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ABSTRACT

Introduction: Workers in informal industries are routinely exposed to physical, environmental, and ergonomic stressors
that may be associated with fatigue and musculoskeletal strain. This study examined the cross-sectional associations
of repetitive-task risk, sleep quality, body mass index, and selected individual characteristics with work fatigue among
fish-smoking workers in Semarang, Indonesia.

Methods: Using a cross-sectional design, data were collected from 64 workers through structured questionnaires,
observational assessments, and anthropometric measurements. Fatigue levels were measured using the Indonesian
version of the Japanese Industrial Fatigue Research Committee (JIFRC) Fatigue Questionnaire, repetitive-task risk was
assessed using the Assessment of Repetitive Tasks (ART) method, and sleep quality was assessed using the Pittsburgh
Sleep Quality Index (PSQlI), which evaluates subjective sleep quality over the preceding month.

Results: Moderate fatigue was reported by 59.4% of participants. In the bivariate analysis, left-hand repetitive-task risk
was associated with fatigue (p = 0.037), whereas right-hand repetitive-task risk and the dichotomised sleep-quality
category were not associated with fatigue. In the adjusted linear regression model, the left-hand association was
attenuated (B = 0.028, p = 0.839), while BMI remained associated with the coded fatigue outcome (B = 0.181, 95% CI
0.047 t0 0.316, p = 0.009). The overall regression model explained 21.3% of the variation in fatigue (R? = 0.213; adjusted
R?=0.115) and did not reach the conventional threshold for statistical significance (F (7, 56) = 2.166, p = 0.051). These
estimates should be interpreted cautiously because of the small sample and imbalanced categories.

Conclusion: Among workers in the participating fish-smoking centres, BMI was associated with the coded fatigue
outcome after adjustment, while the unadjusted association involving left-hand repetitive-task risk was not retained in
the adjusted model. Because the overall regression model was marginally non-significant, the individual adjusted
associations should be interpreted cautiously. The findings identify anthropometric assessment, fatigue screening, and
further task-specific ergonomic evaluation as priorities for future health-promotion research. Longitudinal and
intervention studies are needed before conclusions can be drawn regarding causality, intervention effectiveness, or
productivity.
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INTRODUCTION

Occupational health in the informal sector remains an underexamined yet crucial component of public health, particularly in
low- and middle-income countries such as Indonesia. The informal workforce, accounting for over half of total employment,
plays a pivotal role in the socioeconomic fabric of communities, including the fish-smoking industry, a traditional and labour-
intensive sector central to local food production and economic sustainability (1). Workers in these industries are routinely
exposed to physical, environmental, and ergonomic stressors that have been associated with fatigue, musculoskeletal strain,
and reduced productivity. Fatigue in this context represents a multifactorial phenomenon encompassing physiological,
psychological, and environmental determinants, and its persistence poses serious implications for occupational health, safety,
and performance (2).

Studies across various informal occupations have consistently demonstrated that excessive workload, repetitive manual
activities, and suboptimal working conditions contribute significantly to fatigue and musculoskeletal disorders (3,4). Among
furniture and seaweed workers, extended working hours and physically demanding tasks have been associated with higher
levels of fatigue and decreased productivity (5,6). Age and work tenure have also been identified as potentially relevant
factors, with older workers and those with longer occupational exposure reporting diminished endurance and greater fatigue
symptoms (3). Additionally, exposure to poor lighting, heat, and repetitive postures has been associated with greater fatigue,
underscoring the need for improved ergonomic and environmental management strategies in informal industries (7,8).
Despite the abundance of literature addressing fatigue in formal sectors, relatively limited attention has been given to informal
labourers in fish-smoking operations. This type of work requires repetitive hand movements, prolonged standing, and
exposure to heat and smoke, which may increase the likelihood of fatigue and musculoskeletal strain. Inadequate ergonomic
design, prolonged working hours, and minimal access to health interventions may increase the likelihood of fatigue and
musculoskeletal strain (9). Given that fish smoking is a major economic activity in coastal Indonesia, concurrent assessment
of repetitive-task exposure, sleep quality, and individual characteristics may help identify locally relevant health-promotion
needs.

Work fatigue, in ergonomic and physiological terms, is often described as the decline in an individual’s ability to sustain a
given workload due to cumulative stressors, both physical and mental (10). It can be acute, resulting from immediate
overexertion, or chronic, when recovery periods are insufficient. Physiological explanations for fatigue proposed in previous
research include energy depletion, accumulation of metabolic byproducts such as lactate, and neuroendocrine dysregulation
following prolonged effort (2). Psychologically, the experience of fatigue is shaped by motivation, emotional strain, and poor
sleep quality; previous studies have also described bidirectional associations between sleep problems and fatigue (11,12).
Poor sleep quality is an increasingly recognised factor associated with occupational fatigue. Empirical studies indicate that
insufficient or poor-quality sleep impairs alertness, cognitive control, and recovery from physical exertion (13,14). Workers in
physically demanding roles often report disrupted sleep due to environmental stressors, irregular schedules, or discomfort
from musculoskeletal pain, and these conditions may coincide with greater fatigue and poorer work performance (15).
Reported associations between sleep quality and fatigue support considering sleep-related recovery alongside ergonomic
exposure when assessing worker well-being, without assuming a direct causal pathway.

Ergonomic stressors, particularly repetitive movements, represent commonly investigated exposures in relation to fatigue and
musculoskeletal strain in manual labour. Repetitive upper-limb tasks such as cutting, skewering, and lifting are pervasive in
fish processing and smoking activities, producing repeated loading of the same muscle groups and joints. Studies of repetitive
upper-limb work, including fish-processing activities, have documented muscular fatigue and musculoskeletal complaints
associated with repetitive and forceful exertions (9,16,17). Studies among fish processing workers in Europe and Southeast
Asia have reported high prevalence rates of upper-limb musculoskeletal complaints in work characterised by repetitive and
forceful exertions (9,16). Over time, repetitive strain may reduce work tolerance, creating a cycle of fatigue and performance
decline.

Ergonomic exposures and poor sleep quality may coexist among informal fish-smoking workers, who are also exposed to
physical and environmental demands. Ergonomic discomfort may interfere with rest, while inadequate sleep may limit
recovery and concentration; however, these pathways require direct testing rather than being inferred from cross-sectional
associations (18). Environmental factors such as heat exposure, smoke, and noise may add to the overall work burden, but
their independent or combined effects on fatigue cannot be assumed without specific measurement. Studies have noted that
fatigue may involve physical, cognitive, and emotional dimensions relevant to decision-making and overall occupational safety
(19,20). Considering these domains together can improve the descriptive assessment of worker needs, even when interaction
or mediation effects are not analysed.

Individual characteristics, including age, sex, body mass index (BMI), and work tenure, may be associated with differences in
reported fatigue. Older workers generally exhibit reduced physiological resilience due to decreased aerobic capacity and
slower recovery rates, which may affect tolerance of sustained physical work (3,4). Likewise, sex-related differences may
influence fatigue perception and endurance, as hormonal and body composition variations affect energy metabolism (21).
BMI is an anthropometric indicator of weight status rather than a direct measure of dietary intake or nutritional quality. Higher
BMI may be associated with greater biomechanical loading and comorbid conditions relevant to physical work capacity
(22,23). Low and high BMI may have different relationships with fatigue; therefore, the form of the association should be
examined rather than assumed.

Work tenure reflects the duration of employment and may indicate longer exposure to occupational demands, particularly in
occupations characterised by repetitive and strenuous tasks (24). Long-term exposure to suboptimal ergonomic and
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environmental conditions has been associated with chronic fatigue, although the relationship may vary according to task and
worker characteristics (25). Consequently, assessing fatigue in fish-smoking workers requires considering not only task-
specific demands but also the duration of occupational exposure and individual health characteristics.

Previous studies in fish processing and comparable informal occupations have documented repetitive-task exposure,
awkward postures, musculoskeletal symptoms, and fatigue, and some have examined ergonomic interventions (26—28).
However, these bodies of evidence have generally assessed ergonomic, sleep-related, and individual factors separately or
in different occupational contexts. Evidence remains limited on whether these measured factors are concurrently associated
with fatigue among informal fish-smoking workers in Indonesia and how such information can support feasible local health-
promotion priorities. Addressing this gap requires a cautious cross-sectional assessment rather than an assumption of
interaction or causality.

