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Background
First responders to disasters are at risk of developing post-
traumatic stress disorder (PTSD). The trajectories of post-trau-
matic stress symptom severity differ among individuals, even if
they are exposed to similar events. These trajectories have not
yet been reported in non-Western first responders.

Aims
We aimed to explore post-traumatic stress symptom severity
trajectories and their risk factors in first responders to the 2011
Great East Japan Earthquake (GEJE) – a historically large earth-
quake that resulted in a tsunami and a nuclear disaster.

Method
A total of 55 632 Japan Ground Self-Defense Force (JGSDF) per-
sonnel dispatched to the GEJE were enrolled in this 7-year lon-
gitudinal cohort study. PTSD symptom severity was measured
using the Impact of Event Scale-Revised. Trajectories were
identified using latent growth mixture models (LGMM). Nine
potential risk factors for the symptom severity trajectories were
analysed using multinomial logistic regression.

Results
Five symptom severity trajectories were identified: ‘resilient’
(54.8%), ‘recovery’ (24.6%), ‘incomplete recovery’ (10.7%),
‘late-onset’ (5.7%), and ‘chronic’ (4.3%). The main risk factors for

the four non-resilient trajectories were older age, personal dis-
aster experiences and working conditions. These working con-
ditions included duties involving body recovery or radiation
exposure risk, longer deployment length, later or no post-
deployment leave and longer post-deployment overtime.

Conclusions
The majority of first responders to GEJE were resilient and
developed few or no PTSD symptoms. A substantial minority
experienced late-onset and chronic symptom severity trajec-
tories. The identified risk factors can inform policies for preven-
tion, early detection and intervention in individuals at risk of
developing symptomatic trajectories.
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Background

On 11 March 2011, northeastern Japan was hit by the largest earth-
quake in the country’s recorded history. This earthquake caused the
formation of a tsunami, which flooded a densely populated area and
damaged the FukushimaDaiichi Nuclear Power Station, resulting in
a release of radioactive material. This trifold disaster is known as the
Great East Japan Earthquake (GEJE). In response to the GEJE, 107
000 first responders were dispatched,1 of which 70 000 were Japan
Ground Self-Defense Force (JGSDF) personnel. First responders
to major disasters are typically exposed to many potentially trauma-
tising experiences. As such, they are at an elevated risk of developing
post-traumatic stress disorder (PTSD) compared with other first
responders and the general population.2 Previous research has
found high incidences of PTSD in first responders to natural disas-
ters such as Hurricane Katrina,3 man-made mass violence such as
the 2001 World Trade Center (WTC) attacks2 and nuclear events
like the Chernobyl accident.4 In a non-Western cultural setting,
this elevated risk was also found in first responders to the
Wenchuan earthquake in China.5

Even if individuals are exposed to similar traumatic events, the
development and course of PTSD symptoms vary.6 Identifying the

reasons for this heterogeneity and the risk factors for more adverse
outcomes in various cultural settings is important to detect and
prevent suffering caused by traumatic experiences in a professional
setting. The current data-set contains longitudinal information on a
large cohort of non-Western first responders to the GEJE – a
complex and unprecedent disaster.

Aims

In two earlier studies on this cohort, we focused on the underlying
risk factors for people with first-year probable PTSD and for prob-
able PTSD after 6 months to 6 years of follow-up.7,8 In this study, we
sought to identify PTSD symptom severity trajectories and the
underlying risk factors in first responders after the GEJE.

Individuals with similar PTSD symptom severity trajectories
can be identified by statistically modelling the clustering of
symptom severity scores over time. Potential predictors of these
trajectories can then be explored by comparing the characteristics
of members of these different clusters. Latent growth mixture
models (LGMM) use slopes and intercepts to identify multiple
trajectories in the data-set.9 Commonly found symptom severity
trajectories include ‘resilient,’where few or no symptoms are experi-
enced over the course of time; ‘late-onset,’where symptoms start out
relatively low but increase over time; ‘recovery,’ where symptoms* Joint first authors.
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start out high and taper off; and ‘chronic,’where symptoms start out
high and remain so over time.6 Only a few studies that use LGMM
symptom trajectory analyses have been conducted among first
responders, mostly with samples of first responders in the aftermath
of the WTC attacks,10–13 which was a man-made disaster in a
Western country. The number of natural disasters is increasing
worldwide,14 so it is important to gain knowledge that can inform
detection and prevention of long-term PTSD symptoms in first
responders.

