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Abstract

Objectives: This study aimed to find the prevalence and occupational risk factors for major psychiatric disorders
among subway drivers in South Korea.

Methods: Of all 998 current subway drivers, 995 participated in this study. The Korean version of the Composite
International Diagnostic Interview (K-CIDI 2.1) was administered by trained interviewers to diagnose psychiatric
disorders in all participants. The questions on socio-demographic characteristics and working conditions included
some questions related to a person under train (PUT) experience and work-related problems. One-year prevalence
and lifetime prevalence of major depressive disorder (MDD), post-traumatic stress disorder (PTSD), and panic disorder
were diagnosed through the interview. The standardized prevalence ratios (SPRs) of these three disorders were
calculated in the sample of subway drivers using the 2011 Korean National Epidemiologic Survey data as a basis.
Multiple logistic regressions were performed to determine the association between work-related factors and the
prevalence of the psychiatric disorders.

Results: The standardized prevalence ratios (SPRs) for a 1-year prevalence of MDD and PTSD among subway drivers
were 1.1 (95% CI 0.7-1.7) and 5.6 (95% CI 3.1-8.8), respectively. Conflict with passengers was significantly associated with
an increased risk for both MDD and PTSD in 1-year and in lifetime prevalence. Experiencing a sudden stop due to an
emergency bell increased the risk of the lifetime prevalence of MDD (OR 2.61, 95% CI 1.14-6.97) and PTSD (OR 7.53,
95% CI 1.77-32.02). The risk of PTSD significantly increased among drivers who once experienced a near accident in
terms of both the 1-year prevalence (OR 8.81, 95% CI 1.96-39.3) and the lifetime prevalence (OR 6.36, 95% CI 2.40-16.90).

Conclusions: PTSD and panic disorder were more prevalent among subway drivers than in the general population.
We found that having a conflict with passengers, a near accident, and a breakdown while driving can be risk factors for
psychiatric disorders among subway drivers. Therefore, a prompt and sensitive approach should be introduced for
these high risk groups within the subway company.
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Introduction
Generally, occupational drivers have very stressful jobs be-
cause many of them undergo long working times and
carry the risk of accident and injury. Furthermore, face-to-
face contact with passengers is often needed in their jobs.
Many previous studies have addressed the prevalence of
psychiatric symptoms and disorders among occupational
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drivers [1-5], and in particular, subway drivers experience
various types of problematic situations during their driving
which can be risk factors for psychiatric symptoms or dis-
orders [2,3]. Subway drivers are always at risk of running
over a person on the tracks (person under train, PUT)
[6-9]. Furthermore, they spend most of their working
hours in an underground space, which can cause a sense
of isolation and depression [2].
In 2007, a mental health check was conducted targeting

subway drivers of a public company in Seoul by using The
Korean version of the Composite International Diagnostic
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Interview (K-CIDI 2.1), a qualified diagnostic tool devel-
oped by the World Health Organization (WHO) [10]. The
standardized prevalence ratios (SPRs) for the lifetime
prevalence of panic disorder and PTSD were 13.3 (95% CI
6.6-22.4) and 2.1 (95% CI 1.1-3.4), respectively. With re-
spect to lifetime prevalence, drivers who experienced PUT
showed a significantly higher risk for panic disorder (Odds
ratio = 4.2, 95% CI 1.2-16.6) and PTSD (OR = 4.4, 95% CI
1.3-16.4). For the 1-year prevalence, the drivers who ex-
perienced PUT had a significantly higher risk for PTSD
(OR = 11.7, 95% CI 1.9-225.8). There was no significant
value of SPR and OR in major depressive disorder [3].
After the mental health check was conducted, some

interventional policies were suggested, which included
compulsory physician counseling, minimizing driving
hours, protecting drivers from the family of the victims,
practicing two-person driving, installing a platform screen
door (PSD) and so on [3]. According to the suggestions,
most subway stations in Seoul have been equipped with a
PSD, and the PSDs have prevented people from falling
down on the railway, so PUTs are very rare nowadays [11].
Drivers do not experience PUTs anymore during their driv-
ing. However, other policies that were suggested after this
survey have not yet been implemented. In particular, one-
person driving still continues today although the conver-
sion to two-person driving was one of the key issues [12].
There were several limitations of the survey in 2007.

