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The effect of physical exercise  
on apathy in older adults: a 
systematic review and 
meta-analysis
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Objectives: The objectives of this systematic review and meta-analysis were to 
evaluate the overall efficacy of physical exercise on apathy in older adults and to 
provide evidence for alleviating and improving apathy.
Methods: This study was conducted following the PRISMA guidelines and 
the Cochrane Handbook for the Evaluation of Systems of Intervention. A 
comprehensive search was performed across databases, including Cochrane, 
EMBASE, PubMed, and Web of Science, with a cutoff date of January 2025. 
Data extraction, organization, and quality assessment were performed using 
appropriate software. Stata was used to analyze and process the data and test 
for publication bias.
Results: The analysis included 9 RCTs involving a total of 356 participants. The 
meta-analysis revealed a significant improvement in apathy (SMD = −0.32; 95% 
CI −0.53 to −0.11; p < 0.01) after the physical exercise intervention.
Conclusion: Physical exercise effectively alleviates and improves apathy in 
older adults. Physical exercise is characterized by low risk and high therapeutic 
benefits and can be used as an alternative or adjunct to medications for the 
treatment of apathy. Given its favorable safety and efficacy profile, physical 
exercise should be an important intervention in the treatment of apathy in older 
adults, while control of the intensity of exercise and supervision of the safety of 
the exercise process must be considered.
Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420251123484, CRD420251123484.
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1 Introduction

Apathy is a behavioral condition marked by sustained reductions in goal-directed 
behavior, affect, and cognitive motivation; it is associated with abnormalities in the functioning 
of frontal–striatal neural circuits and is commonly observed in neurodegenerative diseases 
(e.g., dementia, Parkinson’s disease) and psychiatric disorders (1–4). Worldwide, apathy is 
prevalent in neurodegenerative disorders and is characterized by a high prevalence and 
persistence, with apathy occurring in approximately 50–70% of Alzheimer’s disease (AD) 
patients (5) and apathy occurring in approximately 40% of Parkinson’s disease (PD) patients 
(6, 7). Furthermore, patients with mild cognitive impairment who exhibit symptoms of apathy 
often lead to deteriorate into dementia (8). Key features of apathy are reduced goal-directed 
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behavior (9), delayed emotional responses (2), decision-making 
difficulties, and impaired planning abilities (10). Indeed, older adults 
face many dilemmas caused by aging, including abnormal neurologic 
function (11), neurotransmitter imbalances (12), vascular and 
metabolic dysfunction (13), frustration triggered by the loss of 
function (2), social isolation (14), and other depressive comorbidities 
(15). The cumulative impact of these unfavorable factors may increase 
the risk of apathy in older adults. There is substantial evidence for the 
widespread occurrence of apathy symptoms within the aging 
population (2, 12, 14, 16, 17), and apathy is connected with a range of 
deficits and harms, including impaired of functioning in daily 
activities (3), accelerated deterioration of cognitive function (18), 
further increases in the burden of care (19), and increased patient 
mortality (20). These findings show that apathy not only seriously 
affects the physical and psychological health of the older adults and 
poses a serious challenge to their well-being in old age, but also 
imposes significant pressure on both society and families.

Several interventions have been introduced to assist older adults 
in successfully cope with stress and reducing apathy, including 
carboplatin (21), diethylpropion (22), methylphenidate (23), 
memantine, and several cholinesterase inhibitors (e.g., donepezil and 
rifampicin) (24), which are effective in treating apathy. However, long-
term use of such medications can lead to a variety of side effects, such 
as gastrointestinal discomfort, cardiovascular risk, risk of care 
dependency, drowsiness, and even increased risk of pneumonia and 
stroke (24–26). In this context, improving apathy through physical 
exercise may help address these limitations. As a self-directed health 
behavior, exercise (hereafter referred to as “physical exercise”; as 
defined by the WHO, it is planned, structured, and repetitive physical 
activity undertaken to improve health, (27) encompassing modalities 
such as aerobic, resistance, balance training, as well as Tai Chi, dance, 
etc.) offers high participant engagement and low cost, advantages that 
are difficult to replicate with pharmacotherapy (28–31).