Method

Study design and participants

This study was part of a prospective longitudinal cohort study, the
details of the design and participants have been described in prior
research.7,8 Of the 56 753 individuals who participated in the
initial study, we only included those with organisational service
numbers and complete data on all predictor variables resulting in
a sample of 55 632 JGSDF personnel (98.0% of the participants
included in the initial study. See Supplementary Figure 1). Briefly,
the first-year data were collected as part of mental health manage-
ment measures for JGSDF personnel dispatched to the GEJE at 1,
6 and 12 months after mission completion. This was combined
with data on PTSD symptoms obtained from the annual mental
health surveys conducted from 2013 to 2018 (2–7 years after
mission completion) at the end of each year over a period of
approximately 2 months.

Written informed consent was not obtained and instead the study
objectives and procedure were explained and an opportunity to refuse
participation was provided. This study was conducted in accordance
with the Declaration of Helsinki and the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) reporting
guidelines. This study was approved by the Ethics Committee of
the National Defense Medical College (Approval No. 2108).

Psychological measures

The characteristics of the psychological measures used are described
in prior research.7,8 PTSD symptoms were investigated using the
Japanese version of the Impact of Event Scale-Revised (IES-R),15,16

which has good test–retest reliability (r = 0.86, P < 0.001) and high
internal consistency (Cronbach’s α = 0.92–0.95).15 The IES-R was
completed at up to nine time points.

Potential predictors

We collected demographic information (gender, age), whether par-
ticipants were personally affected by the disaster and work-related
variables (deployment length, timing of post-deployment leave,
risk of radiation exposure, post-deployment overwork, exposure
to body recovery duties and rank).

Statistical analyses

A Cox regression analysis was used to determine risk factors for
attrition. The distribution of baseline characteristics was assessed
using Pearson’s chi-squared tests. Because the distribution of
IES-R scores was strongly positively skewed, sum scores were
loge-transformed. LGMMs were conducted to identify whether
differential PTSD symptom severity trajectories were present in
our data-set. We determined the optimal number of trajectories
by starting with a model that grouped all participants into one tra-
jectory and then adding one trajectory to each subsequent model
until the optimum solution was identified. Initial values from the
maximum likelihood estimates of a 1-class model were used for

the multiple-trajectory models. The best fitting model was chosen
using three fit indices: Akaike information criterion (AIC),
Bayesian information criterion (BIC), and sample-size-adjusted
BIC (SABIC). Entropy was used to assess the discriminatory
power of the models. Best fit was determined by the lowest BIC,
size-adjusted BIC, and AIC and entropy values approaching 1.17

As more classes are added, the AIC, BIC and SABIC tend to be
lower. If this lowering after adding a class is small, the solution
with the fewest classes should be accepted. We performed the
LGMM with 1–7 latent trajectories and obtained the estimation
process of these models. Chi-squared tests were used to compare
the distribution of the potential predictors among the trajectory
clusters.

After we conducted the LGMM, we used a multinomial logistic
regression model to identify risk factors for the PTSD symptom
severity trajectories, compared with the resilient trajectory. This
yielded odds ratios (Ors) and 95% CIs. To evaluate model fit for
the regression, Nagelkerke’s pseudo-R2 was calculated. The
LGMM andmultinomial logistic regression were repeated including
only participants for whom data were available on four or more
measurement points, to ensure that the results were not greatly
influenced by attrition. Also, the LGMM was repeated including a
quadratic term, to assess whether this would result in a different dis-
tribution of participants over the trajectory clusters. All statistical
analyses were performed using R (version 3.4.3)18 in Rstudio
(R Foundation for Statistical Computing, Vienna, Austria, 2016.
https://www.R-project.org/). We used the main packages ‘nnet’ for
the multinomial log-linear models (version 7.3–12) and ‘lcmm’
for the latent class linear mixed models (version 1.8.1). The thresh-
old for significance was defined as P < 0.05.

