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Abstract	  

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 identified 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 differ 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 first 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.   
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Introduction	  

In the last decade, natural disasters afflicted more than 200 million people each year,1 

resulting in loss of lives, property destruction, and psychological suffering worldwide. 

Literature reviews suggest that survivors are at increased risk of psychiatric disorders, 

particularly posttraumatic stress disorder (PTSD).2-5 As noted previously,6-8 however, 

due to the limitations of past studies uncertainties remain about the effect of disaster 

exposure on the risk of PTSD,3-5 other psychiatric diagnoses,9,10 and suicide 

attempts.11 Given the well-known lasting nature of severe stress-related disorders,12 

surprisingly few studies have followed survivors beyond the first three years post-

disaster,6-8 and existing long-term studies often suffer from attrition or small 

samples.13 Furthermore, the majority of investigations rely on self-reported outcomes 

without a clinical assessment.13,14 Similarly, researchers have largely relied on 

retrospective self-reports on pre-disaster psychopathology.6,7 There are a few 

exceptions,15-17 and they generally show that pre-existing psychopathology influences 

post-disaster mental health. Thus, it awaits to be firmly established the extent to 

which disasters induce lasting risks of severe psychiatric disorders independently of 

underlying vulnerabilities. 

With complete population registries of healthcare utilization and medical diagnoses of 

every inhabitant, Sweden provides an excellent setting for such investigations. On 

December 26, 2004, a massive earthquake caused a series of tsunamis that inundated 

coastal areas around the Indian Ocean18 and took more than 200,000 lives.19 The 

Swedish government estimated that 20,000 Swedish tourists were in Southeast Asia at 

the time of the event; 543 Swedish lives were lost, making Sweden the hardest hit 

country after the countries in Southeast Asia.20 The Swedish authorities organized an 

airlift to evacuate survivors and within 20 days approximately 16,000 citizens were 

repatriated to their intact homes and communities.20 Traumatic experiences and self-

reported distress have been reported among the Swedish survivors21,22 while it 

remains unexplored whether this population suffers lasting risks of psychiatric 

disorders as diagnosed in healthcare services. The aim of this study was to understand 

whether tsunami survivors, independently of their pre-tsunami psychiatric history, had 

elevated risks of receiving psychiatric diagnoses and committing suicide attempts 

during five years after the tsunami. We also planned a dose-response analysis in a 
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subgroup of survivors with available data on disaster exposure severity, expecting that 

more severe exposure was related to increasing 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 confirmed alive through the register of the state police services 

(n=16068). The socioeconomic characteristics of the group returning from southeast 

Asia were considerably different 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=14002), 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 unexposed individuals to ascertain a sufficient 

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, postgraduate), employment status (unskilled/blue or white collar, 

according to the Statistics Sweden adaptation of the International Standard 

Classification 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 employment of both 

parents as defined above.  

The final cohort included 8762 exposed and 864088 unexposed 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 first. 
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Individuals returning from southeast Asia were registered in a database by Swedish 

officials, and could therefore, together with the matched individuals, be linked to the 

Swedish patient register24 for ascertainment of psychiatric diagnoses by using their 

unique personal identification 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 identifiers, unique for 

every Swedish resident, data analyses were done on deidentified datasets.  

Outcomes	  

Our assessed outcomes were first presentation of a psychiatric disorder (diagnostic 

codes F00–F99), a definite 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). For the sake of precision we report mainly diagnoses 

in the category of disorders related to stress and adjustment disorders (F43; 

henceforth labeled 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 modifier for post-traumatic 

psychopathology,28,29 and a diagnosis of PTSD is conditional on traumatic exposure.26 

Therefore, we did an analysis in 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. 
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Categorisations of exposure severity usually differentiate 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 themselves or their 

loved ones, or being witness to distressing disaster scenes (e.g., 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 specific 

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 (i.e., any 

outcome documented 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 stratified by bereavement (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 different 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 interpretation of the data; and preparation, review, or 

approval of the manuscript. FF and AB had access to the raw data and did the 
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statistical analyses. With approval from all authors, FKA and UAV had the final 

decision to submit.  

Results	  

During the 5 years after the tsunami (mean follow-up 59 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. 

