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Abstract: While the prevalence of musculoskeletal disorders has recently increased among Korean 
workers employed in highly physically and psychologically demanding jobs, the relation among 
these domains remains relatively unexplored. We examined 2,037 subway workers in Seoul, that 
collected data via questionnaire survey on musculoskeletal symptoms and the work environment, 
administered in 2009, 2012, and 2015. Generalized estimating equation (GEE) analysis was used 
for statistical analysis. After conducting GEE analysis by adjusting for the sociodemographic and 
occupational characteristics, we found the prevalence of musculoskeletal symptoms significantly 
increased in cases with high Depression, Anxiety and Stress Scales (DASS) scores compared with 
low DASS scores, especially on shift workers. An integrated management method that considers 
ergonomic and mental health factors, should be used to better manage musculoskeletal symptoms 
in subway workers.

Key words: Mental health, Musculoskeletal symptoms, Repeated measures study, Shift work, Subway 
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Introduction

Musculoskeletal disorders (MSDs) are injuries or dis-
orders of the muscles, nerves, tendons, joints, cartilage, 
and spinal discs. Work-related musculoskeletal disorders 
(WMSDs) are common in jobs requiring manual handling, 
heavy lifting, and/or repetitive motions. At present, MSDs 
are recognized as disorders that commonly develop in 
workers engaged in various occupations worldwide; 
however, the term musculoskeletal disorder was relatively 

unknown in Korea until 1996 and was not even mentioned 
in its Occupational Safety and Health Act1).

According to the Korea Occupational Safety and Health 
Agency (KOSHA), a total of 1,009 patients had WMSDs 
in 2000 in Korea, accounting for 24.9% of the total work-
related diseases; however, in recent years, this value has 
increased and was reported to be 5,213 in 2015, accounting 
for 65.8% of total work-related diseases2). There are major 
reasons of underreporting occupational diseases in Korea. 
Workers requesting an industrial accident compensation 
need to go through complex procedures by themselves. 
Also, many times, minor cases are dealt differently when 
workers negotiate for indemnity with a company3). Only 
20% of employees diagnosed with occupational diseases 
can be found in national industrial accident statistics4). 

*To whom correspondence should be addressed.
E-mail: leekj@aumc.ac.kr

©2019 National Institute of Occupational Safety and Health

Industrial Health 2019, 57, 721–731 Original Article

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) License. 
(CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)



Y CHO et al.722

Industrial Health 2019, 57, 721–731

While the number of workers who report WMSDs are low 
because of underreporting, we believe the distributions of 
WMSDs compared with other occupational illnesses and 
injuries would be similar in Korea. In Europe, WMSDs 
account for nearly half of the total work-related diseases, 
and reportedly affects approximately 4 million workers5). 
Moreover, WMSDs are responsible for 49.9% of work ab-
sence cases for >3 d among workers in Europe and 60% of 
permanent work incapacity6). Such an increase in WMSD 
among workers might results in greater economic losses. 
Based on the claims filed for the National Health Insur-
ance in 2011 in Korea, the number of lost working days 
for every 100,000 workers due to WMSD was 153,267 d. 
This amounted to an economic loss of 13 million USD. 
When these numbers are scaled up to the total number of 
workers in Korea, there are an estimated 39,850,000 lost 
working days per year with a relative economic loss of 3.5 
billion USD7).

Many studies have assessed the factors associated with 
musculoskeletal symptoms. Most of the early studies 
focused on physical exposure, such as manual material 
handling, repetitive movements, awkward postures, and 
vibration8), and subsequent studies explained the associa-
tion between musculoskeletal symptoms and psychologi-
cal risk factors, such as somatizing tendency, low mood, 
poor self-rated health, and psychosocial factors9–11). The 
US National Institute of Occupational Safety and Health 
(NIOSH) defines job stress as “the harmful physical and 
emotional responses that occur when the requirements 
of the job do not match the capabilities, resources, or 
needs of the worker”12). Some studies are currently being 
conducted not only stress itself, but also on the correlation 
between musculoskeletal symptoms and mental health 
parameters, such as anxiety and depression13, 14).

Although several studies have examined musculoskel-
etal symptoms, it is difficult to explain all the aspects of 
musculoskeletal symptoms in the workplace based on the 
individual risk factors identified. Socio-economic factors, 
such as healthcare availability, social security, and occupa-
tional safety and health need to be considered15).

