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Ágrip 

Inngangur: Rannsóknir á geðheilbrigði hafa í auknum mæli beint sjónum 

að áhrifum hamfara á þolendur. Hins vegar hefur engin rannsókn áður 

kannað heilsufar þolenda snjóflóða lengur en fyrstu árin eftir áfallið. 

Markmið þessarar rannsóknar var að kanna andlegt og líkamlegt heilsufar 

þolenda snjóflóða 16 árum eftir áfallið. Ennfremur að kanna hugsanlega 

áhættuþætti fyrir langvarandi áfallastreituröskun einkum hjá þeim sem voru 

börn þegar að áfallið átti sér stað. 

Þátttakendur og aðferðir: Þátttakendur voru 286 íbúar Súðavíkur og 

Flateyrar árið 1995 þegar snjóflóðin féllu, óháð því hvort þeir voru á 

staðnum eða ekki þegar snjóflóðin féllu og 357 íbúar Breiðdalsvíkur og 

Raufarhafnar (þorp sem eru ekki á snjóflóðahættusvæði) árið 1995. 

Svarhlutfall þolenda snjóflóðanna var 72% (286/399) og 66% (357/541) hjá 

samanburðarhópnum. Spurningalistar sem mátu bakgrunnsþætti, upplifun 

þolenda á snjóflóðunum og heilsufar voru sendir þátttakendum árið 2011. 

Einkenni áfallastreituröskunar voru metin með Posttraumatic Diagnostic 

Scale (PDS), svefnvandamál með Pittsburgh Sleep Quality Index (PSQI) og 

ÁSR tengd svefnvandamál með Pittsburgh Sleep Quality Index Addendum 

for PTSD (PSQI-A).  

Niðurstöður: Þolenda- og samanburðarhópur voru sambærilegir m.t.t. 

bakgrunnsþátta. Niðurstöður benda til að 16% þolenda snjóflóðanna upplifi 

ÁSR-einkenni tengd snjóflóðunum  (PDS stig > 14). Þolendur voru í 

aukinni áhættu á að upplifa einkenni um ofurárvekni (>85. hundraðsmark) 

(adjusted relative risk [aRR] = 1.83; 98.3% confidence interval [CI] 1.23–

2.74), einkenni frá stoðkerfi og taugakerfi (aRR 1.43; 99% CI 1.06–1.93) 

og meltingarfærum (aRR 2.16; 99% CI 1.21–3.86) en 

samanburðarhópurinn. Þolendur voru einnig líklegri til að upplifa almenn 

svefnvandamál (PSQI skor > 5) (aRR = 1.34; 95% CI 1.05–1.70) og 

svefnvandamál tengd ÁSR (PSQI-A skor ≥ 4) (aRR=1.86; 95% CI [1.30–

2.67]) en samanburðarhópurinn. Þegar svefntruflanir voru skoðaðar eftir 

þroskastigi kom í ljós að þolendur, sem voru börn þegar að snjóflóðin féllu, 
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voru 2.58  (95% CI 1.33-5.01) sinnum líklegri til að upplifa ÁSR- tengd 

svefnvandmál á fullorðinsárum en óútsettir jafnaldrar sínir, sérstaklega að 

bregðast líkamlega við draumum sínum (aRR=3.54; 95% CI 1.15-10.87). 

Hins vegar voru þolendur, sem voru fullorðnir þegar snjóflóðin féllu, 

líklegri til að upplifa áfallatengdar martraðir en óútsettir jafnaldrar þeirra 

(aRR=2.69; 95% CI 1.07-6.79 fyrir unga fullorðna, aRR=3.07; 95% CI 

1.51-6.24 fyrir fullorðna).  

Forspárþættir fyrir einkenni ÁSR í fjölbreytugreiningu voru skortur 

á félagslegum stuðningi (aRR 2.90; 95% CI 1.37-6.13) og fjárhagslegir 

erfiðleikar eftir hamfarirnar (aRR 2.47; 95% CI 1.16-5.26). Öfugt samband 

fannst á milli einkenna ÁSR og að veita aðstoð í eftirmála snjóflóðsins (aRR 

1.95; 95% CI 1.04-3.64). Þegar þeir þolendur, sem upplifðu snjóflóðin sem 

börn voru metnir sérstaklega, reyndust forspárþættir einkenna ÁSR 16 árum 

eftir áfallið í marghliða dreifigreiningu vera skortur á félagslegum stuðningi 

(t = 4.22, p <0.001) og áfallatengd viðbrögð umönnunaraðila eftir 

hamfarirnar  (t = 2.49, p <0.05). 

Ályktun: Niðurstöður benda til að hamfarir geti haft langvarandi áhrif á 

heilsu þolenda 16 árum síðar. Þau birtast sem streitutengd líkamleg 

vandamál, svefntruflanir og einkenni ÁSR. Hugsanlega er hægt að 

fyrirbyggja langtíma afleiðingar ÁSR með því að styrkja stuðningskerfi 

þolenda og leggja áherslu á að draga úr streitueinkennum ummönnunaraðila 

barna, sem eru þolendur. Niðurstöður undirstrika mikilvægi þess að 

þolendum hamfara standi til boða heilbrigðisþjónusta til langs tíma, þá 

sérstaklega gagnreynd meðferð við einkennum ÁSR og svefnmeðferð. 

 

Lykilorð: hamfarir, snjóflóð, áfallastreituröskun, svefn, andleg heilsa, 

líkamleg heilsa 
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Abstract 

Background and aims: Mental health research has increasingly focused on 

the detrimental consequences of disasters on the health of survivors. However, 

to date, no study has investigated the effects of avalanches on survivor’s health 

beyond the first years. The aim of this thesis was to examine long-term health 

status of avalanche survivors 16 years after exposure. Furthermore, we aimed 

to assess potential risk factors for posttraumatic stress disorder (PTSD) 

symptoms among survivors in the long-term; particularly among those who 

were children at the time of the trauma.  

Materials and methods: Participants were 286 inhabitants of avalanche 

stricken towns (Sudavik and Flateyri) in the Westfjords of Iceland in 1995 

(exposed group), irrespective of whether they were in or out of town at time of 

the avalanches and 357 residents of two towns in 1995 (Breiddalsvik and 

Raufarhofn) not geographically threatened by avalanches (unexposed group). 

Response rate for the avalanche survivors was 72% (286/399) and 66% 

(357/541) in the comparison group. Self-report questionnaires were sent in 

2011 assessing background characteristics, disaster-related experiences and 

physical and mental health status. PTSD symptoms were assessed with the 

Posttraumatic Diagnostic Scale (PDS); sleep problems with the Pittsburgh 

Sleep Quality Index (PSQI) and PTSD-related sleep disruptions with the 

Pittsburgh Sleep Quality Index Addendum for PTSD (PSQI-A).  

Results: The avalanche and comparison groups where similar on all 

background characteristics. Results indicate that overall 16% of survivors 

experience current avalanche specific PTSD symptoms (PDS score > 14). In 

addition, compared to the non-exposed group, survivors present with increased 

risk of PTSD hyperarousal symptoms (>85th percentile) (adjusted relative risk 

[aRR] = 1.83; 98.3% confidence interval [CI] 1.23–2.74), musculoskeletal and 

nervous system problems (aRR 1.43; 99% CI 1.06–1.93) and gastrointestinal 

problems (aRR 2.16; 99% CI 1.21–3.86). 

Of sleep-related disturbances, we found that survivors were at 

increased risk of both general sleep-related problems (PSQI score > 5) (aRR = 
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1.34; 95% CI 1.05–1.70) and PTSD-related sleep disturbances (PSQI-A score 

≥ 4) (aRR=1.86; 95% CI [1.30–2.67]) compared to the non-exposed group. 

When assessing sleep disturbances across the developmental spectrum, we 

found that survivors who were children at the time of the disaster were 2.58 

times (95% CI 1.33-5.01) more likely to have PTSD-related sleep disturbances 

in adulthood than their non-exposed peers, especially symptoms of acting out 

dreams (aRR=3.54; 95% CI 1.15-10.87). Those who were adults at time of the 

exposure however had increased risk of trauma-related nightmares (aRR=2.69; 

95% CI 1.07-6.79 for young adults, aRR=3.07; 95% CI 1.51-6.24 for adults) 

compared to their non-exposed peers.  

Among avalanche survivors, predictors of clinically significant PTSD 

symptoms (CS-PTSDS) in a multivariate analysis were lack of social support 

(aRR 2.90; 95% CI 1.37-6.13) and financial hardship in the aftermath of the 

trauma (aRR 2.47; 95% CI 1.16-5.26). In addition, providing assistance in the 

aftermath of the avalanche (aRR 1.95; 95% CI 1.04-3.64) was inversely 

associated with CS-PTSDS. When examining childhood survivors separately, 

independent predictors of PTSD symptoms 16 years post-trauma in a 

multivariate regression model were lack of social support (t = 4.22, p <0.001) 

and traumatic reactions of caregivers in the aftermath of the disaster (t = 2.49, 

p <0.05). 

Conclusions: The results indicate that disasters can have long-standing effects 

on survivor’s health 16 years later, manifesting as sleep disturbances, stress-

related physical symptoms and PTSD symptomology. The long-term sequelae 

of PTSD symptoms may be prevented by strengthening survivor’s support 

systems and for children, focusing on alleviating caregiver’s distress 

symptoms. Results highlight the need for health care services to provide long-

term assistance to disaster communities, especially evidence-based PTSD and 

sleep treatment. 

 

 

Keywords: disaster; avalanche; posttraumatic stress disorder; sleep; mental 

health; physical health 
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1  Introduction 

The majority of mankind experiences a traumatic event during their 

lifetime, defined as exposure that involves actual or threatened harm to 

one’s safety or integrity of life and that has a negative impact and outcome 

(Kilpatrick et al., 2013). The types of traumatic events experienced range 

from individual exposure (e.g., interpersonal violence) to disasters 

(American Psychiatric Association, 2013). Disasters affect millions of lives 

annually worldwide and are defined as time-delimited events which have 

an acute onset and are collectively experienced (McFarlane & Norris, 

2006). In the year 2014, 324 disasters were registered worldwide, with an 

estimated 140.8 million victims, many of them children (Guha-Sapir et al., 

2015). It is estimated that 10-17% of individuals will experience a disaster 

in their lifetime (Darves-Bornoz et al., 2008; Kessler et al., 1995). 

Disasters can have detrimental consequences at the individual and 

community level, altering the infrastructure of societies and causing both 

physical and psychological suffering among those affected. Mental health 

research has increasingly focused on the adverse consequences of disasters 

on the health of survivors. However, despite a vast amount of research 

conducted on disaster survivors, the majority of studies have been short-

term follow up (within one year) (Norris & Elrod, 2006) and disaster 

literature reviews continue to highlight the need to extend previous research 

by looking at the course of psychological morbidity over a longer time 

period (Goldmann & Galea, 2014; Neria et al., 2009). Therefore, the 

overarching aim of this thesis was to advance our understanding of the 

consequences of disasters on survivor’s health, by examining mental and 

physical health outcomes 16 years after two catastrophic avalanches.  
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1.1 Health consequences of disasters 

Disaster exposure has been associated with a range of adverse outcomes. A 

systematic review of the disaster literature of 60,000 disaster survivors 

revealed that 77% of 160 identified studies reported specific psychological 

disorders in disaster exposed populations; posttraumatic stress disorder 

(PTSD) being the condition most often assessed (68%), followed by 

depression (36%) and anxiety (20%) (Norris, Friedman, et al., 2002). Health 

problems and concerns, such as self-reported sleep disruption and somatic 

complaints were reported in 23% of the 160 studies reviewed. 

Previous disaster studies have shown that a large proportion of early 

post-disaster psychological symptoms resolve in the first few months after 

disasters (Neria et al., 2008). For instance, in a 5 year follow-up of Swedish 

childhood survivors of the 2004 Sumatra–Andaman earthquake (N=3,742), 

overall risk for stress disorders was present only in the first three months 

post-disaster, and no difference was found at other time points among 

survivors compared to controls indicating potential resiliency among the 

youngest survivors (Arnberg et al., 2015). Other studies have indicated a 

chronicity of symptoms. In a prospective study of inhabitants of 

communities struck by a an earthquake in South Iceland in 2000, we found 

only a reduction in anxiety symptoms between two and twelve months post-

disaster, with PTSD and depressive symptoms remaining fairly constant 

across time (Gudmundsdottir et al., 2016). 

Although limited in number, research on the long-term effect of 

disasters (> 10 years) indicates that survivors may suffer from a range of 

adverse mental health symptoms, up to decades later (Galea et al., 2005; 

Norris, 2006; Norris, Friedman, et al., 2002). For instance, 27 years after 

the North Sea oil rig disaster, survivors were three times more likely to have 

a psychiatric disorder than a comparison group (Boe et al., 2011). 



 

17 

Furthermore, disaster survivors have been more likely to suffer from 

additional problems such as chronic anxiety, sleep-related disturbances (van 

der Velden et al., 2013), and gastrointestinal and respiratory diseases than 

comparison groups in the long-term (Zaetta et al., 2011).  

To date, the vast majority of natural disaster studies have focused on 

the health of survivors of earthquakes, hurricanes and floods (Galea et al., 

2005). Overall, only four published studies have assessed the psychological 

effects of avalanches on survivors’ health. Two previous studies assessed 

the mental health of the present study population 3-14 months post-

avalanche (Asmundsson & Oddsson, 2000; Finnsdottir & Elklit, 2002) and 

two studies have assessed PTSD prevalence in soldiers exposed to 

avalanches 2 weeks to 17 months post-disaster (Herlofsen, 1994; Johnsen 

et al., 1997). Mainly assessing PTSD prevalence, these previous studies 

have indicated that avalanche exposure can have adverse effects on 

survivors’ health.  

1.2 Posttraumatic stress disorder 

PTSD symptoms have been characterized by a failure to recover from a 

stress reaction following exposure to a traumatic event (Kessler et al., 

1995). Diagnostic criteria for PTSD according to the Diagnostic and 

Statistical Manuel for Mental Disorders 4th edition includes symptoms of 

re-experiencing (e.g., reoccurring distressing dreams of the event, recurrent 

and intrusive recollections of the event), avoidance (e.g., avoiding thoughts 

or feelings related to the trauma), and hyperarousal (e.g., hypervigilance, 

difficulty concentrating). The disorder must cause clinically significant 

distress or impairment in important areas of functioning (American 

Psychiatric Association, 2000). 

Previous research on the trajectories of PTSD has indicated that for 
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most of trauma survivors, PTSD symptoms remit over time (Rothbaum et 

al., 1992). However, for a subgroup of survivors symptoms become 

persistent and last for years post-trauma (Kessler et al., 1995). PTSD 

symptoms can have detrimental consequences on the functional status of 

those suffering from the disorder. Previous research has for instance found 

PTSD to be associated with both low income, unemployment (Savoca & 

Rosenheck, 2000; Smith et al., 2005) and disability (Byers et al., 2014; 

Wittchen et al., 2011). PTSD has in addition been found to have adverse 

effects on multiple areas of children’s lives, such as their social functioning 

and academic performance (National Institute for Health and Clinical 

Excellence, 2005).  

Greater traumatic event exposure has also been associated with 

increased PTSD symptomology. In a large-scale epidemiological study (N 

= 51,295) analyzing data from 20 population surveys in the World Health 

Organization World Mental Health Survey Initiative, Karam and co-

workers (2014) found that PTSD symptoms attributed to four or more 

traumatic events were associated with elevated hyperarousal symptoms, 

greater functional impairment and a longer duration of symptoms compared 

to PTSD symptoms attributed to fewer events. 

Disasters and PTSD 

Previous literature has shown that disasters can have a negative impact on 

survivor’s mental health with PTSD being one of the most common mental 

health problems following disasters (Goldmann & Galea, 2014). The 

prevalence of PTSD after natural disasters ranges from 4-60% among adult 

survivors, with most studies reporting estimates below 30% (Galea et al., 

2005; Neria et al., 2008). In a large epidemiological study, Kessler and 
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colleagues (1995) estimated the prevalence of PTSD attributed to disasters 

to be 4-5% in the general population. 

 The prevalence of PTSD documented after natural disasters tends to 

be lower than after trauma resulting from technological or man-made 

disasters. This is likely explained by variance in degree of exposure between 

these disaster types. Natural disasters often affect large geographical areas 

with study populations consisting of both direct and indirect victims. The 

prevalence of PTSD tends to be substantially higher among direct disaster 

victims (e.g. those who are close to the epicenter of the event, sustain 

injuries, lose a loved one or suffer economic loss) than indirect victims (30-

40% vs. 5-10% respectively) (Neria et al., 2008), explaining in part the 

variance of PTSD between disaster types. 

In line with research of other trauma types, PTSD symptomology 

has been found to remit for the majority of survivors over time. For instance, 

a study of victims of Hurricane Ike in the USA found that hurricane-related 

PTSD rates decreased from 7% two to six months post-disaster to 3% 14-

18 months after the event (Pietrzak et al., 2012). However, disaster research 

has indicated that for a subgroup of disaster survivors, PTSD symptoms can 

become persistent decades post-trauma. This is evidenced by studies such 

as the follow-up of adult survivors of the Buffalo Creek dam collapse in 

West Virginia, USA, of whom 25% were experiencing PTSD symptoms 14 

years later (Green et al., 1990). High rates of PTSD (21%) have also been 

documented among adult survivors of the Vojant disaster 36 years post-

trauma (Favaro et al., 2004) and the Piper Alpha oil platform disaster in 

Scotland, ten years post-trauma (Hull et al., 2002). To the best of my 

knowledge, only one Icelandic study has examined the long-term effect of 

disasters. Of male seamen (N=112) involved in potentially life-threatening 
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disasters at sea (e.g. sinking of ship, fire onboard), 33% experienced some 

PTSD symptoms 5 to 11 years post-disaster (Lindal & Stefansson, 2011). 

A few studies have examined the course of PTSD among disaster 

survivors over a decade post-trauma. Van der Velden and colleagues (2013) 

found that approximately 10% of survivors with severe symptoms 2-3 

weeks after the event, developed persistent symptoms. Overall, seven 

percent of the survivors were experiencing PTSD symptoms 10 years post-

disaster. In another longitudinal assessment at 4 time points after the MS 

Estonia ship disaster, survivor’s PTSD symptoms decreased from 3 months 

to 1 year, but minor changes was observed thereafter, with 27% of survivors 

experiencing PTSD symptoms 14 years after the ship sank (Arnberg et al., 

2011).  

In line with these findings, a recent meta-analysis of studies 

assessing spontaneous PTSD remission rates (i.e., recovery without 

treatment) found that PTSD remission rates varied greatly (17% - 89%) 

regardless of the time period between baseline and follow-up (Morina et al., 

2014) indicating that additional study is needed to understand recovery from 

natural disasters.  

PTSD prevalence in childhood disaster survivors 

As with the adult literature, the effect of natural disasters on children’s 

psychological health in the long-term has received limited attention 

(Terasaka et al., 2015) and previous reviews have emphasized the need for 

further studies examining the long-term impact of disasters on children 

(Furr et al., 2010). The prevalence of PTSD symptoms among children 

affected by disasters varies greatly between studies (from 1 to 95%) (C. W. 

Wang et al., 2013). Longterm studies (> 10 years) of childhood survivors 

have mainly focused on man-made disasters rather than natural disasters, 
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showing prevalence of PTSD to range from 7% to 29% (Green et al., 1994; 

Morgan et al., 2003). For instance, in a 17-year follow-up of children 2 to 

15 years old exposed to the Buffalo Creek dam collapse, 7% had PTSD 

symptoms in adulthood. These rates had decreased from 32% two years 

post-disaster, indicating substantial recovery (Green et al., 1994). In a 33 

year follow-up of 41 pre-school and school-aged children of the Aberfan 

disaster, Morgan and co-workers (2003) found 29% of survivors to be 

experiencing PTSD symptoms. However, Morgan et al.’s (2003) findings 

are limited by a low response rate of 36%. In a shorter follow-up study of 

childhood survivors, Yule and co-workers (2000) found that of 217 

adolescents who had survived a shipping accident, 34% had PTSD 

symptoms when they were young adults, 5 to 8 years post-disaster. 

To date, the majority of studies assessing PTSD symptoms among 

childhood survivors of natural disaster have been short-term, and only two 

longitudinal studies have assessed PTSD past a ten year time point 

(Terasaka et al., 2015). These two studies found PTSD symptoms to persist 

into adulthood for 15% (McFarlane & Van Hooff, 2009) and 21% (Najarian 

et al., 2011) of the childhood survivors under study.  

To the best of my knowledge, only one previous Icelandic study has 

focused on the health of childhood survivors. Three months after the 

earthquakes in South Iceland in 2000, 33% of children in the area hardest 

hit by the earthquakes showed moderate to severe PTSD symptoms 

(Bodvarsdottir et al., 2006). 

Taken together, the disaster literature indicates that for a subgroup 

of childhood and adult survivors, PTSD symptoms may persist for years, 

even decades post-trauma. Identifying risk factors associated with chronic 

PTSD is therefore critical to the alleviation of symptoms for those suffering 
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in the long-term as well as for the development of effective prevention 

strategies. 

Risk factors for PTSD 

Identifying risk factors associated with disaster-related PTSD are important 

in order to identify those most prone to suffer in the long-term. Previous 

literature has identified various factors influencing post-trauma recovery. In 

a meta-analysis examining predictors of PTSD using data from 10 different 

disasters (811 disaster survivors), North and colleagues (2012) found 

individual characteristics (e.g., female sex, younger age, less education) and 

disaster agent characteristics (e.g., disaster injury, and witnessing injury or 

death) to be the strongest predictors for PTSD one to six months post-

disaster. Importantly, research indicates that the effect of risk and resilience 

factors may differ at various time points post-trauma. For instance, in an 

extensive meta-analysis of risk factors of PTSD, Ozer and colleagues 

(2003) found that social support was a greater predictor of PTSD in long-

term studies in comparison to studies assessing PTSD in the short-term (3 

years of less post-trauma). 

The disaster trauma theory is a conceptual model highlighting 

factors which contribute to both resilience, recovery and symptomology 

post-disaster (North, 2004). The domains of the model include: individual 

characteristics of survivors (i.e., gender and age), disaster agent 

characteristics (i.e., injury and deaths caused by the disaster), secondary 

sequelae factors (i.e., loss of social support) and community factors (i.e., 

societal experience and community cohesion) (see Figure 1). 
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Figure 1. Modified version of North’s (2004) disaster model. 

 

Of individual characteristics in North’s model, previous research has found 

female sex to be a prominent risk factor of PTSD in childhood, adolescence 

(Alisic et al., 2014) and adulthood (Tolin & Foa, 2006), with females having 

about two-fold risk of PTSD. The relationship between PTSD and sex is 

complex and various theories have hypothesized why females are of greater 

risk of symptomology than males. Among these are theories that females 

internalize distress symptoms as opposed to males who show more external 

difficulties and that females experience greater feelings of self-blame than 

males (Masten & Narayan, 2012; Tolin & Foa, 2006). The relationship 

between PTSD and developmental stage at the time of trauma is also 

complex and overall; research on the topic has yielded mixed results. 

