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I. Introduction

University students globally exhibit a high prevalence of anxiety symptoms (Li et al., 2022).
Specifically, among Korean university students, these symptoms are heavily driven by socio-cultural
and environmental stressors, including academic pressure, employment and career-related uncertainty,
financial strain, and interpersonal challenges, alongside the broader developmental transition into early
adulthood (Kim et al., 2022; Xiang et al., 2024).

Exercise has been widely discussed as a non-pharmacological strategy for improving mental health,
including depression, stress, and anxiety (Singh et al., 2023). Regular physical activity has been linked
to improved hypothalamic-pituitary-adrenal axis regulation, increased endogenous opioid and endo-
cannabinoid activity, and reduced systemic inflammation, all of which are proposed mechanisms for
its anxiolytic effect (Mahindru et al., 2023; Forteza et al., 2021; Beavers et al., 2010). Exercise pre-
scription, defined as the systematic manipulation of frequency, intensity, time, and type according to
the FITT principle, is a core competency of physical therapy practice, and therapeutic exercise is al-
ready used by physical therapists to manage a wide range of physical and, increasingly, psychological
conditions (Ho et al., 2022; Stavrinou et al., 2025; Davis & McGrane, 2021). Although anxiety-focused
exercise interventions fall within the scope of physical therapy practice, relatively few reviews have ex-
amined this evidence base from a physical therapy perspective (Hodgson et al., 2025). Furthermore, the
primary studies currently available for Korean university students are heterogeneous in design, exercise
modality, and anxiety-measurement approach.

This narrative review aimed to (1) identify studies examining the effect of exercise on anxiety specif-
ically among Korean university students across domestic and international databases; (2) summarize the
reported findings within each exercise category, including relevant exercise-prescription parameters
such as frequency, intensity, time, and duration; and (3) evaluate the methodological strength of the
evidence to inform physical therapists who design or recommend exercise-based anxiety interventions

for the university-student population.

II. Methods

1. Design and search strategy

This study was conducted as a narrative review to synthesize current evidence on exercise and
anxiety. Literature searches were performed between June 1 and June 30, 2026, across two domestic
databases (RISS, KISS) and three international databases (PubMed, ScienceDirect, Google Scholar).
Databases were searched for studies published between January 2000 and June 2026. No language re-

striction was applied, and searches were conducted in both Korean and English. Google Scholar and
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hand-searching of reference lists were used as supplementary sources. Google Scholar was searched
as a supplementary source using the query: Korean “university students” anxiety exercise. Because
Google Scholar ranks results by relevance rather than returning a bounded result set, records were
screened in rank order and retrieval was discontinued after the first 41 records, at which point results
were no longer topically related to exercise or anxiety in university-student populations. These 41 re-
cords were retained for screening. In addition, the reference lists of included articles were
hand-searched, yielding 7 further records. Because the domestic databases do not fully support nested
Boolean operators, a single combined query could not be executed. Because RISS and KISS are
Korean-language database, the original Korean search terms are reported alongside their English trans-
lations to ensure the search strategy is reproducible. Instead, separate queries of the form [t AND
E9F AND X] were run for X = 2% (exercise), 22X = (sports), AAES (physical activity), 27} (yoga),
gatE| A (Pilates), and F& (dance), and the results were merged. Preliminary searching confirmed that
GAAEE (aerobic exercise), FAASE (anaerobic exercise), B3-S (combined exercise), A&
(mind-body exercise), and Ei=d/E}0]X| (Tai Chi) were fully captured by the 2% and 87} queries, and
these terms were therefore not run as separate queries. In RISS, the search was restricted to domestic
journal articles, theses and dissertations, and research reports; monographs were excluded as they do
not report original research data. In KISS, journal articles were searched. For PubMed, the following
single strategy was applied: (‘college student®’[tiab] OR ‘“university student™[tiab] OR
“undergraduate*”[tiab]) AND (Korea*[tiab] OR Korealad]) AND (exerciseltiab] OR "physical activity"[tiab]
OR yogaltiab] OR pilates[tiab] OR "tai chi'[tiab] OR dancel[tiab] OR sport*[tiab]) AND (anxietyltiab] OR
STAI[tiab] OR "state-trait"[tiabl). ScienceDirect limits the number of Boolean terms per query, so the
intervention concept was divided across three queries, each combined with (‘college student” OR
“university student” OR undergraduate) AND (Korea OR Korean) AND anxiety: (4) exercise OR “physical
activity”; (b) yoga OR Pilates OR “tai chi”; and (0 dance OR sport OR aerobic. The affiliation field tag
[ad] was used as a supplementary proxy to capture studies conducted in Korea; because this field re-
flects author affiliation rather than participant nationality, all retrieved records were manually screened

to confirm that the study sample consisted of Korean university students.

