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Abstract
Objectives  As studies on mental disorders in victims of occupational injury or disease are limited, this study aims to evalu-
ate the risk of, and factors associated with, the development of mental illness in patients with occupational injury or disease 
using insurance claims data from Taiwan.
Methods  This retrospective cohort study analyzed insurance records in Taiwan to identify 18,285 adults who experienced 
occupational injury or disease in 2002–2013 and 18,285 adults without occupational injury or disease who were matched 
by propensity score. The risks of mental disorders during a follow-up period of up to 2 years were estimated and compared 
between the two cohorts.
Results  After controlling for other variables, the odds of mental illness in patients with occupational injury or disease was 
significantly higher compared to patients without occupational injury or disease. Additional factors associated with higher 
odds of mental disorders included female gender, age ≥ 30 years (vs. 20–29 years), Charlson comorbidity index ≥ 1, occupa-
tion category of labor union member, soldier, insured by social security, religious group member (vs. private or government 
employee), lower premium-based monthly salary (≤ 576 US$), treatment at a district hospital or clinic (vs. medical center), 
treatment at a publically-owned or consortium-owned hospital (vs. private hospital), and central or southeast geographic 
location (vs. Taipei). The main types of mental illness were anxiety disorder (2.79%) and other psychoses (3.29%).
Conclusion  The risk of mental illness slightly increased during the 2-year period after the diagnosis of occupational injury 
or disease.
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Introduction

Accidents are an important cause of morbidity and mortality 
worldwide and the sixth leading cause of deaths in Taiwan 
(Ministry of Health and Welfare 2017). Occupational inju-
ries are estimated to account for more than 300,000 deaths 
annually and a substantial number of disability-adjusted 
life years globally (Rushton 2017; Takala et al. 2014). In 
Taiwan, the occupational accident rate in 2012 was 4.0 per 
1000 full-time workers, and the occupational fatality rate 
was 2.9 per 100,000 full-time workers (Occupational Safety 
and Health Administration 2018). Occupational injuries can 
result in detrimental physical and psychological effects on 
the people affected and place economic burdens on individu-
als, industries and health care systems.

Several studies have provided evidence that occupational 
injury increases the risk of mental disorders (Lin et al. 2014). 
The reported rates of psychiatric disorders in workers who 
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have suffered an occupational injury range from 1.5% during 
the first 3 months after injury to 9.5% during the first year 
after injury (Lin et al. 2017; Asfaw and Souza 2012). Impor-
tantly, the rate of mental illness is around 50% higher in indi-
viduals with occupational injury than in control populations 
without occupational injury or with other medical conditions 
(Lin et al. 2017; Asfaw and Souza 2012). The average cost of 
outpatient treatment of depression is also higher for injured 
workers than for non-injured workers (Asfaw and Souza 
2012). The psychiatric illnesses diagnosed in people with 
an occupational injury include major depressive disorder 
(MDD), post-traumatic stress disorder (PTSD) and anxiety 
disorder (Lin et al. 2017; Asfaw and Souza 2012). The risk 
of mental illness after occupational injury is associated with 
various factors, including female gender, lower education 
level, longer hospitalization, and physical appearance related 
to residual injury (e.g. to the face) (Lin et al. 2017; Berecki-
Gisolf et al. 2015). A worker may develop a mental illness 
within one year after occupational injury, and psychological 
distress can persist for up to 2 years after injury (Fauerbach 
et al. 2007). Furthermore, a mental disorder after occupa-
tional injury is an important factor delaying the return to 
work (Lin et al. 2013; Palmu et al. 2015).

Occupational injury and the subsequent mental disor-
ders related to it are important public health challenges and 
studies on the associated factors and the types of mental 
disorders that develop are limited (Lin et al. 2017). The pre-
sent study aims to evaluate the risk and associated factors 
of developing a mental disorder after occupational injury 
or disease in Taiwan. In addition, it analyzes the types of 
mental disorder that occurred.

Methodology

Study design and study cohorts

We sourced the data from the National Health Insurance 
Research Database, obtained from the National Health 
Research Institutes of Taiwan, to conduct a retrospective 
cohort study. Diseases were coded in the insurance data-
base using the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) (Medi-
code 1996). From the insurance claims data, people diag-
nosed with occupational injury or disease during the period 
2003–2012 were identified as the injury cohort. The inclu-
sion criteria were: (1) age ≥ 20 years; (2) a recorded diag-
nosis of occupational injury or disease (payment category: 
GAVE_KIND); (3) no evidence of mental illness preceding 
the diagnosis of occupational injury; and (4) baseline infor-
mation on demographic status and medical care received 
was available.

The propensity score was calculated for each person in 
the injury cohort. We further identified a non-injury cohort 
of the same sample size, matched by the propensity score 
and inclusion criteria to the injury cohort from the insurance 
claims data by people who were diagnosed with occupa-
tional injury or disease during the period 2003–2012. This 
statistical approach enabled us to reduce selection bias and 
confounding effects in our observational study (Joffe and 
Rosenbaum 1999). A propensity score for each person was 
determined using a multivariate logistic regression model 
that adjusted for the following baseline covariates: age 
range (based on subgroups of 20–29, 30–39, 40–49, 50–59 
and ≥ 60 years), gender, degree of urbanization of the region 
in which they resided, Charlson comorbidity index (CCI) 
and year of diagnosis of injury or disease (Charlson et al. 
1987).

