsequent direct and indirect effects
on quality of life (QoL).
Methods Five hundred and seventy-six adolescents’ (314 boys, 12.5 ± 1.1 years) physical activity levels, cardiorespiratory
fitness, BMI, levels of depressive symptoms, and QoL were measured. Structural equation modelling was used to evaluate
the difference in linear structural associations between variables.
Results The model suggested that cardiorespiratory fitness (β = 0.16, p < 0.001) and symptoms of depression (β = − 0.52,
p < 0.001) were both directly associated with physical QoL, with depressive symptoms also directly influencing psychological QoL (β = − 0.79, p < 0.01). Body mass index was indirectly associated with physical QoL, mediated by both symptoms
of depression (β = − 0.06, p < 0.001) and cardiorespiratory fitness (β = 0.05, p < 0.001) and psychological QoL mediated by
symptoms of depression (β = − 0.09, p < 0.001). Vigorous physical activity was indirectly associated with QoL, mediated
by cardiorespiratory fitness (β = − 0.04, p < 0.001).
Conclusions Models suggested that vigorous physical activity, cardiorespiratory fitness and BMI were associated, both
directly and indirectly, with mental well-being and QoL. It could, therefore, be postulated that enhancing cardiorespiratory
fitness and BMI through increasing vigorous physical activity may be beneficial to both mental well-being and QoL in
adolescents.
Keywords Physical activity · Cardiorespiratory fitness · Body mass index · Mental well-being · Quality of life ·
Adolescents
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Quality of life (QoL), a subset of health defined by the World
Health Organisation to include the physical, mental and
social well-being of a person [1], is widely recognised as a
fundamental element in the evaluation of population health
[2] and should be considered the underlying target for health
interventions [3]. Nonetheless, despite its widely accepted
importance, recent findings have suggested that self-reported
QoL has significantly declined in adolescents over the last
decade [4], highlighting the need for interventions that specifically target QoL in this population. However, due to the
subjective nature of QoL, it cannot be directly enhanced [5].
Therefore, the influence of health-related parameters warrants further attention as potential mediators through which
to enhance QoL.

13

Vol.:(0123456789)

Quality of Life Research

Previous research has shown that interventions that modify certain health-related parameters associated with QoL,
such as physical health and mental well-being, can indirectly
elicit improvements in QoL. Cardiorespiratory fitness and
body mass index (BMI), inter-related indicators of health
[6], predict QoL; those with a higher cardiorespiratory fitness experience a better QoL [7], and overweight or obese
individuals typically experiencing a poorer QoL [8]. Cardiorespiratory fitness and BMI have also been associated with
additional health-related parameters that can also influence
QoL, namely, mental well-being and physical activity [9,
10]. Indeed, research has suggested that overweight or obese
individuals and those with low cardiorespiratory fitness are
less physically active and often have poorer mental health.
Specifically relating to QoL, those suffering from mental
health issues, or not meeting physical activity guidelines of
60 min of moderate-to-vigorous physical activity per day,
are at greater risk of a poor QoL [11, 12]. However, despite
these predictors being identified, the interaction between
them and the influence of mental health on QoL remains
to be elucidated. Indeed, little research has explored the
potential indirect relationships between health behaviours
and their mediating and interactive influence on QoL. For
example, when compared to moderate physical activity,
vigorous physical activity has been associated with fewer
symptoms of depression [13], the most common form of
mental illness in the UK [14], and has also been shown to
predict cardiorespiratory fitness and adiposity [10]. Thus,
vigorous physical activity levels have the potential to indirectly affect QoL through symptoms of depression, adiposity
and cardiovascular fitness.
Therefore, the purpose of the current study was to investigate the relationships between vigorous physical activity,
BMI and cardiorespiratory fitness on symptoms of depression, and their subsequent direct and indirect effects on QoL
using structural equation modelling.

