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ABSTRACT

Background: Although many studies have been conducted on worker fatigue and sickness 
absence, the association between fatigue and sickness absence is unclear in Korean workers. 
This study was conducted to investigate the effect of worker fatigue on future sickness absence.
Methods: The study was conducted on workers who received medical check-ups at a 
university hospital for two consecutive years (2014–2015). During check-ups in the first year, 
the Fatigue Severity Scale (FSS) was used to assess fatigue levels, and during check-ups in 
the second year, sickness absence was surveyed to determine whether they had been absent 
from work due to physical or mental illness during previous 12 months. The χ2 test was used 
to analyze relationships between sociodemographic and occupational characteristics, fatigue 
levels, and sickness absence. Odds ratios (ORs) were calculated by logistic regression analysis 
controlled for confounding factors.
Results: A total of 12,250 workers were included in the study, and 396 (3.2%) workers 
experienced more than one day of sickness absence during the study period. Adjusted ORs 
for sickness absence were 3.35 (95% confidence interval [CI]: 2.64–4.28) in the moderate-
fatigue group and 6.87 (95% CI: 4.93–9.57) in the high-fatigue group versus the low-fatigue 
group. For men in the moderate- and high-fatigue groups, adjusted ORs for sickness 
absence were 3.40 (95% CI: 2.58–4.48) and 8.94 (95% CI: 6.12–13.07), and for women in the 
moderate- and high-fatigue groups, adjusted ORs for sickness absence were 2.93 (95% CI: 
1.68–5.10) and 3.71 (95% CI: 1.84–7.49), respectively.
Conclusions: Worker fatigue is associated with sickness absence during the following 12 
months, and this association appears to be stronger for men than women. These results 
support the notion that sickness absence can be reduced by evaluating and managing work-
related fatigue.
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BACKGROUND

Fatigue is a daily experience of lack of rest or exhaustion due to physical activity1 and is 
broadly defined as “a feeling of malaise, tiredness, or lack of energy.” In the US, 38% of the 
workforce has been reported to suffer from work-related fatigue, manifesting as a subjective 
feeling of fatigue, reduced work efficiency, and changes in biological functions.2
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Fatigue affects the risks of disease development and progression in many ways. Recently, 
relationships between fatigue and cardiovascular disease risk factors were reported, and 
heart rate variability analysis revealed an association between work-related fatigue and 
changes in cardiac autonomic nerve function and reduced sympathetic and parasympathetic 
nerve functions.3 In addition, fatigue affects chronic disease development and treatment 
efficacy,4 and one study showed that fatigue in patients with end-stage renal disease reduces 
time to the onset of heart disease.5

Fatigue can also reduce job and technical performance, increase social burdens and cause 
economic and social losses.6 One study concluded that work-related accidents are more 
common among workers who felt fatigued,7 and another suggested that worker fatigue is a 
major cause of worker absenteeism and turnover.8

Sickness absence is a condition caused by disease, whether physical, mental, or social in 
origin, that prevents individuals working,9 and is used as an indirect indicator of worker 
health status and company productivity.10 Sickness absence is a major public health issue, and 
is importance for both workers and employers.11 In a study of 7,495 workers at 40 companies, 
fatigue was related to less time to first sick leave and a higher risk of prolonged sickness 
absence.6 In a cohort of 2,059 Norwegian nurses, higher fatigue levels were associated with 
increased sickness absence.12

Many cross-sectional studies have addressed the relationship between fatigue and sickness 
absence in specific occupational groups, but no Korean study has addressed the association 
between worker fatigue and future sickness absence. Therefore, we analyzed the relationship 
between fatigue and future sickness absence in a Korean cohort.

METHODS

Data and study population
According to the Korean Occupational Safety and Health Act, each employee should 
undergo annually a health examination provided by their employer. Among the subjects 
that underwent a general check-up in 2014, we selected those who received examinations 
at workplaces contracted with a hospital. The first survey was conducted in 2014, and the 
second in 2015. Data collection by questionnaire was conducted twice with a 12-month 
interval on the same participants. Workers who received a medical check-up in 2014 were 
required to complete a Fatigue Severity Scale (FSS) questionnaire, and in 2015 the same 
workers were surveyed to determine whether or not they had been absent from work due 
to sickness during the previous 12 months. Of the 12,577 workers that received a medical 
check-up in 2014, 12,250 were included in the analysis. Exclusions were due to; follow-up loss 
(n = 27), failure to attend an underlying disease investigation (n = 1), and those who did not 
belong to the companies that contracted with the hospital and have personally conducted 
medical check-ups (n = 299) (Fig. 1).

