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ABSTRACT

Background: Mental illness is known to be caused by genetic, biological, and environmental 
risk factors. Although previous studies have established the link between mental illness 
and job stress, most of them are limited to major depression disorder. Therefore, this study 
examined the relationship between job stress and bipolar spectrum disorder (BSD).
Methods: This is a cross-sectional study based on a survey conducted in April 2017 at an 
electronic parts manufacturing company in Busan. In a total of 441 workers, the degree of 
BSD was identified using the Korean version of the Mood Disorder Questionnaire, and the 
degree of job stress was identified using the Korean Occupational Stress Scale Short Form. 
This study also identified general characteristics of workers and job-related factors. The χ2 
test and Fisher's exact test was conducted to determine the differences among the variables, 
based on BSD. Multiple logistic regression analysis was conducted to determine the influence 
of independent variables on BSD.
Results: Cross-analysis showed significant differences between the BSD high-risk and low-
risk groups regarding age, sex, occupation, smoking, problem drinking, job stress total score, 
occupational climate, and major depression disorder symptom. In addition, the significant 
differences between the BSD high-risk and low-risk groups about job stress were observed in 
terms of job demand, job insecurity, and occupational climate. A multiple logistic regression 
analysis revealed that the high-risk group in the job stress group had a higher effect on BSD 
than the low-risk group (odds ratio [OR]: 2.32, 95% confidence interval [CI]: 1.10–4.88). 
Among the categories of job stress, high-risk groups in 3 areas—job demand (OR: 2.56, 95% 
CI: 1.27–5.17), job insecurity (OR: 4.42, 95% CI: 1.19–16.42), and occupational climate (OR: 
2.55, 95% CI: 1.29–5.05)—were more likely to have an impact on BSD than the low-risk groups.
Conclusions: This study demonstrated that the high-risk groups of job stress total score, job 
demand, job insecurity, and occupational climate had a more significant effect on BSD than 
the low-risk groups. As workers with BSD may have difficulties in their work and personal 
lives, there is a need to manage job stress to prevention of BSD.
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BACKGROUND

The causes of mental illness are known to be genetic, biological, and environmental. 
The genetic risk factors include a family history of mental illness, 22q11.2 deficit, single 
nucleotide variant, and copy number variation. The biological risk factors include maternal 
infection, obstetric problems, malnutrition, brain damage, structural and functional changes 
caused by serotonin and glucocorticoid in the brain, hormonal changes, and substance 
abuse. The environmental risk factors include bullying, abuse, lack of adequate stimulation, 
socio-economic inequality, stress, immigration, social isolation. In particular, environmental 
risk factors are thought to create synergies with genetic and biological risk factors, causing 
mental illness [1]. Bipolar spectrum disorder (BSD), like other mental illnesses, is assumed 
to be caused by environmental factors [2]. Previous studies have reported the association 
between BSD and environmental risk factors such as stress [3,4].

Bipolar disorder is a psychiatric disorder that involves alternating between periods of mood 
swings at both extremes of mania or depression and periods of normal mood. Bipolar 
disorders are often referred to in academic terms as manic depressive illnesses and are 
classified as Type I, Type II, subthreshold bipolar disorder, or BSD. This concept covers all 
bipolar disorders. A study by Merikangas et al. [5] reported that the global 1-year prevalence 
of BSD was 1.5%, and the lifetime prevalence was 2.4%.

The occurrence of BSD is generally known to involve 3 mechanisms. These are hypothalamus-
pituitary-adrenal (HPA) axis hyperactivation, monoamine dysregulation, and circadian 
rhythm dysregulation [6]. Previous studies have shown that early life stress can alter the 
HPA axis in later life [6]. Murri et al. [7] reported that stress may increase the likelihood of 
BSD and other diseases by causing hyperactivity of the adult HPA axis. Muneer [8] suggested 
that long-lasting life stress induces hyperactivity of the HPA axis and the generation of 
reactive oxygen species in the nerves. This leads to neurotoxic kynurenine metabolites, 
resulting in the dysregulation of the circadian molecular clock and BSD manic episodes [8]. 
Monoamine dysregulation is also known to be associated with stress. In general, monoamine 
dysregulation is expressed as a result of stress in mood disorders. Unlike some cases of 
depression, BSD is expressed for other unknown reasons [9]. Some researchers explain 
that the development of BSD prevents human beings from becoming depressed through a 
mechanism called “manic defenses” [10]. Others explain that circadian rhythm dysregulation 
will act as a “switch,” causing BSD [11].