North’s review of disaster studies found younger adults to be at greater risk 

of PTSD than older adults (North et al., 2012). In an indepth review of 
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disaster studies Norris and colleauges (2002) found middle aged adults to 

be at greater risk of PTSD than younger and older adults. However, other 

studies have emphasized the important role of cultural and economic factors 

and found them to have a greater effect on PTSD than age (Norris, Kaniasty, 

et al., 2002). A meta-analysis of risk factors for PTSD among childhood 

survivors (N=32,238) revealed that in line with the adult literature, age had 

a weak association with PTSD (Trickey et al., 2012).  

Various disaster agent characteristics have been associated with 

adverse health outcomes, with extent of exposure being the most 

consistently documented determinant of PTSD (Galea et al., 2005). In a 

study assessing the effect of the Eyjafjallajokull eruption in 2010 on 

inhabitants of communities near the volcano, we found high exposure levels 

to be positively associated with PTSD symptoms 6-9 months post-disaster 

(Gissurardottir et al., 2016). In van der Velden and colleagues (2013) long-

term study of disaster survivors, those highly exposed were four times more 

likely to experience chronic PTSD than low exposed survivors. PTSD 

prevalence has also been found to be higher in survivors of disasters that 

lead to casualties and vast destruction (Galea et al., 2005). 

A range of disaster agent characteristics have been associated with 

PTSD among survivors. Loss of family or friends and losing a home or other 

property in the disaster has been associated with elevated PTSD 

symptomology among adult survivors (Neria et al., 2008). Similar findings 

have been reported among youth affected by disasters (Pfefferbaum, Jacobs, 

Griffin, et al., 2015). For instance, Adams and co-workers (2014) reported 

that injury of a family member increase the risk of PTSD among adolescents 

affected by Hurricane Katrina in the USA. Furthermore, in a meta-analysis 

by Furr and co-workers (2010) risk factors for PTSD among children 
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included loss of a loved one as well as children’s subjective experience of 

the event, such as distress at the time of the disaster and perceived threat.  

Secondary sequelae events can have a substantial impact on the 

progression of symptomology. Previous research has found financial 

difficulty, loss of a job, forced relocation and loss of essential resources, 

such as access to health care to be associated with increased risk of PTSD 

symptoms (Goldmann & Galea, 2014; Norris, Friedman, et al., 2002). In 

addition, lack of social support has been found to be prominent risk factor 

for PTSD among childhood (Pfefferbaum, Jacobs, Houston, et al., 2015), 

adolescent (Paul et al., 2015) and adult disaster survivors (Galea et al., 

2005). In a meta-analysis of risk factors for PTSD in trauma exposed 

children and adolescents (N=32,238) Trickey and co-workers (2012) found 

post-trauma factors such as social support and family functioning to have a 

larger effect size than pre-trauma factors such as gender and age. 

Disasters can lead to disturbances in family functioning and cause 

psychopathological problems among both children and their caregivers. 

Parent’s mental health can have a substantial impact on their children’s well 

being. PTSD symptoms in parents have for instance been shown to correlate 

with child distress and behavioral problems (Lambert et al., 2014) and 

PTSD (Dyb et al., 2011; Scheeringa & Zeanah, 2008). A recent meta-

analysis highlighted the impact of caregiver’s psychological health on 

children’s symptoms, finding no difference between parental PTSD and 

child distress depending on whether only the parent experienced the event 

or both the parent and child experienced the event (Lambert et al., 2014). In 

line with these findings, a recent review found a supportive environment 

post-trauma to be the strongest indicator of recovery among childhood 

disaster survivors (Pfefferbaum, Jacobs, Houston, et al., 2015). 
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 Of community factors, participating in disaster work such as search 

and rescue has also been associated with PTSD symptomology in 

community volunteers (Thormar et al., 2014). In a study of rescue workers 

of the avalanches under study (N=168; 95% males), we found that voluntary 

rescue workers were more likely to suffer from PTSD symptoms than 

professionals 3-14 months following these demanding rescue missions 

(Haraldsdottir et al., 2014).  

Long-term follow-up studies of disaster survivors may offer 

valuable input to the disaster literature about the attribution of risk factors 

that maintain PTSD symptomology as well as factors who protect against 

the development of PTSD. 

1.3 Sleep disruptions 

Sleep disturbances are a core feature of PTSD (Spoormaker & 

Montgomery, 2008), with an estimated 70% to 90% of adults with PTSD 

having difficulty initiating and maintaining sleep and up to 70% of them 

experiencing nightmares (Maher et al., 2006). Sleep disturbances in trauma 

survivors have been documented during both rapid eye movement (REM) 

and non-rapid eye movement (nREM) sleep stages. Disruptive nocturnal 

behaviors (DNB) such as excessive movements, and vocalizations have also 

been found to be characteristic of adult trauma survivors, leading to the 

development of a specific screening tool for PTSD related sleep 

disturbances (Germain et al., 2005). Treatment of sleep disturbances in 

trauma survivors can improve sleep quality as well as reduce overall PTSD 

symptoms (Kovachy et al., 2013), particularly PTSD arousal symptoms 

(Rusch et al., 2015). However, in PTSD treatment, sleep impairment is a 

frequent residual complaint and often continues to negatively impact trauma 

survivors’ lives in the long-term (Spoormaker & Montgomery, 2008). 
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Recently, a unique sleep disorder “Trauma associated sleep disorder” was 

proposed by Mysliwiec and colleagues (2014) to identify and treat trauma 

survivors suffering from DNB, nightmares and REM without atonia. 

Sleep is a complex neurophysiological process with each 

developmental period during the lifespan being characterized by different 

sleep behaviors (D’Ambrosio & Redline, 2014). Age has been found to be 

the most consistent factor influencing sleep patterns (Carskadon & Dement, 

2011). While nREM sleep is usually associated with minimal or fragmented 

mental activity, REM sleep is defined by electroencephalogram (EEG) 

activation, muscle atonia and episodic bursts of rapid eye movements. In 

short, REM sleep is an activated brain in a paralyzed body. REM sleep 

affects both memory functioning and mood, and is particularly important 

during early stages of development and it is hypothesized that this stage of 

sleep provides neural stimulation to form mature neural connections in 

infants (D’Ambrosio & Redline, 2014). Slow-wave sleep, occurring in 

nREM sleep, is maximal in young children and decreases with age, 

declining by 40% from adolescence to adulthood. By the end of puberty, 

sleep patterns mainly resemble the 90-minute nREM-REM cycles in adults 

(Carskadon & Dement, 2011).  

Previous research lends support to the REM sleep stage being 

devoted to emotional memory processing. Goldstein and Walker (2014) 

proposed that REM sleep aids in separating emotion from memory, with 

this stage of sleep enabling us to forget the emotional tone of an experience 

but remembering the memory. They hypothesize that the role of the brain 

during REM sleep is to maintain the memory of an emotional event, while 

depleting the emotional tone of that experience. A malfunction in this 

process would result in chronic anxiety within autobiographical memory 
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networks. According to Goldstein and Walker’s (2014) theory, nightmares 

post-trauma can be explained as a failure to deplete the emotional tone of a 

traumatic experience. REM sleep may therefore be a crucial area of focus 

in trauma recovery.  

The sleep literature has emphasized the importance of assessing the 

contribution of the age at time of trauma exposure to enduring sleeping 

problems (Willis & Gregory, 2010). Although less researched, previous 

studies have shown that trauma exposed children have higher frequency of 

sleep disturbances than non-trauma exposed population controls (Kovachy 

et al., 2013). For instance, Chemtob and colleagues (2008) found that 

preschool children exposed to high intensity events related to the World 

Trade Center disaster were more likely to suffer from sleep disturbances 

three years post-trauma compared to non-exposed children.  

A recent review of studies (N=30) assessing the impact of adverse 

childhood experiences on sleep in adulthood found that the majority of 

studies showed significant associations between adverse childhood 

experiences and sleep problems in adulthood such as nightmares, 

narcolepsy and problems falling and staying asleep (Kajeepeta et al., 2015). 

In one of the most extensive cohort studies to date (N= 17,337), having 

experienced an adverse childhood experience was associated with disturbed 

sleep in adulthood, specifically having difficulty with sleep initiation and 

sleep maintenance as well as feeling tired after sleeping when compared to 

adults with no adverse childhood experience. Furthermore, the strength of 

these associations increased with the number and severity of adverse 

childhood experiences (Chapman et al., 2011). In one of the largest studies 

to date assessing the relationship between sleep quality in adulthood and 

childhood stressors among 25,605 Finns, Koskenvuo and colleagues (2010) 
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found a strong association between childhood adversities and poor sleep 

quality in adulthood.  

Previous research on sleep problems in the aftermath of disaster has 

mainly focused on the first years post-trauma. The majority of these studies 

indicate an increased risk of sleep problems in disaster survivors (Brown et 

al., 2011; Grievink et al., 2007; Tempesta et al., 2013). Although limited in 

number, studies on the long-term effect of disasters indicate that survivors 

may suffer from sleep-related disturbances up to decades later (van der 

Velden et al., 2013). For instance, in a 33 year follow-up of childhood 

survivors of a disaster in Aberfan, South Wales, 34% of survivors were still 

experiencing bad dreams or difficulty sleeping due to intrusive thoughts 

(Morgan et al., 2003). 

1.4 Physical health problems 

Previous research has consistently found trauma exposure to be associated 

with physical health problems. A meta-analysis of 71 studies assessing the 

association of traumatic experiences and functional somatic symptoms 

(e.g., chronic fatigue syndrome, fibromyalgia and irritable bowel syndrome) 

found that individuals who had experienced trauma during childhood or 

adulthood were 2.7 times more likely to suffer from somatic symptoms than 

non-exposed individuals (Afari et al., 2014). Consistent with these findings, 

disaster research indicates that both medically explained and unexplained 

symptoms are more prevalent among survivors than the general population 

(van den Berg et al., 2005; Yzermans et al., 2009). A meta-analysis of 57 

studies of disaster survivors concluded that medically unexplained health 

symptoms (e.g., physical health symptoms that provoke care-seeking but 

have no clinically determined pathogenesis), such as pain, headaches and 
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fatigue, were more common among survivors than the general population, 

in studies conducted up to 11 years post-disaster (van den Berg et al., 2005). 

In addition, the comorbidity between physical health symptoms and 

PTSD symptoms is well documented. Pacella and colleagues (2013) meta-

analysis of 62 studies evaluating the impact of PTSD on health, found the 

disorder to be associated with a range of health problems, such as 

gastrointestinal symptoms and musculoskeletal pain. Interestingly, previous 

research has found PTSD symptom severity to mediate the relationship 

between trauma exposure and a range of physical symptoms, such as 

cardiovascular, gastrointestinal, musculoskeletal and neurological 

symptoms (Wachen et al., 2013). Supporting this mediating role of PTSD 

in the relationship between trauma and health problems are studies 

evidencing that PTSD treatment independently improves adverse physical 

symptoms among trauma survivors (Shipherd et al., 2013). It has been 

hypothesized that the distress caused by traumatic events is a major factor 

in the allostatic load that results in physical diseases such as hypertension 

and arthritis (McEwen & Wingfield, 2003). 

Previous findings indicate that individuals experiencing PTSD 

symptoms are more likely to be high users of primary care services due to 

physical health symptoms (Deykin et al., 2001). Despite the strong 

association of physical health problems and PTSD, research indicates that 

the disorder remains highly undetected in primary care settings (Greene et 

al., 2016).  

1.5 Avalanches in the Icelandic Westfjords in 1995 

Iceland is a remote island of approximately 332 thousand inhabitants, 

located on the Mid-Atlantic ridge. The country is prone to natural disasters 

such as avalanches and landslides, volcanic eruptions and earthquakes. 
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Sixty-eight natural disasters occurred in the country from 1900-2008 

(Gylfason, 2008). Of natural disasters, avalanches have been among the 

most severe disasters in Iceland, claiming the lives of 166 people during the 

last century (Johannesson & Arnalds, 2001). 

In 1995, two small towns in the Westfjords in Iceland, Flateyri and 

Sudavik, were struck by avalanches without warning. The avalanche in 

Sudavik fell on January 16th at approximately quarter past six in the 

morning, destroying 16 houses in which 47 people were sleeping. Nineteen 

people were able to escape from beneath the snow on their own, 14 were 

rescued, and 14 died, thereof 8 children. The avalanche in Flateyri fell on 

October 26th at around 4:00 a.m. The avalanche destroyed 33 houses in 

which 54 people were sleeping; taking the lives of 20 people, thereof 5 

children (Bernhardsdottir, 2001). The avalanches had profound effects on 

the majority of residents of these communities, with 85% of Flateyri 

residents reporting that their own life was threatened or the lives of others; 

87% reporting anxiety and/or helplessness and 83% reporting someone 

close to them dying or sustaining injuries, when assessed 3-14 months post-

disaster. In comparison to population controls, adult survivors were more 

likely to consume alcohol and meet criteria for psychiatric caseness based 

on the General Health Questionnaire at this time point (Finnsdottir & Elklit, 

2002; Thorgrimsdottir, 2013). Furthermore, approximately 40% of 

survivors were suffering from PTSD symptoms 3-14 months after the two 

avalanches. Risk factors for PTSD symptoms were female sex, loss of a 

loved one, being parted from family members, experiencing property 

damage and job loss as a result of the disaster (Asmundsson & Oddsson, 

2000). 



 

32 

I conducted a pilot study under the supervision of the late Jakob 

Smári, Professor of Psychology, assessing PTSD symptoms among adult 

survivors of the avalanche in Sudavik 12 years post-disaster, as my bachelor 

thesis in psychology (Thordardottir, 2008). This was the first follow-up 

study done on the well being of survivors. Results of the study indicated 

that 18% of adult survivors were suffering from PTSD symptoms 12 years 

after the avalanche. This pilot study was the main incentive for my doctoral 

project.  

 

 

 

 

 



 

33 

2 Aims 

The overarching aim of this thesis was to enhance our understanding of the 

long-term impact of natural disasters on survivor’s health. With increased 

knowledge of the impact of disasters on survivors’ well being, societies can 

improve emergency responses and services for disaster survivors. 

Furthermore, by targeting risk factors for adverse health outcomes, 

preventive measures can be improved to lessen the suffering of those 

affected by disasters.  

Paper I 

Aims: To examine the mental and physical health (e.g., PTSD, depression 

and anxiety symptoms, sleeping problems, adverse physical symptoms) of 

avalanche survivors 16 years after exposure, with a matched cohort in a 

control town.  

Paper II 

Aims: To examine sleep quality across the developmental spectrum among 

avalanche survivors 16 years after exposure as compared to a matched 

comparison cohort.  

Paper III  

Aims: To identify factors associated with clinically significant PTSD 

symptoms 16 years post-disaster among avalanche survivors, using North’s 

model as a framework. 
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Paper IV 

Aims: To examine risk factors for PTSD symptoms among childhood 

avalanche survivors (2-19 years old at the time of exposure) using North’s 

model as a framework and to assess the relationship between socioeconomic 

status and PTSD symptoms 16 years post-disaster. 

 

 

 

 



 

35 

3 Materials and methods 

The research project consists of interviews and a questionnaire survey. The 

National Bioethics Committee of Iceland granted permission for the project 

(VSNb2009080005/03.7) and the Icelandic Data Protection Authority was 

notified of the study. 

3.1  Preparation of the study 

My bachelor thesis in psychology consisted of a questionnaire survey to 46 

adult survivors of the avalanche in Sudavik (Thordardottir, 2008). The 

research project was a quantitative study, consisting of self-report 

questionnaires with few open-ended questions. Interestingly, many 

participants wrote on the sidebars and back of the papers about their 

experience, offering valuable insight into these tragic events, which could 

not have been accounted for with direct questions. Therefore, in my PhD 

study I felt that it was important to engage in interviews with survivors prior 

to sending out the questionnaire.  

Interviews were prepared by drafting a list of questions based on the 

results of my pilot study as well as on the previous literature in the disaster 

field. The objective of the interviews was to obtain a deeper understanding 

of survivors experience and identify key themes related to the trauma. I 

advertised for participants for the interviews on the local radio and 

newspaper, Baejarins Besta, in the Westfjords. In-depth interviews were 

taken with nine childhood and adult survivors of the avalanches, in 2010. 

Topics that came frequently up in the interviews were added to the 

questionnaire.  
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The main topics that were added to the questionnaire after the interviews 

were related to the psychological first aid survivors sought post-disaster, the 

rescue work that survivors took part in before formal help arrived, the 

restoration and rebuilding of the communities post-disaster and the value of 

having Red Cross centers open post-disaster. Interviewees talked about the 

positive effect of assisting in the aftermath of the trauma, referred by one 

interviewee as “the help in helping others”. Another important theme that 

emerged was the secondary stress survivors were faced with related to 

financial difficulty, insurance issues and securing housing post-disaster. In 

addition, the lack of assistance in the long-term, both with regard to 

psychological service as well as financial assistance in rebuilding the 

community were mentioned as additional stress factors. Survivors also 

mentioned how valuable it was to receive post-disaster support and 

consultation from people they knew in the community.  

After drafting the questionnaire I returned to the Westfjords and 

pretested the questionnaire on seven avalanche survivors whom I had 

previously interviewed and had accepted to take part in the pretesting phase. 

The final questionnaire was then constructed based on themes from the 

interviews as well as the pretesting phase. 

3.2 Participants 

Participants were 286 individuals residing in Sudavik and Flateyri in 1995 

when the avalanches occurred, irrespective of whether they were in or out 

of town at the time of the avalanches. Residential records from 1995 with 

contact information for residents of these towns were obtained from the 

Icelandic bureau of statistics, Statistics Iceland. With identical means we 

further identified a comparison group of 357 residents of two towns 

(Breiddalsvik and Raufarhofn) in 1995 with similar living conditions 
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(fishing towns) but not geographically threatened by avalanches. In 2011, 

we attempted to contact all living residents in these towns, 18 years or older, 

residing anywhere in Iceland with an active phone number or address. 

Individuals who were currently residing abroad were not included in the 

study as no information was available about their addresses overseas. 

In Paper II developmental stages were divided into the following 

phases, built on Erik Erikson’s psychosocial phases of human development 

(Erikson, 1963, 1968): childhood (ages 2-12), adolescence (ages 13-19), 

young adult (ages 20-39) and adult (age ≥ 40). In paper IV childhood was 

further categorized into ages 2-5 and ages 6-12. Education was classified 

according to the Icelandic school system: pre-school  (ages 2-5), grade 

school (ages 6-16) and a four-year elective high school education (for most 

completed at 19). 

Response rates and general characteristics 

Response rate for the avalanche survivors was 72% (286/399; 50% males, 

50% females). When assessing childhood avalanche survivors (aged 2-19 

at time of exposure) separately, response rate was 66% (108/163; 48% 

females, 52% males).  

Response rate was 66% in the comparison group (357/541; 46% 

males, 54% females). There were no statistically significant differences 

between the avalanche-exposed and comparison groups with regard to 

demographic information, such as sex, age, education, finances and job 

status (see Paper I, Table 1). A quarter of the exposed group was not in town 

at the time of the avalanche. 
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3.3  Questionnaire 

The questionnaire assessed individual characteristics, physical health status 

and included validated measurement tools evaluating psychological 

morbidity and sleep disturbances. The avalanche group received questions 

about the experience of the avalanches in the Westfjords in 1995. The 

comparison group received the same questionnaire as the avalanche group, 

with the exception of questions about the avalanches. 

Individual characteristics 

Demographic information was gathered for sex, age, education, finances, 

number of children, current living situation and employment status 

(response options: working, studying, unemployed, on disability, parental 

leave/homemaker, retired and other), whether respondents had been on 

disability at any time after the avalanche (since 1995), current residence and 

location when the avalanche struck (in or out of town).  

In addition, current nicotine use, illegal drug use in the past 12 

months, current alcohol consumption, excessive drinking (“how many 

drinks do you usually have each time you consume alcohol?”; defined as ≥3 

drinks for women and ≥5 drinks for men) and medication use was assessed 

(a yes/no response option was used for each variable).  

Questions related to the avalanches 

In line with North’s disaster model (2004) we assessed the following 

disaster agent factors: Losing a family member or close friend, sustaining 

injuries in the avalanche and suffering from economic loss. The following 

traumatic reactions during or in the aftermath of the trauma were assessed 

among childhood survivors: 1) experienced own life in danger 2) 

experienced the life of a significant other in danger 3) feeling intense fear 

or shock 4) feeling helplessness. 
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We further assessed the following secondary sequelae factors: 

Evacuating one’s home or having to move in the aftermath of the avalanche, 

length of stay in the town after the avalanche fell, satisfaction with 

evacuation time and experiencing financial hardship in the aftermath of the 

avalanche. Furthermore, respondents were asked about perceived social 

support and who provided the support. Childhood survivors were asked 

whether their caregivers had shown the following traumatic reactions in the 

aftermath of the trauma: 1) emotional numbness 2) feelings of intense fear 

or shock 3) feeling of helplessness 4) crying and 5) outbursts of anger.  

The following community factors of North’s disaster model (2004) 

were assessed: Participating in rebuilding the community after the 

avalanche and providing assistance in the aftermath of the avalanche. Two 

specific types of assistance were also assessed: searching for survivors in 

the snow and providing care for survivors. 

Outcome variables 

Physical health 

The following symptoms/diseases were assessed: 1) symptoms of the 

musculoskeletal and nervous systems including chronic backpain, migraine, 

fibromyalgia and arthritis 2) cardiovascular disease/high blood pressure 3) 

gastrointestinal symptoms, including peptic ulcer, gastritis and other 

stomach/gastrointestinal problems 4) endocrinological disease including 

thyroid disease and diabetes 5) asthma and allergy symptoms. Participants 

used a yes/no format to indicate if they currently had each condition or 

disease.  
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PTSD symptoms 

The Posttraumatic Diagnostic Scale (PDS; Foa et al., 1997) was used to 

assess PTSD symptoms corresponding to the PTSD diagnostic criteria items 

in the DSM IV (American Psychiatric Association, 2000). Different 

methods were used to assess the traumatic events experienced in the 

exposed and comparison group. The comparison group answered the 

standard checklist of 12 traumatic events indicating the number of events 

experienced or witnessed. Those who endorsed a history of one or more 

traumatic events then answered 17 questions corresponding to the DSM-IV 

PTSD criteria about the event that had disturbed them the most in the past 

month. The exposed group answered the same checklist of traumatic events, 

with the exception that the avalanches in 1995 were excluded. In addition, 

avalanche survivors answered a modified version of the 17 PTSD symptoms 

corresponding to the DSM-IV criteria, with questions being avalanche-

specific (e.g., “In the past month, have you been trying not to think about or 

have feelings associated with the avalanche in Flateyri/Sudavik?”).  

A standard cut-off of >14 was used on the PDS in papers I-III, which 

is indicative of clinically significant PTSD symptoms (Coffey et al., 2006). 

For individual PTSD symptom clusters, cut-off scores were set for the top 

15% of PDS scores, with a score ≥ 5 on the avoidance scale, ≥ 4 on the 

intrusion scale and ≥ 7 on the hyperarousal scale indicating clinical 

symptoms. Previous research has found the PDS to have high internal 

consistency, test-retest reliability and good concurrent validity (Foa et al., 

1993). The coefficient  in the total sample was 0.92. 
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Depression, anxiety and stress symptoms 

The Depression Anxiety Stress Scales 21 version (DASS-21; Lovibond & 

Lovibond, 1995) was used to assess depressive, anxiety and stress 

symptoms. Standard cut-offs were used on the three 7-item scales; cut-off 

scores for depression were ≥ 10, for anxiety ≥ 8 and for stress ≥ 15, 

indicating severe symptoms (Lovibond & Lovibond, 1995). Previous 

research has found the DASS-21 to have good construct validity and 

internal consistency (Antony et al., 1998; Henry & Crawford, 2005; 

Lovibond & Lovibond, 1995). Respondents in the present study were asked 

to rate symptoms during the past 2 weeks. The Icelandic version has been 

shown to have sound psychometric properties (Smari et al., 2008). The 

DASS was translated into Icelandic by the psychologist Petur Tyrfingsson, 

translated back to English by an independent translator and then modified 

after comparing the two translations. The coefficient  in the total sample 

was 0.95. 