Although previous evidence suggests that physical exercise is 
effective in reducing the progression of apathy in older age groups, the 
conflicting results suggest that ambiguity remains regarding the outcome 
of physical exercise that improves apathy (12, 32–34). Several studies 
have demonstrated a lack of strong evidence for a direct link between 
physical exercise interventions and the alleviation of apathy in older 
adults (35, 36). As a result, the issue is still marked by differing expert 
perspectives as to whether the progression of apathy symptoms in the 
older population can be effectively mitigated and ameliorated. Notably, 
major recent trials have been conducted in this area. For example, 
Lautenschlager et al. (37) in 2023 reported a large RCT on physical 
activity in older adults, and the findings further support the benefits of 
exercise on cognitive health and related neuropsychiatric symptoms. This 
reflects the latest developments in interventions for late-life apathy and 
provides a cutting-edge context for our review. However, in published 
randomized controlled trials (RCTs) of physical exercise interventions 
for apathy, the scales for assessing apathy symptoms varied, resulting in 
different effect sizes (29–31, 38). For older adults facing multiple risk 
factors, managing apathy through physical exercise in place of 
pharmacological approaches may better support both psychological and 
physical health, along with overall life satisfaction (39, 40). Furthermore, 
recent systematic reviews and meta-analyses have documented positive 
effects of exercise on older adults’ mental health. For example, exercise 
interventions have been shown to significantly reduce depressive 
symptoms and improve cognitive function in older adults populations 
(41, 42). Therefore, given the potential of exercise to enhance overall 

psychological well-being in seniors, it is important to specifically 
investigate its impact on apathy, a distinct neuropsychiatric symptom.” 
This systematic review and meta-analysis aimed to determine the 
effectiveness of physical exercise on apathy in an older population and to 
provide evidence for alleviating and improving apathy.

2 Materials and methods

2.1 Search strategy

The study design and reporting were informed by the Cochrane 
Handbook for Systematic Reviews of Interventions and the PRISMA 
guidelines. The literature search was conducted across the following 
four databases: PubMed, Embase, Cochrane, and Web of Science, 
using both medical subject terms and free-text terms. The timeframe 
of the search was from the beginning of each database to January 
2025. The search was conducted in four databases: PubMed, Embase, 
Cochrane, and Web of Science. Additionally, we  searched grey 
literature databases (e.g., ProQuest Dissertations) and non-English 
databases such as the CNKI and J-STAGE to avoid missing key 
evidence. However, no additional randomized controlled trials 
meeting the inclusion criteria were identified. The search strategy for 
the PubMed database is shown in Table 1.

2.2 Inclusion and exclusion criteria

The inclusion and exclusion criteria were established according to 
the PICOS framework. Eligible studies for this systematic review and 
meta-analysis met the following criteria: (P) Population: older adults; 
(I) Intervention: physical exercise interventions (e.g., aerobic training, 
resistance exercise, balance exercises, multimodal programs, yoga, Tai 
Chi, dance-based activities); (C) Control group: control conditions 
limited to routine care or standardized rehabilitation protocols; (O) 
Outcome: assessments of apathy symptoms and associated outcome 
measures; (S) Study design: randomized controlled trial.

Studies were excluded from this systematic review and meta-
analysis based on the following PICOS criteria: (P) Population: 
patients under 65 years old population; (I) Intervention: non-exercise-
based protocols (e.g., pharmacological treatments, psychotherapy-
only approaches); (C) Control: inappropriate control conditions; (O) 
Outcome: studies lacking validated apathy metrics or related symptom 
assessments; (S) Study design: non-randomized controlled trials, e.g., 
quasi-experimental trials, study protocols, review articles, conference 
abstracts, editorial commentaries, etc.

2.3 Study selection and quality assessment

Dual independent reviewers (HJ and ZM) conducted literature 
screening using EndNote 20.6 reference management software, 
adhering to predefined eligibility criteria. Following the initial 
automated duplicate removal by the software, residual redundant 
entries were eliminated through manual verification. Subsequent title/
abstract screening and full-text assessment were independently 
performed by both researchers. Discrepancies in study selection were 
resolved through iterative consensus discussions, with arbitration by 
a third investigator (JH) when required.
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The risk of bias (ROB) was conducted utilizing Cochrane 
Review Manager 5.4, applying seven core criteria: (1) random 
sequence generation, (2) allocation concealment, (3) participant/
personnel blinding, (4) outcome assessor blinding, (5) data 
completeness, (6) selective reporting, and (7) other biases. Each 
criterion received tripartite classification: Low, High, or Unclear 
risk. Studies received tiered risk stratification according to 
cumulative high-risk domains: High (≥5 criteria), Moderate (3–4 
criteria), and Low (≤2 criteria).

2.4 Data extraction

Two independent investigators systematically extracted the 
following variables from each eligible study utilizing a standardized 
data collection template encompassing pre-specified domains: (1) 
basic information comprising investigator names, publication 
chronology, and geographic origin of studies; (2) subject 
characteristics, including the mean age and presence of other 
diseases; (3) experimental setup, including sample size, type of 
exercise, period, frequency, and duration; and (4) primary endpoint 
measurements and measurement tools.

