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Abstract
Background: Musculoskeletal disorders represent a leading occupational health challenge in heavy-industry set-
tings, yet their combined impact on workers’ general health, fatigue, and productivity remains underexplored. This 
study aims to quantify the relationship between multisite musculoskeletal symptom burden and key health and per-
formance outcomes among copper-industry employees. Methods: A cross-sectional survey of 585 workers used the 
Standardized Nordic Musculoskeletal Questionnaire, the 28-item General Health Questionnaire, the SOFI-20 fa-
tigue inventory, and the HPQ-26 productivity survey. Spearman’s rank correlation was used to examine bivariate 
relationships, and multivariable linear regression models, generally adjusting for demographic, work-related, and 
psychosocial factors, were employed to estimate the independent effect of the number of painful sites on health, fatigue, 
and productivity outcomes. Results: Fifty-seven percent of workers reported pain in at least one region during the 
preceding 12 months, with an average of 2.6 painful sites per person (standard deviation 2.4). The number of painful 
sites showed a moderate positive correlation with poorer general health scores (ρ = 0.43, p < 0.001) and higher fatigue 
scores (ρ = 0.53, p < 0.001), and a moderate negative correlation with productivity ratings (ρ = –0.30, p < 0.001). 
In adjusted regression analyses, each additional painful site was associated with a 1.9-point worsening in general 
health score (95% CI 1.5 to 2.2), an 8.4-point increase in fatigue score (95% CI 7.3 to 9.6), and a 1.6-point decrease 
in productivity score (95% CI –2.0 to –1.2), all with p-values < 0.001. Conclusions: There is a clear dose–response 
relationship between the number of painful anatomical sites and declines in health, increases in fatigue, and reduc-
tions in productivity among copper-industry workers. To address this multifaceted impact, interventions should in-
tegrate ergonomic workstation design, task rotation, optimized break schedules, and comprehensive health-promotion 
services targeting both physical and psychosocial risk factors.
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1. Introduction

Musculoskeletal disorders (MSDs) are widely 
recognized as one of the foremost occupational 
health concerns of the twenty-first century, exact-
ing profound costs on employees, employers, and 
national economies alike. Annual global estimates 
attribute approximately 25% of all work-related ill-
nesses to MSDs, with affected workers incurring 
higher rates of sickness absence, reduced functional 
capacity, and long-term disability [1-3]. In heavy-
industry environments where manual handling of 
ores, protracted static postures at assembly lines, 
and exposure to whole-body vibration are common-
place, 12-month prevalence rates frequently exceed 
50% [4-6]. Economically, direct medical expendi-
tures and compensation payments for work-related 
MSDs absorb up to 2% of gross domestic product in 
many high-income nations. At the same time, indi-
rect costs, such as lost productivity, recruitment, and 
training of replacement staff, can double that figure 
[7, 8]. Despite the availability of ergonomic guide-
lines and assistive technologies, implementation re-
mains uneven, particularly in resource-constrained 
processing facilities and subcontracted operations, 
perpetuating a cycle of injury risk and unmet pre-
vention needs.

Beyond the overt musculoskeletal impairments, 
chronic low-back pain, rotator cuff tendinopathy, 
and degenerative knee pathology, MSDs precipitate 
a constellation of adverse psychosocial outcomes 
that erode workers’ mental health and social func-
tioning. Population-based surveys spanning manu-
facturing, mining, and construction sectors report 
that employees with pain at multiple anatomical 
sites are two to three times more likely to exhibit 
clinically relevant depressive symptoms, anxiety, and 
sleep disturbances than those with isolated com-
plaints [9-11]. According to the biopsychosocial 
model, this interplay is bidirectional: heightened 
stress and poor sleep quality exacerbate pain sen-
sitivity through central sensitization, while persis-
tent nociceptive input fuels mood dysregulation 
and cognitive fatigue [12]. Moreover, interpersonal 
tensions with supervisors and colleagues often es-
calate as productivity falters, fostering presenteeism 
and social withdrawal [13]. Coping strategies vary 

widely from adaptive problem-solving and social 
support to maladaptive withdrawal or substance use, 
highlighting the need for integrated interventions 
that address both ergonomic risk factors and mental 
health promotion in high-strain work environments.

