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ABSTRACT

Background: In 2019, the International Agency for Research on Cancer re-evaluated the 
carcinogenicity of night-shift work and reported that there is limited evidence that night-shift 
work is carcinogenic for the development of prostate cancer. Therefore, in 2020 and 2021, the 
Korean Epidemiologic Investigation Evaluation Committee concluded that 2 cases of prostate 
cancer were occupational diseases related to the night-shift work. Here, we report the 2 cases 
of prostate cancer in night-shift workers which were first concluded as occupational diseases 
by the Korean Epidemiologic Investigation Evaluation Committee.
Case presentation: Patient A: A 61-year-old man worked as a city bus driver for approximately 
17 years, from 2002 to 2019, and was exposed to night-shift work during this period. In March 
2017, the patient was diagnosed with high-grade prostate cancer through core-needle biopsy 
after experiencing stinging pain lasting for 2 months. Patient B: A 56-year-old man worked 
as an electrician and an automated equipment operator in a cement manufacturing plant for 
35 years from 1976 to 2013 and was exposed to night-shift work during this period. In 2013, 
the patient was diagnosed with high-grade prostate cancer through core needle biopsy at a 
university hospital because of dysuria that lasted for 6 months.
Conclusions: The 2 workers were diagnosed with high-grade prostate cancer after working 
night shifts for 17 and 35 years respectively. Additionally, previous studies have reported 
that high-grade prostate cancer has a stronger relationship with night-shift work than 
low or medium-grade prostate cancer. Therefore, the Korean Epidemiologic Investigation 
Evaluation Committee concluded that night-shift work in these 2 patients contributed to the 
development of their prostate cancer.
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BACKGROUND

Prostate cancer is the second most common cancer in men worldwide, while in the United 
States and United Kingdom, it is the most common cancer in men.1 In Korea, the incidence 
of prostate cancer has more than doubled over the past 15 years due to the westernization of 

Ann Occup Environ Med. 2023 Dec 7;35:e52
https://doi.org/10.35371/aoem.2023.35.e52
eISSN 2052-4374

Case Report

Sungkyun Park  1, Seongwon Ma  1, Hoekyeong Seo  1, Sang Gil Lee  1, 
Jihye Lee  1,*, and Shinhee Ye  2,*

1  Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, Ulsan, 
Korea

2  Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, 
Incheon, Korea

Prostate cancer in workers exposed to 
night-shift work: two cases recognized 
by the Korean Epidemiologic 
Investigation Evaluation Committee

Received: May 8, 2023
1st Revised: Oct 10, 2023
2nd Revised: Nov 6, 2023
Accepted: Nov 7, 2023
Published online: Dec 7, 2023

*Correspondence:
Shinhee Ye
Occupational Safety and Health Research 
Institute, Korea Occupational Safety and 
Health Agency, 478-1 Munemi-ro, Bupyeong-
gu, Incheon 21417, Korea.
Email: shinheeye@kosha.or.kr

Jihye Lee
Occupational Safety and Health Research 
Institute, Korea Occupational Safety and 
Health Agency, 400 Jongga-ro, Jung-gu, Ulsan 
44429, Korea.
Email: jhlee01@kosha.or.kr

Copyright © 2023 Korean Society of 
Occupational & Environmental Medicine
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Sungkyun Park 
https://orcid.org/0000-0002-1827-5569
Seongwon Ma 
https://orcid.org/0000-0002-1087-3097
Hoekyeong Seo 
https://orcid.org/0000-0002-8069-3788

https://aoemj.org

https://orcid.org/0000-0002-1827-5569
https://orcid.org/0000-0002-1087-3097
https://orcid.org/0000-0002-8069-3788
https://orcid.org/0000-0001-8173-3940
https://orcid.org/0000-0003-0484-6698
https://orcid.org/0000-0003-4238-130X
http://crossmark.crossref.org/dialog/?doi=10.35371/aoem.2023.35.e52&domain=pdf&date_stamp=2023-12-07
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-1827-5569
https://orcid.org/0000-0002-1827-5569
https://orcid.org/0000-0002-1087-3097
https://orcid.org/0000-0002-1087-3097
https://orcid.org/0000-0002-8069-3788
https://orcid.org/0000-0002-8069-3788