This study therefore examined the cross-sectional associations of repetitive-task risk, sleep quality, BMI, age, sex, and work
tenure with work fatigue among fish-smoking workers in Semarang, Indonesia. The primary research question was whether
these measured factors were associated with fatigue in the sampled workers. The study was intended primarily as an
occupational health-promotion needs assessment with an exploratory analytical component, not as a test of causal pathways,
interactions, or intervention effectiveness. Its contribution lies in describing the co-occurrence of selected concerns and
identifying priorities for more detailed assessment and future intervention research in similar informal work settings.

METHODS

Study Design and Setting

This study employed an observational analytic design using a cross-sectional approach to examine the associations of
repetitive-task risk, sleep quality, body mass index, and selected individual characteristics with work fatigue among fish-
smoking workers in Semarang, Indonesia. The cross-sectional method enabled the exposures and outcome to be assessed
during the same study period (2,10). Data collection was conducted at Bandarharjo fish-smoking centres located in Semarang
in August 2025. Participants generally worked 8-9 hours per day, from approximately 06:00 or 07:00 to 15:00, for 6 days per
week. The ART assessment reported in the analysis was conducted on the fish-stabbing task for each worker. Fatigue was
assessed during the shift. The participating centres were selected because they employed informal workers performing
repetitive fish-processing tasks.

Population and Sampling

The source population comprised workers employed at the participating fish-smoking centres during the recruitment period.
The sampling frame included 82 potentially eligible workers from the participating centres. A total-sampling approach was
used, whereby all 82 workers in the sampling frame were approached for participation. Eighteen workers were not enrolled
because they were absent from the study sites during the data-collection period, rather than because they failed the stated
eligibility criteria; consequently, 64 workers were enrolled and analysed. Thus, “total sampling” refers to an attempt to recruit
all eligible workers at the participating centres rather than all fish-smoking workers city-wide. No separate formal sample-size
calculation was undertaken because the study attempted to recruit the complete sampling frame. In this informal-sector
setting, all eligible workers at the selected study site were invited to participate. From an ethical and practical standpoint,
selecting only a proportion of workers through sampling was considered inappropriate because the workforce constituted a
small, clearly defined group within a single work location. Inclusion criteria required that participants be actively engaged in
fish-smoking work for at least six months and provide informed consent. No participant-level data were missing among the
64 analysed workers.

Ethical Considerations

The study received ethical clearance from the Research Ethics Committee of the Faculty of Public Health, Universitas
Diponegoro No. 113/EA/KEPK-FKM/2025. Written informed consent was obtained from all participants prior to data collection.
Ethical procedures followed the principles of autonomy, confidentiality, and beneficence as stipulated by national research
ethics standards.

Variables and Operational Definitions

Work fatigue was defined as the perceived level of physical and mental exhaustion following work activities, measured using
the Indonesian version of the Japanese Industrial Fatigue Research Committee (JIFRC) Fatigue Questionnaire (29,30). The
instrument contained 30 items, each scored from 1 to 4, producing a total score ranging from 30 to 120. The Indonesian
JIFRC has demonstrated satisfactory validity and reliability in an Indonesian worker population (30). Missing items were
addressed through a prevention protocol. In this procedure, respondents were always instructed to review forms prior to
submission to ensure all 30 items covering activity reduction, motivational decline, and physical symptoms were fully
answered. For descriptive analysis, scores were classified as low, moderate, or high fatigue using the prespecified Indonesian
scoring criteria: 30-52 = low/light fatigue, 53—75 = moderate fatigue, 76—98 = high/heavy fatigue, and 99-120 = very high
fatigue (31). These instrument-based cut-offs, rather than the sample median or mean, were used to categorise fatigue, with
codes 1, 2, 3, and 4 corresponding respectively to low, moderate, high, and very-high fatigue. The high and very-high
categories were combined in the study dataset for descriptive presentation.

Repetitive-task exposure was assessed separately for the right and left upper limbs using the Assessment of Repetitive Tasks
(ART) method (17,32). Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI), a self-administered
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questionnaire assessing sleep quality and sleep disturbances during the previous month. The PSQI contains 19 self-rated
items that generate seven component scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleeping medication, and daytime dysfunction. The seven component scores are summed to
produce a global score ranging from 0 to 21, with higher scores indicating poorer sleep quality. A global PSQI score >5 was
classified as poor sleep quality, whereas a score <5 was classified as good sleep quality (33).

Individual characteristics included age (years), sex (male/female), work tenure (years), and weight status assessed using
body mass index (BMI) calculated as weight (kg)/height (m?). BMI categories used for descriptive presentation were
underweight (<18.5), normal (18.5-25.0), overweight (25.1-27.0), and obese (>27.0). In the regression model, BMI was
entered as an ordinal variable rather than as a continuous BMI measure. The numerical coding used in the regression dataset
was sex: 1 = male and 2 = female; age: 1 = <30 years and 2 = 230 years; work tenure: 1 = <5 years, 2 = 5-10 years, and 3
=>10 years; and BMI: 1 = underweight, 2 = normal, 3 = overweight, and 4 = obese. Ergonomic risk levels for repetitive motion
were classified using ART total-score thresholds of low, moderate, and high risk, with the right- and left-hand ART variables
each coded as 1 = low, 2 = moderate, and 3 = high risk (9).

Data Collection Procedures

Data collection combined self-reported and observational methods. Workers completed a structured questionnaire assessing
demographic information, sleep quality, and perceived fatigue. Questionnaires were administered during the work shift under
standardised conditions. Ergonomic observations were conducted by trained field researchers during the production stage.
For each worker, the task selected for formal ART assessment was the fish-stabbing task. Repetitions of the right and left
hands were counted over five minutes using a manual counter. The ART assessment included repetition frequency, force,
arm posture, wrist posture, hand or finger grip, breaks, task duration, work pace, and other relevant factors. These component
scores were combined to produce a total ART score for each worker and were classified using the prespecified category
thresholds (34). Weight and height were measured using calibrated digital scales and a microtoise to ensure accuracy in BMI
calculation.

The Pittsburgh Sleep Quality Index (PSQI) was used to assess subjective sleep quality during the preceding month. The
instrument comprises 19 self-rated items that form seven component scores, each scored from 0 to 3. These component
scores are summed to obtain a global PSQI score ranging from 0 to 21. Based on the original PSQI scoring criterion,
participants with a global score <5 were classified as having good sleep quality, whereas those with a score >5 were classified
as having poor sleep quality. The Indonesian-language PSQI has previously demonstrated acceptable psychometric
properties; however, the published Indonesian validation study was conducted among adolescents, and this population
difference should be considered when interpreting its use among adult informal workers (33,35,36). The JIFRC Fatigue
Questionnaire was applied to assess perceived physical and mental fatigue in the local occupational context (30). The JIFRC
was administered using its Indonesian version (37).

Data Analysis

The study employed both descriptive and inferential statistical analyses. Descriptive statistics summarised participant
characteristics and distributions of exposure and outcome variables. Continuous variables were summarised using means
and standard deviations or medians and interquartile ranges, as appropriate, while categorical variables were presented as
frequencies and percentages. Inferential analyses examined unadjusted and adjusted associations between the measured
factors and fatigue.

For bivariate analysis, complete cross-tabulations were constructed for each exposure category by fatigue category. Fisher's
exact test was used for 2 x 2 tables, and Fisher’'s exact test was used for larger contingency tables because several expected
cell counts were small (38). The choice of an exact test was based on sparse cell counts rather than non-normality. Cramér’s
V was reported to describe the magnitude of association for the contingency-table analyses. A two-sided p-value < 0.05 was
considered statistically significant, but interpretation also considered effect magnitude and precision.

The primary adjusted analysis used multiple linear regression to examine adjusted associations with the coded fatigue
outcome. The regression dataset retained the instrument-based fatigue category coding, in which 1 = low, 2 = moderate, 3 =
high, and 4 = very-high fatigue. The fitted outcome was therefore the ordinal category code, not the continuous 30—-120 JIFRC
total score. The category code was treated numerically in the fitted linear regression; coefficients should therefore be
interpreted as changes in the coded fatigue outcome rather than changes in the questionnaire total score. Predictor coding
was specified as follows: sex (1 = male, 2 = female); age (1 = <30 years, 2 = 230 years); work tenure (1 = <5 years, 2 = 5—
10 years, 3 = >10 years); BMI (1 = underweight, 2 = normal, 3 = overweight, 4 = obese); and right- and left-hand repetitive-
task exposure (1 = low, 2 = moderate, 3 = high). Sleep quality was entered as a dichotomous predictor coded as 1 = good
sleep quality (PSQI global score <5) and 2 = poor sleep quality (PSQI global score >5) (33). Covariates were selected a priori
on the basis of their plausible relationships with fatigue and the measured exposures rather than through significance-based
selection.

