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  Abstract
  BackgroundAlthough there is speculation that individuals living in the vicinity of nuclear disasters have persistent mental health deterioration due to psychological stress, few attempts have been made to examine this issue.

AimsTo determine whether having been in the vicinity of the Nagasaki atomic bomb explosion in the absence of substantial exposure to radiation affected the mental health of local inhabitants more than half a century later.

MethodParticipants were randomly recruited from individuals who lived in the vicinity of the atomic bomb explosion in uncontaminated suburbs of Nagasaki. This sample (n = 347) was stratified by gender, age, perception of the explosion and current district of residence. Controls (n = 288) were recruited from among individuals who had moved into the area from outside Nagasaki 5–15 years after the bombing, matched for gender, age and district of residence. The primary outcome measure was the proportion of those at high risk of mental disorder based on the 28-item version of the General Health Questionnaire, with a cut-off point of 5/6. Other parameters related to individual perception of the explosion, health status, life events and habits were also assessed.

ResultsHaving been in the vicinity of the explosion was the most significant factor (OR = 5.26, 95% CI 2.56–11.11) contributing to poorer mental health; erroneous knowledge of radiological hazard showed a mild association. In the sample group, anxiety after learning of the potential radiological hazard was significantly correlated with poor mental health (P<0.05), whereas anxiety about the explosion, or the degree of perception of it, was not; 74.5% of the sample group believed erroneously that the flash of the explosion was synonymous with radiation.

ConclusionsHaving been in the vicinity of the atomic bomb explosion without radiological exposure continued to be associated with poorer mental health more than half a century after the event. Fear on learning about the potential radiological hazard and lack of knowledge about radiological risk are responsible for this association.
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 Persistent mental health problems among local inhabitants and people entering the affected area after nuclear disasters has been repeatedly reported.
1–Reference Loganovsky, Havenaar, Tintle, Guey, Kotov and Bromet11
 It has been suggested that non-radiological factors such as traumatic fear, secondary distress, fear of invisible or latent radiological harm, social turmoil or isolation might be responsible.
3,4,Reference Havenaar, de Wilde, van den Bout, Drottz-Sjoberg and van den Brink9,Reference Tonnessen, Mardberg and Weisaeth12
 This view accords with current knowledge of radiology, as postnatal radiation effects on the brain have been documented after radiation therapy for a brain tumour in which fractionated doses above a total of 40 Gy were received,
4
 whereas the estimated LD50/60 for survivors of the atomic bomb has been reported not to have exceeded 3 Gy, as calculated in Hiroshima.
Reference Fujita, Kato and Schull13
 Although the participants in previous studies conducted after the nuclear events at Hiroshima, Nagasaki and Chernobyl had mostly experienced some degree of radiation exposure, it has not been demonstrated whether, or to what extent, certain types of non-radiological factors cause persistent mental health deterioration through comparison with adequate controls. Studies of non-exposed but psycho-sociologically involved residents were conducted after the accident at the Three Mile Island nuclear plant,
Reference Houts, Cleary and Hu14
 but the last observation was made only a few years after the event and was based on a small, non-randomised group,
Reference Baum, Gatchel and Schaeffer15
 thus providing somewhat insubstantial information. Our intention in this study, therefore, was specifically to delineate the persistent mental effects of a nuclear disaster in the absence of substantial radiological health effects. To our knowledge no such study has been reported previously.


 Method


 Participants

 The sample group was recruited from among individuals who had lived in the peripheral areas of Nagasaki since the atomic bomb explosion in 1945 until the time of the study; these districts were Mogi, Himi, Higashi-Nagasaki, Shikimi, Mie, Fukabori, Ioujima, Tokitsu, Kinkai, Tarami and Iimori, all adjacent to the inner contaminated zone. Although these individuals had been in the vicinity of the explosion the areas in question had been officially recognised as uncontaminated, and in 1994 it was confirmed by a government research team that the lifetime radiation exposure there would have been 10 mGy on average, thus posing no significant risk to health.