Converging evidence suggests that the presence 
and severity of MSDs substantially exacerbate both 
peripheral and central dimensions of occupational 
fatigue, creating a self-reinforcing cycle of pain and 
tiredness that undermines worker resilience [14, 
15]. Chronic nociceptive input from injured tis-
sues induces prolonged muscle co-contraction and 
altered movement strategies, increasing metabolic 
demand and accelerating the onset of peripheral 
fatigue during even routine manual tasks [16, 17]. 
Simultaneously, persistent pain activates central 
stress pathways, elevating levels of proinflammatory 
cytokines such as interleukin-6 and tumor necro-
sis factor-α, which cross the blood–brain barrier to 
impair neurotransmitter balance and cortical excit-
ability, thereby magnifying cognitive fatigue and 
slowing psychomotor responses [18, 19]. Moreo-
ver, sleep fragmentation is common among workers 
with MSD-related discomfort, further diminishing 
restorative processes, lowering pain thresholds, and 
heightening subjective fatigue the following day 
[20]. Despite these mechanistic insights, few stud-
ies have simultaneously quantified the relative con-
tributions of pain intensity, anatomical distribution 
of disorders, and sleep quality to distinct fatigue do-
mains within heavy-industry cohorts.

Work in mineral-processing environments 
exposes employees to a confluence of physical, 
chemical, and psychosocial hazards that syner-
gistically undermine physiological homeostasis 
and psychological resilience. Extreme ambient 
temperatures, airborne particulates, and high 
noise levels induce thermal strain, respiratory ir-
ritation, and auditory damage. At the same time, 
chronic exposure to heavy metals and chemi-
cal solvents disrupts endocrine function and cel-
lular metabolism [21, 22]. Prolonged shifts and 
rotating schedules further compromise circadian 
regulation and sleep architecture, exacerbating 
cognitive fatigue and mood disturbances [23, 24]. 
Simultaneously, elevated production targets, strin-
gent supervision, and perceived job insecurity 
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fuel chronic psychosocial stress, marked by sus-
tained cortisol elevations and maladaptive coping 
behaviors [25]. The relative isolation of remote 
processing sites also diminishes social support net-
works, heightening susceptibility to anxiety and 
depressive symptoms [26]. Collectively, these in-
tertwined stressors potentiate MSD progression 
and deepen fatigue by altering pain perception, 
impairing immune responses, and eroding moti-
vation, thereby compromising overall well-being  
and resilience among copper-industry workers.

Accordingly, this cross-sectional investigation fo-
cuses on employees of the copper industry to exam-
ine the independent relationship between multisite 
musculoskeletal symptom count and key health and 
performance metrics. By quantifying how symp-
tom burden correlates with general psychological 
and somatic health, multidimensional occupational 
fatigue, and self-reported work productivity while 
accounting for demographic, psychosocial, and er-
gonomic covariates, this study will generate robust 
evidence tailored to the mineral-processing milieu. 
The resulting insights are expected to inform the 
development of targeted ergonomic modifications, 
fatigue-mitigation strategies, and organizational 
policies to reduce musculoskeletal burden, safeguard 
worker health, and optimize operational efficiency 
in copper-processing facilities.

2. Methods

2.1. Study Design and Participants

This cross-sectional study was conducted at a 
copper-processing facility. A stratified random sam-
pling approach was employed to ensure representa-
tiveness across work units and shift schedules. The 
sampling frame was constructed using the com-
pany’s human resources roster, stratified by depart-
ment (e.g., smelting, casting, maintenance) and shift 
type (day vs. rotating).

The operational departments included smelting, 
casting, crushing and milling, concentrate handling, 
maintenance, laboratory and quality control, and 
logistics. Core activities across these units included 
material handling, equipment operation, thermal 
processing, inspection, and mechanical servicing, 

each with varying biomechanical and environmen-
tal demands. Within each stratum, employees were 
selected by simple random sampling to reach a tar-
get of 585 participants. The number of participants 
selected from each department and shift group was 
proportional to the size of that stratum in the work-
force roster; therefore, sample sizes were not equal 
across groups.

