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Psychiatric disorders and suicide attempts in Swedish 
survivors of the 2004 southeast Asia tsunami: a 5 year 
matched cohort study
Filip K Arnberg, Ragnhildur Gudmundsdóttir, Agnieszka Butwicka, Fang Fang, Paul Lichtenstein, Christina M Hultman, Unnur A Valdimarsdóttir

Summary
Background Survivors of natural disasters are thought to be at an increased risk of psychiatric disorders, however the 
extent of this risk, and whether it is linked to pre-existing psychopathology, is not known. We aimed to establish 
whether Swedish survivors of tsunamis from the 2004 Sumatra–Andaman earthquake had increased risks of 
psychiatric disorders and suicide attempts 5 years after repatriation.

Methods We identifi ed Swedish survivors repatriated from southeast Asia (8762 adults and 3742 children) and 
864 088 unexposed adults and 320 828 unexposed children matched for sex, age, and socioeconomic status. We 
retrieved psychiatric diagnoses and suicide attempts from the Swedish patient register for the 5 years after the 
tsunami (from Dec 26, 2004, to Jan 31, 2010) and estimated hazard ratios (HRs), then adjusted for pre-tsunami 
psychiatric disorders, and, for children, for parental pre-tsunami disorders.

Findings Exposed adults were more likely than unexposed adults to receive any psychiatric diagnosis (547 [6·2%] vs 
47 734 [5·5%]; adjusted HR 1·21, 95% CI 1·11–1·32), particularly stress-related disorders (187 [2·1%] vs 8831 [1·0%]; 
2·27, 1·96–2·62) and suicide attempts (38 [0·43%] vs 2752 [0·32%]; 1·54, 1·11–2·13), but not mood or anxiety 
disorders. Risk of psychiatric diagnoses did not diff er between exposed and unexposed children and adolescents 
(248 [6·6] vs 22 081 [6·9%]; 0·98, 0·86–1·11), although exposed children and adolescents had a higher risk for suicide 
attempts with uncertain intent (1·43; 1·01–2·02) and stress-related disorders (1·79; 1·30–2·46), mainly during the 
fi rst 3 months after the tsunami.

Interpretation The 2004 tsunami was, independently of previous psychiatric morbidity, associated with an increased 
risk of severe psychopathology, mainly stress-related disorders and suicide attempts, in children and adults. Survivors 
of natural disasters should be targeted with early interventions and active long-term follow-up to prevent, detect, and 
alleviate psychiatric disorders that might follow. 

Funding The Swedish Council for Working Life and Social Research, Swedish Board of Health and Welfare, Polish 
Ministry of Science and Higher Education, Swedish Society for Medical Research.

Introduction
In the past decade, natural disasters aff ected more than 
200 million people each year,1 resulting in loss of lives, 
property destruction, and psycho logical suff ering world-
wide. Previous fi ndings suggest that survivors are at 
increased risk of psychiatric disorders, particularly post-
traumatic stress disorder (PTSD).2–5 However, as previously 
noted by investigators,6–8 limitations of published studies 
cause uncertainties about the eff ect of disaster exposure 
on risk of PTSD,3–5 other psychiatric diagnoses,9,10 and 
suicide attempts.11 Given the established lasting nature of 
severe stress-related dis orders,12 surprisingly few studies 
have assessed survivors beyond the fi rst 3 years after a 
disaster,6–8 and existing long-term studies are often 
hampered by poor attrition rates or small sample sizes.13 
Furthermore, most investigations rely on self-reported 
outcomes without a clinical assessment.13,14 Similarly, 
researchers have relied largely on retrospective self-reports 
for pre-disaster psycho pathology.6,7 Few exceptions exist15–17 
and their results generally show that pre-existing psycho-
pathology aff ects post-disaster mental health. Thus, the 

extent to which disasters induce lasting risks of severe 
psychiatric disorders independently of underlying 
susceptibilities is yet to be ascertained.

Sweden has complete population registries of health-
care use and medical diagnoses of every resident, and is 
therefore an excellent setting for investigations that need 
to track diagnosis while accounting for pre-existing 
disorders. On Dec 26, 2004, the massive Sumatra–
Andaman earthquake caused a series of tsunamis that 
inundated coastal areas around the Indian ocean18 and 
killed more than 200 000 people.19 The Swedish Govern-
ment estimated that 20 000 Swedish tourists were in 
southeast Asia at the time of the tsunami; 543 Swedish 
people died, making Sweden the hardest hit country after 
those in southeast Asia.20 The Swedish Government 
evacuated survivors via airlift and about 16 000 citizens 
were repatriated within 20 days.20 Swedish survivors have 
reported traumatic experiences and distress,21,22 but no 
studies have explored whether this population has lasting 
risks of psychiatric disorders diagnosed in health-care 
services. In this study, we aimed to establish whether 
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survivors of this tsunami, independently of their pre-
tsunami psychiatric history, had higher risks of receiving 
psychiatric diagnoses and attempting suicide during the 
5 years after the tsunami than did the general population. 
We also aimed to assess whether more severe exposure 
was associated with increased risk of a psychiatric 
diagnosis.

Methods
Study population and design
We did a matched cohort study of Swedish inhabitants 
who arrived at Swedish airports from selected 
destinations in southeast Asia between Dec 26, 2004, and 
Jan 15, 2005, and were confi rmed alive through the 
register of the state police services (n=16 068). The 
socioeconomic charac teristics of the group returning 
from southeast Asia were considerably diff erent from 
those of the general population (table 1).23 We therefore 
matched exposed individuals to unexposed individuals 
with similar characteristics (appendix). To draw from 
national register data in the matching process, we 
selected native Swedes (n=14 002), comprising adults 
(n=10 248; age ≥18 years in 2004; median age 42·10 years 
[IQR 19·26]) and children and adolescents (n=3754; age 
<18 years in 2004; median age 12·58 years [6·01]). We 
then included only those with permanent residence in 
Sweden at the time of the event. Each exposed individual 
was matched with about 100 un exposed individuals to 
ascertain a suffi  cient number of incident cases in the 
unexposed group.

