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OBJECTIVES This study aimed to analyze the effects of a walking exercise intervention on depression.
METHODS We conducted searches across several databases, including DBpia, KISS, National Assembly
Library, and RISS, using the PICOS framework to extract studies for meta-analysis. Following this procedure,
we selected three dissertations and 12 journal articles from the literature, focusing on the effects of
depression. The R program (ver.4.3.1) was used for meta-analysis to calculate the effect sizes for depression.
RESULTS Outcomes from the random-effects model indicated a substantial effect size for depression, -1.00
(95% Cl=-1.35, -0.65), signifying a significant effect (z=-5.56, p=.0001).

CONCLUSIONS The walking exercise intervention exhibited a positive effect on depression.

updates

Introduction

Depression is characterized by physical and cognitive
maladjustment, manifesting as feelings of sadness, emptiness,
or irritability [1]. These emotional experiences can lead to
feelings of frustration, guilt, worthlessness, and hopelessness
[2]. If left unaddressed, persistent depression can escalate
into clinical depressive disorders or even ideation of suicide
[3]. Notably, depression is a significant risk factor for suicide,
with suicidal ideation being one of its most potent catalysts
[4]. Based on a 2022 press release by the Health Insurance
Review & Assessment Service, the number of people with de-
pression is projected to increase by 35.1% in 2021 compared
to 2017 [5]. Consequently, the management of depression in
individuals with depressive symptoms becomes imperative.

Exercise stimulates norepinephrine release, enhancing
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mood and effectively preventing and treating depression. A
meta-analysis focusing on exercise and depression demon-
strated its efficacy in treating clinical depression. It highlight-
ed the potency of aerobics exercise in preventing and treating
depression among older people [6, 7]. Among various aero-
bic exercises, walking is a safe and suitable physical activity
for people of all ages. It is inherently natural, easy to execute,
and allows for intensity adjustment while exerting minimal
physical stress on joints, compared to other ground-based
aerobic exercises, like running and climbing [8]. Walking is a
safe and cost-effective aerobic option, without financial bur-
den, and constitutes a foundational human physical activity
[9]. In addition, daily walking exercises can improve mood,
restore sleep, and alleviate physical conditions caused by
stress unknowingly [10].

Particularly, walking has been shown to improve lower
extremity strength, flexibility, postural stability, balance, and
gait, which are important for fall prevention; improve car-

diopulmonary function, prevent cardiovascular disease and
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diabetes, promote bone metabolism and smooth hormone
secretion, reduce the risk and progression of dementia and
Parkinson’s disease, strengthen the immune system, and re-
duce the risk of cancer owing to healthy lifestyle choices [11].
Furthermore, it is also recommended to improve the physical
and psychological health of older people because it reduces
depression, stress and improves their quality of life [12-17].
Therefore, walking should be encouraged among both young
and older people.

A meta-analysis is a systematic method that uses quantita-
tive data to synthesize and understand multiple studies on the
same topic [18]. This approach statistically synthesizes the re-
sults of individual empirical studies and has the advantage of
further organizing and generalizing the knowledge in a partic-
ular field [19]. Specifically, the sample size significantly affects
the results of statistical hypothesis testing, accounting for most
quantitative studies. As arbitrary interpretation of significant
probability becomes a criticism among many researchers, me-
ta-analysis is gaining attention as a new research method that
can overcome the shortcomings of individual studies [20].

This meta-analysis aimed to provide objective and com-
prehensive evidence for the effectiveness of walking on de-
pression. The results of this study provide a meaningful basis
for confirming the significance of depression as an important
component in planning and implementing effective walking

programs.

Methods

Data Search

The literature search covered theses and dissertations
published in Korea until June 2023. The academic databases
used for the literature search were DBpia, Korean Studies
Information Service System, National Assembly Library, and
Research Information Sharing Service. We conducted a liter-
ature search on the effects of walking exercise on depression,
querying ‘walking’ within each academic database and per-

forming a search within the result for ‘depression’

Selection Criteria

The inclusion criteria for the analyzed articles were se-

lected according to PICOS, and the literature was searched
[21]. First, all the participants were people. Secondly, the
treatment method and program (intervention) included
walking exercises. Third, the control group did not perform
walking exercises. Fourth, depression was the outcome mea-
sure. Fifth, the study was designed as a two-group post-test.
Sixth, the dissertation was prioritized in case of duplication

of theses and dissertations.