 Potential participants were identified using the data-set of a previous open questionnaire study conducted by the local governments of Nagasaki City and Nagasaki Prefecture in 2000,
16
 which investigated health complaints among people who had lived in the relevant areas at the time of the atomic bomb attack. From among 9115 eligible inhabitants, 1614 did not respond, and we excluded 431 individuals over 80 years old owing to predicted difficulty of recruitment. The remaining sample (n = 7070) was stratified for gender, age group (0–10 years, 11–20 years and 21–25 years at the time of the bombing) and five grades of intensity of the atomic flash, heat rays and blast winds, calculated from the previous data-set, and also according to whether the person lived inside or outside the city area, reflecting the corresponding difference in the administrative and welfare systems. The number of individuals to be randomly selected from each cell was determined to reflect the overall distribution across all the cells, which necessitated extracting at least 406 candidates.

 The control group was selected from a population who had migrated into the specified areas from outside Nagasaki City and Nagasaki Prefecture between 1950 and 1960, and thus had not experienced the explosion or had been influenced by it only negligibly. Migrants to the area during the 5 years immediately following the atomic bombing were excluded, as most of them were people returning from overseas battlefields or collapsed former Japanese colonies, who would have been severely distressed. The controls were matched with the sample group for age group, gender and current residential district, so that they would have shared subsequent life events in the community.




 Study design

 This was a non-blind, comparative observational study with stratified randomised sampling from the affected population with matched controls. Interviews took place during the period 12–30 March 2001. The recruitment was assisted by the Nagasaki local governments. To minimise any rater bias due to personal sympathy for atomic bomb victims, 42 psychiatrists, psychologists and social workers assisting in the study were brought in from areas of Japan other than Kyushu Island (where Nagasaki is located), with the exception of one psychiatrist who lived in Fukuoka, a prefecture in Kyushu distant from Nagasaki. None of these specialists was related to atomic bomb survivors in either Nagasaki or Hiroshima, and none of them originated from those prefectures. During the study all the raters stayed at a single hotel in Nagasaki City and were prohibited from making personal contact with the local people. They were trained in the semi-structured interview procedure, and every interview was audio-recorded and randomly audited by the supervisor (Y.K.) to detect any biased interview. The local media cooperated by not interviewing any of the study participants or research staff nor issuing intermediate reports about the study, except for a simple announcement of its commencement, to prevent any of the participants receiving biased information.

 The ethics committee of Kohnodai district of the National Centre of Neurology and Psychiatry, Japan, approved this study in 2001. Written informed consent was obtained from all participants. We set up a counselling hotline for those who became upset by recalling the atomic bombing, but few calls were received.




 Assessments

 The primary outcome measure for the group comparison was the proportion of those at high risk of mental disorder according to the 28-item version of the General Health Questionnaire (GHQ-28), using a cut-off point of 5/6; this scale assesses current mental health conditions, and its international validity has been confirmed across 15 cities in various parts of the world, fortunately including Nagasaki.
Reference Goldberg, Gater, Sartorius, Ustun, Piccinelli and Gureje17
 Its cut-off point of 5/6 yields 79.7% sensitivity and 79.2% specificity, being uninfluenced by age, gender or education, for any current diagnosis of depression, dysthymia, agoraphobia, panic disorder, generalised anxiety disorder, somatisation disorder, chronic fatigue or hypochondriasis. Because the participants were aged up to 80 years, raters applying this measure were permitted to read the questions aloud and to explain the meaning of words, but not to rephrase the sentences.

 The other part of the interview was semi-structured, and included questions related to demographic features, life habits, past traumatic events other than the atomic bombing, general health status, harm attributable to radioactivity among relatives and general knowledge about radioactivity. We also asked the sample group about their perception of the explosion and radioactivity, and their subsequent psychological response.

 Raters were allowed to exclude any participant judged to be incapable of undergoing the interview from the assessment, based on the result of the digit span test that measures short-term memory, our own checklist of current health conditions and overall clinical impression.




 Statistical analysis

 The data were analysed using SPSS version 16.0 for Windows. Logistic regression was used to examine the effects on mental health of having been located in the area around the atomic bomb explosion and other factors that were significantly correlated with mental health risk using t or χ2 tests. Logistic regression was also applied to the sample group data to examine factors that influenced current distress.