Results

Participants

The demographic characteristics of the participants are summarised
in Table 1. There was a total of 55 632 participants (54 051 men,
97.2%) included in the original study. Ages ranged from 18 to 63
years (mean 34.8, s.d. = 8.7, median 34). There was high attrition
throughout the 7-year measurement period (see Supplemental
Figure 1, available at https://doi.org/10.1192/bjp.2022.2). Female
JGDSF personnel (z = 13.92, P < 0.001), those holding the lowest
rank of private (z = 26.94, P < 0.001) and those in the oldest
cohort (z = 55.39, P < 0.001) had the highest likelihood of attrition
(see Supplementary Table 1).

Major outcomes

The estimation process of the LGMManalysis yielded fit indices and
percentages of each latent trajectory over the 7-year period, which
are summarised in Table 2. The five-trajectory solution was
chosen because we have found that the AIC, BIC, loglik and
SABIC improved up until the five-trajectory solution, after which
these values stabilised. The entropy value rapidly declined after
the five-trajectory solution (see Table 2 and Supplementary
Figure 2). Additionally, in the six- and seven-trajectory solutions,
some trajectories represented 0% of participants. The entropy
value of the five-trajectory model (0.81) indicated that a high pro-
portion of participants was correctly classified.

Figure 1 shows the longitudinal trajectories of IES-R score. The
majority of individuals followed a ‘resilient’ trajectory (n = 30 476,
54.8%), experiencing few or no symptoms over the course of mon-
itoring. Additionally, we identified a ‘recovery’ trajectory (n = 13
658, 24.6%) and an ‘incomplete recovery’ trajectory (n = 5937,
10.7%). For these trajectories, symptom severity tapered off over
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time, startingouthigher for the incomplete recovery trajectory than for
the recovery trajectory.We also identified a ‘late-onset’ trajectory (n =
3187, 5.7%), with symptom severity starting out low and increasing
over time. Lastly, we identified a ‘chronic’ trajectory (n = 2374,
4.3%), for which symptom severity was high throughout the study.

Figure 2 and Supplementary Table 2 show the ORs of analysed
variables for each of the four symptomatic trajectories, compared
with the resilient trajectory. Age 30–40 years was a risk factor for
the incomplete recovery, late-onset and chronic trajectories
(OR = 1.44–3.45, P < 0.001). Over 40 years of age was a strong uni-
versal risk factor for all symptomatic trajectories compared with the
resilient trajectory (OR = 1.21–4.45, P < 0.001). Female gender was a
risk factor for the recovery, incomplete recovery, and chronic trajec-
tories (OR = 1.60–2.58, P < 0.001), but it was not significantly
related to the late-onset trajectory (OR = 0.99, P = 0.930). Being per-
sonally affected by the disaster was a strong universal risk factor
(OR = 1.60–3.69, P < 0.001).

Furthermore, several deployment-related variables were univer-
sal risk factors; these included exposure to body recovery duties
(OR = 1.64–1.71, P < 0.001), risk of radiation exposure (OR =
1.06–1.28, P≤ 03), longer deployment length (OR = 1.27–3.47,
P < 0.001), later or no post-deployment leave (OR = 1.16–1.96,
P < 0.01) and longer post-deployment overtime working (OR =
1.21–2.42, P≤ 0.01). Additionally, holding the lowest JGSDF rank
of private was a risk factor for the recovery, incomplete recovery

and chronic trajectories (OR = 1.21–1.90, P < 0.001), but the oppos-
ite was observed for the late-onset trajectory (OR = 0.69, P < 0.001).

Ors for the analysed risk factors tended to be progressively
higher in accordance with the symptom severity associated with
the trajectories; Ors were typically low for the recovery trajectory,
higher for the incomplete recovery trajectory and highest for the
chronic trajectory. Although over time symptom severity increased
for the late-onset trajectory, the Ors for the risk factors were typic-
ally lower for this trajectory.

As such, those following the symptomatic trajectories were
significantly more likely to be older and to have experienced a
higher intensity of work-related risk factors compared with those
who were resilient. Individuals who followed the recovery, incom-
plete recovery and chronic trajectories were also more likely to be
women and hold the rank of private. Individuals who followed a
late-onset trajectory were significantly less likely to hold the rank
of private than those who were resilient.