All participants completed a self-report questionnaire about individual and 
sociodemographic variables and psychosocial work environment characteristics. Nurses and 
doctors helped workers when they experienced difficulties. This study was approved by the 
Institutional Review Board (IRB) of Inha University Hospital (IRB approval number: 2023-04-
007). The IRB has reviewed and approved the study design.
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Fatigue assessment
Fatigue levels were assessed during 2014 medical check-ups using a self-completed FSS. 
The FSS was a tool developed by Krupp et al.13 to evaluate fatigue levels that are difficult to 
evaluate objectively. This study used the Korean version of the FSS developed by Chung et al. 
and the fatigue assessment and management guidelines in the Korea Occupational Safety 
& Health Agency guide H-91–2021.14 In the study of Krupp et al.,13 Cronbach’s α at the time 
of development was 0.89, and in the study of Chung et al.,14 Cronbach’s α was 0.94. The FSS 
comprises nine items that address fatigue, its severity, and its effects on daily activities, and 
scores Fatigue intensity for each item. Answers are scored using a seven-point Likert scale, on 
which 1 means ‘strongly disagree’ and 7 means ‘strongly agree.’ Thus, scores can range from 
9 to 63, where higher scores indicate greater fatigue severity. Individuals with an FSS score of 
< 27 were assigned to a low-fatigue group, those with a score of 27 to 44 to a moderate-fatigue 
group, and those with a score of ≥ 45 to a high-fatigue group.15

Sickness absence
In 2015, a survey was conducted to determine whether individuals had been Sickness absence 
from work during the previous 12 months. Absences were defined as being absent from the 
workplace and not working. Sickness absence was defined as absence due to physical or 
mental illness, excluding occupational injury. To assess sickness absence, individuals were 
asked to reply “Yes or No” to the question, “Have you been absent for more than one day due 
to physical or mental disease caused or aggravated by work, excluding occupational injury, 
during the past year?”.

Other variables
The sociodemographic characteristics included in the analysis were sex, age (classified in 10-year 
units), smoking history, alcohol consumption, and underlying diseases. Smoking history was 
divided into non-smokers, past smokers, and current smokers, and alcohol consumption was 
divided into 0–2 times a week, 3–4 times a week, or 5–7 times a week. Underlying diseases were 
determined based on responses to a questionnaire during the national general health examination 
and included stroke, myocardial infarction/angina, hypertension, diabetes, hyperlipidemia, 
pulmonary tuberculosis, and other diseases. Those diagnosed with a disease at a hospital or clinic 
were asked to respond appropriately to the questionnaire; duplicate entries were allowed. People 
with one or more underlying diseases were assigned to an underlying disease group.
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Baseline in 2014
• 12,577 workers

Follow-up in 2015
• 12,549 workers

Finally, included
• 12,250 workers

Follow-up loss 
• 27 workers (sickness absence) 
• 1 workers (underlying disease)

Excluded (people not affiliated with a company)
• 299 workers

Fig. 1. Flow chart of study population.



In addition, variables related to occupational characteristics were included. Industry types 
were classified according to the 10th revised classification of the Korea Standard Industry 
Code of the National Statistical Office, which systematically classifies activities performed by 
production unit type (e.g., business unit, corporate unit). All participants provided informed 
consent regarding the use of personal information.

Statistical analysis
The χ2 test was used to determine whether fatigue and potential confounders were associated 
with sickness absence (the outcome variable). Logistic regression analysis was used to 
investigate the association between fatigue and sickness absence. In the multivariate logistic 
regression analysis, we corrected for confounders that appeared to affect the outcome 
variables and independent variables through prior research and preliminary review. Adjusted 
ORs and CIs were obtained using the fully adjusted model. In addition, supplemental 
stratified analysis was conducted on men and women because a previous study reported that 
sex influences sickness absence.16 The analysis was performed using the Statistical Package 
for the Social Science (SPSS) for Windows version 25.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Demographic characteristics of the study participants according to sickness 
absence
Table 1 shows relationships between the characteristics of the 12,250 study participants 
and sickness absence and the prevalence of sickness absence according to demographic 
characteristics. Men comprised 75.8% of the participants, and those in their 30s and 40s 
accounted for 59.3%, 41.8% were non-smokers, and 82.8% drank alcohol 0–2 times a week. 
Regarding underlying diseases, 83.0% of the participants had no underlying disease, 61.1% 
had received a diagnosis of hypertension, and 18.2% had received a diagnosis of diabetes. 
Analysis by industry classification showed that 47.0% of manufacturing workers and 20.7% 
of transport and storage workers.

