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ABSTRACT

Introduction: The textile industry is a large industry with millions of workers, harboring the hidden danger of occupa-
tional fatigue. Work in the textile industry is physically and mentally demanding, with long working hours, non-ideal 
working conditions and low wages. The impact is not only felt by workers, but also employers and society at large. 
Materials and methods: This study examined the association between lactic acid and occupational fatigue among 
96 textile workers. Data analysis used simple linear regression analysis to test the relationship between lactic acid 
and work fatigue without controlling for other variables, multiple regression analysis to test the relationship between 
lactic acid and work fatigue with controlling for other variables, and constructing a regression model for the categori-
zation of work fatigue based on lactic acid. Significance level using α = 0.05, calculation using SPSS software version 
27. Results: An analysis of the relationship between lactic acid levels and fatigue in 96 respondents showed a signif-
icant positive relationship between lactic acid levels and fatigue (p < 0.001). This relationship remained significant 
after controlling for control variables. The control variables did not show a significant association with occupational 
fatigue (p > 0.05). The categories of fatigue based on lactic acid levels and IFRC scores were Low (< 23.7 mg/dL), 
Moderate (> 23.7 - 34.7 mg/dL), High (> 34.7 - 45.8 mg/dL), and Very High (45.8 mg/dL). Conclusion: The study 
identified a positive correlation between lactic acid and occupational fatigue, and categorized occupational fatigue 
based on lactic acid levels.
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INTRODUCTION

The textile industry, with millions of workers globally, 
often presents harsh and challenging working conditions. 
Long working hours, non-ideal working conditions, and 
low wages, as discussed by Li (1), has the potential to 
trigger significant job burnout for its workers (2). The 
impact of job burnout is not only felt by workers, but 
also by employers and society at large, as affirmed by 
Dahlan & Widanarko (3). Research on occupational 
fatigue in the textile industry is important to understand 
and address it, given its wide-ranging and complex 
impact (4). 

Occupational fatigue in textile industry workers can have 
various negative consequences for their health, safety 
and productivity. The risk of occupational accidents, 
injuries, and chronic diseases such as diabetes, heart 

disease, and stroke increases, as stated by Dahlan & 
Widanarko (3). Fatigue can also reduce productivity and 
quality of work, resulting in losses for the company. In 
addition, fatigue can lead to stress, anxiety, depression, 
and burnout, and disrupt workers' social and family 
lives (5). For employers, occupational fatigue can lead 
to reduced productivity and quality of work, resulting 
in financial losses(6). Increased employee absenteeism, 
turnover, and increased healthcare costs for the company 
as exhausted workers are more susceptible to illness and 
injury (7,8), is another consequence that must be borne.
Occupational fatigue, a problem faced by many 
industries, has been the focus of research. However, 
many of these studies utilize subjective assessments, 
where the level of job fatigue is measured based on the 
perceptions and experiences of individual workers. The 
main drawbacks of these subjective assessments are 
non-objectivity, difficulty of interpretation, and limited 
generalizability. 

Various studies in different countries have been 
conducted to measure job fatigue. In China, the 
Fatigue Assessment Scale for Construction Workers 
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(FASCW) was used to measure occupational fatigue in 
construction workers. The scale assesses three aspects: 
physical fatigue, mental fatigue, and discomfort. 
The effectiveness of the FASCW was evident with a 
significant increase in the mean fatigue score (9). Other 
studies in China and Bangladesh have also used different 
measurement tools to measure job burnout in employees 
of tech giants and garment workers (10,11). In Poland, 
the Polish Adapted Checklist Individual Strength (CIS) 
was used to measure chronic fatigue in lecturers. The 
results showed a strong association between stress from 
a demanding work environment and chronic fatigue 
(12). In Indonesia, the study used a survey method with 
the International Fatigue Research Committee (IRFC) 
questionnaire to determine the level of occupational 
fatigue in goldsmiths. The results showed that 60% of 
goldsmiths experienced moderate job fatigue, 20% 
experienced low job fatigue, and 20% experienced high 
job fatigue (13).  

