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ABSTRACT

Background: To date, little is known about the effects of factors linked to work-related
fatigue on vibration-exposed workers. Thus, the purpose of this study was (1) to assess the
effects of vibration exposure time per week and work-related fatigue on workers and (2)

to identify factors associated with work-related fatigue caused by long-term exposure to
occupational vibration.

Methods: This study used data collected from the 5th Korean Working Conditions Survey. A
total of 34,820 non-vibration-exposed and 10,776 vibration-exposed employees were selected
from the data. The y* and multiple logistic regression were used to determine the effect of
vibration exposure time per week and the effects of factors of work-related fatigue on workers.
Results: The prevalence of work-related fatigue in vibration-exposed workers (30.5%) was
higher than that of non-exposed workers (15.9%). The prevalence of work-related fatigue
was higher for female and workers with depression, anxiety, and shift work, and those with
authority to control their work pace had statistically significantly higher odds than those
who did not. The employees who had the authority to control their order of work (odds ratio
[OR]: 0.88; 95% confidence interval [CI]: 0.81-0.95) and method of work (OR: 0.90; 95% CI:
0.82-0.98) had statistically significantly lower odds than those who did not. The OR of work-
related fatigue symptoms was highest among employees whose vibration exposure time per
week were 30.0%—40.0% (OR: 2.36; 95% CI: 1.96-2.83). Lower OR was observed as vibration
exposure time per week decreased.

Conclusions: The results of the present study suggest an association between occupational
vibration and work-related fatigue and longer vibration exposure time per week, causing an
increased prevalence of work-related fatigue symptoms. Measures to protect workers exposed
to occupational vibration from work-related fatigue must be taken.

Keywords: Fatigue; Vibration; Occupational medicine; Surveys and questionnaires

BACKGROUND

Fatigue is typically recognized as a subjective state characterized by extreme and persistent
weariness, weakness, and mental and/or physical exhaustion. It is an everyday condition
that prevails after excessive physical exercise, mental effort, or insufficient sleep, and is

a common complaint during doctor consultations, with patients normally presenting
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non-specific fatigue symptoms in a variety of medical situations.! Acute fatigue has short
duration, generally affecting healthy individuals, and relieved after exercise, rest, or stress
management. In contrast, chronic fatigue is perceived to be persistent abnormal state. It
has a significant negative impact on daily activities and quality of life, which is relatively
difficult to be recovered.? Impaired neuromuscular transmission in peripheral nervous
system is considered as physical etiology, associated with myasthenia gravis and metabolic
myopathies. Malfunction of central nervous system may have psychological effect, including
deficits of motivation, integration and organization.>® In psychological point of view, fatigue
is defined as subjective state of weariness, which may be associated to overlong mental
activity, decreased motivation, tediousness activity or monotonous surroundings.®” The
Epidemiologic Catchment Area Program included single question asking if interviewees
ever felt tired all the time for 2 weeks or more to investigate history of fatigue and further
researches were conducted for positive responses.®

With the many hours people typically spend working, it is difficult to avoid fatigue.

Such work-related fatigue is caused by mental and emotional exhaustion linked to work,
accompanied by burnout and work-induced stress, and correlated with other psychological
hazards, including anxiety and depression.”!° Specifically, work-related fatigue results

from sleep deprivation and work environment factors, such as vibration, noise, and
temperature. Sleep deprivation is the most common cause of both muscular and mental
fatigue, affecting between 15% and 20% of US adults. Schedule irregularities, such as shift
work, make it difficult for workers to sleep sufficiently." Waking up at night for night shifts
is particularly difficult for workers due to sleep loss and a disrupted circadian rhythm,
resulting in sleepiness and decreased work performance.” That is, work-related fatigue
leads to diminished motivation to perform tasks, decreased physical and mental function,
and ultimately, reduced work efficiency. Moreover, its occurrence among workers may cause
an increase in hospital expenses, eventually leading to social costs.”® This is because the
outcomes of fatigue include short-term cognitive and physical degradation, and as it worsens,
injury and illness may occur.

Considering how much loss fatigue may cause, it is essential to prevent workers from
harmful effect. It stands to reason that workers should be protected from factors known to be
associated with work-related fatigue. Moreover, researches covering risk factors which have
possibility of having relationship with work-related fatigue. Physical agents, which include
noise, radiation, extreme temperatures, and vibration, not only cause musculoskeletal
disorders, but also have psychosocial effects on those exposed. Exposure to vibration take
place in variety of work places. Whole-body vibration (WBV) exposure is usually transmitted
in sitting or standing position from a vibrating seat and platform. Driving vehicles or
operating heavy construction equipment is another source of WBV exposure. The most
frequently reported adverse effects of long-term exposure to WBV are low-back pain, early
degeneration of lumbar spinal system and herniated lumbar disc.”® Continuous handling

of vibrating hand-held machinery including drills, impulse tools and jackhammers may
result vascular, neural and musculoskeletal diseases. In addition, low-frequency vibrations
originating from a motorized hand tool may press down a nerve in the hand or arm and cause
carpal tunnel syndrome. Long-term exposure to high levels of vibration can lead to motion
sickness, fatigue, and headaches.™ Vibration frequencies also influence heart rate variability
and have been found to cause fatigue in drivers during simulated driving.” Even though
plenty of previous studies explored into vibration about its characteristics and potential effect
toward human body, only a few studies have examined the relationship between occupational
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vibration exposure and psychosocial factors. In particular, very few articles explore general
fatigue in vibration-exposed workers.