The National Health Research Institutes changed all per-
sonal identifications into surrogate numbers before releas-
ing the database to researchers to protect the privacy of the 
insured people. This study was performed in accordance 
with the ethical standards as laid down in the 1964 Declara-
tion of Helsinki and its later amendments or comparable 
ethical standards. The NHIRD encrypts patient personal 
information to protect privacy and provides researchers with 
anonymous identification numbers associated with relevant 
claims information, including sex, date of birth, medical 
services received, and prescriptions. Therefore, patient 
consent is not required to access the NHIRD. This study 
was approved to fulfill the condition for exemption by the 
Institutional Review Board (IRB) of China Medical Univer-
sity (CMUH104-REC2-115-CR3). The IRB also specifically 
waived the consent requirement.

Baseline characteristics

We considered variables used to estimate propensity score 
as the baseline factors that could be associated with the 
development of mental disorders. We also took in account 
of occupation, household income, type of medical care pro-
vider, and insurance sub-bureau as additional factors poten-
tially associated with the development of mental disorders. 
In particular, the need for considering different categories in 
the type of health care providers in terms of level of hospital 
and ownership of hospital was due to an appreciation for 
the existence of inherent differences in the type and overall 
quality of health care services offered by different providers 
(Cid Pedraza et al. 2015; De Moraes et al. 2010). As noted 
by Lin et al. (2017), type and quality of care services for 
patients with occupational injury impact their psychologi-
cal health outcomes in the long term. In line with research 
findings confirming differences in the profiles of occupa-
tional injury and related outcomes across occupations, 
insurance plans, and labor representation arrangements 
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(Concha-Barrientos et al. 2005; Brede et al. 2012), data on 
occupation were grouped into five categories: private or 
government employee, union or non-union, farmer or fish-
erman, military or social security insured, and religious or 
non-religious group.

Follow‑up and outcome measures

Individuals included in this study were followed up for a 
maximum of 2 years or until being diagnosed with a men-
tal disorder or censored because of lack to follow-up or 
withdrawal from the insurance database. Follow-up time in 
person-years was estimated for each person. Identification 
of mental illnesses was based on insurance claims data from 
the insurance database by participants for mental disorder 
related diagnoses and/or treatment. Types of mental illnesses 
were categorized as substance-related disorders, emotional 
disorder, anxiety disorder (Appendix 1 ICD Code) and other 
psychoses using the International Standard Diagnostic Clas-
sification of Diseases for Mental Illness (Medicode 1996).

Statistical analyses

Data analyses were performed using SAS 9.3 software (SAS 
Institute, Cary, NC, USA). For enrollment into the control 
group, PSM was used to control for potential confounders 
(age, gender, degree of urbanization, CCI and year of diag-
nosis of injury or disease), as described above. A descriptive 
statistical approach was employed (Lin et al. 2017). Continu-
ous data are presented as the mean, standard deviation (SD) 
and range. Count data are presented as n (%). In reference 
to Hou et al. (2011), the chi-square test for independence 
was used to determine whether there was an association 
between each baseline parameter and the occurrence of men-
tal illness during the 2-year follow-up period. Binary logis-
tic regression analysis, with the calculation of crude odds 
ratios (ORs), adjusted ORs (aORs), and 95% CIs, was used 
to identify factors, health, demographics, health provider, 
and geographic characteristics, that were associated with the 
occurrence of mental illness during the 2-year observation 
period. Multinomial logistic regression analysis was carried 
out to identify factors associated with the occurrence of dif-
ferent subtypes of mental illness during the 2-year follow-up 
period. P < 0.05 was taken to indicate statistical significance.

Results

Prevalence of mental disorders after occupational 
morbidity stratified by health, demographics, 
health provider and geographic characteristics

A total of 18,285 participants with occupational injury 
or disease were included in the analysis. The prevalence 
of mental disorders stratified by various baseline char-
acteristics is presented in Table 1. The vast majority of 
participants who had been diagnosed with occupational 
injury (97.4%), 65.8% were male and 66.8% were aged 
20–39 years. The CCI was 0 points in approximately half 
the participants (51.1%), and 60.5% were categorized as 
having occupation category 1 (private employee or gov-
ernment employee). The premium amount was ≤ 576 US$ 
in 57.7% of cases, and 64.5% of participants were treated 
in a private medical institution.

A total of 1494 participants (8.2%) developed a men-
tal illness during the follow-up period (Table 1). The 
time interval between the diagnosis of occupational 
injury or disease and the diagnosis of mental illness was 
9.51 ± 7.20 months. As shown in Table 1, the prevalence 
of mental disorders showed significant differences between 
subcategories of CCI (increasing prevalence with increas-
ing CCI; P < 0.001), gender (higher prevalence in women; 
P < 0.001), age (increasing prevalence with increasing age; 
P < 0.001), occupation (highest prevalence for soldiers or 
those insured by social security; P < 0.05), premium-based 
monthly salary (highest prevalence for the 960–1210 US$ 
category; P < 0.001), level of hospital (higher prevalence 
for medical centers and clinics; P < 0.001) and ownership 
of hospital (highest prevalence for publically-owned hos-
pitals; P < 0.001). The prevalence of mental disorders did 
not vary significantly with type of occupational morbid-
ity (occupational disease or occupational injury) or geo-
graphic characteristics (urbanization level or region).