Nagelkerke’s pseudo-R2 for this regression was calculated at
0.12. The results of the LGMM and multinomial logistic regression
analysis stayed intact after repeating the analysis including only
those participants who contributed data at four or more measure-
ment time points (see Supplementary Figures 3 and 4). Including
a quadratic term in the model did not greatly influence the distribu-
tion of participants over the trajectory clusters (see Supplementary
Table 3).

Table 1 Baseline sociodemographic variables in total participants (n = 55 632) and each trajectory group

Total Resilient Recovery
Incomplete
recovery Late-onset Chronic

χ2 Pn % n % n % n % n % n %

Participants 55 632 100.0 30 476 54.8 13 658 24.6 5937 10.7 3187 5.7 2374 4.3
Gender 56.7 <0.001

Men 54 051 97.2 29 712 97.5 13 209 96.7 5725 96.4 3127 98.1 2278 96.0
Women 1581 2.8 764 2.5 449 3.3 212 3.6 60 1.9 96 4.0

Age, years 1071.8 <0.001
≤25 10 016 18.0 5770 18.9 2766 20.3 878 14.8 349 11.0 253 10.7

26–30 10 435 18.8 6315 20.7 2456 18.0 874 14.7 533 16.7 257 10.8
31–35 9541 17.2 5502 18.1 2142 15.7 957 16.1 599 18.8 341 14.4
36–40 8144 14.6 4327 14.2 1834 13.4 933 15.7 601 18.9 449 18.9
41–45 7786 14.0 3870 12.7 1837 13.4 994 16.7 635 19.9 450 19.0
≥46 9710 17.5 4692 15.4 2623 19.2 1301 21.9 470 14.7 624 26.3

Rank 322.6 <0.001
Officer 6269 11.3 3135 10.3 1537 11.3 801 13.5 410 12.9 386 16.3
Sergeant 40 788 73.3 22 565 74.0 9699 71.0 4288 72.2 2508 78.7 1728 72.8
Private 8575 15.4 4776 15.7 2422 17.7 848 14.3 269 8.4 260 11.0

Deployment length 2637.6 <0.001
<1 month 23303 41.9 14 870 48.8 4879 35.7 1681 28.3 1257 39.4 616 25.9
1 to 3 months 24710 44.4 12 839 42.1 6587 48.2 2754 46.4 1519 47.7 1011 42.6
≥3 months 7619 13.7 2767 9.1 2192 16.0 1502 25.3 411 12.9 747 31.5

Timing of post-deployment leave 865.0 <0.001
Early 32 130 57.8 18 893 62.0 7545 55.2 2938 49.5 1790 56.2 964 40.6
Late 20 054 36.0 10 114 33.2 5195 38.0 2448 41.2 1192 37.4 1105 46.5
None 3448 6.2 1469 4.8 918 6.7 551 9.3 205 6.4 305 12.8

Post-deployment overwork 870.3 <0.001
Little to none 37 245 66.9 21 723 71.3 8877 65.0 3407 57.4 2038 63.9 1200 50.5
<3 months 13 269 23.9 6428 21.1 3463 25.4 1751 29.5 837 26.3 790 33.3
≥3 months 5118 9.2 2325 7.6 1318 9.7 779 13.1 312 9.8 384 16.2

Personal experience of the disaster 1739.6 <0.001
No 50 732 91.2 28 863 94.7 12 269 89.8 4894 82.4 2899 91.0 1807 76.1
Yes 4900 8.8 1613 5.3 1389 10.2 1043 17.6 288 9.0 567 23.9

Body recovery duties 1565.8 <0.001
No 39 138 70.4 23 449 76.9 8809 64.5 3403 57.3 2123 66.6 1354 57.0
Yes 16 494 29.6 7027 23.1 4849 35.5 2534 42.7 1064 33.4 1020 43.0

Duties with radiation exposure risk 203.3 <0.001
No 46 465 83.5 25 961 85.2 11 349 83.1 4687 78.9 2602 81.6 1866 78.6
Yes 9167 16.5 4515 14.8 2309 16.9 1250 21.1 585 18.4 508 21.4
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Discussion