Sleep disturbances 

General sleep disturbances were assessed with the Pittsburgh Sleep Quality 

Index (Buysse et al., 1989), a 19-item self-report measure that assesses 

subjective sleep quality, sleep latency, sleep duration, habitual sleep 

efficiency, sleep disturbances, use of sleeping medication, and daytime 

dysfunction for the past month. These components yield a global score 

ranging from 0–21, with higher scores indicating worse sleep quality. A 

PSQI global score (a summary of the seven subcomponents) of  > 5 was 

used to indicate clinically significant sleep problems (Buysse et al., 1989). 

This measure has demonstrated construct validity, test-retest reliability and 

internal consistency (Buysse et al., 1989; Carpenter & Andrykowski, 1998). 

When analyzing the components separately, scores ranged from 0 (better) 
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to 3 (worse) and a cutoff score of 2 was used to indicate symptomology, 

except for "use of sleep medication", which was classified as present or 

absent (cut-off score > 1). I translated the PSQI into Icelandic with the late 

Jakob Smari, Professor in Psychology. The list was then translated back to 

English by an independent translator and then modified after comparing the 

two translations. The coefficient  in the total sample was 0.82. 

PTSD-related sleep disturbances 

PTSD-related sleep disturbances were assessed with the Pittsburgh Sleep 

Quality Index Addendum for PTSD (PSQI-A; Germain et al., 2005), a 7 

item self-report questionnaire which assesses the frequency of disruptive 

nocturnal behaviors common to PTSD. Symptoms over the past month were 

assessed. A clinical score ≥ 4 was used, which discriminates between 

participants with and without PTSD (Germain et al., 2005). When results 

for each item on the questionnaire were analyzed independently, a score > 

1 was used as a cut-off. The PSQI-A has been found to have satisfactory 

internal consistency and good convergent validity (Germain et al., 2005; 

Insana et al., 2013). I translated the PSQI-A into Icelandic with the late 

Jakob Smari. The list was then translated back to English by an independent 

translator and then modified after comparing the two translations. The 

coefficient  in the total sample was 0.74. 

Sleep paralysis 

Sleep paralysis was assessed with the question "Some people experience 

not being able to move their arms or feet or talk when they are falling asleep 

or awakening, even though they want to. Have you experienced this?" 

Scores were computed as binary, symptomology present or absent. 
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Panic symptoms 

Panic symptoms were assessed with the two-question version of the 

Autonomic Nervous System Questionnaire (ANS) (Stein et al., 1999). 

Questions are based on the DSM-IV panic disorder diagnosis and have been 

found to have excellent sensitivity and low specificity (Stein et al., 1999) 

Four questions from the Beck’s Anxiety Inventory (BAI) (Beck et 

al., 1988) were used to assess the past month prevalence of the following 

panic symptoms: heart pounding, feeling of choking, difficulty in breathing 

and fear of dying. Each question was answered on a four point scale ranging 

from 0 (not at all) to 4 (severely- I could barely stand it). If participants 

endorsed any of these symptoms, with a score of one or above, it was 

considered as a positive symptom of panic. Thus final scores were 

computed as binary, symptomology present or absent. The BAI has shown 

high internal consistency and test—retest reliability and good construct 

validity (Beck et al., 1988). 

3.4 Data collection 

Inhabitants received an introductory letter explaining the objective of the 

study followed by a phone call a week later inquiring about their willingness 

to participate. Those who authorized participation received a questionnaire 

via email or postal mail. Two weeks after sending the questionnaire, 

participants received a message via email or postal mail thanking them for 

their participation and reminding those who had not returned the 

questionnaire to do so. This was followed by a reminder phone call a week 

later if the questionnaire has not been returned. Data collection took place 

between January and June 2011.  
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Online data was collected using Lime Survey with participants 

receiving an unique identifier via email. Questionnaires received by postal 

mail were entered into Lime Survey. Data was then transferred to SPSS.  

The last page in the questionnaire included a list of psychologists in 

Iceland who offer PTSD treatment according to the Icelandic Psychological 

Association. In the introductory letter, participants received contact 

information for Regina Olafsdottir, psychologist at Landspitali- the 

National University Hospital for free consultation. This was approved by 

the National Bioethics Committee.  

3.5  Data analysis 

The statistical program IBM SPSS Statistics version 20.0 (IBM 

Corporation, Armonk, NY, USA) was used to conduct analysis. 

Papers I & II. Avalanche survivor morbidity & the manifestations of sleep 

disturbances 

Descriptive analyses and Pearson’s chi-square tests were conducted to 

examine demographic factors in the exposed and comparison group. We 

used Poisson log-linear models with robust error variance to obtain relative 

risks (RR) with confidence intervals (CI) of morbidity in the avalanche 

group. The RRs represent a ratio of the proportion of exposed subjects 

versus subjects in the comparison group, with index outcome or 

characteristic in each line. Adjustments were made for age (continuous) and 

sex in Paper I, but only for sex in Paper II. 

In Paper I a 95% confidence interval was used when assessing the 

primary hypotheses. A Bonferroni correction was used to control for 

multiple testing when conducting follow-up tests within each response 

category of panic symptoms (ANS and questions from the BAI), subscales 
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of the PDS and PSQI, individual items of the PSQI-A and physical health 

symptoms. The corrected CI was 98.3% for the PDS, 99.2% for panic 

symptoms, 99.3% for the PSQI and PSQI-A and 99% for physical health 

symptoms. In Paper II, a 95% CI was used when assessing all hypotheses. 

Paper III. Risk factors for CS-PTSDS  

Descriptive analyses were conducted to examine individual characteristics. 

We used Poisson log-linear models with robust error variance to obtain RR 

with 95% CI of clinically significant PTSD symptoms (CS-PTSDS). The 

RRs represent a ratio of the proportion of respondents with CS-PTSDS on 

a particular level of an independent variable versus respondents with CS-

PTSDS on another level of the same independent variable. All models were 

adjusted for age (continuous) and sex.  Multivariate logistic regression 

analysis was used to examine predictors of CS-PTSDS. Furthermore, we 

used the Spearman’s rank correlation coefficient to assess intercorrelations 

among predictors included in the multivariate model and to determine 

potential multicollinearity. 

Paper IV. Childhood survivors 

One-way ANOVA was used to test PTSD symptoms by background and 

trauma-specific factors, as well as associations to current socioeconomic 

status. Multivariate regression analysis was used to examine predictors of 

PTSD symptoms. Covariates included in the multivariate regression model 

were all factors statistically significant in prior age- and sex-adjusted 

models.  
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4 Results 

4.1 Avalanche survivor morbidity- Paper I 

Overall, sixteen percent of avalanche survivors reported avalanche- specific 

PTSD symptoms above the clinical cutoff in the past month, thereof 15% 

of childhood survivors. No difference was found with regard to overall 

PTSD prevalence between the exposed and comparison group. However, 

when subscales of the PDS was examined separately, we found that 

avalanche survivors were more likely to experience avalanche-specific 

hyperarousal symptoms than hyperarousal symptoms to other traumatic 

events reported by the comparison group (> 85th percentile) (aRR=1.83; 

98.3% CI 1.23-2.74).  

When examining individual panic symptoms, survivors had greater 

risk of experiencing episodes of overwhelming fear, anxiety, or worry in the 

past 6 months (aRR=1.44; 99.2% CI 1.03-2.01). No difference was found 

between the groups with regard to depression, anxiety or stress symptoms 

as assessed with the DASS-21 or other panic symptoms. Results for sleep 

quality show that avalanche survivors had a greater risk of sleep impairment 

(PSQI score > 5) (aRR=1.34; 95% CI 1.05-1.70) as well as disruptive 

nocturnal behaviors common to PTSD in the past month than the 

comparison group (PSQI-A score ≥ 4) (aRR=1.86; 95% CI 1.30-2.67). Of 

physical conditions, survivors were more likely to suffer from 

musculoskeletal and nervous system problems (aRR 1.43; 99% CI 1.06-

1.93) and gastrointestinal problems (aRR 2.16; 99% CI 1.21-3.86) 

compared to the unexposed group. In addition, irrespective of the 

avalanches in 1995, the exposed group had experienced more traumatic 

events in their lifetime than the comparison group (χ2 =10.78; p<0.05).  
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4.2 Manifestations of sleep disturbances- Paper II 

Survivors who were children ages 2-12 at the time of exposure were more 

likely to have PTSD-related sleep disturbances (score ≥ 4) (aRR= 2.58; 95% 

CI 1.33-5.01) than their non-exposed peers 16 years post-trauma, especially 

symptoms of general nervousness (aRR=1.98; 95% CI 1.12-3.52), anxiety 

or panic not related to trauma (aRR=2.41; 95% CI 1.14-5.07) and acting out 

dreams (aRR=3.54; 95% CI 1.15-10.87). Avalanche survivors who were 

adolescents at the time of exposure (ages 13-19) were more likely to 

experience general sleep problems (aRR=2.56; 95% CI 1.14-5.75) than their 

non-exposed peers 16 years post-trauma. Survivors who were young adults 

(ages 20-39) at the time of the trauma were more likely to experience PTSD-

related sleep disturbances (aRR=2.33; 95% CI 1.19-4.60), particularly 

memories or nightmares of trauma (aRR=2.69; 95% CI 1.07-6.79) and 

anxiety or panic not related to trauma (aRR=2.18; 95% CI 1.17-4.04) than 

their non-exposed peers. Survivors who were adults (age ≥ 40) at the time 

of the trauma were more likely to experience memories or nightmares of 

trauma (aRR=3.07; 95% CI 1.51-6.24) 16 years later than their non-exposed 

peers. 

4.3 Risk factors for PTSD- Paper III 

Twelve percent of males and 19% of females were experiencing CS-

PTSDS. Neither sex nor age was associated with CS-PTSDS. Of individual 

characteristics tested in accordance to North´s (2004) disaster model having 

grade school level education or less was associated with CS-PTSDS when 

compared to university level education (aRR = 3.37; 95% CI 1.06-10.74). 

Compared with good financial status, moderate and poor financial status 

was associated with greater risk of CS-PTSDS (aRR = 4.81; 95% CI 1.13-

20.46 and aRR = 9.35; 95% CI 2.18-40.06 respectively).  



 

49 

Being currently unemployed or on disability was associated with 

greater risk of CS-PTSDS when compared to currently working or studying 

(aRR = 2.25; 95% CI 1.21-4.20). In addition, having been on disability at 

any time since the avalanche (from the year 1995) was associated with CS-

PTSDS (aRR 2.34; 95% CI 1.23-4.42).  

Testing of the model’s (North, 2004) secondary sequelae factors 

showed that having experienced financial hardship in the aftermath of the 

avalanche was associated with CS-PTSDS (aRR = 3.18; 95% CI 1.70-5.94). 

Furthermore, we found an inverse association between receiving social 

support after the avalanche and CS-PTSDS (aRR = 3.79; 95% CI 2.12-

6.80). Of community factors assessed in line with North’s disaster model 

(2004), we found an inverse association between providing assistance after 

the avalanche and CS-PTSDS (aRR = 2.01; 95% CI 1.04-3.87). In a 

multivariate logistic regression analysis conducted to examine potential 

disaster-related predictors of CS-PTSDS we found financial hardship in the 

aftermath of the avalanche (aRR 2.47; 95% CI 1.16-5.26), not having 

provided assistance after the avalanche (aRR 1.95; 95% CI 1.04-3.64) and 

lack of social support after the avalanche (aRR 2.90; 95% CI 1.37-6.13) to 

be significant predictors of CS-PTSDS 16 years post-disaster. 

4.4 Childhood survivors- Paper IV 

Results from univariate ANOVA analysis revealed that females were 

significantly more likely to experience PTSD symptoms than males (F = 

5.96, p <0.05), but no difference was found within other individual factors, 

i.e., developmental stage at time of trauma and current living situation. 

When adjusted for age and sex, PTSD symptoms were associated with 

lower education (F = 7.62, p <0.001), poor financial status (F= 12.21, p 

<0.001) and unemployment and/or disability (F = 3.04, p <0.05). 
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PTSD symptoms were associated with the following disaster agent 

characteristics when adjusted for age and sex: loss of a family member or 

close friend in relation to the avalanche (F = 2.93, p < 0.05) and being in 

town at the time of the trauma (F = 3.57, p < 0.05). Of participants’ own 

reaction to the disaster, experiencing their life in danger (F = 6.69, p < 

0.001), and feelings of helplessness (F = 2.94, p < 0.05) in the aftermath of 

the trauma were associated with PTSD symptoms. 

Testing of the model’s (North, 2004) secondary sequelae factors 

revealed that when adjusted for age and sex, PTSD symptoms were 

associated with lack of social support in the aftermath of the avalanche (F 

= 7.32, p < 0.001). In addition, of caregivers’ traumatic reactions, as 

reported by childhood survivors, showing emotional numbness (F = 5.59, p 

< 0.01), feelings of intense fear or shock (F = 5.32, p < 0.01), feelings of 

helplessness (F = 3.39, p < 0.05) and outbursts of anger (F = 3.06, p < 0.05) 

were associated with respondents’ current PTSD symptoms. No association 

was observed between having caregivers who cried in the aftermath of the 

trauma and respondents’ PTSD symptoms. 

When disaster-related factors were examined in a multivariate 

regression model (adjusted for age and sex) lack of social support (t = 4.22, 

p <0.001) and traumatic reactions of caregivers (t = 2.49, p <0.05) in the 

aftermath of the disaster independently predicted PTSD 16 years post-

trauma. 
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5 Discussion 

In our 16-year follow-up of two avalanche-stricken communities, survivors 

were at greater risk of hyperarousal symptoms, stress-related physical 

conditions as well as general and PTSD-related sleep disturbances, than a 

comparison group. Further, we found the manifestations of sleep 

disturbances to vary depending on survivor’s developmental stage at the 

time of the trauma, indicating a chronicity of PTSD-related sleep 

disturbances in childhood trauma survivors. No difference between 

avalanche survivors and the comparison group was observed with regard to 

depressive, anxiety or stress symptoms. 

Results are in line with previous research indicating that PTSD is likely 

the central psychopathology after disasters (Goldmann & Galea, 2014). 

Overall, 16% of survivors were experiencing PTSD symptoms specific to 

the event, therefore 15% of childhood survivors. Examination of risk factors 

for PTSD symptoms revealed that financial difficulty and lack of social 

support post-disaster uniquely predicted PTSD symptoms at follow-up. 

Assisting after the avalanche was also inversely associated with PTSD 

symptoms. When examining childhood survivors’ separately, we found lack 

of social support and caregivers trauma related reactions to uniquely predict 

PTSD symptoms 16 years post-disaster. 

5.1  Avalanche survivor morbidity- Paper I 

PTSD symptomology 

In line with previous literature, we found that avalanche specific PTSD 

symptoms persisted for a subgroup of survivors 16 years post-disaster. It is 

likely that these symptoms developed in the aftermath of the avalanches, as 
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previous studies have found late onset of PTSD symptoms to be rare 

(Andrews et al., 2007). 

The avalanches were catastrophic and deeply affected the 

inhabitants of these communities, with the vast majority of survivors losing 

someone close to them. Severity of disasters has been found to be a 

prominent risk factor for PTSD, with high casualty rates and vast 

destruction associated with higher prevalence of the disorder among 

survivors (Galea et al., 2005; Norris, Friedman, et al., 2002). Previous long-

term studies of severe natural disasters have indicated similarly high rates 

of PTSD symptomology (Favaro et al., 2004; Hull et al., 2002). For 

instance, 25% of survivors of a community severely hit by a dam collapse 

experienced PTSD symptoms 14 years later (Green et al., 1990).  

We found 15% of childhood survivors to be suffering from 

avalanche-specific PTSD symptomology in adulthood. Our results are in 

line with the two previous long-term studies of childhood natural disaster 

survivors, which found PTSD symptoms to persist into adulthood for 15% 

(McFarlane & Van Hooff, 2009) and 21% (Najarian et al., 2011) of 

survivors. Results emphasize the lasting effects that trauma can have on 

children, even those who experience the event at a very young age.  

Although no statistical difference was observed with regard to 

overall PTSD symptom prevalence in the exposed and comparison group, 

we found an increased risk of PTSD hyperarousal symptoms in avalanche 

survivors. It is possible that hyperarousal symptoms mediated the 

relationship found between avalanche exposure and stress-related physical 

symptoms as well as general sleep disturbances. Over time, hyperarousal 

symptoms may cause abnormal levels of stress hormones increasing the risk 

of problems such as insomnia and physical stress-related diseases and 
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symptoms (Kendall-Tackett, 2000). Future studies should address this 

relationship in long-term studies of trauma survivors. 

Avalanche survivors were also at increased risk of having 

experienced additional traumatic events (when excluding the avalanches in 

1995). This difference appeared to be accounted for by greater disaster 

exposure in the exposed group (aside from the avalanches under study). 

This could in part explain the greater prevalence of PTSD hyperarousal 

symptoms in the avalanche group, as previous research has found elevated 

hyperarousal symptoms to be associated with greater traumatic event 

exposure (Karam et al., 2014). 

Physical health 

Our findings indicate that avalanche exposure was associated with stress-

related physical conditions 16 years post-disaster, in line with previous 

literature in the trauma field (van den Berg et al., 2008; Yzermans et al., 

2005). Of survivors, 43% were currently experiencing musculoskeletal and 

nervous system problems and 18% were experiencing gastrointestinal 

problems at the time of follow-up. It is possible that the association found 

between avalanche exposure and health problems was mediated by PTSD 

symptomology. Indeed, previous research has found that treatment of PTSD 

is associated with alleviation of physical stress-related symptoms (Shipherd 

et al., 2013). Nonetheless, our results indicate that interventions aimed at 

reducing stress are needed among survivors.  

Sleep disruptions 

Our findings indicate disaster exposure to have potentially long-lasting 

disturbances on sleep. We observed a fairly strong association between 

avalanche exposure and general sleep impairment as well as PTSD-related 
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sleep disturbances, 16 years post-trauma. This study contributes to the 

literature by being one of few long-term studies (> 10 years)  assessing the 

effect of disaster exposure on sleep. Similar to our results, survivors of the 

fireworks depot explosion in 2000 in the Netherlands were found to be more 

likely to suffer from sleep problems than controls, a decade post-trauma 

(van der Velden et al., 2013).  

5.2 Manifestations of sleep disturbances- Paper II 

Our results indicate a chronicity of PTSD-related sleep disturbances in 

childhood trauma survivors, lasting into adulthood. In addition, findings 

indicate potentially different manifestation of REM sleep disturbances in 

childhood versus adult survivors. Specifically, survivors who were children 

at the time of exposure were more than twice as likely to have PTSD-related 

sleep disturbances. Interestingly, acting out dreams was three times more 

prevalent in childhood survivors compared to their non-exposed peers. In 

addition, these symptoms were also more common in childhood survivors 

than in survivors of all other ages, suggesting that the pre-teen years may 

be a sensitive period to the development of trauma-related motor 

pathologies during sleep.  

Contrary to the manifestation of sleep disturbances in childhood 

survivors, we found that trauma-related nightmares were more prevalent 

among those who were adults at the time of the trauma than their non-

exposed peers, as evidenced by previous studies (Germain, 2013; Koffel et 

al., 2016). Our results therefore indicate that REM sleep disturbances may 

have different manifestations depending on the developmental stage at the 

time of trauma exposure. 

In addition to being at heightened risk of acting out dreams, we 

found that childhood survivors were more likely to have trouble sleeping 
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because of general nervousness and severe anxiety or panic than their peers 

at follow-up. Such hyperarousal-related sleep difficulties affecting the 

central nervous system have been found to both initiate and maintain 

(Marcks & Weisberg, 2009; Riemann et al., 2010). In line with this, 

previous studies have found early trauma exposure to be associated with 

increased risk of suffering from insomnia in adulthood (Bader et al., 2007). 

Different results emerged for survivors who were adolescents at the time of 

trauma compared to childhood and adult survivors. We found that 

adolescent survivors were at greater risk of general sleep disturbances in 

adulthood, compared to their peers. Our findings are in line with the results 

of Noll and colleagues (2006) who found that sleep disturbances (a 

composite of questions similar to the PSQI) were more prevalent among 

girls exposed to sexual abuse at ages 6-16 than general populations controls, 

10 years post-trauma. Using similar methodology as our study, Greenfield 

and colleagues (2011) reported that adults who had experienced childhood 

abuse were at greater risk of sleeping problems as measured by the PSQI 

than adults with no abuse history. Furthermore, severity of war-related 

trauma exposure in adolescence has been shown to be associated with sleep 

problems as measured by the PSQI in young adulthood in a 10 year follow-

up study of Kuwaitian children aged 9-12 at time of exposure (Llabre & 

Hadi, 2009). What this study adds to prior literature is specificity about the 

unique type of sleep problems noted with various developmental stages.   

It is possible that the development of sleep disturbances in the 

exposed group was influenced by the trauma occurred when the majority of 

survivors were asleep. Perhaps this elicited a conditioning response, 

associating sleep, a previously neutral stimulus with anxiety and fear. Thus, 

these findings should be replicated among survivors of daytime exposures 
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to evaluate the long-term consequences on sleep across the developmental 

spectrum.  

5.3 Risk factors for PTSD- Papers III & IV 

When examining risk factors associated with PTSD symptomology we 

found secondary sequelae and community factors, as opposed to individual 

and disaster agent characteristics, to be the best predictors of current PTSD 

symptoms among survivors. When risk factors among childhood survivors 

were assessed separately, we found the secondary sequelae factors of lack 

of social support and traumatic reactions of caregivers (e.g., numbness, 

intense fear and shock) to uniquely predict current PTSD symptoms. Our 

results are somewhat in line with those of Schnurr and colleagues (2004) 

who found that failure to recover is mainly related to factors that occur 

during and after the event, as opposed to pre-trauma factors. Our results 

indicate that post-disaster inventions can potentially prevent long-term 

PTSD symptomology among survivors, by helping survivors seek social 

support, assisting them financially and motivating them to help out with 

various tasks in the community post-disaster.  

Social support 

Of post-trauma factors, lack of social support in the aftermath of the disaster 

was found to be the strongest predictor of PTSD symptoms 16 years post-

disaster, in line with previous research (Goldmann & Galea, 2014; 

Pfefferbaum, Jacobs, Houston, et al., 2015). It is possible that the effect of 

social support is cumulating, as evidenced by Ozer and colleagues (2003) 

meta-analysis, which found social support to have the strongest association 

with PTSD in long-term studies as opposed to those conducted in the short-

term. 
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In the aftermath of disasters, health personal providing 

psychological first aid often have access to those most severely affected by 

disasters. Emphasis should be placed on ensuring that survivors have a 

supportive environment in the aftermath of disaster. Most communities 

have a network of professionals, such as psychologists, social workers and 

physicians which should make it a priority to have counseling available to 

survivors in the long-term and help them connect to the community if they 

lack social support. For children, teachers and peers in the school 

environment are key figures in providing a supportive network for them in 

the aftermath of disasters (Masten & Narayan, 2012). Teachers have 

previously reported academic and social disruptions among bereaved 

children (Dyregrov et al., 2015), emphasizing the importance of early 

interventions. Although speculative, it is possible that the association 

between low educational level and PTSD symptoms among childhood 

survivors 16 years post-disaster is in part a result of academic problems that 

develop post-disaster. 