Binary logistic regression analysis of health, 
demographics, health provider and geographic 
factors associated with mental disorders 
in the entire study cohort

Further analyses were performed for the entire study 
cohort, consisting of 18,285 people with occupational 
morbidity and 18,285 people without occupational mor-
bidity who were propensity score-matched for gender, 
age, CCI, urbanization level and year of diagnosis. Binary 
logistic regression analysis revealed that occupational 
injury or disease was associated with significantly higher 
odds of mental illness (aOR: 1.098; 95% CI 1.008–1.196; 
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Table 1   Prevalence of mental disorders after occupational morbidity stratified by health, demographics, health provider and geographic charac-
teristics (N = 18,285)

Variable Frequency % No mental dis-
orders

Mental disorders p value

n % n % (chi-squared)

Total 16,791 91.83 1,494 8.17
Health characteristics
Type of occupational morbidity 0.6881
Occupational disease 482 2.64 445 92.32 37 7.68
Occupational injury 17,803 97.36 16,346 91.82 1457 8.18
Charlson comorbidity index < 0.0001*
0 9345 51.11 8880 95.02 465 4.98
1 7845 42.90 7041 89.75 804 10.25
≥ 2 1095 5.99 870 79.45 225 20.55
Demographic characteristics
Gender < 0.0001*
Male 12,037 65.83 11,148 92.61 889 7.39
Female 6248 34.17 5643 90.32 605 9.68
Age < 0.0001*
20–29 years 8471 46.33 7854 92.72 617 7.28
30–39 years 3745 20.48 3472 92.71 273 7.29
40–49 years 3252 17.79 2958 90.96 294 9.04
50–59 years 2262 12.37 2018 89.21 244 10.79
≥ 60 years 555 3.04 489 88.11 66 11.89
Occupation 0.0255*
First category (private employee or government employee) 11,054 60.45 10,193 92.21 861 7.79
Second category (labor union member) 4258 23.29 3880 91.12 378 8.88
Third category (farmer or fisherman) 1655 9.05 1528 92.33 127 7.67
Fourth and fifth categories (soldier or insured by social security) 138 0.75 121 87.68 17 12.32
Sixth category (religious group member) 1180 6.45 1069 90.59 111 9.41
Premium-based monthly salary (US$) 0.0002*
≤ 576 10,553 57.71 9768 92.56 785 7.44
576–760 2844 15.55 2576 90.58 268 9.42
760–960 1292 7.07 1184 91.64 108 8.36
960–1210 1339 7.32 1198 89.47 141 10.53
1210–1526 1343 7.34 1223 91.06 120 8.94
 > 1526 914 5.00 842 92.12 72 7.88
Provider characteristics
Level of hospital < 0.0001*
Medical center 2828 15.46 2568 90.81 260 9.19
Regional hospital 4644 25.40 4323 93.09 321 6.91
District hospital 3574 19.55 3341 93.48 233 6.52
Clinic 7239 39.59 6559 90.61 680 9.39
Ownership of hospital < 0.0001*
Private 11,784 64.45 10,865 92.20 919 7.80
Public 2000 10.94 1793 89.65 207 10.35
Consortium 3811 20.84 3481 91.34 330 8.66
Association 690 3.77 652 94.49 38 5.51
Geographic characteristics
Urbanization level 0.9371
Level 1 (highest) 5383 29.44 4935 91.68 448 8.32
Level 2 5352 29.27 4915 91.83 437 8.17
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P = 0.032; see Table  2). Additional factors identified 
as being associated with higher odds of mental illness 
included female gender, age ≥ 30 years vs. 20–29 years, 
CCI score ≥ 1, occupation categories 2 (labor union mem-
ber), 4/5 (soldier or insured by social security) or 6 (reli-
gious group member) vs. occupation type 1 (private or 
government employee), lower premium-based monthly sal-
ary (≤ 576 US$), treatment at a district hospital or clinic 
vs. a medical center, treatment at a publically-owned or 
consortium-owned hospital vs. a private hospital, and cen-
tral or southeast geographic location vs. Taipei (Table 2). 
In particular, age ≥ 30 years was identified as having a sig-
nificantly linear association with increased odds of men-
tal illness, while salary was identified as having a signifi-
cantly inverse association with increased odds of mental 
illness regardless of gender and occupation type. In line 
with the results from the descriptive statistical analysis 
(Table 1), the binary logistic regression analysis indicated 
that the urbanization level did not significantly impact the 
prevalence of mental illnesses associated with occupa-
tional injury or disease.

