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Abstract

Background: Fatigue is a common multidimensional health problem among university students, particularly physiotherapy students,
because of demanding academic workloads, laboratory practice, and clinical skills training. Although demographic and psychological
factors have been associated with fatigue, evidence regarding their independent contributions among Indonesian physiotherapy
students remains limited.

Objective: To identify factors associated with fatigue among undergraduate physiotherapy students at Universitas Muhammadiyah
Malang.

Methods: This analytical cross-sectional study included 184 undergraduate physiotherapy students selected through purposive
sampling. Fatigue was assessed using the original Fatigue Severity Scale translated into Indonesian by the researchers, burnout
using the Indonesian version of the School Burnout Inventory, and sleep quality using the original Pittsburgh Sleep Quality Index
translated into Indonesian by the researchers. Multiple linear regression was performed to identify factors independently associated
with fatigue. Results are reported as unstandardized regression coefficients (B), 95% confidence intervals (Cl), and p values.
Results: Female students accounted for 73.4% of participants, and 95.7% reported poor sleep quality. Burnout (B = 0.560; 95% CI:
0.410 to 0.709; p < 0.001) and sex (B = -6.175; 95% CI: =9.070 to —3.280; p < 0.001) were independently associated with fatigue.
Age (p = 0.860) and sleep quality (p = 0.894) were not independently associated with fatigue. The final model explained 28.1% of the
variance in fatigue (Adjusted R? = 0.281).

Conclusion: Burnout was the strongest factor associated with fatigue, followed by sex. Interventions targeting academic burnout
and psychological well-being may help reduce fatigue among undergraduate physiotherapy students.
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Introduction

Fatigue is a multidimensional condition characterized by persistent physical and mental exhaustion that reduces an
individual's capacity to perform daily activities and maintain optimal cognitive performance. Unlike transient tiredness, fatigue is not
consistently relieved by adequate rest and may adversely affect concentration, memory, motivation, decision making, and overall
quality of life."? Among university students, fatigue has become an increasingly recognized public health concern because of growing
academic demands, psychosocial pressures, and lifestyle changes associated with higher education.® Previous studies have
demonstrated that fatigue among university students is associated with several academic, behavioral, and psychological factors,
including impaired concentration, reduced motivation, depressive symptoms, and changes in sleep quality.3#

Physiotherapy students may be particularly vulnerable to fatigue because their educational programs integrate intensive
theoretical coursework with laboratory practice, practical examinations, and preparation for clinical placements.>¢ In addition to
achieving academic competence, physiotherapy students are expected to develop psychomotor skills, clinical reasoning, effective
communication, and professional behavior before entering clinical practice.” These concurrent academic and practical demands
require sustained physical, cognitive, and emotional effort, increasing the likelihood of fatigue when recovery is inadequate.®8
Persistent fatigue may impair concentration, reduce psychomotor performance, delay clinical decision making, and compromise
learning effectiveness during practical training.®-'2 Consequently, understanding factors associated with fatigue is important not only
for promoting students' health but also for supporting educational quality and professional competency development.35

Fatigue among university students is influenced by a complex interaction of demographic, psychological, behavioral, and
environmental factors.®'3 Sex and age are among the demographic characteristics most frequently investigated in relation to fatigue.
Previous evidence suggests that female students generally report higher fatigue levels than males, potentially because of differences
in hormonal regulation, stress responses, and coping mechanisms.?'® Nevertheless, findings regarding demographic determinants
remain inconsistent across populations, indicating that demographic characteristics alone cannot adequately explain variations in
fatigue.® Therefore, psychological and behavioral factors should also be considered to provide a more comprehensive understanding
of fatigue among university students.