 Results

 For the sample group, 406 persons were invited to participate; 13 could not be traced, 12 refused and 34 could not complete the interview. For the control group, 571 persons were invited to participate; 61 could not be traced, 90 refused and 90 could not complete the interview. Also, 42 members of the control group were found to have visited the polluted area of Nagasaki City at the time of the atomic bombing. Data for 347 persons in the sample group and 288 in the control group were therefore included in the analysis.

 Little difference in demographic features existed between the two groups, except for the loss of close relatives through the atomic bomb, which was more frequent in the sample group (Table 1). Poor knowledge of radioactivity was evident in both groups, especially with regard to the distinction between the atomic flash and radiation, as well as the existence of natural exposure, for which only 20.5% and 31.1% of the sample group and 27.1% and 25% of the control group respectively gave correct answers. Knowledge about radioactivity was no better in the sample group than in the controls, and was even worse for some items: 78.4% believed that they had been in the contaminated zone at the time of the explosion, thus contradicting the government’s official survey. Among the controls, 20.8% believed the same, reflecting the fact that they had lived in neighbouring prefectures at the time of the explosion – other people in the control group lived in more distant areas.

 Although we intended that participants should be matched for gender and age, there was actually a significant difference in age between the sample and control groups due to the uneven response rate. Significant intergroup differences were also observed for years of education, loss of a spouse or close relatives due to the atomic bomb, and some misconceptions about radioactivity.


 Health findings

 A significant difference across groups was observed for mental health status, in terms both of those assessed as high risk (score >5) and of GHQ-28 total score. There was no significant difference with regard to the presence of physical disease diagnosed during the previous 6 months.





Table 1 Characteristics of the groups
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		Sample group (n = 347)	Control group (n = 288)	
P
	Both groups High v. low risk
	Demographic characteristics				
	    Age, years: mean (s.d.)
a

	66.3 (6.7)	70.3 (6.4)	<0.001	<0.01
	    Gender: male, n (%)
b

	131 (37.8)	104 (36.1)	NS	NS
	    Smoking (yes), n (%)
b

	54 (15.6)	42 (14.6)	NS	NS
	    Drinking (yes), n (%)
b

	147 (42.4)	116 (40.3)	NS	NS
	    Years of education: mean (s.d.)
a

	9.4 (2.4)	10.0 (2.5)	<0.001	<0.05
	    Employment history, n (%)
b

				
	        Office worker/civil servant	91 (26.2)	84 (29.2)	NS	NS
	        Farmer/fishery	132 (38.0)	102 (35.4)	NS	<0.05
	        Industry worker	42 (12.1)	37 (12.8)	NS	NS
	        Self-employed	59 (17.0)	39 (13.5)	NS	NS
	        Other	22 (6.3)	30 (10.4)	NS	NS
	        Never employed	39 (11.2)	26 (9.0)	NS	NS
	    Number of family members lived with: mean (s.d.)
a

	3.2 (1.7)	3.6 (2.1)	NS	<0.05
	    Number of non-atomic traumatic events: mean (s.d.)
a

	4.0 (2.1)	4.1 (2.0)	NS	<0.01
	    Loss of a spouse or up to third-degree relative due to atomic bomb, n (%)
b

	160 (46.1)	67 (23.3)	<0.001	<0.001
	
	Erroneous knowledge about radiation, n (%)
b,c

				
	    Radioactivity is different from flash of explosion	276 (79.5)	210 (72.9)	<0.05	<0.01
	    Radioactivity decreases with distance	133 (38.3)	116 (40.3)	NS	NS
	    Radioactivity decreases with time	172 (49.6)	118 (41.0)	<0.05	<0.01
	    Natural exposure to radiation	239 (68.9)	216 (75.0)	NS	<0.01
	    X-ray examination includes exposure	134 (38.6)	131 (45.5)	NS	NS
	    There are direct and indirect radiation effects	88 (25.4)	99 (34.4)	NS	NS
	    Being exposed to bomb radiation	272 (78.4)	60 (20.8)	<0.001	<0.001
	