2. Eligibility criteria and study selection
The searches yielded 598 records in total: 387 from RISS, 144 from KISS, 18 from PubMed, 1 from

ScienceDirect, 41 from Google Scholar, and 7 from hand-searching reference lists. The large number
of domestic records reflects the use of multiple parallel queries in RISS and KISS, which produced sub-
stantial overlap. After removal of 177 duplicates arising from overlap between queries within a data-
base and across databases, 421 unique records remained. Titles and abstracts of these 421 records were
screened, and 348 were excluded, most commonly because anxiety was not assessed as an outcome,
because the anxiety construct examined was situation- or domain-specific (competitive anxiety, per-

formance anxiety, social physique anxiety, career-related anxiety) rather than generalized anxiety, or
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because no exercise or physical activity variable was present. The full texts of the remaining 73 records
were assessed, and 53 were excluded. Twenty studies met eligibility criteria and were included in the

review.

Records identified through Additional records identified
Identification database searching (n=591) through other sources (n=7)

I

Records after duplicates removed (n=421)

Screening

Records screened (n=421)

P  Records exclude (n=348)

Eligibility Full-text article assessed for
eligibility (n=73) = CFull-text articles excluded,

with reasons: (n=53)
* Wrong Intervention: (n=3)
« Wrong population: (n=33)
« Outcomes not suitable:

Studies included in the qualitative (n=17)

Included analysis (n=20)

Figure 1. Process of selecting literature for analysis

Included studies were organized into two groups according to how completely they satisfied the eligi-
bility criteria elaborated below. Studies meeting all four criteria are referred to as fully eligible studies,
and those satisfying them only partially are referred to as partially eligible studies. These labels de-
scribe only how well each study fit our inclusion criteria. They were created for this review to facilitate
narrative synthesis of a heterogeneous literature, and are not a formal rating of study quality, risk of
bias, or evidence strength. The criteria were not pre-registered: they were developed during full-text
review of the retrieved records and finalized before data extraction and synthesis.

Fully eligible studies were defined as those meeting all of the following criteria: (2) a Korean uni-
versity-student sample; (b) exercise or physical activity as the independent variable (an intervention
program); (o) anxiety measured directly with a standardized instrument (STAI, SCL-90 anxiety subscale,
Self-rating Anxiety Scale (SAS), State Anxiety Index (SAD); and (d) anxiety analyzed as a primary, not
incidental, outcome.

Partially eligible studies were defined as those in which one of these criteria was only partially sat-
isfied, specifically: (2) anxiety was assessed only as a secondary or subscale outcome, or through a
physiological proxy rather than a validated anxiety questionnaire; (b) the design was correlational, me-
diational, or observational (assessing participation-level physical activity rather than an intervention
program), precluding causal inference; or (©) a study met the formal STAI/SAI direct-measurement cri-
terion but the direction of the reported effect could not be reconciled with the authors' own opera-
tional definition of anxiety, and this inconsistency could not be resolved from the published text.

Studies were excluded when anxiety was not measured at all, when a Korean-language publication
drew its sample from a non-Korean student population, or when participants were not university
students. Following screening, eleven studies were retained as fully eligible and nine as partially eligible
(N = 20 total).
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[T Resuts

1. Overview of included studies

The eleven fully eligible studies spanned aerobic exercise (4 = 3) (Han, 2003; Kang, 2016; Park, 2007),
resistance/strength-oriented exercise (k¥ = 1) (Kang, 2016) combined aerobic-resistance exercise (& = 2)
(Kang, 2016; Lee & Yu, 2018), mind-body exercise (& = 4) (Park & Kim, 2016; Kwak, 2023; Kim et al.,
2023; Yook et al., 2024), and other movement-based activities (& = 3) (Kim, 2016; Kim & Park, 2000;
Jung, 2015). Study designs varied, including a single-blind randomized controlled trial (4 = 1) (Yook et
al., 2024), multi-arm controlled trials or nonequivalent-control pre-post designs (4 = 4) (Kang, 2016;
Park, 2007; Lee & Yu, 2018; Park & Kim, 2016), two-group or quasi-experimental pre-post designs (&
= 3) (Kwak, 2023; Kim, 2016; Kim & Park, 2000), and single-group pre-post designs with no compar-
ison group (&£ = 3) (Han, 2003; Kim et al., 2023; Jung, 2015). Sample sizes were generally small, ranging
from 16 to 109 (median < 30), with several fully eligible studies enrolling single-sex cohorts, which lim-

its generalizability by sex.