Multicollinearity was assessed using tolerance and variance inflation factors (37, 38). The retained regression output showed
tolerance values of 0.712-0.934 and VIF values of 1.070—1.405. Numerical results for linearity, homoscedasticity, residual
normality, leverage, studentised residuals, and Cook’s distance are not available in the materials supplied for final reporting
and are therefore not reported. Missing data were handled using complete-case analysis, resulting in an adjusted-model
sample of 64 participants. Model fit was summarised using the intercept, R?, adjusted R?, and overall F test.
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Reliability and Validity

The measurement instruments used in this study have previously demonstrated psychometric utility in relevant populations.
The original PSQI demonstrated acceptable internal consistency, test—retest reliability, and validity for distinguishing good
and poor sleepers. Subsequent psychometric studies have supported its reliability and validity in other populations. An
Indonesian-language version has also demonstrated reliability and validity, although the published Indonesian validation was
conducted among adolescents rather than adult informal workers (33,35,36). Similarly, the JIFRC Fatigue Questionnaire has
been locally validated in an Indonesian worker population (30). Observational procedures for repetitive motion were
standardised across observers through pre-study assessor training, calibration sessions, and consensus scoring, following
recommendations for ergonomic risk assessments (39). Disagreements were resolved through discussion after the
independent ratings had been recorded. No independent duplicate ratings were retained for formal reliability analysis;
therefore, assessor calibration and consensus scoring were used as quality-control procedures, and no inter-rater reliability
statistic is reported (40).

Limitations and Bias Control

Given the cross-sectional design, causal inferences could not be drawn between the measured factors and fatigue outcomes.
Multivariable adjustment addressed only the covariates included in the model and could not eliminate residual or unmeasured
confounding. Covariates were selected according to a prespecified conceptual rationale; however, potentially relevant factors
such as specific task type, working hours, physical workload, heat and smoke exposure, hydration, dietary intake,
comorbidities, medication use, and shift timing were not fully measured or included. Observation bias was reduced through
standardised observer training and standardisation of observation sequences. Self-report bias in sleep and fatigue
assessments was reduced, but not eliminated, through anonymous questionnaire administration and standardised
explanations by the research team. Non-enrolment of workers who were absent during the data-collection period may have
introduced selection bias; because the reason for absence was not established in the manuscript, absence should not be
attributed specifically to illness or injury unless documented. The adjusted model treated the ordinal fatigue category code as
a numeric outcome; this modelling choice should be considered when interpreting coefficient magnitudes.

Summary of Analytical Framework

The study assessed selected ergonomic, anthropometric, sleep-related, and individual factors concurrently to describe their
associations with work fatigue among fish-smoking workers. By combining questionnaires, anthropometric measurements,
and direct task observation, the study provided an exploratory health-promotion needs assessment for the participating
centres. The analytical approach estimated unadjusted and adjusted associations but did not test causal pathways, interaction
effects, intervention effectiveness, or the relative dominance of one domain over another. The findings were therefore intended
to identify priorities for further assessment and future evaluation rather than to justify specific interventions or policy effects.

RESULTS

Table 1 shows the frequency distribution of variables in this study. A total of 64 fish-smoking workers were included in the
study. Most participants were female (67.2%), while 32.8% were male. The workforce was predominantly aged 30 years or
older (96.9%), with only 3.1% of participants younger than 30 years. Most workers had substantial occupational experience,
as 71.9% had worked for more than 10 years, 15.6% had worked for 5-10 years, and 12.5% had worked for fewer than 5
years.

Regarding body mass index, 39.1% of participants were classified as having normal BMI, followed by 35.9% who were obese,
15.6% who were overweight, and 9.4% who were underweight. These findings indicate that slightly more than half of the
workers were classified as either overweight or obese.

Table 1. Frequency Distribution of Variables (n = 64)

Variables Category Frequency (f) Percentage (%)
Sex Male 21 32.8
Female 43 67.2
Age <30 years 2 3.1
=30 years 62 96.9
Work tenure <5 years 8 12.5
5-10 years 10 15.6
>10 years 46 71.9
BMI category Underweight 6 9.4
Normal 25 39.1
Overweight 10 15.6
Obese 23 35.9
Repetitive-task risk (right hand) Low 1 1.6
Moderate 40 62.5
High 23 35.9
Repetitive-task risk (left hand) Low 9 14.1
Moderate 44 68.8
High 11 17.2
Sleep quality Good (PSQI <5) 12 18.8
Poor (PSQl >5) 52 81.3
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Variables Category Frequency (f) Percentage (%)
Fatigue Level Low 24 37.5
Moderate 38 59.4
High 2 SNl

In Table 1, assessment of repetitive motion showed that moderate risk was the most common category for both hands. For
the right hand, 62.5% of workers had moderate repetitive-task risk, 35.9% had high risk, and 1.6% had low risk. For the left
hand, 68.8% were classified as having moderate risk, 17.2% had high risk, and 14.1% had low risk. Poor sleep quality was
observed in 81.3% of participants, whereas 18.8% were classified as having good sleep quality. With regard to work fatigue,
moderate fatigue was the most frequently reported level, affecting 59.4% of workers. Low fatigue was reported by 37.5%,
while high fatigue was observed in 3.1% of participants.

Overall, the descriptive findings showed that the study population was predominantly female, aged 30 years or older, and had
long work tenure. Moderate repetitive-task risk, poor sleep quality, and moderate work fatigue were the most common
categories observed among the participants.

Table 2. Participant Characteristics and Occupational Factors by Work Fatigue Level

Variable Category Low fatigue Moderate High Cramér’s V
n (%) fatigue fatigue
n (%) n (%)
Sex Male 10 (47.6%) 11 (52.4%) 0 (0.0%) 21(100.0%) 0.408 0.181
Female 14 (32.6%) 27 (62.8%) 2 (4.7%) 43 (100.0%)
Age <30 years 0 (0.0%) 2 (100.0%) 0 (0.0%) 2(100.0%)  0.548 0.149
>30 years 24 (38.7%) 36 (58.1%) 2 (3.2%) 62 (100.0%)
Work tenure <5 years 5 (62.5%) 3 (37.5%) 0 (0.0%) 8(100.0%) 0.315 0.182
5-10 years 3 (30.0%) 6 (60.0%) 1(10.0%) 10 (100.0%)
>10 years 16 (34.8%) 29 (63.0%) 1(2.2%) 46 (100.0%)
BMI (4 Underweight 4(66.7%) 2 (33.3%) 0 (0.0%) 6 (100.0%)  0.010 0.335
categories) 5 13 (52.0%) 12 (48.0%) 0 (0.0%) 25 (100.0%)
Overweight 0 (0.0%) 10 (100.0%) 0 (0.0%) 10 (100.0%)
Obese 7 (30.4%) 14 (60.9%) 2(8.7%) 23 (100.0%)
Right-hand  Low risk 0 (0.0%) 1 (100.0%) 0 (0.0%) 1(100.0%)  0.834 0.104
,[:splf““"e'risk Moderate risk 14 (35.0%) 25 (62.5%) 1(2.5%) 40 (100.0%)
High risk 10 (43.5%) 12 (52.2%) 1 (4.3%) 23 (100.0%)
Left-hand Low risk 5 (55.6%) 4 (44.4%) 0 (0.0%) 9(100.0%)  0.037 0.262
repetitive-_ Moderate risk 12 (27.3%) 31 (70.5%) 1(2.3%) 44 (100.0%)
High risk 7 (63.6%) 3 (27.3%) 1(9.1%) 11 (100.0%)
Sleep quality Good (PSQI<5) 5 (41.7%) 7 (58.3%) 0 (0.0%) 12 (100.0%)  1.000 0.091
Poor (PSQI >5) 19 (36.5%) 31 (59.6%) 2 (3.8%) 52 (100.0%)
Total 24 (37.5%) 38 (59.4%) 2(3.1%) 64 (100.0%)

Table 2 presents the cross-tabulation of participant characteristics and occupational factors by work fatigue level. Overall, 24
workers (37.5%) reported low fatigue, 38 (59.4%) reported moderate fatigue, and 2 (3.1%) reported high fatigue. Because
several contingency-table cells had expected counts below five, exact-test p-values were used as the primary measures of
statistical significance.