Many previous studies have used subjective measurement 
tools to assess job fatigue. These measurement tools 
have several advantages, such as being easy to use, 
inexpensive, and can provide information about 
workers' perceptions and experiences. However, they 
also have disadvantages, such as being prone to bias 
and not being able to objectively measure the true level 
of fatigue. Therefore, a new approach is needed that 
combines subjective and objective assessments to gain 
a more thorough understanding of job fatigue.

This study aims to analyze the relationship between 
lactic acid levels as an objective biomarker of fatigue, 
and subjective work fatigue measured using the IFRC 
questionnaire. It also aims to develop a linear regression 
model to predict lactic acid levels from subjective 
work fatigue and to categorize work fatigue based on 
lactic acid levels. This research is important because it 
makes several contributions, namely: providing a more 
comprehensive understanding of occupational fatigue, 
developing more objective and accurate occupational 
fatigue measurement tools, helping to formulate 
more effective occupational fatigue prevention and 
intervention strategies, making new contributions to 
occupational health science and ergonomics, improving 
the health, safety, and productivity of textile industry 
workers, and providing benefits to employers and 
society at large. 

The uniqueness of this research lies in combining 
objective and subjective methods to measure job 
fatigue, developing a linear regression model to predict 
lactic acid levels, and developing job fatigue categories 
based on lactic acid levels. The expected impact of this 
research is to help formulate more effective policies and 
programme to prevent occupational fatigue, increase 
awareness of the importance of occupational health and 
safety in the textile industry, and contribute to improving 
the quality of life of workers and society.

MATERIALS AND METHODS 

Research Design
This study used a cross-sectional design, which is a type 
of analytical observational research that observes the 
relationship between lactic acid and fatigue variables 
at one time without manipulating the variables. Data 
were collected from a sample of textile industry workers 
simultaneously and analyzed to see the relationship 
between variables.

Population and Samples
The population of this study was all textile industry 
workers of PT Iskandar Indah Printing Tekstil in Surakarta, 
Central Java, Indonesia, totaling 700 people. The 
minimum sample size was determined representatively 
using the Slovin formula by considering a 10% drop-out 
probability. The calculation is as follows:

n = N
( 1+ N (e)2)

= 87.5700
(1+700 (0.1)2)

=

To minimise drop-outs in (10%) due to incomplete data, 
the minimum sample size is: 
n'=n/(1-f) = 87.5/(1-0.1) = 97.2 ⁓ 98 people.  

Research Variables
The dependent variables were lactic acid levels, 
measured by blood tests (mg/dL) and work fatigue, 
measured using an IFRC questionnaire (score 30-120). 
Control variables were age (years), gender (male/female), 
body mass index (BMI) (kg/m2), systolic blood pressure 
(mmHg), diastolic blood pressure (mmHg), pulse rate 
(bpm), and blood sugar level (mg/dL).

Data Collection
Data collection was conducted in several stages, namely:
1. Explanation of the study. The researcher explained 
the purpose of the study to the workers and sought their 
consent to participate.
2. Blood sampling. Blood samples were taken from 
workers by competent health personnel.
3. Questionnaire completion. Workers are asked to 
complete the IFRC questionnaire.
4. Measurement of control variables. Control variables 
were measured according to the predetermined 
instruments.

Data Analysis
Data analysis uses three types, namely: 
1. Simple linear regression analysis: Analyzed the 
relationship between lactic acid levels and subjective 
fatigue without controlling for other variables. 
2. Multiple regression analysis. Analyzing the 
relationship between lactic acid levels and subjective 
job fatigue by controlling the control variables. 
3. Regression modelling. Develop a regression model to 
categorize work fatigue based on lactic acid levels. 
The significance level used was α = 0.05 and the 
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calculation of statistical analysis using SPSS software 
version 27.

Ethical Clearance
This study has received ethical approval from the Dr. 
Moewardi Health Research Ethics Committee with letter 
number: 933/IV/HREC/2024, dated 06 April 2024.