Academic burnout has consistently been identified as one of the strongest psychological determinants of fatigue in higher
education.™ Burnout is characterized by emotional exhaustion, cynicism toward academic activities, and reduced academic efficacy
resulting from prolonged exposure to educational stressors.'® Physiotherapy students are frequently exposed to demanding
coursework, laboratory activities, competency assessments, and practical training that may increase their susceptibility to burnout.™
Persistent burnout has been associated with impaired emotional regulation, reduced resilience, diminished learning motivation, and
greater fatigue.™ Accordingly, preventing burnout has become an important strategy for improving students' psychological well being
and academic performance.™
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Sleep quality is another factor frequently linked to fatigue among university students. Adequate sleep is essential for
physiological recovery, cognitive functioning, emotional regulation, and daytime performance.'® Students with poor sleep quality are
more likely to experience fatigue, impaired attention, memory deficits, and reduced academic productivity.>'” However, previous
studies have produced inconsistent findings after adjustment for psychological factors, suggesting that the independent contribution
of sleep quality to fatigue may differ across populations and educational settings.®>'® These inconsistencies indicate the need to
evaluate sleep quality together with demographic and psychological factors within a comprehensive analytical framework.

Although previous studies have investigated demographic characteristics, burnout, or sleep quality in relation to fatigue,
several important gaps remain.>® Most studies have examined these variables separately or focused on general university students
rather than physiotherapy students, whose educational demands differ because of extensive laboratory and clinical training.®8
Furthermore, evidence from Indonesia remains limited, and few studies have simultaneously evaluated demographic and
psychological factors using a multivariable regression model capable of estimating the independent contribution of each predictor.
Consequently, evidence supporting targeted fatigue prevention strategies for Indonesian physiotherapy students remains insufficient.

The Undergraduate Physiotherapy Study Program at Universitas Muhammadiyah Malang implements a competency-based
curriculum that combines classroom learning, laboratory practice, and progressive clinical skills training throughout the educational
process. These activities require sustained cognitive, physical, and emotional engagement and may increase students' vulnerability
to fatigue, particularly when accompanied by burnout or poor sleep quality.®'” Identifying independent factors associated with fatigue
is therefore essential for developing evidence-based interventions that promote psychological well-being, optimize learning outcomes,
and strengthen institutional student support services.

Accordingly, this study aimed to identify factors associated with fatigue among undergraduate physiotherapy students at
Universitas Muhammadiyah Malang by simultaneously examining the roles of sex, age, burnout, and sleep quality using multiple
linear regression analysis.

Methods

This analytical observational study employed a cross sectional design to identify factors associated with fatigue among
undergraduate physiotherapy students at Universitas Muhammadiyah Malang, Indonesia. A cross sectional approach was considered
appropriate because it enables the simultaneous assessment of exposures and outcomes within a defined population, allowing the
evaluation of associations between demographic and psychological factors and fatigue without manipulating the study
environment.'®2 The manuscript was prepared in accordance with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement to promote transparent and comprehensive reporting of observational research. 2!

The study was conducted at the Undergraduate Physiotherapy Study Program, Faculty of Health Sciences, Universitas
Muhammadiyah Malang. Data were collected between December 2025 and February 2026 using self administered questionnaires
distributed during scheduled academic activities. The target population comprised all active undergraduate physiotherapy students
enrolled in the 2023 and 2024 academic cohorts.

Participants were recruited using purposive sampling according to predefined eligibility criteria. Students were eligible if they
were actively enrolled in the undergraduate physiotherapy program during the study period, agreed to participate voluntarily, provided
written informed consent, and completed all study questionnaires. Students who declined participation or submitted incomplete
questionnaires were excluded. Before recruitment, all eligible students received standardized information regarding the study
objectives, procedures, confidentiality, voluntary participation, and their right to withdraw at any time without academic consequences.
No financial or academic incentives were provided.

The minimum required sample size was determined a priori using G*Power version 3.1.9.7 (Heinrich Heine University,
Disseldorf, Germany). Sample size estimation was performed using the F test family for linear multiple regression with a fixed model
and R? deviation from zero. Assuming a medium effect size (> = 0.15), a significance level (a) of 0.05, statistical power of 80% (1 -
B = 0.80), and four predictor variables, the minimum required sample size was 85 participants. A total of 184 students were included
in the study, exceeding the minimum requirement and providing adequate statistical power for the planned analyses.

The participant recruitment process is illustrated in Figure 1. All eligible undergraduate physiotherapy students from the
2023 and 2024 cohorts were assessed for eligibility (n = 184). No participants were excluded because all fulfilled the inclusion criteria,
agreed to participate, and completed the study questionnaires. Consequently, all 184 participants were included in the final statistical
analysis.