	Physical health finding				
	    Physical disease in past 6 months, n (%)
b

	267 (76.9)	223 (77.4)	NS	<0.01
	
	Mental health findings (GHQ-28 score)				
	    High risk, n (%)
b,d

	255 (73.5)	114 (39.6)	<0.001	
	    Total score: mean (s.d.)
a

	10.6 (5.7)	6.5 (5.4)	<0.001	
	        Physical	4.2 (2.0)	2.4 (2.0)	<0.001	
	        Social	1.9 (1.8)	1.1 (1.4)	<0.001	
	        Depressive	1.0 (1.6)	0.6 (1.5)	<0.001	
	        Anxious	3.5 (2.0)	2.3 (1.8)	<0.001	



 GHQ-28, 28-item General Health Questionnaire; NS, not significant.


a
t-test.




b χ2 analysis.




c Erroneous 1, correct 0.




d Cut-off score 5/6.










 Correlations

 As shown in Table 1, t-test and χ2 analysis revealed that poor mental health (GHQ-28 score >5) was correlated with certain variables among participants in both groups. Presence of physical illness, increased age, fewer years of education, fewer family members living together and number of traumatic life events were common stress-related factors, whereas loss of a spouse or of third-degree or closer relatives, erroneous knowledge about radiation and conviction of being contaminated by the atomic bomb explosion were specific to this research topic. Being involved in farming or fisheries was correlated with poorer mental health, presumably because of fear over soil or seawater contamination.




 Regression analysis

 Regression analysis was performed for both groups to clarify whether belonging to the sample group contributed to poorer mental health (Table 2). We subjected variables that contributed significantly to poorer mental health to t-test or χ2 analysis and found that group membership showed the largest contribution (OR = 5.26, 95% CI 2.56–11.11), whereas erroneous conceptions about radiation issues such as disagreeing with the statements ‘radioactivity is not synonymous with the atomic flash’ (OR = 2.14, 95% CI 1.05–4.33) and ‘natural background radiation is a normal phenomenon’ (OR = 2.37, 95% CI 1.16–4.84) also showed a modest contribution. We then performed logistic regression analysis for the sample group alone to determine which aspects of the atomic bomb experience were related to current poor mental health (Table 3); these included extent of the perceived intensity of the explosion, anxiety immediately after the explosion and anxiety on discovery of the possibility of exposure to radiological hazard. We also subjected variables that contributed significantly to poorer mental health to t-test or χ2 analysis: this revealed that only anxiety on discovery of possible radiological hazard made a significant modest contribution (OR = 2.62, 95% CI 1.07–6.41).






 Discussion

 Compared with a control group that was more rigorously selected than others used in previous studies of the effects of radiation on health, significant mental health deterioration in the absence of any proven radiation was observed in the sample group in comparison with controls who had moved to the same area 5–10 years after the explosion. This effect was modestly associated with erroneous knowledge of radiological issues, such as the mistaken belief that the atomic flash was synonymous with radiation, but was not affected by life events unrelated to radiation





Table 2 Contribution of variables to poorer mental health
a
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		Adjusted OR	95% CI	P
	Sample group
b

	5.26	2.56–11.11	<0.001
	
	Age	0.98	0.93–1.04	NS
	
	Number of family members lived with	0.91	0.76–1.10	NS
	
	Years of education	1.06	0.90–1.24	NS
	
	Job history of farmer/fishery	2.11	0.95–4.66	NS
	
	Loss of a spouse or up to third-degree relative due to atomic bomb
b

	1.75	0.89–3.44	NS
	
	Presence of physical disease in past 6 months
b

	1.77	0.82–3.80	NS
	
	Number of non-atomic traumatic events	1.18	0.99–1.41	NS
	
	Erroneous knowledge of radiation
c

			
	    Radioactivity is different from flash of explosion	2.14	1.05–4.33	<0.05
	    Radioactivity decreases with time	1.94	0.85–4.41	NS
	    There is natural background exposure	2.37	1.16–4.84	<0.05



 Model fitness (χ2 = 65.06, f = 11, P < 0.001), R
2 = 0.36, variance inflation factor 1.101.24.


a High risk score on the 28-item General Health Questionnaire, cut-off point set at 5/6.




b Yes 1, no 0.




c Erroneous 1, correct 0.







 issues, life habits or demographic variables. Among those in the sample group, current poorer mental health was modestly associated with anxiety on learning of possible radiological harm, but not with the perceived intensity of the explosion or the subsequent anxiety it caused.


