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Abstract

Aims. The long-term physical health effects of the atomic bombings of Hiroshima and
Nagasaki are well characterised, but the psychological effects remain unclear. Therefore, we
sought to determine whether measures of exposure severity, as indirect measures of psycho-
logical trauma arising from exposure to the atomic bombings, are associated with suicide mor-
tality among atomic bomb survivors.
Methods. The Life Span Study is a prospective cohort study of 93 741 Japanese atomic bomb
survivors who were located within 10 km of the hypocentre in Hiroshima or Nagasaki at the
time of the bombings in 1945, and 26 579 residents of Hiroshima and Nagasaki who were not
in either city at the time of the bombings, matched to survivors on city, sex and age. Measures
of exposure severity included: proximity to the hypocentre, type of shielding between the sur-
vivor and the blast and self-reported occurrence of acute radiation and thermal injuries. Date
of death was obtained from the Japanese National Family Registry system. Cause of death was
obtained from death certificates. Adjusted hazard ratios (HRs) were estimated from Cox
regression models overall and stratified by sex and age.
Results. During the 60-year follow-up period (1950–2009), 1150 suicide deaths were recorded
among 120 231 participants (23.6 per 100 000 person-years): 510 among 70 092 women (17.2
per 100 000 person-years) and 640 among 50 139 men (33.6 per 100 000 person-years).
Overall, there was no association of proximity, type of shielding or the occurrence of acute
injuries with suicide mortality. Among those <25 years of age at the time of the bombings,
increased suicide risk was observed for survivors outside v. shielded inside any structure
(HR: 1.24; 95% confidence interval (CI): 1.03, 1.48; interaction p = 0.054) and for those
who reported flash burns (HR: 1.32; 95% CI: 1.00, 1.73; interaction p = 0.025). Sex-stratified
analyses indicated that these associations were limited to men. Among women, closer prox-
imity to the hypocentre was associated with a non-significant increase in suicide risk, with
a positive association between proximity and suicide risk observed among women <15
years of age (HR: 1.09 per km; 95% CI: 1.00, 1.18; interaction p = 0.067).
Conclusions. Proximity to the hypocentre, shielding and acute injury presence do not gener-
ally appear to influence suicide mortality among atomic bomb survivors. However, heterogen-
eity may exist by age and sex, with younger survivors potentially more sensitive to
psychological trauma. Coupled with other studies, our results suggest the importance of
long-term monitoring of mental health among young populations exposed to catastrophic
events or mass trauma.

Introduction

Survivors of the atomic bombings of Hiroshima and Nagasaki, Japan, experienced extreme
physical and emotional distress (Oughterson and Warren, 1956; Lifton, 2012). Research
among survivors has primarily focused on physical health effects and has established signifi-
cant associations of radiation dose from the atomic bombings with increased risk of leukaemia,
solid cancer and non-cancer diseases (Yamada et al., 2004; Ozasa et al., 2012; Hsu et al., 2013;
Grant et al., 2017). The psychological sequelae of the atomic bombings have been characterised
to a lesser extent (Zwigenburg, 2019).

Early small surveys of atomic bomb survivors reported neurosis, somatisation and other
symptoms consistent with post-traumatic stress reactions (Tsuiki et al., 1951; Konuma
et al., 1953; Nishikawa and Tsuiki, 1961). Higher symptom frequencies were observed
among survivors who experienced acute radiation sickness and those in closer proximity to
each blast’s hypocentre (Konuma, 1956, 1967). More recently, several retrospective studies,
including larger surveys, have emphasised the persistent nature of these psychological reper-
cussions. One study found that 73.5% of surveyed survivors were at high risk for mood or anx-
iety disorders 45 years after the bombings (Kim et al., 2011). Others observed excess risk for
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mental disorders driven by acute symptom presence, loss of fam-
ily members due to the bombings and painful experiences from
social stigma (Ohta et al., 2001; Honda et al., 2002; Yamada
and Izumi, 2002; Asukai et al., 2012). Importantly, epidemio-
logical studies conducted in other populations exposed to psycho-
logically traumatic events, but not radiation, have linked elevated
rates of post-traumatic stress disorder and depression with
increased suicide risk (Ferrada-Noli et al., 1998; Bernal et al.,
2007; Rytwinski et al., 2013).