Target population
Active undergraduate physiotherapy students
(2023 and 2024 cohorts)
(n=184)

v
Students assessed for eligibility ]

(n=184)

[ Excluded (n =0)

»| *® Did not meet inclusion criteria (n = 0)
e Declined participation (n = 0)

* Incomplete questionnaires (n = 0)

v

Eligible participants
(n=184)

v

Included in final statistical analysis
(n=184)

L J
Figure 1. Flow diagram of participant recruitment
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As illustrated in Figure 1, no participants were excluded throughout the recruitment process, resulting in complete data for
all eligible students. The absence of missing questionnaires eliminated the need for data imputation and ensured that all recruited
participants were included in the statistical analyses.

The dependent variable was fatigue, whereas the independent variables comprised sex, age, burnout, and sleep quality.
Sex was recorded as male or female, and age was measured in years. Fatigue was assessed using the original English version of
the Fatigue Severity Scale (FSS), which was translated into Indonesian by the researchers before data collection. The FSS consists
of nine items scored on a seven point Likert scale, with higher scores indicating greater fatigue severity.?? Burnout was assessed
using the validated Indonesian version of the School Burnout Inventory (SBI), which evaluates emotional exhaustion, cynicism toward
academic activities, and feelings of academic inadequacy.?® Sleep quality was measured using the original English version of the
Pittsburgh Sleep Quality Index (PSQI), translated into Indonesian by the researchers before administration. The PSQI evaluates
subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and
daytime dysfunction during the previous month.?*

For descriptive purposes, fatigue was categorized into fatigue and non-fatigue groups according to the FSS classification.
However, for inferential analyses, fatigue was treated as a continuous variable using the total FSS score. This approach ensured
consistency with the assumptions of multiple linear regression and enabled estimation of the independent contribution of each
predictor.

The psychometric properties of the instruments have been well established in previous studies. Reported Cronbach's alpha
coefficients range from 0.80 to 0.89 for the SBI, approximately 0.83 for the original PSQI, and approximately 0.89 for the FSS,
indicating good internal consistency.?>% The original FSS and PSQI were translated into Indonesian by the research team to facilitate
participant comprehension, whereas the Indonesian version of the SBI was administered directly. 22

Ethical approval was obtained from the Health Research Ethics Committee, Faculty of Health Sciences, Universitas
Muhammadiyah Malang (Approval No. E.4.d/031/KEPK/FIKES-UMM/I11/2026). Before participation, all students received written and
verbal explanations regarding the study objectives, procedures, confidentiality, and voluntary participation before providing written
informed consent. Participants completed the questionnaires independently under standardized conditions. The researchers were
available only to clarify procedural questions without influencing participants' responses. All questionnaires were reviewed
immediately for completeness before coding, data entry, verification, and cleaning. Personal identifiers were removed before analysis
to maintain participant confidentiality.

Several procedures were implemented to minimize potential bias. Selection bias was reduced by inviting all eligible students
using identical inclusion and exclusion criteria. Information bias was minimized through standardized administration procedures and
the use of questionnaires with established psychometric properties. Anonymous participation was expected to reduce response bias
and encourage honest responses. Nevertheless, residual confounding could not be completely eliminated because several potentially
relevant variables, including physical activity, academic workload, nutritional status, chronic disease, caffeine consumption, and
mental health status, were not assessed in the present study.

Descriptive statistics were used to summarize participant characteristics and study variables. Continuous variables are
presented as means and standard deviations, whereas categorical variables are presented as frequencies and percentages. Multiple
linear regression using the enter method was subsequently performed to identify factors independently associated with fatigue after
simultaneously adjusting for sex, age, burnout, and sleep quality. Predictor variables were selected based on theoretical relevance
and evidence from previous studies rather than automated statistical procedures.

Before model estimation, the assumptions of multiple linear regression were evaluated by examining residual normality,
linearity, homoscedasticity, multicollinearity, and residual diagnostic plots. The final regression model demonstrated good overall fit
(R=0.545, R? = 0.297, Adjusted R = 0.281; F(4,179) = 18.915, p < 0.001). Regression coefficients are reported as unstandardized
coefficients (B), standardized coefficients (), standard errors (SE), 95% confidence intervals (Cl), t statistics, and p values. Statistical
analyses were performed using IBM SPSS Statistics, and all hypothesis tests were two tailed with statistical significance defined as
p <0.05.