 Limitations

 As most measurements were based upon interview, inherent biases should be considered. A bias toward overreporting symptoms among the sample group cannot be excluded, although its effect was negligible; no significant intergroup difference in physical symptoms was observed, despite concern among the sample group about exposure to radiation and subsequent physical harm; their education, job history and life habits do not signify escapism, which was mentioned in a report from Chernobyl as a tendency for overreporting mental symptoms.
1
 Rater bias based on sympathy for the sample group may have led to overestimation of their sorrow and distress, as the atomic bombing is a widely recognised national tragedy and the interview was not masked; its effects were minimised by recruiting interviewers from among those who had no familial or geographical association with the





Table 3 Contribution of variables to poorer mental health in the sample group
a
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		Adjusted OR	95% CI	
P

	Intensity of the the explosion perception	1.08	0.82–1.42	NS
	
	Anxiety after the explosion	0.77	0.36–1.64	NS
	
	Anxiety at knowing of radiological hazard	2.62	1.07–6.41	<0.05
	
	Age	0.89	0.65–1.23	NS
	
	Number of family members lived with	0.81	0.33–2.03	NS
	
	Years of education	0.58	0.23–1.44	NS
	
	Loss of a spouse or up to third-degree relative due to atomic bomb
b

	3.34	0.53–21.07	NS
	
	Presence of physical disease in past 6 months
b

	0.87	0.09–8.41	NS
	
	Number of non-atomic traumatic experiences	1.38	0.85–2.24	NS
	
	Erroneous knowledge of radiation
c

			
	    Radioactivity is different from flash of explosion	0.01	0.00–1.70	NS
	    Radioactivity decreases with distance	0.20	0.01–2.96	NS
	    Natural exposure to radiation	0.17	0.01–2.65	NS



 Model fitness P < 0.01, R
2 = 0.604, variance inflation factor 1.101.24.

 NS, not significant.


a High risk on the 28-item General Health Questionnaire, cut-off score 5/6.




b Yes 1, no 0.




c Erroneous 1, correct 0.







 atomic bomb explosion or its victims, using a semi-structured interview and randomly auditing one in ten interviews for biased questioning, although none was detected. Recall bias is inevitable in any study based on past events in that ideas about the past may be a consequence of current distress, but it would not have affected the major finding of this study, in which the primary outcome measure was current distress regarded as a variable dependent upon the group division determined by geographical location at the time of the atomic bombing.

 The study design also had limitations. As it was cross-sectional, it was uncertain whether the level of distress had remained the same throughout the decades since the atomic bombing, or whether it had been affected by various forms of post hoc information or social events that we did not assess. It is unlikely, however, that the association between current distress and the experience of having been located in the vicinity of the explosion, as well as learning about the potential radiological hazard, could be disproved, given the sizeable odds ratio. Furthermore, survivor bias, resulting from earlier death of more highly distressed individuals, could not be excluded. The controls would have experienced fear of soil contamination and thus might have been in poorer mental health than the general Japanese population, for whom normative data for age group are not available. However, all these factors would have reduced the extent of any intergroup difference in mental health status and would not have undermined our findings.

 Within the context of these limitations, it seems reasonable to maintain the validity of the major finding that having been located within the vicinity of the atomic bomb explosion was related to prolonged mental health problems.




 Implications

 To our knowledge, this is the first study to have focused upon the mental health effects of psychological exposure to nuclear disaster, without radiological exposure. This issue has been touched on in earlier studies, but the findings were contaminated by the effects of radiological exposure or obscured by poorly designed controls. The observation period we employed is far longer than that of any previous studies, including those conducted after the Chernobyl nuclear accident in 1986.