Following an increase in the prevalence of musculoskel-
etal symptoms, Korea added the phrase “health problems 
caused by simple and repetitive work or work which 
requires excessive physical labor” to the Occupational 
Safety and Health Act in 2002; with this effort, Korea 
instituted a legal basis to prevent musculoskeletal symp-
toms1). A risk factor survey is currently ongoing regarding 
the workplaces with risk of musculoskeletal disorders (11 
workplaces that have been linked with WMSDs defined by 

an ordinance of the Ministry of Employment and Labor) 
on a regular basis at 3 yr intervals; the study involves a ba-
sic survey, symptom questionnaire survey, and ergonomic 
evaluation. Various ergonomic evaluation tools are avail-
able, including the NIOSH Lifting Equation, Ergonomic 
Risk Factor Checklist, Ovako Working-posture Analysis 
System, Quick Exposure Checklist (QEC), Rapid Entire 
Body Assessment (REBA), Rapid Upper Limb Assess-
ment (RULA), and Strain Index16). After the risk factor 
survey identifies certain problems, the data are then trans-
ferred for adoption in a preventive management program; 
however, it is difficult to determine the specific changes 
in the workplace following the assessment of ergonomic 
exposures using these checklists. Moreover, there is a lack 
of data analysis on whether care and feedback are properly 
provided to workers with musculoskeletal symptoms.

The subway is one of the workplaces with musculoskel-
etal risk, and the prevalence of musculoskeletal symptoms 
among subway workers, including operators and mechan-
ics, is reportedly 70–95%, depending on the body part 
involved17, 18). According to the NIOSH, the incidence 
rate of anxiety, stress, and neurotic disorder is reportedly 
very high in the transport and public sectors19), and the 
job stress of the operating crew in charge of driving in 
underground conditions is higher than most other occupa-
tions20). In particular, the “person under the train (PUT)” 
experience, which can occur during a railway accident or 
suicide, leads to marked psychological and mental stress 
in subway operators, and subsequently has been linked 
with occupational mental disorders, such as “panic dis-
order” and “post-traumatic stress disorder (PTSD)”21, 22). 
Although job stress and psychological health level may af-
fect the musculoskeletal symptoms of subway workers to 
some extent, most of these studies are cross-sectional17, 18) 
and only a few longitudinal studies have assessed their 
association with the symptoms. Currently, the preventive 
management program for musculoskeletal disease is be-
ing carried out in many workplaces, including subway 
corporation, in Korea, but the management of job stress is 
recognized as an individual’s own problem.

In the present study, our aim was to analyze the associa-
tion between musculoskeletal symptoms and the mental 
health of subway workers in Seoul based on a prospective 
longitudinal study that began in 2009. After controlling 
for covariates in the work environment through ergonomic 
work analysis, this study examined the changes in the 
prevalence of the workers’ musculoskeletal symptoms 
over time and analyzed the mental health factors associ-
ated with the musculoskeletal symptoms.
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Methods

Subjects
This study was based on the musculoskeletal risk 

factor survey conducted in 2009, 2012, and 2015 on all 
the employees of a subway corporation that operates 4 
of the 9 subway lines in Seoul. In 2015, a total of 6,524 
employees worked at the corporation, which accounts for 
approximately 40% of all subway employees in Seoul. A 
university hospital in Korea had started the musculoskel-
etal risk factor survey in 2009 and conducted a prelimi-
nary survey, questionnaire survey, and worksite survey at 
3 year intervals. The present study protocol was reviewed 
and approved by the Institutional Review Board of the 
Ajou University Medical Center in Suwon, Korea. AJIRB-
SBR-SUR-15-289, Location No. 1–No. 4 (22404, 22405, 
22406, 22559). All participants signed a written informed 
consent.

Data collection
In this study, we used the musculoskeletal symptom 

questionnaire, recommended by the KOSHA, to identify 
musculoskeletal symptoms, and the Depression, Anxiety 
and Stress Scales (DASS) to assess mental health16, 23). 
Work analysis was performed on 11 work activities known 
and considered to be related to musculoskeletal symptom 
risk interviews in which workers identified their working 
conditions and ergonomic evaluations using video-tape 
and analysis were also conducted.