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 definite suicide attempt was 

increased in exposed women but 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 

stratified 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 findings for stress-related disorders versus other psychiatric 

disorders, and to preserve precision for meaningful comparisons, we used diagnostic 
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groups composed of stress-related disorders and non-stress-related disorders (i.e., 

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; figure 1). 

The adult tsunami cohort had a higher risk of stress-related disorders at each 

individual time period, peaking in the first 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), whereas the risk was increased only 

during the first 3 months (figure 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 specific 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 (e.g., 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 afflicted 

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 (figure 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 with the unexposed group (0.69, 0.48–0.98), whereas 

no difference 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, 
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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 significant 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 significantly 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 first 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 first to provide 

complete and prospectively collected data, with virtually no loss to follow-up, for the 

effect 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 findings 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 among adults, 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 
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who were not bereaved. In addition, our data confirm the strong effect 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 findings from previous studies that show prolonged effects 

of trauma, but that did not adjust for pre-event disorders—e.g., findings after the 2001 

World Trade Center terrorist attacks.13 However, risk in children was only raised in 

the first 3 months after the disaster, suggesting general resiliency in children; smaller 

studies have shown unclear findings for the long-term effects 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-inflicted 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 effects 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 different methods of other 

investigators necessitate further robust research to test the consistency of this finding. 

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 findings 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 
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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 confirmed 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 prospective data for pre-tsunami psychopathology. Also, 

whereas the effect of a disaster itself is usually confounded with the effects of post-

disaster stressors,10,34 in our study the survivors returned to an environment unaffected 

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 confidence 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 suffice 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 (e.g., 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 differ 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 affected 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 (e.g., discounting the probability of non-stress-related 

diagnoses among exposed, or exposed patients framing their health on the tsunami), 
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which would magnify the differences 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 diagnoses. Additionally, the 

findings 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 findings for several outcomes. 

This limitation is particularly noticeable in the survey sample. Because this was the 

first 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 finding 

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 insufficient to produce severe 

psychopathology28 while the event simultaneously resulted in an influx of beneficial 

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 first 

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 circumstances 

prevented a thorough verification 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 
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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.  

	  

	  

Contributors	  

All authors conceived of and designed the study and interpreted thedata. FKA, PL, 

CMH, and UAV acquired the data. AB and FF analysed the data. FKA, FF, and UAV 

drafted the work, and RG, AB, FF, PL, and CMH revised it critically for important 

intellectual content. 

Declaration	  of	  interests	  	  

We declare no competing interests.  

Acknowledgments	  	  

We received funding from the Swedish Council for Working Life and Social 

Research and the Swedish Board of Health and Welfare. ABreceived financial 

support from the Mobilnosc Plus’ project financed by the Polish Ministry of Science 

and Higher Education (number 903/ MOB/2012/0). FF was supported by Svenska 

Sällskapet för Medicinsk Forskning (SSMF). 

	   	  



	   14	  

References	  	  

1. Guha-Sapir D, Hoyois P, Below R. Annual Disaster Statistical 24 Review 2012: 

The numbers and trends. Brussels: Centre for Research on the Epidemiology of 

Disasters, 2013. 

2. Galea S, Nandi A, Vlahov D. The epidemiology of post-traumatic stress disorder 

after disasters. Epidemiol Rev 2005; 27: 78–91.  

3. Neria Y, Nandi A, Galea S. Post-traumatic stress disorder following disasters: a 

systematic review. Psychol Med 2008; 38: 467–80. 

4. Furr JM, Comer JS, Edmunds JM, Kendall PC. Disasters and youth: a meta-

analytic examination of posttraumatic stress. J Consult Clin Psychol 2010; 78: 

765–80. 

5. Rubonis AV, Bickman L. Psychological impairment in the wake of disaster: the 

disaster-psychopathology relationship. Psychol Bull 1991; 109: 384–99. 

6. Pfefferbaum B, Weems CF, Scott BG, et al. Research methods in child disaster 

studies: a review of studies generated by the September 11, 2001, terrorist attacks; 

the 2004 Indian Ocean tsunami; and Hurricane Katrina. Child Youth Care Forum 

2013; 42: 285–337. 