Sang Gil Lee 
https://orcid.org/0000-0001-8173-3940
Jihye Lee 
https://orcid.org/0000-0003-0484-6698
Shinhee Ye 
https://orcid.org/0000-0003-4238-130X

Abbreviations 
CI: confidence interval; CT: computed 
tomography; DEE: diesel engine exhaust; EC: 
elemental carbon; HR: hazard ratio; IARC: 
International Agency for Research on Cancer; 
KWCWS: Korea Workers’ Compensation & 
Welfare Service; MRI: magnetic resonance 
imaging; OR: odds ratio; OSHRI: Occupational 
Safety and Health Institute; PAH: polycyclic 
aromatic hydrocarbon; PSA: prostate-specific 
antigen; RR: relative risk.

Competing interests
The authors declare that they have no 
competing interests.

Author Contributions
Conceptualization: Ye S, Lee J; Data curation: 
Park S; Investigation: Park S, Ma S, Seo H, Lee 
SG; Writing - original draft: Park S; Writing - 
review & editing: Park S, Ye S, Lee J.

diet and aging of the population. Currently, it ranks fourth in the incidence of male cancer 
after gastric, lung, and colon and rectal cancers.2 Major risk factors for prostate cancer 
include age, race, obesity, and family history.3-6 Most prostate cancers occur in people over 
50 years of age. However, prostate cancer occurring in younger people is known to be more 
aggressive.7 The ‘Gleason scoring system’ is employed to grade the aggressiveness of prostate 
cancer histologically.8 Unlike other methods of grading carcinomas, the Gleason scores are 
calculated based on tissue pattern and structure rather than the properties of each cell. The 
score is calculated by adding the grades of the most and second-most dominant regions of 
the cancer tissue. The grades range from 1 (closest to the normal gland) to 5 (no glandular 
pattern). The Gleason score is first divided into 5 groups according to the prognosis ascribed 
by the International Society of Urological Pathology in 2014.9 The groups with higher scores 
have a worse prognosis.10

The International Agency for Research on Cancer (IARC) defined night-shift work as work 
that includes work done during the regular sleeping hours of the general population.11 
Night-shift work is essential for 24-hour production and activity in various industries, and 
it is common for workers to work night-shifts in health, manufacturing, exercise, retail, 
and service spheres, and approximately one in 5 people worldwide work on night-shifts.12 
According to the report of 5th Korean Working Conditions Survey conducted by the 
Occupational Safety and Health Institute (OSHRI) in 2017, about 9.7% of workers in Korea 
are night-shift workers.13 In 2019, IARC re-evaluated the carcinogenicity of night-shift work 
and reported that a positive association was observed between prostate cancer and night-
shift work.11 Additionally, recent meta-analysis studies have reported that night-shift work 
is associated with the risk of prostate cancer, particularly in a group of Asian countries.14,15 A 
well-designed case-control study reported that permanent night work increased the risk of 
prostate cancer, and particularly the risk of prostate cancer with high Gleason scores.16

The OSHRI of the Republic of Korea has conducted epidemiologic investigations on 
diseases of workers’ whose work relatedness is unclear. In the process of the epidemiologic 
investigation, the conclusion on work relatedness was confirmed after a meeting of the 
Epidemiologic Investigation Evaluation Committee (Box 1). In 2020 and 2021, the Korean 
Epidemiologic Investigation Evaluation Committee confirmed that 2 cases of prostate cancer 
with high Gleason scores were occupational diseases related to night-shift work. Here we 
report 2 cases of prostate cancer in night-shift workers in whom prostate cancer was first 
concluded to be an occupational disease in Korea.

Box 1. Role and members of the Korean Epidemiologic Investigation Evaluation 
Committee

In the republic of Korea, workers’ compensation is administered by the Korea Workers’ 
Compensation & Welfare Service (KWCWS). In the process of reviewing whether a worker 
has a work-related illness, if the KWCWS determines that an epidemiologic investigation is 
necessary, such as a rare disease or a new hazard, it will refer the case to the OSHRI.