Moderate fatigue was more common among both male and female workers, affecting 52.4% and 62.8%, respectively. High
fatigue was observed only among female workers (4.7%). However, sex was not significantly associated with work fatigue
(exact p = 0.408), and the magnitude of association was weak (Cramér's V = 0.181). Similarly, age was not significantly
associated with fatigue (exact p = 0.548; Cramér’s V = 0.149). Both workers younger than 30 years experienced moderate
fatigue, whereas among workers aged 30 years or older, 38.7% reported low fatigue, 58.1% moderate fatigue, and 3.2% high
fatigue.

Work fatigue also did not differ significantly across work-tenure categories (exact p = 0.315; Cramér’'s V = 0.182). Among
workers with less than five years of tenure, low fatigue was most common (62.5%). In contrast, moderate fatigue predominated
among those with 5-10 years of tenure (60.0%) and those with more than 10 years of tenure (63.0%). High fatigue was
reported by 10.0% of workers with 5-10 years of tenure and 2.2% of those with more than 10 years of tenure.

BMI category was significantly associated with work fatigue (exact p = 0.010), with a moderate association magnitude
(Cramér's V = 0.335). Low fatigue was most frequent among underweight workers (66.7%) and workers with normal BMI
(52.0%). All overweight workers were classified as having moderate fatigue. Among workers with obesity, 30.4% reported low
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fatigue, 60.9% moderate fatigue, and 8.7% high fatigue. These findings indicate that the distribution of fatigue levels differed
across the four BMI categories, although the bivariate design does not establish a causal relationship.

For right-hand repetitive-task risk, moderate fatigue was the most frequent category among workers with moderate risk
(62.5%) and high risk (52.2%). The single worker classified as low risk also reported moderate fatigue. No statistically
significant association was found between right-hand repetitive-task risk and fatigue (exact p = 0.834), and the association
strength was weak (Cramér’s V = 0.104).

In contrast, left-hand repetitive-task risk was significantly associated with fatigue level (exact p = 0.037), although the
magnitude of association was weak (Cramér’'s V = 0.262). Moderate fatigue occurred in 70.5% of workers with moderate left-
hand risk, compared with 44.4% of those with low risk and 27.3% of those with high risk. High fatigue was observed in 2.3%
of workers with moderate risk and 9.1% of those with high risk. This pattern should be interpreted cautiously because of the
small number of workers in some cells and because the association was assessed only at the bivariate level.

The PSQlI-classified sleep-quality category was also not significantly associated with work fatigue (exact p = 1.000), with a
very weak association magnitude (Cramér’s V = 0.091). Among workers with good sleep quality, 41.7% reported low fatigue
and 58.3% moderate fatigue. Among those with poor sleep quality, 36.5% reported low fatigue, 59.6% moderate fatigue, and
3.8% high fatigue. The lack of statistical significance should be interpreted in light of the unequal distribution of workers
between the two sleep-quality categories.

In summary, BMI category and left-hand repetitive-task risk were significantly associated with work fatigue in the bivariate
analysis. BMI showed a moderate association, whereas the association involving left-hand repetitive-task risk was weak. Sex,
age, work tenure, right-hand repetitive-task risk, and the PSQI-classified sleep-quality category were not significantly
associated with fatigue. These findings describe unadjusted relationships and should not be interpreted as evidence of
causality.

Multivariable Associations with Work Fatigue

Multiple linear regression analysis (Table 3) was performed to examine adjusted associations with fatigue, incorporating
demographic variables, ART repetitive-task risk, and sleep quality. The adjusted analysis included all 64 participants. The
regression model had an intercept of 2.217 and explained 21.3% of the variation in fatigue (R? = 0.213; adjusted R? = 0.115).
The overall model did not reach the conventional 0.05 level of statistical significance, F (7, 56) = 2.166, p = 0.051.

Table 3. Multivariable Linear Regression Analysis of Factors Associated with Fatigue

Variable B SE Beta 95% Cl for B t p

Constant 2.217 0.795 — 0.624 to 3.810 2.788 0.007
Sex 0.135 0.148 0.118 -0.161 to 0.432 0.914 0.365
Age -0.729 0.399 -0.236 -1.527 to 0.070 -1.829 0.073
Work tenure 0.149 0.098 0.195 -0.046 to 0.345 1.531 0.131
Body mass index (BMI) 0.181 0.067 0.350 0.047 to 0.316 2.701 0.009*
Repetitive-task risk (right hand) -0.241 0.150 -0.226 -0.542 to 0.060 -1.605 0.114
Repetitive-task risk (left hand) 0.028 0.138 0.029 -0.247 to 0.304 0.205 0.839
Sleep quality 0.144 0.169 0.105 -0.194 to 0.482 0.856 0.396

Note: N = 64; R? = 0.213; adjusted R = 0.115; F(7, 56) = 2.166; overall model p = 0.051.
*p < 0.05 indicates statistical significance.

The multicollinearity assessment indicated that all independent variables had tolerance values above 0.10 and VIF values
well below 10, with tolerance ranging from 0.712 to 0.934 and VIF ranging from 1.070 to 1.405. Although the highest condition
index was 45.793, there was no evidence of substantial variance concentration across multiple predictors in the same
dimension. Therefore, no serious multicollinearity was detected, indicating that the independent variables could be included
simultaneously in the multiple linear regression model.

The multivariable linear regression analysis showed that BMI was the only variable significantly associated with work fatigue
after adjustment for the other variables included in the model. BMI had a positive regression coefficient (B = 0.181; 95% ClI
0.047 to 0.316; t = 2.701; p = 0.009). Because BMI was entered as an ordinal variable, this coefficient should be interpreted
according to the category coding used rather than as a per-kg/m? effect. BMI was coded in ascending categories as 1 =
underweight, 2 = normal, 3 = overweight, and 4 = obese; thus, the coefficient represents the fitted change in the coded fatigue
outcome associated with a one-category increase in the ordinal BMI code.

No statistically significant adjusted associations were observed for sex (B = 0.135; 95% CI -0.161 to 0.432; p = 0.365), age
(B = -0.729; 95% CI -1.527 to 0.070; p = 0.073), work tenure (B = 0.149; 95% CI| -0.046 to 0.345; p = 0.131), right-hand
repetitive-task risk (B = -0.241; 95% CIl —-0.542 to 0.060; p = 0.114), left-hand repetitive-task risk (B = 0.028; 95% CI —-0.247
to 0.304; p = 0.839), or the sleep-quality predictor entered in the model (B = 0.144; 95% CIl -0.194 to 0.482; p = 0.396).
Notably, the association between left-hand repetitive-task risk and fatigue observed in the bivariate analysis was no longer
statistically significant after adjustment for the other variables.

The adjusted model suggests that BMI remained associated with work fatigue after adjustment in this sample, whereas the
other demographic, ergonomic, and sleep-related variables were not. The overall model explained 21.3% of the observed
variation, with an adjusted R? of 0.115, but the overall F test was marginally non-significant (p = 0.051). Therefore, the
statistically significant BMI coefficient should be regarded as an exploratory within-model association and interpreted
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cautiously. Because the analysis was cross-sectional, these findings should be interpreted as adjusted associations rather
than evidence of causal effects or temporal prediction.

Summary of Key Findings

Among the 64 workers, moderate fatigue was the most frequent category. Left-hand repetitive-task risk was associated with
fatigue category in the unadjusted analysis, but this association was not retained in the adjusted model. BMI remained
associated with the coded fatigue outcome after adjustment, when entered using the ordinal coding 1 = underweight, 2 =
normal, 3 = overweight, and 4 = obese. The regression model explained 21.3% of fatigue variation but did not reach the
conventional level of overall statistical significance (p = 0.051). The PSQI-classified sleep-quality category was not associated
with fatigue in the bivariate analysis, although restricted variability limited interpretation. These results identify BMI
assessment, fatigue screening, and more detailed task-level ergonomic and sleep-quality evaluation as priorities for future
research; they do not demonstrate causal dominance, interaction effects, or intervention effectiveness.