Measurement tools
1) General characteristics

The general characteristics of the subjects consist of 
sex, age, accident history, and work shift.

2) Ergonomic evaluation
The QEC was used as an ergonomic evaluation tool 

and was designed by the Robens Centre for Health Er-
gonomics for the practical analysis of the risk factors of 
musculoskeletal disorders related to work24). The evalua-
tion items in the QEC included back, shoulder/arm, hand/
wrist, and neck, and the QEC was mainly used to assess 
the ergonomic risk of upper extremity disorders. The 
exposure percentage was calculated based on the QEC 
exposure scores. The required action was divided into 4 
levels depending on the exposure percentage: “accept-
able”, <40%; “investigate further”, 40–50%; “investigate 
further and change soon”, 50–70%; and “investigate and 
change immediately”, ≥70%25). We calculated the aver-

age QEC score of the subjects for each work activity and 
assigned those with values <40% to the “ergonomic risk: 
low group” and those with values ≥40% to the “ergonomic 
risk: high group”. After excluding workers who were 
changed to different ergonomic groups over the 3 surveys 
(for example, in 2009: low risk group change to high 
risk group in 2012), a total of 2,037 subjects were finally 
included for analysis (Fig. 1).

3) Musculoskeletal symptoms
By using the musculoskeletal symptom questionnaire, 

based on the guidelines for surveys of work activities, on 
factors related to musculoskeletal risk established by the 
KOSHA, and on musculoskeletal symptom criteria defined 
by the NIOSH, we classified symptoms experienced by the 
subjects over the past year as neck, shoulder, arm/elbow, 
and hand/wrist/finger and examined the duration of pain, 
frequency, intensity, and treatment16, 26). In cases where a 
symptom was present on any part of the body, it was de-
fined as ‘any body part symptom’ and was analyzed along 
with the neck symptoms and shoulder symptoms. More-
over, we used the criteria frequently used by NIOSH for 
the prevalence of subjective musculoskeletal symptoms 
and analyzed the presence or absence of these musculo-
skeletal symptoms; if “a symptom lasts for at least 1 week 
or occurs once or more per month in the past 1 year”, it 
was considered to indicate musculoskeletal symptoms, and 
the other cases were considered not to have musculoskel-
etal symptoms27).

4) Mental health
To identify the mental health level of the subjects, we 

used DASS data collected over 3 yr—in 2009, 2012, and 
2015—and assessed depression, anxiety, and stress in 
the subjects. The DASS was developed by Lovibond23), 
as a self-administered scale to assess negative emotional 
states, such as anxiety, depression, and stress. Each of the 
3 DASS scales contains 14 items, divided into subscales 
of 2–5 items with similar content. The Depression scale 
assesses for dysphoria, hopelessness, devaluation of life, 
self-deprecation, lack of interest/involvement, anhedonia, 
and inertia. The Anxiety scale assesses for autonomic 
arousal, skeletal muscle effects, situational anxiety, and 
subjective experience of anxious affect. The Stress scale 
is sensitive to levels of chronic non-specific arousal and 
assesses for difficulty relaxing; nervous arousal; and being 
easily upset/agitated, irritable/over-reactive, and impatient. 
Subjects were asked to use 4-point severity/frequency 
scales to rate the extent to which they experienced each 
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state over the past week. The DASS is then calculated as 
the sum of the scores of related questions, and based on 
these scales, the level of each item is classified as normal, 
mild, moderate, severe, and very severe23). The DASS has 
shown high internal consistency and has produced signifi-
cant findings in various studies28, 29). This study calculated 
the DASS scores, which were used to assign the subjects 
to the mild or lower (normal + mild) group and the moder-
ate or higher (moderate + severe + very severe) group.

