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Prevalence of non‑communicable 
diseases among healthy male 
decontamination workers 
after the Fukushima nuclear 
disaster in Japan: an observational 
study
Toyoaki Sawano1,2,3*, Michio Murakami4,9, Akihiko Ozaki3,5, Yoshitaka Nishikawa6, 
Aoi Fukuda7, Tomoyoshi Oikawa8 & Masaharu Tsubokura2,3

The health status of healthy decontamination workers employed after the Fukushima nuclear 
disaster remains unclear. This study aimed to evaluate the prevalence of non‑communicable diseases 
among such workers. In this observational study, questionnaires on lifestyle and social factors 
were administered as part of a health promotion program for decontamination workers in 2016 in 
Minamisoma City, Fukushima. The questionnaires and health check‑up results were compared with 
those of the 2016 National Health and Nutrition Examination Survey (NHANES) in Japan. Overall, 123 
male decontamination workers were enrolled; 93 (75.6%) were drinkers, and 84 (68.3%) were current 
smokers. The age‑adjusted prevalence (95% confidence interval) of hypertension, dyslipidemia, 
diabetes mellitus, and obesity were 27.2% (20.1–34.4%), 30.4% (22.6–38.2%), 11.3% (5.5–17.1%), and 
49.0% (39.0–58.9%), respectively. The age‑adjusted prevalence in the NHANES were 32.8% (31.1–
34.5%), 16.1% (14.5–17.6%), 7.0% (6.2–7.7%), and 31.2% (29.9–32.5%), respectively. The prevalence 
of obesity, dyslipidemia, binge drinking, and smoking were higher in healthy male decontamination 
workers than in the general population. Decontamination workers in disaster‑struck areas may have 
higher risks of developing non‑communicable diseases, possibly due to their original health status. 
Continuous monitoring of their health status and proper interventions are warranted.

Managing the health of vulnerable populations is an essential component of healthcare, given the wide disparity 
in access to healthcare services. Well-known examples of vulnerable populations in healthcare include the elderly 
and individuals with chronic diseases, disability, or a low socioeconomic status (SES)1. Previous research has 
highlighted the significant impact of social determinants on health  outcomes2. In this regard, individuals with a 
low SES may have poorer access to required healthcare services, particularly in emergency settings such as natural 
 disasters3. Furthermore, these vulnerable populations often experience difficulties in breaking the vicious circle 
of poverty and lose access to healthcare by themselves due to their socioeconomic  factors2. Therefore, providing 
adequate support is critical for improving the access of vulnerable populations to healthcare in order to alleviate 
negative impacts on health in the aftermath of disasters.
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Globally, occupational health and safety are regarded as major public health challenges in the medical field. 
The World Health Organization (WHO) has emphasized the need to protect vulnerable workers and manage their 
 health4. For example, migrant workers have higher rates of adverse occupational exposure and health conditions 
owing to frequent changes in workplaces, and are therefore regarded as vulnerable  workers5, 6. Low SES among 
migrant workers is a contributing factor to increased occupational health risks and reduced access to required 
health care services, resulting in higher risks of mortality associated with non-communicable diseases (NCDs)7. 
Notably, research on general and occupational health among migrant workers is limited.

Workers working at radioactivity-contaminated sites are considered migrant workers. Following the nuclear 
accident at the Fukushima Daiichi nuclear power plant (FDNPP) caused by the Great East-Japan Earthquake 
and tsunami on March 11, 2011, a class of migrant workers were engaged in work to mitigate the effects of 
radiation released by the  accident8, 9. Decontamination processes near the power plant were commenced in an 
effort to minimize the level of external radiation to the general public following the accident. The number of 
decontamination workers in Fukushima Prefecture peaked in 2015 to approximately 30,000–40,000. Workers 
were employed from both Fukushima Prefecture and across the  country10. Currently, the number of workers 
is decreasing annually, in parallel with the progress in decontamination in residential and agricultural areas in 
Fukushima Prefecture. Although detected individual radiation doses from external exposure among decon-
tamination workers were low (averaging 0.6 mSv/year with a maximum of 7.8 mSv/year in 2015)11, a previous 
investigation suggested that decontamination workers had a higher risk of developing NCDs, which could also 
be related to their low  SES12. A previous study documented that the prevalence of central obesity was higher in 
domestic migrant decontamination workers than in non-migrant  workers13. Furthermore, our previous study 
suggested that of 113 decontamination workers admitted to the hospital, most were admitted with untreated 
 NCDs14. However, to date, information on the health status of healthy decontamination workers is limited.