Multinomial logistic regression analysis of factors 
associated with different types of mental illness 
in the occupational injury/disease cohort

Table 3 presents the factors associated with each type of 
mental illness in the occupational injury/disease cohort. 
Notably, male gender was associated with higher odds of 
substance-related disorder but lower odds of emotional 
disorder, anxiety disorder or other psychoses (Table 3). 
Furthermore, CCI score ≥ 1 was an important factor associ-
ated with increased odds of all subtypes of mental illness 

(Table 3). The odds of a substance-related disorder in par-
ticular increased if treatment was given at a local medical 
service provider, while the odds of all four subtypes of 
mental illness dropped if treatment was at a private medi-
cal service provider, whereas urbanization level did not sig-
nificantly impact the odds of any of the subtypes of mental 
illness (Table 3).

Discussion

A notable finding of the present study was that 8.2% of 
people who had experienced occupational injury or disease 
developed a mental disorder during the 2-year follow-up 
period. The average time from the diagnosis of occupa-
tional injury or disease to the development of mental ill-
ness was around 9.5 months. Risk factors for the develop-
ment of mental illness included gender, age ≥ 30 years (vs. 
20–29 years), Charlson comorbidity index ≥ 1, occupation 
category of labor union member, soldier, insured by social 
security, veteran or religious group member (vs. private 
or government employee), lower premium-based monthly 
salary (≤ US$576), treatment at a district hospital or clinic 
(vs. medical center), treatment at a publically-owned or 
consortium-owned hospital (vs. private hospital), and cen-
tral or southeast geographic location (vs. Taipei). The main 
types of mental illness were anxiety disorder (2.79%) and 
other psychoses (3.29%). Additionally, although female 
gender was associated with higher odds of emotional 
disorder, anxiety disorder or other psychoses, men were 
at greater risk of developing substance-related disorder 
after occupational injury or disease. These novel findings 
regarding risk factors for mental illness after occupational 

*p < 0.05

Table 1   (continued)

Variable Frequency % No mental dis-
orders

Mental disorders p value

n % n % (chi-squared)

Level 3 3878 21.21 3575 92.19 303 7.81
Level 4 2401 13.13 2208 91.96 193 8.04
Level 5 381 2.08 348 91.34 33 8.66
Level 6 436 2.38 397 91.06 39 8.94
Level 7 (lowest) 545 2.48 413 90.97 41 9.03
Region 0.4630
Taipei 6333 34.63 5826 91.99 507 8.01
Northern 2279 12.46 2110 92.58 169 7.42
Central 4029 22.03 3697 91.76 332 8.24
Southern 2374 12.98 2180 91.83 194 8.17
Southeast 2909 15.91 2651 91.13 258 8.87
Eastern 361 1.97 327 90.58 34 9.42
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Table 2   Binary logistic regression analysis of factors associated with mental disorders in the entire cohort (N = 36,570)

Variable Bivariate model Multivariate model

Crude OR 95% CI p value Adjusted OR 95% CI p value

Health characteristics
Occupational morbidity
Absent (reference) 1.00 1.00
Present 0.99 0.92–1.07 0.72 1.10 1.01–1.20 0.032*
Charlson comorbidity index
0 (reference) 1.00 1.00
1 2.30 2.12–2.50 < 0.0001* 2.30 2.10–2.50 < 0.0001*
 ≥ 2 5.33 4.72–6.02 < 0.0001* 4.71 4.12–5.38 < 0.0001*
Demographic characteristics
Gender
Male (reference) 1.00 1.00
Female 1.26 1.17–1.36 < 0.0001* 1.38 1.28–1.50 < 0.0001*
Age
20–29 years (reference) 1.00 1.00
30–39 years 1.35 1.22–1.50 < 0.0001* 1.61 1.43–1.80 < 0.0001*
40–49 years 1.74 1.57–1.93 < 0.0001* 1.76 1.57–1.98 < 0.0001*
50–59 years 2.05 1.83–2.28 < 0.0001* 1.74 1.53–1.97 < 0.0001*
≥ 60 years 2.21 1.83–2.66 < 0.0001* 1.30 1.05–1.59 0.014*
Occupation
First category (private employee or government employee, 

reference)
1.00 1.00

Second category (labor union member) 1.25 1.14–1.38 < 0.0001* 1.14 1.02–1.27 0.02*
Third category (farmer or fisherman) 1.01 0.88–1.17 0.87 1.04 0.88–1.21 0.66
Fourth and fifth categories (soldier or insured by social secu-

rity)
1.86 1.35–2.58 0.0002* 2.10 1.49–2.94 < 0.0001*

Sixth category (veteran or religious group member) 1.77 1.59–1.96 < 0.0001* 1.53 1.36–1.71 < 0.0001*
Premium-based monthly salary (US$)
≤ 576 (reference) 1.00 1.00
576–760 1.17 1.05–1.29 0.0040* 0.88 0.78–0.99 0.031*
760–960 1.01 0.85–1.20 0.88 0.77 0.64–0.92 0.005*
960–1210 1.14 0.96–1.34 0.13 0.88 0.73–1.05 0.15
1210–1526 0.96 0.80–1.15 0.66 0.72 0.59–0.87 0.0008*
> 1526 0.85 0.69–1.05 0.14 0.67 0.53–0.83 0.0003*
Provider characteristics
Level of hospital
Medical center (reference) 1.00 1.00
Regional hospital 0.87 0.77–0.99 0.03* 0.95 0.83–1.10 0.45
District hospital 0.82 0.71–0.94 0.004* 1.20 1.01–1.41 0.034*
Clinic 0.71 0.635–0.796 < 0.0001* 1.242 1.054–1.463 0.0097*
Ownership of hospital
Private (reference) 1.00 1.00
Public 1.85 1.66–2.054 < 0.0001* 2.07 1.80–2.40 < 0.0001*
Consortium 1.40 1.27–1.55 < 0.0001* 1.65 1.42–1.91 < 0.0001*
Association 0.94 0.73–1.22 0.66 1.16 0.88–1.53 0.31
Geographic characteristics
Urbanization level
Level 1 (highest, reference) 1.00 1.00
Level 2 1.01 0.92–1.11 0.840 0.95 0.86–1.06 0.38
Level 3 0.94 0.84–1.05 0.25 0.93 0.82–1.05 0.23
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injury or disease should be taken into consideration dur-
ing the long-term management of people who experience 
occupational injury or disease.