Eligible individuals were full-time staff with at 
least one year of continuous employment; those 
with a prior clinical diagnosis of musculoskeletal 
pathology or a clinically documented psychiatric 
disorder (as recorded in occupational health files) 
were excluded. It should be noted that the opera-
tional workforce in this facility is composed ex-
clusively of male employees; therefore, all study 
participants were male. Written informed consent 
was obtained from all participants, and the study 
protocol was approved by the institutional eth-
ics committee under approval code IR.SUMS.
SCHEANUT.REC.1404.064. All questionnaires 
were self-administered, with researchers present to 
provide procedural guidance if needed without in-
fluencing responses.

2.2 Data Gathering Tools

2.2.1. Demographic and Occupational Questionnaire

A self-administered form was used to collect 
sociodemographic data (age, sex, marital status, 
number of children, educational attainment) and 
occupational parameters (years of work experi-
ence, daily and weekly working hours, employment 
status, shift type, job title, and department). This 
instrument was pilot-tested with 20 workers to en-
sure the clarity and appropriateness of the response 
options.

2.2.2. Nordic Musculoskeletal Questionnaire (NMQ)

The Standardized Nordic Musculoskeletal Ques-
tionnaire (NMQ) was employed to ascertain the 
12-month and point-prevalence of musculoskeletal 
pain or discomfort across nine body regions (neck; 
shoulders; upper back; lower back; elbows; wrists/
hands; hips/thighs; knees; ankles/feet). For each 
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a 5-point Likert scale (1 = “very poor” to 5 = “excel-
lent”), yielding a total score range of 26–130 [30]. 
Total scores were then converted to a percentage of 
the maximum possible score and classified as Poor 
(< 50%), Moderate (50-70 %), or Strong (> 70 %).

2.3. Statistical Analysis

All statistical analyses were conducted in R ver-
sion 4.3.0. Continuous variables were examined for 
central tendency and dispersion (mean ± SD, me-
dian, interquartile range, minimum–maximum), and 
categorical variables were summarized as frequencies 
and proportions. Normality of the key continuous 
outcomes MSD_Count, GHQ_Total, SOFI_Total, 
and HRP-26 percentage scores was assessed using 
the Shapiro–Wilk test and complemented by skew-
ness and kurtosis indices. The 12-month prevalence 
of musculoskeletal symptoms in each anatomical 
region was estimated with binomial 95% confidence 
intervals.

Given significant deviations from normality (all 
Shapiro–Wilk p < 0.001), associations between 
MSD_Count and each outcome were quanti-
fied using Spearman’s rank correlation (ρ), with 
Pearson’s r computed in parallel to verify that Δ| 
ρ–r | < 0.03. Unadjusted linear regression models 
then estimated the crude effect of MSD_Count 
on GHQ_Total, SOFI_Total, and HRP-26 scores  
(β coefficients, R², and p-values). To determine 
the independent contribution of MSD_Count, 
multivariable linear regression models were fitted, 
controlling for age, work experience, number of 
children, daily and weekly working hours, education 
level, marital status, shift type, and employment sta-
tus. Multicollinearity was evaluated via variance in-
flation factors (all VIF < 5), and heteroskedasticity 
of residuals was assessed with the Breusch–Pagan 
test; where indicated (GHQ and SOFI models), 
heteroskedasticity-consistent (HC3) standard er-
rors were applied. Model adequacy was judged by 
adjusted R² and diagnostic plots of standardized 
residuals versus fitted values and Cook’s distance. 
Statistical significance was defined as α = 0.05 
(two-tailed).

region, respondents indicated whether they had ex-
perienced ache, pain, or discomfort at any time over 
the past 12 months and right now. The NMQ has 
demonstrated high content validity and test–retest 
reliability (κ coefficients ≥ 0.70) in industrial popu-
lations [27]. An overall MSD_Count score (0–9) 
was calculated by summing the number of regions 
with positive 12-month responses.