The Life Span Study is a large, well-defined longitudinal
cohort study of atomic bomb survivors that was established in
1950 to determine the long-term risks of cancer and other dis-
eases due to radiation exposure from the atomic bombings
(Ozasa et al., 2019). Previously, suicide mortality was examined
in relation to radiation dose, which is not known to survivors,
and risk was not assessed by age, sex or other factors (Shimizu
et al., 1999). In this study, we evaluated suicide mortality
among atomic bomb survivors in relation to measures of exposure
severity experienced by survivors at the time of or shortly after the
bombings. We hypothesised that closer proximity to the hypo-
centre, lack of shielding to the blast and the occurrence of acute
injuries would be associated with greater psychological impact
and, thus, with higher risk of suicide death.

Methods

Study cohort

The Life Span Study includes 93 741 atomic bomb survivors who
were located within 10 km of the hypocentre in either Hiroshima
or Nagasaki at the time of the bombings (6 August and 9 August
1945, respectively) and 26 579 residents of Hiroshima and
Nagasaki who were not in either city (or, not-in-city) at the time
of the bombings (Ozasa et al., 2019). Survivors were recruited
through a supplementary survey to the 1950 National Census of
Japan; their follow-up began on 1 October 1950. Not-in-city resi-
dents were recruited through surveys conducted by the Atomic
Bomb Casualty Commission in 1950 and 1951, and resident sur-
veys by Nagasaki and Hiroshima cities in 1950 and 1953, respect-
ively, and matched to proximal survivors (within 2 km) on city, sex
and age. For not-in-city residents, follow-up began on 1 October
1950, 1 October 1951 or 1 June 1953. Follow-up continued until
the date of death obtained from the Japanese National Family
Registry system, which is virtually complete. Censoring events
were emigration from Japan, aged 110 years or the end of the
study period on 31 December 2009. After excluding 86 partici-
pants with unknown permanent residence and three participants
whose death date was at or before the beginning of follow-up,
the analysis cohort included 120 231 participants.

Cause of death

For deceased participants, cause of death was obtained from
death certificates and classified according to the International
Classification of Diseases (ICD), Revision 7 to Revision 10.
ICD codes E970–E979 (Revision 7); E950–E959 (Revision 8);
E950–E959 (Revision 9) and X60–X84, Y84.0 (Revision 10)
were classified as suicide death. ICD codes E800–E965,
E980–E999 (Revision 7); E800–E949, E960–E999 (Revision 8);
E800–E949, E960–E999 (Revision 9) and V01–X59, X85–Y36,
Y87.1, Y87.2, Y40–Y86, Y88, Y89 (Revision 10) were classified
as death due to external causes other than suicide.

Measures of exposure severity

We used several measures of exposure severity as indirect mea-
sures of psychological trauma arising from exposure to the atomic
bombings: proximity to the hypocentre, type of shielding between
the survivor and the blast and self-reported occurrence of acute
radiation and thermal injuries among survivors; and time of
entry into the cities after the bombings among not-in-city
residents.

Proximity to the hypocentre and type of shielding were deter-
mined from questionnaires (1949–1963) to survivors or their sur-
rogates regarding survivors’ location at the time of the bombings
(Cullings et al., 2006). Location data were recently improved
through review of the original questionnaires, modernisation of
mapping techniques and correction for other errors (Cullings
et al., 2017). Proximity was categorised based on maps produced
by the U.S. Strategic Bombing Survey that indicated the extent of
fire and blast damage (0 to <1.8, 1.8 to <3.4, 3.4 to <5, 5 to 10
km); proximity was also modelled as a continuous variable such
that contrasts were per km closer to the hypocentre. Shielding
was categorised as inside any structure (e.g. wooden house or con-
crete building), outside or unknown. Occurrence of acute radi-
ation injuries (skin epilation that occurred within 2 months,
oropharyngeal lesions that occurred within 2 months and flash
burns produced by thermal radiation from the blast) was obtained
from baseline surveys (1953–1961), as in previous studies (Ozasa
et al., 2016). Among not-in-city residents, time of entry into the
cities was recorded from baseline surveys (1955–1961) and cate-
gorised as early v. late entry (⩽30, >30 days).

