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ABSTRACT: Background: The anxiolytic benefits of exercise appear to vary across societies, yet limited research
has examined how cultural norms shape this association. To address this gap, the present study investigates the
moderating role of societal individualism–collectivism in the relation between exercise and anxiety symptoms.
Methods: Using a sample of 123,298 individuals across 23 societies and two waves from the Global Flourishing
Study, weighted multilevel models were employed to examine the lagged association between exercise at Wave 1
and anxiety symptoms at Wave 2, with and without adjustment for exercise at Wave 2. We further examined the
cross-level moderating role of society-level individualism–collectivism in the individual-level association between
Wave 1 exercise and Wave 2 anxiety symptoms. Results: The results indicate that exercise at Wave 1 is significantly
associated with lower anxiety symptoms at Wave 2 in the basic lagged model. However, the association between
Wave 1 exercise and Wave 2 anxiety symptoms attenuates after accounting for exercise at Wave 2, which shows a
stronger association with anxiety symptoms at Wave 2 and a larger magnitude of association. Cross-level analyses
further demonstrate that the lagged association between Wave 1 exercise and Wave 2 anxiety is more pronounced in
collectivist societies and negligible in individualistic societies. Conclusions: These findings contribute theoretically
to public mental health and cross-cultural research by elucidating the cultural moderation of the correlation between
exercise and anxiety symptoms. From a practical perspective, culturally tailored approaches to encourage exercise for
anxiety reduction are essential. In collectivist societies, group-based and community-oriented exercise may better
support the long-term emotional benefits of sustained activity, whereas in individualistic societies, interventions may
need to emphasize intrinsic motivation to enhance the mental health benefits of exercise.

KEYWORDS: Anxiety symptoms; exercise; individualism versus collectivism; Global Flourishing Study

1 Introduction

Although randomized controlled trials have established the anxiolytic benefits of exercise [1–3], the
extent to which these effects vary across different cultural contexts remains insufficiently understood.
Individuals from different societies may report varying associations between exercise and anxiety symptoms,
partly because the meaning and function of exercise differ across sociocultural environments [4]. For
instance, in more collectivistic societies, such as East Asian regions, exercise is often viewed as a context
for social interaction, and group-based activities may amplify anxiolytic effects through enhanced social
connectedness [5]. In contrast, individuals in more individualistic societies, such as Ireland and the United
States, tend to approach exercise primarily as a health-promotion behavior aimed at improving physical
fitness or body image, which may shape its psychological benefits in different ways [6,7].
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Exercise is a subset of physical activity characterized as structured, repetitive, and purposeful movement
undertaken to improve health [1]. Given that individuals engage in exercise with explicit health-related
intentions, these intentions are often shaped and regulated by cultural norms [4]. In this case, cultural
frameworks may play a crucial role in shaping the anxiolytic effects of exercise. However, while sport
sciences have traditionally emphasized the neurobiological outcomes of physical exercise, psychological
research has focused more on its psychological mechanisms [8]. Despite these disciplinary advances,
cross-cultural differences in the anxiolytic benefits of exercise remain insufficiently examined, particularly
in studies involving multiple societal comparisons. To address this gap, the present study draws on data
from the large-scale and cross-societal Global Flourishing Study to examine how the association between
exercise and anxiety symptoms may vary across cultural contexts [9].

Previous studies have shown that the health-related benefits of exercise vary by frequency, duration,
intensity, and type, often revealing non-linear associations between exercise and health outcomes [10,11].
Nevertheless, meta-analytic evidence consistently supports the anxiolytic effects of exercise [3], indicating
that individuals who engage in regular physical activity tend to reportmoderately lower levels of anxiety [12].
Building on this evidence, exercise can be conceptualized as a potential treatment for anxiety. In this study,
we employ a binary indicator of whether respondents exercised in the past week to operationalize exercise
as an intervention-like exposure.