Statistical analysis
We conducted frequency analysis for the subjects’ gen-

eral characteristics and the presence of musculoskeletal 
symptoms in each year, and a chi-square test to compare 
the differences in the presence of musculoskeletal symp-
toms depending on the general characteristics. Moreover, 
to identify the association between musculoskeletal symp-
toms and the mental health level of the subjects, the study 
used a generalized estimating equation (GEE). The basic 

model of the GEE is similar to that of logistic regression 
analysis, but it derives the Exp (B) that considers 3 yr 
of repeated measures. GEE is an analytical method that 
estimates the parameters of a generalized linear model 
with a possible unknown correlation between outcomes. 
GEE can be used to analyze longitudinal data sets which 
are comprised of repeated observations of an outcome 
variable and a set of covariates for each of many sub-
jects30). More importantly, since correlations exist between 
observations in medicine and health science studies where 
the binary response variables are measured several times, 
GEE should be preferentially applied in these cases31). 
All statistical analyses were performed using SPSS (IBM 
Corp. Released 2014. IBM SPSS Statistics for Windows, 
Version 23.0. Armonk, NY: IBM Corp.), and all p values 
<0.05 were considered to indicate statistical significance.

Fig. 1.   Selection of study participants.
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Results

General characteristics of the subjects
A total of 5,271 of 6,650 (response rate, 79.3%) em-

ployees in 2009, 5,971 of 6,524 (response rate, 91.5%) 
employees in 2012, and 4,136 of 6,524 (response rate, 
63.4%) employees in 2015 participated in the muscu-
loskeletal risk factor survey. We finally selected 2,037 
employees for analysis as they were assigned to the same 
ergonomic group in the 2009, 2012, and 2015 surveys, 
and divided the subjects into 2 groups based on the QEC 
results. A total of 1,497 (73.5%) were assigned to the low 
QEC group and 540 (26.5%) were assigned to the high 
QEC group. The number of individuals who worked in 
shifts was 1,640 (80.5%) in 2009, 1,589 (78.0%) in 2012, 
and 1,583 in 2015 (77.7%), thus indicating a gradual de-
crease over time (Table 1).

Musculoskeletal symptoms
Based on the musculoskeletal symptom questionnaire, 

we examined the prevalence of musculoskeletal symptoms 
in the subjects. The number of cases with neck symptoms 
was 84 (4.1%) in 2009, 215 (10.6%) in 2012, and 236 
(11.6%) in 2015, which suggests that the prevalence of 
neck symptoms increased from 2009. Similarly, the num-
ber of those with shoulder symptoms gradually increased 
(Table 2).

Mental health
After measuring the subjects’ scores for depression, 

anxiety, and stress through the DASS, we divided the 
subjects into 2 mental health groups. With regard to de-
pression, the number of cases in the moderate-or-higher 
group was 211 (10.4%) in 2009, which increased to 305 
(15.0%) in 2012 and slightly decreased to 298 (14.6%) 

Table 1.   The sociodemographic characteristics of the study population

2009 2012 2015

Characteristics N (%) N (%) N (%)

Sex Male 1,976 (97.0) 1,976 (97.0) 1,976 (97.0)
Female 61 (3.0) 61 (3.0) 61 (3.0)

Age (yr) ≤29 69 (3.4) 3 (0.1) 0 (0.0)
30–39 980 (48.1) 488 (24.0) 197 (9.7)
40–49 830 (40.7) 1,278 (62.7) 1,470 (72.2)
≥50 158 (7.8) 268 (13.2) 370 (18.2)

Ergonomic risk Low (QEC <40%) 1,497 (73.5) 1,497 (73.5) 1,497 (73.5)
High (QEC ≥40%) 540 (26.5) 540 (26.5) 540 (26.5)

Accident history No 1,322 (64.9) 1,173 (57.6) 1,079 (53.0)
Yes 564 (27.7) 857 (42.1) 958 (47.0)
Missing 151 (7.4) 7 (0.3) 0 (0.0)

Shift work No 393 (19.3) 431 (21.2) 454 (22.3)
Yes 1,640 (80.5) 1,589 (78.0) 1,583 (77.7)
Missing 4 (0.2) 17 (0.8) 0 (0.0)

Total 2,037 (100) 2,037 (100) 2,037 (100)

QEC: Quick Exposure Checklist.