2.2.3. General Health Questionnaire (GHQ-28)

Psychological well-being and somatic symptoms 
were measured using the GHQ-28, a widely used 
screening tool comprising 28 items across four sub-
scales: somatic symptoms, anxiety/insomnia, social 
dysfunction, and severe depression. Each item em-
ploys a 4-point Likert scale (0 = “not at all” to 3 = 
“much more than usual”), yielding total scores from 
0 to 84. In line with validated cut-points for indus-
trial populations, a threshold of 24 was used to dif-
ferentiate “Healthy” (< 24) from “Possible disorder” 
(≥ 24). The Persian version demonstrated excellent 
internal consistency (Cronbach’s α = 0.90) [28].

2.2.4. Swedish Occupational Fatigue Inventory 
(SOFI-20)

Occupational fatigue was assessed via the SOFI-
20, which captures five dimensions of fatigue (lack of 
energy, physical exertion, physical discomfort, lack of 
motivation, and sleepiness) through twenty 11-point 
items (0 = “not at all” to 10 = “to a very high degree”). 
The total score, therefore, ranges from 0 to 200. The 
SOFI-20 has established construct validity and inter-
nal consistency (α > 0.85) in ergonomic research [29]. 
Scores were categorized into three levels: Low fatigue 
(< 42.5), Moderate fatigue (42.5-117.5), and High  
fatigue (> 117.5).

2.2.5. Human Resource Productivity Questionnaire 
(HRP-26)

Worker productivity was assessed using the 26-
item Human Resource Productivity Questionnaire 
(HRP-26), which evaluates seven domains of per-
formance (Ability, Clarity, Help, Incentive, Evalua-
tion, Validity, Environment). Each item is rated on 
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3. Results

3.1. Demographic and Occupational 
Characteristics

The study sample consisted of 585 copper-indus-
try employees whose demographic and work-related 
profiles are detailed in Table 1. Participants were 
predominantly mid-career adults (mean age 39.2 
± 6.6 years) with substantial tenure (mean work 
experience 9.1 ± 6.4 years). On average, workers 
reported a 7.5-hour workday and a 42.1-hour work-
week. Educational attainment varied: approximately 
38% held a high school diploma or less, 20% had 
completed an associate degree, and 42% had a bach-
elor’s degree or higher. The majority were married 
(88%) and under permanent contracts (76%). Shift 
distribution was balanced, with 41.5% on day shifts 
and 58.5% rotating through afternoon and night 
schedules. Collectively, these data (Table 1) describe 

Table 1. Demographic and Occupational Characteristics of 
the participant (n = 585).

Quantitative 
variable Category Mean ± SD
Age (years) 39.2 (6.62)

Work experience 
(years)

9.05 (6.36)

Daily work hours 7.48 (1.41)

Weekly work hours 42.11 (8.99)

Qualitative variable No. (%)

Education Level ≤ Diploma 223 (38.1)
Associate 115 (19.7)

≥ Bachelor 247 (42.2)

Marital Status Married 515 (88)
Single 70 (12)

Employment 
Status

Permanent 446 (76.2)

Contractual/
Temporary

139 (23.8)

Shift Type Day 243 (41.5)
Afternoon/

Night
342 (58.5)

Table 2. General Health Status, Occupational Fatigue Lev-
els, and Productivity among Copper-Industry Employees.

Questionnaire No. 585 (%)
GHQ-28 Healthy 454 (77.6)

Possible disorder 131 (22.4)

SOFI-20 Low fatigue 282 (48.2)
Moderate fatigue 252 (43.1)

High fatigue 51  (8.7)

HRP-26 Poor 98 (16.8)
Moderate 381 (65.1)

Good 106 (18.1)

a stable, well-qualified workforce operating under 
standard industrial work patterns.

Table 2 presents the distribution of general 
health status, occupational fatigue levels, and pro-
ductivity among employees of the copper indus-
try. Most employees (77.6%) were classified as 
“Healthy” on the GHQ-28, while roughly one in 
five exhibited scores indicative of potential dis-
order. Fatigue levels were predominantly low to 
moderate, with only 8.7% of workers reporting 
high fatigue on the SOFI-20. On the HRP-26 
scale, most participants rated their productivity as 
“Moderate” (65.1%). In contrast, smaller propor-
tions fell into the “Good” and “Poor” categories. A 
notable subset still experiences elevated distress or 
fatigue and reduced productivity.