In this study, the average time interval between the diag-
nosis of occupational injury or disease and the diagnosis 
of mental illness was 9.5 months, which is consistent with 
published data (Lin et al. 2014; Asfaw and Souza 2012; 
Palmu et al. 2015). Previous investigations have reported 
that occupational injury elevates the risk of mental dis-
orders (Lin et al. 2014; Kim 2013). The rates of mental 
disorders after occupational injury range from 1.5% dur-
ing the first 3 months to 9.5% during the first 12 months 
after injury (Lin et al. 2014, 2017, 2012; Asfaw and Souza 
2012; Kim 2013). Moreover, mental illness occurs more 
often in individuals with occupational injury than in peo-
ple without occupational injury (Lin et al. 2014, 2017, 
2012; Asfaw and Souza 2012). Stress caused by occupa-
tional injury is a potential risk factor for mental illness. 
Some studies have pointed out that the causes of greater 
psychological stress in workers with occupational injury 
might include physical pain, unsatisfactory rehabilitation, 
sudden changes in disease condition, aggravation of injury 
caused by an early return to work, aggravation of a local 
injury, difficulties experienced during applications for 
occupational injury compensation or related resources, 
lack of employment security, inability to return to the 
place of employment, and a lack of social support from 
employers (Lin et al. 2014, 2017; Asfaw and Souza 2012; 
Dersh et al. 2006; Qin et al. 2014). Although it was not 
possible to assess potential stressors in the present study, 
some or all of the above factors may have contributed to 

the development of mental illness in the occupational 
injury/disease cohort.

In this study, females were much more likely than males 
to suffer from mental illness after occupational injury or 
disease. This is in good agreement with previous research 
showing that women were at higher risk than men in suffer-
ing from mental illness after occupational injury or disease 
(Lin et al. 2017; Asfaw and Souza 2012; Berecki-Gisolf 
et al. 2015). An important finding of our analysis was that 
males were at substantially higher risk of substance-related 
disorders whereas females were at greater risk of emotional 
disorders, anxiety disorders or other psychoses. This obser-
vation mirrors the general trends seen in population studies 
since women exhibit a lower rate of substance abuse but 
higher rates of many other mental illnesses, including mood 
and anxiety disorders (Becker and Hu 2008; McLean et al. 
2011; Steel et al. 2014).

The results of the present analysis showed that older 
patients with occupational injury, particularly those aged 
30–59 years, were more likely to suffer from mental illness. 
In general agreement with our finding, a previous study 
reported that the highest risk of mental illness after occu-
pational injury was in people aged 31–40 years (Asfaw and 
Souza 2012). Moreover, another investigation also concluded 
that older age increased the risk of mental illness after occu-
pational injury (Lin et al. 2017). Older age was also found 
to be associated with failure to retain work 1 year after an 
occupational injury and a higher rate of PTSD after mili-
tary service (Brede et al. 2012; Armenta et al. 2018). Thus, 
older people may be more susceptible to the development of 
mental illness after occupational injury or other traumatic 

The cohort consisted of people with occupational morbidity and people without occupational morbidity who were matched 1:1 using propensity 
score matching based on gender, age, CCI, urbanization level and year of diagnosis
CI confidence interval, OR odds ratio
*p < 0.05

Table 2   (continued)

Variable Bivariate model Multivariate model

Crude OR 95% CI p value Adjusted OR 95% CI p value

Level 4 1.02 0.90–1.15 0.74 0.95 0.82–1.09 0.45
Level 5 0.96 0.74–1.26 0.79 0.95 0.71–1.29 0.76
Level 6 0.97 0.75–1.25 0.80 0.85 0.64–1.13 0.27
Level 7 (lowest) 1.07 0.84–1.36 0.58 0.98 0.76–1.27 0.89
Region
Taipei (reference) 1.00 1.00
Northern 0.94 0.83–1.06 0.305 1.09 0.95–1.25 0.22
Central 1.09 0.98–1.20 0.12 1.26 1.12–1.43 0.0002*
Southern 1.08 0.96–1.22 0.23 1.12 0.97–1.28 0.13
Southeast 1.15 1.03–1.29 0.014* 1.20 1.06–1.36 0.004*
Eastern 1.32 1.02–1.69 0.03* 1.27 0.97–1.67 0.08
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Table 3   Multinomial logistic regression analysis of factors associated with different types of mental illness in the occupational injury/disease 
cohort