To address this gap in the literature, the primary aim was to determine the prevalence of NCDs among healthy 
decontamination workers, and the secondary aim was to compare the differences between the workers and the 
general population.

Methods
Study design, setting, and participants. Due to the FDNPP accident that occurred on March 11, 2011, 
an extensive area of the Hamadori Region in Fukushima Prefecture was exposed to radiation contamination 
(Fig. 1). As a result, the Japanese government issued large-scale mandatory evacuation orders in consideration 
of the health risks of radiation  exposure9. For the government to lift the evacuation order, the government and 
Ministry of Environment proposed a decontamination protocol to reduce the ambient dose equivalent in the 
contaminated  areas15.

Figure 1.  Location of Fukushima Daiichi nuclear power plant, Minamisoma City and regions of Fukushima 
Prefecture. Hamadori Region is a coastal area. Aizu Region is the most western inland region. Nakadori 
Region is located in the middle of these areas and is a city with prefectural government. Map data from  © 
OpenStreetMap.
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Following the accident at FDNPP, Minamisoma City in Fukushima Prefecture, located 13–38 km north of 
the power plant, was partially designated as an evacuation zone. As Minamisoma City was the closest area to 
the difficult-to-return zone around the FDNPP, many decontamination workers lodged in the city for transport 
convenience. From 2014, Minamisoma City experienced an upsurge of prefabricated houses for decontamination 
workers. Although the exact number of decontamination workers is unknown, approximately 10,000 unregistered 
workers were living in the city during the peak period.

Previous studies suggested that decontamination workers are exposed to a wide range of health  risks10. 
Some of the plausible reasons for the poor lifestyle habits (excessive eating and drinking) among decontamina-
tion workers are fear of exposure to radiation, stress about radiation exposure risk, and the change in living 
environment. While the fear and stress related to radiation exposure are considered specific to the Fukushima 
accident, which was a radiation release disaster, environmental factors such as working alone are not limited to 
the Fukushima accident, and migrant workers all over Japan may be exposed to similar risks. In addition, the 
prevalence of NCDs may be higher among such migrant workers including decontamination workers after the 
FDNPP accident, due to their low SES.

NCDs are diseases that are not directly transmitted from person to person. NCDs are also called lifestyle-
related diseases or chronic diseases. Most of these diseases are caused by one’s lifestyle habits and are preventable.

Our team offered health promotion activities for decontamination workers to promote their health via con-
struction companies that employed these workers. However, a large proportion refused interventions, owing 
to the protection of personal information and privacy. Among various construction companies, Ishikawa Con-
struction Co., Ltd, whose line of business includes decontamination work in Fukushima Prefecture, agreed to 
cooperate with our team to manage their employees’ health at the workplace and provide a health promotion 
program for decontamination workers.

This is an observational study that examined the baseline health status of decontamination workers using 
questionnaires and health check-up results in a health promotion intervention program for decontamination 
workers. After providing consent for participation in this study, participants were requested to complete a ques-
tionnaire, and they received a lecture session about the prevention of NCDs and interpretation of their check-up 
findings, which mainly included height, weight, blood pressure, as well as laboratory tests related to lifestyle. 
In the 20-min lecture, a medical doctor explained the mechanism of NCDs caused by unhealthy lifestyles and 
conveyed the horror of stroke and acute coronary syndrome, which is caused by worsening NCDs. In the session 
on interpreting the health check-up results, several doctors (of various specialties) reviewed the results of each 
participant’s check-up findings and suggested how they should improve their lifestyle and whether they needed 
medical attention. However, the doctors did not perform any physical examinations. The participants were also 
offered opportunities to be consulted individually by the physicians.

Our study population included decontamination workers who were employed by Ishikawa Construction Co., 
Ltd. and participated in health promotion program that were held four times between February 20, 2016 and 
August 23, 2016 by our medical team in Minamisoma Municipal General Hospital. Of 124 decontamination 
workers included in the study, one female participant was excluded from this study, considering the potential 
confounding effects of sex differences on the data.