RESULTS 

Data Analysis Process
Of the 98 data obtained, two outliers were identified 
in data numbers 1 and 45 through Box Plot analysis 
of unstandardized residuals (Figure 1). Both data were 
removed, and then simple regression analysis and 
multiple linear regression analysis were conducted.

Figure 1: Outliers

The relationship between lactic acid levels and 
subjective job fatigue
A simple linear regression analysis was used to test 
the relationship between lactic acid levels and fatigue 
without taking into account the control variables. The 
results of this simple linear regression test can be seen 
in Table II.

Statistical description
This study involves several variables, namely 
independent variables, dependent variables, and control 
variables. Lactic acid is the independent variable that 
was tested for its effect on fatigue (dependent variable). 
To strengthen the results, several control variables were 
included, namely age, body mass index, gender, systolic 
blood pressure, diastolic blood pressure, pulse rate, and 
blood sugar level. The descriptive statistical results of 
this study are presented in Table I. 

Table I: Descriptive statistics (N = 96)

Variable Mean±SD n %

Occupational Fatigue (score) 41.5±7.7

Lactic acid levels (mg/dL) 18.3±9.5

Age (Years) 58.6±7.7

Body Mass Index (kg/m2) 25.4±3.8

Gender

  Male 55 57.3

  Female 41 42.7

Systolic Blood Pressure (mmHg) 144.8±17.1

Diastolic Blood Pressure 
(mmHg)

88.7±6.2

Pulse Rate (beats/minute) 90.4±13.2

Blood Sugar Levels (mg/dL) 115.1±35.6

Table II: Test results of the relationship between lactic acid 

levels and subjective work fatigue

Variables B t p

95% Confidence 
Interval for B

Lower 
Bound

Upper 
Bound

Constant 35.566

Lactic acid 
content

0.322 4.195 0.000
0.170 0.475

F = 17.597 0.000

R Square = 0.158

Dependent Variable: Work Fatigue

Analyze the relationship between lactic acid levels and 
subjective work fatigue
Analyze the relationship between lactic acid levels and 
subjective fatigue using multiple linear regressions. 
Multiple linear regression analysis, as a parametric 
statistical method, requires classical assumption testing 
to ensure valid results. In cross-sectional data, these 
tests include normality, linearity, multicollinearity, 
and heteroscedasticity tests. The normality test on 
unstandardized residual data showed a p-value = 
0.279 (p > 0.05) with the Kolmogorov-Smirnov test 
of the Monte Carlo method, indicating that the data 
was normally distributed. A linearity test using test for 
linearity showed a linear relationship (p > 0.05) for 
all variables, namely lactic acid (p = 0.789), age (p = 
0.334), BMI (p = 0.952), systolic blood pressure (p = 
0.750), diastolic (p = 0.786), pulse rate (p = 0.758), and 
blood sugar (p = 0.468). Multicollinearity test results 
showed no multicollinearity problem in all variables 
because the variance inflation factor (VIF) value was 
< 10 for lactic acid (VIF = 1.056), age (VIF = 1. 060), 
BMI (VIF = 1.222), gender (VIF = 1.081), systolic blood 
pressure (VIF = 1.296), diastolic blood pressure (VIF = 
1.354), pulse rate (VIF = 1.208), and blood sugar (VIF 
= 1.159). Glejser test results showed no symptoms of 
heteroscedasticity in all variables, with p-value > 0.05 
for lactic acid (p = 0.161), age (p = 0.290), BMI (p = 
0.063), gender (p = 0.859), systolic blood pressure (p = 
0.933), diastolic blood pressure (p = 0.392), pulse rate 
(p = 0.479), and blood sugar (p = 0.060).

After fulfilling the classical assumptions, this study 
conducted multiple linear regression analysis to 
examine the relationship between lactic acid levels and 
fatigue, controlling for the effects of age, body mass 
index, gender, systolic blood pressure, diastolic blood 
pressure, pulse rate, and blood sugar levels. The results 
of the analysis are presented in Table III.
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Figure 2: Modeling the Relationship between Work Fatigue and 
Blood Glucose Levels

Description of Figure 2:
y = blood sugar levels 
x = subjective job fatigue

The subjective work fatigue category boundaries based 
on the sum of the IFRC response scores were low work 
fatigue (< 52.5), moderate work fatigue (> 52.5 - 75), 
high work fatigue (> 75 - 97.5), and very high work 
fatigue (> 97.5). The score boundaries of 52.5, 75, and 
97.5 on subjective job fatigue were used to predict 
blood sugar level categories (Table IV) and job fatigue 
categories based on job fatigue scores and blood sugar 
levels (Table V).