Table 2.   Musculoskeletal symptoms in the study population

2009 2012 2015

Body parts Pain N (%) N (%) N (%)

Neck No 1,953 (95.9) 1,822 (89.4) 1.801 (88.4)
Yes 84 (4.1) 215 (10.6) 236 (11.6)

Shoulder No 1,823 (89.5) 1,767 (86.7) 1,750 (85.9)
Yes 214 (10.5) 270 (13.3) 287 (14.1)

Any body part No 1,610 (79.0) 1,433 (70.3) 1,439 (70.6)
Yes 427 (21.0) 604 (29.7) 598 (29.4)

Total 2,037 (100) 2,037 (100) 2,037 (100)
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in 2015. With regard to anxiety and stress, the number of 
cases in the moderate-or-higher group gradually increased 
(Table 3).

Association between musculoskeletal symptoms and 
subjects’ general characteristics

A chi-squared test was used to analyze the differences 
in the presence of pain due to musculoskeletal symptoms, 
based on the subjects’ general characteristics. With regard 
to sex, the prevalence in women was significantly greater 
than in men in all the surveyed years, although there was 
substantially fewer females in the study (3.0%). With 
regard to age groups, musculoskeletal symptoms were 
found to increase in frequency among young people, from 
2009 to 2015. With regard to the ergonomic risk groups, 
the high risk group showed a higher prevalence of muscu-
loskeletal symptoms than the low risk group in all of the 
surveyed years. With regard to accident history, the group 
that had an accident showed a significantly higher preva-
lence of musculoskeletal symptoms in all the surveyed 
years. Overall, the individuals who did not work in shifts 
were more likely to answer that they had musculoskeletal 
symptoms as compared to those who did work in shifts 
(Appendix 1). Also, the results of the chi-square test for 
QEC groups and other variables were presented. The VIF 
value of all variables was 1.008–1.422, which did not have 
multicollinearity problem (Appendix 2).

Association between musculoskeletal symptoms and 
mental health

To identify the association between mental health 
and the prevalence of musculoskeletal symptoms in the 
subjects, we used GEE analysis to calculate the odds ratio 
and a 95% confidence intervals (CI), while adjusting for 
the following variables: sex, age, ergonomic risk, accident 
history, and shift work. We found that, compared to the 

mild-or-lower group, the group with a moderate or higher 
level of depression showed a significant increase in neck 
symptoms by 2.08 times (95% CI, 1.66–2.61), shoulder 
symptoms by 1.99 times (95% CI, 1.61–2.45), and any 
body part symptoms by 2.35 times (95% CI, 2.00–2.77). 
Similarly, compared to the mild-or-lower group, the group 
with a moderate or higher level of anxiety showed a sig-
nificant increase in neck symptoms by 1.93 times (95% 
CI, 1.55–2.40), shoulder symptoms by 2.06 times (95% 
CI, 1.70–2.50), and any body part symptoms by 2.18 times 
(95% CI, 1.85–2.55). With regard to stress, compared to 
the mild-or-lower group, the moderate-or-higher group 
showed an increase in neck symptoms by 2.34 times (95% 
CI, 1.67–3.27), shoulder symptoms by 2.35 times (95% 
CI, 1.75–3.14), and any body part symptoms by 3.00 times 
(95% CI, 2.32–3.87); the odds ratio for stress was greater 
than that for depression or anxiety. In addition, when ana-
lyzing the subjects through GEE on whether they work on 
shifts or not, shift working group showed significant cor-
relation between musculoskeletal symptoms and mental 
health compared to non-shift working group (Table 4).

Discussion

In the present study, GEE was used to assess the re-
peated measurements conducted over 6 yr: 2009, 2012, 
and 2015. We found the prevalence of musculoskeletal 
symptoms significantly increased in cases with high DASS 
scores compared with low DASS scores, especially on 
shift workers.

The prevalence of musculoskeletal symptoms overall 
markedly increased from 2009 to 2012 and slightly 
increased or remained similar from 2012 to 2015. In 
addition, from 2009 to 2012, 11.2% of the participants 
continued to suffer from musculoskeletal symptoms, but 
from 2012 to 2015, they reached 14.2%, suggesting that 

Table 3.   Mental health groups, based on the DASS scores of the study population

2009 2012 2015

Mental health N (%) N (%) N (%)

Depression Mild or lower 1,826 (89.6) 1,732 (85.0) 1,739 (85.4)
Moderate or higher 211 (10.4) 305 (15.0) 298 (14.6)

Anxiety Mild or lower 1,706 (83.8) 1,692 (83.1) 1,679 (82.4)
Moderate or higher 331 (16.2) 345 (16.9) 358 (17.6)