Methods
Participants
Five hundred and seventy-six adolescents (314 boys,
12.5 ± 1.1 years) took part in the study. Following parental consent and child assent, measures were taken over
approximately 6 weeks at the beginning of the academic
year (September–October). All participants were from multiple, randomly stratified, comprehensive schools located in
South Wales, UK. Approval to conduct this research was
granted by the institutional ethical advisory committee (ethics number: PG/2014/29) and performed in accordance with
the Declaration of Helsinki.
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Measures
Anthropometric and maturity assessment
Stature and body mass were measured, to the nearest 0.1 cm
and 0.1 kg, respectively, using a stadiometer (Seca 213, Seca
Ltd, Birmingham, UK) and body mass scales (Seca 899,
Seca Ltd, Birmingham, UK). From these measures, BMI
was calculated. Maturational status was assessed using selfreported indices of pubic hair, as described by Tanner [15].
Physical activity levels
The GT3X+ (ActiGraph, Pensacola, FL, USA) was used
to measure and record the quantity and frequency of body
movement, providing a valid and reliable objective measure
of physical activity [16]. Participants were asked to wear
the accelerometer, set at 100 Hz, on their right mid-axilla
line at the level of the iliac crest for seven full days, only
removing it if they undertook contact or water-based activities. Wear-time diaries were used to log why the accelerometers were taken off and for how long. Data were analysed
using KineSoft (version 3.3.67; KineSoft, Saskatchewan,
Canada) employing 1 s epochs with sustained periods of at
least 20 min at zero counts considered non-wear time [17].
A minimum daily wear time of 10 h for 3 days, including
one weekend day, was set, above a recommended criterion
[18]. Everson et al. [19] cut points, shown to be valid and
reliable determinants of activity intensity in children and
adolescents [20], were used to calculate vigorous physical
activity (> 4012 counts per minute).
Depressive symptoms measurement
Symptoms of depression were measured using the Center
for Epidemiologic Studies Depression Scale for Children
(CES-DC) questionnaire [21], which has been validated for
use within the adolescent population [22]. The CES-DC is
a 20-item scale with overall scores ranging from 0 to 60
with higher scores representing a greater level of depressive
symptoms. Internal reliability for this scale, based on Cronbach’s Alpha [23], was deemed good (α = 0.91).
Quality of life measurement
Perceived QoL was assessed using the Pediatric Quality of
Life Inventory (PedsQL) Teenager Report, Version 4.0 [24],
a widely validated 23-item scale designed for use with participants aged between 13 and 18 years [25]. Within the construct of the 23-item questionnaire, the measure is broken
down into four scales: physical (n = 8), emotional (n = 5),
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social (n = 5) and school functioning (n = 5). Physical (n = 8)
and psychological (n = 15) QoL summary scores were calculated. Scores ranged between 0 and 100, with higher scores
indicative of a better QoL. Internal reliabilities for physical
QoL (α = 0.759) and psychological QoL (α = 0.875) were
deemed acceptable [23].
Cardiorespiratory fitness
Cardiorespiratory fitness was estimated using the multi-stage
fitness test, a previously validated field measure in children
[26]. The multi-stage fitness test was conducted over a 20-m
space, in a hard-floor indoor sports hall, with the total number of shuttles completed used as a score marker.

Statistical analysis
Analysis was guided by Ferrans et al. [27] conceptual model,
which hypothesised that measured health outcomes can predict QoL. Data were analysed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp, Armonk, NY, 2013)
and IBM SPSS AMOS for Windows, Version 22.0 (IBM
Corp, Armonk, NY, 2013). Missing data (n = 903, 17.4%)
were imputed using an expectation–maximisation algorithm.
Structural equation modelling was used to evaluate the difference in linear structural associations between variables.
Direct effects were estimated using direct path coefficients
between two measured variables and indirect associations
were estimated as a product of two direct effects between
three measured variables. Given the potential confounding
effects in children and adolescents, sex and maturation were
accounted for within the model. All data are presented as
means ± standard deviation (SD) with a statistically significant criterion set at p < 0.05. For analysis, unless otherwise
stated, data were standardised (β).

Results
The means and SD of the measured variables of the children
and adolescents that participated in this study, dichotomised
by sex, are presented in Table 1.

Confirmatory factor analysis
Inspection of the model fit indices (NFI = 0.981, TLI = 0.982,
CFI = 0.991, RMSEA < 0.05) suggested that the model was
acceptable. Standardised parameter estimates for the measurement model are provided in Fig. 1.