The evaluation committee consists of no more than 30 members, including one chairperson. 
The members shall include experts such as occupational and environmental medicine 
specialists and industrial hygienists with practical experience. The chairperson is appointed by 
the Minister of Employment and Labor from among the members. The committee deliberates 
on the planning, conduct, and evaluation of epidemiologic investigations.
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CASE PRESENTATION

Patient A
Patient information
The patient was a 61-year-old male.

Chief complaints
Stinging sensation in the lower urinary tract

Social history, family history and past history
He was a current smoker of 6.7 pack-years (1/3 pack *20 years) and a nondrinker. He had no 
family history of prostate cancer and no significant medical history.

Present illness
Patient A visited the urology clinic on March 16 and 21, 2017, complaining of a stinging 
sensation in the lower urinary tract that had lasted for 2 months. An increased prostate-specific 
antigen (PSA) level of 81.33 ng/mL was observed, and the patient was referred to a university 
hospital. A core needle biopsy of the prostate performed on March 24, 2017, followed by 
histopathological examination led to a diagnosis of acinar type of adenocarcinoma, with a 
Gleason score of 9 (4 + 5). In April 2017, he was diagnosed to have bone metastasis from the 
prostate cancer by a bone scan, abdominal and pelvic computed tomography (CT), and pelvic 
magnetic resonance imaging (MRI). Pelvic MRI images revealed prostate cancer protruding 
into the bladder (Fig. 1), enlargement of iliac lymph nodes, and multiple metastatic boney 
lesions. In conclusion, the stage of his prostate cancer was T4N1M1b.

Occupational history
Patient A held several jobs, which are summarized in Table 1. He worked as a bus driver in 
2 city bus companies for 17 years, from 2002 to 2006 and from December 2006 to February 
2019. He also worked as a truck driver for 6 years from 1986 to 1991. Therefore, he has been 
driving buses and trucks for the past total of 23 years.
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Fig. 1. MRI image of the pelvis of patient A. Transverse T2-weighted MRI image showing cancerous lesion in 
prostate gland, protruding left bladder base with multiple enhancing nodules in the pelvis. 
MRI: magnetic resonance imaging.



Exposure assessment
1) Assessment of night shift work
According to the interview with patient A, and work schedules provided by bus companies 
A and B where he had worked, the work schedule of patient A at the 2 bus companies was 
as follows: At city bus company A from 2002 to 2006, he worked during the morning and 
afternoon shifts every other week. He worked 6 days a week; and the morning and afternoon 
shifts were from 04:00 to 14:00, and 13:00 to 03:00 the next day, respectively. In city bus 
company B from December 2006 to February 2019, he worked 5 to 6 days a week and his 
earliest shift was 04:00 to 23:00. The shift was delayed by 10 min every day, and by the end of 
his tenure there, the last shift started at 07:00 and ended at 01:00. Therefore, patient A had 
been exposed to night-shift work for approximately 17 years. Summarized features of Patient 
A’s night-shift work schedule are shown in Table 2.

2) Other exposures
Considering the occupational history of patient A, he may have been exposed to diesel engine 
exhaust (DEE) generated by buses and trucks. Although an exposure indicator for DEE has 
not been clearly established, elemental carbon (EC) is the most reported surrogate indicator 
for estimating DEE exposure.17 According to Jung,18 the exposure level to DEE was measured 
by an EC estimation every day for one week in the summer and autumn for 5 out of a total 
of 16 diesel-engine buses in Seoul, and the exposure range of EC at the bus driver’s seat was 
1.7–67.2 mcg/m3 and the geometric mean of EC was 23.0 ± 2.2 mcg/m3. The Occupational 
Lung Disease Institute (2018) assessed the level of EC concentration in individual industries 
and reported that the EC exposure levels in the city bus transportation industry were the 
arithmetic mean of 2.45 mcg/m3, geometric mean of 2.14 mcg/m3, and demonstrated a 
minimum of 0.29, and maximum of 6.52 mcg/m3.19 The measured value at the bus driver’s 
seat exceeded the exposure standard withdrawn in 2003, after a prior notice by the American 
Conference of Governmental Industrial Hygienists at 20 mcg/m3 in 2001 and the diesel 
smoke exposure limit of 20 mcg/m3 in California, USA.
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Table 1. Occupational history of patient A
Year Job Task
1976 (1 year) Military supplementary service Grass planting, waste disposal
1977–1985 (10 years) Day laborer Carrying flowerpots
1986–1991 (6 years) Cargo truck driver Driving 2.5-ton cargo truck
1992–2001 (10 years) Dry-cleaning laundry Dry-Cleaning, Ironing, Delivery
2002–2006 (5 years) Bus driver Driving bus in city bus company A
2006–2019 (12 years) Bus driver Driving bus in city bus company B