Therefore, the purpose of this study was (1) to investigate the relationship between
occupational vibration exposure time and work-related fatigue and (2) identify factors
associated with work-related fatigue caused by long-term exposure to occupational vibration.

METHODS

Study subjects
For the sample, 35,695 non-vibration-exposed and 11,049 vibration-exposed workers were
selected from the 5th Korean Working Conditions Survey (KWCS) data.”®

The KWCS was conducted by the Occupational Safety and Health Research Institute
(OSHRI) and the data are freely available upon request. The Korean survey benchmarked
European Working Conditions Survey, which is performed by European Foundation for

the Improvement of Living and Working Conditions."” The target population of KWCS is
employees aged > 15 years selected from across the nation using multistage systematic cluster
sampling methods. The 5th KWCS was undertaken in 2017 through face-to-face interviews
during house-to-house visits. In cases of more than 2 qualified employees in a household,
trained interviewers interviewed only those whose dates of birth were closest to the research
date. The KWCS collected data on each employee’s general and work-related characteristics,
work environment, and health status. The sample size in the 5th KWCS was 50,205 native
employees, and all participants provided informed consent for inclusion before they
participated in the survey. This study targeted workers whose data was complete in terms

of the following items: vibration exposure, general fatigue symptom, sex, age, employment
period, education, anxiety, depression, factory size, shift work, job rotation, commute time,
working hours per week, and authority to control one’s work pace, method, and order. As

a result, 45,596 workers were selected as final sample. Survey results reflected the non-
response adjustment, the extraction rate of eligible candidates in the sample household.

Measurement tools

This study used responses from questionnaire of the KWCS. Whether an employee is exposed
to occupational vibration or suffering work-related fatigue symptom was determined with
following questions: “How often are you exposed to vibration during your work?” “Have you
experienced general fatigue symptom in last 12 months?” “Is general fatigue symptom you
experienced work-related?”

Occupational vibration was classified as 1/4 of working hours, 2/4 of working hours, 3/4 of
working hours, 4/4 of working hours. The percentage of vibration exposure time per week
was calculated as the total number of work hours per week multiplied by the exposure rate
of vibrations caused by hand tools or machinery during work hours per day (1/4, 2/4, 3/4,
4/4) was divided by 168 (24 x 7) hours. Workers in the (4/4) group included workers with
full-time exposure and almost full-time exposure to vibration during working hours. For
example, if a male respondent worked 9 to 5 every Monday to Friday, his working hours per
week would be 40 hours. If his work included occupational vibration exposure to 2/4 of his
working hours, the percentage of vibration exposure time per week would be 40 x 2/4 + 168 =
0.12. The control group included workers with little or no exposure to vibrations. Existence
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of depression, and anxiety was determined based on the presence of symptoms during the
previous 12 months.

Statistical methods

Study subjects were divided depending on prevalence of work-related fatigue symptoms. To
identify the differences in work-related fatigue according to the vibration exposure time per
week, general factors (sex, age, employment period, education, anxiety, and depression), and
work-related factors (factory size, shift work, job rotation, commute time, working hours per
week, and authority to control order/method/pace of work), the ¥ test was used in non- and
vibration-exposed employees. Linear by linear association was used as a test for trends. Next,
multiple logistic regression was used to determine how each variable, including vibration
exposure, sex, age, employment period, education, anxiety, depression, factory size, shift work,
job rotation, commute time, working hours per week, and authority to control pace/method/
order of work, affects work-related fatigue. Multiple logistic regression was performed to
measure the effect of the vibration exposure time per week on work-related fatigue in vibration-
exposed workers. Both multiple logistic regressions were adjusted for general factors (age,

sex, employment period, education, anxiety, and depression) and job-related factors (factory
size, tenure, shift work, job rotation, and authority to control pace/method/order of work). All
statistical analyses were performed using SPSS (version 26.0; IBM Corp., Armonk, NY, USA).

Ethics statement

The study was approved by the Institutional Review Board of Dankook University Hospital
(DKUH 2020-12-001-002), which exempted the requirement of informed consent owing to
the use of public information.

RESULTS

The prevalence of work-related fatigue symptoms in non- (n = 34,820) and
vibration-exposed employees (n = 10,776)

The prevalence of work-related fatigue symptoms in vibration-exposed workers (30.5%) was
higher than that in non-vibration-exposed workers (15.9%), and the prevalence of work-
related fatigue symptoms in non-vibration-exposed employees increased with increasing age
(p for trend < 0.01). Conversely, the prevalence of work-related fatigue decreased as education
level and factory size (number of workers) increased (p for trend < 0.01). The prevalence of
work-related fatigue symptoms in non-vibration-exposed workers was statistically different
for sex, anxiety, depression, shift work, job rotation, authority to control work order,
authority to control work method, and authority to control work pace.