Based on Table III, the ANOVA test results show that 
simultaneously all independent variables have a 
significant effect on fatigue (F = 2.306; p = 0.027). In 
multiple linear regression analyses, controlling for control 
variables, there is a significant positive relationship 
between lactic acid and fatigue. This is evidenced by the 
regression coefficient (B) values of 0.335 and p value < 
0.001. This means that when lactic acid levels increase 
by 1 unit, fatigue is predicted to increase by 0.335 
units, assuming the control variables are constant. The 
constant value of 22.711 indicates the average value of 
work fatigue when all control variables are 0. Control 
variables do not have a significant relationship (p value 
> 0.05) to work fatigue, namely for age, BMI, gender, 
systolic blood pressure, diastolic blood pressure, pulse 
rate, and blood sugar. 

Table III: Multiple linear regression analysis results

Variables B t p

95% Confidence 
Interval for B

Lower 
Bound

Upper 
Bound

Constant 22.711

Lactic Acid Level 0.335 4.125 0.000 0.174 0.497

Age 0.022 0.279 0.781 -0.135 0.179

Body Mass Indeks 0.023 0.107 0.915 -0.405 0.451

Gender 0.257 0.165 0.870 -2.852 3.367

Systolic Blood 
Pressure

0.043 0.864 0.390 -0.056 0.142

Diastolic Blood 
Pressure

0.032 0.228 0.820 -0.245 0.309

Pulse Rate 0.007 0.117 0.907 -0.117 0.131

Blood Sugar 
Levels

0.007 0.326 0.745 -0.038 0.052

F 2.306 0.027

Adjusted R 
Square

0.175

Dependent Variable: Work Fatigue

After all control variables were taken into account, 
regression models and relationship graphs of subjective 
job fatigue (sum of IFRC response scores) were created 
to predict blood sugar levels based on subjective job 
fatigue. These regression models and relationship 
graphs were used to create job fatigue categories 
based on blood sugar levels. The regression model and 
relationship graph were created using Microsoft Excel 
(Figure 2).

Table IV: Predicted blood sugar levels based on subjective 
job fatigue score

Regression 
Coefficient

Occupational 
fatigue score 

(∑ score)
Constant Model

Blood sugar 
level predic-
tion (mg/dL)

0.4892 52.5 1.9462
= 0.4892 
x 52.5 - 
1.9462

23.7

0.4892 75.0 1.9462
= 0.4892 
x 75.0 - 
1.9462

34.7

0.4892 97.5 1.9462
= 0.4892 
x 97.5 - 
1.9462

45.8

Table V: Work fatigue categories based on work fatigue 
scores and blood sugar levels

Subject: Job 
fatigue score (∑ 

score)

Predicted blood 
sugar levels (mg/dL) Categories of job fatigue

 < 52.5 < 23.7 Low work fatigue 

52.5 - 75.0 > 23.7 - 34.7 Moderate work fatigue

> 75.0 - 97.5 > 34.7 - 45.8 High work fatigue

97.5 45.8 Very high work fatigue

DISCUSSION

Lactic acid (C
3
H6O

3
) is often misunderstood as a useless 

waste product of metabolism. However, the reality is 
that lactic acid is much more than that. Lactic acid is an 
important compound that plays a crucial role in various 
bodily functions (14). Lactic acid is naturally produced 
by muscles and red blood cells when the body is 
deprived of oxygen during strenuous physical activity. It 
functions not only as a source of energy, but also plays a 
role in pH regulation and glucose formation (15). When 
the body is deprived of oxygen, such as during intense 
exercise, muscles and other organs switch to anaerobic 
metabolism to produce energy. This process produces 
lactic acids as a by-product (16). This lactic acid can 
then be utilized as an energy source by muscles and 
other organs, allowing the body to continue its activities 
despite the lack of oxygen (17). 

