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Abstract 
Workers in the informal charcoal industry face the risk of physical 
exposure and high workloads. This study aims to analyze the effects of 
sleep quality, hot work climate, and age on work fatigue, with work 
duration as an intervening variable, among charcoal workers in Batam 
City. This study used a quantitative, observational-analytical design. The 
population was charcoal workers; a sample of 99 workers was selected 
using a total sampling technique. Data were collected using a 
questionnaire and analyzed using Smart-PLS SEM. The results showed 
that sleep quality had a significant direct effect on work duration 
(coefficient = 0.591, p = 0.000) and work fatigue (coefficient = 0.618, p = 
0.000). A hot work climate has a significant effect on work duration 
(coefficient = 0.264, p = 0.002). However, it does not have a significant 
direct effect on work fatigue (coefficient = 0.027, p = 0.354). Age has a 
significant direct effect on work duration (coefficient = 0.0395, p = 0.003) 
and work fatigue (coefficient = 0.431, p = 0.000). Work duration is 
significantly associated with work fatigue (coefficient = 0.431, p = 0.000) 
and fully mediates the relationship between hot work climate and work 
fatigue. The value indicates that the combination of variables in the model 
explains 96.5% of the variation in work fatigue. Sleep quality and work 
duration are the main determinants of work fatigue among charcoal 
workers. Hot work climates do not directly cause fatigue, but rather must 
first lead to an increase in workers' work duration. It is recommended 
that charcoal business owners arrange adequate rest periods between 
burnings and that workers maintain sleep quality to reduce the risk of 
chronic work fatigue. While previous studies examined these factors 
separately, the mediating role of work duration among informal charcoal 
workers remains under-investigated, which constitutes the research gap 
addressed here. Ethical approval was obtained prior to data collection, 
and informed consent was secured from all respondents. 
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1. BACKGROUND 

Charcoal is a product of burning 

wood at high temperatures and can be used 

for household purposes, such as cooking, or 

in the combustion process for 

manufacturing materials. Carbon 

monoxide (CO) is a dangerous gas 

produced from incomplete combustion, 

including in the charcoal-making process. 

Exposure to CO can increase 

carboxyhemoglobin (COHb) levels in the 

bloodstream, thereby reducing the ability 

to transport oxygen. Carbon monoxide 

(CO) is a dangerous, colorless, odorless, 

and non-irritating gas, making it difficult 

to detect without specialized equipment. 

The incomplete combustion of organic 

materials such as wood, coal, and fossil 

fuels forms this gas. In the workplace, CO 

is classified as a toxic substance that can 

impact the respiratory and cardiovascular 

systems. This can endanger workers' health 

if proper Occupational Safety and Health 

(OHS) management is not implemented 

(Gatterer et al., 2024). The charcoal 

industry carries a high risk of carbon 

monoxide (CO) exposure because its 

manufacturing process involves burning 

large amounts of biomass, often with 

inadequate ventilation. The primary 

mechanism underlying CO toxicity is that 

when inhaled, CO enters the respiratory 

tract and then travels to the lungs, where it 

binds to hemoglobin in the blood to form 

carboxyhemoglobin (COHb), which can 

reduce the amount of oxygen carried by 

hemoglobin throughout the body. CO 

binds to hemoglobin (CO-Hb) 200 to 250 

times more strongly than oxygen. This 

reduces hemoglobin's ability to bind 

oxygen and inhibits its release to body 

tissues. As a result, organs such as the 

brain, nervous system, and heart do not 

receive sufficient oxygen to function 

properly, leading to a decrease in the 

blood's oxygen-binding capacity. As a 

result, workers can experience hypoxia, 

with symptoms ranging from headaches 

and nausea to impaired consciousness, 

arrhythmia, and even death (Savioli et al., 

2024; Susanti & Purnawan, 2025). 

An estimated 2.4 billion people 

worldwide rely on solid fuels (such as 

wood, animal dung, crop residues, and 

charcoal) for cooking, heating, and other 

household needs, and this figure could be 

closer to 3 billion. Charcoal is produced by 

burning biomass (wood and various 

agricultural and forest residues) through 

incomplete combustion, controlled by the 

amount of oxygen present. Slow 

combustion produces a black, 

carbonaceous solid called charcoal, which 

produces relatively less smoke (compared 

to other solid fuels) when used (Derebe et 
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al., 2025; Ezzati & Kammen, 2002; 

Wilkinson et al., 2007).  

One informal sector facing 

ergonomic risks and extreme work 

environments is the charcoal industry. 

Charcoal workers are constantly exposed 

to hot working conditions caused by 

burning wood during the carbonization 

process. Exposure to ambient 

temperatures exceeding the Threshold 

Limit Value (TLV) stipulated in Minister 

of Manpower Regulation No. 5 of 2018 can 

trigger heat stress (Peraturan Menteri 

Ketenagaan Kerja No 5, 2018). This 

condition forces the body to work extra 

hard to thermoregulate through excessive 

sweating, which, if prolonged, can 

accelerate dehydration, increase heart rate, 

and lead to lactic acid accumulation, 

resulting in chronic work fatigue (Bridger, 

2017). In addition to environmental factors, 

individual characteristics such as age and 

sleep quality play a crucial role in a person's 

work capacity. As we age, the body's 

functional capacity, muscle strength, and 

recovery ability naturally decline, which 

can lead to fatigue at work (Tord 

Kjellstrom et al., 2016). On the other hand, 

poor sleep quality due to sleep disorders or 

economic demands that force workers to 

sacrifice rest time results in the body not 

getting enough restorative phase. 

This lack of quality sleep disrupts 

cognitive and motor functions, making 

workers more susceptible to fatigue at the 

start of work hours (Åkerstedt T, 2019). 

The relationship between these factors and 

work fatigue is not always direct. However, 

it can be exacerbated by adopted working 

hours, such as long hours or hours 

exceeding the standard 8 hours per day 

(Peraturan Pemerintah RI No. 35, 2021). 

Occupational fatigue is a significant 

occupational safety and health (OHS) 

issue, particularly for the working 

population at disproportionate risk of 

injury and illness, as they may be unable to 

avoid fatigue-causing working conditions. 

Over 43% of workers experience sleep 

deprivation (those at highest risk work 

nights, or long or irregular shifts), and 

productivity losses due to worker fatigue 

(National Safety Council (NSC), 2020). 

It is common for charcoal workers to 

neglect rest periods in order to meet 

production targets. Long work hours have 

a significant impact on workers' health. 

Workers with poor sleep quality or older 

workers will experience significantly more 

fatigue if required to work extended 

periods in hot conditions. Long work hours 

reduce the body's tissue recovery time, 

compounding the cumulative effects of 

geothermal heat and age-related physical 

decline. The impact of long work hours and 
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fatigue on workers at high risk remains 

poorly understood, largely because 

research specifically examining fatigue in 

this group is limited. Although some 

occupational safety and health issues have 

received increased attention for this group 

(e.g., exposure to physical and chemical 

hazards), further study is needed to 

improve understanding of the impact of 

long work hours and fatigue among 

workers at higher risk, as well as research 

to design effective interventions to address 

these occupational safety and health 

hazards (Cunningham et al., 2022a). 

This study is grounded in the 

Conservation of Resources (COR) theory 

and the Job Demands–Resources (JD-R) 

model. Within this framework, a hot work 

climate and prolonged work duration 

constitute job demands that deplete 

workers’ physiological and psychological 

resources. In contrast, adequate sleep 

quality serves as a personal resource that 

buffers against this depletion. Age is 

treated as an individual characteristic that 

shapes the size of the available resource 

pool and the speed of recovery. Work 

fatigue is therefore conceptualized as the 

outcome of a resource-loss spiral that 

occurs when job demands persistently 

exceed the resources workers can mobilize 

and restore. 

While previous studies have 

separately examined the effects of sleep 

quality, heat exposure, and age on work 

fatigue, limited research has investigated 

the mediating role of work duration in the 

relationships among these determinants 

and work fatigue, particularly among 

informal charcoal workers who operate 

outside formal occupational health 

protection. The novelty of this study lies in 

modeling work duration as an intervening 

variable using SEM-PLS, thereby clarifying 

whether environmental and individual 

factors influence fatigue directly or 

indirectly via exposure duration. 

Accordingly, this study aims to analyze the 

direct and mediated relationships among 

sleep quality, hot work climate, age, work 

duration, and work fatigue in charcoal 

workers in Batam City. 

 

2. METHODS 

The research is quantitative 

analytical with a cross-sectional design, 

and the research location is Batam City. 

The study population consisted of 99 

charcoal workers, selected using the total 

sampling technique. The research variables 

consisted of three variables: the 

independent variables (sleep quality, work 

climate, and age), the dependent variable 

(work fatigue), and the intervening 

variable (work duration). The instrument 
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used was a questionnaire. Data were 

analyzed using SEM-PLS. The variables 

were also tested for validity and reliability, 

with Cronbach's alpha values > 0.60 or > 

0.70. 

The sample size follows the 

guidelines for SEM-PLS analysis. Because a 

total sampling technique was applied, all 

99 charcoal workers who met the inclusion 

criteria were included. This satisfies the 

minimum requirement proposed by Hair et 

al. (2021), namely at least ten times the 

largest number of structural paths directed 

at a single construct; with a maximum of 

three predictors pointing to work fatigue, 

the required minimum is 30 respondents, 

and a post-hoc power analysis using 

G*Power confirmed that N = 99 provides 

statistical power above 0.80 to detect 

medium effect sizes at α = 0.05. The 

response rate was 100%, and no missing 

data were recorded because questionnaires 

were checked for completeness at the point 

of collection. 