Our aim in this study was to identify trajectories of PTSD symptom
severity in a large data-set of first responders to the 2011 GEJE. Also,
we aimed to identify risk factors for symptomatic trajectories. Five
discrete symptom severity trajectories were identified: resilient, recov-
ery, incomplete recovery, late-onset and chronic. Approximately 10%
of our participants experienced themost adverse late-onset or chronic
symptom severity trajectories. We found that older age, personal dis-
aster experiences, body recovery duties, risk of radiation exposure and
prolonged working conditions were the most important risk factors
for the four symptomatic trajectories. To the best of our knowledge,
this is the first study to identify PTSD symptom severity trajectories
and risk factors among first responders to the GEJE.

Our finding of five symptom severity trajectories was largely
consistent with previous findings from LGMM studies on first
responders to the WTC attacks, which reported between four and
six trajectories.10–13 In our study, we identified the presence of
two recovery trajectories; these other studies only found one. This
difference might be because of our very large sample size, which
made it possible to map symptom severity trajectories in more
detail.

The risk factors for symptomatic trajectories identified in this
study were largely consistent with the results from two previous
studies on the current cohort, which examined the risk factors for
probable PTSD manifested in the first year of follow-up7 and for
the late-onset trajectory in up to 6 years of follow-up.8

Older age

Older age was a strong and consistent risk factor for all symptomatic
trajectories. In previous literature, the effect of age at trauma expos-
ure on the development of PTSD symptoms in adults has been
mixed. In previous studies on first responders, older age has been
found to be a risk factor for PTSD,19 and for symptomatic PTSD tra-
jectories in WTC first responders.12 In other studies, however, age
was not found to be a risk factor.20 Additionally, older studies on
those tasked with identifying human remains21,22 found that
lower age was a risk factor for more severe PTSD symptoms. Our
results seem to support the findings of more recent literature on
first responders. The elevated risk for older first responders could
potentially be explained by a higher prevalence of prior work-
related traumatisation and longer-than-average length of service.23

Being personally affected by the disaster

Being personally affected by the disaster was a strong universal risk
factor for the symptomatic PTSD symptom severity trajectories.
Because the GEJE caused so much destruction, loss of life and
injury in a wide area of northeastern Japan, a significant portion
of the JGSDF first responders were directly and personally affected
by the disaster and may have lost property or loved ones. Our study
results are in line with previous literature that has consistently iden-
tified being personally affected by the potentially traumatic event as
a risk factor.10,11,19

Work-related risk factors

We also identified several work-related risk factors for symptomatic
trajectories. Body recovery duties, risk of radiation exposure, longer
deployment length, later or no post-deployment leave and longer
post-deployment overtime working were universal risk factors for
the symptomatic trajectories. Several of these factors have been
discussed in previous literature. Exposure to human remains was
associated with symptomatic severity trajectories in WTC first
responders.10,12 Risk of radiation exposure could exacerbate
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psychological symptoms through physical health problems, neuro-
logical symptoms and worry about long-term consequences.4

Deployment length has also been previously identified as a risk
factor, as longer duration of work at theWTC site increased the risk
of a symptomatic trajectory.10–12 Other work-related risk factors
that we have identified such as timing of post-deployment leave
and post-deployment overtime working have not received much
attention in previous LGMM studies. Knowing that these factors
could have significant implications may be an important step
towards preventing more severe longitudinal PTSD symptom sever-
ity because first responders with a large number of other risk factors
could, for instance, be exempted from overtime working and be pro-
vided with post-deployment leave where possible.

Rank

First responders holding the lowest rank of private were more at risk
of being on the recovery, incomplete recovery or chronic trajector-
ies. To the best of our knowledge, lower rank has not been men-
tioned in previous literature as a risk factor for PTSD symptoms
for first responders after a disaster, but it has been identified as a
risk factor for work-related complaints and PTSD symptoms in
military samples.24 Therefore, this finding could be a result of the

military-style hierarchical structure of the JGSDF. Previous
studies examining samples originating from Europe and the USA
found that lower rank could increase the risk of symptomatic trajec-
tories because of lower perceived control over the situation, lower
perceived organisational support or perceived inadequate
leadership.23

The late-onset trajectory

Delayed onset of PTSD symptoms has previously been identified in
many trauma populations, but the proportion of late-onset trau-
matic stress symptoms among people with PTSD is higher in pro-
fessional samples.25 Interestingly, risk factors in our participants
for the late-onset trajectory differed slightly from the other symp-
tomatic trajectories. Female gender was a risk factor for the recov-
ery, incomplete recovery or chronic trajectories, but not for the
late-onset trajectory.