 Among the sample group, current poorer mental health was modestly related to anxiety upon learning about the possible risk of radiological harm, but not to the perceived intensity of the explosion or the subsequent anxiety it caused. This illustrates the importance of the adverse role of post hoc negative information, which accords with a previous report on the Three Mile Island accident in which perception of the potential harm, rather than the event itself, was related to increased distress.
Reference Goldsteen, Schorr and Goldsteen18
 The term ‘psychological fallout’ could be referred to in a similar context.
Reference Stiehm19
 It should be noted that over half a century after the atomic bombing, three-quarters of the sample group still possessed an erroneous belief that the flash of the atomic explosion was synonymous with radioactivity. As the degree of misconception was not correlated with current mental health, the true extent and ramifications of the effect of such ignorance on persistent distress are unknown. It seems not unreasonable to speculate that many people in the sample group had failed to gain adequate access to official or medical sources of information or education, as they had not been officially registered as being exposed to radiation, despite efforts by the Nagasaki local governments to support such unregistered inhabitants.

 The invisible and penetrating nature of radiation makes it difficult to define a border of safety, especially in terms of long-term harm to health, which shows a stochastic tendency;
Reference Mays20
 it is manifested only through an increased prevalence of malignancy or other diseases without any known threshold or unusual symptoms. A prevailing opinion such as that reflected in the recommendation from the International Commission on Radiological Protection in 1990 ‘to take every possible protective measure on the assumption that a very low dose of radiation can cause harm’ would be best interpreted as a warning of future harm,
21
 but care should be taken to avoid causing excessive anxiety about insidious harm from past nuclear disasters, especially when associated with ambiguity or doubt about what constitutes a substantial degree of exposure.

 Our study highlights a dimension of anxiety that is independent of radiological exposure, and which requires appropriate attention and treatment, or could otherwise persist over decades. An effective countermeasure might be to convert invisible harm or contamination into more tangible parameters, preferably in the acute phase, and to indicate their precise meaning. Public health promotion based on adequate information provision and psychoeducation beyond the boundary of contamination would also be important. Services based upon categorical distinction between those who are severely distressed and those who are not would create a new artificial boundary, beyond which anxiety also tends to accumulate. It is highly probable that distress of this type can affect exposed individuals as well, suggesting an explanation for the conditions known as ‘atomic bomb neurosis’ or ‘Chernobyl syndrome’, both characterised by fatigue, anxiety, depression and medically unexplained physical symptoms.
Reference Havenaar, de Wilde, van den Bout, Drottz-Sjoberg and van den Brink9,Reference Lifton22,Reference Bromet, Gluzman, Schwartz and Goldgaber23
 It is noteworthy overall that sustained false apprehension about radiological harm was also related to long-term mental health deterioration. More precise details of the pathway leading from negative appraisal to poorer mental health should be clarified.

 In response to our findings the Japanese government has made available financial aid for individual mental healthcare and begun a campaign of public mental health promotion for individuals who were located in the unregistered area at the time of the atomic bomb explosion. This scheme for care provision has already undergone several audits and corrections with reference to our study data, and was finally approved in 2008.

 The study will also provide some insight into the nature of the distress related to the nuclear power plant accident that occurred on 11 March 2011 in Fukushima, Japan, as a result of the great eastern Japan earthquake and subsequent tsunami. Beyond the officially recognised contaminated areas, to which entrance was still prohibited at the time of writing, low-level radioactive substances were released over a wide area. Although experts agree that the effects of this low-level radiation pose only negligible risks to health, considerable distress and anticipatory anxiety has occurred among residents in the affected areas. This situation resembles that investigated in the study reported here, and the authors (including Y.K. acting as a governmental supervisor for provision of post-disaster mental healthcare) anticipate that its findings will be useful for helping devise effective countermeasures.
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 Table 2 Contribution of variables to poorer mental healtha
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 Table 3 Contribution of variables to poorer mental health in the sample groupa

 

 

       
Submit a response
 
 
eLetters

 No eLetters have been published for this article.
  