Both recent exercise and prior exercise are possibly associated with anxiety symptoms, although
their patterns of association appear to differ [13]. Recent exercise is more closely linked to immediate
physiological responses, such as increased serotonin release and elevated brain-derived neurotrophic factor
(BDNF), which are relevant to short-term emotional regulation [8]. While associations between anxiety
symptoms and earlier or more sustained exercise tend to be weaker, they are more likely to reflect the
social dimensions of exercise, including continued participation in socially embedded exercise, whose
psychological correlates accumulate more gradually over time [14].

Cross-sectional evidence using the duration of exercise in the past week or month generally supports
its association with reduced anxiety symptoms [15]. However, cross-sectional measures cannot capture the
effects of long-term or habitual exercise [13]. To address these limitations, the present study uses the Global
Flourishing Study, a two-wave, large-scale dataset, to examine the lagged association between sustained
exercise behavior and later anxiety symptoms [9]. A two-wave design is sufficient for the main claim of this
study as it allows recent and prior exercise to be temporally ordered and examined in relation to later anxiety
symptoms while controlling for baseline anxiety [16]. However, while this design supports inferences about
temporal associations, it cannot capture longer-term trajectories or establish causal effects [17].

This study makes several potential contributions. Theoretically, it advances research on exercise and
anxiety symptoms by moving beyond unidirectional frameworks and demonstrating a lagged association
between exercise and subsequent anxiety symptoms across societies. Methodologically, it leverages
large-scale longitudinal and multilevel data to overcome limitations inherent in prior cross-sectional
studies and to examine these associations across diverse cultural contexts. Practically, the findings offer
implications for the development of culturally sensitive interventions and public mental health policies that
promote physical activity as a means of alleviating anxiety symptoms, particularly in collectivistic societies.

The aims of this study are to examine (1) the association between initial exercise levels and later
anxiety symptoms, and (2) the moderating role of societal individualism versus collectivism in this lagged
association. This study contributes to the existing literature by examining the cross-level moderating
role of societal individualism versus collectivism in the lagged association between exercise and anxiety
symptoms. Specifically, the predictive role of baseline exercise on subsequent anxiety may vary across
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societies with differing levels of individualism versus collectivism. Because anxiety symptoms are also
shaped by both demographic characteristics and broader societal conditions, we include individual-level age
and gender [18,19], as well as the Human Development Index at the society-level as control variables [20].
The overall research framework is presented in Fig. 1.

Figure 1: Research framework. Notes. W1 = Wave 1, W2 = Wave 2.

2 Literature Review and Hypotheses

There is substantial evidence for the anxiolytic effects of exercise, and randomized controlled trials
(RCTs) have consistently demonstrated that exercise reduces anxiety symptoms [1]. However, most RCTs
evaluate short-term outcomes and rely on designs that do not capture long-term behavioral patterns [13].
Consequently, relatively little research has examined whether habitual or prior exercise behavior is
associated with subsequent anxiety symptoms over extended periods. In this context, it is necessary
to investigate the lagged association between earlier exercise engagement and later anxiety symptoms.

Neurobiological evidence shows that regular aerobic exercise can increase serotonin levels, which in
turn helps regulate mood and reduce anxiety [21]. In addition, exercise-induced neuroplastic changes, such
as enhanced BDNF, have been shown to improve neural functioning and alleviate anxiety symptoms [22,23].
However, increases in serotonin and BDNF tend to occur rapidly following exercise and may be relatively
short-lived [8]. These neurobiological mechanisms may account for the short-term anxiolytic effects of
exercise, but they may be insufficient to explain the potential long-term impact of exercise on anxiety
symptoms [24].

Psychological mechanisms may offer a plausible explanation for the longer-term associations between
exercise and reduced anxiety symptoms [25]. Specifically, engaging in physical activity can distract
individuals from negative thoughts and worries, decrease rumination, and alleviate stress [26]. Exercise
may also enhance feelings of mastery and self-efficacy, promote relaxation through endorphin and related
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neurochemical release, and facilitate social interaction [8]. Collectively, these mechanisms may contribute
to sustained reductions in anxiety symptoms associated with regular exercise over time [5,27].