We did not use estimated radiation dose as an indirect meas-
ure of psychological trauma because radiation doses, unlike prox-
imity to and shielding from the blast, are not generally known to
survivors; radiation doses are unknown for ∼15% of proximal
survivors due to complex shielding situations that are not accom-
modated by the dosimetry system used to estimate radiation
doses; there is no heterogeneity in estimated radiation doses
among survivors located beyond 3 km from the hypocentre
(Cullings et al., 2017); and we are not aware of any biological
basis for an association between radiation dose and suicide risk.

Covariates

Demographic characteristics included city (Hiroshima or
Nagasaki), sex and age at the time of the bombings, which is
equivalent to birth year because all survivors were exposed in
1945. We evaluated education level (less than high school, high
school, more than high school, unknown) and marital status (sin-
gle, married, separated or divorced, widowed, unknown) because
these are known risk factors for suicide death that could vary
between survivors exposed in different locations and not-in-city
residents. Data on education level and marital status were
obtained from in-clinic questionnaires (1963, 1965, 1968) and
mailed surveys (1965, 1969, 1978, 1991); 60.0% of participants
responded at least once. To avoid bias from over-counting time
at risk in known categories, participants were classified as having
unknown status until the date at which they first provided infor-
mation on education level or marital status.

Statistical methods

Unadjusted mortality rates were calculated across exposure and
covariate strata. Cox regression models, with age as the time
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scale, estimated adjusted associations with the hazard (risk) of
suicide death (Cox, 1972; Cologne et al., 2012). All models
included city, sex, age at bombing, education level and marital sta-
tus. In analyses focused on exposures among atomic bomb survi-
vors, not-in-city residents were included in a separate stratum to
inform covariate adjustment, and vice versa (Cologne and
Preston, 2001; French et al., 2017). Adjustment for age at bomb-
ing was determined from exploratory data analysis and by com-
paring the Akaike information criterion between models with
parsimonious specifications (i.e. linear, linear-quadratic) and nat-
ural cubic splines. Separate models were fit for proximity to the
hypocentre (categorical and continuous) and shielding, each
acute injury and entry time. Models for acute injuries were
adjusted for proximity to the hypocentre and shielding.

Given that the effect of exposure to trauma can differ between
women and men (Bale and Epperson, 2015), all analyses were strati-
fied by sex. Based on prior studies that reported associations of
trauma exposure during childhood and adolescence with mental
health disorders and suicide attempts in adulthood (Kessler et al.,

2010; Angelakis et al., 2019), we also explored effect modification
by age at bombing, with a focus on young survivors.
Categorisation of age at bombing was based on a combination of
focusing on survivors who might be at highest risk (<25 years),
while having a sufficient sample size (and corresponding
number of events and degrees of freedom) to allow detailed multi-
variable modelling. Thus, some analyses were based on finer age cat-
egories (e.g. <15 and 15 to <25 years when analysing suicide risk by
proximity) compared to the other analyses (e.g. <25 years when
analysing suicide risk by shielding and occurrence of flash burns).

Deaths due to external causes other than suicide were not sus-
pected to be associated with measures of exposure severity and
were therefore analysed as a negative control outcome.
Weighted residuals were used to evaluate the proportional
hazards assumption (Grambsch and Therneau, 1994); no viola-
tions were noted. Statistical hypotheses regarding regression para-
meters were evaluated using likelihood ratio statistics. All analyses
were completed using R 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Table 1. Unadjusted rates and adjusted HRs for suicide death, by demographic characteristics, Life Span Study, 1950–2009

Participantsa Person-years Deaths Rateb HR (95% CI)c

City

Hiroshima 82 149 3 275 340 753 23.0 Reference

Nagasaki 38 082 1 601 630 397 24.8 1.08 (0.95, 1.22)

Cohort

Atomic bomb survivor 93 665 3 790 901 881 23.2 Reference

Not-in-city resident 26 566 1 086 068 269 24.8 0.99 (0.85, 1.14)

Sex

Female 70 092 2 970 475 510 17.2 Reference

Male 50 139 1 906 494 640 33.6 2.12 (1.87, 2.40)