The comparison group was matched to the exposed 
group through the Swedish total population register on the 
following variables: sex, birth year, cohabitation (yes or no), 
educational attainment (primary and lower secondary, 
upper secondary, postsecondary, post graduate), employ-
ment status (unskilled/blue or white collar, according to the 
Statistics Sweden adaptation of the International Standard 
Classifi cation of Occupation 2008), and annual income in 

2004 (<20 or 20–79 or ≥80 percentile). We matched children 
and adolescents for sex, birth year, parental cohabitation 
status, disposable family income, education, and employ-
ment of both parents as defi ned above.

The fi nal cohort included 8762 exposed and 864 088 
un exposed adults and 3742 exposed and 320 828 
unexposed children and adolescents. We followed the 
exposed and matched cohorts from Dec 26, 2004, until 
emigration, death, or end of follow-up (Jan 31, 2010), 
whichever came fi rst.

Individuals returning from southeast Asia were 
registered in a database by Swedish offi  cials, and could 
therefore, together with the matched individuals, be 
linked to the Swedish patient register24 for ascertain ment 
of psychiatric diagnoses by using their unique personal 
identifi cation numbers.25 The Swedish patient register 
includes all primary and secondary diagnoses according 
to ICD-1026 made in psychiatric inpatient care in Sweden 
since 1973 and in psychiatric outpatient visits at private 
and public caregivers since 2001.27 The coverage of the 
Swedish patient register was reported in 2010 to be as 
high as 97% of all psychiatric diagnoses needing inpatient 
care.27 The coverage for outpatient visits was 72–75% in 
2004–10. For these visits, a diagnosis was registered in 
42% of the visits in 2004 and had increased to 91% in 
2010.24 

The study was approved by the Regional Ethics 
Committees of Karolinska Institutet and Uppsala 
University. After register-linkage on national identifi ers, 
unique for every Swedish resident, data analyses were 
done on deidentifi ed datasets.

Outcomes
Our assessed outcomes were fi rst presentation of a 
psychiatric disorder (diagnostic codes F00–F99), a defi nite 
suicide attempt based on a diagnosis of intentional self-
harm (X60–X84), or an uncertain suicide attempt based 
on a diagnosis of events of undetermined intent (Y10–Y34). 

Research in context

Evidence before this study
We searched reviews and PubMed for papers published in 
English between Jan 1, 2005, and Jan 1, 2015, and found no 
reports for psychiatric outcomes after a disaster with use of a 
matched comparison group. Our search string was 
((((disasters[MeSH Terms]) AND cohort studies[MeSH Terms]) 
AND ((comparison OR control)))) AND disorder, mental[MeSH 
Terms]. Other published work shows that a substantial number 
of disaster survivors have transient post-traumatic stress. Yet, 
studies of mental health in disaster survivors have 
methodological challenges. Several comprehensive literature 
reviews report that most studies are small, cross-sectional, 
short term, do not have (or are limited to retrospective self-
report) data for pre-existing psychopathology, and do not use 
matched unexposed comparison groups. Uncertainties remain 

about capacity of the disastrous event, independent of 
psychiatric morbidities and secondary trauma, to produce 
severe psychopathology, including suicide attempts.

Interpretation
Findings from our study robustly show that a transient disaster 
can, in the absence of severe secondary stressors (loss of 
property, etc), lead to longstanding increased risks of 
stress-related psychiatric diagnoses and suicide attempts in 
adults, and short-term eff ects in children, after accounting for 
pre-existing psychopathology. 

Implications of all the available evidence 
Early surveillance of children and prolonged monitoring of 
adult survivors is important after natural disasters.

See Online for appendix
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For the sake of precision we report mainly diagnoses in 
the category of disorders related to stress and adjust-
ment disorders (F43; henceforth labelled stress-related 
disorders), and diagnoses with 20 or more events in the 
tsunami cohort during the observation period. We report 
all psychiatric diagnoses in the appendix.

Exposure severity
Exposure severity is an important risk modifi er for post-
traumatic psychopathology,28,29 and a diagnosis of PTSD is 
conditional on traumatic exposure.26 Therefore, we did an 
analysis of tsunami survivors who had available data for 
exposure severity. We collected exposure data in a postal 
survey sent 14 months after the event to 10 501 tsunami 
survivors from the repatriated cohort who were aged 
16 years or older; 4932 (47%) responded.22 We included 
3534 respondents who had complete data on matching 
variables and thus were used in the main analysis.

Categorisations of exposure severity usually diff erentiate 
between being subjected to life threat and indirect 
exposure.22,28,29 We categorised survey participants to direct 
exposure, indirect exposure, or low exposure groups 
accordingly on the basis of 30 survey items that asked 
about their disaster experiences.22 Participants were 
included in the direct exposure group if they had been 
caught in or chased by the tsunamis, had felt that their life 
was threatened, or had injuries needing immediate 
inpatient care. The indirect exposure group included 
participants who reported none of the above, but indicated 
bereavement of relatives, minor physical injuries to them-
selves or their loved ones, or being witness to distressing 
disaster scenes (eg, dead bodies, wounded survivors).