The questionnaire items were 

adapted from previously validated 

instruments in the occupational health and 

ergonomics literature and contextualized 

for the charcoal production setting. 

Content validity was assessed through 

expert judgment prior to data collection, 

followed by construct validity and 

reliability evaluation. All reflective 

indicators met the recommended 

thresholds (outer loading ≥ 0.70, 

Cronbach's alpha and composite reliability 

≥ 0.70, and AVE ≥ 0.50), confirming that the 

instrument is both valid and reliable. 

This study was conducted in 

accordance with research ethics principles. 

Written informed consent was obtained 

from all respondents, and participation 

was voluntary and anonymous. 

 

3. RESULTS 

In this study, the first step was to 

evaluate the measurement model. The 

measurement model in this study was 

reflective. In Hair et al. (2021), the 

evaluation of the reflective measurement 

model consisted of a loading factor ≥ 0.70, 

composite reliability ≥ 0.70, Cronbach's 

alpha, and average variance extracted (AVE 

≥ 0.50), as well as an evaluation of 

discriminant validity, namely the Fornell 

and Lacker criteria, and a Heterotrait 

Monotrait Ratio (HTMT) below 0.90 

cross-loading (Hair et al., 2021).
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Figure 1. Research Model 

 
Evaluation of Measurement Models 

Table 1. Outer Loading, Composite Reliability and Average Variance Extracted 

Variabel 
Item 

Measurement 
Indikator 

Outer 
Loading 

Cronbachs 
Alpha 

Composite 
Reabilty 

AVE 

Sleep 
Quality 

KT1 I find it difficult to get to sleep at night 0.877 
0.747 0.887 0.797 KT2 I often wake up in the middle of the 

night or early morning 
0.909 

Hot 
Work 

Climate 

IKP1 Light 0.782 
0.701 0.821 0.605 IKP2 Currently 0.752 

IKP3 Heavy 0.798 
Age US1 Early Worker Age (Young):> 15 - 24 Th 0.892 

0.728 0.803 0.673 US2 Middle-Aged / Adult Working Age: 25 - 
64 years 

0.742 

Work 
Duration 

Z1 I often work more than 8 hours a day 0.973 

0.919 0.950 0.863 
Z2 The rest time given is not sufficient 

compared to the length of working time. 
0.840 

Z3 I often work overtime to complete the 
charcoal production target. 

0.968 

Work 
Fatigue 

Y1 I feel weak or lacking energy after 
finishing work. 

0.838 

0.851 0.899 0.691 
Y2 I find it difficult to concentrate when 

doing repetitive work. 
0.897 

Y3 Shoulder, back or waist pain after work 0.795 
Y4 I feel sleepy while doing work activities 0.792 

Based on the table above, the Sleep 

Quality variable is measured by 2 (two) 

valid measurement items with outer 

loadings between 0.877 and 0.909, which 

means that the two measurement items are 

valid in reflecting the measurement of 

Sleep Quality. The variable's reliability is 

acceptable, as indicated by Cronbach's 

Alpha and Composite reliability above 0.70 

(reliable), or by its internal consistency. 

Convergent validity is indicated by an AVE 

of 0.797, which exceeds 0.50 and meets the 

requirements for good convergent validity. 

Overall, the variation in measurement 
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items within the variable was 79.7%. 

Among the two measurement items, KT2 

has the highest outer loading (0.909), 

indicating that the measurement items 

related to Work Duration and managing 

work fatigue have been implemented. Sleep 

quality strongly influences work duration 

and work fatigue. 

Meanwhile, KT1 needs to be 

improved and accelerated. Workers should 

pay attention to factors that maintain 

stable sleep quality. This can be done by 

managing workloads/tasks to avoid stress, 

providing education on sleep hygiene, or 

establishing ergonomic work shift 

patterns, as sleep quality has been proven 

to be a solid indicator of workers' physical 

and mental well-being. 

The Hot Work Climate variable is 

measured by 3 (three) valid items, with 

loadings ranging from 0.752 to 0.798, 

indicating that the items are valid in 

reflecting the Hot Work Climate. The level 

of variable reliability is acceptable, as 

indicated by Cronbach's Alpha and 

Composite reliability above 0.70 (reliable), 

or by internal consistency. The level of 

convergent validity is indicated by an AVE 

of 0.605, which exceeds 0.50 and meets the 

criteria for good convergent validity. 

Overall, the variation in the measurement 

items comprising the variable is 60.5%. 

Among the three measurement items, IKP1 

and IKP3 have the highest outer loadings 

(0.782 and 0.798), indicating that the two 

measurement items, namely those related 

to work duration and managing work 

fatigue, have been implemented. The Work 

Climate is reflected in Work Duration and 

worker fatigue, while IKP2 needs to be 

improved and accelerated. Improve the 

ventilation system in the combustion 

furnace area, or add a heat-insulating 

shielding wall around the furnace. This is 

important to minimize direct heat 

radiation striking the worker's body and to 

provide a special rest area isolated from the 

charcoal furnace's heat radiation. This area 

should be equipped with a hanging fan or a 

mist fan to help reduce the worker's body 

temperature more quickly. 

The Age variable is measured by 2 

(two) valid measurement items with outer 

loadings between 0.892 and 0.742, which 

means that both measurement items are 

valid and reflect the measurement of Work 

Duration. The variable's reliability level is 

acceptable, indicated by Cronbach's Alpha 

and Composite reliability above 0.70 

(reliable), or by its internal consistency. 

The convergent validity is indicated by an 

AVE of 0.605 > 0.50, which meets the 

requirements for good convergent validity. 

Overall, the variation in the measurement 

items comprising the variable is 60.5%. 

Among the two measurement items, 
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measurement item US1 has the highest 

outer loading (0.892), indicating that it is 

related to Work Duration and that 

managing the impact of Work Fatigue has 

been implemented. Age has a strong impact 

on Work Fatigue, while US2 needs to be 

improved and accelerated. Evaluate and 

improve the K3 program. It is necessary to 

identify whether the current fatigue 

management program is not yet adaptive to 

certain age groups (for example, older 

workers or workers who are too young), so 

that policy adjustments (acceleration) are 

needed, such as the development of a 

workplace wellness program based on the 

age category of workers. 

The Work Duration variable is 

measured by 3 (three) valid measurement 

items with outer loading between 0.840 

and 0.973, which means that the three 

measurement items are valid in reflecting 

the measurement of Work Duration. The 

variable's reliability level is acceptable, as 

indicated by Cronbach's Alpha and 

Composite reliability above 0.70 (reliable), 

or by its internal consistency. Convergent 

validity is indicated by an AVE of 0.863, 

which exceeds 0.50 and meets the 

requirements for good convergent validity. 

Overall, the variation in the measurement 

items comprising the variable is 86.3%. 

Among the three measurement items, 

measurement items Z1 and Z3 have the 

highest outer loading (0.973) and (0.968), 

which indicates that both measurement 

items, namely related to Work Duration 

and in managing the impact of Work 

Fatigue, have been implemented. Work 

Duration has a significant impact on Work 

Fatigue, while Z2 needs to be improved 

and accelerated. When workers perform 

heavy physical work (such as lifting wood, 

stirring coconut shells, or harvesting 

charcoal) for a long time (e.g., 8 hours a 

day), the muscles experience physiological 

fatigue due to the accumulation of lactic 

acid. Mentally, long work durations reduce 

the capacity for focus and concentration, 

which is the main trigger for work 

accidents (human error). 

The Work Fatigue variable is 

measured by 4 (four) valid measurement 

items with outer loading between 0.792 

and 0.897, which means that the four 

measurement items are valid in reflecting 

the measurement of Work Fatigue. The 

level of variable reliability is acceptable, as 

indicated by Cronbach's Alpha and 

Composite reliability above 0.70 (reliable), 

or by internal consistency. The level of 

convergent validity is indicated by an AVE 

of 0.691, which exceeds 0.50 and meets the 

criteria for good convergent validity. 

Overall, the variation among the 

measurement items in the variable is 69.1%. 

Among the four measurement items, 
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measurement items Y1 and Y2 have the 

highest outer loading (0.838) and (0.897), 

which indicates that the measurement 

items related to work fatigue have been 

implemented. Work fatigue can 

significantly disrupt workers' lives, while 

Y3 and Y4 need to be improved and 

accelerated. When workers are tired, their 

respiratory rate tends to become faster and 

shallower. This increases the volume of 

charcoal dust (carbon) inhaled into the 

respiratory tract, thereby accelerating the 

risk of ISPA (Acute Respiratory Tract 

Infection) or pneumococcal infection in the 

long term. 

Discriminant Validity 

1. Fornell Lacker criterion  

Evaluation of discriminant validity 

should be conducted using the Fornell and 

Lacker criteria. Discriminant validity is a 

form of evaluation to ensure that variables 

are theoretically distinct and have been 

empirically tested. The Fornell and Lacker 

criteria is that the root of the AVE of a 

variable is smaller than the correlation 

between the variables (Hair et al., 2021; 

Yamin, 2023).

Table 2. Fornell Lacker 
 Work Duration Hot Work Climate Work Fatigue Sleep Quality Age  

Work Duration 0.929      

Hot Work Climate 0.512  0.778     

Work Fatigue 0.889  0.496  0.831    

Sleep Quality 0.698  0.402  0.913  0.893   

Age 0.743  0.570  0.848  0.830  0.820  

 
Based on Table 2, the Fornell-Lacker 

value criteria show that the Work 

Duration variable has a root AVE (0.929) 

with a greater correlation with Hot Work 

Climate (0.512), Work Fatigue (0.889), 

Sleep Quality (0.697), and Age (0.743). 

These results indicate that, overall, the 

research variables exhibit good 

discriminant validity according to the 

Fornell-Lacker method (root AVE > 

correlations). 