The prevalence of work-related fatigue symptoms in vibration-exposed employees increased
with an increase in the percentage of vibration exposure time per week and age (p < 0.01, p
for trend < 0.01). However, the prevalence of work-related fatigue symptoms in vibration-
exposed employees was not statistically significant by sex. On the contrary, the prevalence
of work-related fatigue symptoms decreased with an increase in education level and factory
size (number of workers) (p < 0.01, p for trend < 0.01). The prevalence of work-related
fatigue symptoms in vibration-exposed workers was statistically different in terms of sex,
employment period, anxiety, depression, shift work, job rotation, factory size, commute
time, working hours per week, authority to control order, authority to control method, and
authority to control the pace of work (Table 1).
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Table 1. The prevalence of work-related fatigue symptoms among non- and vibration-exposed employees

Work-related fatigue Vibration exposure
Non (n = 34,820) Yes (n =10,776)
No (n = 29,299) Yes (n = 5,521) p-value No (n =7,490) Yes (n = 3,286) p-value
Vibration exposure time per week (%) 0.00?
0.0-10.0 3,303 (74.2) 1,147 (25.8)
10.1-20.0 2,169 (71.8) 853 (28.2)
20.1-30.0 1,607 (62.7) 954 (37.3)
30.0-40.0 336 (55.3) 272 (44.7)
>40.0 75 (55.1) 60 (44.9)
Sex 0.00 0.60
Male 15,607 (85.0) 2,745 (15.0) 5,955 (69.6) 2,598 (30.4)
Female 13,692 (83.1) 2,776 (16.9) 1,535 (69.1) 688 (30.9)
Age (years) 0.00? 0.00°
<40 12,288 (88.3) 1,623 (11.7) 2,390 (78.4) 658 (21.6)
40.1-50.0 7,321 (84.0) 1,390 (16.0) 1,839 (69.5) 807 (30.5)
50.1-60.0 5,955 (80.4) 1,448 (19.6) 2,050 (64.8) 1,113 (35.2)
>60.1 3,735 (77.9) 1,060 (22.1) 1,211 (63.1) 708 (36.9)
Education 0.00? 0.00*
Elementary school 1,041 (74.8) 351 (25.2) 321 (58.4) 229 (41.6)
Middle school 1,350 (74.7) 459 (25.3) 580 (57.3) 433 (42.7)
High school 8,562 (80.1) 2,197 (19.9) 3,309 (66.4) 1,675 (33.6)
University 18,346 (87.7) 2,584 (12.3) 3,280 (77.6) 949 (22.4)
Employment period (years) 0.00* 0.00%
<5 16,737 (85.1) 2,941 (14.9) 3,460 (72.5) 1,310 (27.5)
6-9 3,722 (84.5) 684 (15.5) 785 (67.0) 386 (33.0)
>10 8,840 (82.3) 1,896 (17.7) 3,245 (67.1) 1,590 (32.9)
Anxiety 0.00 0.00
No 28,896 (85.4) 4,931 (14.6) 7,397 (71.3) 2,972 (28.7)
Yes 403 (40.6) 590 (59.4) 93 (22.9) 314 (77.1)
Depression 0.00 0.00
No 28,971 (85.1) 5,092 (14.9) 7,404 (70.7) 3,069 (29.3)
Yes 398 (43.3) 499 (56.7) 86 (28.4) 217 (71.6)
Factory size (number of workers) 0.00* 0.00?
1 3,669 (80.2) 907 (19.8) 1,064 (66.9) 597 (33.1)
2-9 10,980 (83.1) 2,931 (16.9) 2,615 (66.4) 1,326 (33.6)
10-49 8,442 (85.9) 1,389 (14.1) 92,088 (71.0) 853 (29.0)
> 50 6,208 (86.2) 994 (13.8) 1,723 (74.8) 580 (25.2)
Shift work 0.00 0.02
No 26,639 (84.7) 4,806 (15.3) 6,702 (69.9) 2,889 (30.1)
Yes 2,660 (78.8) 715 (21.2) 788 (66.5) 397 (33.5)
Job rotation 0.02 0.64
No 28,797 (84.2) 5,385 (15.8) 7,065 (69.6) 3,093 (30.4)
Yes 572 (80.9) 136 (19.1) 495 (68.7) 193 (31.3)
Authority to control one’s order of work 0.00 0.00
No 16,706 (85.2) 2,902 (14.8) 4,123 (70.9) 1,693 (29.1)
Yes 12,593 (82.8) 2,619 (17.2) 3,367 (67.9) 1,593 (32.1)
Authority to control one’s method of work 0.00 0.00
No 17,580 (85.5) 2,974 (14.5) 4,183 (71.1) 1.698 (28.9)
Yes 11,719 (82.2) 92,547 (17.8) 3,307 (67.6) 1,588 (32.4)
Authority to control one’s pace of work 0.00 0.00
No 18,289 (86.2) 2,924 (13.8) 4,093 (73.4) 1,486 (26.6)
Yes 11,010 (80.9) 2,597 (19.1) 3,397 (65.4) 1,800 (34.6)
Commute time (hours) 0.00* 0.01°
<30 13,828 (82.9) 2,859 (17.1) 3,614 (69.1) 1,615 (30.9)
31-59 8,098 (85.1) 1,414 (14.9) 1,940 (68.7) 885 (31.3)
> 60 7,373 (85.5) 1,248 (14.5) 1,936 (71.1) 786 (28.9)
Working hours per week 0.00* 0.00*
<40 17,036 (88.1) 2,294 (11.9) 3,556 (76.0) 1,124 (24.0)
41-52 7,467 (82.4) 1,591 (17.6) 2,354 (68.4) 1,090 (31.6)
> 53 4,796 (74.6) 1,636 (25.4) 1,580 (59.6) 1,072 (40.4)