Previous studies have centered their research on Karasek's (1979) demand-control model and 
Siegrist's (1996) effort-reward imbalance model [12,13]. In particular, there are a number of 
studies on job stress and major depressive disorder (MDD) based on these models [14-17].

In Korea, previous research on the relationship between job stress, musculoskeletal 
disorders, and mental disorder symptoms was conducted by Jung et al. [18]. Most of the 
previous studies, however, focused on the relationship between depression and job stress. 
Although the relationship between BSD and job stress has not been confirmed, the authors of 
the study found literature on the same. Therefore, further research on the effect of job stress 
on BSD is needed. In this study, job stress was measured based on the Korean Occupational 
Stress Scale Short Form (KOSS-SF). After determining the degree of BSD through the Korean 
version of the Mood Disorder Questionnaire (K-MDQ), we investigated the correlation 
between BSD and other variables. We conducted a comprehensive evaluation of the impact 
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of different variables and job stress on BSD. In addition, the Korean version of the Patient 
Health Questionnaire-9 (KPHQ-9) was used to assess the degree of depression and to further 
evaluate the correlation between job stress and depression.

METHODS

Subjects
This study was conducted in April 2017 through a questionnaire in an electronic parts 
manufacturing company based in Busan. The data were collected by the company. All workers in 
the company were invited to participate in the study. Excluding 19 workers who gave incomplete 
answers, a total of 441 workers (217 male and 224 female) were included in the study.

Study procedure
To obtain information on the characteristics of workers such as their sex, marital status, 
and age, workers were asked to complete the questionnaire. They were then classified 
as production or office workers according to their job type. In addition, according to the 
designation of workers in the workplace, their differences were described. The Cut-Annoyed-
Guilty-Eye Questionnaire and smoking questionnaire were used to examine the drinking and 
smoking habits of workers [19]. The KOSS-SF was used to measure the degree and type of 
workers' job stress [20-22].

The K-MDQ was used to measure the degree of BSD. In the case of the K-MDQ, the cutoff 
value was set to the total score (over 7 points) of symptoms, which is the most appropriate 
value for sensitivity and specificity [23]. In this study, we applied only the total score criteria 
of symptoms suggested in previous studies. K-MDQ defined BSD high-risk groups above the 
BSD cutoff value. The KPHQ-9 was used to analyze the effect of job stress on MDD. A cutoff 
value based on the scores presented in a previous study was used [24].

Statistical analysis
Data were analyzed using SPSS version 22.0 (Chicago, IL, USA). First, descriptive statistics 
and analyses were performed. The χ2 test and Fisher's exact test were conducted to identify 
the general characteristics of male and female workers. Other variables were classified 
according to sex, and personal characteristics such as job stress, BSD, and marriage, and job-
related characteristics such as job type and job position. In addition, the χ2 test and Fisher's 
exact test was conducted to determine the differences among the variables, based on BSD 
and MDD. There are no scientific studies indicating drinking alcohol and smoking as a direct 
cause of increased risk of BSD and MDD development. Therefore, the problem drinking and 
smoking variables were inappropriate as confounders and were excluded as they could cause 
collider bias.

A multiple logistic regression analysis was conducted to determine the influence of 
independent variables on BSD. In the demographic data, BSD was found to have a statistically 
significant relationship with age, sex, and occupation. The variables of age and sex 
influenced BSD [25,26], and they were used as independent variables. In MDD, statistical 
significance was confirmed in the age, sex, and marital status variables. In addition, the 
age and sex variables are generally known to be related to MDD, so the age, sex, and marital 
status variables were used in a multiple logistic regression analysis [27-29]. The statistical 
significance level was set at P<0.05.
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RESULTS

General characteristics
The variables indicating significant differences between men and women were job position, 
BSD, job demand, insufficient job control, and job insecurity. Among the participants, 211 
(47.8%) were 40 years old or older. Among the female workers, 88 (40.6%) were over 45 years 
old. There were 323 production workers (73.2%): 126 (58.1%) male and 197 (87.9%) female. 
The number of BSD high-risk workers were 40 (9.1%). In the male group, the high-risk group 
of BSD included 26 individuals (12.0%), and in the female group, it included 14 individuals 
(6.3%) (Table 1).