Fatigue in 2014 and sickness absence during the following 12 months were significantly 
correlated (p < 0.001), and 1.5% (n = 97) participants in the low fatigue group, 4.8% (n = 232) 
in the moderate fatigue group, and 9.4% (n = 67) in the high fatigue group reported sickness 
absence. Smoking history was significantly associated with sickness absence (p < 0.001); 2.7% 
(n = 139) of non-smokers, 2.8% (n = 76) of past smokers, and 4.1% (n = 181) of current smokers 
reported sickness absence over the intervening 12 months. In addition, a significant correlation 
was observed between occupational characteristics and sickness absence (p < 0.001). Sickness 
absence was 5.1% (n = 2) in the construction industry, 5.1% (n = 15) for professional, scientific, 
and technical industry, and 4.2% (n = 243) in the manufacturing industry (Table 1).

Odds ratios (ORs) of sickness absence by sex
The association between fatigue and sickness absence adjusted for confounders is shown in 
Table 2.

The unadjusted ORs (95% CI) for sickness absence in the moderate- and high fatigue groups 
were 3.40 (2.67–4.32) and 7.07 (5.13–9.75). After adjusting for sociodemographic factors and 
occupational factors, the adjusted ORs (95% CI) for sickness absence in the moderate- and 
high fatigue groups were 3.35 (2.64–4.28) and 6.87 (4.93–9.57), respectively.
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Stratified analysis by sex, after adjusting for sociodemographic and occupational factors, the 
adjusted ORs (95% CI) for sickness absence in the high-fatigue group were 8.94 (6.12–13.07) 
for men and 3.71 (1.84–7.49) for women (Table 2).
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Table 1. Demographic Characteristics of the study participants according to sickness absence
Characteristics Total Sickness absence p-valuea

Yes No
Total 12,250 (100) 396 (3.2) 11,854 (96.8)
Sex 0.327

Male 9,287 (75.8) 292 (3.1) 8,995 (96.9)
Female 2,963 (24.2) 104 (3.5) 2,859 (96.5)

Age (years) 0.299
< 30 1,937 (15.8) 73 (3.8) 1,864 (96.2)
30–39 3,719 (30.4) 125 (3.4) 3,594 (96.6)
40–49 3,537 (28.9) 106 (3.0) 3,431 (97.0)
50–59 2,847 (23.2) 89 (3.1) 2,758 (96.9)
> 59 210 (1.7) 3 (1.4) 207 (98.6)

Underlying disease 0.406
No 10,210 (83.3) 324 (3.2) 9,886 (96.8)
Yes 2,040 (16.7) 72 (3.5) 1,968 (96.5)

Classification of underlying diseaseb

Stroke 20 (1.0) 0 (0.0) 22 (100)
Myocardial infarction/Angina 74 (3.6) 4 (5.0) 70 (94.6)
Hypertension 1,246 (61.1) 35 (2.8) 1,211 (97.2)
Diabetes 372 (18.2) 13 (3.5) 359 (96.5)
Hyperlipidemia 370 (18.1) 24 (6.5) 346 (93.5)
Pulmonary tuberculosis 177 (8.7) 8 (4.5) 169 (93.5)
Other diseases 185 (9.1) 9 (4.9) 176 (95.1)

Smoker < 0.001
Non-smoker 5,123 (41.8) 139 (2.7) 4,984 (97.3)
Past smoker 2,756 (22.5) 76 (2.8) 2,680 (97.2)
Current smoker 4,371 (35.7) 181 (4.1) 4,190 (95.9)

Alcohol consumption (time/week) 0.033
0–2 10,143 (82.8) 309 (3.0) 9,834 (97.0)
3–4 1,758 (14.4) 71 (4.0) 1,687 (96.0)
5–7 349 (2.8) 16 (4.6) 333 (95.4)

Occupational characteristics < 0.001
Industry classification

Manufacturing 5,755 (47.0) 243 (4.2) 5,512 (95.8)
Electricity, gas, steam and air conditioning supply 101 (0.8) 0 (0.0) 101 (100)
Water, sewage and waste treatment, raw material recycling 106 (0.9) 3 (2.8) 103 (97.2)
Construction industry 39 (0.3) 2 (5.1) 37 (94.9)
Wholesale and retail trade 304 (2.5) 12 (3.9) 292 (96.1)
Transport and storage 2,530 (20.7) 50 (2.0) 2,480 (98.0)
Accommodation and food service activities 81 (0.7) 0 (0.0) 81 (100)
Information and communication 288 (2.4) 1 (0.3) 287 (99.7)
Real estate activities 44 (0.4) 1 (2.3) 43 (97.7)
Professional, scientific and technical activities 294 (2.4) 15 (5.1) 279 (94.9)
Business facilities management and business support services 1,143 (9.3) 35 (3.1) 1,108 (96.9)
Public administration and defence 237 (1.9) 4 (1.7) 233 (98.3)
Education 62 (0.5) 2 (3.2) 60 (96.8)
Human health and social work activity 1,199 (9.8) 26 (2.2) 1,173 (97.8)
Membership organizations, repair and other personal services 67 (0.5) 2 (3.0) 65 (97.0)