Table 1  Means and SD of the measured variables of the study participants, dichotomised by sex with squared multiple correlation coefficients (R2)

BMI
MSFT
CES-DC
PedsQL (physical)
PedsQL (psychological)
VPA

Boys (n = 314)

Girls (n = 262)

R2

20.93 ± 4.11
46.9 ± 23.1
14.3 ± 10.0
81.09 ± 14.86
78.58 ± 15.79
26.09 ± 10.21

20.69 ± 3.74
33.2 ± 14.7
20.3 ± 11.6
77.14 ± 14.83
73.30 ± 16.97
22.75 ± 7.64

.104
.368
.088
.318
.620
.032

SD standard deviation, MSFT multi-stage fitness test, BMI body mass
index, CES-DC Center for Epidemiologic Studies Depression Scale,
PedsQL Pediatric quality of life inventory, VPA vigorous physical
activity

Structural equation model
Standardised and unstandardised regression weights with
standard errors between variables included within the
model are provided within Table 2.

Vigorous physical activity
The model (Fig. 1) revealed that vigorous physical activity was directly related to BMI (β = − 0.29, p < 0.001)
and cardiorespiratory fitness (β = 0.24, p < 0.05), and indirectly related to depressive symptoms scores (β = − 0.03,
p < 0.001) and physical QoL (β = − 0.04, p < 0.001), mediated by BMI and cardiorespiratory fitness, respectively.

Body mass index
Body mass index was directly related to cardiorespiratory
fitness (β = − 0.33, p < 0.001) and depressive symptoms
scores (β = 0.12, p < 0.05). Indirect relationships were
found between BMI and physical QoL, mediated by cardiorespiratory fitness (β = 0.05, p < 0.001) and symptoms
of depression (β = − 0.06, p < 0.001). Additionally, an
indirect relationship was found between BMI and psychological QoL (β = − 0.09, p < 0.001), mediated by symptoms of depression.

Cardiorespiratory fitness
Cardiorespiratory fitness had direct and indirect effects on
QoL measures; cardiorespiratory fitness scores had a direct
relationship with physical QoL (β = 0.16, p < 0.001), and an
indirect relationship with overall QoL (β = 0.06, p < 0.001),
mediated by physical QoL.

13

Quality of Life Research
Fig. 1  Structural equation
model of physical activity
levels, physiological health and
their effect on mental wellbeing and quality of life in
adolescents with standardised
beta coefficients (*p < 0.05,
**p < 0.01)

Table 2  Standardised and unstandardised regression weights with
standard errors
Paths

β

B

SE

Sex → VPA**
Maturation → BMI**
VPA → BMI**
Maturation → MSFT**
BMI → MSFT**
BMI → CES-DC*
VPA → MSFT**
Sex → CES-DC**
Sex → MSFT**
CES-DC → PedsQL (psychological)**
MSFT → PedsQL (physical)**
CES-DC → PedsQL (physical)**

− 0.18
0.15
− 0.29
0.26
− 0.33
0.12
0.24
0.27
− 0.24
− 0.79
0.16
− 0.52

− 3.34
0.55
− 0.13
0.53
− 0.18
0.33
0.06
6.04
− 1.04
− 1.17
0.89
− 0.70

0.76
0.15
0.02
0.07
0.02
0.11
0.01
0.89
0.15
0.04
0.20
0.05

β standardised regression weight, B unstandardised regression weight,
SE standard error, MSFT multi-stage fitness test, BMI body mass
index, CES-DC Center for Epidemiologic Studies Depression Scale,
PedsQL pediatric quality of life inventory, VPA vigorous physical
activity
*p < 0.05, **p < 0.01

Depression
There was a direct relationship between symptoms of
depression and psychological QoL (β = − 0.79, p < 0.01)
and physical QoL (β = − 0.52, p < 0.001) and an indirect relationship with overall QoL mediated by physical
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QoL (β = − 0.20, p < 0.001) and psychological QoL
(β = − 0.61, p < 0.001).

Maturation and sex
Maturation directly affected BMI (β = 0.15, p < 0.001) and
cardiorespiratory fitness scores (β = 0.26, p < 0.001), whilst
sex was found to directly affect vigorous physical activity
(β = − 0.18, p < 0.01), cardiorespiratory fitness (β = − 0.24,
p < 0.001) and depressive symptoms (β = 0.27, p < 0.001).