Caregiver’s reaction 

Trauma-related reactions of caregivers (e.g., numbness, intense fear and 

shock, outburst of anger) were found to be an important predictor of PTSD 

among childhood survivors 16 years post-trauma. Children are a 

particularly vulnerable group post-disaster and are highly reliant on their 

caregivers. An important preventive measure after disasters should be 

providing sufficient resources, information and assistance to parents and 

important others in children’s lives. Dyregrov and Yule (2006) have 

emphasized that children are highly sensitive to the reactions of their parents 

during and after trauma and that they may refrain from expressing 
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themselves about the event if they perceive that it leads to their parents 

become distressed. 

Importantly, children who witnessed their caregivers crying, a 

normative response to trauma, were not at increased risk of PTSD 

symptoms, as opposed to those whose caregivers showed numbness, intense 

fear and shock or anger. It is possible that witnessing caregivers cry 

prompted children to express their feelings rather than internalizing them. 

Financial difficulty 

We found that financial difficulty experienced in the aftermath of the 

disaster predicted PTSD symptoms 16 years post-disaster. Interestingly, 

property damage and job loss were associated with PTSD among adult 

survivors three to fourteen months after the avalanches under study 

(Asmundsson & Oddsson, 2000). It is possible that over time, factors such 

as financial difficulty affected survivor’s economic status for years to come, 

acting as secondary stressors in the etiology of chronic PTSD symptoms. 

Many survivors suffered economic loss, such as having their homes partly 

or completely destroyed, which may have lead to financial difficulty. It is 

vital for disaster interventions to focus on alleviating secondary stress such 

as financial strain to decrease the risk of long-lasting psychological 

morbidity. Property damage, job loss and other practical matters need to be 

addressed in the post-disaster phase in addition to mental health issues.  

Providing assistance 

Our results indicate that volunteering in disaster stricken communities may 

potentially buffer against PTSD symptomology in the long-term. The 

disaster literature on volunteers has mainly focused on the first year post-

disaster and to the best of my knowledge; no study has assessed the impact 
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of community volunteering decades after trauma. Post-disaster 

communities can encourage survivors to help out in the aftermath of the 

disaster by participating in e.g. babysitting, cleaning and cooking, and other 

potentially meaningful roles that could possibly buffer against 

psychological morbidity. A recent study found that community volunteers 

experienced increased positive emotion post-assistance and a decrease in 

anxiety and stress symptoms (Cristea et al., 2014). However, it is important 

to note that volunteers in our study could possibly reflect a group of 

survivors who faired better off post-disaster and therefore sought to offer 

assistance.  

SES status 

We found low SES status to be associated with current PTSD 

symptomology. PTSD has previously been found to have detrimental 

consequences on individuals functioning (Savoca & Rosenheck, 2000; 

Smith et al., 2005) highlighting the importance of disaster affected 

communities offering evidenced-based PTSD treatment. In childhood 

populations, PTSD has been associated with increased school absence and 

poor school performance (Broberg et al., 2005; National Institute for Health 

and Clinical Excellence, 2005). 

Due to the retrospective nature of the study, we cannot conclude that 

low SES status is a result of PTSD symptoms developed post-avalanche. 

Yet this hypothesis is strengthened by our results of PTSD symptomology 

among childhood survivors being associated with lower education, 

finances, unemployment and disability in adulthood.  
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5.4 Strengths and limitations 

Strengths 

With a high response rate of 72% among the avalanche survivors, this study 

focuses beyond the first years post-disaster, providing valuable information 

on the mental and physical health of disaster survivors in the long-term. A 

common methodological limitation in cross-sectional studies in the disaster 

literature is that follow-up samples are not representative of the pre-disaster 

population, due to relocation of survivors from disaster areas. The lack of 

representative samples may be a source of selection bias yielding skewed 

estimates of health outcomes, as populations on site may not represent all 

residents exposed at the time of the disaster. The current study addresses 

these methodological limitations by leveraging the nationwide registries, 

therefore tracking all individuals registered as living in the two avalanche-

affected towns in 1995, irrespective of residency 16 years later.  

Limitations 

The current study is limited by its retrospective nature and cross-sectional 

design. We can therefore not determine the temporal sequence of the 

relationship between independent and outcome variables. Furthermore, 

relying on self-report of symptoms rather than diagnostic tools cause 

potential deviation in true symptom prevalence. In addition, we lack 

information about the health of those who chose not to participate, which 

could hypothetically diverge from those who participated. In addition to 

non-responders our study did not include avalanche survivors who had 

moved out of the country.  

Furthermore, our limited sample size of 286 survivors renders our 

study vulnerable to random error and the effect of non-participation poses a 

potential selection bias. Generalizability of our results is also limited by 
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having an exclusively Icelandic cohort. It is also important to note that 

comparison of rates of morbidity between studies in the disaster literature, 

such as PTSD and physical health problems, is limited by research methods 

varying between studies (full-diagnosis vs. symptom prevalence).  

PTSD assessment 

Comparison of PTSD symptom prevalence between the avalanche survivors 

and comparison group is limited as symptoms were assessed differently. For 

the avalanche survivors, assessment of symptoms corresponding to the 

DSM-IV (American Psychiatric Association, 2000) diagnostic criteria for 

PTSD was avalanche specific, while the comparison group answers 

questions based on the most severe traumatic event they have experienced. 

This might cause an underestimation in the overall prevalence of PTSD in 

the exposed group since we lack information about whether the avalanche 

was their worse experience. However, the focus of this thesis was to assess 

PTSD symptoms attributed to the avalanches among survivors, as opposed 

to PTSD resulting from other traumatic events. 

 PTSD symptoms were furthermore assessed according to the DSM-

IV diagnostic criteria. The diagnostic criteria for PTSD changed in the fifth 

edition of the DSM (American Psychiatric Association, 2013) after a 14-

year revision process. In DSM-V, the PTSD diagnosis has four symptom 

clusters as a result of Criterion C in DSM-IV being divided into two 

symptom clusters: Criterion C (avoidance) and Criterion D (negative 

alterations in cognitions and mood). In DSM-V two new symptoms were 

added to Criterion D: persistent and distorted blame of self or others; and 

persistent negative emotional state. In addition, one new symptom was 

added to DSM-V Criterion E (alterations in arousal and reactivity): reckless 

or destructive behavior. Furthermore, Criterion A2 was dropped in DSM-
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V, a dissociative subtype was added and a separate diagnosis criteria for 

children under 6 was added (National Center for Posttraumatic Stress 

Disorder, n.d.). It is estimated that the prevalence of PTSD according to 

DSM-V criteria may be slightly lower than DSM-IV criteria, most likely as 

a result of the trauma exposure criterion in DSM-V being more conservative 

than in DSM-IV. However, when assessing PTSD as a result of the same 

event using both diagnostic systems, studies have found PTSD prevalence 

to be similar (Kilpatrick et al., 2013). For instance, in a study of adolescent 

and young adult survivors (N=325) of the 2011 Utøya Island shooting in 

Norway Hafstad and colleagues (2014) found PTSD prevalence to be 

similar when using DSM-IV criteria (11.1%) and DSM-V (11.7%) criteria 

for the disorder. Furthermore a study of the 2009 L’Aquila earthquake 

survivors (N=512) in Italy found PTSD symptom prevalence using the two 

diagnostic systems to be similar 10 months post-disaster (39.8% according 

to DSM-V and 37.5% according to DSM-IV) (Carmassi et al., 2013). 

Similar finding have been found in military populations (Hoge et al., 2014). 

It is therefore likely that the PTSD symptom prevalence among the 

avalanche survivors in our study would be similar if DSM-V criteria were 

used.  

5.5 Public health impact 

Our findings underscore the importance of screening victims for PTSD 

symptoms in the aftermath of disasters. Furthermore, results suggest a long-

term risk of sleep disruption post-disaster, highlighting the need for sleep 

treatments other than sleep medication to be available for trauma survivors, 

such as trauma-related therapy or cognitive behavioral therapy for sleep 

(Koffel et al., 2016; National Institute for Health and Care Excellence, 

2016). 



 

63 

Our findings raise questions of what resources have been available 

to the avalanche survivors in the past 16 years, particularly PTSD treatment. 

At the time of the avalanches in 1995, trauma-focused psychological 

therapies (cognitive behavioral therapy or eye movement desensitization 

and reprocessing therapy) for PTSD were not available in the country. 

Unfortunately, we lack information about whether respondents received any 

PTSD treatment post-disaster. However, research indicates that the minority 

of disaster survivors experiencing PTSD seeks treatment (Goldmann & 

Galea, 2014) highlighting the importance of mental health being integrated 

into emergency and medical response in disaster-stricken communities. In 

addition, financial barriers often stand in the way of survivors seeking 

treatment (P. S. Wang et al., 2007). Due to the high cost of outpatient 

treatment in Iceland, psychological therapy in outpatient settings should be 

subsidized and adequate psychological care should be available in primary 

care settings nationwide. The long-term effects of disasters on survivor’s 

health should be a reminder for authorities that it is never too late to 

subsidize empirically supported PTSD treatment and general assistance to 

disaster survivors, despite decades passing since the initial disaster. 

Psychological first aid in Iceland 

After the avalanches under study, formal psychological support was offered 

for the first time in Iceland by the National Civil Protection System. 

Psychologists, psychiatrists, priests, nurses and locals from the villages 

provided psychosocial support in shelters, homes, schools, hospitals and at 

the Red Cross in Reykjavik. In reports written shortly after the tragedies, 

emphasis was placed on providing further services to survivors. 

Since the avalanches fell, improvements have been made in the 

national planning of psychosocial support following disasters. In 2008 the 
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Icelandic National Civil Protection System and the Icelandic General 

Director of Health ratified the first national psychosocial support plan, 

based on methods recommended by the National Child Traumatic Stress 

Network and the National Center for PTSD (Brymer et al., 2006). In 2010 

a revised plan was ratified, taking into account the experience of first aid 

care offered after earthquakes in South Iceland in 2008 and the 

Eyjafjallajokull volcano eruption in 2010. The revised version specifies 

who offers psychological first aid and how the collaboration between 

different sectors is conducted. Today, the National Civil Protection System, 

the Icelandic Directorate of Health, the Icelandic Police, the Evangelical 

Lutheran Church of Iceland, the Icelandic Red Cross, the municipal 

governments and the National Trauma Center at Landspitali University 

Hospital of Iceland collaborate in providing psychological first aid to 

victims after disasters in Iceland. One of the main aims of psychological 

first aid is to target high-risk groups, that is those who are at increased risk 

of developing PTSD and other adverse symptoms in the aftermath of 

disasters (Icelandic National Civil Protection System, 2010). 

Access to mental health services 

According to the World Health Organization, mental health problems often 

remain undetected in people attending primary care services and treatment 

is not always adequate when they are identified (World Health 

Organization, 2005b). Although physical and mental health outcomes are 

associated, health care resources are more likely to have services addressing 

physical health conditions (Jacob et al., 2007). 

In Iceland, mental health is part of the primary health system and 

primary care staff is the initial and main source of help for common mental 

health problems. Psychiatric problems were among the leading diagnosis 
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(ICD-10 classification) registered during consultations with primary health 

care physicians in 2009, accounting for 7% of registered diagnosis (The 

Icelandic Directorate of Health, 2009). The primary health service is mainly 

run from primary health centers around Iceland and admissions are only 

made at specialist wards in the major hospitals located in Reykjavik and 

Akureyri. Despite the high prevalence of psychiatric disorders, the main 

sources of mental health financing in Iceland is, after taxes, out of pocket 

expenditure by the patient and family. Inpatient treatment is of minimum 

cost or free but patients pay a high fee for psychologist consultations in 

outpatient settings. 

The Icelandic Minister of Health signed the WHO-EURO 

Ministerial Declaration and Action Plan in Finland in January 2005. The 

Action Plan maintains that states should “ensure that all people have good 

access to mental health services in primary health care settings” and 

“develop primary care services with the capacity to detect and treat mental 

health problems, including depression, anxiety, stress-related disorders ... 

by expanding the numbers and skills of primary care staff” (World Health 

Organization, 2005a). 

In the year 2016, the Ministry of Welfare has made budget 

allocations to increase positions of psychologists to the primary health care 

centers countrywide, modeling the successful project in England 

“Improving Access to Psychological Therapies”. However, it is estimated 

that 40 psychologists are needed in the primary health centers and the 

current budget only covers 8 positions. This is however an important initial 

step in improving access to affordable treatment for mental disorders, such 

as those suffered by trauma survivors.  
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International human rights law declare that health-care facilities, 

goods and services, and the social determinants of health should be 

available, accessible, acceptable and of good quality (Committee on 

economic social and cultural rights, 2000). Importantly, mental health 

treatment often requires more than medication, such as counseling and 

therapy (Gable, 2012). For instance, research indicates that the most 

effective treatments of PTSD is evidenced-based trauma-focused cognitive 

behavioral therapy and eye movement desensitization and reprocessing 

therapy (National Institute for Health and Clinical Excellence, 2005). It is, 

therefore, of great importance that those who suffer from mental disorders 

have access to affordable treatment at the community level. Further 

justification of the need for accessible, affordable treatment is research 

indicating that a high prevalence of mental disability, low socio-economic 

status and difficulty in accessing and maintaining treatment are associated 

(Lorant et al., 2003; Saxena et al., 2007). Actually, mental health policies 

violate human rights if they functionally impend access to needed services 

(Gable, 2012). 
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6 Conclusions 

Our findings suggest that natural disasters can have long-standing effects 

on survivor’s health 16 years later, manifesting as PTSD symptomology, 

stress-related physical symptoms and sleep disturbances. Results indicate 

that REM sleep disturbances may manifest differently depending on the 

developmental stage at the time of trauma exposure. Furthermore, findings 

suggest that longstanding PTSD symptoms may be prevented by 

strengthening survivor’s support systems and for children, focusing on 

alleviating caregiver’s distress symptoms. In addition, providing assistance 

post-disaster and alleviation of secondary stress, such as financial difficulty, 

may prevent the long-term sequelae of PTSD symptoms. Results highlight 

the need for health care services to provide long-term assistance to disaster 

communities, especially evidence-based PTSD and sleep treatment.  

Future prospective longitudinal research is needed to assess whether 

trauma-related sleep disturbances manifest differently in childhood as 

opposed to adulthood. In addition, our results warrant further testing of the 

association between PTSD symptoms and stress-related medical conditions 

in long-term survivors of disasters, especially since no difference was found 

with regard to frequency of substance use, which has been shown to be a 

mediating factor in the relationship between trauma and physical health 

problems. Lastly, future research should assess the availability and 

accessibility of PTSD treatment to disaster survivors. 
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a  b  s  t  r  a  c  t

To  date,  no  study  has investigated  the  effects  of  avalanches  on  survivor’s  health  beyond  the  first  years.
The  aim  of  this study  was  to examine  long-term  health  status  16  years  after  exposure  to  avalanches
using  a matched  cohort  design.  Mental  health,  sleep  quality  and  somatic  symptoms  among  avalanche
survivors  (n  = 286)  and  non-exposed  controls  (n  = 357)  were  examined.  Results  showed  that  16%  of  sur-
vivors  currently  experience  avalanche-specific  PTSD  symptoms  (PDS  score  >  14).  In addition,  survivors
presented  with  increased  risk  of PTSD  hyperarousal  symptoms  (>85th  percentile)  (aRR  = 1.83;  98.3%  CI
[1.23–2.74]);  sleep-related  problems  (PSQI  score > 5)  (aRR  =  1.34;  95%  CI [1.05–1.70]);  PTSD-related  sleep
disturbances  (PSQI-A  score  "  4) (aRR  = 1.86;  95%  CI  [1.30–2.67]);  musculoskeletal  and  nervous  system
problems  (aRR  1.43;  99%  CI 1.06–1.93)  and  gastrointestinal  problems  (aRR  2.16;  99%  CI 1.21–3.86)  com-
pared  to  the  unexposed  group.  Results  highlight  the  need  for treatment  for  long-term  PTSD symptoms
and  sleep  disruption  in  disaster  communities.

© 2015  Elsevier  Ltd. All  rights  reserved.

Disasters can have a significant effect on survivors’ mental and
physical health. In a growing body of research on disaster survivors,
a majority of studies have found that survivors suffer from psycho-
logical disorders and following exposure to disaster (Norris et al.,
2002). These findings in general are however limited to the first year
following exposure (Norris, Galea, Friedman, & Watson, 2006).

Although limited in number, research on the long-term effect
of disasters indicates that survivors may  suffer from a range of
adverse mental health symptoms, up to decades later such as
PTSD (Arnberg, Eriksson, Hultman, & Lundin, 2011; Green et al.,
1990), major depression (Zaetta, Santonastaso, & Favaro, 2011),
chronic anxiety and sleep-related disturbances (van der Velden,
Wong, Boshuizen, & Grievink, 2013). Furthermore, trauma expo-
sure has been shown to be strongly associated with increased
physical health problems; such as cardiovascular, gastrointestinal,
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E-mail address: eddat@hi.is (E.B. Thordardottir).

respiratory and musculoskeletal disorders including chronic pain
(Afari et al., 2014; Boscarino, 2004; Green & Kimerling, 2004;
McFarlane, 2010; Shipherd, Clum, Suvak, & Resick, 2013; Spitzer
et al., 2009; Wachen et al., 2013).

The literature on long-term survivorship after exposure to
avalanche is indeed scarce. Two studies have assessed PTSD preva-
lence in soldiers who survived avalanches in Norway (Herlofsen,
1994; Johnsen, Eid, Lovstad, & Michelsen, 1997), both indicat-
ing that survivors suffered from symptoms of PTSD up to four
months post-disaster. The other studies, examining two avalanche-
exposed communities in small fishing villages in Iceland found
that ten weeks post-disaster survivors in one of the communi-
ties were twice as likely to meet criteria for psychiatric caseness
based on the General Health Questionnaire compared to population
controls and further follow-up on both samples showed that ten
weeks to 14 months after the two  avalanches, approximately 40%
of survivors were suffering from PTSD (Asmundsson & Oddsson,
2000; Finnsdottir & Elklit, 2002). These high rates of PTSD merit
further investigation and the current study follows up on these
samples of avalanche survivors to assess the long-term health of
survivors.
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Compared to unexposed population controls, we  hypothesized
that those residing in avalanche communities when the disas-
ter occurred would present with higher risks of self-reported
mental health symptoms (PTSD, depressive, anxiety, stress and
panic symptoms), poorer sleep quality, PTSD-related sleep dis-
turbances and various stress-related medical conditions 16 years
post-disaster.

1. Method

1.1. Participants

In 1995, two small towns in the western part of Iceland, Flateyri
and Sudavik, were struck by avalanches without warning, destroy-
ing in total 48 houses and taking 34 lives (including 13 children).
Participants were 286 individuals residing in Sudavik and Flateyri
in 1995 when the avalanches occurred, irrespective of whether they
were in or out of town at time of the avalanches. Residential records
from 1995 with contact information for residents of these towns
were obtained from the Icelandic bureau of statistics, Statistics
Iceland. With identical means we further identified a comparison
group of 357 residents of two towns (Breidalsvik and Raufarhofn)
in 1995 with similar living conditions (fishing towns) but not geo-
graphically threatened by avalanches. In 2011, we  attempted to
contact all living residents in these towns, 18 years or older, resid-
ing anywhere in Iceland with an active phone number or address
(see Appendix A for further detail). Individuals who were currently
residing abroad were not included in the study as no information
was available about their addresses overseas. Of residents alive in
2011, 16% (n = 81) had moved overseas in the exposed group com-
pared to 5% (n = 23) in the comparison group. Response rate for
the avalanche survivors was 72% (286/399; 50% men, 50% women)
and 70% (357/541; 46% men, 54% women) in the comparison group.
Response rate was  considerably higher when the questionnaire was
sent via email than by postal mail in both groups.

1.2. Procedure

Approval for the study was granted by the Icelandic Bioethics
Committee (VSNb2009080005/03.7). The Icelandic Data Protection
Authority was notified of the study (s4608/2009/LSL/–).

Participants received an introductory letter explaining the
objective of the study followed by a phone call a week later inquir-
ing about willingness to participate. Those who verbally agreed
to participate received a letter about the study and the question-
naire via email or postal mail. Those who did not have an active
phone number received a letter about the study and the question-
naire by postal mail. Participants were informed that answering and
returning the questionnaire was viewed as consent to participate
in the study. Two weeks after sending the questionnaire, partici-
pants received a message via email or postal mail thanking them
for their participation and reminding those who had not returned
the questionnaire to do so. This was followed by a reminder phone
call a week later if the questionnaire had not been returned. Data
were collected from January until June in 2011.

1.3. Measures

1.3.1. Background information
Demographic information was gathered for gender, age, edu-

cation, finances, number of children, current living situation and
employment status. In addition, current nicotine use, illegal drug
use in the past 12 months, current alcohol consumption, excessive
drinking (“how many drinks do you usually have each time you con-
sume alcohol?”; defined as "3 drinks for women and "5 drinks for
men) and medication use was assessed (a yes/no response option

Table 1
Characteristics of survivors of avalanches in 1995 (exposed) and residents of villages
not  exposed to avalanches (comparison group).*

Exposed (n = 286) Comparison (n = 357)

Gender
Male 143 (50%) 164 (46%)
Female 143 (50%) 190 (54%)

Age in years
18–35 108 (38%) 117 (33%)
36–55 109 (39%) 136 (38%)
56–75 47 (17%) 81 (23%)
76–90 16 (6%) 23 (6%)

Education
University 49 (17%) 44 (13%)
High school or trade school 122 (44%) 145 (41%)
Grade school or less educ. 110 (39%) 163 (46%)

Personal finances
Very good or good 74 (26%) 106 (30%)
Moderate ends meet 139 (49%) 184 (52%)
Poor or very poor 70 (25%) 62 (18%)

Children (yes) 220 (77%) 266 (75%)
1–2 96 (44%) 126 (48%)
3–4 103 (47%) 114 (43%)
"5 20 (9%) 25 (9%)

Current living situation
Married or in relationship 199 (70%) 254 (71%)
Single, divorced or widowed 85 (30%) 103 (29%)

Job
Working or student 204 (72%) 249 (71%)
Unemployed 25 (9%) 27 (7%)
On  disability 20 (7%) 26 (7%)
Parental leave/homemaker 11 (4%) 13 (4%)
Retired 18 (6%) 31 (9%)
Other 6 (2%) 8 (2%)

In  town at time of avalanche
Yes 206 (75%) –
No 70 (25%) –

Substance use
Nicotine use 66 (26%) 70 (21%)

Men  34 (27%) 31 (21%)
Women  32 (24%) 39 (22%)

Illegal drug use past 12 mths. 20 (8%) 29 (9%)
Men  12 (10%) 15 (11%)
Women  8 (6%) 14 (8%)

Alcohol consumer 199 (77%) 261 (77%)
Men  99 (78%) 123 (80%)
Women  100 (76%) 136 (74%)

Excessive drinking
Men ("5 drinks) 38 (39%) 44 (37%)
Women  ("3 drinks) 56 (57%) 82 (62%)
Use  of medication (yes) 129 (50%) 166 (49%)

* Chi-square analysis revealed no statistically significant differences (p < 0.05)
between the groups.

was used for each variable). There were no statistically signifi-
cant differences between the avalanche-exposed and comparison
groups with regard to demographic information (see Table 1). Fur-
thermore, the avalanche-exposed group was asked if they were in
or out of town when the avalanche fell. A quarter of the exposed
group was not in town at the time of the avalanche (see Table 1).