Fatigue severity scale < 0.001
< 27 6,678 (54.5) 97 (1.5) 6,851 (98.5)
27–44 4,862 (39.7) 232 (4.8) 4,630 (95.2)
≥ 45 710 (5.8) 67 (9.4) 643 (90.6)

Values are presented as numbers (%).
ap-values were obtained using the χ2 test.
bDuplicate responses were accepted for the classification of underlying disease.



ORs of sickness absence by underlying disease
Table 3 shows relationships between fatigue and sickness absence according to the presence 
of underlying disease. After adjusting for sociodemographic and occupational factors, the 
adjusted ORs (95% CI) of sickness absence for those without an underlying disease were 3.15 
(2.41–4.12) in the moderate-fatigue group and 6.43 (4.46–9.27) in the high-fatigue group. In 
those with underlying disease, the adjusted ORs of sickness absence in the moderate- and 
high-fatigue groups were 5.28 (2.97–9.37) and 11.80 (5.63–24.70), respectively (Table 3).

DISCUSSION

This study shows that workers with a self-reported high fatigue level had a high risk of 
sickness absence during the following year and that higher fatigue levels were related to 
greater risks of sickness absence. Furthermore, higher fatigue levels were associated with a 
higher risk of sickness absence for men and women. After adjusting for sociodemographic 
and occupational factors, there was no significant change in OR.

Our findings concur with previous results. A meta-analysis of worker fatigue and sickness 
absence showed that fatigue increased the risk of sickness absence by 35%.17 Other studies 
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Table 2. ORs of sickness absence by fatigue severity scale and sex
Fatigue severity scale Unadjusted OR (95% CI) Adjusted OR (95% CI)a

Total
Low (< 27) 1.00 1.00
Moderate (27–44) 3.40 (2.67–4.32) 3.35 (2.64–4.28)
High (≥ 45) 7.07 (5.13–9.75) 6.87 (4.93–9.57)

Male
Low (< 27) 1.00 1.00
Moderate (27–44) 3.58 (2.72–4.70) 3.40 (2.58–4.48)
High (≥ 45) 9.64 (6.64–14.00) 8.94 (6.12–13.07)

Female
Low (< 27) 1.00 1.00
Moderate (27–44) 2.86 (1.71–4.78) 2.93 (1.68–5.10)
High (≥ 45) 3.77 (1.95–7.28) 3.71 (1.84–7.49)

OR: odds ratio; CI: confidence interval.
aAdjusted Odds ratios and 95% confidence intervals were determined by logistic regression analysis adjusted for 
age, smoking, alcohol consumption, presence of underlying disease(with one or more underlying diseases) and 
industry classification.

Table 3. ORs of sickness absence by fatigue severity scale and the presence of underlying disease
Fatigue severity scale Unadjusted OR (95% CI) Adjusted OR (95% CI)a

Total
Low (< 27) 1.00 1.00
Moderate (27–44) 3.40 (2.67–4.32) 3.42 (2.69–4.36)
High (≥ 45) 7.07 (5.13–9.75) 7.21 (5.20–10.00)

Participants without an underlying disease
Low (< 27) 1.00 1.00
Moderate (27–44) 3.13 (2.40–4.07) 3.15 (2.41–4.12)
High (≥ 45) 6.34 (4.43–9.07) 6.43 (4.46–9.27)

Participants with an underlying disease
Low (< 27) 1.00 1.00
Moderate (27–44) 5.28 (2.97–9.37) 5.28 (2.97–9.37)
High (≥ 45) 11.80 (5.63–24.70) 11.80 (5.63–24.70)

OR: odd ratio; CI: confidence interval.
aAdjusted ORs and 95% CIs were determined by logistic regression analysis adjusted for sex, age, smoking, and 
alcohol consumption, and industry classification.