Variable Substance-related 
disorder

Emotional disorder Anxiety disorder Other psychoses

aOR p aOR p aOR p aOR p

Gender
Female (reference) 1.00 1.00 1.00 1.00
Male 5.586 < 0.001a 0.603 0.002a 0.468 < 0.001a 0.671 < 0.001a

Age
20–29 years 1.00 1.00 1.00 1.00
30–39 years 1.009 0.967 0.583 0.044a 1.278 0.098 1.167 0.234
40–49 years 0.897 0.654 0.639 0.108 1.597 0.003a 1.160 0.305
50–59 years 0.670 0.157 0.581 0.080 1.836 < 0.001a 1.158 0.353
 ≥ 60 years 0.559 0.188 0.701 0.386 1.271 0.332 0.948 0.826
Occupation categorya

1 (reference) 1.00 1.00 1.00 1.00
2 1.124 0.524 1.211 0.323 1.110 0.361 0.991 0.933
3 1.040 0.883 0.915 0.774 1.032 0.870 0.952 0.783
4 or 5 5.165 < 0.001a 0.918 0.934 0.800 0.758 1.443 0.397
6 1.249 0.408 2.098 0.004a 1.126 0.540 1.130 0.478
Occupational injury or disease
Occupational disease (Reference) 1.00 1.00 1.00 1.00
Occupational injury 1.738 0.291 0.802 0.562 1.622 0.142 1.197 0.508
Premium-based monthly salary (US$)
≤ 576 (reference) 1.00 1.00 1.00 1.00
576–760 1.323 0.213 1.458 0.147 0.822 0.204 1.081 0.571
760–960 1.057 0.860 1.425 0.279 0.839 0.365 0.865 0.442
960–1210 1.211 0.515 1.006 0.987 1.218 0.259 1.196 0.287
1210–1526 1.649 0.068 1.150 0.702 0.726 0.120 1.032 0.859
> 1526 0.636 0.293 0.843 0.733 1.082 0.711 0.745 0.197
Charlson comorbidity index
0 points (reference) 1.00 1.00 1.00 1.00
1 point 2.046 < 0.001a 2.653 < 0.001a 2.230 < 0.001a 2.025 < 0.001a

≥ 2 points 3.752 < 0.001a 7.001 < 0.001a 6.054 < 0.001a 4.085 < 0.001a

Level of hospital
Clinic (Reference) 1.00 1.00 1.00 1.00
District hospital 0.256 < 0.001a 0.641 0.083 0.992 0.953 0.506 < 0.001a

Regional hospital 0.085 < 0.001a 0.511 0.028a 0.790 0.161 0.467 < 0.001a

Medical center 0.100 < 0.001a 0.685 0.238 0.976 0.896 0.596 0.004a

Ownership of hospital
Public (reference) 1.00 1.00 1.00 1.00
Private 0.127 < 0.001a 0.273 < 0.001a 0.679 0.034a 0.532 < 0.001a

Association 0.154 0.011a 0.265 0.031a 0.974 0.924 0.590 0.073
Consortium 0.533 0.016a 0.816 0.382 1.064 0.704 0.806 0.161
Degree of urbanization
Level 1 (highest) (reference) 1.00 1.00 1.00 1.00
Level 2 1.280 0.362 1.031 0.914 0.759 0.114 0.995 0.974
Level 3 1.213 0.357 0.778 0.269 0.780 0.056 1.102 0.404
Level 4 0.954 0.933 1.497 0.414 1.384 0.302 0.761 0.484
Level 5 1.335 0.522 0.390 0.209 0.670 0.256 1.591 0.072
Level 6 1.105 0.678 1.061 0.809 0.813 0.161 1.005 0.970
Level 7 (lowest) 2.381 0.028a 0.947 0.919 0.759 0.435 0.920 0.807
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events. Interestingly, the subgroup analyses revealed that 
only anxiety disorders showed an association with older age, 
with a significantly elevated risk in those aged 40–59 years. 
However, this finding can also be explained by the general 
understanding that older age is associated with individuals 
having an increased risk of occupational injury and feeling 
of being vulnerable (Qin et al. 2014; Takala et al. 2014), 
which are elements that might contribute to higher odds of 
anxiety disorders among older people. This finding in people 
with occupational injury or disease is not entirely consist-
ent with data on the general population, which indicate that 
anxiety disorders peak at 25–44 years (Martin 2003). The 
reasons for this apparent discrepancy are unknown and merit 
further research.

A notable finding of this study was that people with a 
higher degree of comorbidity (higher CCI score) were at 
greater risk of developing mental illness, and this associa-
tion was consistently observed for all four subtypes of men-
tal disorder. This observation is in agreement with other 
investigations showing that a higher CCI is associated with 
a greater long-term risk of anxiety or depression in patients 
with traumatic spinal cord injury and with higher anxiety 
scores in orthopedics and trauma inpatients (Lim et al. 2017; 
de Moraes et al. 2010). Furthermore, chronic illnesses have 
also been reported to elevate the risks of mood disorders 
such as depression (Patten 2001; Gadalla 2008). Thus, par-
ticular attention should be paid to the mental health status 
of people with comorbidities after occupational injury or 
disease, since these individuals are at higher risk for the 
development of mental illness.