2.5 Statistical analysis

Both the systematic review and meta-analysis focused 
exclusively on apathy as the outcome. Effect sizes were combined 

via standardized mean differences (SMDs) and 95% confidence 
intervals (CIs) due to differences in the measurement tools used in 
the different RCTs (43). For all meta-analyses, heterogeneity 
between studies was assessed via chi-square tests based on the 
Q-test and the I2 statistic, with a p-value <0.05 indicating statistical 
significance (44). According to the recommendations of the 
Cochrane Manual, significant heterogeneity existed when the 
p-value was <0.10 or I2 >50%, and the results were combined via a 
random effects model. Otherwise, when there was no significant 
heterogeneity (p-value >0.10 or I2 <50%), the results were combined 
using a fixed-effects model (43). To explore potential sources of 
heterogeneity, we  conducted subgroup analyses and meta-
regression. Statistical analyses were conducted using Stata 18.0.

3 Results

3.1 Literature selection

The systematic search across four databases yielded 421 initial 
records. Following the removal of 185 duplicates and 6 
non-journal materials (books/conference abstracts), 230 
publications underwent title/abstract screening, which excluded 
42 irrelevant studies, 79 secondary analyses (reviews/meta-
analyses), and 2 non-human trials. The remaining 107 articles 
underwent full-text assessment.” After a careful and thorough 
assessment, 98 articles were excluded because of noncompliance 
with outcome metrics, non-randomized controlled trials, 
incomplete data, inappropriate article types (e.g., conference 
abstracts), or inappropriate intervention types. Finally, 
we included nine published randomized controlled trials in this 
systematic review and meta-analysis (28–31, 38, 45–48). The 
entire selection process is described in Figure 1.

3.2 Characterization of the study

Nine full-text RCTs met the inclusion criteria and were 
conducted within multiple countries. The study populations 
included older adults in Italy (3 studies), Japan (2 studies), Canada 
(1 study), Germany (1 study), Norway (1 study), and Australia (1 
study). A total of 185 subjects were assigned to the intervention 
group, with mean ages ranging from 63.3 to 88.1 years, whereas 
171 subjects were assigned to the control group, with mean ages 
ranging from 66.6 to 86.4 years. The duration of the intervention 
ranged from 4 weeks to 12 weeks, the frequency ranged from 1 to 
4 times per week, and the duration ranged from 25 min to 
120 min. The main characteristics of the nine randomized 
controlled trials are shown in Table 2.

3.3 Quality assessment

All nine RCTs explicitly documented randomization procedures 
using computerized systems or random number tables, with four trials 
employing sealed opaque envelopes for allocation concealment. Seven 
studies blinded the assessors of the study outcomes. Data completeness 
was generally good for all nine studies, with no evidence of selective 

TABLE 1  Search strategy on PubMed.

Query 
number

Search terms

#1 Exercise [MeSH Terms]

#2 Exercise [Title/Abstract] OR Acute Exercise [Title/Abstract] OR 

Aerobic Exercise [Title/Abstract] OR Exercise Training [Title/

Abstract] OR Exercise, Aerobic [Title/Abstract] OR Exercise, 

Isometric [Title/Abstract] OR Exercise, Physical [Title/Abstract] OR 

Isometric Exercise [Title/Abstract] OR Physical Activity [Title/

Abstract] OR Resistance Training [Title/Abstract] OR Strength 

Training [Title/Abstract] OR Weight-Bearing Exercise Program 

[Title/Abstract] OR Weight-Bearing Strengthening Program [Title/

Abstract] OR Weight-Lifting Exercise Program [Title/Abstract] OR 

Weight-Lifting Strengthening Program [Title/Abstract]

#3 #1 OR #2

#4 Randomized Controlled Trial [Publication Type]

#5 Randomized controlled trial [Title/Abstract] OR random [Title/

Abstract] OR random* [Title/Abstract] OR placebo [Title/

Abstract]

#6 #4 OR #5

#7 Apathy [Mesh]

#8 Apathy [Title/Abstract]

#9 #7 OR #8

#10 #3 AND #6 AND #9

The asterisk (*) was used as a wildcard to represent one or more characters, allowing for the 
retrieval of all variations of a root word.
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reporting observed, and none were otherwise biased. The detailed 
quality assessment results are shown in Figures 2, 3.

3.4 Meta-analysis

A total of 9 RCTs were included in the meta-analysis, and 
heterogeneity was examined via a chi-square test based on the I2 
statistic, which indicated that apathy (I2 = 14.7%; p = 0.31) showed 
no significant heterogeneity; therefore, a fixed-effects model was 
chosen for the meta-analysis. The results of the meta-analysis 
revealed a significant improvement in apathy (SMD = −0.32; 95% 

CI −0.53 to −0.11; p < 0.01). A forest plot of the meta-analysis 
results for the outcome variables is shown in Figure 4.