First, the drivers who changed their jobs to other depart-
ments did not participate in the survey. Furthermore,
some drivers elected not to participate as well. There-
fore, the response rate barely reached 86.7% [3]. The
company kept a lukewarm attitude and the individuals
in charge did not actively support the survey.
Although there has been an effort to improve the

mental health of the drivers and their working environ-
ment, several cases ended in suicide within the past two
years. Consequently, the necessity for active intervention
was suggested by performing a mental health survey
once again in 2013.
Therefore, this study aims to find the prevalence and

occupational risk factors for major psychiatric disorders
among subway drivers. Furthermore, we tried to find
other factors related to psychiatric disorders different
from those of the previous study in 2007.

Materials and methods
Study subjects
This study was conducted targeting subway drivers who
were employed by a public company in Seoul. Among all
998 current subway drivers, 995 participated in the study
(response rate 99.7%). Three drivers were absent from the
study due to a sick leave (non-psychiatric diseases), and 15
female drivers were excluded in the analysis. Therefore, 980
male drivers were included in the analysis. All participants
were fully informed with respect to the purposes and
methods of the study before participating in the interview.
Written informed consent was obtained from every subject
prior to their participation and this study was approved by
the Institutional Review Board of the Seoul St. Mary’s
Hospital.

Assessment of psychiatric disorders
The Korean version of the Composite International Diag-
nostic Interview (K-CIDI 2.1) was administered by trained
interviewers to all participants in order to diagnose psychi-
atric disorders. The CIDI [13] is a fully structured diagnos-
tic interview that was developed to assess psychiatric
diagnoses based on DSM-IV [14]. The K-CIDI was vali-
dated by Cho et al. [10] according to the WHO guidelines
[15]. The K-CIDI has been used in a previous study per-
formed in the same company in 2007 and in national
mental health epidemiological surveys, such as the 2001
Korean Epidemiologic Catchment Area (KECA) [16], 2006
KECA-R [17], and KECA-2011 [18].
Nine trained interviewers carried out face-to-face in-

terviews with all participants. The interviewers were
qualified by completing a 5-day training course that in-
cluded several lectures on general interview skills and
on the K-CIDI, mock interviews, and role-playing exer-
cises that followed standard protocols and training mate-
rials developed by WHO [19,20].

Assessment of work-related factors and socio-
demographic variables
All participants completed a questionnaire of socio-
demographic characteristics and working conditions,
which included some questions with respect to PUT ex-
perience and work-related problems. The number and
time of PUT experiences and the severity of the victim’s
injury were asked, and we also inquired about the fol-
lowing work-related problems: conflict with passengers,
experience of a sudden stop due to an emergency bell,
having a near accident, experience of breakdown, and
PUT experience of a colleague. Subway drivers some-
times experience mechanical troubles during their driv-
ing (breakdown), and they occasionally suffer from
mental distress due to PUT experience of a co-worker
although it is not their direct experience [2].

Data analysis
We examined the 1-year prevalence of MDD, PTSD, and
panic disorder. The standardized prevalence ratios (SPRs)
of these three disorders in the subway driver sample were
calculated based on age-standardized prevalence in the
2011 Korean National Epidemiologic Survey data (KECA-
2011) [18]. The SPRs were calculated by dividing the
prevalence observed in subway drivers by the expected
number from KECA-2011, with a 95% confidence interval
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(CI). Multiple logistic regressions were performed to de-
termine the association between work-related factors and
the prevalence of psychiatric disorders. All analysis was
performed with SPSS version 18.0.

Results
Prevalence and SPRs of MDD, PTSD, and panic disorder
Table 1 shows the socio-demographic and work-related
characteristics of the participants. Most participants
were in their 40s and had finished junior college or col-
lege. More than half of them had been subway drivers
for more than a decade. The 1-year prevalence of MDD,
PTSD, and panic disorder were 1.8, 1.6, and 1.0%, re-
spectively. The standardized prevalence ratios (SPRs) for
1-year prevalence of MDD and PTSD were 1.1 (95% CI
0.7-1.7) and 5.6 (95% CI 3.1-8.8) (Table 2). The SPR of
panic disorder couldn’t be calculated because the 1-year
prevalence of panic disorder among Korean males in
2011 was 0 (zero).