Values are presented as number (%o).
2p for trend test < 0.05.
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The odds of work-related fatigue symptoms for non- and vibration-exposed
employees (n = 45,596)

The odds ratio (OR) of work-related fatigue symptoms was statistically significant higher for
non- and vibration-exposed female workers than for male workers, and the OR increased
with age. Conversely, the OR decreased as education level and factory size (number of
workers) increased among non- and vibration-exposed workers. The OR was also statistically
significantly higher for employees with anxiety than for those without (OR: 5.84; 95%
confidence interval [CI]: 5.10-6.68) and statistically significantly higher for employees

with depression than for those without (OR: 2.49; 95% CI: 2.12-2.92). Employees who
worked shift-based jobs had statistically significantly lower odds than those who did not
(OR:1.37; 95% CI: 1.26-1.48). Similarly, employees with the authority to control their order
of work (OR: 0.88; 95% CI: 0.81-0.95) had statistically significantly lower odds than those
without. Moreover, employees with the authority to control their work method (OR: 0.90;
95% CI: 0.82-0.98) had statistically significantly lower odds than those without, and those
with the authority to control their work pace (OR: 1.68; 95% CI: 1.56-1.81) had statistically
significantly higher odds than those without (Table 2).

The OR of vibration exposure time per week to work-related fatigue for
vibration-exposed workers

The OR of work-related fatigue symptoms was highest among employees whose vibration
exposure time per week were 30.0%—-40.0% (OR: 2.36; 95% CI: 1.96-2.83). Debasement of
the OR was noted as vibration exposure time per week decreased. Employees whose vibration
exposure time per week were 20.0%—30.0% (OR: 1.71; 95% CI: 1.53-1.91), which was still
higher than the OR 0f10.0%-20.0% group (OR: 1.15; 95% CI: 1.03-1.28) and 0.0%-10.0%
group (Table 3).

DISCUSSION

Among 45,596 employees, 8,807 employees answered that they had suffered general fatigue
within a 12-month period, which was related to their work. Investigation was proceeded in
order to examine relationship between exposure to occupational vibration and work-related
fatigue. As a result, the prevalence of work-related fatigue symptoms was significantly higher
in vibration-exposed workers than in non-exposed workers, and the prevalence of work-
related fatigue symptoms increased with vibration exposure time. Assessment of factors
which worsen work-related fatigue symptoms were conducted along, and factors such sex
(female), anxiety, depression, shift-based jobs, extended working hours, and authority to
control one’s work pace led to an increased prevalence of work-related fatigue symptoms.
The prevalence of work-related fatigue symptoms was lower in those with higher education,
younger age, larger factory, and authority to control order and method of work.

The result of present study is similar to result of past studies, which suggest increased fatigue
symptoms in female sex,'>'®* depression and anxiety,* extended working hours** and shift
work,* although it contradict to previous study indicating that application of job rotation

led to less accumulation of fatigue.? Previous study of Faro investigated fatigue symptom of
1,309 patients, and more chronic pain were reported by female patients compared to male
patients (27.9% vs. 18.5%),'® which was consistent with the trend of present study. Chung
compared patients with sustained fatigue over one month and control group, and significant
difference of Hospital Anxiety and Depression scale in depression part was noted. Park et
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Table 2. The odds of work-related fatigue symptom for non- and vibration-exposed employees

Work-related fatigue in vibration-exposed employees

Variables OR (95% CI)
Vibration exposure
No 1.00
Yes 1.99 (1.88-2.10)
Sex
Male 1.00
Female 1.21 (1.14-1.28)
Age
<40 1.00
40.1-50.0 1.33 (1.24-1.49)
50.1-60.0 1.42 (1.31-1.53)
>60.1 1.28 (1.16-1.41)
Education

Elementary school
Middle school

1.00
0.91(0.79-1.03)

High school 0.63 (0.56-0.71)

University 0.43 (0.38-0.49)
Employment period (years)

<5 1.00

6-9 1.1 (1.02-1.20)

>10 1.11 (1.05-1.18)
Anxiety

No 1.00

Yes 5.84 (5.10-6.68)
Depression

No 1.00

Yes 2.49 (2.12-2.92)

Factory size (number of workers)

1 1.00

2-9 1.19 (1.10-1.29)

10-49 1.17 (1.08-1.28)

