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Abstract

Background: Depression has been recognized as one of the most significant factors affecting mental health
status. For this reason, several efforts to prevent and reduce depression in all ages have been made in various
domains to identify the relevant factors as well as the causes of depression. The objective of this meta-analysis
was to examine the effect size between physical fitness and depression in adolescents and adults.

Methods: A systematic search for meta-analysis (2009-2020) was performed using PubMed, Scopus, Web of
Science, and RISS, with key terms such as depression, depressive illness, and physical fitness or fitness. Overall,
19 out of 448 articles were included in the meta-analysis with strict inclusion critetia.

Results: The effect size is a medium between physical fitness and depression in adolescents and adults. Two
fitness factors, namely cardiovascular endurance and muscle strength, are more relevant for alleviating depres-
sion in adolescents and adults, whereas agility was not related to depression. In particular, the cardiovascular
fitness factor has an impact on almost all ages; however, muscular strength has less impact on depression in
young adolescents, but has a great impact on older adults’ depression.

Conclusion: The effect size in this study is a medium between physical fitness and depression in adolescents
and adults. Thus, more longitudinal and clinical studies with larger sample sizes are needed to clarify the
relationship between physical fitness and depression.
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Introduction

Physical fitness plays a significant role in health
promotion and the well-being of the population.
Depression is a common mental and emotional
disorder in the global society and consequently
interrupts the quality of life of affected
individuals (1-4). In fact, physical fitness has
beneficial effects on the prevention and

reduction of depression in all people, regardless
of sex, age, and diseases (5-13).

To date, several studies have examined the
effects of depression on physical fitness elements,
such as depression and cardiorespiratory fitness
(4, 11, 14-20), depression and muscular strength
(2, 21-29), depression and balance (30, 31),
depression and flexibility (32), and depression
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and coordination (33). These previous studies
have primarily examined the effects of two
fitness:  the cardiorespiratory endurance and
strength, not other factors, such as flexibility,
agility, and balance (26). Taking into account the
research trend, two meta-analyses (9, 18) were
recently conducted to provide a comprehensive
overview about the effects of cardiorespiratory
fitness and muscular strength on depression,
based on synthesizing existing data.

According to most of the reviews listed above,
individuals with higher levels of certain fitness
elements are less likely to have symptoms of
depression. In particular, Jeong (26) found that
strength, endurance, and the body fat of fitness
elements could be the most important predictors
of depression. However, the role of the three
fitness factors as predictors of depression (26) is
less certain, due to a lack of sufficient evidence.
Little is known about which fitness element of all
the fitness elements is the most important
determinant of the depression prevention and/or
improvement. Thus, a meta-analysis is needed to
provide people with sufficient evidence of
priorities in deciding how to participate in
physical activity, including information about the
scope and sequence of fitness promotion. A
meta-analysis rather than individual and separate
studies could obviously provide more practical
knowledge of the relationship between physical
fitness and depression for individuals with or
without depression.

There is no doubt that regular physical activity
increases physical fitness, which can help manage
depression for people of all ages (34, 35). If we
know the priority ranking among all fitness ele-
ments related to depression, it would be more
helpful to save time, money, and/or efforts of all
individuals who exercise regularly. This infor-
mation makes it possible for individuals with or
without depression to design, provide, or join
tailored physical activity programs. Therefore, the
objective of this meta-analysis was to determine
the effect size between physical fitness and de-
pression in adolescents and adults.
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Methods

Search strategy and inclusion criteria

In this study, papers in academic journals that
revealed the relationship between depression and
physical fitness were analyzed without limiting
the time of publication of the research papers.
The studies(2009-2020) were obtained from a
systematic search of PubMed, Scopus, Web of
Science, and RISS, using the following search
terms (“depression” OR “depressive illness” OR
“depressed”) AND (“physical fitness” OR
“fitness”). In addition, references from the
analyzed studies were examined to search for
other relevant studies. The criteria for the
selection of literature for a systematic literature
review and meta-analysis were set as follows: a)
an empirical study that used a sample of humans,
b) assessment of the depressive symptoms using
validated instruments, c) inclusion of a measure
of physical fitness by a test, and d) a study that
tested the cross-sectional association between
physical fitness and depressive symptoms,
presenting the r-value of the correlation.