Discussion
This study investigated the relationship and mediatory
effects between physical activity levels, BMI, cardiorespiratory fitness and symptoms of depression, and their subsequent effect on physical and psychological QoL. Models
suggested that vigorous physical activity, cardiorespiratory
fitness and BMI were associated, both directly and indirectly,
with mental well-being and physical and psychological QoL.
It could, therefore, be postulated that enhancing cardiorespiratory fitness and BMI through increasing vigorous physical
activity may be beneficial to both mental well-being and
QoL in adolescents.
The current results show that, in accord with previous
literature [28], a healthier BMI is associated with fewer
symptoms of depression. It is possible that this association,
at least in part, may be due to psychosocial factors associated with BMI. For example, stigmatisation towards those
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that have a higher BMI may cause lower self-esteem, induce
negative self-images and lead to perceptions of social isolation, thus eliciting depressive symptoms [29]. A review
by Markowitz et al. [30] also proposes that the association between obesity and depression is related to concerns
regarding self-perceived health and appearance, whereby
those with higher BMI experience, or are more vulnerable
to, depression.
As alluded to previously, symptoms of depression were
also associated with physical and psychological QoL.
Indeed, congruent with previous research [11], findings from
the present study suggest that lower levels of depressive
symptoms were associated with higher levels of psychological and physical QoL, highlighting the link between mental
well-being and QoL. In addition to the direct associations
with depressive symptoms, the model also proposes that a
healthier BMI is indirectly associated with a greater psychological and physical QoL, mediated by levels of depressive
symptoms and cardiorespiratory fitness, respectively. As outlined in previous literature [31], these findings, therefore,
identify BMI as a key influential factor that can significantly
affect an individual’s QoL. Indeed, interventions designed to
improve QoL via a reduction in BMI have reported positive
results [32].
Beyond depressive symptoms and BMI, participants with
a higher cardiorespiratory fitness also experienced a better
physical QoL [7]. Given the link between cardiorespiratory
fitness and BMI observed in this study and elsewhere [33],
the association between cardiorespiratory fitness and physical QoL [34] may also be related to a negative self-image
and self-esteem [29], components that are encompassed
within the QoL measurement. In addition to psychosocial
issues, given that disease impairs QoL [35], it could be postulated that the effect of cardiorespiratory fitness on physical QoL may be related to its association with an increased
risk of physical morbidities [36]. However, the physiological
mechanisms explaining the connection between cardiorespiratory fitness and QoL are not entirely understood [37]
and, therefore, warrant further research. Subsequently, future
interventions seeking to enhance QoL should remain multifaceted, simultaneously improving cardiorespiratory fitness,
BMI and symptoms of depression.
A further interesting finding was that, whilst higher levels
of vigorous physical activity were directly associated with
lower BMI and increased cardiorespiratory fitness [38, 39],
higher levels of vigorous physical activity were also indirectly associated with fewer symptoms of depression, mediated by BMI. It is postulated that, the negative correlation
between vigorous physical activity and BMI may be associated with improvements in symptoms of depression, potentially due to greater regulation of the hypothalamic–pituitary–adrenal axis and insulin control, as well as improved
self-perceptions in both appearance and health [29, 30, 40].