 

 

2. Heterotrait-Monotrait Ratio of 

Correlations (HTMT) 

According to Hair et al. and Henseler 

et al (2021), if the HTMT value is ≤ 0.85 

(Very Good), this is a strict limit. If the 

HTMT value between two variables is 

below, then the discriminant validity is 

met. The two variables are proven to be 

conceptually different. If the HTMT value 

is ≤ 0.90 (Still Acceptable): This is a loose 

limit for variables that theoretically have 

similar concepts (for example, measuring 

job satisfaction and work commitment). If 

the value is below 0.90, the discriminant 
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validity is still declared met. If the HTMT 

value is≥ 0.90 or 1.00 (Problematic/Failed), 

this indicates severe multicollinearity 

(Hair et al., 2021; Yamin, 2023).

Table 3. Value HTMT 
 Work Duration Hot Work Climate Work Fatigue Sleep Quality Age 

Work Duration      

Hot Work Climate 0.600     

Work Fatigue 0.878 0.618    

Sleep Quality 0.832 0.544 0.155   

Age  0.062 0.833 0.207 0.220  

Based on Table 3, the test results 

show that the HTMT value is below 0.90 

for the discriminant variable pair. The 

variable dividing the variation of the 

measurement item against the item that 

measures it is stronger than dividing the 

other variables. 

3. Cross Loading 

The correlation value of an indicator 

with its latent variable (construct) must be 

greater than the correlation value of the 

indicator with other latent variables.

Table 4 Cross Loading 
 Work Duration Hot Work Climate Work Fatigue Sleep Quality Aqe 

IKP1  0.308 0.782 0.353 0.318 0.359 
IKP2  0.522 0.752 0.452 0.334 0.577 
IKP3  0.284 0.798 0.305 0.265 0.307 
KT1  0.577 0.398 0.792 0.877 0.592 
KT2  0.664 0.326 0.838 0.909 0.872 
US1  0.672 0.343 0.846 0.903 0.892 
US2  0.538 0.669 0.496 0.374 0.742 
Y1  0.664 0.326 0.838 0.909 0.872 
Y2  0.973 0.444 0.897 0.708 0.705 
Y3  0.681 0.496 0.795 0.569 0.631 
Y4  0.577 0.398 0.792 0.877 0.592 
Z1  0.973 0.444 0.897 0.708 0.705 
Z2  0.840 0.577 0.671 0.501 0.686 
Z3  0.968 0.428 0.891 0.717 0.687 

From Table 4, the cross-loadings 

indicate that each variable shows both high 

and low correlations with the variable it 

measures. 

Structural Model 

1) Inner VIF Multicollinear Test  

Before testing the structural model 

hypothesis, we check for multicollinearity 

among the variables using the VIF statistic. 

The estimation results show an internal 

VIF < 5, indicating low multicollinearity 

among the variables. This result confirms 

that the parameter estimates from SEM-

PLS are robust (unbiased).
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Table 5. Inner VIF 
 Work 

Duration 
Hot Work Climate Work Fatigue Sleep Quality 

Work Duration   2.198   

Hot Work Climate 1.195   1.349   

Work Fatigue     

Sleep Quality 1.195   1.962   

Age 1.195  1.438  

Based on Table 5, the VIF value < 5 

means that the Multicollinearity Test is  

fulfilled for all research variables.

Table 6. Direct Effect 
Hipotesis Path 

Coefficient 
P-

Value 
95% Interval 
Lower Limit 

95% Interval 
Upper Limit 

F 
Square 

H1= Sleep Quality → Work 
Duration 

0.591 0.000 0.425 0.725 0.642 

H2= Sleep Quality →  
Work Fatigue 

0.618 0.000 0.560 0.673 5.598 

H3= Hot Work Climate →  
Work Duration 

0.264 0.002 0.110 0.449 0.129 

H4= Hot Work Climate →  
Work Fatigue 

0.027 0.354 -0.036 0.077 0.015 

H5= Age →  Work Duration 0.395 0.043 0.112 0.812 0.097 
H6= Age →  Work Fatigue 0.217 0.003 0.343 0.580 0.607 
H7= Work Duration →  

Work Fatigue 
0.431 0.000 0.358 0.504 2.427 

 

Table 7. Indirect Effect 
Hipotesis Path 

Coefficient 
p-

value 
Effect 
size 

Description 

H8 = Sleep Quality → Work Duration → 
Work Fatigue 

0.254 0.000 0.064 Effect Towards 
Moderate 

H9 = Hot Work Climate → Work Duration 
→ Work Fatigue 

0.114 0.005 0.012 Low Effect 

H10 = Age → Work Duration → Work 
Fatigue 

0.221 0.058 0.097 High Effect 

 

3) Evaluation of the goodness and 

suitability of the model 

R-Square and Q-Square 

R-square describes the magnitude of 

the variation of endogenous variables that 

can be explained by other 

exogenous/endogenous variables in the 

model. According to Chin (1998), the 

qualitative interpretation of R-square is 

0.19 (low influence), 0.33 (moderate 

influence), and 0.66 (high influence). Q-

square is a measure of predictive accuracy, 

namely how well changes in 

exogenous/and endogenous variables 

predict endogenous variables. This 

measure is a form of validation in PLS to 

state the suitability of model predictions 

(predictive relevance). A Q-square value 
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greater than 0 indicates that the model is 

predictive. Still, according to Hair et al. 

(2021), the qualitative interpretation of Q-

square is 0 (low influence), 0.25 (moderate 

influence), or 0.50 (high influence).

Table 8. Value R-Square and Q-Square 
 R-square Q-square 

Work Duration (Z) 0.545 0.536 
Work Fatigue (Y) 0.965 0.964 

Based on Table 8, the R-square value 

indicates that the joint influence of Sleep 

Quality and Hot Work Climate on Work 

Duration is 54.5% (high). The influence of 

Sleep Quality, Hot Work Climate, and Age 

on Work Fatigue is 96.5% (high influence). 

 

2. Table SRMR 

SRMR is the Standardized Root 

Square Residual. In Yamin (2022), this 

value is a measure of model fit, namely the 

difference between the data correlation 

matrix and the estimated model correlation 

matrix. In Hair et al. (2021), an SRMR 

value below 0.08 indicates a model fit. 

However, in Karin Schmelleh et al. (2003), 

an SRMR value between 0.08 and 0.10 

indicates an acceptable model fit. The 

model estimation result is 0.012, indicating 

a good fit. Empirical data can explain the 

influence between variables in the model.

Table 9. Value SRMR 
 Model Estimates 

SRMR  0.012 

Based on Table 9, the model's 

estimated value is 0.012, indicating a good 

fit. Empirical data can explain the influence 

between variables in the model. 

3. Model Fit 

The fixed model is assessed based on 

the Goodness of Fit (GoF) index, which is 

an evaluation of the overall model, 

including the measurement model and the 

structural model. According to Wetzels et 

al. (2009) and Yamin (2022), the GoF 

index value is interpreted as: 0.1 = low GoF; 

0.25 = medium GoF; and 0.36 = high GoF. 

 

Table 10. Goodness of Fit Index (GoF) 
Average Communality Average R-square GoF Index 

0.729 0.750 0.739 

Based on Table 10, the calculation 

results show that the GoF value is 0.739, 

which is well above the threshold of 0.36 

for high GoF. This indicates that the 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 

eISSN 2503-2801, pISSN 2985-3435 
 

 279 Noviyanti (2026) 

combined performance of the outer 

(measurement) and inner (structural) 

models in this study is excellent and can be 

classified as a good model fit. The high 

average communality (0.729) demonstrates 

strong convergent validity, while the high 

average R-square (0.750) indicates that the 

model explains 75% of the variance in the 

endogenous constructs. 

4. Linearity Test 

The linearity test is used to ensure 

that the relationship between latent 

variables (independent variables to 

dependent variables) is indeed linear, not 

quadratic, U-shaped, or other non-linear 

forms. The significance level used is p > 0.05 

to confirm linearity.

Table 11. Linearity Test Results 
Hypothesis Path Path Coefficient P-value Description 

Work Duration → Work Fatigue 0.038 0.286 Linearity Fulfilled 
Sleep Quality → Work Duration 0.039 0.633 Linearity Fulfilled 

Sleep Quality → Work Fatigue 0.022 0.277 Linearity Fulfilled 

Hot Work Climate → Work Duration 0.045 0.696 Linearity Fulfilled 
Hot Work Climate → Work Fatigue -0.007 0.834 Linearity Fulfilled 

Age → Work Duration -0.032 0.781 Linearity Fulfilled 

Age → Work Fatigue 0.011 0.729 Linearity Fulfilled 

Based on Table 11, it can be seen that 

the linearity test requirements are met for 

all variable relationships, as all p-values are 

greater than 0.05 (ranging from 0.276 to 

0.834). This confirms that all relationships 

between the latent variables in this study 

are linear, not quadratic, U-shaped, or 

other non-linear forms. Therefore, the 

assumption of linearity is satisfied, 

supporting the appropriateness of using 

PLS-SEM for this analysis. 

 

4. DISCUSSION 

1. Direct Effect 

1) Direct Effect of Sleep Quality 

Variables on Work Duration. 

The results of the study show that 

the first hypothesis (H1) is accepted, 

namely there is a significant influence of 

Sleep Quality on Work Duration with a 

path coefficient (0.591) and p-value (0.000 

<0.05) directly. Any change in Sleep Quality 

will affect Work Duration. Within the 95% 

confidence interval, the influence of Sleep 

Quality on Work Duration lies between 

0.425 and 0.725. However, Sleep Quality on 

Work Duration has a strong influence at 

the structural level (f-square = 0.642). The 

need for companies or business owners to 

evaluate their current Sleep Quality. Good 

Sleep Quality Evaluation is considered very 

important in overcoming Occupational 

Diseases (PAK). 