Table 2. Patient A’s work schedule
Features Bus company A (for 4 years) Bus company B (for 13 years)
With or without night work With night work With night work
Continuous or discontinuous Discontinuous Discontinuous
Permanent or rotating Rotating Rotating
Length of the shift cycle 2 weeks 19 weeks
Duration of individual shifts Morning shift: 10 hours 18–19 hours

Afternoon shift: 14 hours
Start and end time of individual shifts Morning shift: 04:00 to 14:00 Earliest shift: 04:00 to 23:00

Afternoon shift: 13:00 to 03:00 Latest shift: 07:00 to 01:00
Number of consecutive shifts 6 shifts 1 shift
Direction of shift rotation Forward Forward
Number of rest days 2 days every week 1–2 days every week
Regularity Regular Regular



We concluded that the patient had been exposed DEE for up to 18 years while operating cargo 
trucks and buses until he was diagnosed with prostate cancer.

The Committee decision
The Committee concluded that 17 years of night-shift work and some exposure to DEE 
contributed to the development of high-grade prostate cancer.

Patient B
Patient information
The patient was a 57-year-old male.

Chief complaints
Difficulty in voiding

Past medical history
The patient stopped smoking and alcohol drinking 15 years prior. He has no family history 
of prostate cancer. However, he has been on medication for hypertension and dyslipidemia 
since 2003.

Present illness
Patient B had voiding difficulty that had lasted for 6 months and was treated for benign 
prostatic hypertrophy at the urology clinic, however the symptoms did not improve. 
Therefore, he visited the university hospital on April 8, 2013, and an elevated PSA level 
(7.9 ng/mL) was observed. He was diagnosed with prostate cancer with a Gleason score of 
10 (5 + 5), after undergoing transrectal ultrasonography and prostate core needle biopsy. 
Extracapsular extension (Fig. 2) and enlarged lymph nodes were observed and prostate 
cancer was confirmed by a pelvic MRI and abdominal and pelvic CT. The prostate cancer was 
T4N1M0 and the patient was treated with androgen deprivation therapy. On July 29, 2013, he 
underwent palliative cystoprostatectomy, and the histologic type of the prostate cancer was 
found to be adenocarcinoma.
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Fig. 2. MRI image of the pelvis of patient B. Transverse T2-weighted MRI image showing cancerous lesions of 
prostate with extracapsular extension. 
MRI: magnetic resonance imaging.



Occupational history
The patient’s work history is summarized in Table 3. Patient B worked for approximately 35 years 
from 1974 to 2013 as an electrician and power distribution engineer at the same workplace.

Exposure assessment
1) Assessment of night shift work
His working hours are recorded in a computerized format since 1999. From 1999 to 2004, 
he worked 80 hours at night per month in 3 groups, 3-shifts, and 5-day cycles. From 2004, 
he worked 57 hours at night per month in 4-groups and 3-shifts, with 2 days off for every 5 
days of work. The schedule for night-shift work was as follows: 08:00 to 16:00 for the day 
shift, 16:00 to 24:00 for the evening shift; and 00:00 to 08:00 for the night-shift. There 
were no work records before 1999, but since the workplace is open 24 hours a day, it is highly 
likely that the same work schedule had been maintained before, and the management of 
the company agreed to this. Therefore, we concluded that patient B had performed night-
shift work for approximately 35 years. Summarized features of patient A’s night-shift work 
schedule are shown in Table 4.