Inclusion of eligible studies

Overall, 448 papers were collected through a lit-
erature search process. After excluding 98 over-
lapping papers by checking the thesis titles, a re-
view of abstracts was conducted on 350 papers.
Through the abstract review, three non-empirical
studies on human subjects and 105 non-
quantitative studies were excluded. A full-text
review of 242 articles was then conducted. Of
these, 36 papers that did not assess depressive
symptoms using validated instruments, 21 papers
containing physical fitness information not as-
sessed by a test, and 166 papers that did not pre-
sent the r-value of the correlation were excluded.
Through the systematic review process shown in
(Fig. 1), this study finally used 19 papers for the
meta-analysis.
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Fig. 1: Flowchart of record search and selection process

Data coding

The coding items included the authot's name,
publication year, gender, age group, physical fit-
ness test data, depressive symptom instruments
used, sample size, and correlation coefficient.
Two researchers conducted the data input, and all
data entered after coding were compared with the
original text. The inconsistencies were corrected
after cross-checking and sufficient agreement.

Data processing and analysis

In this study, the effect size calculation, homoge-
neity verification, subgroup analysis, and publica-
tion bias verification were performed using the
Comprehensive Meta-Analysis program, version
3.0. First, to calculate the effect size, the correla-
tion coefficient (r-values) was converted into
Fishet's z-value and used for analysis (36).
Second, for the homogeneity test between each

paper, the Q-test and the I? values were used for
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the homogeneity test between each paper. If het-
erogeneity was confirmed, it was analyzed using a
random effect model and subgroup analysis was
performed. Third, the publication bias was as-
sessed using the funnel plot and Egger's regres-
sion. Finally, the calculated effect sizes were in-
terpreted as weak (r =0.10-0.29), medium
(r=0.30-0.50), or strong (r>0.50) (37).

Results

Overall analysis

In the homogeneity test (Table 1), the effect siz-
es of the primary studies were heterogeneous (Q
= 81.982, P<.05, 1?=78.04%). Therefore, we cal-
culated the overall effect size using a random-
effects model. The result of analysis with the
random effects model, is shown in Table 2. The
overall effect size had medium effect size (37).
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Table 1: Results of the homogeneity test

k Q P-Value 12 ES 95% CI

19 81.982 .000 78.044 0.141 0.128~0.153

k=Number of the effect size; ES=Effect size

Table 2: Overall Result of Meta-analysis using a Random Effects Model

k ES 95% CI

19 0.160 0.129~0.190

k=Number of the effect size; ES=Effect size

Nineteen studies yielding 83 effect sizes were in- 19 studies used GDS (36.8%), CES-D (21.1%)),
cluded in the meta-analysis. The effect size of the BDI (21.1%), as the tools to measure depression.
selected papers was found to be statistically sig- In addition, aerobic capacity (27.5%), strength
nificant. The total number of subjects in the in- (29.5%), balance (11.8%), and flexibility (11.8%)
cluded study was 5109 (men: 613, women: 1951, were measured as major physical fitness variables
women-men: 2545). Most of the studies were of the thesis to be analyzed (Table 3).

conducted with adults (73.7%), and 79% of the

Table 3: Descriptive Characteristics of the Collected Studies and their Effect Size

Study ES Lower Upper Sample Gender Age  Depression Fitness measure
limit  Limit size measure
Song et al (2011) (42) 0.064 0.019  0.108 321 Female Adult GDS Strength, Aerobic ca-
pacity
Flexibility, Balance
Kim etal (2019) (43) 0.194 0.145  0.242 107 Male Adult GDS Strength, Aerobic ca-
pacity
Flexibility, Balance
Coordination
Chun et al (2019) 0.150 0.119  0.181 385 Female, Adult GDS Strength, Aerobic ca-
(39) Male pacity
Agility
Jung & Hyun (2011) 0.570  0.341 0.735 48 Female Minors CES-D Aerobic capacity
(44)
Jangetal (2012) (45)  0.088 0.028  0.147 269 Female,Male Minors POMS Strength, Aerobic ca-
pacity
Flexibility, Explosive
strength
Lee et al (2014) (2) 0.327  0.252  0.398 117 Female,Male  Adult GDS Strength, Aerobic ca-
pacity
Flexibility, Balance
Coordination
Staples et al (2020) 0.192  0.061 0.316 111 Female,Male  Adult GDS Strength, Balance
(46)
Sener et al (2016) 0.262  0.079 0.428 39 Female Adult BDI Strength
(47)
Galiano-Castillo et al  0.150  0.068  0.231 187 Female Adult POMS Strength, Explosive
(2014) (6) strength
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Jeoung (2020) (26) 0.129  0.066  0.191 160