The association between work-related problems and
psychiatric disorders
The association between work-related problems and the
three psychiatric disorders were determined using a mul-
tiple logistic regression. Table 3 shows the risk for the
Table 1 Socio-demographic and work-related characteristics
of 980 male subway drivers

Characteristics Classification N (total = 980) %

Age, year 20-29 24 2.4

30-39 193 19.7

40-49 640 65.3

≥ 50 123 12.6

Education High school 178 18.2

Junior college 308 31.4

Above college 494 50.4

Marital status Unmarried 122 12.2

Married 837 85.4

Divorced/separated/bereaved 23 2.3

Family income, US
dollar/month

< 2,000 5 0.5

2000-2999 114 11.6

3000-3999 495 50.5

4000-4999 221 22.6

≥ 5000 145 14.8

Years of driving < 1 40 4.1

1-4 56 5.7

5-9 193 19.7

10-19 575 58.7

20-29 76 7.8

≥ 30 40 4.1
three psychiatric disorders resulting from PUT experience
and related factors. For the 1-year prevalence, a higher risk
of the three psychiatric disorders was seen among drivers
who had experienced PUT, but it wasn’t statistically sig-
nificant. Likewise, other PUT-related factors were not sig-
nificantly associated with the risk of three psychiatric
disorders. In terms of the lifetime prevalence, PUT experi-
ence was marginally associated with a higher risk for
PTSD (OR 2.06, 95% CI 0.94-4.55). In particular, the risk
for PTSD increased significantly in the group of drivers
who had experienced PUT more than two times (OR 3.57,
95% CI 1.32-3.65). The severity of victim’s injury and re-
peated experience of PUT was not associated with a risk
for the three psychiatric disorders.
The association between work-related problems and

the prevalence of psychiatric disorders is presented in
Table 4. Conflict with passengers was significantly asso-
ciated with the risk of both MDD and PTSD in 1-year
and in lifetime prevalence, but it was not associated with
the risk for panic disorder. A sudden stop due to an
emergency bell increased the risk of the lifetime preva-
lence of MDD (OR 2.61, 95% CI 1.14-6.97) and PTSD
(OR 7.53, 95% CI 1.77-32.02), and the risk for PTSD sig-
nificantly increased among drivers who had once experi-
enced a near accident for both the 1-year prevalence
(OR 8.81, 95% CI 1.96-39.3) and the lifetime prevalence
(OR 6.36, 95% CI 2.40-16.90). Experience of breakdown
was not significantly associated with three psychiatric
disorders. The study results showed that PUT experi-
ence of a colleague increased the risk of lifetime preva-
lence of PTSD (OR 2.84, 95% CI 1.32-6.12) and the risk
of MDD and panic disorder for both the 1-year preva-
lence (MDD: OR 4.54, 95% CI 1.76-11.70, panic dis-
order: OR 3.54, 95% CI 1.01-12.38) and the lifetime
prevalence (MDD: OR 2.92, 95% CI 1.54-5.54, panic dis-
order: OR 2.78, 95% CI 1.02-7.58).

Discussion
This study shows that there is a higher prevalence of the
three psychiatric disorders among subway drivers than
that in the national data. In KECA-2011, the 1-year preva-
lence of MDD, PTSD, and panic disorder among adult
males were 1.8%, 0.2%, and 0.0%, respectively [18]. Based
Table 2 1-year prevalence and SPRs of MDD, PTSD and
panic disorder in 980 subway drivers

1-year prevalence (%)

SPR
(95% CI)

Subway drivers
(2013)

National data
(male, 2011)

MDD 1.1 (0.7-1.7) 1.8 1.8

PTSD 5.6 (3.1-8.8) 1.6 0.2

Panic disorder* - 1.0 0.0

*The SPR of panic disorder could not be calculated because the 1-year prevalence
of panic disorder among Korean males in 2011 was 0 (zero).