7. Norris FH. Disaster research methods: past progress and future directions. J 

Trauma Stress 2006; 19: 173–84. 

8. Bonanno GA, Brewin CR, Kaniasty K, Greca AM. Weighing the costs of disaster: 

consequences, risks, and resilience in individuals, families, and communities. 

Psychol Sci Public Interest 2010; 11: 1–49.  

9. North CS, Ringwalt CL, Downs D, Derzon J, Galvin D. Postdisaster course of 

alcohol use disorders in systematically studied survivors of 10 disasters. Arch Gen 

Psychiatry 2011; 68: 173–80.  

10. Galea S, Brewin CR, Gruber M, et al. Exposure to hurricane-related stressors and 

mental illness after Hurricane Katrina. Arch Gen Psychiatry 2007; 64: 1427–34. 

11. Kõlves K, Kõlves KE, De Leo D. Natural disasters and suicidal behaviours: a 

systematic literature review. J Affect Disord 2013;146: 1–14. 

12. Green BL, Lindy JD, Grace MC, Leonard AC. Chronic posttraumatic stress 

disorder and diagnostic comorbidity in a disaster sample. J Nerv Ment Dis 1992; 

180: 760–66. 



	   15	  

13. Brackbill RM, Hadler JL, DiGrande L, et al. Asthma and posttraumatic stress 

symptoms 5 to 6 years following exposure to the World Trade Center terrorist 

attack. JAMA 2009; 302: 502–16. 

14. Kessler RC, Galea S, Gruber MJ, Sampson NA, Ursano RJ, Wessely S. Trends in 

mental illness and suicidality after Hurricane Katrina. Mol Psychiatry 2008; 13: 

374–84. 

15. Weems CF, Pina AA, Costa NM, Watts SE, Taylor LK, Cannon MF. Predisaster 

trait anxiety and negative affect predict posttraumatic stress in youths after 

Hurricane Katrina. J Consult Clin Psychol 2007; 75: 154–59. 

16. Zubizarreta JR, Cerdá M, Rosenbaum PR. Effect of the 2010 Chilean earthquake 

on posttraumatic stress. Epidemiology 2013; 24: 79–87. 
17. Sullivan G, Vasterling JJ, Han X, et al. Preexisting mental illness and risk for 

developing a new disorder after Hurricane Katrina. J Nerv Ment Dis 2013; 201: 

161–66.  

18. Hanson B. Sumatra-Andaman earthquake. Learning from natural disasters. 

Introduction. Science 2005; 308: 1125.  

19. Telford J, Cosgrave J, Houghton R. Joint evaluation of the international response 

to the Indian Ocean tsunami: Synthesis report. London: Tsunami Evaluation 

Coalition, 2006. 

20. Swedish Government Official Report. Sweden and the tsunami: audit and 

propositions. Stockholm: Ministry of Finance, 2005 (in Swedish). 

21. Johannesson KB, Lundin T, Fröjd T, Hultman CM, Michel P-O. Tsunami-exposed 

tourist survivors: signs of recovery in a 3-year perspective. J Nerv Ment Dis 2011; 

199: 162–69. 

22. Johannesson KB, Michel P-O, Hultman CM, Lindam A, Arnberg F, Lundin T. 

Impact of exposure to trauma on posttraumatic stress disorder symptomatology in 

Swedish tourist tsunami survivors. J Nerv Ment Dis 2009; 197: 316–23.  

23. Statistics Sweden. Longitudinal integration database for health insurance and 

labour market studies. http://www.scb.se/en_/ Services/Guidance-for-researchers-

and-universities/ (accessed Dec 22, 2013).  

24. Swedish National Board of Health and Welfare. Quality and content of the 

National Patient Register. Stockholm: Swedish National Board of Health and 

Welfare, 2009 (in Swedish).  



	   16	  

25. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish 

personal identity number: possibilities and pitfalls in healthcare and medical 

research. Eur J Epidemiol 2009; 24: 659–67.  

26. WHO. ICD-10: International statistical classification of diseases and related 

health problems. 10th ed. Geneva: World Health Organization, 1992. 

27. Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of 

the Swedish national inpatient register. BMC Public Health 2011; 11: 450. 