Age at bombing, yearsd

<15 35 148 1 932 782 446 23.1 Reference

15 to <25 22 206 1 141 914 218 19.1 0.87 (0.74, 1.04)

25 to <40 24 713 1 009 533 199 19.7 0.86 (0.71, 1.04)

⩾40 38 164 792 742 287 36.2 1.26 (1.03, 1.53)

Education levele

Less than high school – 682 766 172 25.2 Reference

High school – 757 143 128 16.9 0.75 (0.59, 0.95)

More than high school – 207 303 35 16.9 0.62 (0.43, 0.89)

Marital statuse

Single – 92 672 23 24.8 1.48 (0.97, 2.28)

Married – 1 447 603 280 19.3 Reference

Separated or divorced – 63 624 30 47.2 2.68 (1.84, 3.91)

Widowed – 270 932 71 26.2 1.42 (1.07, 1.87)

All 120 231 4 876 970 1150 23.6

CI, confidence interval; HR, hazard ratio.
aNumber of participants is not provided for time-dependent variables.
bPer 100 000 person-years.
cAdjusted for all other variables listed.
dAge at bombing is equivalent to birth year because all survivors were exposed in 1945.
eNumbers do not sum to total because results for unknown categories are not included.
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Results

The analysis cohort consisted of 120 231 participants (70 092
women and 50 139 men), including 93 665 atomic bomb survi-
vors and 26 566 not-in-city residents, observed for a total of 4
876 970 person-years. During the 60-year follow-up period,
1150 suicide deaths – 510 among women and 640 among
men – were recorded. The unadjusted suicide rate per 100 000
person-years was 23.6 overall, 17.2 among women and 33.6
among men (Table 1). The median age at suicide was 59.1
(inter-quartile range: 40.2, 72.4) years among women and 54.6
(inter-quartile range: 39.3, 65.7) years among men. Among
men, suicide rates peaked at 42.8 and 44.3 per 100 000 person-
years in 1955–1959 and 1980–1984, respectively (online
Supplementary Figs S1, S2). In contrast, suicide rates among
women generally declined over calendar time.

A mutually adjusted model indicated significantly higher
suicide risk among men compared to women, participants who
were separated or divorced or widowed compared to married,
and participants ⩾40 years of age at the time of the bombings
(i.e. born ⩽1905) (Table 1). Higher levels of education were asso-
ciated with significantly lower suicide risk. There was no differ-
ence in suicide risk between atomic bomb survivors and
not-in-city residents.

A majority of survivors (73 864, or 78.9%) were located
within 3.4 km of the hypocentre (online Supplementary
Table S1). Survivors at proximal locations were more likely to
be shielded indoors compared to survivors at distal locations
because shielding was required for survival from the blast
(Jablon et al., 1965). Survivors at proximal locations were also
more likely to report acute radiation injuries compared to
survivors at distal locations because proximal survivors were
exposed to higher radiation doses. Survivors who reported epil-
ation were also likely to report oropharyngeal lesions and flash
burns, but there was not a strong association between oropharyn-
geal lesions and flash burns.

Measures of exposure severity and risk of suicide

There was no association between proximity to the hypocentre –
as either a categorical or continuous variable – and risk of suicide
death (Table 2). Compared to survivors shielded inside any struc-
ture at the time of the bombings, a non-significant increase in sui-
cide risk was observed among those outside, with evidence of
heterogeneity by age at bombing ( p = 0.054). Increased suicide
risk was observed for survivors outside v. shielded inside among
those <25 years of age (hazard ratio (HR): 1.24; 95% confidence

Table 2. Unadjusted rates and adjusted HRs for suicide death, by measures of exposure severity, Life Span Study, 1950–2009

Participants Person-years Deaths Ratea HR (95% CI)b

Proximity to hypocentre, km

5 to 10 6865 279 330 64 22.9 Reference

3.4 to <5 12 936 513 986 122 23.7 1.04 (0.77, 1.41)

1.8 to <3.4 47 416 1 939 182 481 24.8 1.13 (0.87, 1.46)

<1.8 26 448 1 058 403 214 20.2 0.96 (0.72, 1.27)

Proximity to hypocentre, per km 0.99 (0.94, 1.03)

Shielding

Inside 66 331 2 706 756 590 21.8 Reference

Outside 24 755 977 972 259 26.5 1.10 (0.95, 1.28)