Many studies have examined sleep 

using various sleep elements. Elements 

such as sleep quality and sleep duration are 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 
eISSN 2503-2801, pISSN 2985-3435   
 

 280 The Effect of Sleep Quality, Hot Work Climate, and Age on Work Fatigue Through Work Duration 

essentially separate components of sleep. 

The differences between factors related to 

sleep quality and sleep duration (such as 

health status, fatigue level, and sleepiness) 

are important (Kohyama, 2021; van Elk et 

al., 2024). 

Scientifically, sleep is regulated by 

the circadian rhythm, a 24-hour biological 

clock monitored by the Suprachiasmatic 

Nucleus in the hypothalamus and 

influenced by chemicals such as GABA, 

serotonin, and the hormone melatonin. 

During sleep, the brain experiences 

changes in electrical waves that are divided 

into two main stages: NREM (Non-Rapid 

Eye Movement): Has an important role in 

physical recovery, reducing metabolism, 

cleaning metabolic waste products from 

the brain, and cell repair, and REM (Rapid 

Eye Movement): The stage where the brain 

functions very actively (dream phase) 

which is important for memory 

consolidation, the ability to think clearly, 

and the ability to think clearly cognitive 

and mental health. Sleep acts as a way to 

"restart" or repair physical conditions. 

During sleep, the body repairs muscle 

tissue, produces proteins, releases growth 

hormones, and restores the balance of the 

central nervous system after a day of 

activity (Guyton & Hall, 2016). 

From an OHS perspective, sleep is a 

crucial element in fatigue management. 

Poor-quality sleep, less than 7–8 hours per 

day for adults, can directly impact thinking 

skills, slow response times, reduce focus, 

and increase the likelihood of workplace 

accidents. Sleep is defined as an active, 

repetitive physiological process 

characterized by reversible changes in 

consciousness and decreased 

responsiveness to the environment 

(Guyton & Hall, 2016). Research on sleep 

and work duration, which impacts health 

(Bergman et al., 2022; Suharmawati et al., 

2025; Yoshida et al., 2024). When workers 

get quality sleep, their cognitive functions, 

such as concentration, alertness, and 

reaction time, are at optimal levels. This 

optimal physical and mental state allows 

workers to allocate their work time 

effectively and productively throughout 

the standard working hours. 

Biologically fresh workers can 

complete their workloads quickly and 

accurately, thereby minimizing wasted 

time due to negligence or low levels of 

focus. Conversely, poor sleep quality will 

trigger fatigue. In the OHS domain, fatigue 

from sleep disturbances reduces work 

capacity and triggers presenteeism, in 

which workers are physically present for 

the entire work period but unable to 

function optimally. Decreased cognitive 

function due to sleep deprivation slows 

down the thinking process, so that tasks 
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that should be completed quickly become 

bloated. This disrupts employees' effective 

time management and work duration 

(Ishibashi & Shimura, 2024). 

Overall, the results of this study 

confirm that interventions to improve 

workers' sleep quality, whether through 

sleep hygiene education or ergonomic 

work shift arrangements, are strategic 

steps that have a significant impact on 

companies' ability to maintain productive 

work durations while simultaneously 

reducing the risk of work accidents. 

 

2). Direct Effect of Sleep Quality 

Variables on Work Fatigue. 

 The results of the study show that 

the second hypothesis (H2) is accepted, 

namely there is a significant influence of 

Sleep Quality on Work Fatigue with a path 

coefficient (0.618) and p-value (0.000 < 

0.05) directly and positively. Any change in 

Sleep Quality will affect Work Fatigue; in 

a 95% confidence interval, the influence of 

Sleep Quality on Work Fatigue lies 

between 0.560 and 0.673. However, the 

existence of Sleep Quality on Work 

Fatigue has a strong influence at the 

structural level (f-square = 5.598). Sleep 

quality plays a very strong role. Higher 

sleep quality scores were associated with 

increased work duration (0.591) and 

increased work fatigue (0.618). This 

suggests that any change in sleep quality 

significantly affects fluctuations in 

workers' work fatigue. The poorer a 

worker's sleep quality, the more likely it is 

that their workplace fatigue will increase 

linearly. 

Sleep quality makes a dominant 

contribution and is the main structural 

factor in explaining variation in the 

occurrence of Work Fatigue among 

workers, making it one of the determinants 

that cannot be ignored in OHS risk 

management. Theoretically and from an 

occupational health perspective, work 

fatigue is a physiological and psychological 

response of the body to an imbalance 

between available energy and the 

workload. Sleep is the single most effective 

biological restorative mechanism for 

restoring body functions (Guyton & Hall, 

2016). The significant influence of sleep 

quality on work fatigue aligns with the 

theory of fatigue-related accidents. 

Workers with high levels of fatigue due to 

poor sleep quality will experience 

decreased alertness, delayed reaction 

times, and increased carelessness or human 

error. This state of fatigue is dangerous 

because it can trigger workplace accidents 

and reduce organizational productivity at a 

large scale (Sadeghniiat-Haghighi & Yazdi, 

2015). The research conducted found a 

significant association between sleep 
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quality and fatigue (Alameri et al., 2024; 

Zhao et al., 2024; Suharmawati et al., 2025; 

Ayas & Özcebe, 2025). Charcoal workers 

who are constantly on guard to ensure the 

fire does not go out or remains burning can 

experience restless sleep and insomnia. 

Workers say they do not sleep soundly 

because they are afraid that if they sleep 

soundly and fall asleep, the charcoal will be 

of poor quality or not burn properly, will 

not sell well, and no one will buy it even if 

they do buy it at a high price will be very 

low, so that for very little sleep time people 

tend to become tired from lack of sleep. 

 

3). Direct Effect of Hot Work Climate 

Variables on Work Duration. 

The third hypothesis (H3) is 

accepted, namely there is a significant 

influence of Hot Work Climate on Work 

Duration with a path coefficient (0.264) 

and p-value (0.002 < 0.05), directly positive. 

Any change in Hot Work Climate will 

affect Work Duration. In the 95% 

confidence interval, the influence of Hot 

Work Climate on Work Duration is 

between 0.110 and 0.449. An increase will 

follow any increase in Hot Work Climate 

exposure in the work environment, as well 

as any increase in the Work Duration 

required by workers to complete their 

tasks (or an extension of the time required 

to complete tasks due to decreased 

efficiency). However, the existence of Hot 

Work Climate has a moderate or moderate 

influence in the structural level between (f 

square = 0.129), This means that even 

though Hot Work Climate is not the only 

single factor determining employee work 

duration (because there are other factors 

such as workload, work period, or 

individual physical condition), this 

physical environment variable still 

provides a proportional contribution that 

should not be ignored in the overall work 

system. Even though its influence is 

moderate, technical improvements are still 

needed to minimize work duration. 

In theory, Corporate Hygiene and 

Occupational Health (Suma’mur, 2023), 

Exposure to hot work environments (heat 

stress) above the Threshold Limit Value 

(TLV) forces workers' bodies to make 

physiological compensations to lower their 

body temperature. This process triggers 

premature fatigue (heat exhaustion), 

decreased concentration, and reduced 

motor speed. Consequently, work 

efficiency decreases, requiring workers to 

complete the same task for longer than at a 

comfortable temperature. The global 

climate has been altered by human activity. 

As a direct consequence of global climate 

change, extreme heat conditions can 

increase the risk of death and morbidity 

from all causes or specific diseases, such as 
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acute cardiovascular events, kidney 

disorders, and mental illness, based on 

well-documented epidemiological findings 

of daily high temperatures or heat waves (A 

et al., 2020; He et al., 2022; Masson-

Delmotte, V., Zhai, P., Pirani, A., Connors 

et al., 2021; X et al., 2016; Y-H et al., 2018). 

According to workers, the work climate 

has a significant influence, as they work in 

a hot environment with long working 

hours; although there are rest periods, they 

still have to remain alert. 

 

4). Direct Effect of Hot Work Climate 

Variables on Work Fatigue. 

The fourth hypothesis (H4) is 

accepted, namely, there is an influence, but 

not a significant Hot Work Climate, on 

Work Fatigue, with a path coefficient of 

0.027 and a p-value of 0.354 (> 0.05). Any 

change in the Hot Work Climate will 

increase Work Fatigue within the 95% 

confidence interval. The influence of the 

Chimney Furnace Design above on 

increasing Heat Exposure is between 0.036 

and 0.077. However, the existence of a Hot 

Work Climate in increasing Work Fatigue 

has a low influence at the structural level (f 

square = 0.015. Hot temperatures not 

necessarily cause fatigue unless they alter a 

person's work duration. When workers are 

exposed to environments with high ISBB, 

their bodies experience heat stress. 

According to the theory, the human body 

naturally regulates its temperature to 

maintain core body temperature through 

sweating and increased heart rate. 

If this heat exposure continues 

unchecked, workers will experience 

premature fatigue (heat exhaustion), 

dehydration, and even decreased cognitive 

function and motor skills. As a result of this 

reduced physical capacity and focus, the 

work pace significantly decreases. To 

complete the same volume of work, 

workers require more time than when 

working under ergonomic, comfortable 

conditions (neutral temperature). This is in 

line with the global physical risk 

mitigation document released by Masson-

Delmotte et al. (2021) through the IPCC 

report, which emphasizes that increasing 

environmental temperature anomalies and 

heat waves in workplaces globally are 

directly proportional to a decrease in 

effective working hours and a loss of labor 

productivity in physical-based sectors 

(Masson-Delmotte, V., Zhai, P., Pirani, A., 

Connors et al., 2021). Charcoal workers 

said they work in hot climates but do not 

experience significant fatigue because they 

wait for the charcoal to cook by building 

huts near the stoves, which provide 

drinking and rest facilities. Researchers 

found that the work climate and fatigue 

variables were not significantly related. 
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5). Direct Effect of Age Variable on 

Duration of Work. 