Based on these considerations, we proposed the following hypothesis:

Hypothesis 1: Baseline exercise is associated with reduced subsequent anxiety symptoms.

Across different societies, the anxiolytic effects of exercise may vary. This variability may help explain
why meta-analyses of RCTs on exercise and anxiety typically report only moderate effect sizes [1]. Given
the social dimension of physical activity, collectivist societies, where group-based exercise is more culturally
normative, may derive additional benefits through enhanced social support, greater social engagement, and
reduced feelings of isolation [14]. These social resources are particularly relevant for mitigating anxiety
symptoms [28,29].

In collectivist societies, supportive environments for group-based activities are strongly encouraged,
which can enhance participants’ confidence, foster a sense of belonging, and reduce feelings of facing
challenges alone [30]. Encouragement, shared laughter, and collective participation in team sports or fitness
classes can improve mood, decrease stress, and strengthen interpersonal connections [31]. In this context,
individuals experiencing anxiety-related motivational deficits may be more likely to overcome initial inertia
and engage in exercise when social norms emphasize collective participation [32].

In individualistic societies, although team-based activities can still yield positive emotional effects,
prevailing cultural norms that prioritize personal autonomy may attenuate the emotional benefits from
group-based activities [33]. In this vein, the social and emotional benefits of group-based exercise may be
comparatively weaker in such contexts [34]. In addition, in more individualistic cultures, exercise goals are
often internalized as abstract ideals of self-improvement, which may be weakened by potential heightened
self-criticism [35]. Given this cultural contrast, we proposed the following hypothesis:

Hypothesis 2: Societal individualism versus collectivism moderates the association between exercise and
anxiety symptoms. Specifically, in more collectivist societies, baseline exercise is associated with a greater
reduction in subsequent anxiety symptoms.

3 Method

The description of the methods below has been adapted from VanderWeele, Johnson [9]. Further
methodological details are available elsewhere [36–40].

3.1 Data Sources, Population, and Sampling

This study drew on data from the Global Flourishing Study (GFS), a large-scale longitudinal survey
that recruited more than 200,000 participants at Wave 1 across over 20 geographically and culturally
diverse societies. A complete list of participating societies is provided in Table 1. The sampling strategy
emphasized broad global coverage and diversity in geography, culture, and religion, while also considering
the feasibility of data collection based on existing infrastructure. All data were collected by Gallup, Inc.
Gallup’s Institutional Review Board ensured all informed consent language used in the GFS met the ethical
and legal requirements for human subjects research of this nature (https://www.cos.io/gfs-faqs).

Wave 1 data were primarily collected in 2023, with some societies beginning in 2022, and collection
dates varied by location [38,39]. Four additional waves are planned annually from 2024 to 2027, with data
from Waves 1 and 2 currently available for public access (https://www.cos.io/gfs-wave-data). This study
was preregistered on the Open Science Framework (https://osf.io/m7t49). Wave 2 of the GFS was conducted

https://www.cos.io/gfs-faqs
https://www.cos.io/gfs-wave-data
https://osf.io/m7t49
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approximately one year after Wave 1. Appendix 1 of the methodology report (https://osf.io/k2s7u) reports
the specific data collection periods for each participating society.

When matching the longitudinal data from Wave 1 and Wave 2, respondents who did not participate
in both waves were excluded, yielding a retained sample of 128,868 individuals. After additionally
removing cases with missing data on exercise at both waves, anxiety symptoms at both waves, gender,
and baseline age, the final individual-level sample comprised 123,298 respondents. Societal-level data
on individualism–collectivism and the Human Development Index were available for all 23 societies.
Accordingly, the final dataset consisted of 123,298 individuals nested within 23 societies for the multilevel
modeling analysis.