Acute radiation injuries

Epilation

No 84 743 3 500 252 773 22.1 Reference

Yes 6207 251 103 46 18.3 0.89 (0.66, 1.21)

Oropharyngeal lesions

No 86 874 3 591 128 779 21.7 Reference

Yes 4045 159 212 38 23.9 1.15 (0.82, 1.60)

Flash burns

No 80 595 3 330 662 712 21.4 Reference

Yes 9610 388 120 98 25.2 1.09 (0.86, 1.37)

Entry time, days

>30 21 955 913 404 224 24.5 Reference

⩽30 4611 172 664 45 26.1 0.97 (0.70, 1.34)

CI, confidence interval; HR, hazard ratio.
aPer 100 000 person-years.
bAdjusted for city, cohort, sex, age at bombing (linear-quadratic), education level and marital status. Models for acute radiation injuries are also adjusted for proximity to hypocentre and
shielding.
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interval (CI): 1.03, 1.48), but not among those ⩾25 years of age
(HR: 0.94; 95% CI: 0.75, 1.18).

Self-reported occurrence of epilation, oropharyngeal lesions and
flash burns was not associated with suicide risk (Table 2). Small
numbers of suicide deaths among survivors who reported epilation
and oropharyngeal lesions precluded more detailed modelling.
However, there was significant heterogeneity by age at bombing
in the association of flash burns with suicide risk ( p = 0.025).
Flash burns were associated with increased suicide risk among sur-
vivors <25 years of age (HR: 1.32; 95% CI: 1.00, 1.73), but not
among those ⩾25 years of age (HR: 0.80; 95% CI: 0.56, 1.16).

Among not-in-city residents, there were no differences in
suicide risk by entry time (Table 2).

Sex-stratified analyses of suicide risk

Sex-specific unadjusted rates of suicide death by proximity to the
hypocentre among atomic bomb survivors and by entry time
among not-in-city residents are shown in Fig. 1. Closer proximity
to the hypocentre was associated with a non-significant increase
in suicide risk among women (Table 3). There was evidence
of heterogeneity by age at bombing ( p = 0.067), with a positive
association between proximity and suicide risk among women
<15 years of age (HR: 1.09 per km; 95% CI: 1.00, 1.18). A finer
categorisation for age at bombing revealed a significant associ-
ation among women 10 to <15 years of age (HR: 1.10 per km;
95% CI: 1.02, 1.20), but not <10 years of age (HR: 1.06 per km;
95% CI: 0.97, 1.16). Among men, closer proximity was associated
with decreased suicide risk, with no evidence of heterogeneity by
age at bombing ( p = 0.50).

Among men, a non-significant increase in suicide risk was
observed among those who were outside compared to those
shielded inside (Table 3), with significant heterogeneity by age
at bombing ( p = 0.047). Increased suicide risk was observed
for men outside compared to men shielded inside among those
<25 years of age (HR: 1.34; 95% CI: 1.07, 1.68), but not among
those ⩾25 years of age (HR: 0.93; 95% CI: 0.68, 1.26). There
was no association of shielding with suicide risk among women,
and there was no evidence of heterogeneity by age at bombing
( p = 0.64).

There was a non-significant increase in suicide risk among
men who reported flash burns, but not among women
(Table 3). Of note, an association of flash burns with increased
suicide risk among survivors <25 years of age was observed
among men (HR: 1.41; 95% CI: 1.00, 1.98), but not among
women (HR: 1.22; 95% CI: 0.77, 1.94).

Risk of death due to other external causes

During the follow-up period, there were 2549 deaths due to other
external causes (unadjusted rate of 52.3 per 100 000 person-
years). Descriptive results for deaths due to other external causes
are provided in online Supplementary Table S2 and Figs S3, S4.
There was no evidence of a positive association between proximity
and risk of death due to other external causes overall, among
women or men and no evidence of heterogeneity by age at bomb-
ing among either sex (online Supplementary Tables S3, S4). There
was also no evidence of association between shielding, acute radi-
ation injuries including flash burns or entry time with risk of
death due to other external causes.