 
 [image: alt] 
 
 



 You have 
Access
 
 	32
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
32




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Nakane, Yoshibumi
2012.
Progress in Social Psychiatry in Japan.
p.
109.


	CrossRef
	Google Scholar






Suzuki, Y.
and
Kim, Y.
2012.
The Great East Japan earthquake in 2011; toward sustainable mental health care system.
Epidemiology and Psychiatric Sciences,
Vol. 21,
Issue. 1,
p.
7.


	CrossRef
	Google Scholar






Bromet, Evelyn J
2012.
Mental health consequences of the Chernobyl disaster.
Journal of Radiological Protection,
Vol. 32,
Issue. 1,
p.
N71.


	CrossRef
	Google Scholar






Kumar, Mayank
Haridas, Seenu
Trivedi, Richa
Khushu, Subhash
and
Manda, Kailash
2013.
Early cognitive changes due to whole body γ-irradiation: A behavioral and diffusion tensor imaging study in mice.
Experimental Neurology,
Vol. 248,
Issue. ,
p.
360.


	CrossRef
	Google Scholar






González, Abel J
Akashi, Makoto
Boice Jr, John D
Chino, Masamichi
Homma, Toshimitsu
Ishigure, Nobuhito
Kai, Michiaki
Kusumi, Shizuyo
Lee, Jai-Ki
Menzel, Hans-Georg
Niwa, Ohtsura
Sakai, Kazuo
Weiss, Wolfgang
Yamashita, Shunichi
and
Yonekura, Yoshiharu
2013.
Radiological protection issues arising during and after the Fukushima nuclear reactor accident.
Journal of Radiological Protection,
Vol. 33,
Issue. 3,
p.
497.


	CrossRef
	Google Scholar






Bromet, Evelyn J.
2014.
Emotional Consequences of Nuclear Power Plant Disasters.
Health Physics,
Vol. 106,
Issue. 2,
p.
206.


	CrossRef
	Google Scholar






Niitsu, Tomihisa
Takaoka, Kota
Uemura, Saho
Kono, Akiko
Saito, Akihiko
Kawakami, Norito
Nakazato, Michiko
and
Shimizu, Eiji
2014.
The psychological impact of a dual-disaster caused by earthquakes and radioactive contamination in Ichinoseki after the Great East Japan Earthquake.
BMC Research Notes,
Vol. 7,
Issue. 1,


	CrossRef
	Google Scholar






Kohn, Robert
Stanton, Laura
Surti, Ghulam Mustafa
and
Verhoek-Oftedahl, Wendy
2015.
Violence and Mental Health.
p.
153.


	CrossRef
	Google Scholar






Suzuki, Yuriko
Yabe, Hirooki
Yasumura, Seiji
Ohira, Tetsuya
Niwa, Shin-Ichi
Ohtsuru, Akira
Mashiko, Hirobumi
Maeda, Masaharu
and
Abe, Masafumi
2015.
Psychological distress and the perception of radiation risks: the Fukushima health management survey.
Bulletin of the World Health Organization,
Vol. 93,
Issue. 9,
p.
598.


	CrossRef
	Google Scholar






Ohtsuru, Akira
Tanigawa, Koichi
Kumagai, Atsushi
Niwa, Ohtsura
Takamura, Noboru
Midorikawa, Sanae
Nollet, Kenneth
Yamashita, Shunichi
Ohto, Hitoshi
Chhem, Rethy K
and
Clarke, Mike
2015.
Nuclear disasters and health: lessons learned, challenges, and proposals.
The Lancet,
Vol. 386,
Issue. 9992,
p.
489.


	CrossRef
	Google Scholar






Laidra, Kaia
Rahu, Kaja
Tekkel, Mare
Aluoja, Anu
and
Leinsalu, Mall
2015.
Mental health and alcohol problems among Estonian cleanup workers 24 years after the Chernobyl accident.
Social Psychiatry and Psychiatric Epidemiology,
Vol. 50,
Issue. 11,
p.
1753.


	CrossRef
	Google Scholar






Bromet, Evelyn J.
2016.
Mental Health and Social Issues Following a Nuclear Accident.
p.
67.