> 50 1.18 (1.07-1.30)
Shift work

No 1.00

Yes 1.37 (1.26-1.48)
Job rotation

No 1.00

Yes 1.05 (0.91-1.21)
Authority to control one’s order of work

No 1.00

Yes 0.88 (0.81-0.95)
Authority to control one’s work method

No 1.00

Yes 0.90 (0.82-0.98)
Authority to control one’s work pace

No 1.00

Yes 1.68 (1.56-1.81)
Commute time (hours)

<30 1.00

31-59 1.02 (0.97-1.10)

> 60 1.05 (0.99-1.12)
Working hours per week

<40 1.00

41-52 1.57 (1.47-1.66)

> 53 2.93 (2.09-2.38)

Adjusted for general factors (age, sex, education, employment period, anxiety, and depression) and job-related
factors (factory size, shift work, work rotation, commute time, working hours per week, and authority to control
one’s order, method, and pace of work).

OR: odds ratio; Cl: confidence interval.
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Table 3. The OR of vibration exposure time per week to work-related fatigue for vibration-exposed workers

Vibration exposure time per week (%) OR (95% CI)
0.0-10.0 1.00
10.0-20.0 1.15 (1.03-1.28)
20.0-30.0 1.71 (1.53-1.97)
30.0-40.0 2.36 (1.96-2.83)
>40.0 1.85 (1.29-2.64)

Adjusted for general factors (age, sex, education, employment period, anxiety, and depression) and job-related
factors (factory size, shift work, work rotation, commute time, and authority to control one’s order, method, and
pace of work).

OR: odds ratio; Cl: confidence interval.

al.”! investigated fatigue and anxiety of 223 student nurses in training, applying subjective
symptoms of fatigue test and State-Trait Anxiety Inventory as tools. Physical, mental,
neurosensory fatigue showed significant association with anxiety, respectively. Prior research
of nurses providing full-time patient care identified significant relationship between shift
rotation and fatigue, which measured by Occupational Fatigue Exhaustion Recovery (OFER)
scale.? Survey conducted by Park et al.”2 showed significant increase of fatigue dimension of
drowsiness and dullness in subjects working longer hours. Beaulieu also emphasized how
driver fatigue induced by extended working time increase risk of accident and occupational
disease rate.”

Previous studies suggest that having more job control contributes to reducing occupational
strain, including work pace.”?? Nevertheless, employees with the authority to control their
work pace had a higher prevalence of work-related fatigue in this study. This may be because
many of the employees worked under the incentive system, receiving additional economic
benefit pursuant to their accomplishment, which lures employees to increase their work pace
beyond their bearable range. This result correlate to a past trial implying that fatigue should
be considered when designing incentive plan.*

The significance of this study is that, compared to the extensive research on the association
between vibration and musculoskeletal health effects, there have been few previous attempts
to investigate the relationship between occupational vibration and psychosocial health
effects, work-related fatigue in particular. As importance of mental care arise, inspection of
exposure sources traditionally considered to cause mechanical problems should take place to
confirm their effect to psychological aspects. Another strength of this study include plentiful
number of participants, which apply as reinforcement to statistical analysis. Past studies of
work-related fatigue symptoms often based on questionnaires answered by few hundreds

of workers. However, since the KWCS was conducted nationwide, it represent large number
of workers working in various age, area, job, and factory size, which minimize bias which
originate from the distinctiveness of certain working field questionnaires received.

One of the limitation of present study is that questionnaires of present study did not
categorize occupational vibration specifically, therefore, it would be better for following
study on this issue to provide a more detailed classification of occupational vibration and
more information about the characteristics of each occupational vibration type. Two major
types of vibration—body interactions affect human health: segmental vibration and WBV.>!
Local (segmental or hand-arm) vibration refers to the application of vibration to a certain
part of the body, for example the hand and arm region (thus, hand-arm vibration [HAV]).
Although exposed to same minutes, influence toward human body may differ depending on
various factors, including range of amplitude and frequency, method of application, exercise
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protocol, and training intensity.>> Accurate measurement at working field followed by
passionate analysis is required to identify specific trait that deteriorate workers’ health.

Subsequent studies may consider more elaborate assessment of work-related fatigue. The
effort-reward imbalance model purports that structural conditions of nonsymmetrical
contracts result in strain from an imbalance between high effort and low reward.* The Job
Content Questionnaire measures the psychological and social aspects of jobs, including
decision latitude, psychological demands, social support, physical demands, and job
insecurity. It aims to assess the relative risks of each worker’s vibration exposure, which
helps to predict coronary heart disease, reproductive disorders, psychological disorders, and
musculoskeletal disease.** OFER scale starts from the hypothesis that persistent low recovery
from acute fatigue is related to chronic fatigue of higher levels, predicting chronic fatigue
score from negative correlation between recovery scores.*

As negative health effect of exposure to occupational vibration is revealed, measures to
protect workers from vibration is essential, of which both reducing the vibration level from
the vibrations’ origin and blocking the vibration transmission are effective. Minimized
exposure time and implementation of low-vibration machinery may be considered options,
although lower vibration levels of tools often result in inefficient productivity. Therefore, anti-
vibration gloves are worn in an attempt to stop the transmission of vibration from the tool
to the body.* Anti-vibration gloves also contribute to decreasing the risk caused by vibration
by keeping hands dry and warm, while blocking contaminants.* Both the advantages and
disadvantages of anti-vibration gloves must be considered carefully, especially since thicker
gloves—while reducing vibration transmission—also decrease deftness and require more
grip force to operate machines.”