Statistical analysis
We used Cox regression models conditioned on the 
matching variables to calculate the hazard ratios (HRs) 
for relative risks of any psychiatric disorder as well as 
specifi c diagnostic groups between the tsunami 
survivors and the unexposed cohorts. We individually 
matched cohorts for age, sex, and socioeconomic 
characteristics. We did analyses with and without 
adjustment for pre-tsunami psychiatric diagnoses (ie, 
any outcome docu mented in the Swedish patient 
register from Jan 1, 1973, to Dec 25, 2004). We did 
similar for children while also adjusting for previous 
psychiatric diagnoses of their parents. We compared 
each exposure group against their respective unexposed 
controls with and without adjustment for traumatic 
bereavement. To clarify the role of bereavement, we did 
an analysis on the survey subsample from the exposure 
population stratifi ed by bereave ment (yes or no). Lastly, 
we compared overall survival curves, constructed with 
the Kaplan-Meier method, with the log-rank test 
between groups and we calculated HRs for psychiatric 
disorders in the tsunami survivors at diff erent times of 
follow-up (categorised as 0–3, 4–11, 12–23, and 
≥24 months post-disaster) as compared with the 

unexposed cohorts. We did statistical analyses with SAS 
software (version 9.3).

Role of the funding source
The funders had no role in the design and conduct of the 
study; collection, management, analysis, and inter-
pretation of the data; and preparation, review, or approval 
of the manuscript. FF and AB had access to the raw data 
and did the statistical analyses. With approval from all 
authors, FKA and UAV had the fi nal decision to submit.

Results
During the 5 years after the tsunami (median follow-up 
62·1 months [SD 6·37]), 547 (6·2%) new psychiatric 
diagnoses were recorded for the adult tsunami-exposed 
cohort and 47 734 (5·5%) for the matched unexposed 
cohort. The corresponding numbers of pre-tsunami 
diagnoses in adults were 427 (4·9%) and 47 329 (5·5%), 
respectively (appendix). Overall relative risk of 
psychiatric disorders was increased in the tsunami 
cohort (adjusted HR 1·21, 95% CI 1·11–1·32), particularly 
for PTSD (table 2, appendix). The risk of PTSD among 
survivors was seven-times higher than that in the 
matched population (adjusted HR 7·51; 95% CI 
5·47–10·32), whereas risks were not raised for anxiety 
disorders and depression (table 2). Risk of defi nite 
suicide attempt was increased in exposed women but 

General population 
(N=7 285 292)

Tsunami-exposed 
cohort (N=12 734)

Age

16–29 years 1 505 365 (21%) 3638 (29%)

30–49 years 2 457 821 (34%) 5651 (44%)

>49 years 3 322 106 (46%) 3445 (27%)

Women 3 704 955 (51%) 6152 (48%)

Born in Sweden 6 272 329 (86%) 11 383 (89%)

Post-secondary 
education*†

1 869 820 (30%) 4887 (41%)

Married or cohabiting* 3 084 784 (44%) 5041 (42%)

Yearly income in 
population top 20%*

1 445 547 (20%) 4273 (34%)

Unskilled or blue-collar
occupation*§

1 519 287 (29%) 2011 (20%) 

Pre-event psychiatric 
disorders*

637 632 (9%) 697 (6%)

Psychiatric disorders 
among fathers

350 350 (5%) 750 (5%)

Psychiatric disorders 
among mothers

398 733 (6%) 832 (7%)

Data from individuals included in the Longitudinal Integration Database for 
Health Insurance and Labour Market Studies in 2004.23 p<0·001 for all 
comparisons between groups according to two-tailed χ2 tests. *Data only for 
adults (general population=7 053 259; tsunami cohort=12 050). †Highest level of 
education is missing for 14% of the general population and 1·4% of the tsunami-
exposed cohort. §Occupation was unknown for 27% of the general population 
and 15% of the tsunami-exposed cohort. 

Table 1: Demographic characteristics and psychiatric history in the 
tsunami cohort and general Swedish population
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not men, whereas the risk of alcohol disorders was 
increased in exposed men but not women (table 2).

88 (2·4%) children and adolescents in the tsunami 
cohort and 10 096 (3·2%) in the unexposed cohort had 
pre-tsunami psychiatric diagnoses. The number of 
diagnoses after the tsunami were similar between 
cohorts—248 (6·6%) of those in the exposed cohort 
compared with 22 081 (6·8%) in the unexposed cohort 
(table 3). The overall risk of a post-tsunami disorder was 
not increased in the tsunami cohort (adjusted HR 0·98, 

95% CI 0·86–1·11), but risks were higher of stress-
related disorders (1·79, 1·30–2·46) and suicide attempts 
(1·43, 1·01–2·02) with uncertain intent (table 3). By 
contrast, exposure to the tsunami was linked to a lower 
risk of anxiety disorders and unipolar depression 
(table 3, appendix). 

A post-hoc analysis of stress-related disorders and 
attempted suicide in which we stratifi ed children by sex 
indicated an increased risk in both boys and girls for 
stress-related disorders (14 [0·76%] vs 546 [0·34%], 
adjusted HR 2·26, 95% CI 1·33–3·86 for boys; 25 [1·32%] 
vs 1281 [0·79%], 1·59, 1·06–2·39 for girls). Risk was 
increased of uncertain suicide attempts in boys (2·26, 
1·33–3·89), but not in girls (1·19, 0·67–2·10).