3.2. Prevalence of Musculoskeletal Symptoms

Table 3 illustrates that musculoskeletal symp-
toms were highly prevalent among the 585 copper-
industry workers: 57.1% reported pain in at least 
one anatomical region over the past year (mean 
MSD_Count = 2.63 ± 2.35), and nearly 30% expe-
rienced discomfort in three or more sites. The lower 
back (43.3%), knees (41.2%), and neck (32.7%) were 
the most frequently affected regions, whereas elbow 
pain was the least common (11.9%). These find-
ings highlight a substantial MSD burden in this 
workforce and underscore the importance of ergo-
nomic interventions targeting spinal and lower-limb 
stressors.
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Table 3. Point and 12-month Prevalence of Musculoskeletal 
Symptoms by Body Region (n = 585).

Region Point prev No. (%)
12-mo prev 

No. (%)
Lower back 173 (29.6%) 254 (43.4%)
Knees 166 (28.4%) 242 (41.4%)
Neck 126 (21.5%) 188 (32.1%)
Shoulders 113 (19.3%) 168 (28.7%)
Wrists 121 (20.7%) 176 (30.1%)
Hands 116 (19.9%) 174 (29.8%)
Ankles 110 (18.9%) 160 (27.3%)
Upper back 98 (16.8%) 149 (25.4%)
Feet 101 (17.2%) 144 (24.6%)
Hips/thighs 89 (15.2%) 134 (22.9%)
Chest 70 (12.0%) 106 (18.2%)
Elbows 62 (10.6%) 92 (15.7%)
Overall MSD burden
Mean number of affected regions 2.63 ± 2.35
Any MSD (MSD_Count ≥ 1) 334 (57.1)
Multiple MSDs (MSD_Count ≥ 3) 173 (29.6)

Table 4. Spearman correlations between MSD_Count and 
outcome scores (n = 585).

Outcome Variable Spearman ρ p-value
GHQ_Total 0.43 < 0.001
SOFI_Total 0.53 < 0.001
HRP_Total –0.30 < 0.001

Table 5. Unadjusted Linear Regression of Outcomes on 
MSD_Count (n = 585).

Outcome β R² p (β)
GHQ_Total 1.84 0.164 < 0.001
SOFI_Total 8.68 0.296 < 0.001
HRP_Total −1.59 0.106 < 0.001

3.3. Correlation Between MSD Burden  
and Outcome Scores

Because MSD_Count and the outcome variables 
deviated from normality (Shapiro–Wilk p < 0.001 
for all), we employed Spearman’s rank correlation (ρ) 
to quantify their associations. Pearson’s coefficients 
were also examined and differed by less than |0.03| 
from the values reported below, confirming that the 
substantive interpretation is insensitive to the cor-
relation metric. Table 4 summarizes the results.

As illustrated in Table 4, each additional painful 
body region was moderately associated with higher 
distress and fatigue: MSD_Count correlated with 
GHQ_Total (ρ = 0.43) and SOFI_Total (ρ = 0.53), 

both highly significant (p < 0.001). Conversely, a 
greater MSD burden corresponded to lower pro-
ductivity, as reflected in a negative correlation (ρ = 
–0.30) with HRP_Total (p < 0.001).

3.4. Simple Linear Regression (Unadjusted 
Models)

Unadjusted linear regression models were fitted 
to quantify the direct relationship between mus-
culoskeletal symptom burden (MSD_Count) and 
each outcome—general health distress (GHQ_To-
tal), occupational fatigue (SOFI_Total), and pro-
ductivity (HRP_Total). As displayed in Table 5, 
MSD_Count emerged as a significant predictor in 
all three models (p < 0.001).

A one-unit increase in MSD_Count was as-
sociated with a 1.84-point rise in GHQ_To-
tal, accounting for 16% of its variance, and an 
8.68-point increase in SOFI_Total, explaining 
nearly 30% of the variability in fatigue. In con-
trast, each additional symptomatic region was as-
sociated with a 1.59-point decrease in HRP_Total 
(R² = 0.11), indicating that greater musculoskel-
etal burden is linked to lower productivity. These 
findings, before any covariate adjustment, under-
score the substantive impact of MSD_Count on 
general health, occupational fatigue, and worker 
productivity.