Strengthening regulations to prevent workers from being exposed to harmful degree

of occupational vibration is another option. The guidelines developed by the American
Conference of Governmental Industrial Hygienists (ACGIH) provide threshold limit values
(TLVs) for both WBV and HAV. The TLV for workers with an HAV exposure time of 8 hours is
5 ahv(rms)m/s.* Directive 2002/44/EC of the EU states a daily exposure limit value of 5 m/
s* for 8-hour HAV exposure per day. However, such regulations are currently absent in Korea.
According to a previous study on the 2018 revised ACGIH® hand activity TLV to protect
workers from carpal tunnel syndrome,* advanced regulation may contribute to modifying
the work environment for occupational vibration, ultimately improving the health status of
workers. Considering the unique features of Korean industries, adequate evaluation of the
current occupational vibration exposure status is also necessary for the Korean context.

CONCLUSIONS

The results of the present study suggest an association between occupational vibration and
work-related fatigue and longer vibration exposure time per week, causing an increased
prevalence of work-related fatigue symptoms. Further, work-related fatigue symptoms

were prevalent in female workers, as well as workers with anxiety, depression, shift-based
jobs, and authority to control their work pace, and diminished in workers with authority to
control their order and method of work. Less work-related fatigue symptoms were observed
among workers with higher levels of education, younger age, or working at a larger factory.
More specific classification of occupational vibration and more elaborate assessment of
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work-related fatigue would make a better study. Measures to protect workers exposed to
occupational vibration from work-related fatigue must be taken.

ACKNOWLEDGEMENTS

I'would like to thank the Safety and Health Policy Research Department (Occupational Safety
and Health Research Institute [OSHRI]) for providing raw data from the Korean Working
Conditions Survey (KWCS). The paper’s contents are solely the responsibility of the author
and do not necessarily represent the official views of the OSHRI.

REFERENCES

1. David A, Pelosi A, McDonald E, Stephens D, Ledger D, Rathbone R, et al. Tired, weak, or in need of rest:
fatigue among general practice attenders. BMJ 1990;301(6762):1199-202.
PUBMED | CROSSREF
2. Aaronson LS, Teel CS, Cassmeyer V, Neuberger GB, Pallikkathayil L, Pierce J, et al. Defining and
measuring fatigue. Image J Nurs Sch 1999;31(1):45-50.
PUBMED | CROSSREF
3. Wessely S, Powell R. Fatigue syndromes: a comparison of chronic “postviral” fatigue with neuromuscular
and affective disorders. ] Neurol Neurosurg Psychiatry 1989;52(8):940-8.
PUBMED | CROSSREF
4. Gibson H, Edwards RH. Muscular exercise and fatigue. Sports Med 1985;2(2):120-32.
PUBMED | CROSSREF
5. O’Dell MW, Meighen M, Riggs RV. Correlates of fatigue in HIV infection prior to AIDS: a pilot study.
Disabil Rehabil 1996;18(5):249-54.
PUBMED | CROSSREF
6. Lee KA, Hicks G, Nino-Murcia G. Validity and reliability of a scale to assess fatigue. Psychiatry Res
1991;36(3):291-8.
PUBMED | CROSSREF
7. Grandjean E. Fatigue: its physiological and psychological significance. Ergonomics 1968;11(5):427-36.
PUBMED | CROSSREF
8. Addington AM, GalloJ], Ford DE, Eaton WW. Epidemiology of unexplained fatigue and major depression
in the community: the Baltimore ECA follow-up, 19811994. Psychol Med 2001;31(6):1037-44.
PUBMED | CROSSREF
9. KantIJ, Biiltmann U, Schréer KA, Beurskens AJ, Van Amelsvoort LG, Swaen GM. An epidemiological
approach to study fatigue in the working population: the Maastricht Cohort Study. Occup Environ Med
2003;60 Suppl 1(Suppl 1):i32-9.
PUBMED | CROSSREF
10. Chen MK. The epidemiology of self-perceived fatigue among adults. Prev Med 1986;15(1):74-81.
PUBMED | CROSSREF
11. Techera U, Hallowell M, Stambaugh N, Littlejohn R. Causes and consequences of occupational fatigue:
meta-analysis and systems model. ] Occup Environ Med 2016;58(10):961-73.
PUBMED | CROSSREF
12. Akerstedt T. Psychological and psychophysiological effects of shift work. Scand ] Work Environ Health
1990516 Suppl 1:6773.
PUBMED | CROSSREF
13. Hulshof C, van Zanten BV. Whole-body vibration and low-back pain. A review of epidemiologic studies.
Int Arch Occup Environ Health 1987;59(3):205-20.
PUBMED | CROSSREF
14. Hadpe M, Deshmukh DS, Solanki PM. Vibration analysis of a two wheeler (analytically). Int J Innov Res
Sci Eng Technol 2014;3(11):17415-21.
CROSSREF
15. Jiao K, LiZ, Chen M, Wang C, Qi S. Effect of different vibration frequencies on heart rate variability and
driving fatigue in healthy drivers. Int Arch Occup Environ Health 2004;77(3):205-12.
PUBMED | CROSSREF