Because of the dissimilar fi ndings for stress-related 
disorders versus other psychiatric disorders, and to 
preserve precision for meaningful comparisons, we 
used diagnostic groups composed of stress-related 
disorders and non-stress-related disorders (ie, mental 
disorders except for stress-related disorders) in the 
analyses for time from disaster to diagnosis. For adults, 
exposure to the tsunami was associated with a shorter 
time to a diagnosis of stress-related disorders (log-rank 
χ²=0·93; p<0·0001; fi gure 1). The adult tsunami cohort 
had a higher risk of stress-related disorders at each 
individual time period, peaking in the fi rst 3 months 
post-exposure (table 4). For children and adolescents, 
exposure was related to a shorter time to diagnosis of 
stress-related disorders (log-rank χ²=0·099, p=0·001), 

Exposed 
(n=3742)

Unexposed 
(n=320 828)

Crude HR 
(95% CI)

Adjusted HR* 
(95% CI)

Any psychiatric disorder 248 (6·63%) 22 081 (6·88%) 0·94 (0·83–1·06) 0·98 (0·86–1·11)

Suicide attempt, defi nite 18 (0·48%) 1997 (0·62%) 0·73 (0·46–1·15) 0·74 (0·47–1·17)

Suicide attempt, uncertain 32 (0·86%) 1933 (0·60%) 1·42 (1·01–2·01) 1·43 (1·01–2·02)

Unipolar depression 42 (1·12%) 4825 (1·50%) 0·71 (0·53–0·96) 0·73 (0·54–0·98)

Eating disorders 21 (0·56%) 2082 (0·65%) 0·87 (0·56–1·34) 0·90 (0·58–1·39)

Alcohol abuse or dependence 54 (1·44%) 3633 (1·13%) 1·24 (0·94–1·62) 1·25 (0·96–1·64)

Substance abuse or dependence 21 (0·56%) 1346 (0·42%) 1·27 (0·82–1·96) 1·35 (0·87–2·10)

Anxiety disorders 47 (1·26%) 5637 (1·76%) 0·70 (0·53–0·94) 0·74 (0·55–0·98)

Stress-related disorders 39 (1·04%) 1827 (0·57%) 1·75 (1·28–2·39) 1·79 (1·30–2·46)

Acute stress reaction 20 (0·53%) 768 (0·24%) 2·13 (1·38–3·27) 2·14 (1·38–3·32)

Post-traumatic stress disorder 9 (0·24%) 270 (0·08%) 2·62 (1·36–5·01) 2·83 (1·44–5·54)

Not including psychotic disorders, bipolar mood disorders, personality disorders, and the remaining stress-related 
disorders (all n<10 in exposed population). HR=hazard ratio. *Adjusted for any own or parental psychiatric disorders 
before the tsunami .

Table 3: Relative risks of psychiatric disorders and attempted suicide in children and adolescents

Total Men Women

Exposed 
(n=8762)

Unexposed 
(n=864 088)

Crude HR 
(95% CI)

Adjusted HR* 
(95% CI)

Exposed 
(n=4544)

Unexposed 
(n=448 057)

Adjusted HR* 
(95% CI)

Exposed 
(n=4218)

Unexposed 
(n=416 031)

Adjusted 
HR* (95% CI)

Any psychiatric disorder 547
(6·24%)

47 734
(5·52%)

1·14
(1·04–1·24)

1·21
(1·11–1·32)

246
(5·41%)

21 519
(4·80%)

1·17
(1·02–1·33)

301
(7·14%)

26 215
(6·30%)

1·25
(1·11–1·40)

Suicide attempt, defi nite 38
(0·43%)

2752
(0·32%)

1·36
(0·99–1·87)

1·54
(1·11–2·13)

16
(0·35%)

1205
(0·27%)

1·41
(0·85–2·34)

22
(0·52%)

1547
(0·37%)

1·65
(1·08–2·53)

Suicide attempt, uncertain 43
(0·49%)

3438
(0·40%)

1·24
(0·92–1·68)

1·27
(0·94–1·71)

27
(0·59%)

2035
(0·45%)

1·32
(0·91–1·92)

16
(0·38%)

1403
(0·34%)

1·19
(0·73–1·94)

Unipolar depression 176
(2·01%)

18 130
(2·10%)

0·96
(0·83–1·11)

1·03
(0·88–1·19)

56
(1·23%)

7208
(1·61%)

0·79
(0·61–1·04)

120
(2·84%)

10 922
(2·63%)

1·19
(0·99–1·43)

Alcohol abuse or dependence 102
(1·16%)

8467
(0·98%)

1·17
(0·97–1·43)

1·27
(1·04–1·54)

72
(1·58%)

5775
(1·29%)

1·30
(1·03–1·64)

30
(0·71%)

2692
(0·65%)

1·20
(0·84–1·72)

Substance abuse or dependence 42
(0·48%)

4073
(0·47%)

1·01
(0·75–1·37)

1·11
(0·82–1·50)

29
(0·64%)

2392
(0·53%)

1·27
(0·88–1·83)

13
(0·31%)

1681
(0·40%)

0·87
(0·50–1·50)

Anxiety disorders 148
(1·69%)

16 434
(1·90%)

0·89
(0·76–1·04)

0·95
(0·81–1·12)

62
(1·36%)

6386
(1·43%)

1·00
(0·78–1·29)

86
(2·04%)

10 048
(2·42%)

0·92
(0·75–1·14)

Stress-related disorders 187
(2·13%)

8831
(1·02%)

2·10
(1·82–2·43)

2·27
(1·96–2·62)

71
(1·56%)

3211
(0·72%)

2·30
(1·81–2·90)

116
(2·75%)

5620
(1·35%)

2·25
(1·87–2·71)

Acute stress reaction 75
(0·86%)

3636
(0·42%)

2·03
(1·62–2·54)

2·16
(1·72–2·71)

29
(0·64%)

1492
(0·33%)

1·96
(1·36–2·83)

46
(1·09%)

2144
(0·52%)

2·30
(1·72–3·08)

Post-traumatic stress disorder 46
(0·52%)

692
(0·08%)

6·61
(4·95–8·83)

7·51
(5·47–10·32)

16
(0·35%)

168
(0·04%)

11·5
(6·77–19·47)

30
(0·71%)

524
(0·13%)

6·30
(4·25–9·34)

Reaction to severe stress NOS 46
(0·52%)

2000
(0·23%)

2·26
(1·69–3·01)

2·44
(1·82–3·27)

19
(0·42%)

718
(0·16%)

2·78
(1·78–4·34)

27
(0·64%)

1282
(0·31%)

2·26
(1·53–3·32)

Individuals matched for sex, year of birth, income, and marital, educational, and occupational status. HR=hazard ratio. NOS=not otherwise specifi ed. *Adjusted for any psychiatric disorder before the tsunami. 