The results of the study show that 

the fifth hypothesis (H5) is accepted, 

namely there is a significant influence of 

age on the duration of work with a path 

coefficient (0.395) and p-value (0.043 < 

0.05), directly positive. Each additional 

year of age influences the Duration of 

Work; within the 95% confidence interval, 

the effect lies between 0.112 and 0.812. 

However, the effect of age on the Duration 

of Work is moderate at the structural level 

(f-square = 0.097). These results provide 

clear confirmation that age is a significant 

factor in determining the duration of work 

assigned to a worker. As an individual ages, 

their work duration increases linearly. 

Theoretically, this positive relationship can 

be understood in terms of emotional 

maturity and career adaptation. Workers 

of a more mature (older) age have generally 

passed the phase of searching for a work 

identity and have a higher level of 

emotional stability, professional loyalty, 

and organizational commitment than 

younger workers, who tend to be more 

dynamic and adaptive to changes in the 

external environment (Staudinger et al., 

2022). These psychological characteristics 

of senior workers make them more 

consistent and able to maintain long work 

durations in their daily routines (Charness 

& Burner, 2024).  

However, the results of the effect size 

test indicate a medium effect size (Hair et 

al., 2021). This implies that although age 

significantly influences work duration, its 

contribution is not absolute or solely 

dominant in the structural model. This 

moderate relationship indicates that other 

variables beyond age, such as physical 

fitness level, health condition, work 

motivation, or family economic demands, 

simultaneously contribute to or interact in 

determining a person's total work duration 

in the field. The results of this study 

reinforce previous research findings that, 

as workers age, they develop better time 

management and self-regulation, thereby 

optimizing sustainable, productive work 

hours. According to the WHO, the 

working age is the duration of a worker's 

life measured sequentially from birth. 

WHO categorizes the human lifespan into 

several stages of development, both 

biological and social, from childhood to old 

age.  

The working age range is 

Young/Early Workers (15-24 Years) and 

Adult Workers (25-64 Years) (Peng & 

Chan, 2022; Sgarbossa et al., 2024). 

Workers begin to experience a decline in 

physical capacity (such as decreased 

muscle strength and sensory acuity) and an 
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increased risk of degenerative diseases that 

can affect OHS performance in the 

workplace. If workers work long hours 

while their age is categorized as mature, 

their age affects their ability to complete 

tasks, both in terms of physical strength 

and mental resilience. Physically, older 

workers are often weaker and tire easily, 

while younger workers are usually more 

energetic and active. Age-related changes 

in body tissues can reduce a person's 

strength and resilience, increasing the risk 

to their health (Fatmasari & Astuti, 2025; 

Fitriana, 2023). According to charcoal 

workers, the average age of the workers is 

adult, with no elderly members, and they 

are all still energetic. Researchers have 

observed that the average charcoal worker 

is between 23 and 50 years old. 

 

6). Direct Effect of Age Variable on 

Work Fatigue. 

The results of the study show that 

the sixth hypothesis (H6) is 

accepted,  namely there is a significant 

influence of Age on Work Fatigue with a 

path coefficient (0.217) and p-value (0.003 

< 0.05) directly and positively. As workers' 

age increases, the level of work fatigue 

experienced will also increase. In the 95% 

confidence interval, the magnitude of the 

influence of Age on Work Fatigue lies 

between 0.343 and 0.580. However, the 

Age on Work Fatigue variable has a strong 

influence at the structural level (f-square = 

0.607). Age plays a very strong role. 

Theoretically and empirically, this study's 

results align with several studies that show 

that increasing age is often accompanied by 

a decline in physical and functional 

capacity (chronological aging), making 

older workers more susceptible to burnout 

when faced with the same workload as 

younger workers. However, 

psychologically, this could also be related 

to the accumulation of burnout that has 

persisted over many years in the same work 

environment (Ahola et al., 2012; Wijaya, A. 

& Saputra, 2022). 

Work-related fatigue can also arise 

from psychological factors within the 

workplace. When fatigue reaches a certain 

level, it can lead to health problems for 

workers, such as work-related stress. Both 

workers and their organizations are at risk 

when workers experience fatigue, which 

can increase the likelihood of workplace 

accidents. An imbalance between task 

demands and the number of available 

workers can also lead to fatigue. Symptoms 

of work-related fatigue include muscle 

pain, tension, stiffness in various parts of 

the body, mental disturbances, and 

reduced attention or concentration at 

work. Fatigue is the body's way of 

protecting itself from further damage and 
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allowing it to recover after rest. The brain 

deeply regulates fatigue through the 

central nervous system. While the effects 

of fatigue can vary from person to person, it 

can lead to decreased effectiveness, work 

capacity, and physical endurance 

(Cunningham et al., 2022b; Frasie et al., 

2024; Pu et al., 2024; Rochmania et al., 

2024). 

According to research, work in the 

charcoal industry is labor-intensive and 

relies on manual muscle strength (lifting 

coconut shell sacks, moving raw materials, 

briquette molding, and packaging). 

Physiologically, aerobic capacity, muscle 

strength, and flexibility of the human body 

peak at 25–30 years and gradually decline 

thereafter (due to decreased muscle mass, 

or sarcopenia). Older workers must 

expend more energy to complete the same 

physical load as younger workers do. This 

decline in physical capacity is directly 

proportional to the accumulation of muscle 

fatigue, which can lead to occupational 

diseases. 

 

7). Direct Effect of Hot Work Duration 

Variables on Work Fatigue. 

The Seventh Hypothesis (H7) is 

accepted, namely there is a significant 

influence of work duration on work fatigue 

with a path coefficient (0.431) and p-value 

(0.000 < 0.05) directly. Any change in work 

duration will increase the impact of work 

fatigue. In the 95% confidence interval, the 

influence of work duration on work fatigue 

lies between 0.358 and 0.504. However, 

work duration on work fatigue has a strong 

influence at the structural level (f-square = 

2.427). The need for companies or business 

owners to evaluate the current work 

duration. A good evaluation of work 

duration is considered very important in 

overcoming occupational diseases (PAK).  

The Relationship between Work 

Duration and Work Fatigue: Work 

duration plays a crucial role in causing 

fatigue. If a worker works beyond the 

stipulated time, they will experience 

decreased work efficiency, increased work 

fatigue, workplace accidents, and 

occupational diseases. This is because the 

hours they work are in accordance with 

applicable regulations, which are not more 

than 8 hours per day (Peraturan Menteri 

Ketenagaan Kerja No. 5, 2018). 

Worker fatigue can also be caused by 

insufficient rest time, as work duration 

approaches rest periods. Preventing fatigue 

is crucial because there is a relationship 

between the time spent working and 

fatigue levels. This is because work 

duration directly correlates with the 

quantity of workplace hazard exposure 

(exposure duration). The longer workers 

are in the production area, the longer they 
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are exposed to the furnace's heat and dense 

carbon dust. Long work durations, due to 

forced, monotonous physical activity, 

trigger lactic acid buildup and shorten 

workers' recovery time. As a result, the 

body experiences chronic fatigue, 

manifested as decreased stamina and 

concentration at work. 

One of the most effective ways to 

maintain or increase productivity in the 

workplace is to ensure that employees do 

not experience excessive fatigue so they 

can perform at their best. Workplace 

fatigue can be minimized in various ways, 

such as adjusting the workload to an 

individual's physical and mental abilities, 

choosing a more natural way of working, 

increasing mobility and variety in work, 

rethinking the design and arrangement of 

the workspace, and consuming nutritious 

food (Shiri et al., 2022; Sunaryo & 

Ratriwardhani, 2022; Wang et al., 2023). 

According to researchers, charcoal 

workers must take regular breaks and 

change their working habits. If the 

working hours are too long, charcoal 

workers will experience acute muscle 

fatigue. Muscles forced to work for hours 

without sufficient rest will experience 

tremors, pain, and a drastic decrease in 

strength. The longer the working hours, 

the longer the worker's lungs are exposed 

to carbon dust (soot) and smoke from 

burning charcoal. Long working hours also 

prolong the body's exposure to heat stress 

from the charcoal kiln. 

 

2. Indirect Effect 

1). Indirect Effect of Sleep Quality 

Variables Through Work Duration on 

Work Fatigue. 

The eighth hypothesis (H8) is 

accepted, where Work Duration acts as an 

Intervening variable that mediates the 

indirect influence of Sleep Quality through 

Work Duration on Work Fatigue, with a 

path coefficient (0.254) and p-value (0.000 

< 0.05), where Sleep Quality and Work 

Duration together have a positive indirect 

effect on Work Fatigue. However, at the 

structural level, the mediating role of Work 

Duration is still relatively low (upsilon v = 

0.064) (Ogbeibu et al., 2020). Within a 

95% confidence interval, improvements in 

sleep quality consistently impact health 

through the Job Fatigue pathway. 

However, due to its small effect size 

(0.064), these improvements in sleep 

quality account for only 6.4% of the 

variance in sleep quality reduction through 

the Work Duration pathway.  

This study empirically demonstrates 

that sleep quality and work duration 

jointly influence job fatigue, both positively 

and indirectly. This relationship suggests a 

psychophysiological domino effect in the 
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workplace. When an employee 

experiences decreased sleep quality 

(restless sleep, frequent awakenings, or 

insomnia), their physical condition and 

cognitive function in the morning are 

impaired (Akerstedt & Wright, 2009). 