2) Other exposures
Most of the practices performed by Patient B are summarized as tasks such as measurement 
and management practices, facility operations, and repair plans through equipment or 
electrical devices. In particular, he worked as an instrument repairman and an electrician to 
solve problems, such as repairing devices at the site. However, most maintenance tasks are 
assigned to and performed by subcontractors. Patient B’s work was checking the operation 
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Table 3. Occupational history of patient B
Date Duration Job
1974.07.21.–1977.04.30. 2 years and 9 monthsa Power distribution engineer
1977.05.01.–1980.02.29 2 years and 10 months Military service
1980.03.01.–1983.09.15. 3 years and 6 monthsa Power distribution engineer
1983.09.16.–1992.09.15. 9 yearsa Instrument repairman
1992.09.16.–1997.11.30. 5 years and 3 monthsa Electrician
1997.12.01.–2001.07.11. 3 years and 7 monthsa Manager (field general management)
2001.07.12.–2002.04.15. 9 monthsa Sick leave (fracture)
2002.04.16.–2003.06.15. 1 year and 2 monthsa Power distribution engineer
2003.06.16.–2011.03.15. 7 years and 9 monthsa,b Manager (field general management)
2011.03.16.–2013.05.28. 2 years and 2 monthsb Power distribution engineer
The shift schedules changed in 2004. a Group 3 shift, 5 days cycle, working 80 hours at night per month (until 
2004); bGroup 4-3 shift, 7 days cycle, working 57 hours at night per month (since 2004).

Table 4. Patient B’s work schedule
Features Year 1974 to 2004 Year 2004 to 2013
With or without night work With night work With night work
Continuous or discontinuous Continuous Continuous
Permanent or rotating Rotating Rotating
Length of the shift cycle 15 days 1 week
Duration of individual shifts 8 hours 8 hours
Start and end time of individual shifts Morning shift: 08:00 to 16:00

Evening shift: 16:00 to 00:00
Night shift: 00:00 to 08:00

Number of consecutive shifts 5 shifts 7 shifts
Direction of shift rotation Forward Forward
Number of rest days 1 day every shift cycle 2 days every week
Regularity Regular Regular



status of electrical equipment facilities, such as facilities and lines, during repair work. 
Therefore, the business of dismantling old equipment and replacing it with new equipment 
was carried out by subcontractors.

Patient B was responsible for the maintenance and repair of the internal electrical facilities of 
the cement plant. The period of work that he was presumed to have been engaged in on-site 
inspection or maintenance activities was 5 years and 3 months as an electrician. No arsenic, 
cadmium, iron, aluminum, nickel, zinc, lead, or any of the 16 types of polycyclic aromatic 
hydrocarbons (PAHs) were detected in the measured air of the indoor and outdoor working 
lines. Even when checking the work environment measurement results for the manufacturing 
process of the plant from 2002 to 2013, most cases were below detectable limit. The DEE was 
evaluated by measuring the EC. In the case of EC, in the office the level was 0.11 mcg/m3 while 
it was not detected in other areas.

The Committee decision
The Committee concluded that 35 years of night-shift work to the development of high-grade 
prostate cancer.

Ethics statement
This study was approved by the Institutional Review Board (IRB) of the Occupational Safety 
and Health Research Institute (IRB No. OSHRI-202105-HR-017), and written informed 
consent was obtained from the patient or his family for the publication of this report and any 
accompanying data.