Low levels of household income are known to be associ-
ated with mental illness and suicide attempts, and a reduc-
tion in household income is a risk for incident mood disor-
ders (Sareen et al. 2011). A notable finding of our research 
was that patients with occupational morbidity and lower 
premium-based monthly salary were more likely to suffer 

from mental illness. Consistent with our data, salary as a 
percentage of total family income was found to be a risk fac-
tor for major depression or PTSD in people in Taiwan with 
occupational injury (Lin et al. 2017), while higher pre-injury 
income was associated with lower depressive symptoms in 
a Canadian cohort (O’Hagan et al. 2012). In addition, part-
time work and shorter job tenure were associated with the 
development of depression after occupational injury (Kim 
2013). Previous research has indicated that work-related 
injury or disease can have profound financial effects on 
those affected due to medical care-related costs, other ongo-
ing expenses and reduced income, and that this can force 
individuals to use up their savings, borrow money, deplete 
retirement funds or even declare bankruptcy (Lax and Klein 
2008). Thus, the psychological impact of occupational injury 
or disease may be greater on people with lower income.

Among the people with occupational morbidity analyzed 
in this study, the risk of mental illness was higher if they 
had occupations in categories 4/5 (soldier or insured by 
social security) or 6 (veteran or religious group member) as 
compared with category 1 (private employee or government 
employee). Other research has identified occupation type as 
a factor influencing the risk of depression after occupational 
injury (Asfaw and Souza 2012). This effect of occupation 
type on the risk of mental illness after occupational injury or 
disease may be related to differences in salary, since previ-
ous studies have shown that people with lower income are 
more likely to suffer from mental illness or have poor mental 
health (Sareen et al. 2011; Mangalore and Knapp 2012).

Although the degree of urbanization did not influence 
the risk of mental disorders, people who suffered occupa-
tional injury or disease in the Taipei sub-bureau had a lower 
risk of developing mental illness, most notably anxiety and 
emotional disorders. This may reflect better accessibility 
to medical resources that are concentrated in metropolitan 
areas with better economic conditions. A similar argument 

aOR adjusted odds ratio, 95% CI 95% confidence interval
a Occupation type: category 1, private employee or government employee; category 2, labor union member; category 3, farmer or fisherman; cat-
egory 4 or 5, soldier or insured by social security; category 6, veteran or religious group member

Table 3   (continued)

Variable Substance-related 
disorder

Emotional disorder Anxiety disorder Other psychoses

aOR p aOR p aOR p aOR p

Region
Central (Reference) 1.00 1.00 1.00 1.00
Northern 1.093 0.748 0.534 0.049a 0.903 0.521 0.968 0.841
Taipei 0.929 0.756 0.604 0.039a 0.617 < 0.001a 1.036 0.790
Eastern 1.791 0.122 1.006 0.990 0.897 0.744 0.665 0.278
Southern 1.198 0.468 0.773 0.340 0.693 0.032a 0.909 0.551
Southeastern 1.789 0.012a 1.003 0.989 0.682 0.015a 1.259 0.103
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may underlie our observation that the risk of mental illness 
after occupational injury or disease was higher for patients 
treated in publically-owned medical institutions or local 
medical centers (clinics), since private medical institutions 
may have a greater array of medical resources. In support of 
this, previous studies have suggested that high-level medical 
institutions provide better medical care and that mortality 
rates are lower for private hospitals than for public hospitals 
(Hou et al. 2011; Cid Pedraza et al. 2015).

This study has some limitations. First, it sourced data 
from the National Health Insurance Research database 
issued by the Taiwan National Institutes of Health. How-
ever, this database only contains data for insured persons 
who have used medical resources; it does not contain data 
for people who have not used medical resources or who paid 
for their medical treatment. Therefore, it was not possible to 
assess the development of mental disorders in people with-
out disease or those who paid for their treatment. Second, 
certain potential risk factors for mental disorder after occu-
pational injury or disease, such as personality traits, past 
history of mental illness or family history of mental illness, 
could not be analyzed because they could not be obtained 
from the database. Third, the follow-up period was only 
2 years, so we did not compare the long-term rates of mental 
illness between those with and without occupational injury 
or disease. Fourth, it was not possible to evaluate whether 
the severity of occupational injury was a risk factor for men-
tal illness as relevant information was unavailable. Fifth, 
traffic accidents on the way to and from work are included 
as occupational injuries in Taiwan, so direct comparisons 
with other published data not including traffic accidents as 
occupational injuries could not be made.

Conclusion

An analysis of data from the National Health Insurance 
Research Database for 2003–2013 revealed that 8.2% of 
people with occupational injury or disease developed a 

mental illness during the 2-year follow-up period, with an 
average time of 9.5 months between the diagnosis of occu-
pational injury or disease and the diagnosis of mental illness. 
Risk factors for the development of mental illness included 
gender, age ≥ 30 years, low income and high CCI score. 
Although female gender was associated with a higher risk 
of emotional disorder, anxiety disorder or other psychoses, 
men were at higher risk of substance-related disorder. The 
results of this study provide useful reference information 
for government health organizations and unions that could 
help to develop preventive interventional measures for peo-
ple at high risk of mental illness after occupational injury 
or disease.