reported that the OR of high fatigue for long-term sick absence was 1.53 (95% CI: 1.36–1.72),6 
and nurses with high fatigue had an OR of 1.58 (95% CI: 1.05–2.37) for sickness absence 
compared to nurses with low fatigue in a study of nurses working in hospitals.18

The association between fatigue and sickness absence may be associated with physiological 
factors and mental health status. For example, previous studies have shown that long 
working hours or labor-intensive work can reduce the ability of muscles to produce adenosine 
triphosphate and increase adenosine diphosphate production in muscle fibers and thus 
increase fatigue and the risk of sickness absence.19 Furthermore, chronic fatigue causes stress-
related hormonal imbalances, leading to increased risks of physical illness and depression.20

Regarding the severity of worker fatigue, the risk of sickness absence was higher in the high-
fatigue group than in the low-fatigue group 6.87 (95% CI: 4.93–9.57), which concurs with 
previous studies that evaluated the association between fatigue and sickness absence. In a 
study by Chang et al. on 30,146 workers, the risk of sickness absence increased consistently 
across fatigue level quartiles.21

Interestingly, our sex-stratified analysis revealed a notable difference, namely, that the risk 
of sickness absence for men was 8.94 (95% CI: 6.12–13.07), and that for women was 3.71 
(95% CI: 1.84–7.49) in the high-fatigue subgroups versus the low-fatigue group. In a previous 
prevalence study, women were found to have a 1.5-fold higher risk than men of work-related 
fatigue,22 and a greater proportion of women (10.6%) felt fatigued for more than 1 month 
than men (10.2%), which was ascribed to greater family responsibilities.23 Another study 
found that the risk of experiencing fatigue among women was 1.2–1.7 times greater than 
men and that women experienced significantly more severe fatigue symptoms.24 Although 
studies have shown women have higher fatigue sensitivity, several reasons may explain why 
we found the risk of sickness absence was higher for men . A previous study showed that a 
higher percentage of women are non-regular workers and are less likely to absent themselves 
from work or take annual leave due to illness due to high job instability.25 In addition, it was 
also reported that presenteeism is more common among women due to lack of institutional 
support and time flexibility, and wage level differences.26

The present study adumbrates the relationship between fatigue and sickness absence and the 
modifying effect of underlying disease. The OR of sickness absence among participants with 
underlying disease was 11.80 (5.63–24.70) but 6.43 (4.46–9.27) among participants without 
an underlying disease. In a previous study of 12,137 workers, fatigue symptoms were more 
common in workers with an underlying disease, and number of underlying diseases was 
strongly related to fatigue.27 In addition, in a 2015 study of full-time workers conducted in 
the US, workers with underlying disease (e.g., arthritis, rheumatism, cancer, diabetes, heart 
disease, high blood pressure, lung disease, or stroke) had higher overall absenteeism,28 chronic 
diseases (e.g., liver disease or diabetes), and sickness absence rates, which represented an 
estimated annual loss to the US economy of more than $2 billion.29 Our findings and those 
of similar studies suggest the following in terms of health management: 1) fatigue in workers 
reporting severe fatigue requires assessment and management, and 2) workers with an 
underlying disease reporting lower levels of fatigue also require assessment and management.

The strengths of this study are as follows. First, 12-month interval was used to evaluate 
the relationship between fatigue and sickness absence. Although previous cross-sectional 
studies have been difficult to clearly determine the temporal association between fatigue and 
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sickness absence, this study validates the temporal direction of exposure and outcome, which 
suggests that fatigue evaluations can predict sickness absences during the coming year and 
help manage workplace health. Second, workers from several workplaces that underwent 
general health examinations under the National Health Insurance Act participated, whereas 
other studies on sickness absence were conducted at a single workplace. Furthermore, the 
large sample size used in this study increases its clinical significance. Third, the study sheds 
light on the effects of sex and underlying disease on the relationship between work-related 
fatigue and sickness absence.

However, our investigation also has several limitations. First, recall bias cannot be ruled 
out since the data were collected using questionnaires completed by participants. Second, 
although previous studies have indicated that fatigue is related to psychological factors, 
such as depression and anxiety, psychological factors that might affect fatigue were not 
considered.30-32 Therefore, additional statistically meaningful studies are needed that 
consider psychological factors that might affect fatigue. Third, sickness absence was 
determined subjectively using a dichotomous approach (yes/no). Thus, we suggest additional 
objective studies be undertaken using systematic scales to determine the frequencies and 
causes of sickness absence.

CONCLUSIONS

This study shows that worker fatigue evaluations during physical examinations can predict 
the risk of sickness absence over the following 12 months and indicates that assessments of 
worker fatigue provide a potential means of improving worker health management.
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