Patient and public involvement. Since this study was a cross-sectional observational study, the partici-
pants were not involved in the research design and conduct of the study.

Survey items. Our survey included the following items obtained from the questionnaire and health check-
up findings:

1. Diseases diagnosed currently and previously by a physician.
2. Presence of NCDs such as hypertension, dyslipidemia, and diabetes mellitus (no patient with type 1 diabetes 

was identified, this study included only patients with type 2 diabetes), based on the medical examinations 
provided in our health program.

3. Demographic data such as (1) residential address, (2) past medical history and diseases being treated, (3) 
age, (4) height, (5) weight, (6) amount of alcohol consumed, (7) smoking status, (8) marital status, and (9) 
education level.

Variables. In this study, the term ‘local worker’ referred to a decontamination worker whose residential 
address was in Hamadori and Nakadori regions of Fukushima Prefecture. (Fig. 1). In contrast, ‘migrant worker’ 
referred to workers from the Aizu Region of Fukushima Prefecture or from outside Fukushima Prefecture 
(Fig. 1). We counted the number of workers diagnosed (or responded in the questionnaire that they had been 
diagnosed) with hypertension, dyslipidemia, or (type 2) diabetes mellitus. We calculated the body mass index 
(BMI) of each participant and classified those with BMI ≥ 30 kg/m2 as obese and those with a BMI ≥ 25 kg/m2 as 
overweight, per the WHO  definition16.

Regarding alcohol consumption categories, participants who reported consumption of any type of alcoholic 
beverage were referred to as drinkers. Those who self-reported consuming over 40 g of alcoholic beverages 
per day or more than 5 cups of sake equivalent per drinking session were classified as high-risk drinkers with 
increased risk of NCDs, according to the definition of the National Health and Nutrition Examination Survey 
(NHANES) in  Japan17. With regards to smoking status, current smokers were identified; among participants who 
were regular current smokers, those who reported smoking more than 15 cigarettes per day were specifically 
noted. Regarding marital status, participants who currently had a marital partner were categorized as married. 
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All unmarried participants were classified as single, regardless of whether they had never been married, divorced, 
or had a deceased spouse. Education level was used to evaluate the socioeconomic demographics among the 
decontamination workers. Education level was categorized into three levels: lower, ≤ 9 years, i.e., junior high 
school; middle, 10–12 years, i.e., high school and technical college; and higher, ≥ 13 years, i.e., university degree. 
All missing data were listed in the results section and excluded from the analysis.

Statistical analysis. The chi-square test was used to investigate the differences in the prevalence of obesity 
and NCDs, including hypertension, dyslipidemia, and diabetes mellitus, between local and migrant workers. The 
prevalence of hypertension, dyslipidemia, diabetes mellitus, and obesity were compared between different educa-
tion levels using the chi-square test. Age-adjusted prevalence and 95% confidence intervals (CIs) were calculated 
for each NCD in healthy male decontamination workers. Additionally, differences in the age-adjusted prevalence 
between this study and the NHANES were calculated. Data were compared with the NHANES 2016 data. Age 
adjustment was performed using the 1985 model in  Japan18. In this analysis, four workers were excluded because 
the NHANES data only included individuals aged 20 years and above. One worker above 70 years of age was 
excluded from the analysis to remove outlier data.

Ethical considerations. This research was approved by the ethics committees of Minamisoma Municipal 
General Hospital (Approval Number: 2-11) and Fukushima Medical University (Approval Number: 3065). All 
participants of this study were informed about the potential discomfort or adverse events they could experience 
while participating in this study, and they agreed to participate before completing the questionnaire. All partici-
pants provided informed consent for the study. The study was performed in accordance with the principles of 
the Helsinki declaration.

Results
In total, 123 male participants were included in this study. Most of the participants were classified as ‘migrant 
workers’ (n = 100, 81.3%), because they had a certificate of residence at non-local addresses. The numbers of 
drinkers and current smokers were 93 (75.6%) and 84 (68.3%), respectively. Among the drinkers, 64 (52.0%) 
were considered to have a higher risk of developing NCDs. Regarding marital status, 65 (52.8%) were unmarried. 
Among the participants, 21 (17.1%) had an educational level below secondary school (Table 1).