Table 2: Relative risks of psychiatric disorders and attempted suicide in adults during the 5 years after the tsunami
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whereas the risk was increased only during the fi rst 
3 months (fi gure 1; table 4). In neither adults nor 
children was tsunami exposure associated with a shorter 
time to diagnosis of non-stress-related disorders and we 
found no indications of a higher risk of these disorders 
at any specifi c time interval (table 4).

We categorised 1660 people into the direct exposure 
group and 903 into the indirect exposure group. 
Individuals in the direct exposure group also frequently 
reported experiences in the indirect exposure category 
(eg, bereavement of relatives, minor physical injuries to 
themselves or their loved ones, or witnessing distressing 
disaster scenes). 231 participants in the direct and 111 in 
the indirect exposure group indicated bereavement of 
family members (29% of those bereaved), relatives 
(16%), or friends (67%). The 971 people in the low 
exposure group did not endorse any of the 30 exposure 
survey items, but were likely to have been in areas 
proximal to the affl  icted ones and have met or travelled 
with distressed survivors.

Data suggested a dose–response relation between 
increasing severity of exposure and risk of psychiatric 
disorders (fi gure 2, appendix). Direct exposure was 
related to an increased risk of any psychiatric disorder 
compared with unexposed individuals (HR 1·51, 
95% CI 1·25–1·83); mainly stress-related disorders 
(3·18, 2·40–4·22) and particularly PTSD (14·6, 
8·60–24·9). Direct exposure was also related to a higher 
risk of alcohol abuse (1·65, 1·08–2·53). Indirect 
exposure was related to only a higher risk of PTSD 
(3·48, 1·02–11·9). Low exposure was related to an 
overall lower risk of any psychiatric diagnosis compared 

Adults

Number at risk
Exposed cohort

Stress-related
Other

Unexposed cohort
Stress-related

Other

0 1 2 3 4 5

8762
8762

864 088
864 088

8645
8610

859 310
849 813

8571
8475

854 268
837 602

8508
8357

849 020
826 540

8427
8233

843 639
815 676

3742
3742

320 828
320 828

3716
3688

320 226
315 725

3708
3651

319 403
311 596

3690
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318 374
306 982
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3654
3475

315 679
296 608

8361
8123

838 647
805 780

Time from tsunami (years)

0

90

92

94

96

98

100

In
di

vi
du

al
s w

ith
ou

t d
ia

gn
os

is,
 cu

m
ul

at
iv

e 
(%

)

Children and adolescents

0 1 2 3 4 5

Time from tsunami (years)

Stress-related disorders
 Exposed cohort
 Unexposed cohort

Other disorders
 Exposed cohort
 Unexposed cohort

Figure 1: Time to a diagnosis of psychiatric disorders in tsunami survivors as compared with matched unexposed individuals
Log-rank p<0·001 for stress-related disorders in both adults and in children and adolescents.

Exposed Unexposed Crude HR (95% CI) Adjusted HR* 
(95% CI)

Adults

n 8762 864 088 ·· ··

Stress-related disorders*

0–3 months 56 (0·64%) 637 (0·07%) 8·58 (6·52–11·29) 10·9 (8·05–14·72)

4–11 months 18 (0·21%) 1179 (0·14%) 1·49 (0·93–2·37) 1·63 (1·02–2·62)

12–23 months 33 (0·38%) 1763 (0·21%) 1·86 (1·32–2·62) 2·00 (1·41–2·83)

24–60 months 80 (0·93%) 5252 (0·61%) 1·52 (1·22–1·90) 1·62 (1·30–2·02)

Other psychiatric disorders

0–3 months 45 (0·51%) 4771 (0·55%) 0·93 (0·70–1·25) 1·08 (0·80–1·47)

4–11 months 68 (0·78%) 7348 (0·86%) 0·91 (0·71–1·15) 0·98 (0·77–1·25)

12–23 months 99 (1·15%) 9450 (1·11%) 1·03 (0·84–1·25) 1·09 (0·89–1·33)

24–60 months 232 (2·74%) 22 500 (2·69%) 1·01 (0·89–1·16) 1·05 (0·93–1·20)

Children

n 3742 320 828 ·· ··

Stress-related disorders*

0–3 months 17 (0·45%) 53 (0·02%) 27·2 (15·4–47·82) 29·7 (16·4–53·77)

4–11 months 2 (0·05%) 131 (0·04%) 1·25 (0·31–5·06) 1·19 (0·27–5·27)

12–23 months 2 (0·05%) 275 (0·09%) 0·63 (0·16–2·54) 0·63 (0·16–2·54)

24–60 months 18 (0·49%) 1368 (0·43%) 1·07 (0·67–1·71) 1·08 (0·67–1·73)

Other psychiatric disorders

0–3 months 17 (0·45%) 1660 (0·52%) 0·87 (0·54–1·41) 0·83 (0·49–1·41)

4–11 months 30 (0·81%) 3130 (0·98%) 0·79 (0·55–1·14) 0·88 (0·61–1·28)

12–23 months 33 (0·89%) 3665 (1·16%) 0·75 (0·53–1·06) 0·78 (0·56–1·11)

24–60 months 145 (3·97%) 13 021 (4·18%) 0·92 (0·78–1·08) 0·94 (0·79–1·10)

*Includes acute stress reaction, post-traumatic stress disorder, adjustment disorder, other reaction to severe stress, and 
reaction to severe stress not otherwise specifi ed. 

Table 4: Relative risks of stress-related disorders and other psychiatric disorders at diff erent times after 
the disaster
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with the unexposed group (0·69, 0·48–0·98), whereas 
no diff erence was found for individual diagnostic 
categories (lowest p=0·22).