Selection Process

For the meta-analysis investigating the effects of walking

Articles first identified through searching databases:
Total n = 574

(dissertations n = 300, journal articles n = 274)

Excluded duplicate articles: Total n=262

—

(dissertations n=112, journal articles n=150)

\ 4

Articles after duplicates excluded: Total n=312

(dissertations n=188, journal articles n=124)

Excluded articles without walking and
depression in the title and abstract:
I Total n=282

(dissertations n=177, journal articles n=105)

\ 4

Title and abstract screening (n=30)

(dissertations n=11, journal articles n=19)

Articles with inconsistencies between
measures (n=5)/analyses(n=4), duplicates
(n=4), and those that were not available for

download (n=2) were excluded: Total n = 15

A total of 15 records included

(dissertations n=3, journal articles n=12)

Figure 1. Flowchart outlining article selection process.
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exercise on depression, we searched various academic da-
tabases comprehensively. We found 99 dissertations and 91
journal articles in DBpia, 45 journal articles in the Korean
Studies Information Service System, 14 dissertations and
28 journal articles in the National Assembly Library, and
187 dissertations and 110 journal articles in the Research
Information Sharing Service. We excluded 112 duplicate dis-
sertations and 150 journal articles, categorizing them based
on title and abstract. This categorization led to the exclusion
of 177 dissertations and 105 journal articles. Subsequently,
we conducted a comprehensive review of the remaining
literature, excluding four duplicate publications, five with
inconsistencies in measurement variables, four displaying
irregularities in analysis methods, and two unavailable full-
text articles. Finally, we selected 3 dissertations and 12 jour-
nal articles. The literature selection process is visually shown

in <Figure 1> through a PRISMA flow diagram [22].

Coding

Author, year of publication, publication type, participant,
sex, age of experimental and control groups, and depression
instrument were coded as shown in <Table 1>.

The depression assessment instruments used in the re-

viewed literature were the BDI, CES-D, GDS, GDSSF-K,

Table 1. Results of foot lifting task of two-way RM ANOVA.

SCL-90-R-K, and SDS, with adaptations and occasional
utilization of abbreviated versions. The Beck Depression In-
ventory (BDI) consists of 21 questions regarding emotional,
physiological, cognitive, and motivational symptoms, with
higher scores indicating more severe depression. It can be
administered in a short time, is inexpensive, easy to admin-
ister, can be scored, can be used in groups, and has high
reliability, validity, and sensitivity. Scores ranged from 0-63,
with 0-9 categorized as not depressed, 10-15 as mildly de-
pressed, 16-23 as moderately depressed, and 24 or more as
severely depressed.

The CES consists of 20 questions with a maximum score
of 60, with higher scores indicating more severe depression.
A score of 15 or less indicated no depression, 16-20 indicat-
ed mildly depressed, 21-24 indicated moderate depression,
and 25 showed severe depression. The Geriatric Depression
Scale (GDS) is a 30-item questionnaire with “yes/no” re-
sponses. Higher scores indicate more severe depression, with
0-9 indicating no depression, 10-19 indicating mild depres-
sion, and 20 or more indicating severe depression. The short-
ened version of the GDS consists of 15 questions, with scores
less than 5 indicating no depression, 5-9 indicating mild
depression, and 10 or more indicating severe depression.

The SCL-90-R-K is a short-form psychiatric diagnostic

Author (year) :ublication Participants Experiment Group Control Group Measurement
ype N Age N Age Tool

Bang et al. (2016) journal article  Office Workers 18 (m=2, f=16) 42.22+11.44 27 (m=1, f=26) 37.37+9.32 K-BDI

Huh et al. (2014) journal article  Elderly Women 14 (f=14) 72.29+2.46 14 (f=14) 71.50+4.75 CES-D

Kim (2011) journal article  Elderly Women 50 (f=50) 69.33+1.23 50 (f=50) 69.00+£1.41  BDI

Kim (2015) journal article  Housewives 12 (f=12) 40.37+2.72 12 (f=12) 40.22+2.65 SDS

Kwon (2019) dissertation Elderly 24 (m=10,f=14) 68.54+3.40 26 (m=11,f=15) 69.85+3.20 GDSSF-K

Lee & Lee (2019) journal article  Older Adults 36 (m=11,f=25) 77.06+6.51 43 (m=14,f=29) 74.70+4.61 GDSSF-K

Lee (2009) journal article Elderly Women 20 (f=20) 71.2+2.2 20 (f=20) 71.3+2.8 BDI

Lee (2016) journal article  Elderly Women 12 (f=12) 76.58+4.72 12 (f=12) 78.38+6.67 SCL-90-R-K

Lee etal. (2022) journal article  Elderly Living Alone 27 (m=3, f=24) - 22 (m=2, f=20) - GDS-SF

Pang (2020) dissertation Women 18 (f=18) 60.89+6.62 12 (f=12) 59.33+6.54 GDS

Roh (2002) journal article  Stroke Patients 19 (m=15, f=4) - 21 (m=14,f=7) - SDS

Son & Lee (2006) journal article  Elderly Women 26 (f=26) - 30 (f=30) - GDSSF-K

Song (2011) dissertation Elderly Women 12 (f=12) 69.00+2.60 12 (f=12) 70.41+£2.50 BDI