DISCUSSION AND CONCLUSION

In June 2019, the Working Group of the IARC re-evaluated night-shift work as Group 2A 
‘probably carcinogenic to humans’ based on the limited evidence from epidemiological 
studies in humans, the sufficient evidence from animal studies, and the strong evidence for 
biological mechanisms in animal studies.11The Working Group of the IARC stated that there 
is sufficient evidence of carcinogenicity from changes in light and dark schedules in animal 
studies. Results from several well-designed chronic animal bioassays were central to this 
evaluation. The incidence of lung adenocarcinoma, malignant melanoma, and total tumor 
was increased compared to control rats stably maintained on a 12-hour light and 12-hour 
dark schedule.20 An in vivo study, which employed xenografted human prostate cancer cells, 
demonstrated that a 24-hour light schedule significantly increased tumor size in comparison 
to a 12-hour light/dark cycle.21 Another in vivo study using mouse prostate cancer cells 
similarly found that long photoperiods and light interference markedly increased tumor 
size.22 There is solid evidence from both epidemiologic and animal studies that changes 
in light and dark schedules lead to changes in serum melatonin and the expression of core 
circadian genes. Moreover, evidence for the biological mechanism was provided by the results 
of studies confirming the effects of light and dark schedule changes on immunosuppression, 
chronic inflammation, and cell proliferation.23-25 The IARC evaluated the carcinogenicity of 
night-shift work twice, in 2007 and in 2019. In 2007, several epidemiologic studies reported 
their results on the carcinogenicity of night-shift work, but they focused mainly on female 
breast cancer. At that time, only one cohort study26 and one case-control study27 regarding 
the association between night-shift work and prostate cancer were reported. Both studies 
reported significant results, however they had several limitations, including weak statistical 
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power. Therefore, in 2007 the IARC Working Group did not draw a conclusion regarding 
the association between night-shift work and prostate cancer. Since 2007, additional 
epidemiologic studies16,28-32 have reported the association between night-shift work and 
prostate cancer. Based on the epidemiological evidence provided by these studies, the IARC 
in 2019 published a document mentioning that there is evidence suggestive of a quantitative 
association between the risk of prostate cancer and night-shift work.

In addition, recent meta-analyses have demonstrated consistent results regarding the 
association between the risk of prostate cancer and night-shift work. A meta-analysis of 
prostate cancer and various occupational risk factors was conducted covering 168 documents 
by searching the literature from 1966 to 2015. In the study, night-shift work was significantly 
associated with prostate cancer (relative risk [RR]: 1.25; 95% confidence interval [CI]: 1.05–
1.49).14 Another meta-analysis of 9 cohort studies regarding the risk of prostate cancer and 
night-shift, conducted through February 4, 2017, found a marginally significant association 
between night-shift work and prostate cancer (RR: 1.05; 95% CI: 1.00–1.11).15 In the study, 
when subgroup analysis was performed by dividing the subgroups into Western countries 
and Asian countries, no significant association was observed in Western countries. However, 
significant association between the risk of prostate cancer and night-shift work was observed 
in the Asian countries group (RR: 2.45; 95% CI: 1.19–5.04). These findings suggest that 
night-shift work increases the risk of prostate cancer, particularly in Asians. A recent cohort 
study supports these findings. A Korean cohort study analyzed 6 years of health examination 
data and reported an association between night-shift work and elevated PSA.33 In the 
study, compared to the daytime workers, the hazard ratio (HR) of shift workers increased 
significantly to 1.37 (95% CI: 1.04–1.80), and especially, the HR of rotating shift workers was 
1.47 (95% CI: 1.06–2.03). In addition, in the most recently reported meta-analysis study, the 
following 4 epidemiological studies were evaluated as high-quality studies.34 First, in 2016 a 
cohort study on a group of Finnish twins prospectively investigated the association between 
sleep and circadian factors in middle age and prostate cancer risk and mortality.35 This study 
did not find a significant association. However, this study was conducted without an exposure 
assessment of duration and intensity of night-shift work. Second, a cohort study on male 
twins registered in the Swedish Twin Registry was conducted in 2017.36 This study showed 
no significant associations between night work and prostate cancer, or length of night work 
and prostate cancer. However, the intensity of exposure was not considered in this study 
either. Third, a case-control study evaluated several potential risk factors of prostate cancer, 
including lifelong occupational history of participants in 2018.16 In this study, the night-shift 
work was defined as working from 21:00 to 06:00 the next day in accordance with the French 
legal definition. The analysis revealed that night-shift work was not significantly associated 
with prostate cancer when the intensity of night-shift work, or the aggressiveness of prostate 
cancer were not considered. However, regardless of the total duration of night-shift work, 
the risk of prostate cancer was significantly increased when the shift length exceeded 10 
hours and the number of cumulative night shifts were 1,314 days or more (odds ratio [OR]: 
1.76; 95% CI: 1.03–3.03). In addition, the risk of prostate cancer was further increased when 
workers worked on night-shifts permanently (OR: 2.36; 95% CI: 1.21–4.56). Especially, when 
subgroup analysis was performed with Gleason score, permanent night-shift work for at 
least 20 years increased the risk of aggressive prostate cancer (Gleason score ≥ 7) (OR: 1.76; 
95% CI: 1.13–2.75). Among them, the risk of aggressive prostate cancer was higher when the 
shift length was > 10 hours (OR: 4.64; 95% CI: 1.78–12.13). In addition, the risk of aggressive 
prostate cancer was also increased if the shift length was > 10 hours and permanent night-
shift work was performed for more than 1,314 days (OR: 3.79; 95% CI: 1.58–9.12). In this 
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study, long shift lengths or at least 6 consecutive night shifts when accompanied by long and 
permanent night-shifts were significantly associated particularly with aggressive prostate 
cancer. Finally, a case-control study investigated the association between night-shift work 
and the risk of prostate cancer in 2019.37 No significant association was found between 
exposure to night-shift work and prostate cancer. This study did not consider the intensity of 
night-shift work or the aggressiveness of prostate cancer. A recently published case-cohort 
study using Norwegian Offshore Petroleum Workers cohort also supports an association 
between night-shift work and aggressive prostate cancer. The analysis showed that the risk of 
aggressive prostate cancer was significantly increased in the group with more than 19.5 years 
of rotating shifts (HR: 1.86; 95% CI: 1.18–2.91). Exposure-hazard curves using non-linear 
model showed a linear increase in risk with 18–26 years of rollover shifts.38