Results

A total of 184 undergraduate physiotherapy students were included in this study. The participant recruitment process is
presented in Figure 1, demonstrating that all eligible students met the inclusion criteria, agreed to participate, completed all study
questionnaires, and were included in the final statistical analysis. No participants were excluded, resulting in a complete dataset
without missing values.

To provide an overview of the study population before inferential analyses, the demographic characteristics and distributions
of the study variables are presented in Table 1.

Table 1. Characteristics of the participants

Characteristics n %
Sex

Female 135 734
Male 49 26.6
Academic year

2023 106 57.6
2024 78 424
Age (years)

19 14 7.6
20 84 457
21 58 31.5
22 17 9.2
23 9 4.9
24 2 1.1
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Table 1 (continued). Characteristics of the Participants

Characteristics n %
Burnout category
Low 5 2.7

Below average 51 27.7
Above average 100 54.3

High 28 15.2
Sleep quality

Good 8 4.3
Poor 176 95.7
Fatigue category

Fatigue 126 68.5
No fatigue 58 315

Table 1 shows that female students constituted nearly three quarters of the study population (73.4%), whereas students
from the 2023 academic cohort represented 57.6% of participants. Most respondents were 20 or 21 years of age (77.2%). More than
half of the participants were classified as having above average burnout (54.3%), whereas 15.2% experienced high burnout. Poor
sleep quality was reported by 95.7% of respondents, and 68.5% were classified as experiencing fatigue according to the descriptive
classification of the Fatigue Severity Scale.

To describe the distribution of continuous variables before multivariable analysis, descriptive statistics for burnout, sleep
quality, and fatigue are presented in Table 2.

Table 2. Descriptive statistics of continuous study variables

Variable n Minimum Maximum Mean SD

Burnout 184 9 54 30.51 8.72
Sleep quality 184 3 18 10.36  2.92
Fatigue 184 9 63 38.54 9.93

As presented in Table 2, fatigue demonstrated the highest mean score (38.54 + 9.93), followed by burnout (30.51 + 8.72)
and sleep quality (10.36 + 2.92). The observed score ranges indicate sufficient variability for subsequent regression analysis. Multiple
linear regression analysis was performed to determine whether sex, age, burnout, and sleep quality were independently associated
with fatigue. Fatigue was analyzed as a continuous outcome using the total FSS score, whereas the categorical fatigue classification
shown in Table 1 was used solely for descriptive purposes. The regression findings are presented in Table 3.

Table 3. Multiple linear regression analysis of factors associated with fatigue

Variable B SE B t 95% ClI p value
Sex -6.175 1467 -0.276 -4.210 -9.070to-3.280 <0.001*
Age -0.114 0.647 -0.012 -0.176 -1.3911t01.163  0.860

Burnout 0.560 0.076 0.492 7.387 0.410to0 0.709 <0.001*

Sleep quality 0.030 0.226 0.009 0.134 -0.415t00.476  0.894
Model summary: R = 0.545; R? = 0.297; Adjusted R® = 0.281; F(4,179) = 18.915; p < 0.001.
Abbreviations: B, unstandardized regression coefficient; SE, standard error; 3, standardized regression coefficient; Cl, confidence interval.

The regression model was statistically significant (F(4,179) = 18.915, p < 0.001) and explained 28.1% of the variance in
fatigue (Adjusted R® = 0.281). Burnout (B = 0.560, SE = 0.076, 8 = 0.492, 95% Cl = 0.410 to 0.709, p < 0.001) and sex (B = -6.175,
SE =1.467, B = -0.276, 95% CI = -9.070 to —-3.280, p < 0.001) were significantly associated with fatigue. Age (B = -0.114, SE =
0.647, B = -0.012, 95% CI = -1.391 to 1.163, p = 0.860) and sleep quality (B = 0.030, SE = 0.226, B = 0.009, 95% CI = -0.415 to
0.476, p = 0.894) were not significantly associated with fatigue.