DISCUSSION

Ergonomic and Sleep-Related Factors Associated with Fatigue

The present study provides an exploratory assessment of the associations of repetitive-task exposure, sleep quality, BMI,
and selected individual characteristics with work fatigue among fish-smoking workers at the participating centres in Semarang,
Indonesia. The findings showed an unadjusted association between left-hand repetitive-task risk and fatigue, which was not
retained after adjustment, while BMI remained associated with the coded fatigue outcome in the adjusted model. However,
the overall regression model was marginally non-significant (F (7, 56) = 2.166, p = 0.051), with R? = 0.213 and adjusted R? =
0.115. The absence of statistically significant adjusted associations for the other measured factors should not be interpreted
as evidence that they were unimportant or that BMI was a dominant determinant. Rather, the results should be considered in
light of the small sample, imbalanced categories, measurement choices, modest model explanatory capacity, and limited
precision. This pattern is consistent with viewing fatigue as a multidimensional outcome, while recognising that the present
study did not test interactions among physiological, psychosocial, and environmental factors (40,41).

Ergonomic risks, including awkward postures and repetitive motions, have been well documented as factors associated with
fatigue and musculoskeletal discomfort (9,17). In this study, 62.5% of workers were classified as having moderate right-hand
repetitive-task risk, and 68.8% were classified as having moderate left-hand repetitive-task risk, consistent with repetitive
manual tasks typical of fish processing. Similar findings have been observed in agricultural and manufacturing sectors, where
repetitive exertions have been associated with increased muscle strain and reduced endurance (42). Nevertheless, the
association observed for the left hand in the unadjusted analysis was attenuated after adjustment. Hand dominance, task-
specific asymmetry, muscle recruitment, and limb-specific physiological fatigue were not measured; therefore, the difference
between the right- and left-hand results cannot be attributed to dominant—-nondominant limb mechanisms (43,44). The isolated
unadjusted finding instead indicates a need for more detailed task-level assessment, including hand dominance, force,
posture, work pace, task duration, and bilateral task distribution.

Poor sleep quality was prevalent among participants, with 81.3% classified as having poor sleep quality according to the PSQl
cut-off used in this study. Although no significant relationship was found between PSQI-classified sleep quality and fatigue,
this does not negate the relevance of sleep-related recovery. Previous occupational research has reported associations
between sleep problems and work fatigue. In the present study, most participants were classified as having poor sleep quality,
resulting in an imbalanced distribution that may have reduced the ability to detect an association. Dichotomising the PSQI
global score into good and poor sleep-quality categories may also have reduced information compared with analysis of the
continuous global score (45).

Association between Body Mass Index and Fatigue

The finding that BMI remained associated with the coded fatigue outcome in the adjusted model (B = 0.181, 95% CI 0.047 to
0.316, p = 0.009) is broadly consistent with previous studies reporting relationships between body size, physical workload,
and fatigue-related outcomes (22,46). BMI was entered using ordinal coding of 1 = underweight, 2 = normal, 3 = overweight,
and 4 = obese. Accordingly, the coefficient reflects a one-category increase in this ordinal coding and should not be interpreted
as a per-kg/m? effect. Higher BMI may be accompanied by greater biomechanical loading during physically demanding work
(47). However, BMI is an anthropometric indicator rather than a direct measure of dietary intake, nutritional adequacy, body
composition, metabolic health, or physical fitness. Moreover, the single coefficient does not demonstrate that both low and
high BMI were associated with fatigue. A bidirectional or U-shaped relationship should not be inferred unless non-linearity or
separate BMI categories were explicitly examined (48).

The adjusted estimates for the other ergonomic and demographic variables included the null value; however, this does not
establish that fatigue arose from cumulative rather than isolated stressors or that an exposure threshold existed. The study
did not test whether BMI modified ergonomic associations or caused workers to reach a fatigue threshold earlier (49).
Additionally, more than 70% of participants had worked for over ten years, resulting in limited variation in work tenure.
Although adaptation among experienced workers is theoretically possible, physiological or perceptual adaptation was not
measured and cannot explain the observed results (50). The null findings may instead reflect limited statistical power,
imbalanced exposure categories, residual confounding, measurement error, or genuine weak associations in the sampled
population.
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Implications for Future Ergonomic and Health-Promotion Evaluation

The present findings do not establish the effectiveness of an integrated intervention package. They do, however, identify
several priorities for further assessment in informal fish-smoking work. First, the high frequency of moderate repetitive-task
risk supports more detailed task-level ergonomic evaluation before selecting specific modifications. The present data do not
identify which specific workstation or work-organisation modification would be effective; candidate modifications should
therefore be selected only after direct task assessment and worker consultation. Because hand dominance and physiological
left-hand strain were not measured, workstation redesign should not be justified specifically as a means of correcting left-
hand asymmetry. Any modification should be based on direct observation of posture, force, repetition, task duration, and
worker feedback.

Educational initiatives promoting ergonomic awareness could be considered for feasibility testing rather than assumed to
reduce fatigue in this setting. Because the present study did not evaluate ergonomic training or recovery interventions, their
effectiveness cannot be inferred from these results. For fish-smoking workers, a small-scale participatory programme could
examine whether practical instruction on posture, tool use, task alternation, and candidate recovery strategies is acceptable
and feasible. lts effects on fatigue, musculoskeletal symptoms, work processes, and productivity would need to be evaluated
prospectively. Integrating these strategies into informal settings requires low-cost and culturally tailored solutions that align
with workers’ daily routines.

Because BMI was associated with fatigue in the adjusted analysis, basic anthropometric and general health assessment may
be a reasonable component of future occupational health-promotion activities. However, the study did not measure dietary
intake, hydration, physical activity, metabolic status, or body composition and cannot determine which intervention, if any,
would alter the observed association. Consequently, the present findings do not provide a basis for recommending a specific
nutritional, hydration, or weight-management programme. Such interventions, if considered in future studies, should first be
supported by appropriate assessment of the relevant nutritional and health determinants and evaluated prospectively.
Psychosocial factors may be relevant to occupational fatigue, and previous studies have linked work—life balance with physical
and mental health outcomes (51). Nevertheless, psychosocial stress, economic insecurity, social support, and mental health
were not measured in this study. Therefore, the present findings do not provide evidence for recommending specific
counselling, peer-support, or psychosocial interventions. Future needs assessments could include validated psychosocial
measures to determine whether such support is warranted in this workforce.

Local Occupational Health and Policy Implications

The study’s results have primarily local implications for occupational health promotion among workers in the participating
informal fish-smoking centres. Informal labourers often fall outside formal occupational health and safety frameworks, leaving
them vulnerable to unregulated ergonomic risks and inadequate access to health services (1). The findings support
consideration of accessible local services that can assess fatigue, anthropometric status, sleep quality, and work tasks.
Existing community-based occupational health mechanisms may provide an appropriate setting for such assessment.
However, the study was not designed to evaluate national labour policy or to demonstrate that a comprehensive programme
would improve well-being (41).

A proportionate initial response would be to strengthen access to basic occupational health assessment and participatory
ergonomic review at the local level. Future feasibility studies could involve local health services, worker groups, centre owners,
and relevant community organisations in identifying and evaluating context-appropriate task assessments and workplace
modifications. Any education or redesign programme should include baseline assessment, worker participation, and
prospective evaluation of fatigue and musculoskeletal outcomes. Broader psychosocial-support services should be
considered only after local needs have been assessed because psychosocial distress was not measured in this study (52).
Wearable monitoring and integration into national surveillance systems were not examined in this study and may not represent
proportionate priorities for the resource-constrained informal settings studied. A more immediate research priority is to
improve the reproducibility of fatigue, sleep quality, and ergonomic assessments using feasible methods that can be applied
by local occupational health personnel. Preventive and participatory approaches remain relevant, but their feasibility and
added value should be evaluated within the fish-smoking work context rather than assumed from evidence in dissimilar
occupational settings.

Work schedules, shift timing, circadian disruption, recovery facilities, and productivity were not measured in the present study.
Consequently, the findings cannot support claims that schedule adjustment or recovery facilities would substantially reduce
chronic fatigue, injuries, or productivity losses. Future studies should first document working hours, break patterns, timing of
fatigue assessment, and perceived recovery before prospectively evaluating whether any structured work—rest intervention is
warranted or effective in this workforce.