28. North CS, Pollio DE, Smith RP, et al. Trauma exposure and posttraumatic stress 

disorder among employees of New York City companies affected by the 

September 11, 2001 attacks on the World Trade Center. Disaster Med Public 

Health Prep 2011;5 (suppl 2): S205–13. 

29. Tracy M, Norris FH, Galea S. Differences in the determinants of posttraumatic 

stress disorder and depression after a mass traumatic event. Depress Anxiety 2011; 

28: 666–75. 

30. Mullett-Hume E, Anshel D, Guevara V, Cloitre M. Cumulative trauma and 

posttraumatic stress disorder among children exposed to the 9/11 World Trade 

Center attack. Am J Orthopsychiatry 2008; 78: 103–08. 

31. Reijneveld SA, Crone MR, Verhulst FC, Verloove-Vanhorick SP. The effect of a 

severe disaster on the mental health of adolescents: a controlled study. Lancet 

2003; 362: 691–96. 

32. Friedman MJ, Resick PA, Bryant RA, Brewin CR. Considering PTSD for DSM-5. 

Depress Anxiety 2011; 28: 750–69. 

33. Nock MK, Hwang I, Sampson N, et al. Cross-national analysis of the associations 

among mental disorders and suicidal behavior: findings from the WHO World 

Mental Health Surveys. PLoS Med 2009; 6: 1000123. 

34. Kessler RC, McLaughlin KA, Koenen KC, Petukhova M, Hill ED. The 

importance of secondary trauma exposure for post-disaster mental disorder. 

Epidemiol Psychiatr Sci 2012; 21: 35–45.  

35. Scheeringa MS, Zeanah CH. Reconsideration of harm’s way: onsets and 

comorbidity patterns of disorders in preschool children and their caregivers 

following Hurricane Katrina. J Clin Child Adolesc Psychol 2008; 37: 508–18.  

36. Arnberg FK, Johannesson KB, Michel P-O. Prevalence and duration of PTSD in 

survivors six years after a natural disaster. J Anxiety Disord 2013; 27: 347–52.  



	   17	  

37. Michel PO, Rosendal S, Weisæth L, Heir T. Use of and satisfaction with support 

received among survivors from three Scandinavian countries after the 2004 

Southeast Asian tsunami. Eur Psychiatry 2011; 26: 436–40.  

38. Donker GA, van der Velden PG, Kerssens JJ, Yzermans CJ. Infrequent attendance 

in general practice after a major disaster: a problem? A longitudinal study using 

medical records and self-reported distress and functioning. Fam Pract 2008; 25: 

92–97.  

39. Stuber J, Galea S, Boscarino JA, Schlesinger M. Was there unmet mental health 

need after the September 11, 2001 terrorist attacks? Soc Psychiatry Psychiatr 

Epidemiol 2006; 41: 230–40.  

40. Rosendal S, Mortensen EL, Andersen HS, Heir T. Use of health care services 

before and after a natural disaster among survivors with and without PTSD. 

Psychiatr Serv 2014; 65: 91–97.  



	   18	  

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 

effects 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.  
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Figures	  

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.  

	  

	  
Figure 2. Risk of any psychiatric diagnosis, stress-related disorders, and PTSD in tsunami survivors 

We stratified survivors by disaster exposure and compared with matched unexposed individuals. HRs are 

adjusted for pre-disaster psychiatric diagnoses. Error bars are 95% CI. No cases of PTSD were reported in the 

low-exposure group. PTSD=post-traumatic stress disorder.  
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Tables	  
Table 1: Demographic characteristics and psychiatric history in the tsunami cohort and general Swedish 

population  

  
General population 

(N=7285292) 

Tsunami-exposed 

cohort 

(N=12734) 

  No. % No. % 

Age, years     

16–29 1 505 365 21 3 638 29 

30‒49 2 457 821 34 5 651 44 

>49 3 322 106 46 3 445 27 

Women 3 704 955 51 6 152 48 

Born in Sweden 6 272 329 86 11 383 89 

Post-secondary education*† 1 869 820 30 4 887 41 

Married or cohabiting* 3 084 784 44 5 041 42 

     

Yearly income in population top 20%* 1 445 547 20 4 273 34 

Unskilled or blue-collar occupation*§ 1 519 287 29 2 011 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.  
 