Table 3 Association between PUT events and related factors and the prevalence of psychiatric disorders

PUT experience and related factors 1-year prevalence Lifetime prevalence

MDD PTSD Panic
disorder

MDD PTSD Panic
disorder

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

PUT experience (Ref = no) Yes 1.99 0.72-5.53 1.54 0.52-4.55 1.31 0.31-5.50 1.13 0.55-2.31 2.06 0.94-4.55 1.75 0.59-5.14

Number of PUT experience
(Ref = 0)

1 2.01 0.66-6.11 1.77 0.31-4.47 1.83 0.45-7.50 0.95 0.40-2.25 1.45 0.55-3.85 1.67 0.50-5.58

≥2 1.94 0.39-9.62 2.36 0.57-9.70 0 0 1.56 0.56-4.34 3.57 1.32-3.65 1.95 0.39-9.79

Severity of victim’s injury
(Ref = alive)

Death 0.59 0.13-2.72 2.49 0.27-23.27 0.4 0.04-4.55 0.79 0.25-2.53 1.39 0.40-4.82 0.39 0.07-2.18

When PUT was experienced
(Ref = over 5 years)

Within 5 years 1.04 0.77-1.05 1.01 0.11-9.06 1.04 0.07-15.38 0.47 0.09-2.46 0.33 0.03-2.63 0.46 0.05-4.68

Note: Odds ratio and 95% confidence interval were estimated by performing multiple logistic regression, adjusted for age. Except for age, other socio-demographic factors
were not associated with psychiatric disorders in univariate analysis.
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on the KECA-2011 data, the SPRs of MDD and PTSD were
1.1 (95% CI 0.7-1.7) and 5.6 (95% CI 3.1-8.8), respectively.
Therefore, the prevalence of MDD seems to be similar to
that of the general population. On the other hand, the SPR
of PTSD was 5.6. It means that the risk of PTSD among
subway drivers was 5.6 times higher than that in the general
population. Due to the healthy worker effect, psychiatric
disorders are less prevalent in the working population.
However, in this study, subway drivers easily have PTSD
and panic disorder. The working environment might be a
cause of a higher prevalence of psychiatric disorders in this
group. Subway drivers have potential exposure to PUT
events when driving their trains [3-9]. However, after 2007,
PSDs were established in most stations in Seoul. Nowadays,
there are very few PUT cases in a year. Therefore, other
work-related factors, such as general work stress, hierarch-
ical culture, organizational justice, and conflict with passen-
gers can be causes for newly developed psychiatric illness
in this group.
In the study performed in 2007 in the same company,

the 1-year prevalence of MDD, PTSD, and panic dis-
order were 1.3%, 0.9% and 0.6%, respectively. In the
present study, the 1-year prevalence of MDD, PTSD and
panic disorder were 1.8%, 1.6% and 1.0%, respectively.
These results show that the 1-year prevalence of the
three psychiatric disorders increased relative to those
Table 4 Association between the prevalence of psychiatric di

1-year prevalence

Work-related problem MDD PTSD

OR 95% CI OR 95% CI

Conflict with passengers 3.13 1.21-8.11 3.21 1.14-9.03

Sudden stop due to an emergency bell 4.17 0.95-18.3 3.66 0.82-16.4

Near accident 1.01 0.40-2.58 8.81 1.96-39.3

Breakdown 0.81 0.18-3.57 1.71 0.48-6.14

PUT experience of a colleague 4.54 1.76-11.70 0.55 0.12-2.47

Note: Odds ratio and 95% confidence interval were estimated by performing multip
demographic factors were not associated with psychiatric disorders in univariate an
found in the previous study. There can be several rea-
sons for that. One of them might be that there was a
higher response rate compared to the previous study
(99.6% vs 86.7%) [3]. It means that an exclusion of a high
risk group could have occurred in the previous study.
Actually, 4 drivers who did not participate in the previ-
ous study (in 2007) were recognized to have a psychi-
atric disorder in the present study. Second, other newly
developed stressful conditions, such as an increase of
conflict with passengers, operating new train systems,
and conflicts among workers due to a plurality of labor
unions, emerged in their workplace after 2007. Third,
any other support systems for high risk group were not
introduced in this company in spite of researchers’ rec-
ommendations in 2007 (two-driver system, supporting
drivers who have experienced PUTs, etc.).
As mentioned above, the result of this study does not