Consequently, increasing vigorous physical activity may
elicit improvements to not only a person’s physical health,
but also may improve mental well-being. Indeed, Fox [41]
found that healthy adults should consider vigorous exercise
as a means of improving mental well-being. However, with
the exception of Parfitt et al. [42] and Gerber et al. [13],
who found vigorous physical activity elicited mental health
benefits beyond those engendered through low and moderate physical activity, there is limited research that focuses
on the effects of vigorous physical activity on mental wellbeing, especially in children and adolescents. Given these
findings [13, 42], in addition to the identification of vigorous
physical activity as a moderator of mental health within the
current study, whilst exercise interventions have focused on
high volume, moderate-intensity or resistance-based exercise
[43], alternative forms or intensities of exercise may be more
beneficial. Subsequently, despite previous mixed findings
[44, 45], the current study presents a newfound advocacy for
the potential of high-intensity exercise, a structured form of
vigorous physical activity, to directly and indirectly improve
symptoms of depression and physical and psychological
QoL, mediated through the well-documented physiological
health benefits [46].
Congruent with previous research [47], the present study
demonstrated that sex had a significant relationship with
both cardiorespiratory fitness and symptoms of depression;
girls were more likely to experience poorer fitness and mental well-being. These differences may, in part, be related
to environmental considerations, for example, sociocultural
roles and psychological attributes [48] or hormonal factors
[49]. However, it is also important to consider the importance of the divergence in physical development during
puberty, such as changes to lean muscle and fat [47] relating to psychosocial factors associated with overweight or
obesity [29, 30], therefore, further highlighting the need for
health interventions to primarily focus on improving BMI
to enhance overall health.
This is the first study to use structural equation modelling
to determine both direct and indirect associations between
physiological health, physical activity levels, mental wellbeing and QoL. Furthermore, the present study accounted
for maturational status and sex, both of which are often
overlooked in child and adolescent studies, as well as using
robust, previously validated, measures of physical activity [16]. Nonetheless, whilst this study is associated with
numerous strengths, there are inevitably some limitations.
It is anticipated that the omission of socio-economic status
within the model, given its well-established relationship
with the measured variables [50], may limit the interpretation of the findings. Despite its frequent utilisation within
clinical research, the application of BMI is commonly
subject to scepticism due to the measure’s inability to differentiate between lean and fat body mass [51]. Additional
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limitations include the self-reporting of mental well-being
and the associated disadvantages, such as social desirability
[52]. Furthermore, for the QoL measurement a number of
participants fell below the minimum age threshold for the
Teenager Report (13–18 tears), however, given that there
are only small differences between Child Report and Teenage Report (i.e., replacing the word child with teenager),
although it cannot be ruled out, it was deemed unlikely to
have influenced the results. However, all of the questionnaires used were previously validated [22, 25] and demonstrated acceptable reliability. Finally, primarily due to participants failing to meet accelerometer wear-time criteria,
expectation–maximisation was utilised to impute missing
data, and whilst it has previously been reported as a valid
method [53], it is important to acknowledge the influence the
absence of a complete data set may have had on the findings
within this study.

Conclusions
In conclusion, the present study found that vigorous physical activity, cardiorespiratory fitness and BMI were associated, both directly and indirectly, with mental well-being
and physical and psychological QoL. As such, it could be
suggested that improving cardiorespiratory fitness and BMI
by increasing vigorous physical activity may be beneficial
to both mental well-being and QoL in adolescents. Subsequently, our findings suggest that, to elicit improvements
to QoL, exercise or physical activity interventions should
remain multi-faceted, simultaneously focusing on cardiorespiratory fitness, BMI and symptoms of depression.
Acknowledgements The authors would like to thank the staff and
students of the schools who took part in this study. In addition, the
authors would like to thank Mr Nick Wade and all others that assisted
with data collection.
Funding William Eddolls, Melitta McNarry and Kelly Mackintosh
were supported by Commando Joe’s Fun and Fitness Ltd. Charles Winn
was funded by the Asthma UK Centre for Applied Research [AUKAC-2012-01] and Swansea University Medical School. The funders
had no role in the study design, collection, analysis and interpretation of data, writing of the manuscript or submission of the article for
publication.

Compliance with ethical standards
Conflict of interest William Eddolls, Melitta McNarry, Charles Winn,
and Kelly Mackintosh received funding by Commando Joe’s Fun and
Fitness Ltd. and the Asthma UK Centre for Applied Research to complete this study. Leanne Lester and Gareth Stratton declare that they
have no conflicts of interest relevant to the content of this study.
Ethical approval Approval to conduct this research was granted by
Swansea University A-STEM Ethical Advisory Committee (Ethics