Author contributions  Conceptualization: M-HL, J-YW, Y-LY. Data 
curation: C-SL, C-HL, F-CS. Investigation: all authors. Methodology: 
all authors. Validation: C-SL, C-HL, F-CS. Resources: Y-LY, J-YW. 
Supervision: J-YW. Writing—original draft: M-HL, J-YW. Writing—
review and editing: all authors.

Compliance with ethical standards 

Conflict of interest  The authors declare that there is no conflict of in-
terest.

Ethical approval  This study was approved by the Research Ethics Com-
mittee at China Medical University and Hospital (CMUH104-REC2-
115-CR3). Informed consent was waived due to data anonymization. 
This study was financially supported by Ministry of Science and Tech-
nology of Taiwan (Grant no. MOST104-2410-H-039-006) and China 
Medical University in Taiwan (Grant no. CMU107-S-18).

Appendix

See Tables 4 and 5.



65International Archives of Occupational and Environmental Health (2021) 94:55–68	

1 3

Table 4   International classification of diseases for mental illness

Source: Medicode (1996) ICD-9-CM: International Classification of 
Diseases, 9th revision

Code Diagnosis

290–319 Mental disorders
290–294 Organic psychotic conditions
290 Senile and presenile organic psychotic conditions
291 Alcoholic psychoses
292 Drug psychoses
293 Transient organic psychotic conditions
294 Other organic psychotic conditions (chronic)
295–299 Other psychoses
295 Schizophrenic disorders
296 Affective psychoses
297 Paranoid states
298 Other nonorganic psychoses
299 Psychoses with origin specific to childhood
300–316 Neurotic disorders, personality disorders and other 

nonpsychotic mental disorders
300 Neurotic disorders
301 Personality disorders
302 Sexual deviations and disorders
303 Alcohol dependence syndrome
304 Drug dependence
305 Nondependent abuse of drugs
306 Physiological malfunction arising from mental factors
307 Special symptoms or syndromes not elsewhere classified
308 Acute reaction to stress
309 Adjustment reaction
310 Specific nonpsychotic mental due to organic brain damage
311 Depressive disorder, not elsewhere classified
312 Disturbance of conduct not elsewhere classified
313 Disturbance of emotions specific to childhood and ado-

lescence
314 Hyperkinetic syndrome of childhood
315 Specific delays in development
316 Psychic factors associated with diseases classified else-

where
317–319 Mental retardation
317 Mild mental retardation
318 Other specified mental retardation
319 Unspecified mental retardation
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Table 5   International standard classification substance-related disorders, emotional disorders and anxiety

Code Diagnosis

Substance-related disorders
291.0 Alcohol withdrawal delirium
291.1 Alcohol amnestic syndrome
291.2 Other alcoholic dementia
291.3 Other withdrawal hallucinosis
291.5 Alcoholic jealousy
291.8 Alcohol withdrawal
291.9 Unspecified alcoholic psychosis
292.0 Drug withdrawal syndrome
292.11 Drug-induced organic delusional syndrome
292.12 Drug-induced hallucinosis
292.81 Drug-induced delirium
292.82 Drug-induced dementia
292.83 Drug-induced amnestic syndrome
292.84 Drug-induced organic affective syndrome
292.89 Other specified drug-induced mental disorders
292.9 Unspecified drug-induced mental disorder
303.00 Acute alcoholic intoxication, unspecified
303.90 Other and unspecified alcohol dependence, unspecific
304 Opioid type dependence, unspecified
305 Alcohol abuse, unspecified
Emotional disorder
290.13 Presenile dementia with depressive features
290.2 Senile dementia with delusional or depressive features
290.21 Senile dementia with depressive features
290.43 Arteriosclerotic dementia with depressive features
296.2 Major depressive disorder, single episode
296.20 Major depressive disorder, single episode, unspecified
296.21 Major depressive disorder, single episode, mild
296.22 Major depressive disorder, single episode, moderate
296.23 Major depressive disorder, single episode, severe without mention of psychotic behavior
296.24 Major depressive disorder, single episode, severe specified as with psychotic behavior
296.25 Major depressive disorder, single episode, in partial or unspecified remission
296.26 Major depressive disorder, single episode, in full remission
296.3 Major depressive disorder, recurrent episode
296.30 Major depressive disorder, recurrent episode, unspecified
296.31 Major depressive disorder, recurrent episode, mild
296.32 Major depressive disorder, recurrent episode, moderate
296.33 Major depressive disorder, recurrent episode, severe without mention of psychotic behavior
296.34 Major depressive disorder, recurrent episode, severe specified as with psychotic behavior
296.35 Major depressive disorder, recurrent episode, in partial or unspecified remission
296.36 Major depressive disorder, recurrent episode, in full remission
300.4 Neurotic depression
301.12 Chronic depressive personality disorder
301.13 Cyclothymic disorder
309.0 Brief depressive reaction
309.1 Prolonged depressive reaction
311 Depressive disorder, not elsewhere classified
Anxiety disorder
293.89 Other specified transient organic mental disorders
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