3.5 Multiple Linear Regression (Adjusted 
Models)

Multivariable linear regression analyses were 
conducted to assess the unique contribution of 
MSD_Count to each outcome after controlling 
for age, work experience, number of children, daily 
and weekly working hours, education level, mari-
tal status, shift type, and employment status. As 
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While earlier studies showed that workers report-
ing pain in multiple sites experienced greater anxi-
ety and body complaints than those with single-site 
pain [31, 32], they stopped short of estimating 
how each additional pain site contributes to over-
all distress. In contrast, our data reveal a consistent 
incremental effect. Each new pain region was asso-
ciated with a 1.85-point increase in the total gen-
eral health score, accounting for approximately 18% 
of the variance in general health distress. This pat-
tern underscores that musculoskeletal complaints 
should not be viewed in isolation; relatively, pain 
across the body exerts a cumulative toll on mental 
and physical well-being [33]. Importantly, copper-
industry workers perform strenuous manual tasks, 
including lifting and repetitive motions, exposure 
to vibration, and environmental challenges such as 
heat and airborne irritants. These factors likely ex-
acerbate the psychological impact of multisite pain 
[4, 34]. Our findings therefore reinforce the need 
for comprehensive health surveillance that captures 
the breadth of musculoskeletal symptoms alongside 
traditional mental-health assessments in industrial 
workforces.

4.2. Effects on Occupational Fatigue

The present study extends the understanding of 
how widespread musculoskeletal discomfort drains 
workers’ energy reserves. Previous field research in 
automotive and light manufacturing contexts re-
ported that pain at two or more sites moderately 
predicted self-reported exhaustion [35, 36]. Here, we 
find that each additional painful site was associated 
with an 8.44-point increase in the SOFI-20 total 
fatigue score, accounting for 32% of the overall vari-
ability in fatigue levels. Under the unique conditions 
of copper processing, long shifts, rotating schedules, 
high ambient temperatures, and fine particulate ex-
posures, workers enduring multisite pain not only 
perceive their tasks as more physically demanding 
but also report greater difficulty recovering between 
bouts of work [37]. In practical terms, this mani-
fests as heightened sensations of heaviness, reduced 
willingness to initiate or sustain activity, and fre-
quent reliance on brief pauses or task modifications 
[38]. These fatigue experiences can accumulate over 

shown in Table 6, MSD_Count remained a sig-
nificant predictor across all models (all p < 0.001). 
Specifically, each additional painful region was  
associated with a 1.85-unit increase in GHQ_Total  
(β = 1.85, 95% CI [1.44, 2.26], Adj. R² = 0.17), indicat-
ing that MSD burden independently contributes to 
poorer general health status. For occupational fatigue, 
the adjusted effect of MSD_Count was 8.44 units  
(95% CI [7.20, 9.68]), underscoring its substan-
tial role in explaining fatigue variance. Finally,  
MSD_Count inversely predicted HRP_Total, with 
each additional site linked to a 1.63-unit decrease 
(β = –1.63, 95% CI [–2.04, –1.22], Adj. R² = 0.12), 
highlighting the detrimental impact of musculo-
skeletal complaints on productivity.

4. Discussion

This cross-sectional investigation examined the 
independent relationship between multisite mus-
culoskeletal symptom burden and three critical 
outcomes: general health status, occupational fa-
tigue, and self-reported productivity among copper-
industry workers. Consistent with our hypotheses, 
we found that an increasing number of painful body 
regions was significantly associated with poorer psy-
chological and somatic health, elevated multidimen-
sional fatigue, and reduced work productivity, even 
after adjustment for demographic, psychosocial, and 
ergonomic covariates. These findings underscore the 
pervasive impact of musculoskeletal disorders be-
yond localized pain, extending to broader health and 
performance domains in heavy-industry settings.

4.1. Impact on General Health Status

Our results demonstrate that as the number of 
painful anatomical regions increases, so too does 
the burden of psychological and somatic symptoms. 