13

Number: PG/2014/29). All data collection was performed in accordance with the Declaration of Helsinki.
Informed consent Written parental or guardian consent and child
assent was obtained prior to any data collection.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
1. World Health Organization. (2006). Constitution of the World
Health Organization. Geneva: World Health Organization
2. Helseth, S., & Misvær, N. (2010). Adolescents’ perceptions of
quality of life: What it is and what matters. Journal of Clinical
Nursing, 19(9–10), 1454–1461.
3. Ravens-Sieberer, U., Herdman, M., Devine, J., Otto, C., Bullinger, M., Rose, M., & Klasen, F. (2014). The European KIDSCREEN approach to measure quality of life and well-being in
children: development, current application, and future advances.
Quality of Life Research, 23(3), 791–803.
4. Cui, W., & Zack, M. M. (2013). Trends in health-related quality of life among adolescents in the United States, 2001–2010.
Preventing Chronic Disease, 10, E111.
5. Zack, M. M. (2013). Health-related quality of life—United
States, 2006 and 2010. CDC health disparities and inequalities
report—United States, 2013. Morbidity and Mortality Weekly
Report, 62, 105–111
6. Monyeki, M. A., Neetens, R., Moss, S. J., & Twisk, J. (2012).
The relationship between body composition and physical fitness
in 14 year old adolescents residing within the Tlokwe local
municipality, South Africa: The PAHL study. BMC Public
Health, 12, 374.
7. Andersen, J. R., Natvig, G. K., Aadland, E., Moe, V. F., Kolotkin,
R. L., Anderssen, S. A., & Resaland, G. K. (2017). Associations
between health-related quality of life, cardiorespiratory fitness,
muscle strength, physical activity and waist circumference in
10-year-old children: The ASK study. Quality of Life Research,
26(12), 3421–3428.
8. Williams, J., Wake, M., Hesketh, K., Maher, E., & Waters, E.
(2005). Health-related quality of life of overweight and obese children. The Journal of the American Medical Association, 293(1),
70–76.
9. Ruggero, C. J., Petrie, T., Sheinbein, S., Greenleaf, C., & Martin,
S. (2015). Cardiorespiratory fitness may help in protecting against
depression among middle school adolescents. Journal of Adolescent Health, 57(1), 60–65.
10. Parikh, T., & Stratton, G. (2011). Influence of intensity of physical
activity on adiposity and cardiorespiratory fitness in 518 year olds.
Sports Medicine, 41(6), 477–488.
11. Sharpe, H., Patalay, P., Fink, E., Vostanis, P., Deighton, J., &
Wolpert, M. (2016). Exploring the relationship between quality
of life and mental health problems in children: Implications for
measurement and practice. European Child & Adolescent Psychiatry, 25(6), 659–667.
12. Wafa, S. W., Shahril, M. R., Ahmad, A., Zainuddin, L. R.,
Ismail, K. F., Aung, M., M. T., & Yusoff, N. A. (2016). Association between physical activity and health-related quality of life

Quality of Life Research

13.

14.
15.
16.
17.

18.

19.

20.

21.

22.

23.
24.
25.
26.

27.
28.

29.
30.