1.3.2. The Posttraumatic Diagnostic Scale (PDS; Foa, Cashman,
Jaycox, & Perry, 1997)

The PDS was used to assess posttraumatic stress symptoms
reflecting PTSD diagnostic criteria items in the fourth edition of
the Diagnostic and Statistical Manual of Mental Disorders (DSM
IV; American Psychiatric Association, 2000). Two methods were
used to assess the traumatic events experienced. The compari-
son group answered the standard checklist of 12 traumatic events
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(including an “other category”) indicating the number of events
experienced or witnessed. Those who endorsed a history of one or
more traumatic events then answered 17 questions correspond-
ing to the DSM-IV PTSD criteria about the event that has disturbed
them the most in the past month. For the exposed group, indi-
viduals answered a modified checklist of traumatic events, asking
whether they had experienced a list of 12 traumatic events, exclud-
ing the avalanches in 1995. The 17 questions corresponding to the
DSM-IV PTSD criteria for the exposed group were also modified,
with questions being avalanche-specific (e.g. In the past month,
have you been trying not to think about or have feelings associated
with the avalanche in Flateyri/Sudavik?). Possible PTSD symptoms
resulting from other traumatic events were not assessed in the
exposed group. As described above, residence within an avalanche
affected community constituted avalanche exposure within the
current study.

Questions on the PDS are scored from 0 to 3 for symptom
frequency during the past month. A standard cut-off of >14 was
used, which is indicative of clinically significant PTSD symptoms
(Coffey, Gudmundsdottir, Beck, Palyo, & Miller, 2006). For indi-
vidual PTSD symptom clusters, cut-off scores were set for the top
15% of PDS scores, with a score "5 on the avoidance scale, "4 on
the intrusion scale and "7 on the hyperarousal scale indicating
clinical symptoms. The scale has shown high internal consistency,
test–retest reliability and good concurrent validity (Foa, Riggs,
Dancu, & Rothbaum, 1993). The Icelandic version has been shown to
have good internal consistency (Ragnarsdottir & Gudmundsdottir,
2008). The coefficient  ̨ in the total sample was 0.92.

1.3.3. The Depression Anxiety Stress Scales 21 (DASS-21;
Lovibond & Lovibond, 1995)

DASS-21 is a widely used self-report measure of the severity of
the core symptoms of depression, anxiety and stress appropriate for
use to screen general populations. The measure consists of three 7-
item scales. Ratings range from scores of 0 (did not apply to me  at
all) to 3 (applied to me  very much, or most of the time). Standard
cut-offs were used; cut-off scores for depression were "10, for anx-
iety "8 and for stress "15, indicating severe symptoms (Lovibond
& Lovibond, 1995). DASS-21 has been shown to have good con-
struct validity and internal consistency (Antony, Bieling, Cox, Enns,
& Swinson, 1998; Henry & Crawford, 2005; Lovibond & Lovibond,
1995), including the Icelandic version (Ingimarsson, 2010). Respon-
dents in the present study were asked to rate symptoms during the
past 2 weeks. The Icelandic version has been shown to have sound
psychometric properties (Smari, Olason, Arnarson, & Sigur!sson,
2008). The coefficient  ̨ in the total sample was 0.95.

1.3.4. Panic symptoms
Panic symptoms were assessed with the two  question version

of the Autonomic Nervous System Questionnaire (ANS) (Stein et al.,
1999). These two questions were answered using a yes/no response
format and were as follows: “In the past 6 months, did you ever have
a spell or an attack when all of a sudden you felt frightened, anxious
or very uneasy?” and “In the past 6 months, did you ever have a spell
or an attack when for no reason your heart suddenly began to race,
you felt faint, or you couldn’t catch your breath?” Questions are
based on the DSM-IV panic disorder diagnosis and research indi-
cates they have excellent sensitivity and low specificity (Stein et al.,
1999).

In addition, four questions from the Beck’s Anxiety Inventory
(Beck, Epstein, Brown, & Steer, 1988) were used to assess panic.
Participants were asked how much the following symptoms had
bothered them in the past week: heart pounding, feeling of chok-
ing, difficulty in breathing and fear of dying. Each question was
answered on a four point scale ranging from 0 (not at all) to 4
(severely – I could barely stand it). If participants endorsed any

of these symptoms, with a score of one or above, it was considered
as a positive symptom of panic. Thus final scores were computed
as binary, symptomology present or absent. The BAI has shown
high internal consistency and test–retest reliability and good con-
struct validity (Beck et al., 1988), including the Icelandic version
(Saemundsson et al., 2011).

1.3.5. The Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds,
Monk, Berman, & Kupfer, 1989)

PSQI is a 19-item self-report measure that assesses seven
components: subjective sleep quality, sleep latency, sleep dura-
tion, habitual sleep efficiency, sleep disturbances, use of sleeping
medication, and daytime dysfunction for the past month. These
components yield a global score ranging from 0 to 21, with higher
scores indicating worse sleep quality. A PSQI global score (a sum-
mary of the seven subcomponents) of >5 was used to indicate
clinically significant sleep problems (Buysse et al., 1989). This mea-
sure has demonstrated construct validity, test–retest reliability and
internal consistency (Buysse et al., 1989; Carpenter & Andrykowski,
1998). When analyzing the components separately, scores ranged
from 0 (better) to 3 (worse) and a cutoff score of 2 was  used to indi-
cate symptomology, except for “use of sleep medication”, which
was classified as present or absent (cut-off score > 1). The coefficient

 ̨ in the total sample was  0.82.

1.3.6. The Pittsburgh Sleep Quality Index Addendum for PTSD
(PSQI-A; Germain, Hall, Krakow, Katherine Shear, & Buysse, 2005)

The PSQI-A is a 7 item self-report instrument designed to assess
the frequency of disruptive nocturnal behaviors (e.g. acting out
dreams, episodes of terror or screaming) common in adults with
PTSD. Participants are asked to report symptoms over the past
month on a four-point Likert scale, ranging between 0 (never in the
past month) and 3 (three or more times each week). The total score
ranges from 0 to 21. A clinical score "4 was used, which discrimi-
nates between participants with and without PTSD (Germain et al.,
2005). When results for each item on the questionnaire were ana-
lyzed independently, a score > 1 was  used as a cut-off. The PSQI-A
has satisfactory internal consistency and good convergent valid-
ity, showing strong positive correlations between PSQI-A scores
and other measures of PTSD severity (PSQI-A; Germain et al., 2005;
Insana, Hall, Buysse, & Germain, 2013). The coefficient  ̨ in the total
sample was  0.74.

1.3.7. Sleep paralysis
Sleep paralysis was assessed with the question “Some peo-

ple experience not being able to move their arms or feet or talk
when they are falling asleep or awakening, even though they want
to. Have you experienced this?” Scores were computed as binary,
symptomology present or absent.

1.3.8. Physical health
The following symptoms/diseases were assessed: (1) symptoms

of the musculoskeletal and nervous systems, including chronic back
pain, migraine, fibromyalgia and arthritis (joint swelling, rheuma-
toid arthritis or osteoarthritis); (2) cardiovascular disease/high
blood pressure; (3) gastrointestinal symptoms, including peptic
ulcer, gastritis and other stomach/gastrointestinal problems; (4)
endocrinological disease including thyroid disease and diabetes;
and (5) asthma and allergy symptoms, including asthma, rhinitis,
conjunctivitis, eczema and food allergy. The International Statis-
tical Classification of Diseases and Related Health Problems 10th
Revision (ICD-10; World Health Organization, 1992) was used as a
reference when classifying the following symptoms/diseases into
the above groups. Participants used a yes/no format to indicate
if they currently had each condition or disease. Coronary heart
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Table 2
Chi-square test of differences in trauma history between survivors of avalanches
(exposed) and inhabitants of villages not exposed to avalanches (comparison group).

Exposed Comparison !2 p-Value

Nr. traumatic eventsa

0 87 (33%) 149 (42%) 10.78 0.013
1–2  110 (42%) 148 (42%)
3–4 55 (21%) 43 (12%)
5  or more 12 (5%) 13 (4%)

Trauma typea

Accident 103 (39%) 112 (32%) 3.53 0.60
Natural disaster 82 (31%) 61 (17%) 16.11 0.000
Physical violence 51 (19%) 48 (13%) 3.67 0.06
Sexual violence 47 (18%) 51 (14%) 1.27 0.26
Life-threatening disease 52 (20%) 53 (15%) 2.35 0.13
Imprisonm., captivity/torture 8 (3%) 16 (5%) 0.91 0.34
Other 52 (20%) 85 (24%) 1.68 0.20

a Avalanches in 1995 excluded.

disease, cancer, benign tumor and liver disease were excluded from
all analyses due to a less than 5% reporting rate.

1.3.9. Statistical analysis
Descriptive analyses were conducted to examine background

factors across cohorts and to examine the frequency of lifetime
traumatic events (excluding the avalanches) and traumatic event
type in the exposed and comparison group. Chi-square analy-
ses were conducted to determine if the two groups differed with
respect to number of lifetime traumatic events and event types.

Pearson’s chi-square tests compared the exposed and com-
parison group with regard to demographic characteristics and
avalanche exposure. We  used Poisson log-linear models with
robust error variance to obtain relative risks (RR) with confidence
intervals (CI) of mental and physical morbidity in the avalanche
group. The RRs represent a ratio of the proportion of exposed sub-
jects versus subjects in the comparison group, with index outcome
or characteristic in each line. Adjustments were made for age (con-
tinuous) and gender.

A 95% confidence interval (CI) was used when assessing the pri-
mary hypotheses. Follow-up tests were conducted to look more
closely at subscales and individual items. A Bonferroni correction
was used to control for multiple testing when conducting follow-up
tests within each response category of panic symptoms (ANS and
questions from the BAI), subscales of the PDS and PSQI, individual
items of the PSQI-A and physical health symptoms. The corrected
CI was 98.3% for the PDS, 99.2% for panic symptoms, 99.3% for the
PSQI and PSQI-A and 99% for physical health symptoms.

Linear regression was also applied to the data. However, mean
total scores on all the questionnaires were positively skewed and
transformations of the data did not improve normality. Data were
therefore presented as Poisson regression as opposed to linear
regression. The statistical program IBM SPSS Statistics version 20.0
(IBM Corporation, Armonk, NY, USA) was used to conduct analysis.

2. Results

Irrespective of the avalanches in 1995, the exposed group had
experienced more traumatic events in their lifetime than the
comparison group (Table 2). Survivors were almost two  times
more likely to have experienced natural disasters (excluding the
avalanches) in their lifetime than the comparison group. There was
no significant difference between the groups regarding other event
types.

Sixteen percent of avalanche survivors reported avalanche-
specific PTSD symptoms above the clinical cutoff in the past month.
Ten percent of respondents in the comparison group met  criterion
for PTSD to any other traumatic event. The difference in estimated

avalanche-specific PTSD prevalence in the exposed group and
PTSD in the comparison group was  not statistically significant (see
Table 3). However, follow-up tests conducted to examine each
subscale of the PDS showed that avalanche survivors were 1.83
times more likely to experience avalanche-specific hyperarousal
symptoms than hyperarousal to other traumatic events within
the comparison group and this was a significant difference after
controlling for age and gender. There was no statistically signifi-
cant difference between the groups on the PDS avoidance/numbing
and intrusion symptom clusters attributed to avalanche exposure
or to other traumatic events, within the avalanche and non-
exposed groups, respectively. Gender stratifications revealed that
male avalanche survivors were significantly more likely to have
avalanche-specific PTSD symptoms based on the cutoff score than
males in the comparison group reporting PTSD to other trau-
matic events (12% vs. 5% males respectively; RR = 2.42; 95% CI
[1.02–5.74]). Women  in the exposed and comparison groups did
not differ significantly in estimated avalanche-specific PTSD preva-
lence or PTSD prevalence to other traumatic events, respectively
(19% vs. 14% females respectively; RR = 1.31; 95% CI [0.79–2.19]).

When examining individual panic symptoms, survivors had 1.44
greater risk of experiencing episodes of overwhelming fear, anxiety,
or worry in the past 6 months. There was no significant difference
between the groups with regard to other panic symptoms or scores
on the DASS-21 (Table 3).

Results for sleep quality show that avalanche survivors had a
1.34 greater risk of sleep impairment in the past month (PSQI global
score > 5) compared to the comparison group. On the PSQI subcom-
ponents avalanche survivors had 1.68 greater risk of experiencing
poor sleep quality; 1.71 greater risk of moderate or severe sleep
disturbances; and 1.74 greater risk of using sleep medication in the
past month than the comparison group (Table 4). The groups did
not differ significantly on other component scores on the PSQI.

Survivors were 1.86 more likely to experience disruptive noc-
turnal behaviors common to PTSD (PSQI-A score " 4) in the past
month than the comparison group. On the PSQI-A subcompo-
nents, avalanche exposure was associated with anxiety or panic,
not related to traumatic memories (aRR 1.87). On the PSQI-A sub-
components, avalanche exposure was  marginally associated with
general nervousness (aRR 1.40) (Table 4). The aRR of sleep paral-
ysis symptoms was  1.36 among avalanche survivors compared to
the comparison group (Table 4).

When examining physical conditions some group differences
were noted. Survivors were more likely to suffer from mus-
culoskeletal and nervous system symptoms (aRR 1.43) and
gastrointestinal symptoms (aRR 2.16) than the comparison group.
There was no statistically significant difference between the groups
with regard to cardiovascular disease, endocrinological disease or
asthma or allergy symptoms (Table 5).

3. Discussion

In our 16-year follow-up of avalanche survivors, we  observed
a fairly strong association between avalanche exposure and
symptoms of avalanche-specific hyperarousal, general sleep
impairment, PTSD-related sleep disturbances and stress-related
physical conditions (musculoskeletal, nervous system and gas-
trointestinal symptoms). In addition, a high proportion (16%) of
survivors met  criteria for probable PTSD in the past month that
was avalanche-specific, although not significantly higher than the
comparison group.

To the best of our knowledge, this is the first study assessing
extended long-term effects of avalanches on survivors’ health and
one of the few studies that assessed sleep quality in the long-term
("10 years) in a disaster population. Our results are in line with
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Table  3
Psychological morbidity in avalanche survivors (exposed) and inhabitants of villages not exposed to avalanches (comparison group), expressed as relative risk.

Exposed Comparison RR (CI) aRR (CI)a

PDSb (score > 14)c 40 (16%) 31 (10%) 1.56 (1.00–2.41) 1.52 (0.98–2.35)
Avoidance (>85th percentile)d 47 (18%) 41 (13%) 1.35 (0.85–2.16) 1.32 (0.82–2.12)
Hyperarousal (>85th percentile)d 68 (26%) 44 (14%) 1.85 (1.22–2.81) 1.83 (1.23–2.74)
Intrusion (>85th percentile)d 53 (20%) 46 (15%) 1.36 (0.88–2.11) 1.37 (0.89–2.13)

DASS-21c

Depression past 2 weeks 61 (26%) 69 (23%) 1.11 (0.82–1.49) 1.11 (0.82–1.50)
Anxiety past 2 weeks 50 (21%) 52 (18%) 1.21 (0.85–1.71) 1.18 (0.84–1.68)
Stress  past 2 weeks 39 (17%) 39 (13%) 1.27 (0.84–1.91) 1.27 (0.85–1.91)

Panic  symptomse

Fear, anxiety/worry past 6 mths. 91 (37%) 80 (25%) 1.45 (1.03–2.04) 1.44 (1.03–2.01)
Pounding heartbeat, faintness/breathing difficulty past 6 mths. 49 (20%) 54 (17%) 1.16 (0.72–1.86) 1.15 (0.72–1.83)
Fear  of dying past week 42 (17%) 31 (10%) 1.68 (0.94–3.02) 1.62 (0.90–2.92)
Racing  heartbeat past week 81 (33%) 89 (29%) 1.13 (0.81–1.59) 1.11 (0.79–1.56)
Suffocation feeling past week 29 (12%) 30 (10%) 1.19 (0.62–2.29) 1.18 (0.62–2.27)
Difficulty breathing past week 40 (16%) 44 (14%) 1.13 (0.66–1.92) 1.13 (0.66–1.91)

a Adjusted for age and gender.
b Overall score > 14 on the 17 questions measuring DSM IV criteria for PTSD.
c 95% CI; alpha level < 0.05.
d 98.3% CI; alpha level < 0.017.
e 99.2% CI; alpha level < 0.008.

Table 4
Sleep quality and disruptive nocturnal behaviors common to PTSD in avalanche survivors (exposed) and inhabitants of villages not exposed to avalanches (comparison group)
during the past month, expressed as relative risk.

Exposed Comparison RR (CI) aRR (CI)a

PSQI
PSQI global (score > 5)c 83 (41%) 86 (31%) 1.32 (1.04–1.68) 1.34 (1.05–1.70)
Fairly/very poor sleep qualityd 77 (31%) 60 (18%) 1.69 (1.13–2.54) 1.68 (1.12–2.51)
Sleep  latency > 30 minutesd 44 (35%) 43 (26%) 1.32 (0.91–1.91) 1.34 (0.92–1.95)
Sleep  duration < 6 hd 25 (10%) 20 (6%) 1.62 (0.75–3.53) 1.57 (0.72–3.43)

Habitual sleep efficiencyd

Moderate/severe difficulty 33 (14%) 47 (15%) 0.95 (0.54–1.67) 0.99 (0.56–1.74)
Moderate/severe sleep disturb.d 75 (33%) 57 (20%) 1.69 (1.12–2.54) 1.71 (1.14–2.56)
Moderate/severe daytime dysf.d 41 (17%) 33 (11%) 1.63 (0.91–2.94) 1.63 (0.90–2.94)
Uses  sleep medicationd 60 (25%) 49 (15%) 1.61 (1.01–2.56) 1.74 (1.11–2.73)

PSQI-addendum
PSQI-A  global (score " 4)c 57 (24%) 39 (13%) 1.89 (1.30–2.73) 1.86 (1.30–2.67)
Hot  flashesd 80 (33%) 91 (29%) 1.14 (0.81–1.61) 1.13 (0.80–1.59)
General  nervousnessd 91 (37%) 83 (27%) 1.40 (1.00–1.96) 1.40 (1.00–1.96)
Memories/nightmares of traumad 48 (19%) 36 (12%) 1.68 (0.97–2.90) 1.68 (0.97–2.90)
Anxiety/panic unrelated to traumad 57 (24%) 39 (13%) 1.89 (1.13–3.14) 1.87 (1.13–3.09)
Bad  dreams not related to traumad 66 (27%) 60 (19%) 1.40 (0.92–2.13) 1.39 (0.92–2.10)
Episodes of terror or screamingd 23 (10%) 15 (5%) 1.96 (0.82–4.64) 1.88 (0.79–4.45)
Acting  out dreamsd 18 (7%) 10 (3%) 2.29 (0.81–6.47) 2.12 (0.75–6.04)
Sleep  paralysis symptomsb,c 64 (26%) 60 (18%) 1.39 (1.02–1.90) 1.36 (1.00–1.85)

a Adjusted for age and gender.
b Symptoms not part of the PSQI or PSQI-A questionnaires.
c 95% CI; alpha level < 0.05.
d 99.3% CI; alpha level < 0.007.

those of van der Velden et al. (2013), which indicated that resi-
dents of the Enschede fireworks disaster were more likely to suffer
from sleep problems than controls, 10 years post-disaster. The
majority of studies assessing sleep problems in the first years after
disasters have also indicated an increased risk of sleep problems
in survivors (Chae, Tong Won, Rhee, & Henderson, 2005; Donker,

Yzermans, Spreeuwenberg, & Van der Zee, 2002; Grievink et al.,
2007). Using the same sleep measurement tools as in our study,
Tempesta, Curcio, De Gennaro, and Ferrara (2013) showed that
earthquake survivors had higher incidence of sleep impairment and
disruptive nocturnal behaviors common to PTSD than inhabitants
of surrounding areas 2 years post-disaster.

Table 5
Self reported medical conditions of avalanche survivors (exposed) and inhabitants of villages not exposed to avalanches (comparison group), expressed as relative risk and
99%  confidence intervals.

Exposed Comparison RR (99% CIa) aRR (99% CI)b

Musculoskeletal and nervous system symptoms 102 (43%) 87 (30%) 1.41 (1.04–1.90) 1.43 (1.06–1.93)
Cardiovascular disease 43 (17%) 67 (21%) 0.81 (0.57–1.14) 0.87 (0.62–1.22)
Gastrointestinal symptoms 46 (18%) 28 (9%) 2.02 (1.14–3.61) 2.16 (1.21–3.86)
Endocrinological disease 34 (14%) 35 (11%) 1.19 (0.67–2.13) 1.17 (0.65–2.10)
Asthma  and allergy symptoms 49 (20%) 50 (16%) 1.23 (0.77–1.96) 1.22 (0.77–1.96)

a Alpha level < 0.01.
b Adjusted for age and gender.
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Avalanche-specific PTSD hyperarousal symptoms were present
in a quarter of avalanche survivors compared to 14% of the
comparison group meeting hyperarousal criteria to any other trau-
matic event(s). Previous research indicates that the initial state
of hyperarousal can become chronic for some trauma survivors,
essentially causing dysregulation of the physiological stress sys-
tem leading to abnormal levels of stress hormones such as cortisol
and norepinephrine and the development of stress-related dis-
eases over time (Kendall-Tackett, 2000). Although the specific
pathways by which trauma leads to physical health problems
is still inconclusive, recent research has indicated that hyper-
arousal symptoms may  uniquely mediate the relationship between
trauma and health symptoms (Boals, Riggs, & Kraha, 2013; Perez,
Abrams, Lopez-Martinez, & Asmundson, 2012). Testing this model
is beyond the scope of this paper, but our results warrant fur-
ther testing of the association between PTSD symptoms and
stress-related medical conditions in long-term survivors of disas-
ters. In support of examining this model further, we  found no
significant difference between the avalanche survivors and the
comparison group with regard to frequency of substance use,
which has been shown to be a mediating factor in the rela-
tionship between trauma and physical health problems. Indeed,
the symptoms associated with avalanche exposure were stress-
related including pain, migraines and gastrointestinal disease and
are consistent with previous literature which has shown associ-
ations between trauma exposure and adverse health (Afari et al.,
2014). Previously, disaster exposure has been found to be asso-
ciated with gastrointestinal symptoms in victims of the Vajont
disaster 40 years later (Zaetta et al., 2011) and stomachache,
back pain and headaches in survivors four to seven years after
disasters (Donker et al., 2002; van den Berg et al., 2008). In van
den Berg, Grievink, Yzermans, and Lebret (2005) literature review
of physical symptoms in disaster survivors, the prevalence of
headache symptoms ranged from 18 to 58% in eight different
disaster studies; being one of the most prevalent symptoms in
studies conducted "6 years post-disaster. Thus, it appears that the
most promising conceptualization of the long-term health effects
of disaster exposure are associated with the long-term effects of
chronic stress and provide indications for future stress-reduction
interventions.