This decrease in concentration and stamina 

reduces work efficiency. To complete the 

same volume or target of work, sleep-

deprived workers require longer than 

usual. This condition forces extended work 

hours (for example, through overtime or 

delayed start times). This long work time 

allocation, exceeding the normal threshold, 

ultimately drains workers' remaining 

energy and results in massive accumulation 

of job fatigue, both physical and emotional 

(Barnes, 2012).  

Work duration is not the only 

pathway through which poor sleep quality 

triggers fatigue. Poor sleep quality is 

thought to have a much more direct and 

powerful pathway to damaging workers' 

psychological well-being (such as 

triggering work stress, anxiety, and 

decreased motivation) without necessarily 

requiring extended work duration. In the 

agency/company where this research was 

conducted, rules regarding working hours 

(e.g., 9-to-5 system or maximum overtime 

limit rules) are strictly enforced (Undang-

Undang RI, 1970). These structural 

constraints severely limit the variation in 

workers' work duration. Even if workers' 

sleep quality is poor and their workload is 

slow, they cannot increase their work 

hours at will due to the restrictions 

imposed by the company's official 

attendance system (Suma’mur, 2023). Even 

if employees experience sleep 

disturbances, they tend to engage in active 

compensatory strategies at work to 

maintain performance, such as increasing 

caffeine intake, taking short breaks, or 

focusing more on critical tasks (Maharani 

& Nugroho, 2022; Nurmayanti & 

Hermiyanti, 2024; Sari et al., 2025). This 

compensation successfully prevents the 

work duration from increasing too much, 

thereby suppressing the effect size value of 

this mediator variable. 

 

2). Indirect Effect of Hot Work Climate 

Variables Through Work Duration on 

Work Fatigue. 

The ninth hypothesis (H9) is 

accepted, where work duration acts as an 

intervening variable that mediates the 

indirect effect of Hot Work Climate 

through Work Duration on Work Fatigue, 

with a path coefficient (0.114) and p-value 

(0.005 < 0.05). where Hot Work Climate 

and Work Duration jointly affect Work 

Fatigue. Theoretically, these results 

explain the existence of a physical 

adaptation mechanism for workers that 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 

eISSN 2503-2801, pISSN 2985-3435 
 

 289 Noviyanti (2026) 

impacts their time management. Exposure 

to a hot work environment above the 

threshold value (NAB) can increase heat 

strain on the worker's body, leading to 

decreased stamina, dehydration, and 

reduced physical and mental work capacity 

(Suma’mur, 2023). When workers are 

fatigued by extreme temperatures, their 

speed and effectiveness in completing daily 

tasks will slow. However, at the structural 

level, the mediating role of Work Duration 

is still relatively low (upsilon v = 0.012) 

(Ogbeibu et al., 2020). Within the 95% 

confidence interval, it was found that if 

improvements were made to the Work 

Climate, the contribution to reducing 

work fatigue through the Work Duration 

channel would be only 2.3%. 

This suggests that the duration of the 

work is not the dominant factor in the 

intervention. Therefore, occupational 

health strategies should not focus solely on 

work duration, but rather on other, more 

potent risk factors arising directly from the 

work environment. As a result of this 

decline in productivity, workers are forced 

to allocate longer hours to complete the 

same targets or volume of work. This 

condition triggers an increase in work 

duration (for example, through extended 

overtime or delayed leave times due to 

unfinished tasks) (Tarwaka, 2022). Work 

fatigue can be caused by the accumulation 

of physical environmental loads that are 

not balanced with recovery time 

(Suma’mur, 2023). Longer working hours, 

coupled with continuous exposure to hot 

environmental temperatures without 

adequate recovery time, cumulatively 

accelerate the onset of severe job fatigue. 

A hot physical environment generally 

directly attacks human physiology 

instantly (such as increased heart rate, 

excessive sweating, and dizziness) which 

immediately triggers physical fatigue, 

without having to wait for the worker's 

work duration to become long first, in 

other words, a Hot Work Climate has a 

much more dominant direct influence on 

Work Fatigue compared to its indirect 

influence through Work Duration 

(Salanova & Llorens, 2021). According to 

researchers, working in a hot environment 

will affect workers' health, leading to 

fatigue that, if not managed properly, can 

further impact workers' health, cause 

dehydration, and even lead to other 

occupational diseases. Charcoal workers 

also said that their work is long because 

they have to keep the fire from going out, so 

they use a strategy: changing the wood to 

keep it burning and always consuming 

plenty of water. 
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3). Indirect Effect of Age Variable 

Through Work Duration on Work 

Fatigue. 

The tenth hypothesis (H10) is 

rejected, as the duration of work serves as 

an intervening variable that mediates the 

indirect effect of age on work fatigue, with 

the path coefficient on the indirect effect 

equal to 0.221. However, the significance 

value (p-value) is 0.058, which is greater 

than the significance threshold of 0.05. 

Thus, in purely structural statistics, the 

hypothesis stating that work duration 

mediates the indirect effect of age on work 

fatigue is rejected or is not significant. 

However, when viewed from the effect size 

approach, mediation (Ogbeibu et al., 

2020). The resulting Upsilon value is 0.097. 

This figure indicates that Work Duration 

has low to moderate explanatory power 

(effect size) in explaining the relationship 

between age and work fatigue. The p-value 

approaching the critical limit (0.058 > 0.05) 

indicates a marginal effect or a tendency 

toward mediation that is not yet strong 

enough to be declared statistically 

significant in this study sample 

The research confirms that changes 

in worker age do not automatically create a 

significant linear pattern in work duration, 

leading to worker fatigue. Theoretically, 

increasing worker age is generally 

accompanied by a natural decline in 

physical capacity (biological aging), 

decreased resistance to heavy workloads, 

and an increased need for biological 

recovery (Suma’mur, 2023). On the other 

hand, older workers typically have 

advantages in terms of work experience 

and emotional maturity. This greater 

experience enables senior workers to 

develop more effective coping mechanisms 

for completing tasks efficiently (Tarwaka, 

2022). According to researchers, the 

insignificant difference was due to the 

rigidity of the work-hour policy. At the 

research location, the work duration (start 

time, end time, and overtime allowance) 

was not regulated, regardless of employee 

age. Both young and older workers were 

required to adhere to the same work 

duration standards. 

The lack of variation in the allocation 

of working time across age groups means 

the Work Duration fails to serve as a 

statistically significant bridge (mediator). 

Next is Work Experience Compensation: 

Although older workers are more 

susceptible to fatigue, the work efficiency 

gained from years of experience enables 

them to complete tasks on time without 

the need for extended working hours 

(overtime). Conversely, younger workers 

who are physically stronger may need the 

same or even longer working duration 

because they are still in the technical 
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adaptation phase. This breaks the chain of 

theoretical reasoning that increasing age 

will linearly increase working duration. 

This lack of significance is likely due to the 

limited number of samples or the lack of 

distribution of senior workers in this 

study, so that the effect of mediation 

cannot be detected robustly using 

statistical tests (Lachowicz et al., 2023). 

 

Limitations  

This study has several limitations 

that should be considered when 

interpreting the findings. First, the cross-

sectional design captures relationships at a 

single point in time. It therefore does not 

permit firm causal inference regarding the 

effects of sleep quality, hot work climate, 

age, and work duration on work fatigue. 

Second, data were collected from charcoal 

workers at a single location in Batam City 

using total sampling, which limits the 

generalisability of the results to other 

regions and industries. Third, the key 

variables were measured using self-

reported questionnaires, which may 

introduce recall and social-desirability 

bias; objective measures, such as WBGT for 

heat exposure or actigraphy for sleep, were 

not used. Finally, the relatively small 

sample and the limited representation of 

older workers may have reduced the 

statistical power to detect the mediating 

effect of work duration in the age–fatigue 

relationship (H10). Future research should 

employ longitudinal or multi-site designs, 

incorporate objective measurements, and 

use larger, more age-diverse samples to 

strengthen causal interpretation. 

 

5. CONCLUSION 

This study demonstrates that sleep 

quality, hot work climate, age, and work 

duration significantly influence work 

fatigue among charcoal workers. Sleep 

quality emerged as the strongest predictor 

of work fatigue (β = 0.618, p < 0.001), 

followed by work duration (β = 0.431, p < 

0.001). Hot work climate significantly 

affected work duration (β = 0.264, p = 

0.002) but showed no direct effect on work 

fatigue (β = 0.027, p = 0.354). 

Importantly, work duration 

functions as a full mediator between hot 

work climate and work fatigue (β = 0.114, p 

= 0.005), indicating that environmental 

heat exposure increases fatigue primarily 

through prolonged work time. Conversely, 

work duration did not significantly 

mediate the age–fatigue relationship (β = 

0.221, p = 0.058), suggesting age affects 

fatigue through direct physiological 

pathways rather than work duration. 

This study extends the Conservation 

of Resources (COR) and Job Demands–
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Resources (JD-R) theories to the under-

researched context of informal charcoal 

workers. We provide empirical evidence 

that: (1) environmental stressors (heat) 

operate through temporal mechanisms 

(extended work duration) to deplete 

workers' resources, and (2) personal 

resources (sleep quality) serve as the 

primary buffer against fatigue, 

outweighing demographic factors. These 

findings clarify the distinct pathways 

through which environmental and 

individual factors influence occupational 

health outcomes in extreme working 

conditions. 