https://doi.org/10.35371/a0em.2022.34.e6 10/12


http://www.ncbi.nlm.nih.gov/pubmed/2261560
https://doi.org/10.1136/bmj.301.6762.1199
http://www.ncbi.nlm.nih.gov/pubmed/10081212
https://doi.org/10.1111/j.1547-5069.1999.tb00420.x
http://www.ncbi.nlm.nih.gov/pubmed/2571680
https://doi.org/10.1136/jnnp.52.8.940
http://www.ncbi.nlm.nih.gov/pubmed/3847097
https://doi.org/10.2165/00007256-198502020-00004
http://www.ncbi.nlm.nih.gov/pubmed/8743303
https://doi.org/10.3109/09638289609166309
http://www.ncbi.nlm.nih.gov/pubmed/2062970
https://doi.org/10.1016/0165-1781(91)90027-M
http://www.ncbi.nlm.nih.gov/pubmed/4386659
https://doi.org/10.1080/00140136808930992
http://www.ncbi.nlm.nih.gov/pubmed/11513371
https://doi.org/10.1017/S0033291701004214
http://www.ncbi.nlm.nih.gov/pubmed/12782745
https://doi.org/10.1136/oem.60.suppl_1.i32
http://www.ncbi.nlm.nih.gov/pubmed/3714661
https://doi.org/10.1016/0091-7435(86)90037-X
http://www.ncbi.nlm.nih.gov/pubmed/27525527
https://doi.org/10.1097/JOM.0000000000000837
http://www.ncbi.nlm.nih.gov/pubmed/2189223
https://doi.org/10.5271/sjweh.1819
http://www.ncbi.nlm.nih.gov/pubmed/2952598
https://doi.org/10.1007/BF00377733
https://doi.org/10.15680/IJIRSET.2014.0311046
http://www.ncbi.nlm.nih.gov/pubmed/14762667
https://doi.org/10.1007/s00420-003-0493-y

Work-related fatigue in vibration-exposed employees

Annals of Occupational and
Environmental Medicine

https://acemj.org

16. Occupational Safety and Health Research Institute (OSHRI). The Results of 5th Korean Working Conditions
Survey. Ulsan, Korea: OSHRI; 2017.

17. Park], Lee N. First Korean Working Conditions Survey: a comparison between South Korea and EU
countries. Ind Health 2009;47(1):50-4.
PUBMED | CROSSREF

18. Faro M, Saez-Francas N, Castro-Marrero J, Aliste L, Fernandez de Sevilla T, Alegre J. Gender differences in
chronic fatigue syndrome. Reumatol Clin 2016;12(2):72-7.
PUBMED | CROSSREF

19. Faro M, Saez-Francas N, Castro-Marrero J, Aliste L, Collado A, Alegre J. Impact of the fibromyalgia in the
chronic fatigue syndrome. Med Clin (Barc) 2014;142(12):519-25.
PUBMED | CROSSREF

20. ChungKI, Song CH. Clinical usefulness of fatigue severity scale for patients with fatigue, and anxiety or
depression. Korean J Psychosom Med 2001;9(2):164-73.

21. ParkIS, Kim CS, Kim R, Kim YJ, Park MH. Stress, anxiety and fatigue of nursing students in clinical
practice. ] Korean Acad Soc Nurs Educ 2005;11(2):151-60.

22. Park], Kim Y, Chung HK, Hisanaga N. Long working hours and subjective fatigue symptoms. Ind Health
2001;39(3):250-4.
PUBMED | CROSSREF

23. Beaulieu JK. The Issues of Fatigue and Working Time in the Road Transport Sector. ILO Working Papers. Geneva,
Switzerland: International Labour Organization; 2005.

24. Books C, Coody LC, Kauffman R, Abraham S. Night shift work and its health effects on nurses. Health
Care Manag (Frederick) 2017;36(4):347-53.
PUBMED | CROSSREF

25. Michalos G, Makris S, Chryssolouris G. The effect of job rotation during assembly on the quality of final
product. CIRP J Manuf Sci Technol 2013;6(3):187-97.
CROSSREF

26. Winwood PC, Winefield AH, Dawson D, Lushington K. Development and validation of a scale to measure
work-related fatigue and recovery: the Occupational Fatigue Exhaustion/Recovery Scale (OFER). J Occup
Environ Med 2005;47(6):594-606.
PUBMED | CROSSREF

27. Van Yperen NW, Hagedoorn M. Do high job demands increase intrinsic motivation or job strain or both?
The role of job control and social support. Acad Management Ann 2003;46(10):339-48.