Sun (2021) journal article  Cancer Patients 24 (m=8, f=16) 58.5+10.7 25 (m=9, f=16) 57.0+10.1 BDI

Sung & Lee (2010)  journal article  Elderly with Diabetic Mellitus 22 (m=7,f=15) 70.2+4.7 18 (m=7,f=11) 70.1+3.6 KGDS
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test consisting of 13 questions on depression that are scored
on a 5-point scale. The measured score, which varied from
34-92 and represented a conversion of the T-score from the
normative table for the general population, indicated higher
levels of depression. The Self-Rating Depression Scale (SDS)
is a 20-item, 4-point scale. The maximum score was 80, with
a score of 49 or less categorized as not depressed, 50-59 as
mildly depressed, 60-69 as moderately depressed, and 70 or
more as severely depressed.

Specific criteria for coding must be provided, and in-
ter-rater agreement and reliability must be verified before
conducting a meta-analysis [23]. To this end, data coding of
the selected articles was conducted by one sports psychology
doctor and a sports psychology professor with experience in
meta-analysis research. A sports psychology doctor was con-

sulted in case of data coding discrepancies.

Statistical Analysis

Meta-analysis was performed using the R meta-analysis
package (ver.4.3.1). Effect sizes were calculated as standard-
ized mean differences (SMD) using the post-hoc means and
standard deviations of the experimental group with walking
exercise, the control group without walking exercise, and the
number of participants. The standardized mean difference
allows different measures to be standardized to a single unit
and evaluated using the same outcome variables. The opera-
tional definition of the standardized mean difference used in
Cochrane Reviews is the effect size known in the social sci-
ences as Hedges’ g [24]. Cohen’s d is a measure of the sample
size. Because Cohen’s d tends to overestimate the effect sizes
when the sample is small, it must be converted to Hedges’
g, which is correct for studies with large and small samples
[25]. The confidence interval (CI) for the effect size is 95%,
and an effect size of 0.2-0.5 was interpreted as a small effect
size, 0.5-0.8 as a moderate effect size, and greater than 0.8 as
a large effect size [26].

The 12 value was used to test the heterogeneity of studies.
An I2 of 25-50% was considered low heterogeneity, 50-75%
was considered moderate heterogeneity, and 75% was con-
sidered high heterogeneity [23]. In general, heterogeneity

was judged to be significant if the ratio of true variance to

total variance (I2) was greater than or equal to 50% and the
significance probability of the homogeneity test was less than
.10 [23]. We chose a random-effects model if the analysis
showed high heterogeneity among the studies and a fixed-ef-
fects model if the analysis showed low heterogeneity.

To verify the validity of each study, we constructed a fun-
nel plot and Egger regression analysis to verify publication
bias [27].

Results

Publication Bias

Funnel plots and Egger regression tests assessed publi-
cation bias. The funnel plot visually examines, while Egger’s
regression test offers a statistical evaluation. The funnel plot
of selected literature for the meta-analysis of walking exer-
cise effects on depression is shown in <Figure 2>. Regression
analysis showed a bias of-3.0048 (t=-1.26, df=13, p=0.2307),

indicating no publication bias.
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Figure 2. Funnel Plot.

Effect Size

The meta-analysis result on the effect of walking exercise
on depression is shown in <Figure 3>. A random-effects
model was employed due to the high heterogeneity among

the studies (I12=78%, p<.01). The effect size was -1.00 (95%
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Bang et al. 2016 18 5 4 27 6 5 EE—'—— -0.28 [-0.88; 0.32] 7.5% 7.1%
Huh et al. 2014 14 14 5 14 24 7 ——i -1.74 [-263;-0.85] 3.4% 5.7%
Kim 2011 50 11 2 50 15 2 . i 206 [-2.54;-157] 11.3% 7.6%
Kim 2015 12 50 6 12 63 S5 —F— I 244 [-3.54;-1.34] 22% 4 8%
Kwon 2019 24 3 2 26 3: i3 i -027 [-0.83; 0.29] 8.6% 7.3%
Lee & Lee 2019 36 5 3 43 6 3 1:—'— -0.57 [-1.03;-0.12] 13.1% 7.8%
Lee 2009 20 12 3 20 14 3 —&— -1.00 [-1.67;-0.34] 6.1% 6.8%
Lee 2016 12 40 4 12 57 15 —'—1:— -1.45 [-2.37;-0.54] 3.2% 56%
Lee et al. 2022 27 4 4 22 7 4 —— -067 [-1.25;-0.09] 8.0% 7.2%
Pang 2020 18 8 5 12 12 6 i -067 [-1.43; 0.08] 47% 6.4%
Roh 2002 19 48 6 21 52 6 : -042 [1.05; 0.21] 6.8% 7.0%
Son & Lee 2006 26 7 2 30 11 3 —& 174 [-2.36;-1.12] 6.9% 7.0%
Song 2011 12 11 2 12 14 2 —'—1:— -1.37 [-2.27;-0.46] 3.3% 56%
Sun 2021 24 11 9 25 12 6 s -0.13 [-0.69; 0.43] 8.5% 7.3%
Sung & Lee 2010 22 4 3 18 6: i3 _'._ -093 [-1.59;-0.28] 6.2% 6.8%
Common effect model 334 344 & -0.92 [-1.09; -0.76] 100.0% -
Random effects model <= -1.00 [-1.35; -0.65] - 100.0%
Heterogeneity: 1~ = 78%, - = 0.3600, p < 0.01 T T