Among the participants, 60 (48.8%) were diagnosed as being overweight (BMI ≥ 25.0 kg/m2). Hypertension 
was found in 42 (34.1%), dyslipidemia in 42 (34.1%), and diabetes mellitus in 14 (11.4%) workers (Table 2). 
No statistically significant differences in the prevalence of obesity and NCDs were observed between local and 
migrant workers, between different marital statuses, and between different education levels (Table 2).

The age-adjusted prevalence of NCDs (hypertension, dyslipidemia, and diabetes mellitus) and obesity for 
decontamination workers aged between 20 and 60 years is presented in Table 3. The age-adjusted prevalence (95% 
CI) of hypertension, dyslipidemia, diabetes mellitus, and obesity among participants were 27.2% (20.1–34.4%), 
30.4% (22.6–38.2%), 11.3% (5.5–17.1%), and 49.0% (39.0–58.9%), respectively. The age-adjusted national preva-
lence of hypertension, dyslipidemia, diabetes mellitus, and obesity in the NHANES were 32.8% (31.1–34.5%), 
16.1% (14.5–17.6%), 7.0% (6.2–7.7%), and 31.2% (29.9–32.5%), respectively. The prevalence of dyslipidemia and 
obesity were significantly higher in decontamination workers than in the general population.

Discussion
In this study, we investigated the NCD prevalence of 123 healthy male decontamination workers who participated 
in a company intervention-based health promotion program conducted by a local hospital in the disaster-struck 
area of the FDNPP accident. Notably, our study findings demonstrated that the age-adjusted prevalence of dys-
lipidemia and obesity were significantly higher among healthy male decontamination workers than among the 
national population. In contrast, the prevalence of hypertension and diabetes mellitus among decontamination 
workers were comparable to that of the general male population in Japan. No statistically significant differences 
were noted in the prevalence of NCDs and obesity between the class of workers (migrant versus local), marital 
status, and SES.

No evident differences were observed in the prevalence of NCDs and obesity, depending on the social back-
ground of decontamination workers, such as place of residence, marital status, and education level in this study. 
While our previous study indicated that the SES of decontamination workers as a whole may be  low14, for 
education level, which is a major component of SES, 17.1% of participants had an education level of junior high 
school education or less, which was equivalent to that of the general Japanese population (18.8%) from the 2012 
national census  data19. Perhaps, it may be unlikely that there is no difference in health status depending on the 
social background of decontamination workers. Rather, this observation may be due to the possibility that the 
SES of the decontamination workers who participated in this study was relatively high, due to the small number 
of study participants or the specificity of the decontamination workers’ occupations. Other than the social fac-
tors among decontamination workers, it has been suggested that drastic changes in the living environment, such 
as diet and sleeping habits, may worsen the health status of migrant workers; however, these factors were not 
evaluated in this study due to the limited space in the questionnaires.

The social background of participants in this study was relatively favorable, compared with that of decontami-
nation workers in general. Nevertheless, the prevalence of obesity and dyslipidemia and proportion of drinkers 
and smokers were significantly higher in the study population than in the general Japanese population. Further-
more, the proportion of harmful alcohol drinkers and current smokers among healthy male decontamination 
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Table 1.  Baseline characteristics among 123 healthy male decontamination workers. †  Locals were defined 
as workers who originated from Hamadori or Nakadori region in Fukushima Prefecture. ††  Persons who 
divorced or were never married. *Education level was categorized into three levels: lower, ≤ 9 years, i.e., junior 
high school; middle, 10–12 years, i.e., high school and technical college; and higher, ≥ 13 years, i.e., university 
degree.