After adjustment for bereavement status (yes or no), 
the elevated risks in directly exposed individuals were 
somewhat attenuated for stress-related disorders (HR 
1·97, 95% CI 1·36–2·87) and PTSD (6.31, 2·71–14·67), 
whereas the risk of alcohol abuse was essentially 
unchanged (1·71, 1·10–2·66). For the indirect exposure 
group, the raised risk of PTSD was no longer signifi cant 
after adjustment for bereavement status.

After we compared the bereaved survivors to their 
matched controls (appendix), risks of any disorder were 
raised (48 [14%] vs 1840 [5%]; adjusted HR 3·47, 
95% CI 2·59–4·64), mainly driven by stress-related 
disorders (26 [8%] vs 380 [1%]; 7·92, 5·26–11·91). For 
individuals who were exposed but not bereaved 
(n=3192), only risk of stress-related disorders was 
signifi cantly higher (45 [1%] vs 3258 [1%]; 1·42, 
1·05–1·91; appendix).

Discussion
We did a 5 year follow-up of Swedish citizens after the 
2004 Indian Ocean tsunami and provide evidence for an 
increased short-term risk of post-tsunami psychiatric 
disorders, especially stress-related disorders, in adults 
and children and adolescents. In children and 
adolescents, the increased risk was limited to the fi rst 
3 months after the disaster, whereas, in adults, the 
increased risk of stress-related disorders peaked and then 
continued for the 5 year follow-up. In this cohort of 
individuals predominantly from higher socioeconomic 

strata, we show increased risks of suicidal attempts in 
women and alcohol abuse in men. Our study is the fi rst 
to provide complete and prospectively collected data, 
with virtually no loss to follow-up, for the eff ect of a large-
scale disaster on psychiatric morbidity in a civilian 
population that also accounted for pre-disaster psychiatric 
morbidity and used a sociodemographically matched 
unexposed cohort.

The increased risk of psychopathology in both adult 
and children survivors was mainly caused by a rise in 
PTSD and other stress-related disorders, which concurs 
with fi ndings from previous studies for various 
traumatic events.3,4 The link between trauma exposure 
and stress-related disorders is strengthened by the 
indication of a dose-response pattern of exposure 
severity and retained raised risks among directly 
exposed individuals after adjusting for bereavement. 
Notably, only direct exposure was related to increased 
risks after bereavement adjustment, and this group 
probably contributed to the higher risk of stress-related 
disorders seen in those who were not bereaved. In 
addition, our data confi rm the strong eff ect of 
bereavement associated with traumatic events on future 
risk of psychopathology.8

Adult survivors had protracted stress-related disorders 
diagnosed across several years after the event, extending 
fi ndings from previous studies that show prolonged 
eff ects of trauma, but that did not adjust for pre-event 
disorders—eg, fi ndings after the 2001 World Trade 
Center terrorist attacks.13 However, risk in children was 
only raised in the fi rst 3 months after the disaster, 
suggesting general resiliency in children; smaller 
studies have shown unclear fi ndings for the long-term 
eff ects in children.4 Adverse post-disaster events are 
associated with chronic PTSD symptom maintenance 
in children,30 which might explain the absence of any 
increased long-term risk in our cohort.

We showed an increased risk of suicide attempts in 
adults, and of suicide attempts with uncertain intent in 
boys. The category suicide attempts with uncertain 
intent includes injuries from accidents, self-infl icted 
injuries, and assaults, which indicate impulsivity and 
risk-taking behaviour. These behaviours increase in 
young people after trauma31 and are being increasingly 
recognised as symptoms of PTSD in adolescents.32 
Among psychiatric disorders, PTSD is one of the 
strongest predictors of suicide attempts in adults and 
has been associated with a seven-times increased risk 
of suicide.33 Taken together, it seems that the eff ects of 
the tsunami independent of previous psychopathology 
were largely related to stress-related disorders.

We showed a raised risk of alcohol-related disorders 
in exposed men. Previous work has suggested 
that post-disaster alcohol disorders are associated with 
pre-disaster misuse.9 By contrast, our data indicate that 
disaster exposure might exacerbate pre-existing alcohol 
problems or lead to new cases. The diff erent methods 
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of other investigators necessitate further robust 
research to test the consistency of this fi nding.

The post-tsunami circumstances for the survivors—
returning to an intact home environment and support 
networks—might have averted development of mood and 
anxiety disorders.34 This is supported by previous fi ndings 
that link the occurrence of these disorders in adults after 
a disaster to secondary stressors and adverse life 
circumstances.14,29 For children, previous work has linked 
disaster exposure severity to more severe PTSD 
symptoms, but not depression or anxiety.15,35 In this cohort 
we show lower risks of mood and anxiety disorders in 
those exposed than in unexposed individuals, possibly 
because of a resiliency not accounted for by the matching 
variables. Overall, the risk estimates increased when 
adjusting for pre-existing diagnoses, relating to the 
slightly lower prevalence of pre-tsunami diagnoses in the 
exposed cohort than in the matched controls.

The Swedish nationwide complete registries provide 
prospective information on clinically confi rmed 
psychiatric disorders. Thus, outcome ascertainment in 
our study is nearly complete and does not rely on 
retrospective self-reports, which lowers risks of 
selection bias and various sources of information bias. 
Use of these resources allowed us to adjust for pro-
spective data for pre-tsunami psychopathology. Also, 
whereas the eff ect of a disaster itself is usually 
confounded with the eff ects of post-disaster stressors,10,34 
in our study the survivors returned to an environment 
unaff ected by the disaster and had very few other post-
disaster stressful events during the follow-up.21,22,36 We 
showed a dose–response pattern, increasing our con-
fi dence in the direct link between the tsunami and later 
psychopathology.