3.2 Measures

Anxiety symptoms were measured using the Generalized Anxiety Disorder 2-item (GAD-2) scale from
the GFS [9]. The GAD-2 demonstrates good diagnostic accuracy for detecting anxiety disorders across
multiple languages and diverse populations, with performance comparable to that of the Generalized
Anxiety Disorder 7-item [41]. The measure includes two items: FEEL_ANXIOUS (Been Bothered in Last
Two Weeks By: Feeling Nervous, Anxious or on Edge) and CONTROL_WORRY (Been Bothered in Last Two
Weeks By: Not Being Able to Stop or Control Worrying). Response options for both items were: 1 = Nearly
every day, 2 = More than half the days, 3 = Several days, and 4 = Not at all. Both items were rated on
a 4-point scale and were reverse-scored. Mean scores were calculated to represent individuals’ anxiety
symptom levels, with higher scores indicating greater anxiety symptoms. The Cronbach’s alpha coefficients
for this scale were 0.801 at Wave 1 and 0.791 at Wave 2, indicating good internal consistency [42].

Exercise was assessed using the GFS item DAYS_EXERCISE, which measured the number of days
(0–7) a respondent engaged in exercise during the past week. The item asked: “On how many days did you
exercise or engage in vigorous physical activities for 30 min or more in the past week?” We transformed the
exercise variable into a dichotomous measure (1 = reported exercising at least 1 day; 0 = reported exercising
0 days) to distinguish between physically inactive and active individuals, an approach commonly used
in public health research to simplify interpretation and model associations with health outcomes such as
anxiety symptoms [43]. This binary classification facilitates clearer inference regarding the presence versus
absence of exercise behavior in large cross-societal samples.

Demographic variables were obtained from the GFS. Age was treated as a continuous variable. Gender
was coded as a binary variable (0 = female, 1 = male). Since participants who identified with other gender
identities constituted a small number of cases (N = 406) and to ensure adequate statistical power for the
main analysis, these cases were omitted from the present study.

Individualism versus collectivism was assessed using Hofstede’s cultural dimension theoretical
framework [33]. This index is scaled from 0 to 100. Higher scores indicate a greater societal orientation
toward Individualism, while lower scores represent a stronger tendency toward Collectivism.

The Human Development Index (HDI) was obtained from the Human Development Report
2023/2024 [44]. We used HDI scores from 2022. The HDI is a composite indicator that summarizes a
society’s average achievement across three dimensions including life expectancy, education, and per capita
income. HDI scores range from 0 to 1, with higher values signifying greater levels of human development.

3.3 Statistical Analysis

Multilevel Modeling (MLM) was employed to examine the association between exercise and anxiety
symptoms, and to test the cross-level moderating role of society-level individualism versus collectivism.

https://osf.io/k2s7u


6 Int J Ment Health Promot. 2026;28(3):9

Data cleaning and validity checks were conducted using Stata 17 MP (StataCorp LLC, College Station,
TX, United States). Subsequent descriptive analysis, data visualization, and the multilevel modeling were
performed using R (version 4.3.2) with the packages ggplot2 and lme4.

The null model with anxiety symptoms at Wave 2 as dependent variable was estimated to calculate
the intraclass correlation coefficient (ICC). The ICC quantifies the proportion of total variance in anxiety
symptoms that is attributable to between-society differences. Following Cohen [45], an ICC value exceeding
0.059 was used as the criterion to confirm the appropriateness of Multilevel Modeling.

All individual-level continuous variables were group-mean centered, while all society-level variables
were grand-mean centered. Two main models with random slopes and intercepts were then specified. In
particular, one model considered only exercise at Wave 1 and the another consider exercise at Wave 1 and
2. We also included individual-level covariates (e.g., age at Wave 1, gender). We controlled for society-level
variation in Wave 1 and Wave 2 exercise, Wave 1 anxiety, and Wave 1 age and gender.