Overall, the findings from this study indicate that moderate fatigue, repetitive-task exposure, a high prevalence of poor sleep
quality, and variation in BMI coexist among workers in the participating fish-smoking centres. BMI was associated with the
coded fatigue outcome after adjustment, whereas the unadjusted left-hand repetitive-task association was not retained.
Because the overall regression model was marginally non-significant and explained a modest proportion of the variation in
fatigue, the individual adjusted estimates should be interpreted as exploratory. These observations support further
assessment of anthropometric health, task-level ergonomic exposure, fatigue, and sleep quality. They do not establish
interaction among these domains or demonstrate that an integrated, multilevel programme will reduce fatigue. Future
longitudinal and intervention studies are required to determine causal pathways, feasible intervention components,
effectiveness, and implications for occupational health policy.
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CONCLUSION

This study indicates that BMI was associated with the coded fatigue outcome in the adjusted analysis among workers at the
participating fish-smoking centres, while adjusted associations were not detected for the measured repetitive-task variables
or the sleep-quality predictor. The predominance of moderate fatigue among workers was a descriptive finding and should
not be interpreted as evidence of cumulative physical or metabolic strain. Although repetitive motion, particularly involving the
left hand, was associated with fatigue at the bivariate level, its association was attenuated after adjustment for the variables
included in the model. These findings do not establish that BMI was a dominant physiological determinant; rather, they identify
an adjusted association that should be interpreted cautiously because the overall regression model did not reach conventional
statistical significance (F(7, 56) = 2.166, p = 0.051) and explained 21.3% of the observed variation in fatigue (adjusted R? =
0.115), in view of the cross-sectional design, small sample, imbalanced categories, possible residual confounding, and
measurement and coding limitations. Generalisation should be limited to workers in the participating fish-smoking centres.
From a practical perspective, the findings support fatigue and anthropometric screening and more detailed task-level
ergonomic and sleep-quality assessment as priorities for future evaluation. Specific ergonomic, work—rest, nutritional, or other
health-promotion interventions should be selected and tested prospectively rather than recommended on the basis of the
present cross-sectional associations. From a theoretical perspective, this research contributes a context-specific cross-
sectional assessment of selected anthropometric, ergonomic, and sleep-related factors associated with fatigue in informal
fish-smoking work, without demonstrating interactions or causal pathways among these domains. Future studies should use
longitudinal designs, validated continuous measures, adequately powered and parsimonious analyses, and intervention
research to clarify temporality and evaluate the feasibility and effectiveness of proportionate health-promotion measures in
similar occupational settings.

DECLARATIONS

Author contributions: Conceptualization and methodology: EK, SJ; Investigation: EK, SJ, SRT; Formal analysis: EK, SJ;
Visualization and writing — original draft: EK, SRT; Writing — review and editing: EK, SJ, SRT. All authors have read and agreed to
the published version of the manuscript.

Conflicts of interest: The authors declare that they have no financial or non-financial competing interests relevant to the subject
matter or materials presented in this manuscript.

Declaration of Generative Al And Al-Assisted Technologies in the Writing Process: During the preparation of this work,
the authors used ChatGPT 5.6 Sol solely to assist with language clarity and readability. The authors subsequently reviewed all Al-
assisted edits and independently verified the scientific statements, study data, statistical interpretations, citations, and references
against the original study materials and source literature. No Al tool was assigned responsibility for study design, data collection,
statistical analysis, or authorship decisions. The authors take full responsibility for the content of the manuscript.

Source of Funding Statements: This research received financial support from the Faculty of Public Health, Universitas
Diponegoro based on Decree No. 25/UN7.F9/KS-PP/IV/2025. The funding agency had no involvement in the design, execution,
analysis, interpretation, or manuscript preparation.

Acknowledgments: We would like to express our gratitude to all the participants who generously contributed their valuable data
and participated in this research.

REFERENCES

1. Kementerian Kesehatan RI. Hidupkan Pos UKK Agar Pekerja Sektor Informal Tersentuh Layanan Kesehatan Kerja.
Kementerian Kesehatan RI [Internet]. 2016 Nov 8. Available from: https://www.kemkes.go.id/id/hidupkan-pos-ukk-agar-
pekerja-sektor-informal-tersentuh-layanan-kesehatan-kerja

2. Maisel P, Baum E, Donner-Banzhoff N. Fatigue as the Chief Complaint. Dtsch Arztebl Int [Internet]. 2021 Aug 23; Available
from: https://www.aerzteblatt.de/10.3238/arztebl.m2021.0192

3. Husaeni N, Thamrin Y, Muis M, Wahyu A, Jafar N. Analysis of Factors Influencing Work Fatigue Among Workers in Noise-
Exposed Environments at The Antang Furniture Industrial Area. Salud, Cienc y Tecnol [Internet]. 2025;5. Available from:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
1050168062758&d0i=10.56294%2F saludcyt20252175&partnerlD=40&md5=fecf0d0b40f446393ef30c641e971e02

4, Russeng SS, Saleh LM, Wahyulianti WN, Palutturi S. The Effect of Age and Workload on Work Posture toward
Musculoskeletal Disorders Complain on Loading and Unloading Workers. Open Access Maced J Med Sci [Internet]. 2021
Nov 9;9(E):1115-21. Available from: https://oamjms.eu/index.php/mjms/article/view/7277

5. Sunaryo M, Ratriwardhani RA. The effect of workload and length of work on the occurrence of fatigue in workers in the informal
industry. Bali Med J [Internet]. 2022;11(1):310—4. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85129338653&d0oi=10.15562%2Fbmj.v11i1.3110&partnerID=40&md5=b154e021de3013086129269d6677465b

6. Thamrin Y, Muis M, Wahyu A, Hardianti A. Seaweed farmers and work fatigue: A mixed-method approach. Open Access
Maced J Med Sci [Internet]. 2020;8(T2):192-5. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85097566047&d0i=10.3889%2Foamjms.2020.5226&partnerlD=40&md5=877ee8faa82f3096e336e85454dd8e1e

7. Paskarini |, Dwiyanti E, Mahmudah M, Widarjanto W, Nugroho SA, Syaiful DA. The interplay of ergonomic risk factor and
lifestyle factors on Potter's well-being and work fatigue in Magelang’s tourism village. BMC Public Health [Internet].
2025;25(1). Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-105003811405&d0oi=10.1186%2Fs12889-
025-22780-7&partnerlD=40&md5=1aab994ec778629f81e67ed0e4dc0f0d

8. Pabala JL, Roga AU, Setyobudi A. Hubungan Usia, Lama Kerja dan Tingkat Pencahayaan dengan Kelelahan Mata
(Astenopia) pada Penjahit di Kelurahan Kuanino Kota Kupang. Media Kesehat Masy [Internet]. 2021 Aug 6;3(2):215-25.
Available from: http://ejurnal.undana.ac.id/index.php/MKM/article/view/3258

jurnal.unismuhpalu.ac.id/index.php/mppki Page 1709


https://www.kemkes.go.id/id/hidupkan-pos-ukk-agar-pekerja-sektor-informal-tersentuh-layanan-kesehatan-kerja
https://www.kemkes.go.id/id/hidupkan-pos-ukk-agar-pekerja-sektor-informal-tersentuh-layanan-kesehatan-kerja
https://www.aerzteblatt.de/10.3238/arztebl.m2021.0192
https://www.scopus.com/inward/record.uri?eid=2-s2.0-105016806275&doi=10.56294%2Fsaludcyt20252175&partnerID=40&md5=fecf0d0b40f446393ef30c641e971e02
https://www.scopus.com/inward/record.uri?eid=2-s2.0-105016806275&doi=10.56294%2Fsaludcyt20252175&partnerID=40&md5=fecf0d0b40f446393ef30c641e971e02
https://oamjms.eu/index.php/mjms/article/view/7277
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85129338653&doi=10.15562%2Fbmj.v11i1.3110&partnerID=40&md5=b154e021de3013086129269d6677465b
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85129338653&doi=10.15562%2Fbmj.v11i1.3110&partnerID=40&md5=b154e021de3013086129269d6677465b
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85097566047&doi=10.3889%2Foamjms.2020.5226&partnerID=40&md5=877ee8faa82f3096e336e85454dd8e1e
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85097566047&doi=10.3889%2Foamjms.2020.5226&partnerID=40&md5=877ee8faa82f3096e336e85454dd8e1e
https://www.scopus.com/inward/record.uri?eid=2-s2.0-105003811405&doi=10.1186%2Fs12889-025-22780-7&partnerID=40&md5=1aab994ec778629f81e67ed0e4dc0f0d
https://www.scopus.com/inward/record.uri?eid=2-s2.0-105003811405&doi=10.1186%2Fs12889-025-22780-7&partnerID=40&md5=1aab994ec778629f81e67ed0e4dc0f0d
http://ejurnal.undana.ac.id/index.php/MKM/article/view/3258