There are some limitations to our study. First, the 
outcomes concern severe symptoms with functional 
impairment suffi  ce for the survivors or their parents to 
seek professional help and then be referred to specialist 
care within a public health-care system. Several 
survivors received interventions from services that do 
not provide data to the Swedish patient register (eg, 
support centres, primary care).37 Thus, we emphasise 
that the reported risks do not show the exact prevalence 
of post-tsunami psychiatric disorders.

Health-care-seeking behaviours might diff er between 
the exposed and unexposed groups because the 
survivors might have been encouraged to seek and 
receive care for ill health. Disaster survivors with 
substantial distress seem to be reluctant to seek health-
care services,38,39 although neither exposure status nor 
distress levels seem to have aff ected health-care-seeking 
behaviour in Danish survivors of the 2004 tsunami.40 
Also, doctors might have been biased towards stress-
related diagnoses among exposed due to cognitive 
biases (eg, discounting the probability of non-stress-
related diagnoses among exposed, or exposed patients 
framing their health on the tsunami), which would 

magnify the diff erences shown here. However, our 
survival curves do not indicate an exaggerated number 
of stress-related diagnoses because this would be 
accompanied by a corresponding decrease in other 
diag noses. Additionally, the fi ndings for increased 
suicide attempts are less, if not at all, susceptible to this 
bias, lending particular weight to this outcome.

Despite the large sample size and several years of 
follow-up, few incident cases were diagnosed for several 
disorders, yielding inconclusive fi ndings for several 
outcomes. This limitation is particularly noticeable in 
the survey sample. Because this was the fi rst study to 
investigate outpatient and inpatient psychiatric 
diagnoses after a disaster we opted to analyse all 
diagnosis groups. The high socioeconomic status of the 
exposed cohort needed a careful matching process.
Nonetheless, the pre-tsunami psychiatric morbidity 
was slightly lower in the tsunami cohort than in the 
unexposed cohort, which suggests the existence of 
unmeasured confounders and suggests that the 
tsunami group was generally more predisposed against 
psychopathology. This fi nding also diminishes the 
probability of potential bias due to the fact that we were 
not able to match for urban versus rural dwelling as a 
proxy for access to specialised mental health services. 
The lower risk of post-disaster psychopathology in the 
low-exposure group might also show that low exposure 
was insuffi  cient to produce severe psychopathology28 
while the event simultaneously resulted in an infl ux of 
benefi cial factors such as social support.

Finally, we started data collection on the day of the 
disaster so that we did not omit any potential cases. 
However, most exposed individuals were abroad during 
the fi rst few days, whereas unexposed individuals 
provided outcome data from day one. Given that the 
repatriation took place within 3 weeks and the average 
time to diagnosis was more than 2 years, we assume 
that the potential bias would be small and, if anything, 
result in conservative estimates. Further conservative 
bias is also likely in the large tsunami cohort due to 
slight oversampling at the airports because circum-
stances prevented a thorough verifi cation of the 
repatriated individuals’ exposure to the tsunami.

In conclusion, Swedish survivors from this major yet, 
for them, transient natural disaster had an increased risk 
of severe psychopathology, predominantly caused by 
stress-related disorders. In a population and context that 
otherwise have a low risk of psychiatric illnesses, it is 
reasonable to assume that the disaster itself was the causal 
agent for the raised risk. The increased long-term risk 
among exposed adults underscore the need for prolonged 
observation periods in both research and clinical practice.
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behaviours and risks. Konrad Michel pointed out 
that patients often feel impersonally “processed” 
in assessments of their suicidal status, with little 
opportunity to explore—from the patient’s 
perspective—what lies behind an act of self-harm.9 
Assessments typically follow a medical or crisis-
intervention model. They might serve practical, 
immediate clinical needs but are probably of little 
long-term value. Experienced clinicians recognise that 
the quality and reliability of therapeutic relationships 
have strong effects on the outcome of any psychiatric 
treatment. Anticipating the likelihood that discharge 
will lead to loss of a safe and supportive environment 
and a return to pre-existing difficulties and challenges 
is of crucial importance in planning for discharge after 
hospital admission for a suicidal act.3,10 

Steps likely to reduce post-discharge risk of suicide, 
and perhaps all-cause mortality, include: attention to 
general medical as well as psychiatric needs of patients 
following self-harm; enhanced communication among 
clinicians involved in a patient’s current and future 
care; discharge with a secure aftercare plan with 
specifi c appointments and, ideally, contact with the 
responsible aftercare clinicians before discharge; and 
involvement of social support by family members or 
friends. 
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Psychiatric morbidity after a major yet transient disaster
Disasters affect mental health.1 Post-traumatic stress 
disorder (PTSD), the most widely studied post-
disaster psychiatric morbidity, is reported to affect 
30–40% of individuals with direct exposure to the 
disaster, 10–20% of rescue workers, and 5–10% of 
the affected community. PTSD has been associated 
with many factors, including sociodemographics and 
other characteristics, event exposure, social support, 
and personality traits.2 Mental health workers now 
respond to major disasters based on these findings. 
However, much of the post-disaster research 
has methodological limitations, such as lack of 
information pertaining to predisaster mental health 
status, short observation periods, high attrition 
rates, and absence of control groups.3,4 Moreover, 
most previous studies have relied on self-reported 
psychological reactions with little use of psychiatric 

diagnoses through clinical assessment. Post-disaster 
epidemiological studies face a number of challenges 
related to feasibility and ethics considerations, and 
these limitations are typically evident. However, in 
The Lancet Psychiatry, Filip K Arnberg and colleagues5 

addressed these methodological challenges and 
provide new insights.