In summary, these 2 cases meet the Bradford-Hill criteria of strength, consistency, 
temporality, biological gradient, plausibility, coherence, analogy, and experiment, except 
for specificity. 1) Strength: A study reported that the risk of aggressive prostate cancer was 
increased by the shift length with > 10 hours and permanent night-shift work for at least 
20 years (OR: 4.64; 95% CI: 1.78–12.13). In addition, the risk of aggressive prostate cancer 
was also increased if the shift length was > 10 hours and permanent night-shift work was 
performed for more than 1,314 days (OR: 3.79; 95% CI: 1.58–9.12).16 Another study reported 
that the risk of aggressive prostate cancer was significantly increased in the group with more 
than 19.5 years of rotating shifts (HR: 1.86; 95% CI: 1.18–2.91).38 2) Consistency: Increased 
risk of prostate cancer in night-shift workers has been consistently observed in several 
epidemiological studies of various population and work schedules.16,28-32 3) Temporality: The 
2 workers were diagnosed with prostate cancer after doing night shift work for 17 and 35 
years, respectively. 4) Biological gradient: Exposure-response curves using non-linear model 
showed a linear increase in risk of aggressive prostate cancer with 18–26 years of rollover 
shifts.38 5) Plausibility: The biological mechanism was provided by the results of studies 
confirming the effects of light and dark schedule changes on immunosuppression, chronic 
inflammation, and cell proliferation23-25 and also increased risk of cancer incidence was 
reported in animal studies.20 6) Coherence: This epidemiological association between night-
shift work and prostate cancer does not contradict natural history and biology of prostate 
cancer. 7) Analogy: IARC suggested that disruption to the circadian rhythm due to night shift 
work may increase the risk of breast, colon, and rectal cancer as well as prostate cancer.11 8) 
Experiment: Two distinct in vivo studies, utilizing either human or mouse-derived prostate 
cancer cells, revealed a correlation between prolonged photoperiods or disruption to the 
circadian rhythm and an increase in tumor size.21,22 9) Specificity: Specificity is not satisfied. 
Because night shift-work is associated with an increased risk of different types of cancers, as 
well as a range of other health consequences, including cardiovascular disease, obesity, and 
mental illnesses.39

There are many different types of night shift work schedules, and many features of the night 
shift work appear to influence the intensity of circadian disruption. Hence, it seems improper 
to establish an absolute criterion that fits all types of night shift work schedule. Therefore, 
when evaluating whether a worker’s prostate cancer is work-related, several factors must be 
considered. These may include the length of their shifts, the duration of exposure to night 
work, the type of work schedule and the severity of the prostate cancer. It is important to 
evaluate these factors comprehensively to determine if there is a causal connection between 
the worker’s employment and the development of their cancer.
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In patients A and B, the Gleason scores of prostate cancer were as high as 9 (4 + 5) and 10 
points (5 + 5), respectively. The prognosis of prostate cancer differs depending on whether 
the score is greater or less than 7 points (3 + 4, 4 + 3). In addition, the definition of night-
shift work varies from country to country. In a study conducted in France, it was defined 
as the time between 21:00 and 6:00, which is similar to that of night work hours in Korea. 
Considering this, we thought that the study conducted in France could best explain the 
relationship between the 2 cases and night-shift work.