Characteristics All patients (n = 123)

Age, median (range), years 48 (19–72 )

Age distribution, years

 ≤ 19 4 3.3%

20–29 13 10.6%

30–39 18 14.6%

40–49 31 25.2%

50–59 24 19.5%

60–69 32 26.0%

≧70 1 0.8%

Origin

Local† 23 18.7%

Other place 100 81.3%

Alcohol

User 93 75.6%

High-risk drinker 64 52.0%

Non-responder 2 1.6%

Smoking

Current smoker 84 68.3%

15 cigarettes/day or more 77 62.6%

Non-responder 1 0.8%

Marital status

Unmarried†† 65 52.8%

Married 53 43.1%

Non-responder 5 4.1%

Education level*

Lower 21 17.1%

Middle 72 58.5%

Higher 28 22.8%

Non-responder 2 1.6%

Body Mass Index (BMI)

Obesity (≥ 30.0 kg/m2) 14 11.4%

Overweight (≥ 25.0 kg/m2) 60 48.8%

Health check-up results available 106 86.2%

Table 2.  Prevalence of non-communicable diseases among 123 healthy male decontamination workers.

Hypertension Dyslipidemia Diabetes mellitus Obesity

Total (n = 123) 42 34.1% 42 34.1% 14 11.4% 60 48.8%

Local (n = 23) 11 47.8% 8 34.7% 2 8.7% 14 60.9%

Migrant (n = 100) 31 31.0% 34 34.0% 12 12.0% 46 46.00%

Pearson’s chi squared test p = 0.1249 p = 0.9431 p = 0.6103 p = 0.1983

Married (n = 65) 19 29.2% 20 30.8% 5 7.7% 30 46.1%

Unmarried (n = 53) 21 39.6% 22 41.5% 8 15.1% 29 54.7%

Pearson’s chi squared test p = 0.2355 p = 0.2255 p = 0.2015 p = 0.3548

Lower (n = 21) 8 38.0% 7 33.3% 3 14.3% 11 52.3%

Middle (n = 72) 26 36.1% 24 33.3% 5 6.9% 40 55.6%

Higher (n = 28) 8 28.6% 11 39.2% 6 21.4% 9 32.1%

Pearson’s chi squared test p = 0.7283 p = 0.8452 p = 0.1155 p = 0.1054
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workers in this study (52.0% and 68.3%, respectively) was higher than that among the Japanese male general 
population reported in the 2016 NHANES (14.6% and 30.2%, respectively)17. These results are in accordance 
with those of previous studies, which have reported a high prevalence of high-risk drinking and smoking habits 
among hospitalized decontamination workers, whereas participants in this study had a significantly higher  SES14. 
It is conceivable that other lifestyle choices such as diet may be poorer in decontamination workers than in the 
general public, thereby contributing to the development of NCDs.

Barriers currently exist in the implementation of health management interventions among workers with 
a low SES who are at risk of adverse health outcomes, such as decontamination workers. Our project initially 
aimed to implement a health promotion program and health interventions targeting a broad range of decon-
tamination workers by recruiting companies involved in decontamination in the Fukushima Prefecture with the 
help of the local government. However, most companies involved in decontamination declined to participate 
in our research study due to concerns that it would expose the lack of proper health care management of their 
workers. In fact, there have been a case report that a company that hired decontamination workers concealed 
a work-related injury, perhaps for fear of exposing the poor health management of their own  employees20. As a 
result, our survey may have only included a corporation with an adequate health and safety management sys-
tem. Notably, the construction company that cooperated in this survey agreed to conduct a health promotion 
program for their employees, indicating superior healthcare management and safety practices relative to that 
of other companies. This may be reflected in the better environmental background of their employees. In sum, 
careful consideration is required when evaluating the general health profile of decontamination workers based 
on our study findings, as the health risks of the participants in our study may have been underestimated. Given 
the limited medical resources in disaster-affected areas, the poor health condition of decontamination work-
ers moving into affected areas may place further strain on already-poor medical resources in the area. Further 
medical and health surveillance is required to assess the general health profile of decontamination workers and 
to promote the development of occupational health management systems.