Table 1. Summary of Fully Eligible Studies on Exercise and Anxiety in Korean University Students

. . . 4
#  Author Exercise Category Design N (MB Duratlf)n X Arlmety Pre — Post p (Post
(Type) Session  Domain / Tool “Pro)
2 Han, 2003 Aerobic (Swimming) Si‘;%::i::p 30 (VA 14wk x 28 Trait / SCAT 223 —214 07  -09
0.56 —
Kang 5 ial + State & Trait / ? 2627 coor 138
: i . -arm tri tate & Trait :
3 2016 Aerobic (Treadmill) control. 12 wk 18 (0/18) 12 wk x 36 STALST (77056 —
5667 <0017 139
(9 71.35 —
. <001 -11.7
Kang, Res1.stance/5tren%gt}r0 5-arm trial + State & Trait / 59.65
3 riented exercise 17 0/17) 12 wk x 36
2016 . o control, 12 wk STAI-S,T (D 71.06 —
(Weight Training) 04l 001" -l06h
(9 69.42 —
. 001" -1542
Kang, Co@1ned/con1gehen 5-arm trial + State & Trait / 54.00
3 sive (Treadmill + 19 (0/19) 12 wk x 36
2016 ] o control, 12 wk STAI-S,T (D 69.89 —
Weight Training) 55,26 001" -1433
Park. Aerobic Nonequivalent
6 2007 (Individualized ~ control-group 28 (19/9) 10wk State / SCL-90 151 —1.30  .001° -0.21
Program) pre-post
Combined (Aerobic +
g L &Y Ty stance, P OO s 05/ 12wk x 12 State / SO0 262 — 207 <0017 ¢ 055
2018 pre-post

course)
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15

15

16

16

18

Park &
Kim,
2016

Kwak,
2023

Kwak,
2023

Kim et
al., 2023

Yook et
al., 2024

Kim,
2016

Kim,
2016

Kim &
Park,
2000

Kim &
Park,
2000

Jung,
2015

Mind-body
(Tai Chi)

Mind-body
(Online Yoga)

Mind-body
(Online Pilates)

Mind-body
(Pilates)

Mind-body

(Online Mindful
Somatic Movement)

Other

(Movement-based

Expressive-Arts
Therapy)

Other
(Sport Dance)

Other

(Dance Learning)

Other
(Sports)

Other

(General PE Course)

Nonequivalen
t control
pre-post

Two-group )

pre-post

Two-group
pre-post

Single-group
pre-post

Single-blind
RCT

Two-group
pre-post

Two-group
pre-post

Quasi-experi
mental
pre-post

Quasi-experi
mental
pre-post

Single-group
pre-post

24 (1/23) 7 wk x 21

20 (14/6) 8 wk x 16

31 (9/22) 15wk x 15

19 (0/19)

30 (N/A) 6wk x 12

30 (N/A) 6wk x 12

23 (N/A)

16 (N/A)

109
(54/55)

2 (10/12) 8 wk x 16

4wk x 8

9 wk

9 wk

4 mo

State / STAI

State & Trait
/ STAI-KYZ

State & Trait
/ STAI-KYZ

State /
SCL-90

Total Anxiety
/ STAI total
(40 items)

State & Trait
/ STAI

State & Trait
/ STAI

State / STAI

State / STAI

State /
SCL-90

54.38 = 31.50  €.001°

© 232 —
1.93

001# ®

(T) 235 = 2.1 .05~ °

© 219 -
1.88

(T) 2.18 —
1.94

1.73 — 2.05

108.47 —
82.26

© 2.62 —
1.94

(T) 2.62 —
1.84

© 2.22 —
1.94

(M 2.22 —
1.92

455 — 377

42.3 — 40.7

™) 2.51 —
2.31

® 2.69 —
253

0.01% © ~

%0.05% ©

015

€001* °

<0017

<001%

<001%

€001%

017

> .05°

.001*

.001*

288

-0.39

-0.25

-1.6

-0.20

-0.16

STAI = State-Trait Anxiety Inventory; SCAT = Sport Competition Anxiety Test; SAI = State Anxiety Inventory; S = state; T = trait;
STAI-KYZ = STAI Korean Version: PE = Physical Education; SCL-90 = Symptom Checklist-90; M = Male; F = Female. Change