 

AUTHOR CONTRIBUTIONS 

N contributed to the development of 

research concepts, data collection, data 

processing and analysis, interpretation of 

research results, preparation and revision 

of the article manuscript. RDRP, RW, 

CPAPA & SCA, contributed to research 

supervision. LU & N, preparation of 

research methodology, validation of data 

analysis. UA & J contributed to revision 

and refinement of the article manuscript 

 

ACKNOWLEDGMENT 

The researcher would like to thank 

LPPM Ibnu Sina University, Ibnu Sina 

Magister Public Health, Faculty of Health 

Sciences, and all the teams involved in the 

research 

 

CONFLICT OF INTEREST 

The authors declare that there are no 

conflicts of interest in this research. 

 

DATA AVAILABILITY STATEMENT 

The data the findings of this research 

are available from the corresponding 

author upon reasonable request. 

 

REFERENCES   

Ahola, K., Gould, R., Virtanen, M., 

Honkonen, T., Aromaa, A., & 

Lönnqvist, J. (2012). Occupational 

burnout as a predictor of disability 

pension: A population-based 

prospective cohort study. Journal of 

Occupational and Environmental 

Medicine, 54(11), 1332–1338. https:// 

doi.org/10.1097/JOM.0b013e31826ea14

5 

Åkerstedt T. (2019). Shift Work - 

Sleepiness and Sleep in Transport. 

Sleep. Medicine Clinics.,14(4),413–

421. https://doi.org/10.1016/j.jsmc.2019 

.07.003 

Akerstedt, T., & Wright, K. P. (2009). 

Sleep loss and fatigue in shift work and 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728
https://doi.org/10.1097/JOM.0b013e31826ea145
https://doi.org/10.1097/JOM.0b013e31826ea145
https://doi.org/10.1097/JOM.0b013e31826ea145
https://doi.org/10.1016/j.jsmc.2019.07.003
https://doi.org/10.1016/j.jsmc.2019.07.003


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 

eISSN 2503-2801, pISSN 2985-3435 
 

 293 Noviyanti (2026) 

shift work disorder. Sleep Medicine 

Clinics, 4(2), 257-271. 

Alameri, R. A., Almulla, H. A., Al Swyan, A. 

H., & Hammad, S. S. (2024). Sleep 

quality and fatigue among nurses 

working in high-acuity clinical 

settings in Saudi Arabia: a cross-

sectional study. BMC Nursing, 23(1), 

51. 

Ayas, F. Y., & Özcebe, L. H. (2025). The 

relationship between fatigue, sleep 

quality, and sleep deprivation. Sleep 

and Breathing, 29(1), 73. 

Barnes, C. M. (2012). Working in our sleep: 

Towards something like a research 

agenda on sleep in organizations. 

Industrial and Organizational 

Psychology, 5(2), 193–198. 

Bergman, E., Löyttyniemi, E., Myllyntausta, 

S., Rautava, P., & Korhonen, P. E. 

(2022). Temporal changes in self‐

reported sleep quality, sleep duration 

and sleep medication use in relation to 

temporal changes in quality of life and 

work ability over a 1‐year period 

among Finnish municipal employees. 

Journal of Sleep Research, 31(6), 

e13605. 

Bridger, R. (2017). Introduction to Human 

Factors and Ergonomics (4th ed.). 

Boca Raton. https://doi.org/10.1201 

/9781351228442 

Charness, N., & Burner, J. (2024). Age-

related changes in work capacity and 

hours allocated to professional tasks. 

Work, Aging and Retirement, 10(2), 

145–158. 

Cunningham, T. R., Guerin, R. J., Ferguson, 

J., & Cavallari, J. (2022a). 

disproportionate occupational risks. 

65(11), 913–925. https://doi.org/10. 

1002/ajim.23325.Work-related 

Cunningham, T. R., Guerin, R. J., Ferguson, 

J., & Cavallari, J. (2022b). Work‐

related fatigue: A hazard for workers 

experiencing disproportionate 

occupational risks. American Journal 

of Industrial Medicine, 65(11), 913–

925. 

Derebe, B., Alemu, A., & Asfaw, Z. (2025). 

Fuelwood dependence and alternative 

energy sources in Ethiopia: a 

systematic review. Discover 

Sustainability, 6(1), 99. 

Ezzati, M., & Kammen, D. M. (2002). The 

health impacts of exposure to indoor 

air pollution from solid fuels in  

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728
https://doi.org/10.1201/9781351228442
https://doi.org/10.1201/9781351228442
https://doi.org/10.1002/ajim.23325.Work-related
https://doi.org/10.1002/ajim.23325.Work-related


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 
eISSN 2503-2801, pISSN 2985-3435   
 

 294 The Effect of Sleep Quality, Hot Work Climate, and Age on Work Fatigue Through Work Duration 

developing countries: knowledge, 

gaps, and data needs. Environmental 

Health Perspectives, 110(11), 1057–

1068. https://doi.org/10.1289/ehp.021 

101057 

Fatmasari, W. F., & Astuti, D. (2025). 

Hubungan Usia, Status Gizi, dan 

Durasi Kerja dengan Kelelahan Kerja 

pada Pekerja Industri Tahu di 

Wonogiri. JUMANTIK (Jurnal Ilmiah 

Penelitian Kesehatan), 10(2), 227–233. 

Fitriana, N. I. M. (2023). Hubungan Durasi 

Kerja dan Usia Pekerja dengan 

Perasaan Kelelahan Kerja. Jurnal 

Lentera Kesehatan Masyarakat, 2(2), 

53–61. 

Frasie, A., Bertrand-Charette, M., 

Compagnat, M., Bouyer, L. J., & Roy, 

J.-S. (2024). Validation of the Borg 

CR10 Scale for the evaluation of 

shoulder perceived fatigue during 

work-related tasks. Applied 

Ergonomics, 116, 104200. 

Gatterer, H., Dünnwald, T., Woyke, S., 

Faulhaber, M., Schumacher, Y. O., & 

Schobersberger, W. (2024). Low-dose 

carbon monoxide inhalation to 

increase total hemoglobin mass and  

endurance performance: scientific 

evidence and implications. Frontiers in 

Physiology, 15, 1490205. https://doi. 

org/10.3389/fphys.2024.1490205 

Guyton, A. C., & Hall, J. E. (2016). 

Textbook of Medical Physiology (13 

th). Elsevier Saunders. 

Hair, F., J., Hult, G. T. M., Ringle, C. M., & 

Sarstedt, M. (2021). A Primer on 

Partial Least Squares Structural 

Equation Modeling (PLS-SEM) (3rd 

ed.). SAGE Publications Sage UK: 

London, England. 

He, C., Kim, H., Hashizume, M., Lee, W., 

Honda, Y., Kim, S. E., Kinney, P. L., 

Schneider, A., Zhang, Y., & Zhu, Y. 

(2022). The effects of night-time 

warming on mortality burden under 

future climate change scenarios: a 

modelling study. The Lancet Planetary 

Health, 6(8), e648–e657. 

Ishibashi, Y., & Shimura, A. (2024). A 

cross-sectional epidemiological study 

of the relationship between sleep 

duration, quality, and rhythm and 

presenteeism in workers. Nature and 

Science of Sleep, 16, 45–56. https:// 

doi.org/10.2147/NSS.S441235 

Kohyama, J. (2021). Which Is More 

Important for Health: Sleep Quantity 

or Sleep Quality? Children, 7(8), 542. 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728
https://doi.org/10.1289/ehp.021101057
https://doi.org/10.1289/ehp.021101057
https://doi.org/10.3389/fphys.2024.1490205
https://doi.org/10.3389/fphys.2024.1490205
https://doi.org/10.2147/NSS.S441235
https://doi.org/10.2147/NSS.S441235


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 

eISSN 2503-2801, pISSN 2985-3435 
 

 295 Noviyanti (2026) 

https://doi.org/10.3390/children80705

42  

Lachowicz, M. J., Sterba, S. K., & Preacher, 

K. J. (2023). Commentary on effect size 

measures for mediation models. 

Psychological Methods, 28(4), 812–

826. 

Maharani, P., & Nugroho, B. Y. S. (2022). 

Dampak Kelelahan Kerja Dan Kualitas 

Tidur Terhadap Pengaruh 

Produktivitas Kerja Impact Of Work 

Fatigue And Sleep Quality On The 

Influence Of Work Productivity. 

Journal of Industrial Hygiene and 

Occupational Health Vol, 7(1). 

Masson-Delmotte, V., Zhai, P., Pirani, A., 

Connors, S. L., Péan, C., Berger, S., 

Caud, N., Chen, Y., Goldfarb, L., 

Gomis, M. I., Huang, M., Leitzell, K., 

Lonnoy, E., Matthews, J. B. R., 

Maycock, T. K., Waterfield, T., & 

Yelekçi, O., Yu, R., Zhou, B. (Eds. . 

(2021). Summary for policymakers. In: 

Climate change.The physical science 

basis. Contribution of Working Group 

I to the Sixth Assessment Report of the 

Intergovernmental Panel on Climate 

Change. IPCC. IPCC. https://doi. 

org/https://www.ipcc.ch/report/ar6/w

g1/ 

National Safety Council (NSC). (2020). 

Fatigue—you’re more than just tired.. 

Accessed May 22, 2026. https:// 

www.nsc.org/work-safety/safety-topi 

cs/fatigue 

Nurmayanti, D., & Hermiyanti, P. (2024). 

Pengaruh Beban Kerja Fisik, Usia, 

Durasi Kerja, dan Kecukupan Tidur 

terhadap Kelelahan Kerja. Jurnal 

Higiene Sanitasi, 4(2), 43–48. 

Ogbeibu, S., Emelifeonwu, J., Senadjki, A., 

Gaskin, J., & Kaivo-oja, J. (2020). 

Spurring innovation through human 

resource practices: A mediation 

analysis. Journal of Innovation & 

Knowledge, 5(4), 250–262. 