Limitations
To the best of our knowledge, this is the first study to investigate the health condition of healthy decontamination 
workers. Nevertheless, this study has several limitations. First, the results of this study may have been influenced 
by selection bias. This study was conducted with workers who agreed to participate in a health promotion pro-
gram and were employed by construction companies that allowed their employees to participate in the program. 
Participants in this study may have been healthier and more health-conscious than other decontamination work-
ers in the same area. If the data of all decontamination workers who received health check-ups at the hospital 
can be analyzed, this problem may be addressed in the future. Second, as health examination results were not 
available for some participants, several cases of lifestyle-related diseases may have been overlooked. Third, the 
sample size was too small, and most of the participants were migrant workers. Fourth, this was a cross-sectional 
study, and it was not possible to compare the drinking and smoking rates before and after the intervention or 
before and after the start of the decontamination process. In the future, it would be desirable to conduct research 
in a setting with more participants, after adjusting for the number of local and migrant workers.

Conclusions
The prevalence of obesity and dyslipidemia were higher in healthy decontamination workers who participated 
in the health consultation program than in the general population, despite the relatively high SES of the study 
participants. Our results suggest that decontamination workers may be at a higher risk of developing NCDs, 

Table 3.  Age adjusted prevalence of non-communicable diseases and obesity among the workers in their 
20–60 (n = 118).† Confidence interval (CI). † Four workers were excluded because the data of the National 
Health and Nutrition Examination Survey only included persons ≥ 20 years old. Only one worker, over the age 
of 70 years, was excluded from the analysis. †† Age adjustment was performed using the 1985 model in Japan. 
*Based on the data from the National Health and Nutrition Examination Survey. **Difference in age-adjusted 
prevalence between this study and National Health and Nutrition Examination Survey.

Age Total numbers Hypertension Dyslipidemia Diabetes Mellitus Obesity

20–29 13 1 0 0 5

30–39 18 2 7 4 10

40–49 31 7 11 2 16

50–59 24 15 11 4 14

60–69 32 16 12 4 12

Crude prevalence, % 34.7 34.7 11.9 48.3

Age-adjusted prevalence (95% CI), %†† 27.2 (20.1–34.4) 30.4 (22.6–38.2) 11.3 (5.5–17.1) 49.0 (39.0–58.9)

Age-adjusted national prevalence (95% 
CI), % *†† 32.8 (31.1–34.5) 16.1 (14.5–17.6) 7.0 (6.2–7.7) 31.2 (29.9–32.5)

ΔAge-adjusted prevalence (95% CI), %** − 5.6 (− 12.9–1.8) 14.3 (6.4–22.2) 4.4 (− 1.5–10.2) 17.7 (7.7–27.8)
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possibly due to their original health status and lifestyle habits, and continuous monitoring of their health status 
is warranted.

Data availability
Since the data set in this study contains personal information, it can be disclosed upon individual request, but 
cannot be made public.

Received: 6 June 2021; Accepted: 25 October 2021

References
 1. Waisel, D. B. Vulnerable populations in healthcare. Curr. Opin. Anaesthesiol. 26, 186–192 (2013).
 2. Marmot, M. Social determinants of health inequalities. Lancet 365, 1099–1104 (2005).
 3. Bethel, J. W., Foreman, A. N. & Burke, S. C. Disaster preparedness among medically vulnerable populations. Am. J. Prev. Med. 40, 

139–143 (2011).
 4. World Health Organization. Connecting health and labour: what role for occupational health in primary health care. The WHO 

Global Conference 29 November - 1 December 2011, The Hague, The Netherlands: World Health Organization 2011. https:// www. 
who. int/ occup ation al_ health/ publi catio ns/ hague_ execu tive_ summa ry/ en/ [Access date: 11 March 2021].

 5. Joyce, S. Major issues in miner health. Environ. Health Perspect. 106, A538–A543 (1998).
 6. Mobed, K., Gold, E. B. & Schenker, M. B. Occupational health problems among migrant and seasonal farm workers. West J. Med. 

157, 367–373 (1992).
 7. Reid, P. J. & Sluis-Cremer, G. K. Mortality of white South African gold miners. Occup. Environ. Med. 53, 11–16 (1996).
 8. Hiraoka, K., Tateishi, S. & Mori, K. Review of health issues of workers engaged in operations related to the accident at the Fuku-

shima Daiichi Nuclear Power Plant. J. Occup. Health 57, 497–512 (2015).
 9. Ohtsuru, A. et al. Nuclear disasters and health: Lessons learned, challenges, and proposals. Lancet 386, 489–497 (2015).
 10. Sawano, T., Ozaki, A. & Tsubokura, M. Review of health risks among decontamination workers after the Fukushima Daiichi Nuclear 