Stress Mid or lower 1,953 (95.9) 1,924 (94.5) 1,913 (93.9)
Moderate or higher 84 (4.1) 113 (5.5) 124 (6.1)

Total 2,037 (100) 2,037 (100) 2,037 (100)

DASS: Depression, Anxiety and Stress Scales.
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musculoskeletal symptoms are becoming chronic. This 
is inconsistent with the findings of Kim et al., who found 
that the number of musculoskeletal patients decreased 
by 76.2% from 2004 to 2008 and that the total economic 
losses decreased by 85.1% in workplaces in Korea that ran 
the preventive management program for musculoskeletal 
disease32). Of course, the effects would have been large 
at the beginning of the program’s introduction, and it 
would be a little harsh to compare them directly to current 
study. However, increasing musculoskeletal symptoms in 
this study means that the current preventive management 
program is insufficient to manage WMSD risk factors for 
subway workers. There is a need to improve the program 
in a way that involves the management of more various 
job stressors. The development of customized programs 
by job type is also worth considering.

In order to examine the dichotomous exposure catego-
ries among ergonomic factors that can affect the subjects’ 
musculoskeletal symptoms, this study used QEC to divide 
the subjects into 2 ergonomic risk groups. The results of 
a chi-square test showed that overall, the high risk group 
had a higher prevalence of neck, shoulder, and any body 
part symptoms over all of the surveyed years. Although 
it was not presented in the Tables, the Exp (B) in GEE 
analysis was significant, with values of 1.3–1.5 (p<0.05) 
for each of the different musculoskeletal symptoms. The 
findings of this study were consistent with those of the ex-
isting study25), which stated that action should be taken if 
the QEC percentage score is ≥40%, similar to that reported 

in other QEC-based research on other occupations33, 34). 
As demonstrated above, the ergonomic risks in subway 
workplaces could be subjectively quantified by ergonomic 
experts and predicted to some extent, by using the ergo-
nomic evaluation tool. The adoption of appropriate action, 
based on the ergonomic evaluation results, might make it 
possible to prevent or manage musculoskeletal symptoms 
in workers.

To analyze the subject’s mental health, the DASS scores 
were assessed, which estimates the level of depression, 
anxiety, and stress among the subjects. Based on the 
DASS scores the subjects were assigned to 2 groups each 
for depression, anxiety, and stress. Over the course of 6 yr, 
we found that mental health was associated with muscu-
loskeletal symptoms by using GEE. In those 2 groups that 
we assigned for depression, anxiety, and stress, the “mod-
erate or higher” group showed approximately 2–3 times 
higher odds ratio in each of the musculoskeletal symptoms 
than the “mild or lower” group. These results were con-
sistent with those of studies on the association between 
musculoskeletal symptoms and mental health factors such 
as depression, anxiety, and stress9, 18).

One notable aspect is that these correlations are more 
prevalently in shift working group than non-shift working 
group. More detailed investigation is needed to analyze 
the prevalence of WMSD between them which covers 
variety of factors like work hours, physical demands, oc-
cupational exposure, compensation, commute time, work 
schedule and so on35, 36). However, this study did not have 

Table 4.   Odds ratios (OR) and 95% confidence intervals (CI) of the musculoskeletal symptoms based on the DASS through GEE analysis

All workers

Mental health 
Neck symptoms Shoulder symptoms Any body part symptoms

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Depression 2.08 (1.66–2.61) <0.001 1.99 (1.61–2.45) <0.001 2.35 (2.00–2.77) <0.001
Anxiety 1.93 (1.55–2.40) <0.001 2.06 (1.70–2.50) <0.001 2.18 (1.85–2.55) <0.001
Stress 2.34 (1.67–3.27) <0.001 2.35 (1.75–3.14) <0.001 3.00 (2.32–3.87) <0.001

By shift work

Shift  
work

Mental health
Neck symptoms Shoulder symptoms Any body part symptoms

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

No Depression 1.25 (0.78–1.99) 0.359 2.13 (1.42–3.20) <0.001 2.31 (1.65–3.24) <0.001
Anxiety 1.35 (0.88–2.07) 0.169 1.55 (1.05–2.31) <0.001 1.75 (1.27–2.42) <0.001
Stress 1.46 (0.72–2.98) 0.292 1.83 (0.95–3.52) 0.069 2.91 (1.71–4.95) <0.001