Media Publ. Promosi Kesehatan Indones. Ekawati et al.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Intranuovo G, De Maria L, Facchini F, Giustiniano A, Caputi A, Birtolo F, et al. Risk assessment of upper limbs repetitive
movements in a fish industry. BMC Res Notes [Internet]. 2019 Dec 24;12(1):354. Available from:
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-019-4392-z

Anbazhagan S, Ramesh N, Surekha A, Fathima F, Melina, Anjali. Estimation of work capacity and work ability among
plantation workers in South India. Indian J Occup Environ Med [Internet]. 2016;20(2):79. Available from:
http://www.ijoem.com/text.asp?2016/20/2/79/197525

Santos M, Gabani FL, de Andrade SM, Bizzozero-Peroni B, Martinez-Vizcaino V, Gonzalez AD, et al. The bidirectional
association between chronic musculoskeletal pain and sleep-related problems: a systematic review and meta-analysis.
Rheumatology [Internet]. 2023 Sep 1;62(9):2951-62. Available from:
https://academic.oup.com/rheumatology/article/62/9/2951/7146025

Goossens Z, Van Stallen A, Vermuyten J, De deyne M, Rice D, Runge N, et al. Day-to-day associations between pain intensity
and sleep outcomes in an adult chronic musculoskeletal pain population: A systematic review. Sleep Med Rev [Internet]. 2025
Feb; 79:102013. Available from: https://linkinghub.elsevier.com/retrieve/pii/S1087079224001175

Boeselt T, Koczulla R, Nell C, Beutel B, Guenter K, Cassel W, et al. Sleep and rheumatic diseases. Best Pract Res Clin
Rheumatol [Internet]. 2019 Jun;33(3):101434. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
850719297728&d0i=10.1016%2Fj.berh.2019.101434&partnerID=40&md5=efb48179bacdc35d2d1aaec688f38327

Fan J, Liu J, Smith AP. The Relationship Between Workload, Fatigue and Sleep Quality of Psychiatric Staff. In: Longo L, Leva
MC, editors. Human Mental Workload: Models and Applications. Communications in Computer and Information Science. Vol.
1493. Cham: Springer; 2021. p. 151-164. Available from: https://doi.org/10.1007/978-3-030-91408-0 10

Huyghebaert T, Gillet N, Beltou N, Tellier F, Fouquereau E. Effects of workload on teachers’ functioning: A moderated
mediation model including sleeping problems and overcommitment. Stress Heal [Internet]. 2018 Dec 14;34(5):601-11.
Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
850581802088&d0oi=10.1002%2Fsmi.2820&partnerlD=40&md5=2cab9efbb727f422da4fc2332edf6d23

Dwilago IT, Anggraini MT, Setiawan MR. Relationship between Repetitive Movements and Work Position with Complaints of
Musculoskeletal Disorders in Fish Fillet Workers in Tegal. Medica Arter. 2022;4(2):90-7.

Yu N, Hong L, Guo J. Analysis of upper-limb muscle fatigue in the process of rotary handling. Int J Ind Ergon [Internet].
2021;83. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85102266796&doi=10.1016%2Fj.ergon.2021.103109&partnerID=40&md5=78e79f1195f8c6bc85add61251687001

Hilmi DAH, Hamid ARA. Innovations in Ergonomic Risk Assessment and Intervention in Material Handling. MJEr.
2023;5(1):35-46.

Castro LSR, Nogueira DSS, Fu C, Casarotto RA. Work-related musculoskeletal complaints of physiotherapists working in
intensive care units: Frequency analysis, risk factors, management and prevention strategies. Work [Internet].
2024;79(4):1815-1827. Available from: https://doi.org/10.3233/WOR-230422

Pan KY, Nevriana A, Almroth M, Falkstedt D. Person-related work and the risk of type 2 diabetes: a Swedish register-based
cohort study. Occup Environ Med [Internet]. 2025 Apr;82(4):161-7. Available from:
https://oem.bmj.com/lookup/doi/10.1136/0emed-2025-110088

Zakaria AA, Lestantyo D, Jayanti S. Analysis of Fatigue Risk Factors on Workers in X Tofu Factory, Semarang. J Kesehat
Masy. 2024;12(2):148-53.

Widjanarti MP, Rachmawati A. Work-Related Fatigue Risk-Determining Factors in Traditional Metal Casting Industry in Klaten.
In: Proceedings of the 4th International Conference on Sport Science, Health, and Physical Education (ICSSHPE 2019)
[Internet]. Paris, France: Atlantis Press; 2020. Available from: https://www.atlantis-press.com/article/125934720

Lemus SA, Mohammed J, Chen CB, Best TM, Tiozzo E, Travascio F. The role of obesity in physiological stress, balance, and
proprioception during repetitive manual material handling tasks. Cé, E, editor. PLoS One [Internet]. 2025 May 29;20(5):
e€0324996. Available from: https://dx.plos.org/10.1371/journal.pone.0324996

Rahmah S, Herbawani CK. Faktor Risiko Penyebab Keluhan Musculoskeletal Disorders (MSDs) pada Pekerja: Tinjauan
Literatur. Prepotif J Kesehat Masy. 2021;6(1):1-14.

Cunningham TR, Guerin RJ, Ferguson J, Cavallari J. Work-related fatigue: A hazard for workers experiencing disproportionate
occupational risks. Am J Ind Med [Internet]. 2022 Nov  27;65(11):913-25.  Available  from:
https://onlinelibrary.wiley.com/doi/10.1002/ajim.23325

Kalteh HO, Mokarami H. A macroergonomics perspective for exploring safety culture factors: a qualitative content analysis
approach. Int J Occup  Saf  Ergon [Internet]. 2022 Oct  2;28(4):2227-37. Available  from:
https://www.tandfonline.com/doi/full/10.1080/10803548.2021.1996070

Sandsund M, @ren A, Thorvaldsen T, Holmen |, Sgnvisen S, Heidelberg CT, et al. Musculoskeletal symptoms among workers
in the commercial fishing fleet of Norway. Int Marit Health [Internet]. 2019 Jun 25;70(2):100—6. Available from:
https://journals.viamedica.pl/international maritime health/article/view/61456

Akbar KA, Try P, Viwattanakulvanid P, Kallawicha K. Work-Related Musculoskeletal Disorders Among Farmers in the
Southeast Asia Region: A Systematic Review. Saf Health Work. 2023;14(3):243-9.

Cahyani Cl, Sahri M. Analysis of Factors Related to Subjective Work Fatigue in Workers at PT. X. J Bahana Kesehat Masy
(Bahana J Public Heal [Internet]. 2024 May 30;8(1):35-43. Available from:
https://journal.poltekkesjambi.ac.id/index.php/JBKM/article/view/649

Ramdan IM. Measuring Work Fatigue on Nurses: A Comparison between Indonesian Version of Fatigue Assessment Scale
(FAS) and Japanese Industrial Fatigue Ressearch Commite (JIFRC) Fatigue Questionnaire. J Keperawatan Padjadjaran
[Internet]. 2019 Jul 31;7(2):143-53. Available from: https://doi.org/10.24198/jkp.v7i2.1092

lhsan T, Edwin T, Azwir Y, Derosya V. Fatigue analysis to evaluate workloads in production area at crumb rubber factories of
Padang city, West Sumatra Indonesia. Indian J Occup Environ Med [Internet]. 2020;24(3):148. Available from:
http://www.ijoem.com/text.asp?2020/24/3/148/302819