Distributions of job stress factors
In the KOSS-SF, there were differences in job stress among men and women. For male 
workers, the areas with median values above of Korean workers were “job demand,” and 
“insufficient job control,” and for female workers, it was “insufficient job control” (Table 2).

Comparisons of BSD and MDD levels based on general characteristics and job 
stress
Of the 441 people, a total of 40 high-risk BSD workers were identified through the K-MDQ 
and a total of 48 high-risk MDD workers were identified through the KPHQ-9. The BSD and 
the cross-tabulation results showed significant differences in age, sex, job type, problem 
drinking, smoking, job demand, job insecurity, occupational climate, job stress total score, 
and MDD. The cross-tabulation results between MDD and other variables showed significant 
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Table 1. General characteristics of study subjects (n=441)
Variables Total (n=441) Male (n=217) Female (n=224) Pa

Age <0.001
Under 20 21 6 (2.7) 15 (6.9)
25–30 46 35 (16.1) 11 (5.1)
30–35 62 42 (19.4) 20 (9.2)
35–40 101 60 (27.7) 41 (19.0)
40–45 88 39 (18.0) 49 (22.6)
Over 45 123 35 (16.1) 88 (40.6)

Marital states 0.05
Single 151 84 (38.7) 67 (29.9)
Married 290 133 (61.3) 157 (70.1)

Job type <0.001
Production 323 126 (58.1) 197 (87.9)
Office work 118 91 (41.9) 27 (12.1)

Position <0.001
Staff-Assistant manager 336 126 (58.1) 210 (93.8)
Chief-Manager or higher 105 91 (41.9) 14 (6.3)

Working period <0.05
0–5 years 171 67 (30.9) 104 (46.4)
5–10 years 131 79 (36.4) 52 (23.2)
10–15 years 86 45 (20.7) 41 (18.3)
15–20 years 31 12 (5.5) 19 (8.5)
Over 20 years 22 14 (6.5) 8 (3.6)

Problem drinking <0.05
High-risk 62 38 (17.5) 24 ((10.7)
Low-risk 379 179 (82.5) 200 (89.3)

Smoking <0.001
Smoker 118 112 (51.6) 6 (2.7)
No smoking 323 105 (48.4) 218 (97.3)

aP-value of χ2 test and Fisher's exact test.
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differences in age, sex, marital status, problem drinking, smoking, job insecurity, and 
occupational climate (Tables 3 and 4).
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Table 2. Job stress level of study subjects (n=441)
Job stress Sex Median Reference valuea

Job demand Male 50.1 50.1
Female 41.7 58.4

Insufficient job control Male 50.1 50.1
Female 66.7 58.4

Interpersonal conflict Male 33.4 33.4
Female 33.4 33.4

Job insecurity Male 16.7 33.4
Female 16.7 33.4

Organizational system Male 41.7 50.1
Female 41.7 50.1

Lack of reward Male 44.4 55.6
Female 44.4 55.6

Occupational climate Male 33.4 50.1
Female 33.4 50.1

Job stress total score Male 40.5 48.5
Female 42.5 56.0

aMedian of job stress score for 12,631 Korean workers [22].

Table 3. The difference of BSD and MDD by general characteristics (n=441)
Variables BSD MDD

High-risk (n=40) Low-risk (n=401) Pa High-risk (n=48) Low-risk (n=393) Pa

Age <0.05 <0.05
Under 20 1 (2.5) 20 (5.0) 4 (8.3) 17 (4.3)
25–30 7 (17.5) 39 (9.7) 3 (6.3) 43 (10.9)
30–35 8 (20.0) 54 (13.5) 12 (25.0) 50 (12.7)
35–40 13 (32.5) 88 (22.0) 14 (29.2) 87 (22.1)
40–45 10 (25.0) 78 (19.5) 10 (20.8) 78 (19.8)
Over 45 1 (2.5) 122 (30.4) 5 (10.4) 118 (30.0)