Yeatts et al (2017) 0.101 0.073  0.128 789
(13)
Tonello et al (2019) 0446 0.132  0.678 35
(19)
Farren et al (2018) 0.216 0.155 0274 249
™

Esmaeilzadeh (2015) 0112 0077 0146 456
(22)

Johnson et al (2020) 0.178 0147 0209 1248
(8)
You & Ko (2014) 0.132 0068 0196 305
(48)
Lee & Lim (2014) 0.102 0089  0.287 29
(49)

Scopaz et al (2009) 0.125 0.021 0266 182
(50)
Zhang et al (2014) 0149 0017 0307 72
D))

Female,Male  Adult GDS Strength, Aerobic ca-
pacity
Agility, Explosive
strength
Male Minors CES-D Strength, Aerobic ca-
pacity
Female Adult BDI Aerobic capacity
Female,Male Minors CES-D Strength, Aerobic ca-
pacity
Flexibility
Male Minors CDI Strength, Aerobic ca-
pacity
Agility, Explosive
strength
Female,Male Adult NEO, SCIL,, Aerobic capacity
MMPI
Female Adult BDI Strength, Flexibility
Explosive strength
Female Adult GDS Strength, Aerobic ca-
pacity
Balance
Female,Male  Adult CES-D Balance
Female,Male  Adult BDI Strength, Aerobic ca-

pacity

Sub-group analysis

In this study, since heterogeneity was confirmed
as a result of the homogeneity test, a subgroup
analysis was performed by applying a random
effect model.

Outcome

The results of the effect sizes by outcome are
presented in Table 4. As a result of analyzing the
effect size according to the sub-factors of
physical fitness, a medium correlation coefficient
effect size was found for all factors except agility
and flexibility, and this difference was statistically
significant (Q=15.165, P<.05).

Table 4: The Effect Sizes by Outcome

Outcomes Sub-outcomes  k ES 95% CI Q P-value
Fitness Strength 34 0.145 0.115~0.174 15.165 0.019
Agility 4 0.098 0.015~0.179
Explosive 6 0.106 0.061~0.152
strength
Aerobic ca- 19 0.190 0.143~0.236
pacity
Flexibility 10 0.092 0.041~0.142
Balance 7 0.182 0.084~0.277
Coordination 3 0.271 0.130~0.402
k=Number of the effect size; ES=Effect size
2429 Available at:  http://ijph.tums.ac.ir
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Sub-outcome

From analyzing the effect sizes according to the
age group, there was a medium effect size in the
order of adults (ES=0.166) and minors
(ES=0.145). However, there was no significant
difference (Q=0.364, P=0.546). By analyzing the

effect size according to the gender, the medium
effect size was found to be men (ES=0.135) and
women (ES=0.125). There was no difference in
the effect size according to sex (Q=0.120,
P=0.729) (Table 5).

Table 5: Effect Sizes by Subgroup: Age and Gender

Subgroup  Catego- k  ES 95% CI Q P-
ries value
Agerofrrk adult 14 0.166 0.130~0.202 0.364 0.546
minor 15 0.145 0.087~0.203
Gender male 16 0.135 0.091~0.178 0.120 0.729
female 30 0.125 0.095~0.156

k=Number of the effect size; ES=Effect size

Assessment of publication bias

Two major tests were conducted to confirm the
publication bias. By examining the funnel plot,
there were a few outliers; however, it is difficult
to say that there is a publication bias because the
left and right sides of the funnel plot are generally

0.00

symmetrical. The Egget's regression test was pet-
formed to verify this in a more objective manner.
Based on the regression intercept (regression in-
tercept=1.634, standard error=.837, P=.080),
there was no statistical significance; hence, there
was no publication bias (Fig. 2).

0.05

0.10

Standard Error

0.15

0.20

05

0.0

05 20

Fisher's Z

Fig. 2: Funnel plot

Discussion

The purpose of this meta-analysis was to
determine the effect size between physical fitness

Awvailable at:
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and depression in adolescents and adults. To do
this, 19 papers were analyzed to calculate the ef-
fect sizes that demonstrated the correlation be-
tween depression and physical fitness. This study
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also conducted a homogeneity test and a sub-
group analysis, and check for publication bias. In
this study, depression was mainly measured using
the GDS, CES-D, and BDI tests, and physical
fitness was measured using the aerobic capacity,
muscle strength, balance, and flexibility. The
analysis results for the correlation effect size be-
tween depression and physical fitness are as fol-
lows.