Botti L, Mora C, Zecchi G. Engineering controls and industrial applications for ergonomics. In: Ergonomics: Challenges,
Applications and New Perspectives [Internet]. Department of Management and Engineering, University of Padova, Vicenza,
Italy: Nova Science Publishers, Inc.; 2016. p. 49—110. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85151534432&partnerlD=40&md5=e8304c0bcf6e2701c6761a78089f9b5a

jurnal.unismuhpalu.ac.id/index.php/mppki Page 1710


https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-019-4392-z
http://www.ijoem.com/text.asp?2016/20/2/79/197525
https://academic.oup.com/rheumatology/article/62/9/2951/7146025
https://linkinghub.elsevier.com/retrieve/pii/S1087079224001175
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85071929772&doi=10.1016%2Fj.berh.2019.101434&partnerID=40&md5=efb48179bacdc35d2d1aaec688f38327
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85071929772&doi=10.1016%2Fj.berh.2019.101434&partnerID=40&md5=efb48179bacdc35d2d1aaec688f38327
https://doi.org/10.1007/978-3-030-91408-0_10
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85058180208&doi=10.1002%2Fsmi.2820&partnerID=40&md5=2cab9efbb727f422da4fc2332edf6d23
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85058180208&doi=10.1002%2Fsmi.2820&partnerID=40&md5=2cab9efbb727f422da4fc2332edf6d23
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85102266796&doi=10.1016%2Fj.ergon.2021.103109&partnerID=40&md5=78e79f1195f8c6bc85add61251687001
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85102266796&doi=10.1016%2Fj.ergon.2021.103109&partnerID=40&md5=78e79f1195f8c6bc85add61251687001
https://doi.org/10.3233/WOR-230422
https://www.atlantis-press.com/article/125934720
https://dx.plos.org/10.1371/journal.pone.0324996
https://onlinelibrary.wiley.com/doi/10.1002/ajim.23325
https://www.tandfonline.com/doi/full/10.1080/10803548.2021.1996070
https://journals.viamedica.pl/international_maritime_health/article/view/61456
https://journal.poltekkesjambi.ac.id/index.php/JBKM/article/view/649
https://doi.org/10.24198/jkp.v7i2.1092
http://www.ijoem.com/text.asp?2020/24/3/148/302819
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85151534432&partnerID=40&md5=e8304c0bcf6e2701c6761a78089f9b5a
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85151534432&partnerID=40&md5=e8304c0bcf6e2701c6761a78089f9b5a

Media Publ. Promosi Kesehatan Indones. Ekawati et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality index: A new instrument for
psychiatric practice and research. Psychiatry Res [Internet]. 1989 May;28(2):193-213. Available from:
https://doi.org/10.1016/0165-1781(89)90047-4

Yang CL, Huang WP, Lin WY, Tseng PC, Kuo H. Job-Related Stress Associated with Work-Related Upper Extremity
Musculoskeletal Disorders (UEMDs) in Municipal Waste Collectors: The Moderation and Mediation Effect of Job Support.
BMC Musculoskelet Disord. 2022;23(1).

Setyowati A, Chung M. Validity and reliability of the Indonesian version of the Pittsburgh Sleep Quality Index in adolescents.
Int J Nurs Pract [Internet]. 2021 Oct;27(5): €12856. Available from: https://doi.org/10.1111/ijn.12856

Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test—retest reliability and validity of the Pittsburgh Sleep
Quality Index in primary insomnia. J Psychosom Res [Internet]. 2002 Sep;53(3):737—40. Available from:
https://doi.org/10.1016/s0022-3999(02)00330-6

Arby Yudha Maulana, Ferida Yuamita. Analisis Kelelahan Kerja Operator Produksi Menggunakan Metode Cardiovascular
Load (CVL) dan Industrial Fatigue Research Committee (IFRC) (Studi kasus PT. Alis Jaya Cipta Tama). J Cakrawala Ilm
[Internet]. 2023 Jul 23;2(11):4141-52. Available from: https://bajangjournal.com/index.php/JCl/article/view/6120

Kim J, Kim DH, Kwak SG. Comprehensive guidelines for appropriate statistical analysis methods in research. Korean J
Anesthesiol [Internet]. 2024 Oct 1;77(5):503—17. Available from: http://ekja.org/journal/view.php?doi=10.4097/kja.24016
Zele YT, Kumie A, Deressa W, Bratveit M, Moen BE. Registered Health Problems and Demographic Profile of Integrated
Textile Factory Workers in Ethiopia: A Cross-Sectional Study. BMC Public Health. 2021;21(1).

Zain NSM, Lee LK. Health Complaints, Mental Status and Quality of Life among the Aquaculture Workers: A Cross-Sectional
Study in Northern Region of Peninsular Malaysia. Int J Environ Res Public Health [Internet]. 2022;19(23):16371. Available
from: https://www.proquest.com/scholarly-journals/health-complaints-mental-status-quality-life/docview/2748548003/se-
2?accountid=49069

Konya |, Watanabe K, Shishido I, Sugimura N, Matsushita Y, Yamaguchi S, et al. Post-Work Recovery from Fatigue and
Sleep Episodes among Nurses Who Are Engaged in 16-Hour Night Shifts: A Prospective Observational Study. Healthcare
[Internet]. 2022 Jun 11;10(6):1089. Available from: https://www.mdpi.com/2227-9032/10/6/1089

Ong-Artborirak P, Kantow S, Seangpraw K, Tonchoy P, Auttama N, Choowanthanapakorn M, et al. Ergonomic Risk Factors
for Musculoskeletal Disorders among Ethnic Lychee—Longan Harvesting Workers in Northern Thailand. Healthc [Internet].
2022;10(12). Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85144681119&doi=10.3390%2Fhealthcare10122446&partnerlD=40&md5=132db09038baf1d4c0291a4b81296ee8

Bouffard J, Yang C, Begon M, Cété JN. Sex Differences in Kinematic Adaptations to Muscle Fatigue Induced by Repetitive
Upper Limb Movements. Biol Sex Differ. 2018;9(1).

Cowley JC, Gates DH. Proximal and Distal Muscle Fatigue Differentially Affect Movement Coordination. PLoS One.
2017;12(2): e0172835.

Kusmawan D, Izhar MD, Aswin B. Assessing the Relationship Between Mental Workload and Work Fatigue Among Oil and
Gas Workers in PT X, Jambi Province, Indonesia: PLS-SEM Analysis. J Public health Res. 2024;13(4).

Kim I. An Ergonomic Focus Evaluation of Work-Related Musculoskeletal Disorders Amongst Operators in the UAE Network
Control Centres. Heliyon. 2023;9(10): e21140.

Nygaard NPB, Thomsen G, Rasmussen J, Skadhauge L, Gram B. Ergonomic and Individual Risk Factors for Musculoskeletal
Pain in the Ageing Workforce. BMC Public Health. 2022;22(1).

Sumardiyono S, Chahyadhi B, Suratna FSN, Fauzi RP, Wijayanti R, Widjanarti MP, et al. Effect of Noise, Blood Glucose, and
Body Mass Index on Lactate Levels in Textile Industry Workers. J Penelit Pendidik Ipa. 2023;9(Speciallssue):81-7.

Bazaluk O, Tsopa V, Cheberiachko S, Deryugin O, Radchuk D, Borovytskyi O, et al. Ergonomic risk management process for
safety and health at work. Front Public Heal [Internet]. 2023 Nov 9;11. Available from:
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1253141/full

Wang Q, Ding J, Dai Y, Yang S, Zhou Z. Occupational Stress, Burnout, and Fatigue Among Healthcare Workers in Shanghai,
China: A Questionnaire-Based Cross-Sectional Survey. Healthcare. 2025;13(13):1600.

Borowiec A, Drygas W. Work-Life Balance and Mental and Physical Health Among Warsaw Specialists, Managers and
Entrepreneurs. Int J Environ Res Public Health. 2022;20(1):492.

Hudson H, Schill A, Richards R. An Exploratory, Qualitative Study of How Organizations Implement the Hierarchy of Controls
Applied to Total Worker Health®. Int J Environ Res Public Health. 2021;18(19):10032.

COPYRIGHT & LICENSING
@ @ @ 4.0 Copyright © 2026 Media Publikasi Promosi Kesehatan Indonesia
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

jurnal.unismuhpalu.ac.id/index.php/mppki Page 1711


https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1111/ijn.12856
https://doi.org/10.1016/s0022-3999(02)00330-6
https://bajangjournal.com/index.php/JCI/article/view/6120
https://www.proquest.com/scholarly-journals/health-complaints-mental-status-quality-life/docview/2748548003/se-2?accountid=49069
https://www.proquest.com/scholarly-journals/health-complaints-mental-status-quality-life/docview/2748548003/se-2?accountid=49069
https://www.mdpi.com/2227-9032/10/6/1089
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85144681119&doi=10.3390%2Fhealthcare10122446&partnerID=40&md5=132db09038baf1d4c0291a4b81296ee8
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85144681119&doi=10.3390%2Fhealthcare10122446&partnerID=40&md5=132db09038baf1d4c0291a4b81296ee8
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1253141/full
https://creativecommons.org/licenses/by-sa/4.0/