Power Plant Accident. Radioprotection 55, 277 (2020).
 11. Dose distribution among workers engaged in decontamination and related works. Radiation Dose Registration Center 2016. http:// 

www. rea. or. jp/ chutou/ koukai_ jyosen/ H27nen/ Engli sh/ honbun_ jyosen- h27- Engli sh. html. [Access date: 11 March 2021].
 12. Sawano, T. et al. Klebsiella pneumoniae sepsis deteriorated by uncontrolled underlying disease in a decontamination worker in 

Fukushima, Japan. J. Occup. Health 58, 320–322 (2016).
 13. Endo, S. et al. Metabolic syndrome and central obesity in domestic migrant radiation decontamination workers. Environ. Occup. 

Health Pract. 2, 1–5 (2020).
 14. Sawano, T. et al. Non-communicable diseases in decontamination workers in areas affected by the Fukushima nuclear disaster: a 

retrospective observational study. BMJ Open 6, 013885 (2016).
 15. Yasui, S. Establishment of new regulations for radiological protection for decontamination work involving radioactive fallout 

emitted by the Fukushima Daiichi APP accident. J. Occup. Environ. Hyg. 10, D119–D124 (2013).
 16. World Health Organization. Health topics; Obesity. https:// www. who. int/ health- topics/ obesi ty# tab= tab_1 [Access date: 11 March 

2021].
 17. 172016 National Health and Nutrition Survey Report, Tokyo: Ministry of Health, Labour, and Welfare, 2016. https:// www. mhlw. 

go. jp/ bunya/ kenkou/ eiyou/ h28- houko ku. html [Access date: 11 March 2021] (in Japanese)
 18. Statistics and Information Department. The notification on the age-adjusted rate in Japan. Jpn. J. Publ. Health 38, 535 (1991) (in 

Japanese).
 19. Employment Status Survey in 2012, Tokyo: Statistics Bureau of Japan 2014. https:// www. stat. go. jp/ engli sh/ data/ shugy ou/ pdf/ 

sum20 12. pdf. [Access date: 11 March 2021].
 20. Sawano, T. et al. Concealment of trauma and occupational accidents among Fukushima nuclear disaster decontamination workers: 

A case report. J. Occup. Health 62, e12123 (2020).

Acknowledgements
The authors express their sincere gratitude to all the staff members of Ishikawa Construction Co., Ltd, especially 
Mr. Shun Ishikawa and Mr. Hideo Furuuchi. The authors also thank Mr. Masatsugu Tanaki of the Minamisoma 
Municipal General Hospital for technical support.

Author contributions
T.S. contributed to the study conception and design. T.S. and A.F. conducted data collection. T.S. drafted the 
article. T.S. and M.M. conducted a statistical analysis. All authors performed critical revision of the article for 
intellectual content and approved the manuscript submission.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://www.who.int/occupational_health/publications/hague_executive_summary/en/
https://www.who.int/occupational_health/publications/hague_executive_summary/en/
http://www.rea.or.jp/chutou/koukai_jyosen/H27nen/English/honbun_jyosen-h27-English.html
http://www.rea.or.jp/chutou/koukai_jyosen/H27nen/English/honbun_jyosen-h27-English.html
https://www.who.int/health-topics/obesity#tab=tab_1
https://www.mhlw.go.jp/bunya/kenkou/eiyou/h28-houkoku.html
https://www.mhlw.go.jp/bunya/kenkou/eiyou/h28-houkoku.html
https://www.stat.go.jp/english/data/shugyou/pdf/sum2012.pdf
https://www.stat.go.jp/english/data/shugyou/pdf/sum2012.pdf
www.nature.com/reprints


8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:21980  | https://doi.org/10.1038/s41598-021-01244-z

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Prevalence of non-communicable diseases among healthy male decontamination workers after the Fukushima nuclear disaster in Japan: an observational study
	Methods
	Study design, setting, and participants. 
	Patient and public involvement. 
	Survey items. 
	Variables. 
	Statistical analysis. 
	Ethical considerations. 

	Results
	Discussion
	Limitations
	Conclusions
	References
	Acknowledgements