Fig. 1. Unadjusted rates of suicide death, by proximity to the hypocentre (among atomic bomb survivors) and entry time (among not-in-city residents) and strati-
fied by sex, Life Span Study, 1950–2009.
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Discussion

In this large cohort study of atomic bomb survivors, our analysis
suggested no statistically significant associations between mea-
sures of exposure severity, as indirect measures of psychological
trauma, and suicide mortality. Overall, closer proximity to the
hypocentre, lack of shielding to the blast and the occurrence of
acute injuries were not associated with increased suicide risk.
Despite previous studies that associated these factors with harmful
psychological consequences among atomic bomb survivors
(Konuma, 1956, 1967; Ohta et al., 2001; Honda et al., 2002;
Yamada and Izumi, 2002; Kim et al., 2011; Asukai et al., 2012),
these consequences were not reflected in increased risk for suicide
completion in our study. One possible explanation for the lack of

association is that, while survivors located in distal regions (i.e.
beyond 2–3 km from the hypocentre) and not-in-city residents
were enrolled in the Life Span Study as internal and external com-
parison groups for radiation exposure, pervasive deprivation and
reduced living standards throughout Japan during and after the
war could have increased suicide rates among these comparison
groups, as well (Yamashita, 2015).

In sex- and age-stratified analyses, suicide risk was elevated
among young men (<25 years of age) who were outside at the
time of the bombings or reported flash burns and among
young women (<15 years of age) who were closer to the hypo-
centre. The lack of positive association between measures of
exposure severity and risk of death due to other external causes

Table 3. Adjusted HRs for suicide death, by measures of exposure severity and stratified by sex, Life Span Study, 1950–2009

Women (n = 70 092) Men (n = 50 139)

Deaths HR (95% CI)a Deaths HR (95% CI)a

Proximity to hypocentre, km

5 to 10 20 Reference 44 Reference

3.4 to <5 51 1.39 (0.83, 2.33) 71 0.89 (0.61, 1.29)

1.8 to <3.4 211 1.53 (0.96, 2.42) 270 0.95 (0.69, 1.31)

<1.8 109 1.50 (0.93, 2.44) 105 0.70 (0.49, 1.01)

Proximity to hypocentre, per km

All 391 1.06 (0.98, 1.14) 490 0.94 (0.89, 1.00)

Age at bombing, yearsb

<15 119 1.09 (1.00, 1.18) 229 0.96 (0.90, 1.02)

15 to <25 88 1.04 (0.96, 1.13) 76 0.95 (0.89, 1.01)

25 to <40 77 1.02 (0.94, 1.11) 68 0.93 (0.87, 0.99)

⩾40 107 1.06 (0.98, 1.16) 117 0.93 (0.87, 0.99)

Shielding

Inside 288 Reference 302 Reference

Outside 90 1.00 (0.79, 1.27) 169 1.17 (0.97, 1.42)

Acute radiation injuries

Epilation

No 350 Reference 423 Reference

Yes 21 0.77 (0.49, 1.21) 25 0.99 (0.66, 1.50)

Oropharyngeal lesions

No 354 Reference 425 Reference

Yes 17 1.06 (0.65, 1.74) 21 1.21 (0.78, 1.89)

Flash burns

No 337 Reference 375 Reference

Yes 33 0.95 (0.65, 1.40) 65 1.20 (0.90, 1.60)

Entry time, days

>30 102 Reference 122 Reference

⩽30 17 0.90 (0.54, 1.50) 28 1.02 (0.67, 1.54)

CI, confidence interval; HR, hazard ratio.
aAdjusted for city, cohort, age at bombing (linear-quadratic), education level and marital status. Models for acute radiation injuries are also adjusted for proximity to hypocentre and
shielding.

bLikelihood ratio p value for evaluating the null hypothesis of equality in HRs across age groups (3 degrees of freedom): women, p = 0.067; men, p = 0.50.
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supports the validity of these findings. A previous examination of
suicide mortality in the Life Span Study (1950–1990) identified,
counter-intuitively, an inverse association between suicide likeli-
hood and radiation dose (Shimizu et al., 1999). Our results,
based on extended follow-up and additional data from young sur-
vivors, indicate that youth may be particularly sensitive to psycho-
logical trauma that manifests in elevated suicide risk. These results
are consistent with prior studies that reported higher sensitivity to
trauma among children and adolescents, particularly in the period
prior to and during puberty (De Bellis and Zisk, 2014; Marshall,
2016; Kuhlman et al., 2017). Coupled with other studies, our
results suggest the importance of long-term monitoring of mental
health among young populations exposed to catastrophic events or
mass trauma such as war, terrorism or natural disasters (North
et al., 2012; Kõlves et al., 2013; Orengo-Aguayo et al., 2019).