Arnberg and colleagues followed Swedish survivors 
(8762 adults and 3742 children and adolescents) 
of the 2004 Indian ocean tsunami for 5 years. They 
examined the prevalence of psychiatric morbidity in 
this population using the Swedish patient register 
and compared with diagnoses in a control group 
matched for age, sex, and other possible confounders. 
Although the prevalence of psychiatric disorders was 
small among the study population (547 [6·2%]), 
exposure to the disaster increased the risk for 
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stress-related disorders in adults (adjusted HR 2·27, 
95% CI 1·96–2·62) and children and adolescents 
(1·79; 1·30–2·46), especially PTSD (7·51; 5·47–10·32 
and 2·83, 1·44–5·54, respectively), independently of 
pre-tsunami psychiatric morbidity. Compared with 
unexposed matched individuals, risk of alcohol abuse 
or dependence was markedly increased among men 
(1·30, 1·03 –1·64). The authors noted increased risk of 
suicide attempts in women (1·65, 1·08–2·53) and of 
uncertain suicide attempts in boys (2·26, 1·33–3·89). 
The risk of stress-related disorder was highest during 
the first 3 months after the disaster, but increased risk 
of stress-related disorders was shown beyond 1 year 
after the disaster only in adults.

The importance of post-disaster psychiatric morbidity 
has been highlighted by international guidelines.6 An 
estimate reports that the post-disaster prevalence of 
psychiatric disorders typically doubles, although this is 
moderated by pre-disaster prevalence, socioeconomic 
and cultural factors, available resources, and both 
formal and informal support.7 Arnberg and colleagues5 
found that direct exposure to the disaster signifi cantly 
increased the risk of developing PTSD (adjusted HR 
compared with the unexposed group 14·6, 95% CI 
8·60–24·90), supporting this estimate. Although not all 
cases were captured in the Swedish patient register and 
the reported proportion of patients with mental health 
disorders does not show the exact prevalence, the 
increased prevalence of other psychiatric morbidities, 
such as suicide attempts of both defi nite and uncertain 
intent, unipolar depression, and alcohol abuse or 
dependence, were similar to that of PTSD. Accordingly, 
mental health communities should develop strategies 
not only for PTSD, but also for a range of mental 
health problems. Findings from the paper draw 
attention to the clinical importance of long-term 
health consequences in adults and indicates a need for 
further investigation for PTSD with delayed expression8 
in addition to other disorders, such as adjustment 
disorder, in this later phase.

The study by Arnberg and colleagues5 provides a rare 
opportunity to examine the eff ects of exposure to a 
major yet transient traumatic event. As the authors 
discuss, the study population was unique in that the 
tsunami survivors were typically of high socioeconomic 
status and were repatriated from the disaster site to 
their relatively safe home environments soon after 

the disaster. This makes the work even more valuable 
because the population had minimal infl uence from 
secondary stressors, thereby elucidating the direct 
psychiatric consequences of the disaster. After most 
disasters, the context of the event (eg, property 
damage, bereavement, and additional life stressors) 
continues to aff ect participants’ psychological state 
and recovery. Unfavourable socioeconomic status is 
also a well-documented risk factor for post-psychiatric 
morbidity, and people with lower socioeconomic 
status are disproportionately aff ected by disasters.9 
Further investigation of the support needed among 
both demographic groups in disaster-aff ected areas will 
be necessary to develop more eff ective interventions in 
the fi eld.

The information resulting from this paper should 
guide clinicians and service planners when developing 
interventions for disaster survivors, focusing on 
disorder type and timing. Specifically, stress-related 
disorders and other mental health problems should 
be the focus during the early post-disaster phase 
while long-term attention might be needed for adult 
survivors.

Yuriko Suzuki
Department of Adult Mental Health, National Institute of 
Mental Health, National Center of Neurology and Psychiatry, 
Tokyo, 187-8553, Japan
yrsuzuki@ncnp.go.jp

I declare no competing interests.

1 Goldmann E, Galea S. Mental health consequences of disasters. 
Annu Rev Public Health 2014; 35: 169–83.

2 Neria Y, Nandi A, Galea S. Post-traumatic stress disorder following 
disasters: A systematic review. Psychol Med 2008; 38: 467–80.

3 Norris F. Disaster research methods: Past progress and future directions. 
J Trauma Stress 2006; 19: 173–184.

4 Galea S, Maxwell AR, Norris F. Sampling and design challenges in 
studying the mental health consequences of disasters. 
Int J Methods Psychiatr Res 2008; 17: S21–8.

5 Arnberg FK, Gudmundsdóttir R, Butwicka A, et al. Psychiatric disorders 
and suicide attempts in Swedish survivors of the 2004 southeast Asia 
tsunami: a 5 year matched cohort study. Lancet Psychiatry 2015; 
published online July 23. http://dx.doi.org/10.1016/S2215-
0366(15)00124-8.

6 Inter-Agency Standing Committee. IASC guidelines on mental health 
and psychosocial support in emergency settings. Geneva: Inter-Agency 
Standing Committee, 2007. http://www.who.int/mental_health/
emergencies/9781424334445/en/ (accessed April 1, 2015).

7 van Ommeren M, Saxena S, Saraceno B. Aid after disasters. BMJ 2005; 
330: 1160–1.

8 American Psychiatric Association. Diagnostic and statistical manual of 
mental disorders, fi fth edition. Arlington: American Psychiatric 
Association, 2013.

9 Kun P, Tong X, Liu Y, Pei X, Luo H. What are the determinants of 
post-traumatic stress disorder: Age, gender, ethnicity or other? Evidence 
from 2008 Wenchuan earthquake. Public Health 2013; 127: 644–52.


	Psychiatric disorders and suicide attempts in Swedish survivors of the 2004 southeast Asia tsunami: a 5 year matched cohort study
	Introduction
	Methods
	Study population and design
	Outcomes
	Exposure severity
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References

	Psychiatric morbidity after a major yet transient disaster
	References