3.5 Sensitivity analysis

Sensitivity analyses assessed the effect of each study on the 
combined effect size by excluding it one by one. The results showed that 
after excluding any single study, the effect size estimates ranged from 
−0.27 to −0.48, and all 95% confidence intervals did not contain zero 
values (−0.052 to −0.767), suggesting that the statistical significance of 
the combined results was not significantly affected and that the overall 

FIGURE 1

Flowchart of study selection.
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results were robust. In particular, after excluding the study performed 
by Telenius et  al. (30), the effect size estimate (−0.476) was more 
negative than the combined results (−0.318), but its confidence intervals 
(−0.767 to −0.185) still partially overlapped with the combined intervals 
(−0.529 to −0.106), suggesting that the study had an impact on the 
strength of the effect size, but did not change the effect’s direction or 
significance level. The remaining studies excluded estimates that 
fluctuated less (−0.27 to −0.35), further supporting the stability of the 
results. In summary, the sensitivity analysis confirmed the reliability of 
the findings of this study. The outcome-specific results of the sensitivity 
analyses are shown in Table 3.

3.6 Subgroup analyses and 
Meta-regression results

The meta-regression revealed that none of the examined 
variables—including exercise modality (single-mode vs. multi-
modal), participant population (Parkinson’s disease vs. cognitive 
impairment), intervention duration (≥8 weeks vs. ≤12 weeks), or 
study region (Europe vs. other)—had a significant impact on the 
intervention effect (all p > 0.05). Consistently, the subgroup analysis 
showed that although there were some differences in effect sizes 
between categories (multi-modal exercise interventions produced a 

TABLE 2  The main characteristics of included randomized controlled trials.

Included studies Population Age [Mean(SD)] Total/M% Intervention Control

Cugusi et al. (38) (Italy) Sardinian outpatients with 

idiopathic Parkinson’s 

disease

T: 68.10 ± 8.70 C: 

66.60 ± 7.30

T: 10/80% C: 10/80% Nordic Walking program: 

Length: 12 weeks Freq: 2 

times a week Duration: 

60 min

Routine care

D’Cunha et al. (45) 

(Australia)

Residents with cognitive 

impairment from a 72—

bed high—care residential 

aged—care facility

T: NR C: NR T: 5/NR C: 5/NR Virtual cycling experience 

(VCE): Length: 7 weeks Freq: 

1 time a week Duration: 

25 min

Routine sitting and 

lying activities

Hashimoto et al. (46) 

(Japan)

Mild—moderate 

Parkinson’s disease patients 

from local PD patient 

associations

T: 67.90 ± 7.00 C: 

69.70 ± 4.00

T: 15/25% C: 14/50% Dance intervention: Length: 

12 weeks Freq: 1 time a week 

Duration: 60 min

Non-intervention

Sacheli et al. (28) 

(Canada)

Participants with mild to 

moderate (Hoehn & Yahr 

stages I-III) idiopathic 

Parkinson’s disease

T: 66.76 ± 5.98 C: 

67.85 ± 8.50

T: 20/65% C: 15/60% Aerobic exercise 

intervention: Length: 

3 months Freq: 3 times per 

week Duration: 40–60 min

Stretching

Schaible et al. (47) 

(Germany)

Non-demented Parkinson’s 

disease patients (mild to 

moderate)

T: 63.29 ± 8.48 C: 

65.50 ± 8.21

T: 14/50% C: 12/83% Amplitude-specific 

movements Length: 4 weeks 

Freq: 4 times a week 

Duration: 60 min

Routine care

Solla et al. (48) (Italy) Parkinson’s disease patients 

from the outpatient 

Movement Disorders 

Clinic of the University of 

Cagliari

T: 67.40 ± 6.10 C: 

67.40 ± 6.10

T: 10/60% C: 10/70% Sardinian folk dance (Ballu 

Sardu, BS) program: Length: 

12 weeks Freq: 2 times a 

week Duration: 90 min

Routine care

Tanaka et al. (29) 

(Japan)

Older adult patients  

with dementia in a 

geriatric health service 

facility

T: 88.10 ± 8.10 C: 

84.20 ± 7.40

T: 16/37.5% C: 15/46.7% Group-based intervention: 

Length: 8 weeks Freq: 2 

times a week Duration: 

45 min

Routine care

Telenius et al. (30) 

(Norway)

Nursing home residents 

with dementia from 18 

nursing homes

T: 86.9 ± 7.00 C: 

86.4 ± 7.80

T:82/28% C:81/27% High-Intensity Functional 

Exercises (HIFE) program: 

Length: 12 weeks Freq: 2 

times a week Duration: 