values are Post minus Pre as coded in the source data; a positive value denotes an increase in the anxiety score. Change in

scores are expressed in the metric of each study's own instrument (STAI, SCAT, SCL-90) and are not comparable across studies

that used different instruments. % p-value for the within-group comparison; % p-value for the between group comparison.
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2. Partially eligible studies evidence

Nine additional studies were classified as partially eligible, providing directionally informative but
methodologically weaker or ambiguous evidence. To avoid conflating evidence of different types, these
studies are divided into two subgroups and summarized separately in Table 2a and 24.

Table 2a summarizes five studies that used an exercise intervention but did not fully meet the eligi-
bility criteria above (Jang & Kim, 2013; Kim, 2015; Kim et al., 2004; Sim, 2023; Song & Shin, 2022),
most often because the reported anxiety effect was non-significant, indirectly measured, or showed an
unresolved scoring inconsistency. Among these, Kim et al. (2004) met the formal direct-measurement
criterion for anxiety, but the study was reclassified from fully eligible to partially eligible because the
reported score change (an increase) was logically inconsistent with the original authors' own case defi-
nition of anxiety, which most likely reflects an unresolved item-coding issue rather than a genuine
anxiolytic effect.

Table 25 summarizes four studies that examined the association between physical activity and anxi-
ety using an observational or correlational design rather than an intervention (Jung & Yook, 2022; Kim
& Kim, 2007; Kim et al., 2025; Kim, 2009). Because these studies did not administer an exercise inter-
vention, they are interpreted as descriptive, hypothesis-generating evidence on the exercise-anxiety
association rather than as evidence of intervention effect, and are not used to support causal claims

elsewhere in this review.
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Table 2. Summary of Partially Eligible Studies

# Author Study (brief) Design Reason for partially eligible classification
2a. Methodologically limited intervention studies (#1, 4, 5, 11, 13)
Walking/Hiking +

Song & . Single-group Exercise confounded with a concurrent positive-psychology component
. Positive-Psycholo . .
Shin, 2022 pre-post (30 min each session)
gy Program
. Anxiety captured only as the POMS tension-anxiety subscale, not a
Green exercise . . . . N
Jang & Crossover standalone instrument; a first trial was significant (p=.023) but a
’ (Harvard Step, . ..
Kim, 2013 Outdoors) repeated-measures  repeated trial on the same protocol was not (p=.405), raising concerns
about protocol consistency.
Aerobic Exercise Two-wa:
. ) Y Anxiety operationalized as EEG frontal H-beta power, not a validated
5 Sim, 2023 + Video-based  repeated-measures hometri et
sychometric anxiety measure.
Learning ANOVA by Y
The SAI score rose from pre to post (55.79 — 74.54, p{.001), yet the
original authors interpreted this as a significant anxiety-reducing effect.
The published methods did not transparently describe the scoring
Meridian procedure, and the authors’ own case definition (SAI = 50 = anxious) is
1 Kim et al., Exercise, Nonequivalent logically inconsistent with treating a rise in the same score as
2004 Anxiety/Depressi  control, time-lag improvement.
on/Self-esteem This discrepancy could not be resolved from the published text and
most plausibly reflects reverse/inverse item coding; given this unresolved
ambiguity, the study is treated as partially eligible rather than fully
eligible evidence.
Yoga vs. Pilates, Comparative
X 8 i . P . Primary outcome was an autonomic/pulse—wave index (uBioClip), not a
13 Kim, 2015 Autonomic single-session . . . )
. validated anxiety questionnaire.
Nervous System experiment

2b. Observational and correlational studies (#12, 17, 19, 20)