Sex <0.05 <0.05
Male 26 (65.0) 191 (47.6) 30 (62.5) 187 (47.6)
Female 14 (35.0) 210 (52.4) 18 (37.5) 206 (52.4)

Marital states 0.06 <0.05
Single 19 (47.5) 132 (32.9) 24 (50.0) 127 (32.3)
Married 21 (52.5) 269 (67.1) 24 (50.0) 266 (67.7)

Job type <0.05 0.46
Production 23 (57.5) 300 (74.8) 33 (68.8) 290 (73.8)
Office work 17 (42.5) 101 (25.2) 15 (31.3) 103 (26.2)

Position 0.34 0.84
Staff-Assistant manager 28 (70.0) 308 (76.8) 36 (75.0) 300 (76.3)
Chief-Manager or higher 12 (30.0) 93 (23.2) 12 (25.0) 93 (23.7)

Working period 0.15 0.30
0–5 years 15 (37.5) 156 (38.9) 22 (48.5) 149 (37.9)
5–10 years 17 (42.5) 114 (28.4) 15 (31.3) 116 (29..5)
10–20 years 8 (20.0) 109 (27.2) 11 (22.9) 106 (27.0)
Over 20 years 0 (0.0) 22 (5.5) 0 (0.00) 22 (5.6)

MDD <0.001
High-risk 12 (30.0) 36 (9.0)
Low-risk 28 (70.0) 365 (91.0)

Problem drinking <0.001 <0.001
High-risk 6 (15.0) 9 (2.2) 7 (46.7) 41 (9.6)
Low-risk 34 (85.0) 392 (97.8) 8 (53.5) 385 (90.4)

Smoking <0.05 <0.05
Smoker 19 (47.5) 99 (24.7) 22 (45.8) 96 (24.4)
No smoking 21 (52.5) 302 (75.3) 26 (54.2) 297 (75.6)

BSD: bipolar spectrum disorder; MDD: major depressive disorder.
aP-value of χ2 test and Fisher's exact test.
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Multiple logistic regression analysis of BSD and MDD related factors
In the case of BSD, multiple logistic regression analysis showed statistically significant results 
in 4 areas: job stress total score, job demand, job insecurity, and occupational climate. In the 
case of MDD, multiple logistic regression analysis showed statistically significant results in 
MDD in 2 areas: job insecurity and occupational climate (Table 5).

DISCUSSION

In this study, we found 9.1% of workers had BSD symptoms. In the 2016 Mental Disorde 
Survey conducted in Korea, lifetime prevalence rate and annual prevalence rate of BSD were 
0.1% [30]. In the United States, the US National Comfort Survey Replication was carried 
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Table 4. The difference of BSD and MDD by job stress (n=441)
Job stress BSD MDD

High-risk (n=40) Low-risk (n=401) Pa High-risk (n=48) Low-risk (n=393) Pa

Job demand <0.001 0.06
High-risk 24 (16.3) 123 (83.7) 27 (56.3) 120 (30.5)
Low-risk 16 (5.4) 278 (94.6) 21 (43.7) 273 (69.5)

Insufficient job control 0.14 0.23
High-risk 15 (7.0) 119 (93.0) 20 (41.7) 194 (49.4)
Low-risk 25 (11.0) 202 (89.0) 28 (58.3) 199 (50.6)

Interpersonal conflict 0.84 0.70
High-risk 13 (9.5) 124 (90.5) 7 (14.6) 8 (2.0)
Low-risk 27 (8.9) 277 (91.1) 41 (14.6) 385 (98.0)

Job insecurity <0.05 <0.05
High-risk 4 (26.7) 11 (73.3) 7 (85.4) 8 (2.0)
High-risk 36 (8.5) 390 (91.5) 41 (8.5) 385 (98.0)

Organizational system 0.18 0.75
High-risk 15 (12.0) 110 (88.0) 21 (43.8) 104 (26.5)
Low-risk 25 (7.9) 291 (92.1) 27 (56.3) 289 (73.5)