A significant number of survivors (16%) are suffering from
avalanche-specific PTSD symptoms 16 year post-trauma; a consid-
erably higher proportion compared to the estimated prevalence of
disaster-specific PTSD in the general population (4–5%) (Kessler,
Sonnega, Bromet, Hughes, & Nelson, 1995). The high level of PTSD
symptoms in this population can be attributed in part to the sever-
ity of the disaster. The avalanches took the lives of many and
brought the infrastructure of the towns to ruins. Previous research
has found higher prevalence of PTSD in the aftermath of disasters
that have high casualty rates and cause vast destruction as opposed
to areas were destruction is less (Galea, Nandi, & Vlahov, 2005;
Norris et al., 2002). Long-term disaster studies ("10 years) that have
examined the effect of very severe disasters have reported simi-
lar PTSD prevalence (Arnberg et al., 2011; Favaro, Zaetta, Colombo,
& Santonastaso, 2004; Green, Lindy, Grace, & Leonard, 1992; Hull,
Alexander, & Klein, 2002; Morgan, Scourfield, Williams, Jasper, &
Lewis, 2003).

We  did not observe a statistically significant difference in
avalanche-specific PTSD and PTSD attributable to any other
event(s) between the avalanche and the comparison group, respec-
tively. However, given that PTSD symptom attribution in the
exposed group was restricted to the avalanche exposure, this is
a conservative comparison. Therefore, general prevalence of PTSD
in the avalanche survivors is likely to be underestimated in our
study. Gender stratification did however reveal that males in the
exposed group were more likely to suffer from avalanche specific

PTSD symptoms than males in the comparison group were to meet
criteria for PTSD to any other event(s).

It is noteworthy that the exposed group experienced a greater
number of lifetime traumatic events than the comparison group,
excluding the avalanches in 1995. This difference appeared to be
accounted for by report of greater disaster exposure (aside from the
avalanches under study) by the avalanche affected group. Research
indicates that previous traumatic exposure is both a risk factor for
experiencing additional traumatic events (Kessler et al., 1995) and
post-disaster mental health problems (Neria, Nandi, & Galea, 2008).
However, we  lack information on the timing of traumatic events;
our data are not completely informative on whether avalanche
exposure induces risk for future traumatic experiences.

With the majority of disaster studies focusing on the first 1–2
years post-event (Norris et al., 2006), this study contributes to the
literature on long-term studies of disaster survivors, and studies
assessing survivor populations relative to a comparison group. The
nationwide complete register allows us to identify the total pop-
ulation and with a response rate of 72%, this study encompassed
the majority of survivors of two avalanche stricken communi-
ties in 1995, making it highly representative of the pre-disaster
population. Despite the high response rate, there may have been
differences in terms of post-avalanche functioning among those
who were not available for follow-up, including those who moved
out of the country and those who had died in the interval between
the avalanche and follow-up period. It is possible that avalanche
exposure was  a contributing factor to mortality in some cases, but
information about causes of death was not examined. Furthermore,
the state of health of those who chose not to participate is not
known and could hypothetically diverge from those who  partici-
pated. In addition to non-responders, as previously described, our
study did not include avalanche survivors who  had moved out of the
country (n = 81). Interestingly, of residents alive in 2011, 16% had
moved overseas in the exposed group compared to only 5% in the
comparison group. The generalizability of our results to other popu-
lations is limited by our sample size, the effects of non-participation
and an exclusively Icelandic cohort.

The current study is further limited by the retrospective design
and lack of information on pre-disaster health status. Relying on
self-report of symptoms rather than diagnostic tools and physi-
cal examinations may  cause potential deviation in true symptom
prevalence. In addition, it is possible that symptoms cluster in spe-
cific families. However, to secure anonymity of participants, we
did not have information about family ties in the study. Lastly, the
traumatic event assessed in the PDS questionnaire is addressed dif-
ferently in the exposed and comparison group, potentially causing
a reporting bias. The exposed group is asked to have the avalanches
in mind while answering the questionnaire, while the comparison
group answers based on the most severe trauma they have experi-
enced. As noted before, this might cause an underestimation in the
prevalence of PTSD in the exposed group since we lack information
on whether the avalanche is their worse experience. In addition,
asking survivors to recollect a specific event might lead to them
remembering it more vividly then if they were asked to recall the
most traumatic event experienced.

Our findings on long-term risk of sleep disruption following
a natural disaster highlight the need for sleep treatments other
than sleep medication to be available for trauma survivors, such
as trauma-related therapy or cognitive therapy for sleep. Indeed
follow-up studies indicating high morbidity in disaster popula-
tions call for a review of the assistance provided at national and
regional levels in the long-term. In terms of mental health service,
States have legal obligations to offer disaster stricken communi-
ties access to affordable evidence-based treatment, in accordance
with General Comment 14 of the United Nations Committee on Eco-
nomic, Social and Cultural Rights (Committee on Economic Social
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and Cultural Rights, 2000) and WHO  guidelines (World Health
Organization, 2005). Despite this, disaster survivors often face bar-
riers in accessing care, such as financial cost (Wang et al., 2007) and
research indicates that only a small minority of severely mentally ill
survivors receive treatment (Brackbill, Stellman, Perlman, Walker,
& Farfel, 2013; Rodriguez & Kohn, 2008). Two of the main barriers
to receiving psychological treatment in Iceland concern accessibil-
ity and affordability of services. Despite psychiatric problems being
among the leading diagnoses registered during consultations with
primary health care physicians in Iceland (The Icelandic Directorate
of Health, 2009) it is not mandatory for primary health centers
to offer psychological treatment and outpatient treatment is not
subsidized by the Icelandic government.

In conclusion, our findings suggest that mass trauma, such as
natural disasters, can have long-standing effects on victims’ health

16 years later. Health care services need to provide long-term assis-
tance to disaster communities, especially evidence-based PTSD and
sleep treatment.
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Study Objectives: Limited data exist on the association between trauma and sleep across developmental stages, particularly trauma experienced in 
childhood and sleep in adulthood. We assessed sleep quality across the developmental spectrum among avalanche survivors 16 years after exposure as 
compared to a matched comparison cohort.
Methods: Participants were survivors of two avalanche-affected towns (n = 286) and inhabitants of non-exposed towns (n = 357). Symptoms were assessed 
with respect to the survivors’ developmental stage at the time of the disaster: childhood (2–12), adolescence (13–19), young adult (20–39), and adult (≥ 40). 
The Posttraumatic Diagnostic Scale, Pittsburgh Sleep Quality Index and Pittsburgh Sleep Quality Index PTSD Addendum were used.
Results: Overall PTSD symptoms were not associated with avalanche exposure in any age groups under study. However, survivors who were children at the 
time of the disaster were 2.58 times (95% CI 1.33–5.01) more likely to have PTSD-related sleep disturbances (PSQI-A score ≥ 4) in adulthood than their non-
exposed peers, especially symptoms of acting out dreams (aRR = 3.54; 95% CI 1.15–10.87). Those who were adults at time of the exposure had increased risk 
of trauma-related nightmares (aRR = 2.69; 95% CI 1.07–6.79 for young adults aRR = 3.07; 95% CI 1.51–6.24 for adults) compared to their non-exposed peers.
Conclusions: Our data indicate a chronicity of PTSD-related sleep disturbances, particularly among childhood trauma survivors. REM sleep disturbances 
may have different manifestations depending on the developmental stage at the time of trauma exposure.
Keywords: trauma, sleep, posttraumatic stress, development, children
Citation: Thordardottir EB, Hansdottir I, Valdimarsdottir UA, Shipherd JC, Resnick H, Gudmundsdottir B. The manifestations of sleep disturbances 16 years 
post-trauma. SLEEP 2016;39(8):XXX–XXX.

INTRODUCTION
Traumatic events have been found to be associated with sleep 
problems such as nightmares and insomnia in both children 
and adults.1,2 Sleep disturbances are a core feature of PTSD 
and have been documented during both REM and NREM 
sleep stages.3,4 Nightmares, predominantly occurring in REM 
sleep and acting out dreams, symptoms caused by loss of REM 
atonia, have been reported in adult trauma survivors.5 Sleep 
terrors, anxiety, and panic attacks, which occur predominantly 
out of NREM sleep, have also been associated with trauma 
exposure. Furthermore, disruptive nocturnal behaviors (DNB) 
such as excessive movements and vocalizations have been 
found to be characteristic of survivors of trauma in adulthood.6

Despite each developmental period during the life span 
being characterized by different sleep behaviors,7 the as-
sociation between sleep problems and trauma recovery is 
poorly understood across the developmental stages. Scientific 
knowledge about the relationship between sleep and trauma 
is mainly based on trauma occurring in adulthood,2 and to 
date, the adult and child literature on trauma and sleep have 
remained separate.

The current study assessed the sleep quality of disaster sur-
vivors 16 years post-trauma. In 1995, two avalanches fell on 
isolated towns in Iceland, taking the lives of 34 inhabitants. 
Based on the same cohort utilized in the current study, we pre-
viously reported that survivors were significantly more likely 

pii: sp-00451-15 

Significance
This study advances previous knowledge about sleep disturbances post-trauma, indicating potentially different manifestation of REM sleep disturbances 
in childhood versus adult survivors. Specifically, adults are possibly at increased risk for persistent nightmares post-trauma, while children are at greater 
risk of acting out dreams. Taking into account the developmental stage at the time of trauma may be important when assessing and treating sleep 
disturbances in trauma-exposed populations.

to experience general sleep impairment, PTSD-related sleep 
disturbances, and symptoms of PTSD hyperarousal than a 
comparison group 16 years post-disaster.8 In the current study, 
we further explored the potential modifying effects of devel-
opmental stage at the time of the trauma on subsequent sleep-
related symptomology.

METHODS

Participants
Through residential records from 1995 we attempted to con-
tact all living residents of the avalanche-affected towns (ex-
posed group) and two towns not geographically threatened by 
avalanches (comparison group), who were 18 years or older 
in 2011. Response rate for the avalanche survivors was 72% 
(286/399; 50% men, 50% women) and 66% (357/541; 46% men, 
54% women) in the comparison group. More information about 
the data collection process is available in our previous report.8

Young adults in the exposed group were more likely to have 
poor or very poor financial status than young adults in the 
comparison group (χ2 = 10.77, P < 0.01). In addition, adults 
in the exposed group were more likely to have children than 
adults in the comparison group (χ2 = 7.08, P < 0.01). No signifi-
cant differences were found between the avalanche-exposed 
and comparison groups with regard to other demographic vari-
ables (see Table S1 in supplemental material).
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Measures

Demographics
Demographic information was gathered for gender, age, edu-
cation, finances, number of children, current living situation, 
and employment status. Developmental stages were divided 
into the following phases, built on Erik Erikson’s psychoso-
cial phases of human development: childhood (ages 2–12), 
adolescence (ages 13–19), young adult (ages 20–39), and adult 
(age ≥ 40).9,10 Education was classified according to the Ice-
landic school system, where grade school is compulsory for 
children 6 to 16 years old, followed by a 4-year elective high 
school education (for most completed at 19).

The Pittsburgh Sleep Quality Index (PSQI)
The PSQI11 was used to assess general sleep problems in the 
past month. A PSQI global score > 5 was used to indicate clini-
cally significant sleep problems.11 The coefficient α in the total 
sample was 0.82.

The Pittsburgh Sleep Quality Index Addendum for PTSD (PSQI-A)
The PSQI-A6 was used to assess the frequency of disruptive 
nocturnal behaviors common in PTSD. A clinical score ≥ 4 
was used, which discriminates between participants with and 
without PTSD.6 When results for each item on the question-
naire were analyzed independently, a score > 1 was used to 
indicate symptomology. The coefficient α in the total sample 
was 0.74.

The Posttraumatic Diagnostic Scale (PDS)
The 17 questions on the PDS12 corresponding to the DSM-IV 
criteria for PTSD were used. The comparison group answered 
the standard questionnaire. For the exposed group, the PDS 
was modified, with questions being avalanche-specific. A 
standard cutoff > 14 was used, which is indicative of clinically 
significant PTSD symptoms.13 The coefficient α in the total 
sample was 0.92.

Statistical Analysis
We used poisson log-linear models with robust error variance 
to obtain relative risks (RR) with 95% confidence intervals 
(CI) of morbidity in the avalanche group. The RRs represent 
a ratio of the proportion of exposed subjects versus subjects in 
the comparison group, with index outcome or characteristic in 
each line. Adjustments were made for gender. The statistical 
program IBM SPSS Statistics version 20 was used to conduct 
analysis.

RESULTS
At the time of exposure survivors who were children were 
2.58 times more likely to have PTSD-related sleep distur-
bances than their non-exposed peers 16 years post-trauma. 
Specifically, childhood survivors were more likely to experi-
ence symptoms of general nervousness (aRR = 1.98), anxiety 
or panic not related to trauma (aRR = 2.41), and acting out 
dreams (aRR = 3.54) than their non-exposed peers. No sig-
nificant associations were found with regard to general sleep 
problems or PTSD symptoms between survivors who were 

children at the time of exposure and their non-exposed peers 
(see Table 1).

Avalanche survivors who were adolescents at the time of 
exposure were more likely to experience general sleep prob-
lems (aRR = 2.56) than their non-exposed peers 16 years 
after trauma. No statistical difference was found with regard 
to PTSD symptoms and PTSD-related sleeping problems be-
tween survivors who were adolescents at the time of exposure 
and their non-exposed peers (Table 1).

Survivors who were young adults at the time of the trauma 
were more likely to experience PTSD-related sleep distur-
bances (aRR = 2.33), particularly memories or nightmares 
of trauma (aRR = 2.69) and anxiety or panic not related to 
trauma (aRR = 2.18) than their non-exposed peers. No sta-
tistical difference was found with regard to general sleeping 
problems and PTSD symptoms between survivors who were 
young adults at the time of exposure and their non-exposed 
peers (Table 1).

No statistical difference was found with regard to general 
sleeping problems and PTSD symptoms between survivors 
who were adults at the time of exposure and their non-exposed 
peers 16 years after trauma. Furthermore, we found no sta-
tistical difference between the groups on the global score on 
the PSQI Addendum for PTSD. However, exposed survivors 
who were adults at the time of the trauma were more likely to 
experience memories or nightmares of trauma (aRR = 3.07) 16 
years later than their non-exposed peers (see Table 1).

DISCUSSION
In our 16-year follow-up of two avalanche-stricken commu-
nities, we found that the manifestations of sleep disturbances 
varied depending on survivor’s developmental stage at the 
time of the trauma. Survivors who were children at the time 
of exposure were, 16 years later, more than twice as likely to 
have PTSD-related sleep disturbances, particularly symptoms 
of acting out dreams (e.g., kicking, punching, running, or 
screaming while asleep) than their non-exposed peers. Con-
trary to the manifestation of sleep disturbances in childhood 
survivors, we found that trauma-related nightmares were more 
prevalent among those who were adults at the time of the 
trauma than their non-exposed peers at follow-up.

The most notable finding in our study is the high preva-
lence of acting out dreams among childhood survivors, sug-
gesting that the preteen years may be a sensitive period to 
the development of trauma-related motor pathologies during 
sleep. Motor activity characteristic of REM behavior disorder 
has previously been reported among individuals with PTSD 
after trauma occurring in adulthood.14,15 With regard to survi-
vors of trauma in childhood, a recent sleep physiology study16 
found that early lifetime traumatic event exposure was as-
sociated with REM sleep fragmentation in adulthood. Inter-
estingly, REM sleep fragmentation was also associated with 
later life disruptive nocturnal behavior in the study. It is pos-
sible that childhood trauma affects the development of REM 
sleep physiology, causing lasting disruptions in the REM sleep 
phase. However, further studies are needed to assess the pos-
sible connection between childhood trauma and REM sleep 
disturbances in adulthood.
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Consistent with previous literature, we found that trauma-
related nightmares were more prevalent among those who were 
adults at the time of the trauma than their non-exposed peers.17 
Traumatic nightmares are primarily a phenomenon of REM 
sleep, as is acting out dreams.18 Our findings therefore indicate 
potentially different manifestation of REM sleep disturbances 
in childhood versus adult survivors. The American Academy 
of Sleep Medicine has speculated that there is a common un-
derlying pathophysiologic mechanism in REM sleep distur-
bances.18 It is possible that the effect of trauma on REM sleep 
manifests differently depending on the developmental stage at 
the time of the trauma. Perhaps adults are rather at relatively 
increased risk for persistent nightmares post-trauma, while 
children are at greater risk of acting out dreams.

This study advances previous research that associates 
trauma and PTSD related sleep disturbances in children 
and adults by looking at developmental stages at the time of 
trauma. Through nationwide registers providing informa-
tion about the total avalanche-stricken population and with a 

response rate of 72%, our study is highly representative of the 
pre-disaster population. However, our study is limited by self-
report measurements of sleeping disturbances. It is noteworthy 
that the exposed and comparison group were distinguished by 
sleep disturbances, not PTSD symptoms. However, the PTSD 
symptom attribution in the exposed group was restricted to 
the avalanche exposure, and the comparison of symptoms be-
tween groups is therefore conservative.

To date, the long-term trajectories of sleep pathology in 
traumatized children have not been fully documented. Future 
prospective longitudinal research is needed to assess whether 
trauma-related sleep disturbances manifest differently in 
childhood as opposed to adulthood.

REFERENCES
1. Charuvastra A, Cloitre M. Safe enough to sleep: sleep disruptions 

associated with trauma, posttraumatic stress, and anxiety in 
children and adolescents. Child Adolesc Psychiatr Clin North Am 
2009;18:877–91.

Table 1—PTSD symptoms and sleep disturbances in avalanche survivors and the comparison group with regard to age at the time of the disaster.

Age at Time of Exposure
Children (2–12 y) Adolescents (13–19 y)

Exposed 
(n = 48)

Comparison 
(n = 68) aRR (95% CI)*

Exposed 
(n = 43)

Comparison 
(n = 40) aRR (95% CI)*

PDS (score > 14) 16% 15% 1.02 (0.44–2.40) 13% 11% 1.40 (0.46–4.27)
PSQI global (score > 5) 42% 32% 1.33 (0.81–2.18) 39% 16% 2.56 (1.14–5.75)
PSQI-Addendum 

PSQI-A global (score ≥ 4) 36% 15% 2.58 (1.33–5.01) 23% 23% 1.13 (0.52–2.45)
Hot flashes 35% 32% 1.12 (0.67–1.87) 16% 35% 0.50 (0.22–1.13)
General nervousness 40% 21% 1.98 (1.12–3.52) 51% 35% 1.54 (0.92–2.56)
Memories/nightmares of trauma 21% 19% 1.19 (0.58–2.45) 14% 20% 0.84 (0.32–2.20)
Anxiety/panic not related to trauma 31% 13% 2.41 (1.14–5.07) 21% 20% 1.16 (0.50–2.68)
Bad dreams not related to trauma 38% 28% 1.40 (0.84–2.34) 30% 30% 1.10 (0.56–2.08)
Episodes of terror or screaming 19% 8% 2.61 (0.94–7.25) 14% 8% 2.04 (0.54–7.74)
Acting out dreams 21% 6% 3.54 (1.15–10.87) 2% 8% 0.26 (0.03–2.24)

Age at Time of Exposure
Young adults (20–39 y) Adults (≥ 40 y)**

Exposed 
(n = 108)

Comparison 
(n = 129) aRR (95% CI)*

Exposed 
(n = 45)

Comparison 
(n = 75) aRR (95% CI)*

PDS (score > 14) 18% 11% 1.56 (0.80–3.03) 12% 5% 2.35 (0.69–8.08)
PSQI global (score > 5) 37% 28% 1.28 (0.86–1.91) 56% 47% 1.14 (0.74–1.74)
PSQI-Addendum 

PSQI-A global (score ≥ 4) 21% 9% 2.33 (1.19–4.60) 18% 13% 1.44 (0.60–3.43)
Hot flashes 37% 30% 1.18 (0.83–1.68) 30% 20% 1.65 (0.89–3.06)
General nervousness 35% 26% 1.27 (0.87–1.87) 26% 28% 0.92 (0.50–1.68)
Memories/nightmares of trauma 13% 5% 2.69 (1.07–6.79) 38% 12% 3.07 (1.51–6.24)
Anxiety/panic not related to trauma 23% 10% 2.18 (1.17–4.04) 18% 12% 1.51 (0.62–3.69)
Bad dreams not related to trauma 22% 14% 1.55 (0.89–2.69) 24% 15% 1.59 (0.75–3.35)
Episodes of terror or screaming 5% 4% 1.14 (0.36–3.66) 5% 3% 1.75 (0.27–11.49)
Acting out dreams 5% 0% – 3% 4% 0.62 (0.07–5.73)

*Adjusted for gender. **Results for the age group ≥ 65 were not shown separately due to few participants (n = 17). Analysis revealed no significant 
differences between exposed and non-exposed participants in this age group.



SLEEP, Vol. 39, No. 8, 2016 4 Sleep Disturbances 16 Years Post-Trauma—Thordardottir et al.

2. Babson KA, Feldner MT. Temporal relations between sleep problems 
and both traumatic event exposure and PTSD: a critical review of the 
empirical literature. J Anxiety Disord 2010;24:1–15.

3. Spoormaker VI, Montgomery P. Disturbed sleep in post-traumatic 
stress disorder: secondary symptom or core feature? Sleep Med Rev 
2008;12:169–84.

4. Kobayashi I, Boarts JM, Delahanty DL. Polysomnographically 
measured sleep abnormalities in PTSD: a meta-analytic review. 
Psychophysiology 2007;44:660–9.

5. Mysliwiec V, O’Reilly B, Polchinski J, Kwon HP, Germain A, Roth 
BJ. Trauma associated sleep disorder: a proposed parasomnia 
encompassing disruptive nocturnal behaviors, nightmares, and REM 
without atonia in trauma survivors. J Clin Sleep Med 2014;10:1143–8.

6. Germain A, Hall M, Krakow B, Katherine Shear M, Buysse DJ. A 
brief sleep scale for Posttraumatic Stress Disorder: Pittsburgh Sleep 
Quality Index Addendum for PTSD. J Anxiety Disord 2005;19:233–44.

7. D’Ambrosio C, Redline S. Sleep across the lifespan. In: Redline S, 
Berger NA, eds. Impact of sleep and sleep disturbances on obesity and 
cancer. New York, NY: Springer, 2014:1–23.

8. Thordardottir EB, Valdimarsdottir UV, Hansdottir I, Resnick H, 
Shipherd J, Gudmundsdottir B. Posttraumatic stress and other health 
consequences of catastrophic avalanches: a 16-year follow-up of 
survivors. J Anxiety Disord 2015;32:103–11.

9. Erikson EH. Life cycle. In: Sills DE, ed. International encyclopedia of 
the social sciences. New York, NY: Crowell, Collier, 1968.

10. Erikson EH. Childhood and society, 2nd ed. New York, NY: W.W. 
Norton, 1963.

11. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The 
Pittsburgh Sleep Quality Index: a new instrument for psychiatric 
practice and research. Psychiatr Res 1989;28:193–213.

12. Foa EB, Cashman L, Jaycox L, Perry K. The validation of a self-report 
measure of posttraumatic stress disorder: the Posttraumatic Diagnostic 
Scale. Psychol Assess 1997;9:445.

13. Coffey SF, Gudmundsdottir B, Beck JG, Palyo SA, Miller L. Screening 
for PTSD in motor vehicle accident survivors using the PSS-SR and 
IES. J Trauma Stress 2006;19:119–28.