Patient A was a bus driver for a city bus company for 5 years, from 2002 to 2006, and went 
to work approximately 6 days a week in the morning or afternoon shift on alternate weeks. 
From December 2006 to February 2019, he transferred to City Bus Company B and worked 
for an average of 17.5 hours, 5 to 6 days a week, operating a diesel bus for 6 to 7 years. He 
also operated 2.5 ton cargo trucks during the past 6 years. Patient A was classified as a night 
worker according to the general definition of night-shift work presented by the IARC and the 
Korean Labor Standards Act. Therefore, it was estimated that he had been exposed to night-
shift work for approximately 17 years and to DEE during bus and freight truck operations 
for approximately 17 to 18 years. Several meta-analyses have demonstrated that night-shift 
work is significantly associated with prostate cancer, and this is particularly seen in men in 
Asian countries. Patient A had long working hours of 17.5 hours per day, including 3 hours 
of night-shift work every day for 12 out of 17 years of working as a bus driver. As mentioned 
earlier, long working hours and a large number of cumulative night-shifts are associated with 
highly aggressive prostate cancer. In addition, a previous study has demonstrated that there 
is a significant association between DEE and prostate cancer. One report describes a case-
control study of the association between diesel exposure and prostate cancer, and the analysis 
showed a statistically significant association between occupational exposure to diesel fuel or 
diesel fumes and prostate cancer.40 Although there is a limitation that his work schedule did 
not completely meet the standards for night work recommended by the IARC, the possibility 
that his work schedule contributed to the development of prostate cancer could not be 
excluded. We conclude that patient A’s 17 years of night-shift work and some exposure to DEE 
contributed to the development of prostate cancer.

Patient B worked at a cement manufacturing plant from 1974 to 2013, for a total of 35 years. 
Heavy metals such as arsenic, and PAHs were not detected in Patient B’s work environment 
measurement results. A previous review of the Material Safety Data Sheet from 2002 to 
2013 found that Patient B was less likely to have been exposed. The amount of exposure to 
DEE is thought to have been very small because the working area is an outdoor field and 
workers are only exposed during the circuit inspection of facilities. In fact, DEE’s exposure 
levels were very low even in the work environment measurement results. He was exposed to 
approximately 80 hours of night work per month for 26 years out of a total of 35 years of work, 
and approximately 57 hours of night work for 9 years. We conclude that night-shift work 
may have contributed to the development of prostate cancer, given that he was exposed to a 
significant period of night-shift work and his biopsy results showed a high level of aggression 
(Gleason score 5 + 5 = 10).

In 2019, the IARC re-evaluated the carcinogenicity of night-shift work and reported that there 
is limited evidence that night-shift work is carcinogenic for the development of prostate 
cancer.11 Additionally, recent meta-analysis studies have reported that night-shift work is 
associated with the risk of prostate cancer, particularly in a group of Asian countries.14,15 A 
well-designed case-control study reported that night work increased the risk of prostate 
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cancer, especially the risk of prostate cancer with high Gleason scores supported by recently 
published case-cohort study.16,38 Based on the scientific evidences, the Epidemiologic 
Investigation Evaluation Committee recognized 2 cases in 2020 and 2021 based on the 
association between night-shift work and prostate cancer. These 2 cases have expanded the 
scope of industrial accident compensation for prostate cancer related to night-shift work. 
Special health examinations are currently being conducted for night-shift workers; however 
prostate cancer is not the target disease. To control the risks associated with night-shifts, it is 
necessary to regulate work schedules and implement appropriate health examinations.
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