50–60 min

Leisure activities

Vitale et al. (31) (Italy) Non-demented Parkinson’s 

disease patients

T: NR C: NR T: 14/NR C: 14/NR Biodanza SRT program, 

combining movement, 

music, and group interaction 

Length: 12 weeks Freq: 1 

time a week Duration: 

120 min

No-intervention

NR, not reported in the original study.
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more pronounced improvement in apathy symptoms, SMD = −0.55, 
95% CI −0.95 to −0.15, compared to single-mode exercise, 
SMD = −0.23, 95% CI −0.48 to 0.02; and interventions in Parkinson’s 
disease patients had a greater effect, SMD = −0.54, 95% CI −0.86 to 
−0.23, than those in cognitively impaired patients, SMD = −0.15, 95% 

CI −0.43 to 0.13), none of these differences reached statistical 
significance (between-group p = 0.19 and 0.08, respectively). Similarly, 
12-week interventions (SMD = −0.35, 95% CI −0.58 to −0.12) did not 
show a significantly greater effect than 8-week interventions 
(SMD = −0.17, 95% CI −0.68 to 0.34; p = 0.53), nor was there a 
significant difference in effect between studies conducted in Europe 
versus other regions (p = 0.95). These findings suggest that the low 
heterogeneity observed in our analysis may be  attributable to a 
relatively high homogeneity in participant characteristics and 
intervention protocols across the included studies, and no specific 
moderating factors were identified as significantly influencing the 
effect size. The detailed results are presented in Tables 4, 5.

3.7 Publication bias testing

We used Stata software version 18 to generate outcome funnel 
plots to assess potential publication bias. The results revealed that the 
symmetrical distribution of all studies in the funnel plot could not 
be well observed, so we further performed Egger’s test to quantitatively 
analyze the publication bias. The Egger’s test yielded a p-value of 0.066, 
and Begg’s test yielded 0.076. Although neither reached statistical 
significance by conventional standards, the Egger’s p-value is very 
close to the 0.05 threshold, indicating a borderline risk of publication 
bias; therefore, the results should be interpreted with caution. The 
funnel plot is shown in Figure 5.

4 Discussion

Alleviating apathy symptoms in middle-aged and older adult 
patients through targeted physical exercise interventions is critical for 
slowing down the disease process and improving quality of life, as 
apathy is not only one of the core manifestations of neuropsychiatric 
symptoms (49) but also associated with a variety of adverse outcomes, 
notably accelerated cognitive decline (50), a diminished capacity for 
daily functioning, leading to a lower quality of life, a greater risk of 
developing dementia (51) and an increased cost and burden of care 
(52). This systematic review and meta-analysis found that physical 
exercise significantly improves apathy symptoms in older adults. 
Given the low risk and high efficacy of exercise interventions, our 

FIGURE 2

Risk of bias graph.

FIGURE 3

Risk of bias summary.
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findings further support the integration of multi-modal exercise 
programs as a non-pharmacological treatment for geriatric apathy in 
clinical practice (41). Future research should focus on identifying the 
optimal exercise dose and modalities, and on examining the effects in 
different subpopulations (e.g., those with cognitive impairment or 
comorbid conditions), to enhance the specificity and effectiveness of 
such interventions.” The results revealed that patients in the exercise 
intervention group experienced a significant reduction in apathy 
symptoms compared with those in the control group, with a combined 

effect size of standardized mean difference (SMD = −0.32, 95% CI 
−0.53 to −0.11, p < 0.01). Although the pooled effect size corresponds 
to only a low-to-moderate magnitude of improvement (SMD ≈ 0.32, 
a small effect by Cohen’s criteria), this improvement still holds 
significance in clinical terms. For example, on the Apathy Evaluation 
Scale (AES), a reduction of about 3–4 points is considered the 
threshold for a clinically important improvement (53). By that 
measure, the SMD = −0.32 observed in our study is roughly equivalent 
to this threshold, suggesting that the improvement in apathy 
symptoms due to exercise may be tangible to patients. It is noteworthy 
that apathy is often difficult to treat – even a modest improvement can 
appreciably enhance a patient’s engagement in daily activities and 
emotional drive. Furthermore, given that exercise interventions are 
very safe with minimal side effects, any degree of clinical benefit they 
confer should be valued. This finding further supports the feasibility 
of non-pharmacologic interventions in geriatric mental health 
management, especially for patients with symptoms of apathy that are 
difficult to ameliorate directly with medication.