Online Yoga

Jung & during COVID-19 Cross-sectional No exercise intervention was administered. The design is correlational,
12 ¥ kg 2022 (body awareness survey + mediation so a causal exercise-anxiety link cannot be inferred despite direct STAI
ook, . .
— anxiety, analysis measurement.
mediation)
. . Leisure Sport Cross-sectional Cross-sectional, non-causal design: counter-example — higher
Kim & Kim o ) - . . R
17 2007 participation and (MANOVA/correlation participation was associated with higher, not lower, state anxiety in this
state anxiety /regression) sample.
Physical Activity,
Sleep . . o . .
Chang et . Cross-sectional Cross-sectional design; anxiety (SAS subscale) analyzed as a mediator
19 Disturbance, .
al., 2025 . survey rather than as the primary outcome.
Anxiety
(mediation)
Exercise
participation, . Cross-sectional, non-causal design: anxiety captured via POMS
) ) Correlational / . . . . )
20  Kim, 2009 Leisure o . social/emotional/physical-anxiety facets rather than as an independent
. . mediation analysis .
Satisfaction, primary outcome.
Mood state

POMS = Profile of Mood States: EEG = Electoencephalogram: SAI = State Anxiety Index; STAI = State-Trait Anxiety
Inventory; SAS = Self-rating Anxiety Scale.
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3. Level of evidence

Because fully eligible status alone does not equate to methodological rigor, the eleven fully eligible
studies were further stratified by design strength (Table 3). Only one randomized controlled trial was
identified (Yook et al., 2024). The remaining fully eligible studies relied on nonequivalent control
groups, two-group or quasi-experimental comparisons, or single-group pre-post designs without a
comparison group, which cannot rule out regression to the mean, maturation, or practice effects as

alternative explanations for observed anxiety changes.

Table 3. Level of Evidence of Fully Eligible Studies

Bvidence tier Studies (#) n

Randomized controlled trial (single-blind) 14 1

Multi-arm trial with control group / Nonequivalent-control pre-post 3,67, 8 4
Two-group or quasi-experimental pre-post (no randomization) 9, 15, 16 3
Single-group pre-post (no comparison group) 2, 10, 18 3

4. Exercise-prescription parameters

Table 4 summarizes explicit frequency, intensity, time, and type (FITT) parameters for the inter-
ventions in the eleven fully eligible studies as these variables are crucial for physical therapists ex-
ercise prescription. Reporting was inconsistent across studies: intensity was unreported or vaguely de-
scribed (“individualized”) in several studies (Park, 2007; Kwak, 2023, Kim et al., 2023, Yook et al., 2024,
Kim, 2016, Kim & Park, 2000), and frequency or session length was missing entirely in the two low-
est-quality single-group studies (Kim & Park, 2000; Jung, 2015). Total program duration ranged widely,
from 4 weeks (Yook et al., 2024) to 15 weeks (Kim et al., 2023), with no discernible dose-response
pattern. A significant within-group reduction in state anxiety was observed in the 7-week Tai Chi pro-
gram (Park & Kim, 2016), whereas the 15-week Pilates program showed a significant increase (Kim et

al., 2023). Duration alone does not appear to predict the direction of the effect in this literature.
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Table 4. Exercise Prescription Parameters (FITT Framework) of Interventions in the Fully Eligible Studies

# Type Frequency Intensity Time (session) Total duration
2 Swimming 2-3% /wk Moderate-vigorous 90 min 14 wk
3 Treadmill Walking 3x/wk Low 30 min 12 wk
3 Weight Training 3% /wk Moderate 30 min 12 wk
3 q;)rye;:}?ﬂ}fr\;vii;;— 3x [wk Moderate 30 min 12 wk
6 Individlil;z;iclllgAerobic 4-5x [wk Individualized, progressive Z?g_?az:;)m 10 wk
7 . Aerobic + 1x/wk Progressive (low — high) 60 min 12 wk
Resistance (PE course)
8 Tai Chi (31-form) 3x /wk Low 60 min 7 wk
9 Online Yoga 2% [wk Low, relaxation-focused 60 min 8 wk
9 Online Pilates 2x [wk Low-moderate 60 min 8 wk
10 Pilates 1% /wk Low-moderate, progressive 100 min 15 wk
14 Online Mindful Somatic 2x [wk Low, mindfulness-focused 120 min 4 wk

Movement

15 Mov.ement-based 2% /wk Low-moderate 120 min 6 wk
Expressive-Arts Therapy

15 Sport Dance 2% [wk Low-moderate 120 min 6 wk
16 Dance Learning N/A Low-moderate N/A 9 wk
16 Sports N/A Moderate-high N/A 9 wk
18 General PE Course N/A N/A N/A 4 mo

FITT = Frequency, Intensity, Time, Type: PE = Physical education.