	   21	  

Table 2: Relative risks of psychiatric disorders and attempted suicide in adults during the 5 years after the tsunami  

Outcome 

Total Men Women 

No. (%) HR (95% CI) No. (%) HR (95% CI) No. (%) HR (95% CI) 

Exposed 

n=8762 

Unexposed 

n=864088 
Crude Adjusted* Exposed 

n=4544 

Unexposed 

n=448057 
Adjusted* 

Exposed 

n=4218 

Unexposed 

n=416031 
Adjusted* 

Any psychiatric disorder 547 (6.24) 47734 (5.52) 1.14 (1.04-1.24) 1.21 (1.11-1.32) 246 (5.41) 21519 (4.80) 1.17 (1.02-1.33) 301 (7.14) 26215 (6.30) 1.25 (1.11-1.40) 

Suicide attempt, definite 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) 18130 (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) 10922 (2.63) 1.19 (0.99-1.43) 

Alcohol abuse/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/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) 16434 (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) 10048 (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) 11.48 (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 specified.  
*Adjusted for any psychiatric disorder before the tsunami.  
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Table 3: Relative risks of psychiatric disorders and attempted suicide in children and adolescents  

Outcome 

Incidence, No. (%) Hazard ratio (95% CI) 

Exposed 

n=3742 

Unexposed 

n=320828 
Crude Adjusted* 

Any psychiatric disorder 248 (6.63) 22081 (6.88) 0.94 (0.83-1.06) 0.98 (0.86-1.11) 

Suicide attempt, definite 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/dependence 54 (1.44) 3633 (1.13) 1.24 (0.94-1.62) 1.25 (0.96-1.64) 

Substance abuse/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).  

*Adjusted for any own or parental psychiatric disorders before the tsunami.  
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Table 4: Relative risks of stress-related disorders and other psychiatric disorders at different times after 

the disaster  

 
Time from  
event, Mo. 

Incidence, No. (%) Hazard ratio (95% CI) 

Exposed Unexposed Crude Adjusted 
Adults  8762 864 088   
Stress-related  
disorders* 

0–3 56 (0.64) 637 (0.07) 8.58 (6.52-11.29) 10.89 (8.05-14.72) 

4–11 18 (0.21) 1179 (0.14) 1.49 (0.93-2.37) 1.63 (1.02-2.62) 

12–23 33 (0.38) 1763 (0.21) 1.86 (1.32-2.62) 2.00 (1.41-2.83) 

24–60 80 (0.93) 5252 (0.61) 1.52 (1.22-1.90) 1.62 (1.30-2.02) 

Other psychiatric 
disorders 

0–3 45 (0.51) 4771 (0.55) 0.93 (0.70-1.25) 1.08 (0.80-1.47) 

4–11 68 (0.78) 7348 (0.86) 0.91 (0.71-1.15) 0.98 (0.77-1.25) 

12–23 99 (1.15) 9450 (1.11) 1.03 (0.84-1.25) 1.09 (0.89-1.33) 

24–60 232 (2.74) 22500 (2.69) 1.01 (0.89-1.16) 1.05 (0.93-1.20) 

Children  3742 320 828   
Stress-related  
disorders* 

0–3 17 (0.45) 53 (0.02) 27.19 (15.46-47.82) 29.7 (16.42-53.77) 

4–11 2 (0.05) 131 (0.04) 1.25 (0.31-5.06) 1.19 (0.27-5.27) 

12–23 2 (0.05) 275 (0.09) 0.63 (0.16-2.54) 0.63 (0.16-2.54) 

24–60 18 (0.49) 1368 (0.43) 1.07 (0.67-1.71) 1.08 (0.67-1.73) 

Other psychiatric 
disorders 

0–3 17 (0.45) 1660 (0.52) 0.87 (0.54-1.41) 0.83 (0.49-1.41) 

4–11 30 (0.81) 3130 (0.98) 0.79 (0.55-1.14) 0.88 (0.61-1.28) 

12–23 33 (0.89) 3665 (1.16) 0.75 (0.53-1.06) 0.78 (0.56-1.11) 

24–60 145 (3.97) 13021 (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 specified.  

 

 

	  