Table 6. Adjusted Linear Regression Models Predicting 
Outcomes from MSD_Count (n = 585).

Outcome β 95% CI Adj. R² p (β)
GHQ_Total +1.85 [1.50, 2.20] 0.174 < 0.001
SOFI_Total +8.44 [7.33, 9.55] 0.321 < 0.001
HRP_Total −1.63 [−2.02, −1.24] 0.117 < 0.001
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in copper-processing facilities. Engineering controls 
such as adjustable workstations, mechanical mate-
rial-handling aids, and task rotation can mitigate spi-
nal loading and lower-limb strain, directly reducing 
MSD prevalence. Concurrently, organizational pol-
icies promoting regular rest breaks, fatigue manage-
ment training, and access to on-site physiotherapy 
or exercise programs may attenuate the pain–fatigue 
feedback loop. Moreover, integrating mental health 
support, including stress-reduction workshops and 
peer-support networks, can address the psychoso-
cial dimensions of MSDs, thereby enhancing overall 
well-being and sustained productivity.

4.5. Strengths and Limitations

Despite the strengths of this study, including 
a large stratified sample, validated measurement 
tools, and multivariable modeling controlling for 
key confounders, several limitations should be ac-
knowledged. The cross-sectional design precludes 
causal inference, and reliance on self-reported in-
struments may introduce recall or perception biases. 
Furthermore, although sampling was stratified by 
department, no department-specific biomechani-
cal or environmental exposure data (such as work-
load, heat, noise, or chemical agents) were collected, 
preventing examination of inter-departmental 
differences and leaving the possibility of residual 
confounding. The GHQ-28 assesses general psy-
chological distress without distinguishing between 
work-related and non-work-related origins, lim-
iting the interpretation of its association with oc-
cupational factors. Finally, as the study population 
consisted exclusively of male workers, the findings 
may not extend to female populations. Future lon-
gitudinal studies incorporating objective ergonomic 
assessments, physiological markers, and wearable 
fatigue-monitoring technologies are recommended 
to clarify causal pathways and better characterize 
exposure–response relationships.

4.6. Future Directions

Building on our results, randomized controlled 
trials of multifaceted intervention packages com-
bining ergonomic redesign, fatigue-mitigation 

days, leading to a persistent low-energy state that 
undermines safety, increases error risk, and erodes 
overall quality of life [39]. Our findings suggest that 
fatigue-management strategies in heavy-industry 
settings must account for the pervasive influence of 
multisite pain by integrating ergonomic adjustments 
with targeted rest-break scheduling and education 
rather than focusing solely on single-region injuries.

4.3. Consequences for Work Productivity

Beyond health and fatigue, multisite musculo-
skeletal pain appears to influence how workers en-
gage with their tasks and the work environment. 
Our analysis indicates that each additional painful 
region corresponded to a 1.63-point reduction in 
total productivity score, explaining about 12% of the 
variance in self-reported work performance. Prior 
investigations into presenteeism have highlighted 
that chronic discomfort can distract from task goals 
and diminish workers’ sense of control and satis-
faction [40, 41]. By quantifying the effect of each 
new pain site on the overall productivity metric, we 
show that as pain spreads to additional body re-
gions, employees increasingly struggle to maintain 
focus, adapt to changing work demands, and inter-
act positively with colleagues and supervisors. This 
is not simply a matter of taking longer to complete 
a job; instead, pain across multiple sites alters cog-
nitive and emotional engagement, leading to more 
frequent errors, hesitancy in decision-making, and 
reduced willingness to volunteer for extra tasks or 
collaborate on complex operations [42]. In heavy-
industry environments where precision and coordi-
nation are critical, these declines in engagement can 
cascade into slower production lines, higher rework 
rates, and greater reliance on supervisory oversight 
[43]. Addressing multisite pain, therefore, is not 
only a matter of individual health but also a strate-
gic priority for maintaining workforce motivation, 
adaptability, and sustained productivity in demand-
ing operational contexts.

4.4. Implications for Practice

Our findings highlight the urgent need for com-
prehensive ergonomic and psychosocial interventions  
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