5. Findings by exercise category
1) Aerobic exercise

Aerobic exercise studies included swimming, treadmill walking, and an individualized program. A
14-week swimming program showed only a trend-level reduction in trait anxiety (p = .07) (Han, 2003).
A five-arm parallel trial (total NV = 91: treadmill walking n = 18, resistance training n = 17, combined
aerobic-resistance training n = 19, transcranial direct current stimulation or tDCS 2 = 20, control n =
17) found that the treadmill-walking arm produced a significant reduction in both state and trait anxi-
ety (p € .001) (Kang, 2016). Numerically, the pre-post reduction was largest in the combined aero-
bic-resistance arm (state -15.4 points; trait -14.6 points), followed by the aerobic-only arm (-13.9
points for both) and the resistance-only arm (-11.7 state, -10.7 trait). The untreated control arm
showed no significant change in state anxiety (p = .074). Although trait anxiety in the control arm
reached nominal statistical significance (p = .035), the magnitude of this change was negligible (+0.03

points), indicating no clinically meaningful change. However, the original study did not report a formal
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between-arm statistical comparison for these differences, so this numerical ordering should be read as
a descriptive observation rather than evidence that one exercise type was more effective than another.
A 10-week individualized aerobic program also reduced SCL-90 anxiety scores relative to a non-

equivalent control group (Park, 2007).

2) Resistance/strength-oriented exercise & Combined exercise

As noted above, the pre-post reduction in the combined aerobic-resistance arm of the same five-arm
trial was numerically larger than in the aerobic-only and resistance-only arms for both state and trait
anxiety (Kang, 2016); however, as noted, the absence of a formal between-arm statistical test in the
original study means this pattern cannot be interpreted as evidence of superior efficacy. A separate
12-week physical education course that combined aerobic and resistance components in male students
also reduced SCL-90 anxiety scores (p < .001) (Lee & Yu, 2018). Because the multi-arm trial was not
designed with combined exercise as a pre-specified primary comparison, and the physical education
course relied on a non-randomized, single-sex sample, both findings should be interpreted as promis-

ing but preliminary.

3) Mind-body exercise

Mind-body exercise (Tai Chi, yoga, Pilates, and online mindful somatic movement) was the most fre-
quently represented category among the fully eligible studies, and it produced the most heterogeneous
pattern of results. A 7-week Tai Chi program in nursing students reported a significant within-group
reduction in state anxiety (STAI -22.9 points, p < .001) (Park & Kim, 2016), and a 4-week single-blind
randomized trial of an online mindful somatic movement and psychoeducation program also produced
a significant reduction (STAI -26.2 points, p € .001), the only randomized evidence in the fully eligible
studies (Yook et al., 2024). An 8-week online program with separate yoga (12 = 22) and Pilates (7 = 20)
arms showed a significant reduction in state anxiety in both arms (yoga p < .001; Pilates p < .01), but
the reduction in trait anxiety was not significant in either arm (both p ) .05), which suggests a
state-level rather than trait-level effect (Kwak, 2023).

By contrast, a 15-week Pilates course reported a significant increase rather than a decrease in anxi-
ety (SCL-90, +0.32, p = .015) (Kim et al., 2023). Its 15-week duration and pre-post design are not, in
themselves, grounds for exclusion, so the finding is reported here in its original direction and in-
terpreted on its own terms. The original authors attributed the counter-directional result to two factors:
the once-weekly session frequency, which they judged too infrequent to produce a meaningful psycho-
logical effect, and the timing of the post-test, which coincided with the final-examination period and
likely elevated participants  anxiety through exam-related stress. Similarly, a 6-week meridian-exercise
trial (Kim et al., 2004) also showed a numerical increase in SAI scores, though the authors interpreted
their findings as an anxiety reduction. This study met the direct measurement criterion but was reas-

signed to the partially eligible group (Table 2a), because the discrepancy between the reported score
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direction and the authors™ interpretation most plausibly reflects an unresolved item-coding issue rather

than a genuine counter directional effect.

4) Other movement-based activities

Other movement-based approaches included movement-centered expressive-arts therapy, dance
learning, and a general physical-education course. Expressive-arts therapy over six weeks significantly
reduced both trait and state anxiety (p < .001) (Kim, 2016). A 9-week program that compared two sepa-
rate interventions found that dance learning (n = 23) significantly reduced state anxiety (p < .01),
whereas sport activity (2 = 16) did not (p » .05) (Kim & Park, 2000). Lastly, a 4-month general physical
education course in both male and female students was associated with a significant reduction in
SCL-90 anxiety scores (Jung, 2015).