in children: A cross-sectional study. Health and Quality of Life
Outcomes, 14(1), 17
Gerber, M., Brand, S., Herrmann, C., Colledge, F., HolsboerTrachsler, E., & Pühse, U. (2014). Increased objectively assessed
vigorous-intensity exercise is associated with reduced stress,
increased mental health and good objective and subjective sleep
in young adults. Physiology and Behavior, 135, 17–24.
National Collaborating Centre for Mental Health. (2011). Common mental health problems: Identification and pathways to
care. London: RCPsych Publications.
Tanner, J. M. (1962). Growths of adolescence. Oxford: Blackwell Scientific.
Trost, S. G. (2007). Measurement of physical activity in children
and adolescents. American Journal of Lifestyle Medicine, 1(4),
299–314.
Catellier, D. J., Hannan, P. J., Murray, D. M., Addy, C. L., Conway, T. L., Yang, S., & Rice, J. C. (2005). Imputation of missing data when measuring physical activity by accelerometry.
Medicine and Science in Sports and Exercise, 37, S555–S562.
Rich, C., Geraci, M., Griffiths, L., Sera, F., Dezateux, C., &
Cortina-Borja, M. (2013). Quality control methods in accelerometer data processing: Defining minimum wear time. PLoS
ONE, 8(6), e67206.
Evenson, K. R., Catellier, D. J., Gill, K., Ondrak, K. S., &
McMurray, R. G. (2008). Calibration of two objective measures
of physical activity for children. Journal of Sports Sciences,
26(14), 1557–1565.
Trost, S. G., Loprinzi, P. D., Moore, R., & Pfeiffer, K. A. (2011).
Comparison of accelerometer cut points for predicting activity
intensity in youth. Medicine and Science in Sports and Exercise,
43(7), 1360–1368.
Weissman, M. M., Orvaschel, H., & Padian, N. (1980). Children’s symptom and social functioning self-report scales: Comparison of mothers’ and children’s reports. Journal of Nervous
Mental Disorders, 168(12), 736–740.
Stockings, E., Degenhardt, L., Yi, Y., Mihalopoulos, C., Liu,
A., Hobbs, M., & Patton, G. (2015). Symptom screening scales
for detecting major depressive disorder in children and adolescents: A systematic review and meta-analysis of reliability,
validity and diagnostic utility. Journal of Affective Disorders,
174, 447–463.
Cronbach, L. J. (1951). Coefficient alpha and the internal structure
of tests. Psychometrika, 16(3), 297–334.
Varni, J. W., Seid, M., & Rode, C. A. (1999). The PedsQL: Measurement model for the pediatric quality of life inventory. Medical
Care, 37(2), 126–139.
Varni, J. W., Burwinkle, T. M., & Seid, M. (2006). The PedsQL™
4.0 as a school population health measure: Feasibility, reliability,
and validity. Quality of Life Research, 15, 203–215.
Mayorga-Vega, D., Aguilar-Soto, P., & Viciana, J. (2015). Criterion-related validity of the 20-M shuttle run test for estimating
cardiorespiratory fitness: A meta-analysis. Journal of Sports Science and Medicine, 14, 536–547.
Ferrans, C. E., Zerwic, J. J., Wilbur, J. E., & Larson, J. L. (2005).
Conceptual model of health-related quality of life. Journal of
Nursing Scholarship, 37(4), 336–342.
Luppino, F. S., de Wit, L. M., Bouvy, P. F., Stijnen, T., Cuijpers,
P., Penninx, B. W. J. H., & Zitman, F. G. (2010). Overweight,
obesity, and depression: a systematic review and meta-analysis
of longitudinal studies. Archives of General Psychiatry, 67(3),
220–229.
Ross, C. E. (1994). Overweight and depression. Journal of Health
and Social Behavior, 35(1), 63–79.
Markowitz, S., Friedman, M. A., & Arent, S. M. (2008). Understanding the relation between obesity and depression: Causal

31.
32.

33.

34.

35.

36.
37.

38.

39.
40.

41.
42.
43.
44.

45.

46.