In previous literature, female gender has often been identified as
a risk factor for a late-onset PTSD symptom severity trajectory in
WTC first responders.10,12 In our data-set, the male-to-female
ratio was approximately 1:1 in the late-onset trajectory, meaning
that men were not at lower risk compared with women for develop-
ing this trajectory. Additionally, first responders holding the lowest
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size of each box is proportional to the number of subjects within that category at that time point. The dotted line represents the cut-off score for
probable post-traumatic stress disorder (PTSD) in a Japanese sample.

Class 1, resilient; Class 2, recovery; Class 3, incomplete recovery; Class 4, late-onset’; Class 5, chronic.
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Fig. 2 Risk factors for symptomatic trajectories, compared to the ‘resilient’ trajectory. Data are odds ratios with the error bars representing 95% CI, and the size of each box is proportional to the number of
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rank of private were most at risk of being on the recovery, incom-
plete recovery or chronic trajectories, but those holding a higher
rank were more at risk of developing a late-onset trajectory.
This finding may in part be because of greater stigma around
mental health and masculinity in Japan, compared with Western
samples. This stigma could encourage men and those holding
higher ranks to suppress initial symptoms, as they are often
expected to have a strong characterand mental health problems
are sometimes considered to reflect weakness.26 It is also possible
that first responders holding higher ranks were exposed to more
subsequent missions and associated traumatic stressors; privates
are often temporary employees at the JGSDF. The presence of
the late-onset trajectory in our data implies that first responders
might develop serious problems as time goes on, even if initial
symptom expression is low. These individuals may be overlooked
without longitudinal follow-up. Therefore, it may be important to
keep monitoring those who are exposed to risk factors but do not
display high symptom severity.

Limitations

This data-set was collected as part of mental health monitoring and
without the objectives of this study in mind. Therefore, data that
could have provided more insight into the population were not
collected, and known risk factors for the development of PTSD
were not assessed. These include past exposure to disaster or
traumatic events, past psychiatric history, immediate post-event
traumatic symptoms, medical illness burden, post-deployment
mental health support and social support.

Another limitation to our study is the low number of women
included in the sample (2.8%), which reflects the low number of
women who were deployed to this mission. The total proportion
of women in the JSDF was under 6% in 2011, at the time of the
GEJE.27 Also, there was substantial attrition throughout the
years. Female JGSDF employees, those holding the lowest rank
of private and those in the oldest cohort had the highest likeli-
hood of attrition (see Supplementary Table 1). These results
may be a reflection of the JGSDF system in which officers and
sergeants have permanent employment, whereas privates are
generally on fixed-term contracts. Furthermore, female Self-
Defense Force personnel may have chosen to leave the service
after marriage or childbirth because of the different social roles
that were traditionally prescribed to men and women. This is
further exacerbated by the rarity of higher-ranking female per-
sonnel, making women more likely to leave owing to a lack of
career prospects. However, in recent years the JGSDF has been
increasingly focused on recruiting and promoting women, and
their prospects have been improving.27

Finally, symptoms may have been underreported because of the
non-anonymous survey format, which may have led to concerns
regarding stigma relating to mental health in a military setting.28

Implications

We identified five trajectories of PTSD symptom severity and
analysed risk factors for the symptomatic severity trajectories in a
7-year cohort comprised of 55 632 GSJSF first responders dis-
patched to the 2011 GEJE – an earthquake, tsunami and nuclear dis-
aster. A substantial proportion of the first responders experienced
late-onset and chronic PTSD severity trajectories. Risk factors for
symptomatic trajectories included older age, being personally
affected by the disaster and several deployment-related factors.
For the response to future disasters, policymakers and healthcare
providers should consider these risk factors to prevent and detect
PTSD symptoms among first responders.
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