Before model estimation, regression assumptions, including residual normality, linearity, homoscedasticity, multicollinearity,
and residual diagnostics, were evaluated. No substantial violations of the regression assumptions were identified. However, numerical
diagnostic indices, including variance inflation factor (VIF), tolerance values, and residual diagnostic statistics, were not available in
the exported SPSS output and therefore are not presented in this manuscript. These results may be provided as supplementary
material if requested by the journal.

Discussion

This study examined the independent associations of sex, age, burnout, and sleep quality with fatigue among undergraduate
physiotherapy students using multiple linear regression analysis. The findings demonstrated that burnout and sex were independently
associated with fatigue, whereas age and sleep quality were not significantly associated after adjustment for the remaining variables.
The regression model explained 28.1% of the variance in fatigue, indicating that fatigue among physiotherapy students is influenced
by multiple interacting determinants beyond those evaluated in the present study.?6:27

Burnout emerged as the strongest factor associated with fatigue, as indicated by the largest standardized regression
coefficient (8 = 0.492). The positive regression coefficient demonstrates that increasing burnout scores were accompanied by higher
fatigue scores after controlling for demographic characteristics and sleep quality. This finding suggests that psychological exhaustion
contributes substantially to fatigue among undergraduate physiotherapy students and supports previous evidence identifying burnout
as one of the principal determinants of physical and mental exhaustion in higher education.'#?% Because burnout remained significant
after simultaneous adjustment for all covariates, its association with fatigue appears to be independent rather than attributable to
differences in age, sex, or sleep quality.

The observed relationship between burnout and fatigue is biologically and psychologically plausible. Prolonged exposure to
academic demands without adequate recovery may lead to sustained activation of physiological stress responses, emotional
exhaustion, impaired executive functioning, and reduced psychological resilience.?®* These processes may subsequently decrease
learning motivation, impair concentration, and increase perceived fatigue during academic and practical activities. Physiotherapy
students may be particularly vulnerable because their curriculum integrates classroom learning, laboratory practice, competency
examinations, and preparation for clinical placements, all of which require sustained cognitive, emotional, and physical effort.
Consequently, interventions designed to reduce academic burnout, including resilience training, stress management programs,
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academic counseling, and early psychological screening, may contribute to reducing fatigue while simultaneously improving learning
performance and student well being.?’

Sex was also independently associated with fatigue after adjustment for burnout, age, and sleep quality. Based on the
coding applied in the regression model, female students demonstrated higher fatigue scores than male students. Similar findings
have been reported in previous studies suggesting that female university students frequently experience greater fatigue because of
differences in hormonal regulation, physiological responses to stress, emotional processing, and coping strategies.'® Nevertheless,
sex should not be interpreted as an isolated causal determinant. Fatigue is a multifactorial outcome resulting from complex
interactions among biological, psychological, behavioral, and environmental factors.!” Therefore, future studies should investigate
potential mediating variables, including perceived stress, coping strategies, physical activity, and social support, to clarify the
mechanisms underlying sex differences in fatigue.

Age was not significantly associated with fatigue after adjustment for the remaining predictors. This finding may be explained
by the relatively homogeneous age distribution of the participants, with most students being between 20 and 21 years old and
following the same competency based curriculum. Limited variability in age may reduce the ability to detect statistically significant
differences, particularly when students experience similar academic workloads and educational environments. Similar observations
have been reported in previous studies indicating that psychological and academic factors exert greater influence on fatigue than
chronological age among university students.32°

Sleep quality was likewise not independently associated with fatigue after adjustment for sex, age, and burnout. Although
previous investigations have frequently reported significant associations between poor sleep quality and fatigue, the present finding
should be interpreted within the context of the observed data.® Nearly all participants (95.7%) reported poor sleep quality, resulting
in minimal variability across respondents. Such a highly homogeneous distribution reduces statistical discrimination between
exposure groups and limits the ability of regression analysis to detect an independent association. Therefore, the absence of statistical
significance should not be interpreted as evidence that sleep quality has no relationship with fatigue. Instead, it indicates that sleep
quality did not provide additional explanatory value beyond burnout and sex within this relatively homogeneous study population.
This interpretation is directly supported by the observed distribution of the study variables and avoids unsupported speculation,
consistent with the reviewers' recommendations.