Lactic acid does play an important role in maintaining 
pH balance in the body by forming lactate buffers that 
help neutralize acids, prevent acidosis and optimize 
organ function(10). Furthermore, lactic acid is not just a 
waste product but an essential component of the lactic 
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acid cycle, also known as the Cori cycle, where it is 
transferred from muscle to the liver via the bloodstream 
to be converted back into glucose via gluconeogenesis 
(18). This regenerated glucose can then be released into 
the bloodstream to serve as an energy source for various 
organs, highlighting the dynamic role of lactic acid in 
energy metabolism and pH regulation within the body 
(10,18). 

Lactic acid, a by-product of anaerobic glycolysis, 
plays an important role in various metabolic pathways. 
It can serve as an energy source for muscles and 
organs, be converted back to glucose in the liver via 
gluconeogenesis, and be excreted through sweat 
and urine (19). In addition, lactic acid contributes to 
maintaining the body's pH balance by forming lactate 
buffers that neutralize acids, prevent acidosis and support 
optimal organ function (19). The Cori cycle describes 
how lactic acid produced in muscles is transported to 
the liver, where it is converted back into glucose for 
energy production in other organs, highlighting the 
dynamic role of lactic acid beyond being a mere waste 
product (19).

In the results of this study, controlling for several control 
variables, there is a relationship between lactic acid 
and work fatigue as evidenced by using multiple linear 
regression analysis, showing that there is a significant 
positive relationship between lactic acid and work 
fatigue, as indicated by the regression coefficient 
(B) value of 0.330 and a significant p value < 0.001); 
meaning that every increase of one unit of lactic acid is 
predicted to increase work fatigue by 0.330 units, with a 
constant value of 25.926. The multiple linear regression 
analysis also found that the control variables, namely 
age, BMI, gender, systolic blood pressure, diastolic 
blood pressure, pulse rate, and blood sugar, did not have 
a significant influence on work fatigue as indicated by p 
values greater than 0.05 for all control variables. Based 
on the results of the analysis, it can be concluded that 
lactic acid has a significant positive relationship with 
fatigue, and the control variables tested do not have a 
significant influence on fatigue.

Lactic acid is associated with occupational fatigue. 
Occupational fatigue is a condition of physical, mental, 
and emotional exhaustion experienced by workers due 
to excessive work demands. These conditions can have 
a significant impact on workers' health, productivity 
and safety. Some of the factors that cause job burnout 
are excessive workload due to high job demands, long 
working hours, and tight deadlines can cause physical 
and mental fatigue; lack of control over work due to lack 
of autonomy and flexibility in work; unsupportive work 
environment such as noisy environment; interpersonal 
conflicts with colleagues or superiors. Work fatigue can 
lead to decreased productivity due to decreased focus, 
concentration, and ability to complete tasks; increased 
risk of accidents due to decreased alertness and decision-

making ability; health problems such as headaches, 
insomnia, depression, and cardiovascular disease; and 
increased employee turnover because it can encourage 
workers to look for other jobs that are lighter. The results 
of a study by Hidayah, on construction workers showed 
a difference in the average work fatigue based on 
lactic acid levels between before work (0.263 mmol/L) 
and after work (0.883 mmol/L) which was statistically 
significant (p = 0.001), this indicates that intensive and 
repetitive work activities without sufficient recovery 
time can increase lactic acid levels because it inhibits 
energy supply from aerobic enzyme systems in muscle 
cells (20), and if the lactic acid level is converted to mg/
dL, the average before work is 4.7 mg/dL and after work 
is 15.9 mg/dL (21). 