Three full models additionally incorporated cross-level interaction terms with individualism–collectivism.
The first full model included exercise at Wave 1 and its interaction with individualism–collectivism. The
second model included exercise at Wave 2, and the third incorporated exercise at Wave 2 along with its
interaction with individualism–collectivism. All three models further adjusted for societal-level covariates,
including individualism–collectivism and the HDI. Society-level variations in all individual-level variables
were controlled for. When significant cross-level interactions emerged, simple slope analyses were conducted
to examine the nature of the moderation [46].

4 Results

Table 1 presents descriptive statistics grouped by societies. Columns 2 and 3 report the proportion
of respondents who exercised in the previous week at Wave 1 and Wave 2, respectively. Columns 4 to 7
display the mean and standard deviation of anxiety symptoms at Wave 1 and Wave 2. Column 8 provides
the proportion of males in each society. Columns 9 and 10 show the mean and standard deviation of
participants’ age at Wave 1. Columns 11 and 12 present the values of society-level variables, including
individualism–collectivism and the HDI. Column 13 reports the sample size for each society.

Table 1: Descriptive statistics.

Societies
Exercise
at W1

Exercise
at W2

Anxiety
Symptoms at W1

Anxiety
Symptoms at W2 Gender

Age at W1
IND-COL HDI N

Mean SD Mean SD Mean SD

Argentina 0.552 0.607 2.129 0.966 2.063 0.982 0.494 42.8 16.3 51.0 0.849 2833

Australia 0.767 0.765 1.854 0.852 1.880 0.883 0.491 50.0 17.6 73.0 0.946 2526

Brazil 0.587 0.583 2.346 1.043 2.272 1.008 0.479 42.7 16.2 36.0 0.760 4147

Egypt 0.207 0.175 2.327 0.971 2.313 0.976 0.515 36.9 14.1 13.0 0.728 2994

Germany 0.716 0.724 1.700 0.770 1.739 0.762 0.487 49.5 17.1 79.0 0.950 5403

India 0.592 0.590 1.963 0.940 2.081 0.976 0.535 37.9 14.4 24.0 0.644 4661

Indonesia 0.791 0.782 1.571 0.773 1.673 0.845 0.499 38.1 13.9 5.0 0.713 2583

Israel 0.519 0.539 1.554 0.745 1.551 0.751 0.489 44.1 18.2 56.0 0.915 2342

Japan 0.552 0.544 1.646 0.792 1.686 0.809 0.472 52.1 17.0 62.0 0.920 13,385

Kenya 0.659 0.684 2.073 0.889 2.068 0.891 0.489 35.3 14.6 5.0 0.601 7588

Mexico 0.631 0.647 1.896 0.870 1.920 0.903 0.476 40.9 15.9 34.0 0.781 2182
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Table 1: Cont.

Societies
Exercise
at W1

Exercise
at W2

Anxiety
Symptoms at W1

Anxiety
Symptoms at W2 Gender

Age at W1
IND-COL HDI N

Mean SD Mean SD Mean SD

Nigeria 0.762 0.849 2.046 0.894 2.142 0.880 0.513 34.6 13.3 0.0 0.548 2963

Philippines 0.857 0.860 2.297 0.956 2.245 0.964 0.480 38.8 15.3 17.0 0.710 2650

Poland 0.452 0.445 1.477 0.628 1.470 0.604 0.475 46.4 16.4 47.0 0.881 6091

South
Africa 0.651 0.643 1.914 0.847 2.153 0.895 0.484 38.5 15.0 23.0 0.717 950

Spain 0.723 0.718 2.007 0.886 2.080 0.890 0.500 46.6 15.5 67.0 0.911 2858

Tanzania 0.746 0.756 1.851 0.944 1.865 0.933 0.488 35.8 14.8 25.0 0.532 5349

Türkiye 0.631 0.566 2.153 1.049 2.155 1.017 0.503 41.9 15.9 46.0 0.855 485

United
Kingdom 0.691 0.701 1.862 0.925 1.878 0.932 0.483 49.8 17.2 76.0 0.940 3509