According to the overall analysis, there was a sta-
tistically significant association between depres-
sion and physical fitness, and the effect size of
the correlation was moderate, at 0.160. According
to Kandola et al (38), using a sample size of
152,978 adults aged 40-69 yr, the lowest-ranked
group was twice as likely as the highest ranked
group to suffer from depression seven years later,
and 1.6 times more likely to suffer from an anxie-
ty disorder. This explains how improving mental
health is related to increased blood flow to the
brain when exercise increases.

According to the sub-factors of physical fitness
in this study, effect size revealed an intermediate
correlation with all physical fitness factors, except
agility. Agility was found to have little relation-
ship to depression in this study; this has also
been reported by the two studies (22,39), deter-
mining that agility does not affect depression.
However, other fitness factors, such as muscular
strength, endurance, and cardiovascular endur-
ance significantly affect depression. In general,
agility, coordination, and power are the repre-
sentative physical fitness factors that contribute
to improving motor functions, and cardiopulmo-
nary endurance, muscle endurance, and flexibility
are known to contribute to health. The meta-
analysis of this study demonstrated that the vari-
ables of physical fitness factors contributing to
health are related to mental health, such as de-
pression. Both depression and physical fitness
factors are mutually related, focusing on cardio-
vascular endurance and muscle strength as major
variables of depression.

For adolescents, increased cardiovascular endut-
ance, particularly in middle-school adolescents,
reduces depression and body fat in adolescents
(17). This result was also observed in both boys

2431

and girls. The elementary school students aged 7—
11 yr were studied, concluded that strength is not
significantly related to the significant negative
relationship between the cardiovascular endur-
ance and depression (22). On the other hand, for
adults, low muscle strength, particularly low grip
strength, was associated with depression in adults
aged between 45 and 79 yr old (23). The grip
strength in adults is negatively associated with
depression, especially in women than men (24).
Similar findings reported that gripping power in
older adults is strongly associated with depression
(25). Muscle strength, especially grip strength, can
be an indicator of depression in older individuals
(3). In summary, cardiovascular endurance has a
negative correlation with depression in both ele-
mentary students and the elderly. Muscle strength
as a fitness factor is strongly associated with de-
pression, especially after adulthood (17, 22-25).
The correlation of the effect size between physi-
cal fitness and depression for both adolescents
and adults was found to be moderate; however,
there were no statistically significant differences
between the age groups. On the other hand, Lee
et al (40) with a large sample size reported that
adults with low muscle strength are more prone
to depression as age increases. These results ap-
pear in certain sub-strength factors, such as the
muscle strength.

In general, women are more likely to experience
depression than men. According to this study,
the gender-based effect size was medium for men
and women. Additionally, the gender difference
in the effect size on the relationship between
physical fitness and depression was not statistical-
ly significant in this study. This finding is sup-
ported already (41) who reported a similar ratio
of depression between men and women using
large sample sizes. Meanwhile, recent studies (3,
38) have reported the relationship between de-
pression and physical fitness based on gender.
The higher the muscle strength in people over 60
yr of age, the lower the spread of depression in
both men and women (3). On the other hand,
low muscle strength in men and women was a
possible risk factor in a 7-year cohort study of
large samples aged 40—69 yr (38).
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Conclusion

The present meta-analysis study was conducted
to determine the effect size between physical fit-
ness and depression in adolescents and adults.
The effect size is medium between physical
fitness and depression in adolescents and adults.
Moreover, physical fitness is significantly and
negatively related to depression among adoles-
cents and adults. In general, cardiovascular en-
durance and muscle strength could function to
alleviate depression in adolescents and adults,
whereas agility was not related to depression. The
cardiovascular fitness factor had an impact on
almost all ages; however, the effect of the muscu-
lar strength on depression was not the same.
That is, the muscular strength has lesser effect on
depression in young adolescents; however, it
greatly affects depression in older adults. The ef-
fect size of muscular strength, especially the grip
strength, increases with age, but there was no
significant difference in the effect size between
men and women. This does not support the hy-
pothesis that women are at a higher risk of de-
pression, compared to men. Thus, more
longitudinal and clinical studies with large sample
sizes of all ages are needed to clarify the
relationship  between physical fitness and
depression.
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