Yes Depression 2.45 (1.91–3.16) <0.001 2.07 (1.64–2.61) <0.001 2.52 (2.09–3.05) <0.001
Anxiety 2.20 (1.72–2.82) <0.001 2.32 (1.87–2.89) <0.001 2.46 (2.06–2.94) <0.001
Stress 2.64 (1.83–3.80) <0.001 2.67 (1.94–3.68) <0.001 3.23 (2.41–4.33) <0.001

Adjusted for sex, age, Quick Exposure Checklist (QEC), accident and shift work.
DASS: Depression, Anxiety and Stress Scales; GEE: Generalized estimating equation.
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enough data related to that. As a result, we could not find 
correlation between age and prevalence of musculoskeletal 
symptoms, even though analysis showed that higher the 
age groups tended to work less in shifts. In addition, non-
shift working group shows tendency of higher prevalence 
of musculoskeletal symptoms, and there is no significant 
difference between DASS scores of shift working group 
and non-shift working group. However, considering 
previous studies about shift work and mental and physical 
health problem37, 38) as well as our GEE analysis, mental 
health of shift workers may influence on WMSDs. This is 
an area that needs further research.

Consequently, a more detailed evaluation of the mus-
culoskeletal symptoms as well as an analysis of mental 
health using ergonomic tools designed to be specific to 
parts of the subway workers’ body may be required. Fur-
thermore, to manage musculoskeletal symptoms, we need 
to consider not only the ergonomic factors in workplaces, 
but also the social factors in the workplaces and the indi-
vidual mental health problems, especially on shift workers.

Recently, intervention programs have attempted to 
mitigate mental illnesses such as PTSD or stress among 
the operators who experienced PUT39); however, their 
expected effect was not very significant. To our knowl-
edge, no program is being developed that can be applied 
to subway worker. However, the findings of the present 
study emphasize the need for measures related to the 
mental health of subway workers. The mental health of 
all workers, as well as subway workers, should no longer 
be regarded as a personal issue, but as something to be 
managed at a corporate and social level. It’s also time to 
discuss the introduction of a program for mental health 
management, just as the preventive management program 
for musculoskeletal disease is being implemented in many 
workplaces.

This study has several limitations. First, although the 
analysis of mental health and the prevalence of musculo-
skeletal symptoms in the subjects has significant results, 
it is unclear which direction is the cause and the outcome. 
However, because ergonomic intervention alone is dif-
ficult to improve WMSDs, we would like to say that 
consideration of mental health is important in regards to 
musculoskeletal surveys and management. Second, it is 
difficult to generalize the findings of this study, as the 
study only examined subway workers in Seoul. However, 
it would be useful to compare these findings with those 
from other workplaces with activities that have similar 
musculoskeletal risk. Third, there is a possibility of mis-
classification, as 4 levels divided based on the QEC scores 

were consolidated into 2 groups. And it may not reflect the 
differences in the work environment or ergonomic factors 
among individuals in detail. Additionally, because we used 
QEC, we could not analyze the lower extremity symptoms 
which are found frequently in subway workers. Fourth, 
the analysis of lower back symptoms was not satisfactory. 
Although, a significance between other musculoskeletal 
symptoms and mental health has been identified, it is 
regrettable that lower back pain, an important musculo-
skeletal symptom that is common to subway workers, 
has been excluded from the analysis. Finally, changes in 
mental health could have been observed temporarily or 
chronically due to physical disease; however, there were 
limitations in controlling such acute or chronic disease 
history. And various data on personal, occupational, and 
social factors were not sufficient.