United
States 0.744 0.719 1.752 0.852 1.753 0.846 0.477 52.1 16.4 60.0 0.927 31,369

Sweden 0.768 0.752 1.609 0.789 1.642 0.806 0.496 49.3 18.3 87.0 0.952 11,203

Hong
Kong SAR 0.624 0.613 1.865 0.768 1.831 0.724 0.442 48.0 14.9 50.0 0.956 696

Chinese
Mainland 0.830 0.856 1.715 0.736 1.693 0.671 0.506 44.8 15.4 43.0 0.788 4531

Notes. 1. The proportion of individuals who exercised in the last week is reported for each society. The proportion of males in each
society is reported for the gender variable. 2. W1 =Wave 1, W2 =Wave 2, SD = Standard deviation, IND-COL = Individualism versus
collectivism, HDI = Human Development Index, N = Number of participants. 3. Weighted values are reported for individual-level
variables, including exercise at Wave 1 and Wave 2, anxiety symptoms at Wave 1 and Wave 2, and gender, and age at Wave 1.

To ensure that the factor structure derived from the overall sample was appropriately represented
within each society, we conducted a Procrustes rotation [47] and calculated Tucker’s phi congruence
coefficients [48] to assess factorial agreement across societies. The results showed high congruence.
Specifically, the Tucker’s phi values for anxiety symptoms between Wave 1 and Wave 2 were 1.000 in
all societies. Tucker’s phi values exceeded the recommended threshold of 0.950, indicating a very good
congruence across societies [49].

We estimated the null model using anxiety symptoms at Wave 2 as the dependent variable. The result
showed that the intraclass correlation coefficient for the null model was 0.075, exceeding the threshold
of 0.059 [45]. This level of between-society variance justified the use of multilevel modeling to examine
cross-societal differences in residents’ anxiety symptoms at Wave 2.

Table 2 presents the results of the main models. The coefficient of exercise at Wave 1 on anxiety
symptoms at Wave 2 was significant (𝛽 = −0.041, p < 0.01). However, after including exercise at Wave 2 in
the model, the effect of Wave 1 exercise was no longer significant, whereas exercise at Wave 2 remained a
significant negative predictor of anxiety symptoms (𝛽 = −0.066, p < 0.001).

The temporal stability of anxiety symptoms was evident, as Wave 1 symptoms consistently and
positively predicted Wave 2 symptoms. All individual-level control variables also demonstrated significant
associations with anxiety symptoms. For instance, males reported lower levels of anxiety symptoms than
females, and age was significantly and positively associated with anxiety symptoms.
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Table 2: Estimations of multilevel models with anxiety symptoms at Wave 2 as the dependent variable.

Main Model 1 Main Model 2 Full Model 1 Full Model 2 Full Model 3

Individual-level
coefficient

Exercise at W1 −0.041** −0.016 −0.042** −0.017 −0.017
(0.013) (0.012) (0.014) (0.012) (0.012)

Exercise at W2 −0.066*** −0.066*** −0.070*
(0.014) (0.014) (0.028)

Anxiety symptoms at W1 0.431*** 0.430*** 0.431*** 0.430*** 0.430***
(0.032) (0.032) (0.032) (0.032) (0.032)

Gender −0.070*** −0.069*** −0.070*** −0.069*** −0.069***
(0.004) (0.004) (0.004) (0.004) (0.004)

Age at W1 0.004*** 0.004*** 0.004*** 0.004*** 0.004***
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

Society-level
coefficient

IND-COL 0.035 0.065 0.065
(0.152) (0.152) (0.152)

HDI −0.066 −0.137 −0.137
(0.260) (0.271) (0.271)

Cross-level
interaction

item
coefficient

Exercise at W1 × IND-COL 0.108* 0.106* 0.105*
(0.049) (0.046) (0.046)