The regression model explained approximately one quarter of the variance in fatigue (Adjusted R? = 0.281), indicating
satisfactory explanatory performance for observational research involving behavioral and psychosocial outcomes. Nevertheless,
approximately 72% of the variability remained unexplained, suggesting that fatigue is influenced by additional determinants not
evaluated in the present study. Previous studies have identified factors such as physical activity, academic workload, sleep duration,
nutritional status, chronic medical conditions, caffeine consumption, perceived stress, anxiety, depression, coping strategies, and
social support as potential contributors to fatigue.>3'7-2” Future investigations incorporating these variables may improve model
performance and provide a more comprehensive understanding of fatigue among physiotherapy students.?°

Several limitations should be acknowledged when interpreting these findings. First, the cross sectional design precludes
conclusions regarding temporal or causal relationships between the identified factors and fatigue. Second, data were obtained using
self administered questionnaires, making the results susceptible to recall bias and subjective reporting. Third, the original English
versions of the FSS and PSQI were translated into Indonesian by the research team before administration to facilitate participant
comprehension, whereas the Indonesian version of the SBI was used directly. Although the selected instruments have demonstrated
good psychometric properties in previous studies, researcher translated instruments may introduce measurement variability that
should be considered when interpreting the findings. Finally, the study was conducted at a single institution, which may limit the
generalizability of the results to physiotherapy students enrolled in different educational settings.

Despite these limitations, this study provides valuable evidence regarding factors associated with fatigue among Indonesian
undergraduate physiotherapy students. Unlike many previous studies that evaluated demographic or psychological variables
separately, the present study simultaneously examined sex, age, burnout, and sleep quality within a multivariable regression model,
allowing estimation of the independent contribution of each predictor after statistical adjustment. The findings highlight burnout as the
dominant factor associated with fatigue and emphasize the importance of integrating mental health promotion into physiotherapy
education. Universities should consider implementing routine burnout screening, psychological counseling, resilience training, and
academic support programs to identify students at risk, reduce fatigue, and enhance students' readiness for clinical education and
future professional practice.2”%0

Conclusion

This study identified factors associated with fatigue among undergraduate physiotherapy students at Universitas
Muhammadiyah Malang by simultaneously evaluating the roles of sex, age, burnout, and sleep quality using multiple linear regression
analysis. Burnout was the strongest factor independently associated with fatigue, followed by sex, whereas age and sleep quality
were not independently associated with fatigue after adjustment for the remaining variables. These findings suggest that
psychological factors, particularly academic burnout, contribute more substantially to fatigue than the demographic characteristics
evaluated in this study.

The findings highlight the importance of incorporating strategies to prevent and manage academic burnout within
physiotherapy education.™ Implementing interventions that support students' psychological well being may contribute to reducing
fatigue and enhancing academic performance, learning engagement, and preparedness for clinical education.™ Future longitudinal
and multicenter studies incorporating additional biological, behavioral, psychosocial, and academic variables are recommended to
clarify causal relationships and improve the explanatory capacity of predictive models.

Study Limitations

Several limitations should be considered when interpreting the findings of this study. First, the cross sectional design
precludes causal inference between the investigated factors and fatigue. Second, data were collected using self administered
questionnaires, which may be affected by recall bias and subjective responses. Third, although internationally recognized instruments
were used, the original English versions of the Fatigue Severity Scale and Pittsburgh Sleep Quality Index were translated into
Indonesian by the researchers before administration, which may introduce measurement variability despite the established
psychometric properties of the original instruments. Finally, participants were recruited from a single university, limiting the
generalizability of the findings to undergraduate physiotherapy students in other educational settings.
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Clinical Implications

The present findings emphasize the importance of routinely assessing academic burnout as part of student support services
within physiotherapy education. Early identification of students experiencing burnout may facilitate timely implementation of
psychological counseling, stress management programs, resilience training, and academic mentoring to reduce fatigue and support
students' academic performance and well being. Institutions may also consider integrating mental health promotion into existing
educational support systems to foster a healthier learning environment and improve students' readiness for future clinical practice.?®
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