14. Husain AM, Miller PP, Carwile ST. REM sleep behavior disorder: 
potential relationship to post-traumatic stress disorder. J Clin 
Neurophysiol 2001;18:148–57.

15. Ross RJ, Ball WA, Dinges DF, et al. Motor dysfunction during sleep in 
posttraumatic stress disorder. Sleep 1994;17:723–32.

16. Insana SP, Kolko DJ, Germain A. Early-life trauma is associated with 
rapid eye movement sleep fragmentation among military veterans. 
Biol Psychol 2012;89:570–9.

17. Schreuder BJ, Kleijn WC, Rooijmans HG. Nocturnal re-experiencing 
more than forty years after war trauma. J Trauma Stress 
2000;13:453–63.

18. American Academy of Sleep Medicine. International classification of 
sleep disorders, 2nd ed. Diagnostic and coding manual. Westchester, 
IL: American Academy of Sleep Medicine, 2005.

ACKNOWLEDGMENTS
The authors thank Harpa Jonsdottir for her help in collecting data and the 
late Jakob Smari for his invaluable support in initiating and designing 
this study.

SUBMISSION & CORRESPONDENCE INFORMATION
Submitted for publication August, 2015
Submitted in final revised form March, 2016
Accepted for publication April, 2016
Address correspondence to: Edda Bjork Thordardottir is a PhD student 
at the Centre of Public Health Sciences at the University of Iceland. 
Correspondence concerning this article should be addressed to the Centre 
of Public Health Sciences, University of Iceland, Stapi v/ Hringbraut, 
101 Reykjavik, Iceland; Tel: +354 525 5486; Fax: +354 552 1331; Email: 
eddat@hi.is

DISCLOSURE STATEMENT
This was not an industry supported study. This study was funded by the 
University of Iceland Research Fund, the Icelandic Research Fund for 
Graduate Students (Rannis), the Landspitali University Hospital Research 
Fund, and the Nordic Centre of Excellence for Resilience and Societal 
Security (NORDRESS), which is funded by the Nordic Societal Security 
Programme. The authors have indicated no financial conflicts of interest.



T
ab

le
 S

1—
D

em
og

ra
ph

ic
 c

ha
ra

ct
er

is
tic

s o
f a

va
la

nc
he

 su
rv

iv
or

s a
nd

 th
e 

co
m

pa
ris

on
 g

ro
up

 w
ith

 re
ga

rd
 to

 a
ge

 a
t t

he
 ti

m
e 

of
 th

e 
di

sa
st

er
s (

in
 1

99
5)

. 

 *χ
2  a

na
ly

si
s r

ev
ea

le
d 

st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s (
P 

< 
0.

05
) b

et
w

ee
n 

th
e 

gr
ou

ps
. 

 
C

hi
ld

re
n 

(2
-1

2 
yr

s.)
  

 A
do

le
sc

en
ts

 (1
3-

19
 y

rs
.) 

 
Y

ou
ng

 a
du

lts
 (2

0-
39

 y
rs

.) 
A

du
lts

 (≥
 4

0 
yr

s.)
 

 
Ex

po
se

d 
C

om
pa

ris
on

 
Ex

po
se

d 
C

om
pa

ris
on

 
Ex

po
se

d 
C

om
pa

ris
on

 
Ex

po
se

d 
C

om
pa

ris
on

 
 

 n
=

61
  

n=
73

 
n=

47
 

 n
=

44
 

n=
11

6 
n=

13
7 

n=
56

 
 n

=
10

2 
G

en
de

r 
 

 
 

 
 

 
 

 
   

 M
al

e 
48

%
 

33
%

 
57

%
 

46
%

 
45

%
 

51
%

 
54

%
 

50
%

 
   

 F
em

al
e 

 
53

%
 

67
%

 
43

%
 

54
%

 
55

%
 

49
%

 
46

%
 

50
%

 
Ed

uc
at

io
n 

 
 

 
 

 
 

 
 

   
  U

ni
ve

rs
ity

 
13

%
 

6%
 

30
%

 
25

%
 

19
%

 
15

%
 

8%
 

9%
 

   
  H

ig
h 

sc
ho

ol
/ t

ra
de

 sc
ho

ol
 

43
%

 
53

%
 

47
%

 
39

%
 

42
%

 
43

%
 

44
%

 
31

%
 

   
  G

ra
de

 sc
ho

ol
 o

r l
es

s e
du

c.
 

44
%

 
42

%
 

23
%

 
36

%
 

39
%

 
42

%
 

48
%

 
60

%
 

C
ur

re
nt

 fi
na

nc
ia

l s
ta

tu
s 

 
 

 
 

 
 

 
 

   
 V

er
y 

go
od

 o
r g

oo
d 

33
%

 
25

%
 

30
%

 
18

%
 

23
%

 
37

%
* 

22
%

 
30

%
 

   
 M

od
er

at
e,

 e
nd

s m
et

 
50

%
 

53
%

 
51

%
 

50
%

 
44

%
 

46
%

 
60

%
 

61
%

 
   

 P
oo

r o
r v

er
y 

po
or

 
17

%
 

22
%

 
19

%
 

32
%

 
33

%
 

17
%

 
18

%
 

9%
 

C
hi

ld
re

n 
 

 
 

 
 

 
 

 
   

  N
o 

72
%

 
74

%
 

23
%

 
25

%
 

9%
 

9%
 

0%
 

12
%

* 
   

  Y
es

 
28

%
 

26
%

 
77

%
 

75
%

 
91

%
 

91
%

 
10

0%
 

88
%

 
C

ur
re

nt
 li

vi
ng

 si
tu

at
io

n 
  

 
 

 
 

 
 

 
 

   
  M

ar
rie

d 
or

 in
 re

la
tio

ns
hi

p 
61

%
 

64
%

 
77

%
 

66
%

 
75

%
 

82
%

 
64

%
 

64
%

 
   

  S
in

gl
e,

 d
iv

or
ce

d 
or

 w
id

ow
ed

 
39

%
 

36
%

 
23

%
 

34
%

 
25

%
 

18
%

 
36

%
 

36
%

 
C

ur
re

nt
 e

m
pl

oy
m

en
t s

ta
tu

s  
 

 
 

 
 

 
 

 
   

  W
or

ki
ng

 o
r s

tu
de

nt
 

80
%

 
75

%
 

83
%

 
82

%
 

78
%

 
83

%
 

41
%

 
43

%
 

   
   

U
ne

m
pl

oy
ed

/ o
n 

di
sa

bi
lit

y 
13

%
 

15
%

 
11

%
 

16
%

 
19

%
 

15
%

 
15

%
 

15
%

 
   

   
R

et
ire

d 
/ o

th
er

 
7%

 
10

%
 

6%
 

2%
 

3%
 

2%
 

44
%

 
42

%
 





 

105 

Paper III 

Paper III 





Risk Factors for Posttraumatic Stress Symptoms Among
Avalanche Survivors
A 16-Year Follow-Up

Edda Bjork Thordardottir, BA,*† Ingunn Hansdottir, PhD,† Jillian C. Shipherd, PhD,‡§
Unnur Anna Valdimarsdottir, PhD,*k Heidi Resnick, PhD,¶ Ask Elklit, MSc,#**
Ragnhildur Gudmundsdottir, MSc,* and Berglind Gudmundsdottir, PhD††‡‡

Abstract: Few natural disaster studies have assessed factors associated with
posttraumatic stress disorder (PTSD) beyond a decade after trauma. Using
North's disaster model as a framework, the aim of this study was to identify fac-
tors associated with clinically significant posttraumatic stress symptoms (CS-
PTSDS) in avalanche survivors (n = 399) 16 years after the disaster. Completed
self-report questionnaires were received from 286 (72%) survivors. CS-PTSDS
were assessed with the Posttraumatic Diagnostic Scale. Predictors of
CS-PTSDS in a multivariate analysis were secondary sequelae factors of lack
of social support (adjusted relative risk [RR], 2.90; 95% confidence interval
[CI], 1.37–6.13) and financial hardship in the aftermath of the trauma (adjusted
RR, 2.47; 95% CI, 1.16–5.26). In addition, the community factor of providing
assistance in the aftermath of the avalanche (adjusted RR, 1.95; 95% CI,
1.04–3.64) was inversely associated with CS-PTSDS. Screening for these factors
may be useful in identifying those most vulnerable to developing chronic PTSD
after this unique type of disaster.

Key Words: Disaster, avalanche, risk factors, posttraumatic stress disorder,
long-term follow-up

(J Nerv Ment Dis 2016;204: 298–305)

P osttraumatic stress disorder (PTSD) is one of the most common
mental health problems after disasters, affecting 5% to 60% of sur-

vivors (Galea et al., 2005). In most cases, PTSD symptoms remit over
the first months after trauma, but for a minority of individuals, symp-
toms become persistent, often causing significant impairment in daily
functioning (Morina et al., 2014). Identifying the risk factors related to
the development of chronic symptoms highlights the need for studies be-
yond the first years (Goldmann and Galea, 2014). Long-term follow-up
of disaster victims can provide valuable information about the attribu-
tion of disaster-related factors in maintaining PTSD (e.g., secondary
stress) or buffering against the development of PTSD (e.g., social sup-
port) (Boe et al., 2011; Favaro et al., 2004; Green et al., 1990).

The “disaster trauma theory” developed by North (2004) provides
a framework of risk factors for mental health problems postdisaster,

such as PTSD symptoms. The model includes several domains with
variables that may contribute to psychopathology, such as individual
characteristics of survivors (i.e., sex and age), disaster agent charac-
teristics (i.e., injury and deaths caused by the disaster), secondary
sequelae factors (i.e., loss of social support), and community factors
(i.e., societal experience and community cohesion) (Fig. 1). This
model helps to account for the various risk and resilience factors that
can influence a survivor's postdisaster recovery or development of
mental health problems.

Previous research has shown individual characteristics, such
as female sex and age, to be associated with PTSD symptoms
(Goldmann and Galea, 2014). Some studies have found young age to
be associated with PTSD (North et al., 2012), whereas others have
found that factors such as the cultural and economic context of disasters
overrule the impact of age (Norris et al., 2002). In addition, degree of
exposure has been found to be associated with PTSD, with individuals
directly exposed to the disaster being at greater risk of symptoms than
are those indirectly exposed (Galea et al., 2005).

In addition to individual factors, the nature of a survivor's expe-
rience during the trauma is important to recovery. There are no clear
methods for establishing the severity of a traumatic event, but there
are some characteristics of disasters that have been identified as worsen-
ing outcomes. Specifically, disaster agent characteristics such as losing
a loved one, sustaining injuries, and losing property have been associ-
ated with PTSD (Goldmann and Galea, 2014).

After the disaster, secondary sequelae factors such as displace-
ment, lack of social support, and economic hardship have further been
associated with PTSD (Galea et al., 2005). In addition, posttrauma
community factors are salient. Research has shown a positive associa-
tion between low social cohesion and PTSD in disaster affected individ-
uals (Ursano et al., 2014). In addition, participating in disaster work
such as search and rescue has been associated with PTSD symptoms
in community volunteers (Thormar et al., 2014), perhaps because of ex-
posures to those injured or killed during the disaster.

The present study assesses the effect of avalanches that fell in
1995 in a cohort of inhabitants of two small towns in the western part
of Iceland, destroying 48 houses and taking 34 lives. In a previous study
on the effect of these avalanches, Asmundsson and Oddsson (2000)
found that 3 to 14months after the disaster, approximately 40% of adult
survivors had PTSD symptoms. In addition, the study identified female
sex, loss of a loved one, property damage, being parted from family
members after the disaster, and job loss as a result of the disaster as risk
factors associated with PTSD symptoms. Furthermore, a study of trau-
matization and adaption of rescue workers after these two avalanches
showed that volunteer rescue workers from surrounding towns were
more likely to have PTSD symptoms than were professional rescue
workers 3 weeks after the avalanches (Haraldsdottir et al., 2014). A
follow-up study of this cohort found that 16% of avalanche sur-
vivors were experiencing PTSD symptoms 16 years after the disaster
(Thordardottir et al., 2015). However, the risk factors documented as
predicting PTSD in the earlier timeframe of recovery have yet to be
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examined in survivors over the long-term, which is the specific focus of
the current report.

The current study provides an opportunity to address community
variables in the same model as other factors associated with recovery
(individual and disaster agent) because survivors of the avalanches took
part in search and rescue operations (Finnsdottir and Elklit, 2002), pro-
vided care for the injured, as well as provided other community assis-
tance such as cooking meals for the rescue workers and taking care of
children. Of survivors who chose not to move after the disaster, many
took part in the long-term process of rebuilding the communities.

In addition to the literature reviewed above, we are aware of only
two studies examining trauma recovery of avalanche survivors, both in-
vestigating soldiers who survived avalanches in Norway. A study of a
platoon of 15 army engineers who were hit by an avalanche during an
exercise in 1986 found PTSD symptoms to be present in both exposed
(n = 15) and nonexposed (i.e., 15 members of the platoon not in the
area) soldiers 3 days after disaster. However, no symptoms were present
17 months later (Herlofsen, 1994). In another study of Norwegian sol-
diers hit by an avalanche during a winter exercise, similar symptom
levels of PTSD were found in exposed soldiers and spontaneous res-
cuers 2 weeks and 4 months after the avalanche; significantly higher
than PTSD symptoms in nonexposed soldiers at both time points
(Johnsen et al., 1997). However, the long-term effects of avalanche
exposure and predictors of PTSD symptoms were not examined in
these studies.

The aim of this study was to identify factors that are associated
with clinically significant PTSD symptoms (CS-PTSDS) 16 years after

a disaster using North's (2004) model as a framework. Specifically, it
was hypothesized that individual characteristics of low education, poor
financial status, unemployment, disability, female sex, younger age,
and being located in town when the avalanches struck would be posi-
tively associated with CS-PTSDS. The following characteristics of
the disaster agent were predicted to be positively associated with
CS-PTSDS: loss of a loved one, injury, and economic loss. Further-
more, we hypothesized that CS-PTSDS would be positively associated
with the following secondary sequelae factors within North's model as
well as previous findings: abrupt evacuation, relocation and financial
hardship after the disaster due to destruction or job loss, and inversely
associated with perceived social support. Finally, in accordance to the
community factor domain of North's model and earlier findings, we hy-
pothesized a positive association between CS-PTSDS and providing as-
sistance after the avalanche, searching for survivors in the snow, and
providing care for survivors and an inverse association between partic-
ipation in rebuilding the community and CS-PTSDS.

METHOD

Participants
Participants were 286 individuals residing in Sudavik and

Flateyri in 1995 when the avalanches occurred. Residential records
from 1995 with current contact information for previous residents of
these towns were obtained from the Icelandic Bureau of Statistics. In
2011, we attempted to contact all living residents of these towns from

FIGURE 1. Modified version of North's (2004) disaster trauma theory. The domain “Posttraumatic Cognitive Processing” is not presented in the figure.
Factors assessed in the current article are in bold.
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1995 who were 18 years or older, residing anywhere in Iceland with an
active telephone number or address (n = 399). Response rate was 72%
(286/399; 50% men, 50% women). More information about the data
collection process is available in Thordardottir et al. (2015).

Procedure
Approval for the study was granted by the National Bioethics

Committee (VSNb2009080005/03.7). The Icelandic Data Protection
Authority was notified of the study (s4608/2009/LSL/-).

Informed consent was elicited by sending participants an intro-
ductory letter about the research project, followed by a telephone call
a week later to initiate the consent process. Those verbally agreeing to
participation were sent more detailed information about the project
and were informed that returning questionnaires implied consent.
Those who did not have an active telephone number received a letter
about the study and the questionnaire by postal mail. Reminders were
sent via e-mail or postal mail 2 weeks later, followed by a telephone re-
minder to nonresponders aweek later. Datawere collected from January
until June in 2011. All questions were asked in Icelandic.

Measures

Individual Characteristics
In accordance to North's (2004) disaster model, we assessed the

following individual characteristics: sex, age, education, finances, chil-
dren, current living situation, current employment status (response op-
tions: working, studying, unemployed, on disability, retired, and other),
whether respondents had been on disability at any time after the ava-
lanche (since 1995), current residence, and location when the avalanche
struck (in or out of town) (Table 1). Education was classified in accor-
dance to the Icelandic school system, where grade school is compulsory
for children 6 to 16 years old, immediately followed by a 4-year elective
high school education.

Disaster Agent Characteristics
In keeping with the model (North, 2004), we assessed the asso-

ciation of these disaster agent factors on CS-PTSDS: losing a family
member or close friend, sustaining injuries in the avalanche, and suffer-
ing from economic loss (home, business, or personal belongings partly
or completely destroyed in the avalanche).

Secondary Sequelae
In line with the disaster model (North, 2004) we assessed the as-

sociation of the subsequent secondary sequelae factors and CS-PTSDS:
evacuating one's home or having to move in the aftermath of the ava-
lanche, length of stay in the town after the avalanche fell (response
options: remained in the village, ≤24 hours, or >24 hours), satisfaction
with evacuation time, and experiencing financial hardship in the after-
math of the avalanche (“Did you have difficulty providing for your-
self in the aftermath of the avalanche due to destruction or losing
your job?”). Furthermore, respondents were asked about perceived
social support (“Did you have someone to talk to in the aftermath
of the avalanche?”).

Community Factors
The following community factors of the disaster model of North

(2004) were assessed: participating in rebuilding the community after
the avalanche and providing assistance in the aftermath of the avalanche
(“Did you take part in assisting in someway after the avalanche?”). Two
specific types of assistance were also assessed: searching for survivors
in the snow and providing care for survivors (“The first days after the
avalanche, did you take part in caring for someone that was hit by
the avalanche?”).

Posttraumatic Stress Symptoms
CS-PTSDS categorization reflecting theDiagnostic and Statisti-

cal Manual of Mental Disorders, Fourth Edition (American Psychiatric
Association, 2000) was determined using the Posttraumatic Diagnostic
Scale (PDS) (Foa et al., 1997). The PDS is a 31-item self-report mea-
sure that assesses the occurrence of a number of traumatic events as
well as PTSD symptoms. Participants in this study responded to a mod-
ified version tailored to the avalanches in 1995 (e.g., “In the past
month, have you been trying not to think about or have feelings as-
sociated with the avalanche in Flateyri/Sudavik?”). Possible PTSD
symptoms resulting from other traumatic events were not assessed.
Questions on the PDS are scored from 0 (not at all) to 3 (almost always)
for symptom frequency during the past month. Summing the ratings for
all 17 symptoms can derive total PTSD symptom severity scores. A
standard cutoff of greater than 14 was used to indicate CS-PTSDS.
Coffey et al. (2006) found this cutoff to have a sensitivity rate of
91%, a specificity rate of 62%, and an overall correct classification rate
of 74% for diagnosis of PTSD. Furthermore, the scale has shown good
concurrent validity and test-retest reliability (Foa et al., 1993). The

TABLE 1. Individual Characteristics of Survivors (n = 286)
at Follow-Up

n (%)

Sex
Male 143 (50)
Female 143 (50)

Age
18–35 108 (38)
36–55 109 (39)
56–75 47 (17)
76–90 16 (6)

Education
University 49 (17)
High school/trade school 122 (44)
Grade school or less education 110 (39)

Current financial status
Very good or good 74 (26)
Moderate, ends meet 139 (49)
Poor or very poor 70 (25)

Children
No 65 (23)
Yes 220 (77)

Current living situation
Married or in relationship 199 (70)
Single, divorced, or widowed 85 (30)

Current employment status
Working or student 204 (72)
Unemployed/on disability 45 (16)
Retired/other 35 (12)

Disability sometime after 1995
No 217 (85)
Yes 38 (15)

Current residence
Hometown 86 (30)
Elsewhere 197 (70)

In town at time of avalanche
No 70 (25)
Yes 206 (75)
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Icelandic version has been shown to have good internal consistency
(Ragnarsdottir and Gudmundsdottir, 2008). The coefficient alpha in
the total cohort was 0.91. Participants were coded as 0 or 1 correspond-
ing to falling below or above the cut score.

Statistical Analysis
Descriptive analyseswere conducted to examine individual char-

acteristics. We used Poisson log-linear models with robust error vari-
ance to obtain relative risks (RRs) with 95% confidence intervals
(CIs) of CS-PTSDS. The RRs represent a ratio of the proportion of
respondents with CS-PTSDS on a particular level of an independent
variable (e.g., reporting economic hardships) versus respondents with
CS-PTSDS on another level of the same independent variable (e.g.,
not reporting economic hardships). All models were adjusted for age
(continuous) and sex. Multivariate logistic regression analysis was used
to examine predictors of CS-PTSDS. Covariates included in the multi-
variate regression model were all factors statistically significant in prior
age- and sex-adjusted models. Furthermore, we used the Spearman's
rank correlation coefficient to assess intercorrelations among predic-
tors included in the multivariate model and to determine potential
multicollinearity. The statistical program IBM SPSS Statistics version
20.0 was used to conduct analysis.

RESULTS
Sixteen percent of survivors were experiencing CS-PTSDS

16 years after the disaster, as previously reported by Thordardottir
et al. (2015). Twelve percent of men (15/123) and 19% (25/135) of
women were experiencing CS-PTSDS. The sex difference was not sta-
tistically significant (RR, 1.52; 95% CI, 0.84–2.74). CS-PTSDS preva-
lence was 15% (15/102) in the age group of 18 to 35 years, 18%
(18/101) in the age group of 36 to 55 years, and 15% (6/40) in the
age group of 56 to 75 years. None of the 10 participants in the age group
of 76 to 90 years had CS-PTSDS. The association between age and
CS-PTSDS was not statistically significant. Compared with the age
group of 18 to 35 years, the risk (RR) of CS-PTSDS was 1.21 (95%
CI, 0.65–2.27) for individuals 36 to 55 years old and 1.02 (95% CI,
0.43–2.44) for individuals 56 to 75 years old. Of the individual charac-
teristics tested in accordance to North's (2004) disaster model, educa-
tional level, current financial status, current employment status, and
having been on disability at any time since the avalanches were related
to CS-PTSDS risk (see Table 2). Specifically, having grade school–
level education or less was associated with CS-PTSDS when compared
with university-level education (adjusted RR, 3.37). Furthermore, we
found that compared with good financial status, moderate and poor fi-
nancial status was associated with greater risk of CS-PTSDS (adjusted
RR, 4.81 and 9.35, respectively). Being currently on disability or unem-
ployed was associated with greater risk of CS-PTSDS when compared
with currently working or studying (adjusted RR, 2.25). In addition,
having been on disability at any time since the avalanche (from the year
1995) was associated with CS-PTSDS (adjusted RR, 2.34). Being in
town at the time of the avalanche was marginally associated with
CS-PTSDS (adjusted RR, 2.66). CS-PTSDSwas not related to other in-
dividual characteristics, including having children, current living situa-
tion, or location of current residence.

Testing of the model's (North, 2004) secondary sequelae factors
(see Table 3) showed that having experienced financial hardship in the
aftermath of the avalanche was associated with CS-PTSDS (adjusted
RR, 3.18). Furthermore, we found an inverse association between re-
ceiving social support after the avalanche and CS-PTSDS (adjusted
RR, 3.79). No significant association was found between other second-
ary sequelae factors or disaster agent characteristics and CS-PTSDS.