Among the nine included RCTs, methodological limitations were 
present: only four reported allocation concealment, and two lacked 
blinding of outcome assessors. This absence of blinding could bias 
results, particularly for subjective outcomes such as apathy. However, 
sensitivity analyses excluding unblinded studies showed that the 
effect of exercise on apathy remained significant and consistent, 
indicating that our main findings are robust despite some risk of bias 
(54). Nonetheless, future trials should adopt rigorous randomization 
and blinding procedures to strengthen the evidence and minimize 
potential bias. In addition, the overall heterogeneity in our meta-
analysis was low (I2 = 14.7%), and we believe this is largely attributable 

FIGURE 4

Forest plot of the effects of physical exercise on apathy.

TABLE 3  Sensitivity analysis for outcomes by omitting individual studies.

Study 
omitted

SMD 95% CI

Lower 
bound

Upper 
bound

Cugusi et al. (38) −0.3 −0.52 −0.09

D’Cunha et al. (45) −0.3 −0.52 −0.09

Hashimoto et al. 

(46)
−0.31 −0.53 −0.09

Sacheli et al. (28) −0.31 −0.54 −0.09

Schaible et al. (47) −0.33 −0.55 −0.11

Solla et al. (48) −0.27 −0.49 −0.05

Tanaka et al. (29) −0.35 −0.58 −0.13

Telenius et al. (30) −0.48 −0.77 −0.19

Vitale et al. (31) −0.27 −0.49 −0.05

SMD = Standard Mean Difference; CI = Confidence Interval.
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to the high homogeneity of the included studies. Most of the studies 
were conducted in similar settings (6 of the 9 studies were based in 
Europe), and the participant populations and intervention protocols 
were also comparable across studies (for example, several studies 
focused on patients with Parkinson’s disease and employed exercise 

programs of similar types and intensities). This high degree of 
similarity likely led to consistent effect directions and magnitudes, 
thereby reducing between-study heterogeneity.

Indeed, the mechanism of action of physical exercise interventions 
to improve apathy symptoms in middle-aged and older adults can 

TABLE 4  Meta-regression analyses of sources of heterogeneity.

Variables k β SE t 95% CI p-value

Lower bound Upper bound

Exercise type 9 −0.263 0.302 −0.87 −1.101 0.575 0.433

Diseases type 9 0.341 0.261 1.31 −0.384 1.067 1.310

Intervention duration 9 −0.164 0.328 −0.50 −1.075 0.748 0.644

continent 9 0.183 0.299 0.61 −0.648 1.014 0.574

k = Number of trials; β = Regression coefficient; SE = Standard error; CI = Confidence interval.

TABLE 5  Subgroup analyses of sources of heterogeneity.

Variables Subgroup SMD 95% CI p-value 
(SMD)

Heterogeneity Group 
differences 

(p-value)Lower 
bound

Upper 
bound

I2 (%) p-value Z

Exercise type

Single-mode 

exercise
−0.23 −0.48 0.02 0.07 0.00 0.70 1.82 0.19

Multimodal 

exercise
−0.55 −0.95 −0.15 <0.01 44.80 0.14 2.67

Diseases type

Parkinson’s disease −0.54 −0.86 −0.22 <0.01 0.00 0.49 3.27

0.08Cognitive 

impairment
−0.15 −0.43 0.13 0.29 0.00 0.41 1.05

Intervention 

duration

12 weeks −0.35 −0.58 −0.12 <0.01 30.60 0.21 2.94
0.53

8 weeks −0.17 −0.68 0.34 0.51 0.00 0.41 0.65

continent
Europe −0.32 −0.57 −0.07 0.01 46.40 0.11 2.54

0.95
Other −0.31 −0.53 −0.11 0.14 0.00 0.59 1.49

SMD, Standardized mean difference; CI, Confidence interval; I2, Heterogeneity index in percentage (range: 0–100%).