IV. Discussion

Across the eleven fully eligible studies, significant within-group reductions in anxiety were reported
in most exercise categories, although not every study reported a significant change. Reductions were
reported across aerobic, resistance, combined aerobic-resistance, mind-body, and other move-
ment-based programs, and proposed mechanisms common to these modalities include the regulation
of physiological arousal and the cardiovascular and musculoskeletal adaptations relevant to emotional
regulation (Mahindru et al., 2023). Because the reviewed studies used different anxiety instruments and
different score metrics, these findings indicate a consistent direction of change rather than a ranking
of modalities. However, these findings should not be interpreted as an unqualified endorsement of ex-
ercise as an anxiety intervention in this population.

First, only one of the eleven fully eligible studies used randomization (Yook et al., 2024), and most
relied on single-group or nonequivalent-control pre-post designs, which cannot rule out regression to
the mean, academic-calendar effects (proximity to examinations), or simple practice effects on re-
peated anxiety questionnaires. Second, sample sizes were consistently small; total sample sizes across
fully eligible studies ranged from 16 to 109, and the median group size across intervention arms was
below 30. This limited statistical power increases the risk of Type II errors and restricts the general-
izability of the findings (Kang, 2016). Third, unexpected or inconsistent findings were reported across
the literature rather than selectively omitted. Among the fully eligible intervention studies, one program
(a 15-week Pilates course) showed a significant increase, rather than a decrease, in anxiety (Kim et
al., 2023), and a related but methodologically ambiguous intervention study displayed an internal scor-
ing-direction inconsistency in the same direction (Kim et al., 2004). Separately, among the ob-
servational studies, a cross-sectional survey found that higher self-reported sport participation was as-
sociated with higher, not lower, state anxiety (Kim & Kim, 2007); because this study did not involve

an intervention, it is interpreted as a directionally consistent but non-causal counter-example rather




Effects of Exercise Interventions on Anxiety in Korean University Students: A Narrative Review 57

than as evidence equivalent to the Pilates finding. Fourth, several partially eligible studies operational-
ized anxiety only indirectly (a Profile of Mood States (POMS) subscale, an EEG frontal-asymmetry index,
or an autonomic pulse-wave measure) which limits confidence that an anxiety-specific, rather than a
broader stress- or arousal-related, effect was captured (Jang & Kim, 2013; Kim, 2015; Sim 2023).

Fifth, as shown in Table 4, exercise dose was highly heterogeneous and inconsistently reported
across studies.

Specifically, the exercise dose ranged from a single session to 15 weeks of structured training, at
widely varying intensities (from “low-intensity, relaxation-focused” to “moderate-to-vigorous”). This
means no dose-response conclusion can be drawn at this stage.

Taken together, these methodological limitations and divergent findings underscore why exercise

cannot be treated as an unqualified or universal intervention for anxiety in this population.

1. Implications for physical therapy practice

From a physical therapy standpoint, three observations stand out.

First, none of the eleven fully eligible studies were designed or delivered as a formal therapeutic-ex-
ercise prescription in the sense used in physical therapy practice, that is, with individualized pro-
gression criteria, objective load monitoring, and symptom-based dose adjustment. The programs were
instead delivered by nursing, sport-science, psychology, or general-education instructors, and intensity
and progression were frequently undocumented (Table 4). This represents a concrete opportunity for
physical therapists, who are trained in exercise prescription and dosing, to design and test anxi-
ety-focused exercise programs with the same rigor already applied in musculoskeletal or cardiopulmo-
nary rehabilitation.

Second, one of the two most methodologically rigorous studies in this review, the single-blind
randomized trial of an online mindful somatic movement program, was co-authored by a physical ther-
apy researcher (Yook et al., 2024). This suggests that physical therapy expertise is already contributing
meaningfully to this evidence base and supports the relevance of this topic to physical therapy science.
We specifically looked for additional studies in which a physical therapist was directly involved in in-
tervention delivery or exercise prescription, but none could be identified among the twenty studies
screened. This absence is itself informative: it suggests that physical therapy-led exercise trials for
anxiety in this population remain largely unexplored, and it tempers any claim that physical therapy
involvement has already been shown to improve outcomes in this literature.