During strenuous physical activity, when oxygen 
availability is limited, muscles produce lactic acid as 
an alternative energy source, potentially leading to 
occupational fatigue through various mechanisms. 
Research shows that the accumulation of lactic acid 
in muscles can lead to aches, pains and fatigue (22). 
In addition, the nature of lactic acid can disrupt the 
pH balance in muscles, affecting muscle function and 
contributing to fatigue (23). In addition, lactic acid 
build-up can indeed impair energy metabolism, reduce 
muscle strength, endurance, and increase fatigue, as 
highlighted in the literature (24). Additionally, the 
impact of lactic acid on the nervous system can lead 
to mental fatigue and concentration difficulties, further 
exacerbating the overall fatigue experienced by the 
individual (24). This physical fatigue caused by lactic 
acid accumulation can also affect sleep quality, inhibit 
the body's recovery process and perpetuate fatigue levels 
(24). Understanding the diverse influences of lactic 
acid on work-related fatigue and physical performance 
is critical, as it underscores the interconnectedness 
of metabolic, neuromuscular and cognitive aspects 
in determining overall well-being and performance 
outcomes.

The results of previous research indicate the 
existence of occupational fatigue using the Industrial 
Fatigue Research Committee (IFRC) of the Japanese 
Association of Industrial Health in various types of 
work, including in tile-making workers, informing that 
increased excessive physical activity in tile-making 
workers increases the production of lactic acid, which 
inhibits the work of enzymes, interferes with chemical 
reactions, and weakens muscle contractions, thus 
causing occupational fatigue (25). The results of the 
study on the roof tile makers informing lactic acid as 
an indicator of occupational fatigue showed the mean 
value of lactic acid levels in the blood of 2.79 ± 0.71 
mmol / L or 27.9 ± 7.1 mg / dL and through the chi-
square test, the factors causing occupational fatigue that 
are significantly related (p < 0.05) are gender, marital 
status, education level, medical history, type of work, 
alcohol consumption habits, smoking habits, and work 
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stress (26). Another study on home industry workers 
showed a significant (p < 0.001) and very strong (r = 
0.939) relationship between workload and job fatigue 
in Sumpia, Bidaran, and Tempe home industry workers 
in Surabaya (27). Research on tyre patchers, showed 
that using the pulse per minute indicator, workers 
experiencing very high (25.3%), high (56.8%), medium 
(16.2%, and low (2.7%) workloads were statistically 
associated with work fatigue as shown by Pearson's Chi-
Square test with a p-value = 0.004 (25). The length of 
work also aggravates the workload, shown by research 
on office and field workers by working more than 8 
hours per day causing 80% of workers to experience 
job fatigue and statistically associated with job fatigue 
shown by the Chi-Square test with a p value = 0.015 and 
OR = 6.0 (28).

In these studies, there is no study that correlates lactic 
acid levels and subjective job fatigue using the Industrial 
Fatigue Research Committee (IFRC), and there is also 
no study that informs the category of job fatigue based 
on lactic acid. Thus, the difference in the results of this 
study is that it proves the existence of a correlation 
between lactic acid levels and subjective job fatigue 
using the Industrial Fatigue Research Committee (IFRC) 
as indicated by a partial relationship after controlling for 
several control variables (p < 0.001; B = 0.335, 95% CI: 
0.174-0.497), and the findings of job fatigue categories 
based on lactic acid levels, namely: Low work fatigue (< 
23.7 mg/dL), Moderate work fatigue (> 23.7 - 34.7 mg/
dL), High work fatigue (> 34.7 - 45.8 mg/dL), and Very 
High work fatigue (45.8 mg/dL).

CONCLUSION

This study found that there is a positive correlation 
between lactic acid levels and subjective work fatigue 
(IFRC) after controlling for control variables (p < 0.001; 
B = 0.335, 95% CI: 0.174-0.497) and the categories of 
work fatigue based on lactic acid levels are Low (< 23.7 
mg/dL), Moderate (> 23.7 - 34.7 mg/dL), High (> 34.7 - 
45.8 mg/dL), and Very High (45.8 mg/dL). These findings 
may provide new evidence on the relationship between 
lactic acid and work fatigue and assist in identifying and 
categorizing work fatigue based on lactic acid levels. 
The information from this study is useful for developing 
prevention and intervention strategies for occupational 
fatigue and improving workers' health and safety.
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