Peng, L., & Chan, A. H. S. (2022). A meta-

analysis of the relationship between 

employee age and occupational 

injuries. Safety Science, 146(105557). 

https://doi.org/10.1016/j.ssci.2021.1055

57  

Peraturan Menteri Ketenagaan Kerja No 5. 

(2018). Permenaker No. 5. tentang 

Keselamatan dan Kesehatan Kerja 

(K3) Lingkungan Kerja. 

Peraturan pemerintah RI NO 35. (2021). 

Perjanjian Kerja Waktu Tertentu, Alih 

Daya, Waktu Kerja Dan Waktu 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728
https://doi.org/10.3390/children8070542
https://doi.org/10.3390/children8070542
https://doi.org/https:/www.ipcc.ch/report/ar6/wg1/
https://doi.org/https:/www.ipcc.ch/report/ar6/wg1/
https://doi.org/https:/www.ipcc.ch/report/ar6/wg1/
https://www.nsc.org/work-safety/safety-topics/fatigue
https://www.nsc.org/work-safety/safety-topics/fatigue
https://www.nsc.org/work-safety/safety-topics/fatigue
https://doi.org/10.1016/j.ssci.2021.105557
https://doi.org/10.1016/j.ssci.2021.105557


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 
eISSN 2503-2801, pISSN 2985-3435   
 

 296 The Effect of Sleep Quality, Hot Work Climate, and Age on Work Fatigue Through Work Duration 

Istirahat, Dan Pemutusan Hubungan 

Kerja. 086142. 

Pu, B., Sang, W., Ji, S., Hu, J., & Phau, I. 

(2024). The effect of customer 

incivility on employees’ turnover 

intention in hospitality industry: A 

chain mediating effect of emotional 

exhaustion and job satisfaction. 

International Journal of Hospitality 

Management, 118, 103665. 

Rochmania, A., Sunaryo, M., Qurrota, A., 

Al, A. Y., & Wijaya, S. (2024). 

Hubungan Usia , Masa Kerja Dan 

Kelelahan Kerja Dengan Keluhan 

Gangguan Otot Rangka Akibat Kerja ( 

GOTRAK ) Pada Pekerja PT . X. 24(2), 

173–183. 

Sadeghniiat-Haghighi, K., & Yazdi, Z. 

(2015). Fatigue management in the 

workplace. Industrial Health, 53(1), 1–

11. 

Salanova, M., & Llorens, S. (2021). 

Technostress and a new burnout 

concept in the digital age. 

International Journal of 

Environmental Research and Public 

Health, 18(14), 7523. 

Sari, C. P., Sulistyorini, A., Marji, M., 

Fanani, E., & Tama, T. D. (2025). 

Hubungan Repetitive Motion, Beban 

Kerja, Shift Kerja, dan Kualitas Tidur 

dengan Kelelahan Kerja pada Petugas 

Aviation Security. National Journal of 

Occupational Health and Safety, 6(1), 

3. 

Savioli, G., Gri, N., Ceresa, I. F., Piccioni, A., 

Zanza, C., Longhitano, Y., Ricevuti, G., 

Daccò, M., Esposito, C., & Candura, S. 

M. (2024). Carbon Monoxide 

Poisoning: From Occupational Health 

to Emergency Medicine. In Journal of 

Clinical Medicine (Vol. 13, Issue 9, p. 

2466). https://doi.org/10.3390/jcm130 

92466 

Sgarbossa, F., Peron, M., & Fragapane, G. 

(2024). No Title. Human-Centric 

Perspectives in Industry 5.0: 

Ergonomics and Safety for an Aging 

Workforce. https://doi.org/10.1016/j. 

ijpe.2023.109112 

Shiri, R., Turunen, J., Kausto, J., Leino-

Arjas, P., Varje, P., Väänänen, A., & 

Ervasti, J. (2022). The effect of 

employee-oriented flexible work on 

mental health: a systematic review. 

Healthcare, 10(5), 883. 

Staudinger, U. M., Finkelstein, L. M., & 

Calvo, E. (2022). Age and work: A 

review and agenda for future research. 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728
https://doi.org/10.3390/jcm13092466
https://doi.org/10.3390/jcm13092466
https://doi.org/10.1016/j.ijpe.2023.109112
https://doi.org/10.1016/j.ijpe.2023.109112


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 

eISSN 2503-2801, pISSN 2985-3435 
 

 297 Noviyanti (2026) 

Journal of Applied Psychology, 107(11), 

1981–2010. 

Suharmawati, E., Jumakil, K, S., & 

Saptaputra. (2025). Hubungan Durasi 

Kerja , Beban Kerja , Kualitas Tidur , 

Sikap Kerja , dan Kebiasaan Merokok 

dengan Kejadian Kelelahan Kerja pada 

Pekerja di PT . Galangan Kapal 

Bontuni Tirtamas Kota Kendari Tahun 

2024 The Relationship between Work 

Duration , Workload , Sle. Jurnal 

Kendari Kesehatan Masyarakat 

(JKKM), 4(3). 

Suma’mur, P. K. (2023). Higiene 

Perusahaan dan Kesehatan Kerja 

(Hiperkes) (3rd ed.). Penerbit Buku 

Kedokteran EGC. 

Sunaryo, M., & Ratriwardhani, R. A. 

(2022). The effect of workload and 

length of work on the occurrence of 

fatigue in workers in the informal 

industry. Bali Medical Journal, 11(1), 

310–314. 

Susanti, A. D., & Purnawan, N. P. (2025). 

Uji Kadar Karboksihemoglobin 

(COHb) Darah pada Pekerja Pabrik 

Arang Mekar Jaya Abadi Kota 

Semarang. Jurnal Ilmiah Farmasi 

Terapan & Kesehatan, 3(3), 1–11. 

Tarwaka. (2022). Dasar-Dasar 

Keselamatan Kerja dan Kesehatan 

Kerja di Tempat Kerja. Harapan Press. 

Tord Kjellstrom, Briggs, D., Freyberg, C., 

Lemke, B., Otto, M., & Hyatt, O. 

(2016). Heat, Human Performance, and 

Occupational Health: A Key Issue for 

the Assessment of Global Climate 

Change Impacts. Annual Review of 

Public Health, 37. https://doi.org/ 

10.1146/annurev-publhealth-032315-

021740 

Undang-Undang RI. (1970). Undang-

Undang Republik Indonesia Nomor 1 

Tahun 1970Tentang Keselamatan 

Kerja. 14,1–20. https://jdih.kemnaker 

.go.id/ 

van Elk, F., Loef, B., Proper, K. I., Burdorf, 

A., Robroek, S. J. W., & Oude Hengel, 

K. M. (2024). Sleep quality, sleep 

duration, and sleep disturbances 

among hospital night workers: a 

prospective cohort study. 

International Archives of 

Occupational and Environmental 

Health, 97(2), 179–188. 

Wang, H., Ding, H., & Kong, X. (2023). 

Understanding technostress and 

employee well-being in digital work: 

the roles of work exhaustion and 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728
https://doi.org/10.1146/annurev-publhealth-032315-021740
https://doi.org/10.1146/annurev-publhealth-032315-021740
https://doi.org/10.1146/annurev-publhealth-032315-021740
https://jdih.kemnaker.go.id/
https://jdih.kemnaker.go.id/


Jurnal Kesehatan Komunitas Indonesia (JKKI) 
Volume 6 Issue 2, August 2026, pp 267-298 
https://ebsina.or.id/journals/index.php/jkki 
eISSN 2503-2801, pISSN 2985-3435   
 

 298 The Effect of Sleep Quality, Hot Work Climate, and Age on Work Fatigue Through Work Duration 

workplace knowledge diversity. 

International Journal of Manpower, 

44(2), 334–353. 

Wijaya, A., & Saputra, R. (2022). Pengaruh 

faktor demografi terhadap kelelahan 

kerja (work fatigue) pada karyawan 

sektor industri. Jurnal Psikologi 

Industri Dan Organisasi,11(2), 145–158.  

Wilkinson, P., Smith, K. R., Joffe, M., & 

Haines, A. (2007). A global perspective 

on energy: health effects and injustices. 

The Lancet, 370(9591), 965–978. 

https://doi.org/10.1016/S0140-6736(07) 

61252-5 

Yamin, S. (2023). Olah Data Statistik 

SMARTPLS 3, SMARTPLS 4, AMOS 

& STATA (Mudah & Praktis) (3rd 

ed.). Dewangga Energi Internasional 

Publishing. 

Yoshida, A., Asakura, K., Imamura, H., 

Mori, S., Sugimoto, M., Michikawa, T., 

& Nishiwaki, Y. (2024). Relationship 

between working hours and sleep 

quality with consideration to effect 

modification by work style: a 

community-based cross-sectional 

study. Environmental Health and 

Preventive Medicine, 29, 19. 

Zhao, Y., Wang, X., & Liu, T. (2024). 

Correlations between empathy 

fatigue, occupational identity, and 

sleep quality in nursing staff: A cross-

sectional study. Frontiers in Public 

Health, 12, 1401044. 

https://ebsina.or.id/journals/index.php/jkki
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1458721910&1&&2016
https://issn.brin.go.id/terbit/detail/20230109200860728
https://doi.org/10.1016/S0140-6736(07)61252-5
https://doi.org/10.1016/S0140-6736(07)61252-5

	Noviyanti1*, Leni Utami1, Jamal1, Ujang Amir1, Raja Desti Rahma Pratiwi1, Rifdah Wafiyana1, Cut Putri Afsyarina Plangi Azza1, Sherly Cahya Asyura1
	1. BACKGROUND
	2. METHODS
	3. RESULTS
	4. DISCUSSION
	5. CONCLUSION