3 2 1 0 1 2 3

Figure 3. Forest Plot.

CI=-1.35, -0.65), indicating a large effect size with a signifi-
cant difference (z=-5.56, p=.0001). Walking was also found

to affect depression.

Discussion

This study conducted an extensive meta-analysis of the-
ses and dissertations to comprehensively analyze and identi-
fy the effects of walking as an exercise on depression. Based
on the defined selection criteria, 15 articles were chosen, in-
cluding three dissertations and 12 academic articles. The me-
ta-analysis yielded an effect size of -1.00, indicating a signif-
icant effect. A negative mean difference indicates a decrease
in depression level, with higher scores reflecting increased
severity. Therefore, walking was found to affect depression.

National and international studies have shown the ef-
fective reduction of the negative emotions of depression
through walking [28, 29]. Moreover, studies that have exam-
ined the relationship between physical activity and depres-
sion have reported that both the duration and intensity of
physical activity can reduce depression [30]. Our findings
also suggest that walking exercise has a positive effect on
depression. However, the results may vary depending on the
intensity and duration of the walking program and the par-

ticipants’ health characteristics and size [31-33].
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Upon examining the age of unaffected participants in the
studies selected for the meta-analysis, we identified a posi-
tive effect of walking on depression among older participants
[34-43] and middle-aged housewives [44]. However, a study
involving middle-aged office workers reported only a small
effect of walking on depression [41]. When comparing in-
tervention durations, the study of middle-aged housewives
was conducted three times a week for 15 weeks, totaling 45
sessions [44]. In contrast, the study of middle-aged office
workers was conducted twice a week for five weeks, totaling
10 sessions [41], which may explain the shorter duration and
frequency of the intervention. Moreover, a study of mid-
dle-aged housewives [44] clearly set the intensity of the walk-
ing exercise, but a study with middle-aged female workers of
[41] did not set the intensity of the walking exercise. Hence,
it is necessary to apply not only the duration and frequency
of walking, but also the intensity according to the character-
istics of the participants.

Among the studies selected for the meta-analysis, walk-
ing exercise positively affected depression in one study on
patients with cancer [45] and patients with diabetes [28].
In a study with stroke patients [46], depression levels at the
pre-intervention were normal in both the exercise and con-
trol groups. However, after the intervention, the exercise

group showed no change in depression scores, while the
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control groups depression scores increased to mild-to-mod-
erate levels. This pattern indicates that walking is a positive
intervention program. It can be inferred that these results
are due to the participants” health characteristics and that the
walking program’s intensity and duration should be adjusted
accordingly.

Depression is a marker of mental health and is strongly
associated with physical and mental performance, subjec-
tive health, and happiness [47, 48]. Moreover, depression
is strongly associated with suicide, necessitating efforts to
reduce its impact. Meta-analyses have shown that walking,
as a means of reducing depression, has a positive effect. Con-
sidering the characteristics of participants and their level of
depression, it is necessary to consider the intervention’s du-
ration, frequency, and intensity, especially given that not all

studies have shown a positive effect on depression.

Conclusions

This study conducted a meta-analysis to objectively de-
termine the effects of walking on depression. The results
showed that walking exercise has a positive impact on de-
pression. This study validates the effectiveness of walking
exercises and provides a basis for developing programs to
reduce depression.

While this study presents significant conclusions, it has
some limitations. First, the study only compared the effects
of walking exercise on depression; therefore, the interven-
tions’ duration, frequency, and intensity were not considered.
Second, the studies included in this meta-analysis predom-
inantly involved older women. Therefore, it is necessary to
include studies involving different age groups. Future studies
should address these limitations to provide more systemat-
ic and comprehensive conclusions regarding the effects of

walking on depression.
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