It is unclear why measures of exposure severity are differen-
tially associated with suicide risk between young women and
men (i.e. proximity to the hypocentre among women, outside
exposure or the occurrence of flash burns among men). These dif-
ferences might suggest a greater sensitivity to visually traumatic or
painful experiences among men compared to women, differential
recall, gender differences in emotion regulation or an alternative
explanation (Canli et al., 2002; McRae et al., 2008;
Nolen-Hoeksema, 2012; Bale and Epperson, 2015). Studies in
other populations exposed to war-related trauma found high
prevalence of post-traumatic stress disorder among boys and
girls with lasting negative impact, but did not evaluate suicidal
behaviour or suicide mortality (Attanayake et al., 2009; Kletter
et al., 2013). The best available evidence on suicide risk following
early-life trauma comes from studies of physical, mental or sexual
abuse (Angelakis et al., 2019); it is unclear, however, if these find-
ings can be generalised to atomic bomb survivors.

Historically, rates of suicide in Japan have been high, but have
declined in recent years (World Health Organization, 2017). Our
results are consistent with these trends. Similar to studies con-
ducted among general Japanese populations, our findings con-
firmed several demographic risk factors for suicide death (Nock
et al., 2008; Inoue et al., 2011; Yamauchi et al., 2013; Kimura
et al., 2016). Specifically, an education level of high school or
more was associated with lower suicide risk, whereas male sex
and separated, divorced or widowed marital status were associated
with elevated risk.

Strengths of our study include the long and nearly complete
follow-up of the unique and well-defined Life Span Study cohort,
which allowed us to characterise suicide risk throughout the life-
time of atomic bomb survivors. We examined several measures of
exposure severity, including those based on overt observation (i.e.
acute injuries) and those based on perception (i.e. proximity,
shielding). Large numbers of women and men across a wide
range of birth years facilitated detailed estimation of risk differ-
ences by sex and age.

We acknowledge the following limitations. First, no data are
available on deaths that occurred from August 1945 to October
1950. Previous studies on the aftermath of disasters suggest a
delayed increase in suicidality that peaks within 1 year; however,
a return to pre-disaster levels has typically been observed shortly
thereafter (North et al., 2012; Matsubayashi et al., 2013; Ohto
et al., 2015; SAMHSA Disaster Technical Assistance Center,
2015). Therefore, survival bias could not be excluded (Pierce
et al., 2007). Second, we used information from baseline question-
naires regarding radiation exposure to define measures of expos-
ure severity as indirect measures of psychological trauma, rather

than direct measures such as the CAPS-5 and IES-R (Weiss,
2007; Weathers et al., 2018). It is possible that the selected mea-
sures do not capture the full spectrum of psychological trauma
experienced by survivors. Third, reporting errors due to recall
bias or other factors could not be excluded because participants
self-reported information retrospectively. In particular, misreport-
ing of location (specifically, proximity to the hypocentre) could
depend on sex; for example, women, especially those at or before
child-bearing age, might be more concerned about discrimination
due to radiation exposure. Therefore, estimated associations could
be biased towards the null. In addition, there could also be error
in survivors’ self-reporting of acute radiation and thermal injuries.
However, our goal was not to quantify acute radiation syndrome,
but rather survivors’ perception of their exposure severity and
their psychological reaction to it. Finally, although this study
adds unique data to the literature regarding trauma-associated
psychological sequelae among non-Western populations, the
results might not directly generalise to other populations.

Conclusion

Proximity to the hypocentre, shielding and history of acute injur-
ies do not generally appear to influence risk for suicide death
among atomic bomb survivors. However, heterogeneity may
exist by age and sex, with younger survivors potentially more sen-
sitive to trauma. The results of our analysis should not be used to
discount the pain and suffering experienced by many survivors.
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