show a significant association between psychiatric disor-
ders and PUT related factors, with the exception of the
association between the number of PUT experiences
and the lifetime prevalence of PTSD. Other work-related
problems, on the other hand, are significantly associated
with the prevalence of the psychiatric disorders. Two
subway companies that the Seoul City government runs
equipped most stations with PSDs. After that, the inci-
dence of PUTs drastically decreased; thus, PUTs occurs
sorders and work-related problems during the past year

Lifetime prevalence

Panic disorder MDD PTSD Panic disorder

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

0.57 0.12-2.76 2.02 1.07-3.85 3.32 1.55-7.12 1.11 0.38-3.26

2.04 0.43-9.69 2.61 1.14-5.97 7.53 1.77-32.02 1.55 0.50-4.87

1.26 0.36-4.39 1.35 0.72-2.54 6.36 2.40-16.90 1.27 0.47-3.43

0.71 0.09-5.71 1.14 0.47-2.77 1.89 0.75-4.75 0.43 0.06-3.30

3.54 1.01-12.38 2.92 1.54-5.54 2.84 1.32-6.12 2.78 1.02-7.58

le logistic regression, adjusted for age. Except for age, other socio-
alysis.
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less than twice a year. Therefore, other work-related
problems have become more prominent in recent years,
including conflicts with passengers, sudden stops due to
an emergency bell, near accidents, breakdown, and PUT
experience of a colleague. These stressful events derived
from a qualitative study with drivers were asked. Al-
though these problems seem to be less serious than
PUT, they appear to elevate the risk of three psychiatric
disorders in subway drivers.
The researchers of this study recommended the company

to perform mental health exams regularly. It is expected
that the high-risk group and the individuals that present
symptoms will be found earlier and can be treated properly.
As a result of a proposal by the researchers, in the late
2013 the company established a counseling center for em-
ployees where a doctor and a psychological counselor are
available. There are three categories of interventions that
can solve mental health problems among subway drivers.
First is the common approach targeting all subway drivers.
This includes various policies to enhance the mental health
or to change perceptions. Second, active surveillance is
needed for a high-risk group, for example, drivers who ex-
perienced PUT or suffered seriously from a conflict with a
passenger. This aims to support vulnerable workers in
order to overcome mental problems at an early stage. Third
is the early intervention for drivers who show symptoms in
order to prevent the exacerbation of disease and to facili-
tate a return-to-work process. Likewise, multi-dimensional
approach seems to be needed to improve the mental health
of subway drivers.
This study has several limitations. First, in this study, we

could not identify drivers at a pre-disease stage. Even
though CIDI was used to define psychiatric disorders, a
screening tool for early detection and prevention should
also be applied simultaneously or step by step. Second, we
did not include other possible related disorders as outcome
variables (e.g., somatoform disorders, general anxiety dis-
orders, and substance-related disorders). Finally, a lower
prevalence of psychiatric disorders resulted in larger CIs,
meaning that the results of this study can vary as a result of
a variation due to one or two cases. However, we used CIDI,
where the target disease can be diagnosed correctly, but the
survey results in a low prevalence of mental disorders.
In this study, PTSD and panic disorders were still more

prevalent among subway drivers in comparison with the
general population. We found that conflict with passengers,
a near miss accident and a breakdown while driving can be
risk factors for psychiatric disorders among subway drivers.
Therefore, a prompt and sensitive approach for these high
risk groups should be introduced in this company.

Conclusions
PTSD and panic disorder were more prevalent among
subway drivers than in the general population. We found
that having a conflict with passengers, a near accident,
and a breakdown while driving can be risk factors for
psychiatric disorders among subway drivers. Therefore, a
prompt and sensitive approach should be introduced for
these high risk groups within the subway company.
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