The strengths of the study are: First, it is a repeated 
measures study on a large number of subway workers; 
only a few such studies have been conducted thus far. 
Second, by assessing the ergonomic factors related to the 
physical symptoms in subway workers using validated 
tools and questionnaires and by evaluating mental health 
factors such as depression, anxiety, and stress using the 
DASS, the present study has made it easier for future stud-
ies to compare these groups using the same tools. Third, 
by conducting the questionnaire survey and work analysis 
simultaneously during the same time period, we could 
appropriately control for individual or workplace factors 
related to musculoskeletal symptoms. Fourth, we could 
observe distinctive changes by analyzing the association 
between mental health and musculoskeletal symptoms 
in subway workers, based on the repeated measures data 
surveyed 3 times over 6 yr. The study of Zhang et al. on 
musculoskeletal disease compared the use of logistic re-
gression and GEE in the analysis of binary result variables. 
The study found that although the corresponding risks of 
each method were similar, the statistical power of the GEE 
analysis was higher than that of logistic regression analy-
sis40). Furthermore, by identifying an association between 
musculoskeletal symptoms and depression, anxiety, and 
stress, we were able to describe appropriate measures for 
musculoskeletal health management in subway workers. 
Finally, we questioned the effectiveness of the preventive 
management program for musculoskeletal disease cur-
rently conducted in the country. Although the program 
was shown to be effective in other workplaces, we believe 
that it should be re-evaluated in the near future and should 
particularly be tailored for subway workplaces.
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Conclusion

In the present study, we sought to identify the associa-
tion between musculoskeletal symptoms and mental 
health via a musculoskeletal risk factor survey on subway 
workers in Korea over 6 yr, in 2009, 2012, and 2015. The 
number of cases at high risk of depression, anxiety, and 
stress gradually increased. As a significant association 
between mental health and musculoskeletal symptoms was 
confirmed in this study, we believe that it is necessary to 
introduce stress and mental health improvement programs 
tailored to each workplace.
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Appendix 1.  Comparisons of the characteristics of the study subjects according to the musculoskeletal symptoms

Characteristics

Neck symptoms 
Yes, %

Shoulder symptoms 
Yes, %

Any body symptoms 
Yes, %

Year 2009 2012 2015 2009 2012 2015 2009 2012 2015

Sex Male 3.9* 10.1* 11.2* 9.8* 12.8* 13.6* 20.0* 29.1* 28.7*

Female 9.8* 24.6* 24.6* 32.8* 29.5* 31.1* 50.8* 48.9* 50.8*

Age (yr) ≤29 7.2 33.3 - 5.8 33.3 - 20.3 33.3 -
30–39 4.7 11.9 14.2* 11.0 12.9 16.8 21.8 28.9 34.0
40–49 2.9 10.6 12.2* 10.4 13.1 14.1 19.8 30.6 29.5
≥50 5.7 7.8 7.6* 10.1 14.2 12.4 22.2 26.5 26.2

Ergonomic risk Low 3.4* 9.2* 10.8* 9.1* 11.6* 13.4 19.9* 27.6* 28.7
High 6.1* 14.4* 13.7* 14.4* 17.8* 16.1 23.9* 35.4* 31.3

Accident history No 2.9* 7.4* 7.8* 8.4* 8.8* 9.4* 15.0* 19.0* 18.4*

Yes 7.3* 14.8* 15.9* 16.7* 19.3* 19.4* 36.7* 44.1* 41.8*

Shift work No 5.1 11.4 16.5* 11.5 15.5* 17.2* 22.9 31.8 35.7*

Yes 3.9 10.4 10.2* 10.3 12.7* 13.2* 20.5 29.1 27.5*

*p<0.05.

Appendix 2.  Comparisons of the characteristics of the study subjects according to the QEC

Characteristics

Year 2009

p-value

2012

p-value

2015

p-valueQEC <40% ≥40% <40% ≥40% <40% ≥40%

% % % % % %

Sex Male 73.9 26.1 0.018 73.9 26.1 0.018 73.9 26.1 0.018
Female 60.7 39.3 60.7 39.3 60.7 39.3

Age (yr) ≤29 71.0 29.0 0.057 33.3 66.7 0.183 - - 0.143
30–39 75.5 24.5 73.6 26.4 69.8 30.2
40–49 71.7 28.3 74.3 25.7 74.7 25.3
≥50 65.8 34.2 69.8 30.2 70.6 29.4

Accident history No 74.0 26.0 0.450 73.1 26.9 0.401 72.8 27.2 0.258
Yes 73.6 26.4 73.7 26.3 74.2 25.8

Shift work No 81.1 18.9 0.419 70.2 29.8 0.011 70.3 29.7 0.045
Yes 79.5 20.5 76.4 23.6 74.4 25.6