Exercise at W2 × IND-COL 0.009
(0.055)

Akaike’s information criterion 305,889.9 305,676.5 305,901.6 305,688.2 305,694.1
Notes. 1. Standard errors are reported in parentheses. 2. W1 =Wave 1, W2 =Wave 2. 3. IND-COLmeans Individualism-Collectivism,
and HDI indicates Human Development Index. 4. ***p < 0.001, **p < 0.01, *p < 0.05. 5. Weighted N (Number) =122,987. 6. The
number of societies is 23. 7. Society-level variations in exercise at W1 and W2, anxiety symptoms at W1, gender, and age at W1
were controlled for. 7. The empty cells indicate that no independent variable was included in the corresponding model.

Table 2 also reports estimates from the three full models. The interaction between exercise at
Wave 1 and individualism–collectivism was significant, indicating a significant moderating effect of
individualism–collectivism (𝛽 ranged from 0.105 to 0.108, p < 0.05 in the full models). In contrast, the
interaction between exercise at Wave 2 and individualism–collectivism did not significantly predict anxiety
symptoms at Wave 2 (𝛽 = 0.009, p > 0.05 in the full model 3).

To further examine the significant cross-level moderating effect, a simple slope analysis was conducted
(Fig. 2). Individualism–collectivism was operationalized using the upper and lower quartiles to represent
individualism and collectivism, respectively. Exercise in the previous week was treated as the independent
variable, and anxiety symptoms at Wave 2 were used as the dependent variable in the analysis.

The simple slope analysis showed that in more collectivistic societies, the association between
individuals’ baseline exercise and follow-up anxiety symptoms was more negative. This indicates that
individuals who exercised earlier tended to report lower anxiety symptoms in societies with more
collectivism. In contrast, in more individualistic societies, the association between baseline exercise and
follow-up anxiety symptoms was weak or negligible, suggesting that residents in individualistic societies
exhibited a limited linkage between exercise and anxiety symptoms.
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Figure 2: Result of the simple slope test.

5 Discussion

5.1 General Discussion

The findings reveal a lagged association between exercise and subsequent anxiety symptoms,
supporting Hypothesis 1. This result aligns with a substantial body of research showing that regular physical
activity is linked to lower anxiety and can help reduce anxiety-related conditions [3,5,15]. Prior studies
have demonstrated that exercise alleviates anxiety through physiological pathways such as neurochemical
changes [50], as well as through psychosocial mechanisms including enhanced social connectedness and
more effective stress coping [31]. By drawing on a longitudinal and cross-societal dataset, the present study
extends this literature and shows that the anxiolytic benefits of exercise can be observed across diverse
societal contexts.

When exercise at Wave 2 was included in the model, the predictive role of exercise at Wave 1 in
subsequent anxiety symptoms attenuated, whereas Wave 2 exercise showed a stronger association with
reduced anxiety symptoms. This pattern suggests that the short-term influence of exercise on anxiety
may be more pronounced than its longer-term effect [13]. A plausible explanation is that the immediate
physiological responses elicited by physical activity, such as increased serotonin release and higher levels
of BDNF, generate rapid and effective anxiolytic benefits [22]. These biological mechanisms may contribute
more directly to emotional relief than the social benefits of exercise, which tend to accumulate gradually [51].

The observed temporal stability of anxiety symptoms is consistent with prior research [16]. In
addition, lower reported anxiety among males may reflect gender differences in emotional expression and
socialization, whereby men are less likely to acknowledge or report anxiety symptoms [52]. In contrast,
females may experience greater exposure to psychosocial stressors and demonstrate higher emotional
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sensitivity [53]. The observed positive association between age and anxiety symptoms may be related to
increasing functional limitations in later adulthood [54].