mechanisms and implications for treatment. Clinical Psychology:
Science and Practice, 15(1), 1–20.
Mclaughlin, L., & Hinyard, L. J. (2014). The relationship between
health-related quality of life and body mass index. Western Journal of Nursing Research, 36(8), 989–1001.
Rothberg, A. E., Mcewen, L. N., Kraftson, A. T., Neshewat, G. M.,
Fowler, E., Burant, C. F., & Herman, W. H. (2015). The impact
of weight loss on health-related quality-of-life: implications
for cost-effectiveness analyses. Quality of Life Research, 23(4),
1371–1376.
Stratton, G., Canoy, D., Boddy, L. M., Taylor, S. R., Hackett, A. F.,
& Buchan, I. E. (2007). Cardiorespiratory fitness and body mass
index of 9–11-year-old English children: A serial cross-sectional
study from 1998 to 2004. International Journal of Obesity, 31,
1172–1178.
Lowery, S. E., Kurpius, S. E. R., Befort, C., Blanks, E. H., Sollenberger, S., Nicpon, M. F., & Huser, L. (2005). Body image,
self-esteem, and health-related behaviors among male and female
first year college students. Journal of College Student Development, 46(6), 612–623.
Häkkinen, A., Rinne, M., Vasankari, T., Santtila, M., Häkkinen,
K., & Kyröläinen, H. (2010). Association of physical fitness with
health-related quality of life in Finnish young men. Health and
Quality of Life Outcomes, 8(1), 15
Lee, D., Artero, E. G., Sui, X., & Blair, S. N. (2010). Mortality
trends in the general population: The importance of cardiorespiratory fitness. Journal of Psychopharmacology, 24(4 Suppl), 27–35.
Clennin, M. N., Payne, J. P. W., Rienzi, E. G., Lavie, C. J., Blair,
S. N., Pate, R. R., & Sui, X. (2015). Association between cardiorespiratory fitness and health-related quality of life among
patients at risk for cardiovascular disease in Uruguay. PLoS ONE,
10(4), e0123989.
Drenowatz, C., Prasad, V. K., Hand, G. A., Shook, R. P., & Blair,
S. N. (2016). Effects of moderate and vigorous physical activity
on fitness and body composition. Journal of Behavioral Medicine,
39(4), 624–632.
Kenchaiah, S., Sesso, H. D., & Gaziano, J. M. (2009). Body mass
index and vigorous physical activity and the risk of heart failure
among men. Circulation, 119(1), 44–52.
Ajilore, O., Haroon, E., Kumaran, S., Darwin, C., Binesh, N.,
Mintz, J., … Kumar, A. (2007). Measurement of brain metabolites
in patients with type 2 diabetes and major depression using proton
magnetic resonance spectroscopy. Neuropsychopharmacology, 32,
1224–1231.
Fox, K. R. (1999). The influence of physical activity on mental
well-being. Public Health Nutrition, 2(3a), 411–418.
Parfitt, G., Pavey, T., & Rowlands, A. V. (2009). Children’s physical activity and psychological health: The relevance of intensity.
Acta Paediatrica, 98(6), 1037–1043.
Rees, D. I., & Sabia, J. J. (2010). Exercise and adolescent mental
health: New evidence from longitudinal data. Journal of Mental
Health Policy and Economics, 13(1), 13–25.
Costigan, S. A., Eather, N., Plotnikoff, R. C., Hillman, C. H., &
Lubans, D. R. (2016). High-intensity interval training on cognitive
and mental health in adolescents. Medicine and Science in Sports
and Exercise, 48(10), 1985–1993.
Shepherd, S. O., Wilson, O. J., Taylor, A. S., Thøgersen-Ntoumani, C., Adlan, A. M., Wagenmakers, A. J. M., & Shaw, C. S.
(2015). Low-volume high-intensity interval training in a gym setting improves cardio-metabolic and psychological health. PLoS
ONE, 10(9), e0139056.
Eddolls, W. T. B., McNarry, M. A., Stratton, G., Winn, C. O.
N., & Mackintosh, K. A. (2017). High-intensity interval training
interventions in children and adolescents: A systematic review.
Sports Medicine, 47(11), 2363–2374.

13

Quality of Life Research
47. Pate, R. R., Wang, C., Dowda, M., Farrell, S. W., & O’Neill, J.
R. (2006). Cardiorespiratory fitness levels among US youth 12 to
19 years of age. Archives of Pediatrics & Adolescent Medicine,
160(10), 1005–1012.
48. Piccinelli, M., & Wilkinson, G. (1999). Gender differences in
depression: Critical review. British Journal of Psychiatry, 177,
486–493.
49. Nolen-Hoeksema, S. (2001). Gender differences in depression.
Current Directions in Psychological Science, 10(5), 173–176.
50. Houben-van Herten, M., Bai, G., Hafkamp, E., Landgraf, J. M.,
& Raat, H. (2015). Determinants of health-related quality of life
in school-aged children: A general population study in the Netherlands. PLoS ONE, 10(5), e0125083.

13

51. Nevill, A. M., Stewart, A. D., Olds, T., & Holder, R. (2006).
Relationship between adiposity and body size reveals limitations
of BMI. American Journal of Physical Anthropology, 129(1),
151–156.
52. Paulhus, D. L., & Vazire, S. (2005). The self-report method. In
R. W. Robins, R. C. Fraley & R. F. Krueger (Eds.), Handbook of
research methods in personality psychology (pp. 224–239). New
York: Guilford.
53. Nelwamondo, F. V., Mohamed, S., & Marwala, T. (2007). Missing
data: a comparison of neural network and expectation maximization techniques. Current Science, 93(11), 1514–1521.