Lack of reward 0.70 0.28
High-risk 17 (9.7) 158 (90.3) 28 (58.3) 147 (37.6)
Low-risk 17 (9.7) 243 (91.4) 20 (41.7) 246 (62.6)

Occupational climate <0.05 <0.05
High-risk 21 (16.4) 107 (83.6) 29 (60.4) 99 (25.2)
Low-risk 19 (6.1) 294 (93.9) 19 (39.6) 294 (74.8)

Job stress total score <0.05 0.62
High-risk 13 (16.3) 67 (83.8) 19 (39.6) 29 (8.0)
Low-risk 27 (7.5) 334 (92.5) 29 (60.4) 332 (92.0)

BSD: bipolar spectrum disorder; MDD: major depressive disorder.
aP-value of χ2 test and Fisher's exact test.

Table 5. Multiple logistic regression analysis of the job stress related factors affecting BSD and MDD
Job stress BSD MDD

Unadjusted Adjusted Unadjusted Adjusted
Job stress total score 2.40a (1.18–4.891) 2.32a (1.10–4.88) 1.30 (0.46–3.64) 1.39 (0.47–4.08)
Job demand 3.39a (1.74–6.61) 2.56a (1.27–5.17) 1.95 (0.98–3.83) 1.65 (0.80–3.38)
Insufficient job control 0.61 (0.31–1.19) 0.68 (0.32–1.44) 0.66 (0.33–1.30) 0.61 (0.29–1.27)
Interpersonal conflict 1.08 (0.54–2.15) 1.17 (0.57–2.39) 0.85 (0.37–1.93) 0.80 (0.33–1.92)
Job insecurity 3.94a (1.19–13.00) 4.42a (1.19–16.42) 3.53a (1.07–11.67) 3.72a (1.02–13.60)
Organizational system 1.59 (0.81–3.12) 1.42 (0.70–2.85) 0.88 (0.39–1.99) 0.83 (0.36–1.91)
Lack of reward 1.14 (0.59–2.20) 1.11 (0.56–2.20) 1.55 (0.70–3.46) 1.66 (0.72–3.84)
Occupational climate 3.04b (1.57–5.87) 2.55a (1.29–5.05) 2.90a (1.36–6.19) 2.67a (1.23–5.78)
Values are presented as odds ratio (95% confidence interval). Adjusted model: multiple logistic regression; adjusted variables of BSD: age, sex, job type; 
adjusted variables of MDD: age, sex, marital status.
BSD: bipolar spectrum disorder; MDD: major depressive disorder.
aP-value <0.05, bP-value <0.001.
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out in a population of 9,282 people. The one-year prevalence rate was 2.8% and the lifetime 
prevalence rate was 4.4%, with differences in the prevalence rate compared US population 
to the domestic population [31]. Kim et al. [32] conducted face-to-face interviews with 3,013 
Koreans using the Korean version of the Composite International Diagnostic Interview 2.1 
and the K-MDQ. The results of the study showed that the lifetime prevalence of BSD was 
4.3% (95% CI: 2.6–6.9), which is similar to Koreans' lifetime prevalence of BSD, 4.4%. 
Considering these results, it is believed that the BSD prevalence rate of 0.1% in the domestic 
psychological status epidemiology survey may have been underestimated when compared 
with the prevalence rates in other part of the world [32]. However, the difference in the 
prevalence of BSD in previous studies may have occurred because of the different clinical 
diagnosis results and studies due to the different screening tests. However, in this study, the 
K-MDQ excluded the second and third of the 3 criteria because the sensitivity was too low 
when all the 3 criteria were satisfied, which may overestimate the actual prevalence [23]. 
Therefore, this study is about BSD symptoms, not BSD diagnosis.

In the cross-tabulation analysis between BSD and the variables, job stress, occupation, age, 
sex, and MDD were found to be associated with BSD.

The high odds ratio of MDD could be because Type 1 or Type 2 may have been mistaken for 
unipolar depression during the major depression episode. In fact, in many cases, both scales 
may be significant [33]. The pre-study also suggests that both diseases should not be judged 
by MDQ and PHQ-9 [34].