	CrossRef
	Google Scholar






Seong, Ki Moon
Kwon, TaeWoo
Seo, Songwon
Lee, Dalnim
Park, Sunhoo
Jin, Young Woo
Lee, Seung-Sook
and
Zeeb, Hajo
2017.
Perception of low dose radiation risks among radiation researchers in Korea.
PLOS ONE,
Vol. 12,
Issue. 2,
p.
e0171777.


	CrossRef
	Google Scholar






Miura, Itaru
Nagai, Masato
Maeda, Masaharu
Harigane, Mayumi
Fujii, Senta
Oe, Misari
Yabe, Hirooki
Suzuki, Yuriko
Takahashi, Hideto
Ohira, Tetsuya
Yasumura, Seiji
and
Abe, Masafumi
2017.
Perception of Radiation Risk as a Predictor of Mid-Term Mental Health after a Nuclear Disaster: The Fukushima Health Management Survey.
International Journal of Environmental Research and Public Health,
Vol. 14,
Issue. 9,
p.
1067.


	CrossRef
	Google Scholar






Kamite, Yuka
2017.
Prejudice and Health Anxiety about Radiation Exposure from Second-Generation Atomic Bomb Survivors: Results from a Qualitative Interview Study.
Frontiers in Psychology,
Vol. 8,
Issue. ,


	CrossRef
	Google Scholar






Mortazavi, SMJ
and
Doss, Mohan
2017.
Comments on “Solid Cancer Incidence among the Life Span Study of Atomic Bomb Survivors: 1958-2009” (Radiat Res 2017; 187:513–537).
Radiation Research,
Vol. 188,
Issue. 3,
p.
369.


	CrossRef
	Google Scholar






2018.
Military Nuclear Accidents.
p.
215.


	CrossRef
	Google Scholar






Labarda, Charlie E.
and
Chan, Christian S.
2018.
Sleep disturbances, posttraumatic stress, and psychological distress among survivors of the 2013 Super Typhoon Haiyan.
Psychiatry Research,
Vol. 266,
Issue. ,
p.
284.


	CrossRef
	Google Scholar






Bolt, Matthew A.
Helming, Luralyn M.
and
Tintle, Nathan L.
2018.
The Associations between Self-Reported Exposure to the Chernobyl Nuclear Disaster Zone and Mental Health Disorders in Ukraine.
Frontiers in Psychiatry,
Vol. 9,
Issue. ,


	CrossRef
	Google Scholar






Nukui, Hiroshi
Midorikawa, Sanae
Murakami, Michio
Maeda, Masaharu
and
Ohtsuru, Akira
2018.
Mental health of nurses after the Fukushima complex disaster: a narrative review.
Journal of Radiation Research,
Vol. 59,
Issue. suppl_2,
p.
ii108.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Persistent distress after psychological exposure to the Nagasaki atomic bomb explosion








	Volume 199, Issue 5
	
Yoshiharu Kim (a1), Atsuro Tsutsumi (a1), Takashi Izutsu (a1), Noriyuki Kawamura (a2), Takao Miyazaki (a3) and Takehiko Kikkawa (a4)

	DOI: https://doi.org/10.1192/bjp.bp.110.085472





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Persistent distress after psychological exposure to the Nagasaki atomic bomb explosion








	Volume 199, Issue 5
	
Yoshiharu Kim (a1), Atsuro Tsutsumi (a1), Takashi Izutsu (a1), Noriyuki Kawamura (a2), Takao Miyazaki (a3) and Takehiko Kikkawa (a4)

	DOI: https://doi.org/10.1192/bjp.bp.110.085472





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Persistent distress after psychological exposure to the Nagasaki atomic bomb explosion








	Volume 199, Issue 5
	
Yoshiharu Kim (a1), Atsuro Tsutsumi (a1), Takashi Izutsu (a1), Noriyuki Kawamura (a2), Takao Miyazaki (a3) and Takehiko Kikkawa (a4)

	DOI: https://doi.org/10.1192/bjp.bp.110.085472





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