Third, the pattern of unexpected results identified in this review carries a clinically important point
for physical therapists who prescribe exercise for psychological outcomes. Among the fully eligible
studies, a 15-week Pilates program showed a significant increase in anxiety (Kim et al., 2023), and a
related but methodologically ambiguous study showed a similar numerical pattern that could not be
reconciled with the authors' own scoring criteria (Kim et al., 2004). Among the observational studies,

higher self-reported sport participation was associated with higher, not lower, state anxiety (Kim &
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Kim, 2007), and unsupervised participation-level exposure showed inconsistent or null associations
with anxiety in two further studies (Kim et al., 2025; Kim, 2009). None of these counter-directional
or null findings arose from a program that was individually dosed, progressed, or monitored by a
trained professional; each involved either an unsupervised participation measure or a fixed, non-in-
dividualized group protocol. This pattern is consistent with the broader principle in physical therapy
practice that a therapeutic exercise program requires ongoing, symptom-based adjustment to remain
both safe and effective, rather than a uniform prescription applied without monitoring. Taken together,
these findings suggest that not every exercise modality or delivery format produces an anxiolytic effect
in every subgroup, and that unsupervised, self-reported participation, as opposed to a dosed, moni-
tored intervention, appears particularly prone to null or paradoxical results. This underscores a con-
crete role for physical therapists, whose training in individualized assessment, progression, and symp-
tom monitoring positions them to supervise exercise programs in which anxiety is tracked as an ex-
plicit outcome and adjusted for in real time, rather than relying on general, unguided activity partic-

ipation delivered by non-specialist instructors.

2. Methodological considerations & confounders

Several methodological considerations are worth noting when interpreting the findings in this review.

First, a clear divergence was observed between state and trait anxiety outcomes. Trait anxiety
reached statistical significance only in the intervention with higher session frequency and total dura-
tion (three sessions per week over 36 sessions) (Kang, 2016), whereas the lower-dose online program
reduced state anxiety alone, without a significant change in trait anxiety (Kwak, 2023). While consistent
with the theoretical distinction between transient state anxiety and stable dispositional traits, this ob-
servation remains hypothesis-generating as only three fully eligible studies evaluated both subscales.

Second, because exercise modality, session frequency, total duration, and sample demographics co-
vary almost completely across the literature, it is impossible to isolate the true effect of exercise type
from these confounded design features. Any apparent superiority of specific modalities must be in-

terpreted with caution.

3. Limitations

This review has several limitations. As a narrative rather than a systematic review, the search was
limited to five databases without a structured PRISMA flow, dual-reviewer screening, or a formal
risk-of-bias assessment. In addition, none of the twenty included studies reported an a priori sample
size or power calculation. Because most studies enrolled fewer than 30 participants per arm, it remains
unclear whether they were adequately powered to detect anxiety reductions; this raises the possibility
that some non-significant findings reflect insufficient power rather than a true absence of effect, and
conversely that some significant findings may be inflated in a small-sample literature. Additionally,

Google Scholar does not permit reproducible, bounded searching. Retrieval was therefore terminated
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at the point where results ceased to be topically relevant, and this cut-off reflects a judgment by the
reviewers rather than a predefined stopping rule. Records ranked beyond this point may have included
eligible studies. Furthermore, reliance on Korean-language sources and a small number of international
sources may have introduced publication or language bias. Finally, extracted statistics (particularly for
the multi-arm trial, mediation analyses, and scoring directions in the Pilates and meridian-exercise

studies) warrant careful re-verification against original manuscripts.

V. Conclusion

The available literature suggests that exercise across various modalities, including aerobic, resist-
ance, combined, and mind-body, may be associated with reduced anxiety among Korean university
students, although the findings were inconsistent and the heterogeneity in study design and anxiety in-
struments precludes any comparison of relative effectiveness between exercise types. The evidence
base remains limited, being mostly non-randomized, skewed toward female samples, and inclusive of
at least one counter-directional finding that warrants transparent discussion. Additionally, none of the
reviewed interventions reflected a formal physical therapy exercise-prescription approach, which sug-
gests both a gap and an opportunity for physical therapy-led research in this population. Future studies
should prioritize adequately powered randomized controlled trials with standardized anxiety instru-
ments, explicit FITT-based exercise prescription, and physical therapist involvement in program design

and delivery.
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