The cross-cultural models consistently indicated that the anxiety-reducing effect of earlier exercise
was more pronounced in collectivist societies. Hypothesis 2 was supported. Individuals who exercised
at baseline reported lower anxiety symptoms at follow-up in these cultural contexts. In contrast, the
association between baseline exercise and later anxiety symptoms was negligible in more individualistic
societies. Collectivist cultures emphasize shared activities, group cohesion, and mutual support, which
may enhance the psychosocial benefits of exercise [14]. By comparison, individualistic cultures prioritize
autonomy, which may limit the extent to which the social aspects of exercise translate into emotional
relief [34,55].

The moderating role of individualism versus collectivism in the association between Wave 2 exercise
and Wave 2 anxiety symptoms was not significant. This suggests that the short-term biological benefits of
exercise operate independently of cultural value orientations [13]. The short-term effect appears stronger
than the longer-term influence [56]. This is not shaped by cultural individualism or collectivism, which
further supports the proposition that proximal effects of exercise are primarily driven by neuroscientific
mechanisms [23]. In contrast, longer-term influences are more likely to reflect psychosocial pathways, as
social processes are more sensitive to cultural norms [53]. Given this, individual-level independent and
interdependent self-construals may also serve as important moderators [57].

5.2 Theoretical Contributions

This study provides several theoretical contributions to mental health research by deepening the
understanding of how exercise relates to anxiety across diverse cultural contexts. Drawing on the GFS,
it offers longitudinal evidence that clarifies the associations between exercise and subsequent anxiety
symptoms and shows that more immediate exercise behavior has a stronger linkage with emotional
outcomes than exercise performed over a longer interval [36]. The findings also enrich cross-cultural
literature by identifying a cultural boundary condition in the exercise–anxiety relationship. The stronger
association between prior exercise and subsequent anxiety symptoms in collectivist societies demonstrates
that cultural orientations shape the psychosocial pathways through which exercise contributes to long-term
emotional well-being, indicating that cultural values act as active components rather than background
characteristics in mental health processes [15,58].

5.3 Practice Implications

The findings of this study offer several practical implications for mental health promotion and
exercise-based interventions across societies. The strong association between recent exercise and reduced
anxiety symptoms suggests that encouraging regular and sustained physical activity may be an effective
strategy for improving emotional well-being [3]. Public health agencies and community organizations may
consider designing programs that facilitate more frequent participation in exercise, particularly those that
generate immediate physiological benefits [13,59].

The cultural variation observed in this study further highlights the importance of tailoring interventions
to societal value orientations. In more collectivist contexts, initiatives that promote group-based activities,
shared routines, and community engagement may more effectively enhance the longer-term emotional
benefits of sustained exercise [26]. In individualistic societies, public health efforts may need to strengthen
the psychological conditions underwhich exercise becomes emotionally beneficial, such as fostering intrinsic
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motivation within activity programs [34]. These insights underscore the importance of culturally informed
strategies in maximizing the mental health benefits of exercise at both individual and societal levels.

5.4 Limitations

There are several limitations. First, the individual-level dataset from the two-wave GFS limits the
ability to draw strong causal inferences. Although the longitudinal design improves upon cross-sectional
studies, more robust causal analyses will be possible once additional waves of GFS data are collected. Second,
the use of self-reported measures may introduce recall bias and social desirability bias. Future research
could employ RCTs across multiple societies to reduce measurement bias and more fully account for the
social context of exercise, such as differences between group-based and individual exercise [60]. Last, this
study did not directly assess neuroscientific and psychosocial mechanisms. Instead, these mechanisms were
inferred indirectly based on the significance or non-significance of coefficients across time. Further empirical
evidence is required to strengthen and validate these mediation or moderated mediation inferences.

6 Conclusions

We identified a lagged association between baseline exercise and subsequent reductions in anxiety
symptoms across societies. Cross-level analyses further showed that exercise was a stronger negative
predictor of subsequent anxiety symptoms in more collectivist societies, whereas this association was
negligible in more individualistic contexts.
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