FIGURE 5

Funnel plot for meta-analysis.
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be  analyzed from multiple dimensions. At the physiological level, 
physical exercise may optimize the neural basis of motivational 
decision-making by modulating the dopaminergic system. Midbrain 
limbic dopamine circuits (e.g., the nucleus ambiguous-prefrontal 
pathway) play a central role in the “reward-effort trade-off,” and 
dopamine depletion in the nucleus ambiguous leads to a low-effort 
selection bias, whereas regular exercise enhances behavioral 
engagement in high-effort goals by promoting striatal dopamine 
release of behavioral engagement (1, 55). Furthermore, exercise 
promotes neuroplasticity and synaptic function in the hippocampus 
and prefrontal cortex by increasing the levels of brain-derived 
neurotrophic factor (BDNF) and insulin-like growth factor (IGF-1) 
(56, 57), which are correlated with increased hippocampal volume and 
increased BDNF and BDNF release in Alzheimer’s disease patients. 
This finding is consistent with research evidence that increased 
hippocampal volume and BDNF levels are negatively associated with 
apathy symptoms in Alzheimer’s disease patients (58, 59). Moreover, 
by improving brain endothelial function and oxidative stress regulation, 
exercise can increase the oxygen supply to motivation-related brain 
regions (e.g., the anterior cingulate gyrus and ventral striatal body) and 
alleviate neurological impairments caused by chronic hypoxia (56, 60). 
At the level of psychosocial mechanisms, individualized versus 
structured exercise regimens work through dual pathways—
individualized exercise choices (e.g., interest-oriented types of exercise)
to enhance behavioral engagement (3), whereas group exercise (e.g., 
Tai Chi/dance) activates endogenous engagement through social 
feedback (e.g., peer motivation or group exercise) activates the 
endogenous reward system (61, 62). In contrast, cognitive stimulation 
combined with exercise training, for example, rebuilds behavioral 
motivation through the goal-attainment-positive-feedback cycle and 
reduces behavioral avoidance triggered by a low reward threshold (3, 
63). Functional imaging evidence further reveals that exercise enhances 
functional integration of the posterior cingulate gyrus with the 
supplementary motor region, facilitating the behavioral transition from 
“intention assessment” to “action execution” (60), and that this 
enhanced neural efficiency of the prefrontal–basal ganglia circuitry 
provides a cross-mechanically integrated explanatory framework for 
the improvement of apathy by exercise.

Building on these findings, we further elucidated the underlying 
mechanisms by conducting a population-based analysis. In 
neurodegenerative diseases such as Parkinson’s disease, apathy is 
mainly caused by neurobiological dysfunction, particularly deficits in 
dopaminergic pathways. Evidence shows that regular exercise can 
enhance striatal dopamine release and reward-related brain activity, 
partially compensating for motivational deficits (28, 64). Neuroimaging 
studies confirm that exercise increases dopamine transporter 
availability and striatal activation in these patients. In contrast, apathy 
among healthy older adults is more often related to mild age-related 
brain changes and psychosocial factors, such as decreased social 
interaction after retirement. In this population, exercise relieves apathy 
mainly by promoting brain health, upregulating neurotrophic factors 
like BDNF and IGF-1, and enhancing synaptic plasticity in the 
hippocampus and prefrontal cortex (65, 66). These observations 
illustrate that the mechanisms of exercise’s anti-apathy effects may 
differ between populations: in Parkinson’s patients, the key is restoring 
dopaminergic function, whereas in other older adults, the benefits 
derive more from neurotrophic support and psychosocial stimulation. 

These distinctions highlight the importance of tailored exercise 
interventions according to the specific etiology of apathy.

This meta-analysis demonstrates that physical exercise has a 
positive impact on symptom improvement in older adults apathetic 
patients after the intervention, compared with controls, and that the 
results vary across different types of physical exercise. Based on our 
findings, we suggest that clinicians may consider multi-modal exercise 
programs as one strategy to manage apathy. For instance, combining 
aerobic, resistance, and balance training or incorporating elements like 
Tai Chi and dance into exercise, along with some cognitive stimulation, 
could potentially improve older adults’ motivation and emotional 
engagement through multiple pathways. However, since current 
evidence directly comparing multi-modal versus single-modal exercise 
is limited (our subgroup analysis did not observe a significant 
difference), we  cannot yet conclude that multi-modal exercise is 
definitively superior to single-mode exercise. In particular, only one 
study in our meta-analysis employed a combined physical and cognitive 
intervention; therefore, any assertion of a relative advantage of 
multimodal approaches should be viewed with caution. We recommend 
that future RCTs directly compare different exercise modalities in their 
effect on apathy to inform optimal intervention strategies. Until more 
evidence is available, multi-modal exercise can be  considered a 
promising approach to explore, but it is not the only option. The 
outcomes of this research support the use of physical exercise as a 
non-pharmacological intervention for older adult patients with apathy, 
providing a preliminary evidence-based basis for the development of 
individualized exercise programs in clinical practice and highlighting 
the need to further optimize the dosages and types and type of 
interventions in future studies.