While comparing occupational characteristics, office workers were found to have a higher 
proportion of BSD high-risk groups than production workers (OR: 0.46, 95% CI: 0.23–0.89). 
Regarding sex, the ratio of male to female was higher than in low-risk groups (OR: 2.04, 
95% CI: 1.04–4.03). As mentioned earlier, BSD is known to be caused by a combination of 
genetic, environmental, and biological risk factors such as age and sex. Although odds ratios 
were identified in occupation, sex, and age, the results conflicted with those of previous 
studies [25,26,35]. Additionally, because the ratio of sex and age distribution between office 
workers and production workers differed in the company's workforce, it was difficult to 
observe the effects of each variable independently. This result is thought to have occurred due 
to a combination of the factors. As a result, follow-up studies should adjust several variables 
to examine each effect.

Problem drinking (OR: 5.14, 95% CI: 2.55–10.39) and smoking (OR: 2.76, 95% CI: 1.43–5.34) 
were found to be highly associated with BSD. However, there are no scientific studies 
examining drinking and smoking as a direct cause of the increased risk of developing BSD. As 
a result, in individuals affected by BSD, the level of alcohol consumption and smoking seems 
to have increased.

To examine the effect of job stress on BSD, multiple logistic regression was performed. 
Statistical significance was observed in the 4 areas of job stress; job stress total score (OR: 
2.32, 95% CI: 1.10–4.88), job demand (OR: 2.56, 95% CI: 1.27–5.17), job insecurity (OR: 4.42, 
95% CI: 1.19–16.42), and occupational climate (OR: 2.55, 95% CI: 1.29–5.05).

In particular, job insecurity (OR: 4.42, 95% CI: 1.19–16.42) was higher than other job stress 
subcategories. In job insecurity, 15 individuals fell under the high-risk group. We asked the 
company for information on the status of employment to analyze the causes of the high-risk 
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group's job insecurity. At the time of the survey, the company did not hire any workers with a 
fixed-term contract. As the survey was anonymous, no further investigation could be conducted.

For similar reasons, further investigation was not possible on job demand and occupational 
climate either. Therefore, further analysis of the results was limited. Although it is difficult 
to draw clear conclusions from this study, these results may be similar to those of previous 
studies on the job stress model and MDD [14-17,36,37].

Considering the HPA axis hyperactivation hypothesis and the monoamine dysregulation 
hypothesis, BSD and MDD have common properties in the mechanisms of disease 
development caused by stress exposure [38]. The branching process between BSD and MDD 
is likely to be different, and further studies on circadian rhythm dysregulation, which are 
expected to affect BSD development, are required.

The effect of job stress on MDD was statistically significant. Job stress subcategories 
also showed statistical significance in job insecurity (OR: 3.72, 95% CI: 1.02–13.60) and 
occupational climate (OR: 2.67, 95% CI: 1.23–5.78). The occurrence of MDD due to job stress 
has been confirmed by previous studies. Similar results were found in this study, which 
suggests that job stress is likely to cause MDD.

There is another limitation here; it is not possible to grasp the effects of job stress by the type 
of BSD. To supplement this, further research is needed to identify the causality between BSD 
and job stress. Nevertheless, this study not only suggests the association between MDD and 
job stress, but also the association between BSD and job stress. This provides information 
that has not been previously identified, because a study of the relationship between BSD and 
job stress has not been confirmed in Korea and other countries.

CONCLUSION

Job stress can cause significant mental and physiological problems for workers, as well as 
financial loss for the workplace. This study demonstrates that the symptom prevalence of 
BSD appears to be higher than its known prevalence in Korea, and further investigation of the 
prevalence of BSD in Korea is needed. This study also found that job stress increases the risk 
of BSD and MDD.

For BSD, statistical significance was identified in the 4 subcategories of job stress: job stress 
total score, job demand, job insecurity, and occupational climate. In the case of MDD, 
statistical significance is found in 2 areas: job insecurity and occupational climate. Based 
on this, it is necessary to manage the specific job stress to improve the mental health of 
workers and efficiency in the workplace. In particular, to prevent BSD, special focus should 
be given to job demands, job insecurity, and occupational climate. We expect this study to be 
fundamental for the management of workers' job stress and BSD. The effects of job insecurity 
on BSD should be followed up through further studies.
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