28. Elovainio M, Kivimiki M, Helkama K. Organization justice evaluations, job control, and occupational
strain. J Appl Psychol 2001;86(3):418-24.
PUBMED | CROSSREF

29. de Croon EM, Blonk RW, de Zwart BC, Frings-Dresen MH, Broersen JP. Job stress, fatigue, and job
dissatisfaction in Dutch lorry drivers: towards an occupation specific model of job demands and control.
Occup Environ Med 2002;59(6):356-61.
PUBMED | CROSSREF

30. AngelovaV, Giebe T, Ivanova-Stenzel R. Competition and Fatigue at Work. Discussion Paper No. 134. Miinchen and
Berlin, Germany: Ludwig-Maximilians-Universitit Miinchen and Humboldt-Universitit zu Berlin; 2018.

31. Kittusamy NK, Buchholz B. An ergonomic evaluation of excavating operations: a pilot study. Appl Occup
Environ Hyg 2001;16(7):723-G.
PUBMED | CROSSREF

32. Alam MM, Khan AA, Farooq M. Effect of whole-body vibration on neuromuscular performance: a
literature review. Work 2018;59(4):571-83.
PUBMED | CROSSREF

33. Siegrist], Starke D, Chandola T, Godin I, Marmot M, Niedhammer I, et al. The measurement of effort-
reward imbalance at work: European comparisons. Soc Sci Med 2004;58(8):1483-99.
PUBMED | CROSSREF

34. Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B. The Job Content Questionnaire
(JCQ): an instrument for internationally comparative assessments of psychosocial job characteristics. J
Occup Health Psychol 1998;3(4):322-55.
PUBMED | CROSSREF

35. Choi SH, Hong SI, Jang HK. Assessment of anti-vibration gloves for reduction of hand-transmitted
vibration exposure. ] Korean Soc Occup Environ Hyg 2008;18(1):1-10.

36. Hewitt S, Dong RG, Welcome DE, McDowell TW. Anti-vibration gloves? Ann Occup Hyg 2015;59(2):127-41.
PUBMED

https://doi.org/10.35371/a0em.2022.34.e6 11/12


http://www.ncbi.nlm.nih.gov/pubmed/19218757
https://doi.org/10.2486/indhealth.47.50
http://www.ncbi.nlm.nih.gov/pubmed/26190206
https://doi.org/10.1016/j.reuma.2015.05.007
http://www.ncbi.nlm.nih.gov/pubmed/24387955
https://doi.org/10.1016/j.medcli.2013.06.030
http://www.ncbi.nlm.nih.gov/pubmed/11500001
https://doi.org/10.2486/indhealth.39.250
http://www.ncbi.nlm.nih.gov/pubmed/28953576
https://doi.org/10.1097/HCM.0000000000000177
https://doi.org/10.1016/j.cirpj.2013.03.001
http://www.ncbi.nlm.nih.gov/pubmed/15951720
https://doi.org/10.1097/01.jom.0000161740.71049.c4
http://www.ncbi.nlm.nih.gov/pubmed/11419802
https://doi.org/10.1037/0021-9010.86.3.418
http://www.ncbi.nlm.nih.gov/pubmed/12040108
https://doi.org/10.1136/oem.59.6.356
http://www.ncbi.nlm.nih.gov/pubmed/11458918
https://doi.org/10.1080/10473220120652
http://www.ncbi.nlm.nih.gov/pubmed/29733043
https://doi.org/10.3233/WOR-182699
http://www.ncbi.nlm.nih.gov/pubmed/14759692
https://doi.org/10.1016/S0277-9536(03)00351-4
http://www.ncbi.nlm.nih.gov/pubmed/9805280
https://doi.org/10.1037/1076-8998.3.4.322
http://www.ncbi.nlm.nih.gov/pubmed/25381184

Annals of Occupational and
Environmental Medicine
Work-related fatigue in vibration-exposed employees

37. Hewitt S, Dong R, McDowell T, Welcome D. The efficacy of anti-vibration gloves. Acoust Aust
2016;44(1):1217.
PUBMED | CROSSREF

38. American Conference of Governmental Industrial Hygienists (ACGIH). Hand-Arm Vibration: TLV(R) Physical
Agents. 7th ed. Cincinnati, OH, USA: ACGIH; 2019.

39. Yung M, Dale AM, Kapellusch J, Bao S, Harris-Adamson C, Meyers AR, et al. Modeling the effect of
the 2018 revised ACGIH® hand activity threshold limit Value® (TLV) at reducing risk for carpal tunnel
syndrome. ] Occup Environ Hyg 2019;16(9):628-33.

PUBMED | CROSSREF

https://acemj.org https://doi.org/10.35371/a0em.2022.34.e6 12/12


http://www.ncbi.nlm.nih.gov/pubmed/27582615
https://doi.org/10.1007/s40857-015-0040-5
http://www.ncbi.nlm.nih.gov/pubmed/31361578
https://doi.org/10.1080/15459624.2019.1640366

	The relevant factors of work-related fatigue for occupational vibration-exposed employees
	BACKGROUND
	METHODS
	Measurement tools
	Statistical methods
	Ethics statement

	RESULTS
	The odds of work-related fatigue symptoms for non- and vibration-exposed employees (n = 45,596)
	The OR of vibration exposure time per week to work-related fatigue for vibration-exposed workers

	DISCUSSION
	CONCLUSIONS
	REFERENCES