It should be noted that some individual studies did not find a 
significant benefit of exercise interventions. For instance, Hashimoto 
et al. (46) reported that dance intervention in older patients with 
Parkinson’s disease did not yield a significant improvement in apathy, 
as the 95% confidence interval included the line of no effect. This 
highlights that factors such as cultural context and intervention 
modality may influence outcomes; for example, dance may be less 
accepted or engaging in the studied Japanese population. Variability 
in participants’ baseline characteristics and intervention adherence 
may also contribute to inconsistent results. Thus, while our overall 
findings support the efficacy of exercise interventions, we remain 
cautious regarding these potential sources of heterogeneity and 
recommend that future studies further investigate the roles of cultural 
factors and intervention types in mediating exercise effects on apathy. 
These observations highlight the imperative for methodological 
enhancements, including expanded participant cohorts and refined 
study designs, to improve the precision of evaluating sustained 
physical exercise effects on target outcomes. In addition, the optimal 
duration of physical exercise interventions remains unclear, despite 
some RCTs limiting the intervention duration to 40–60 min. This 
ambiguity means that the ‘dose–response’ relationship between 
physical exercise interventions and outcomes related to apathy relief 
is unclear. Similarly, the timing of physical exercise interventions 
remains unclear [cortisol levels peak in the morning (67), whereas 
evening exercise may indirectly reduce apathy by improving sleep 
quality]. Do apathy symptoms rebound after cessation of a physical 
exercise intervention? These questions need to be further investigated 
in future studies to evaluate the relative effectiveness of various 
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intervention modalities in alleviating apathy symptoms to optimize 
specific implementation strategies for physical exercise interventions. 
Finally, considering that most patients with apathy symptoms also 
suffer from other diseases, such as Alzheimer’s disease, Parkinson’s 
disease, and Huntington’s disease (68–70), and that they are older, 
resulting in varying degrees of physical functioning, it is important 
to consider that the implementation of the intervention may be more 
effective in alleviating apathy symptoms. Therefore, safety 
considerations must be taken into account when interventions are 
implemented. Appropriate protective measures should be taken to 
ensure the safety of interventions to minimize potential health risks.

In conclusion, this study indicates that physical exercise exerts a 
notably beneficial impact on apathy symptoms in older adults. The 
physical functions and social participation of the older adults may 
decline over the years, and during this period, the older adults may 
suffer from various illnesses and face difficulties such as a lack of social 
participation, the cumulative effect of which may lead to the emergence 
or worsening of symptoms of indifference. The cumulative effect of this 
distress and hardship may lead to the development or worsening of 
symptoms of apathy, which may, in turn, lead to the development of 
other psychological disorders. Body movement interventions, which 
are characterized by low risk and high therapeutic benefit, can be used 
as alternative or adjunctive approaches to treating apathy symptoms. 
Therefore, considering the advantages of physical exercise in terms of 
safety and efficacy, physical exercise interventions can be considered 
important interventions for the treatment of apathy symptoms in the 
geriatric population. Appropriate medication may be used on a case-
by-case basis to further increase the therapeutic effect, and apathy 
symptoms can be  significantly improved with this comprehensive 
therapeutic strategy of older adults.

5 Limitation

The current meta-analysis has several limitations. First, only 9 
RCTs (comprising 356 total participants) were included in our 
analysis, and this relatively small sample size may have limited the 
statistical power to detect small effects. As a result, even though the 
sensitivity analysis showed that the pooled effect remained 
statistically significant and robust after excluding any single study 
(with estimated SMDs ranging from −0.27 to −0.48). This finding 
underscores the scarcity of research on exercise interventions for 
apathy in the older adults, highlighting the need for more high-
quality, large-sample RCTs in the future to verify the conclusions of 
our study. In addition, none of the RCTs included in our review 
performed analyses adjusting for this comorbidity. This implies that 
the effect of exercise on apathy might be influenced by concurrent 
depressive symptoms. For instance, if participants were also 
depressed, an improvement in depression might partly account for 
the observed improvement in apathy. Due to limitations in the 
available data, we could not quantify the impact of depression as a 
confounder in our results. We  therefore acknowledge the lack of 
control for co-morbid depression as a limitation of our study. Future 
research should assess and report participants’ depression levels and 
control for them in the analysis to clarify whether the apathy-
reducing effect of exercise is independent of its effects on depression. 
Secondly, the exercise interventions in the included trials ranged 

from 4 to 12 weeks in duration; thus, no data are available on longer 
interventions. This limitation means we cannot determine whether 
the benefits of exercise are sustained after the intervention period—
apathy symptoms might worsen again once exercise ceases. Finally, 
the trials employed different apathy assessment scales (e.g., the 
Starkstein Apathy Scale, Apathy Evaluation Scale, etc.), which may 
have different scoring criteria and sensitivity; this could further 
contribute to heterogeneity and affect the pooled effect estimate, and 
thus should be  considered when interpreting the results. Future 
studies should increase the intervention duration and extend the 
follow-up period to explore whether a longer intervention can yield 
more enduring improvements in apathy and whether symptoms 
might recur after stopping the exercise. Prolonged observation will 
help evaluate the role of exercise interventions in the long-term 
management of apathy symptoms.

6 Conclusion

This systematic review and meta-analysis demonstrated that 
physical exercise interventions effectively improve apathy symptoms 
in older adults. Given its favorable safety profile and minimal side 
effects, physical exercise is recommended as an important treatment 
approach for geriatric apathy, provided that exercise intensity is 
appropriately managed and supervised.
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