Of community factors assessed in linewith North's (2004) disas-
ter model, we found an inverse association between providing assis-
tance after the avalanche and CS-PTSDS (adjusted RR, 2.01) (see

Table 3). No significant association was found between other com-
munity factors and CS-PTSDS, such as participation in rebuilding the
community, searching for survivors in the snow, and providing care
for survivors.

The correlations between risk factors that were significantly
associated with CS-PTSDS in Tables 2 and 3 were assessed (see Ap-
pendix). No indication of multicollinearity was present. Table 4 shows
the results from a multivariate logistic regression analysis conducted to
examine potential disaster-related predictors of CS-PTSDS 16 years
after the avalanche. Results indicated that significant predictors of
CS-PTSDS were financial hardship in the aftermath of the avalanche
(RR, 2.47), not having provided assistance after the avalanche (RR,
1.95), and lack of social support after the avalanche (RR, 2.90).

DISCUSSION
In this 16-year complete follow-up of 399 survivors of destruc-

tive avalanches, we found secondary sequelae and community factors,
as opposed to individual and disaster agent characteristics, to be the best
predictors of persistent PTSD symptoms. Of posttrauma factors, lack of
social support in the aftermath of the disaster was found to have the

TABLE 2. Association of Individual Characteristics of Survivors
and Current CS-PTSDS (PDS >14) at Follow-Up, Expressed as RR
and 95% CIs

CS-PTSDSa

PDS ≤14 PDS >14 RR (95% CI)b

Entire cohort 218 (84%) 40 (16%) –
Education
University 41 (19%) 3 (8%) 1.00 (ref.)
High school/trade school 96 (45%) 14 (35%) 1.85 (0.53–6.44)
Grade school or less education 78 (36%) 23 (57%) 3.37 (1.06–10.74)

Current financial status
Very good or good 63 (29%) 2 (5%) 1.00 (ref.)
Moderate, ends meet 108 (50%) 18 (46%) 4.81 (1.13–20.46)
Poor or very poor 46 (21%) 19 (49%) 9.35 (2.18–40.06)

Children
No 48 (22%) 11 (28%) 1.00 (ref.)
Yes 169 (78%) 29 (72%) 0.71 (0.30–1.69)

Current living situation
Married or in relationship 157 (73%) 23 (58%) 1.00 (ref.)
Single, divorced, or widowed 59 (27%) 17 (43%) 1.60 (0.90–2.84)

Current employment status
Working or student 163 (76%) 25 (62%) 1.00 (ref.)
Unemployed/on disability 29 (13%) 14 (35%) 2.25 (1.21–4.20)
Retired/other 24 (11%) 1 (3%) 0.29 (0.04–2.33)

Disability sometime after 1995
No 175 (87%) 27 (71%) 1.00 (ref.)
Yes 27 (13%) 11 (29%) 2.34 (1.23–4.42)

Current residence
Hometown 66 (30%) 10 (25%) 1.00 (ref.)
Elsewhere 151 (70%) 30 (75%) 1.44 (0.70–2.99)

In town at time of avalanche
No 58 (27%) 4 (10%) 1.00 (ref.)
Yes 158 (73%) 36 (90%) 2.66 (0.98–7.21)

Bold data are significant at the alpha level < 0.05.
aOverall score on the 17 questions measuring Diagnostic and Statistical

Manual of Mental Disorders, Fourth Edition, criteria for PTSD.
bRRs were adjusted for age and sex.
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strongest association with CS-PTSDS. Our findings are consistent with
North's (2004) model and previous research that has shown lack of so-
cial support to be a potent risk factor for PTSD in postdisaster settings
(Galea et al., 2002; Rodriguez-Llanes et al., 2013). It is possible that the
social support received postdisaster had lasting effects, continuing for
years after the trauma, acting as secondary prevention for CS-PTSDS.
In support of this hypothesis, the meta-analysis of Ozer et al. (2003)

of predictors of PTSD indicated that the strength of factors associated
with PTSD differ at various time points after trauma. They found that
the inverse relationship between social support and PTSDwas strongest
in studies conducted more than 3 years after trauma as opposed to stud-
ies with less time elapsed. Thus, continuing explorations into the long-
term effects of disaster, including the current examination (16 years
later), are particularly important.

TABLE 3. The Association of Disaster-Related Factors and Current CS-PTSDS (PDS >14) at Follow-Up, Expressed as RR and 95% CIs

CS-PTSDSa

PDS ≤14 PDS >14 RR (95% CI)b

Disaster agent characteristics
Lost a family member or close friend
No 47 (22%) 4 (10%) 1.00 (ref.)
Yes 170 (78%) 36 (90%) 2.21 (0.82–5.97)

Sustained injury
No 147 (94%) 32 (91%) 1.00 (ref.)
Yes 10 (6%) 3 (9%) 0.93 (0.25–3.50)

Economic lossc

No 120 (65%) 20 (57%) 1.00 (ref.)
Yes 65 (35%) 15 (43%) 1.30 (0.71–2.39)

Secondary sequelae
Evacuated home/moved after disaster
No 91 (44%) 11 (28%) 1.00 (ref.)
Yes 116 (56%) 29 (72%) 1.83 (0.95–3.52)

Evacuation timed

Remained in village 59 (38%) 12 (35%) 1.00 (ref.)
≤24 hours 53 (34%) 10 (30%) 0.79 (0.36–1.74)
>24 hours 43 (28%) 12 (35%) 1.22 (0.59–2.50)

Satisfied with evacuation timed

Yes 71 (76%) 15 (83%) 1.00 (ref.)
No 22 (24%) 3 (17%) 1.34 (0.42–4.27)

Financial hardship in the aftermath of the avalanche
No 181 (88%) 24 (67%) 1.00 (ref.)
Yes 24 (12%) 12 (33%) 3.18 (1.70–5.94)

Social support in aftermath of avalanche
Yes 173 (85%) 18 (49%) 1.00 (ref.)
No 31 (15%) 19 (51%) 3.79 (2.12–6.80)

Community factors
Assisted after the avalanche
Yes 97 (48%) 11 (28%) 1.00 (ref.)
No 107 (52%) 28 (72%) 2.01 (1.04–3.87)

Searched for survivors in snow
No 167 (80%) 35 (87%) 1.00 (ref.)
Yes 41 (20%) 5 (13%) 0.86 (0.35–2.12)

Provided care for survivors
No 140 (70%) 31 (78%) 1.00 (ref.)
Yes 61 (30%) 9 (23%) 0.78 (0.38–1.58)

Participation in community rebuilding
Yes 114 (58%) 19 (49%) 1.00 (ref.)
No 84 (42%) 20 (51%) 1.17 (0.67–2.05)

Bold data are significant at the alpha level < 0.05.
aOverall score >14 on the 17 questions measuring Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria for PTSD.
bRRs were adjusted for age and sex.
cHome, business, or personal belongings partly or completely destroyed in the avalanche.
dThose who were not in the villages at the time of the avalanches were excluded from analysis.
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In line with North's (2004) disaster model and recent research
(Lock et al., 2012; Nillni et al., 2013), financial hardship in the after-
math of the avalanches was associated with CS-PTSDS 16 years later.
Asmundsson and Oddsson (2000) found that 3 to 14 months after the
avalanches under study, survivors who lost their job as a result of the di-
saster were at increased risk of PTSD symptoms. Interestingly, we
found that experiencing financial hardship after the disaster was associ-
ated with poor current financial status. It is possible that financial hard-
ship experienced after the disaster had a lasting effect on survivors'
economic status for years to come, causing additional stress and anxiety
and hindering recovery.

Providing assistance in the aftermath of the avalanche was in-
versely associated with CS-PTSDS 16 years after the disaster. This
finding is contrary to previous research documenting associations
between volunteering and PTSD development (Galea et al., 2002;
Haraldsdottir et al., 2014; Thormar et al., 2010). Previous literature
on volunteers has focused mainly on the first year after disaster, and
to the best of our knowledge, no study has assessed the impact of com-
munity volunteering decades after trauma. It is possible that vulnerable
individuals at higher risk for persistent PTSD symptoms refrain from
volunteering in the aftermath of disaster. On the other hand, it is also
possible that with time, volunteers have identified new meaning to
and benefits from their efforts that offset the initial drain on mental
health. In addition, some of the roles that volunteers took on may have

had positive effects on their mental health, such as assisting in commu-
nity cleanup processes and supervising children. An indicator of this
was found in interviews taken by the first author, where respondents
who provided assistance in the aftermath of the avalanches recalled that
“being of help gives you some kind of meaning in the chaotic aftermath
of the disaster.” In support of our results, a recent study on community
volunteers found a decrease in perceived stress and anxiety and an in-
crease in positive emotion after assistance in disaster community volun-
teers providing assistance 4 weeks to 2 months after an earthquake in
Italy (Cristea et al., 2014).

Because of the cross-sectional design of the study, we cannot de-
termine the temporal sequence of the relationship between CS-PTSDS
and various demographic variables. It is possible that survivors with
poor financial status and low education level before the disaster were
at increased risk of CS-PTSDS after the disaster. The relationship could
also be reversed with CS-PTSDS in the aftermath of the trauma affect-
ing academic performance or the ability to work. This could especially
be the case for those whowere children at the time of the trauma (a third
of study participants). Testing this is beyond the scope of this article, but
it is important for future research to look specifically at PTSD in child-
hood survivors of avalanches.

It is noteworthy that survivors experiencing CS-PTSDS were
more than twice as likely to have received disability benefits at
some time point posttrauma compared with those not experiencing
CS-PTSDS. Although we cannot conclude that the disability is di-
saster related, previous research has shown that PTSD, especially
chronic PTSD, is associated with disability (Byers et al., 2014;
Wittchen et al., 2011). Postdisaster disability was significantly cor-
related with financial hardship after the disaster, possibly explaining
why the disability variable dropped out as a predictor in our multi-
variate model of CS-PTSDS.

Inconsistent with previous research, we found no significant
sex difference in the prevalence of CS-PTSDS 16 years after the disas-
ter, a finding that has been prominent in disaster studies (Ditlevsen and
Elklit, 2012; Tolin and Foa, 2006). Our results differ from Asmundsson
and Oddsson's (2000) study 3 to 14 months after the avalanches, which
found women to be at greater risk of experiencing PTSD. However, this
is consistent with studies examining military populations reporting no
PTSD sex differences (Maguen et al., 2012).

The main strength of this study is that it is a complete,
population-based, 16-year follow-up of a population exposed to a se-
vere, natural disaster. Specifically, it was possible to identify the total
avalanche stricken population through the Icelandic nationwide regis-
ters, and with a response rate of 72%, this study encompassed most
of survivors of these communities in 1995. However, the health status
of those who chose not to participate remains unknown. It is likely that
the prevalence of CS-PTSDS is underestimated in our study, as previ-
ous research has shown that people experiencing PTSD symptoms
are less likely to answer in follow-up studies (Morina et al., 2014;
Weisaeth, 1989). In addition, we lack information about predisaster
mental health status. For example, it is possible that the inverse rela-
tionship between social support and CS-PTSDS is confounded by psy-
chological morbidity before the trauma, with those experiencing
psychological problems before the disaster being less likely to seek
social support after the trauma. Furthermore, although not assessed
in the study, level of preexisting social support may have been a
strong predictor of social support received after the avalanches.
The current study is further limited by retrospective design and
self-reporting of CS-PTSDS rather than relying on diagnostic inter-
views. We also lack information about whether respondents received
any PTSD treatment after the disaster, although this information
will be important in future studies. In addition, respondents were
asked to have the avalanches in mind while answering the PDS ques-
tionnaire. Therefore, we did not account for other predisaster or
postdisaster traumatic experiences in our sample. Lastly, we did

TABLE 4. Multivariate Associations Between Disaster-Related Factors
and Current CS-PTSDS (PDS >14)a

RR (95% CI)

Sex
Male 1.00 (ref.)
Female 1.22 (0.65–2.27)

Age 1.00 (0.97–1.03)
Education

University 1.00 (ref.)
High school/trade school 1.33 (0.31–5.61)
Grade school or less education 2.20 (0.50–9.64)

Current financial status
Very good or good 1.00 (ref.)
Moderate, ends meet 5.45 (0.72–41.09)
Poor or very poor 5.02 (0.58–43.20)

Current employment status
Working or student 1.00 (ref.)
Unemployed/on disability 1.34 (0.61–2.92)
Retired/other 0.36 (0.03–3.70)

Disability sometime after 1995
No 1.00 (ref.)
Yes 1.28 (0.50–3.32)

Financial hardship in the aftermath of the avalanche
No 1.00 (ref.)
Yes 2.47 (1.16–5.26)

Provided assistance after avalanche
Yes 1.00 (ref.)
No 1.95 (1.04–3.64)

Social support after avalanche
Yes 1.00 (ref.)
No 2.90 (1.37–6.13)

Bold data are significant at the alpha level < 0.05.
aOverall score >14 on the 17 questions measuring Diagnostic and Statistical

Manual of Mental Disorders, Fourth Edition, criteria for PTSD.
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not test all domains of North's disaster trauma theory. Specifically,
we did not test the Posttraumatic Cognitive Processing domain, which
includes factors such as coping techniques and meaning made from
the event. Although important factors to assess, this was not the focus
of the current study.

Identifying the risk factors associated with disaster-related PTSD
is important to identify those most prone to suffer in the long-term. In
conclusion, our main results indicate that experiencing financial hard-
ship in the aftermath of the trauma is associated with elevated risk of
PTSD symptoms considered to be clinically significant 16 years after
the disaster. In addition, receiving social support and providing assis-
tance in the aftermath of the disaster seem to be associated with a re-
duced risk of PTSD in the long-term.
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APPENDIX. Intercorrelations Between Risk Factors for Reported CS-PTSD

1. 2. 3. 4. 5. 6. 7. 8.

1. Age
2. Sex 0.02
3. Education −0.04 −0.07
4. Current financial status 0.10 0.05 −0.13*
5. Current employment status 0.33*** 0.17** −0.18** 0.17**
6. Disability sometime after 1995 −0.13* −0.06 0.19** −0.21** −0.34***
7. Financial hardship −0.19** −0.02 0.08 −0.21** −0.09 0.25***
8. Assisted after the avalanche −0.50*** 0.10 0.03 −0.04 −0.07 0.02 −0.01
9. Social support after avalanche −0.17** −0.01 −0.23*** 0.15* 0.03 0.03 −0.03 0.17**

*p < 0.05.

**p < 0.01.

***p < 0.001.
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Abstract 

Background: Every year a substantial number of children are affected by natural disasters 

worldwide. However, data are scarce on long-term psychological impact of natural disasters 

on children’s health. Identifying risk factors and outcomes associated with the long-term 

sequelae of posttraumatic stress disorder (PTSD) can provide a gateway to recovery as well 

as enhancement of preventive measures. 

Objective: Among childhood avalanche survivors, we aimed to investigate risk factors for 

PTSD symptoms and the relationship between socioeconomic status and PTSD symptoms in 

adulthood.  

Methods: Childhood survivors (aged 2-19 at the time of exposure) of two avalanches were 

identified through nationwide registers 16 years later. The Posttraumatic Diagnostic Scale was 

used to assess current PTSD symptoms. One-way ANOVA was used to explore PTSD 

symptoms by background and trauma-specific factors, as well as associations to current 

socioeconomic status. Predictors of PTSD symptoms were examined by multivariate 

regression analysis. 

Results: Response rate was 66% (108/163). Results from univariate ANOVA analysis 

revealed that female sex was associated with PTSD symptoms (F = 5.96, p <0.05). When 

adjusted for age and sex, PTSD symptoms were associated with lower education (F = 7.62, p 

<0.001), poor financial status (F= 12.21, p <0.001) and unemployment and/or disability (F = 

3.04, p <0.05). In a multivariate regression model, when adjusting for age and sex, lack of 

social support (t = 4.22, p <0.001) and traumatic reactions of caregivers (t = 2.49, p <0.05) in 

the aftermath of the disaster independently predicted PTSD 16 years post-trauma.  

Conclusions: Lingering PTSD symptoms after childhood exposure to a disaster may 

negatively influence socioeconomic development in adulthood. Strengthening children’s 

support systems post-disaster may prevent the long-term sequelae of symptoms. 

Keywords: children, disaster, avalanche, posttraumatic stress disorder, long-term follow-up 
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Every year a substantial number of children are affected by natural disasters worldwide. 

Mental health research has increasingly focused on the detrimental consequences of disasters 

on the health of children, and more recently has accentuated factors facilitating resilience and 

post-traumatic growth. Of mental health outcomes, posttraumatic stress disorder (PTSD) is 

likely the most prevalent post-disaster disorder affecting children (Hoven, Duarte, Turner, & 

Mandell, 2009). Longitudinal studies (> 10 years) of childhood disaster survivors have shown 

the prevalence of PTSD to range from 7% to 32% (Boe, Holgersen, & Holen, 2011; Green et 

al., 1994; McFarlane & Van Hooff, 2009; L. Morgan, Scourfield, Williams, Jasper, & Lewis, 

2003; Najarian, Sunday, Labruna, & Barry, 2011), indicating that factors other than the initial 

disaster exposure influence the progression of PTSD. In light of accumulating evidence of 

PTSD’s adverse effects on multiple areas of children´s lives, such as their social functioning 

and academic performance (Weems et al., 2013), identifying risk factors for PTSD has 

become an important area of research, providing a gateway to recovery as well as 

enhancement of preventive measures. 

 North’s (2004) disaster trauma theory proposes a network of risk factors that 

contribute to post-disaster psychopathology, such as PTSD (see Figure 1). The model 

classifies risk factors into domains such as: disaster agent characteristics (i.e. the subjective 

experience of the event and injury), individual characteristics (i.e. age and sex) and secondary 

sequelae (i.e. loss of social support).  

An array of potential risk factors for PTSD have been identified among childhood 

disaster survivors. The literature has however been limited to a large extent to examining the 

first months and year post-disaster (Wang, Chan, & Ho, 2013). Of individual characteristics, 

previous studies indicate that females are at greater risk for PTSD than males, both in 

childhood and adolescence (Alisic et al., 2014). The literature on the relationship between age 
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and PTSD among children has revealed mixed findings, as some studies indicate that the 

younger the children are, the greater the risk for developing PTSD (Brown, Mellman, Alfano, 

& Weems, 2011; Shannon, Lonigan, Finch, & Taylor, 1994), while others show older 

children experiencing greater symptom severity (Green et al., 1991). In line with this 

discrepancy, a meta-analysis of 96 child disaster studies found age at time of exposure to 

have a weak association with PTSD symptoms (Furr, Comer, Edmunds, & Kendall, 2010). In 

addition, greater number of lifetime traumatic events has been associated with increased 

PTSD risk, even when PTSD is assessed in relation to an index event. This relationship often 

appears in a dose-response fashion (Karam et al., 2014; Kilpatrick et al., 2013). 

Disaster agent characteristics such as severity of the event and proximity to the  

disaster, loss of a loved one or friend (Furr et al., 2010) and injury (Adams et al., 2014) have 

been associated with PTSD symptoms in children. Furthermore, children’s subjective 

experience of the disaster such as perceived life threat and distress at the time of the disaster 

has been found to yield medium-to-large associations with PTSD symptoms (Bodvarsdottir, 

Elklit, & Gudmundsdottir, 2006; Furr et al., 2010).  

Children are a particularly vulnerable group in the post-disaster period, and are likely 

to have difficulty coping with and recovering from the impact of disasters (Pfefferbaum, 

Noffsinger, Wind, & Allen, 2014). They are highly reliant on others for information and care 

and prior research has found low social support post-disaster to be a risk factor for PTSD 

among children (Trickey, Siddaway, Meiser-Stedman, Serpell, & Field, 2012). Caregivers’ 

serve as role models for coping, and parental psychopathology can have profound effects on 

children’s recovery in the aftermath of disasters (Green et al., 1991).   

 In 1995, two small towns in the western part of Iceland were struck by avalanches 

without warning, destroying in total 48 houses and taking 34 lives (including 13 children). 

Previously, we found that 15% of childhood survivors at the time of the avalanches in the 

cohort under study reported PTSD symptoms (PDS score > 14) within the past month at 16 
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years post-disaster (Thordardottir et al., 2015). The aim of the current study was to assess risk 

factors associated with PTSD symptoms in childhood survivors as well as the potential 

effects of PTSD symptoms on survivors’ socioeconomic status 16 years post-disaster. To our 

knowledge, this is the first study assessing risk factors for PTSD symptoms in childhood 

avalanche survivors. Adopting North’s (2004) model as a framework, we hypothesized that 

female sex would be positively associated with PTSD symptoms. Due to the discrepancy in 

the literature, we did not expect to find an association between PTSD and a specific 

developmental period in childhood. In accordance with the disaster agent characteristics 

domain of North’s model (2004), we predicted that being in town at the time of the 

avalanches and traumatic reactions (e.g. feeling intense fear or shock, helplessness), loss of a 

loved one, injury and economic loss would be positively associated with PTSD symptoms. 

Finally, of secondary sequelae factors, we hypothesized that perceived lack of social support 

and traumatic reactions of caregivers would be positively associated with PTSD symptoms. 

Since the disaster occurred during participants’ childhood, other lifetime traumatic events and 

current socioeconomic status were viewed as potential consequences of PTSD rather than risk 

factors for symptoms. Based on previous findings, we hypothesized that greater number of 

lifetime traumatic events and current socioeconomic status, i.e. low education, poor financial 

status, and unemployment and disability would be positively associated with PTSD 

symptoms.  

 

Method 

Participants 

Participants were 108 inhabitants of Sudavik and Flateyri in 1995 when the avalanches 

occurred, aged 2-19 at the time of the trauma. Residential records from 1995 with current 

contact information for previous residents of these towns were obtained from the Icelandic 

Bureau of Statistics. In 2011, we attempted to contact all residents who were 18 years or 
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older in 2011 (2-19 years old in 1995), residing anywhere in Iceland with an active phone 

number or address (N = 163). Response rate was 66% (108/163; 48% females, 52% males). 

More information about the data collection process is available in Thordardottir et al. (2015). 

Procedure 

Approval for the study was granted by the National Bioethics Committee 

(VSNb2009080005/03.7). The Icelandic Data Protection Authority was notified of the study 

(s4608/2009/LSL/-). Participants received questionnaires via email or postal mail. Data were 

collected from January until June in 2011. 

Measures 

We assessed sex and age, which was categorized into the following three groups: ages 2-5, 

ages 6-12, and ages 13-19. Since the disaster occurred during participants’ childhood, current 

finances, current living situation, current employment status (classified as: 1) working or 

student 2) unemployed or on disability and 3) parental leave or homemaker) and disability at 

any time after the avalanche were viewed as potential consequences of PTSD rather than risk 

factors for symptoms. Education was classified in line with the Icelandic school system, 

where grade school is compulsory for children 6 to 15 years old, immediately followed by a 

four-year elective high school education. Education was divided into three groups: 1) 

university level 2) high school or trade school and 3) grade school or less education. 

Disaster agent characteristics: Respondents were asked about losing a family 

member or close friend, sustaining injuries in the avalanche and suffering from economic loss 

(home or personal belongings partly or completely destroyed in the avalanche), their location 

when the avalanche struck (in or out of town) as well as their traumatic reactions during or in 

the aftermath of the trauma: 1) experienced their own life in danger 2) experienced the life of 

a significant other in danger 3) felt intense fear or shock 4) felt helplessness (reactions 

reflecting criterion A1  and A2 for PTSD in the fourth edition of the Diagnostic and Statistical 

Manual of Mental Disorders (American Psychiatric Association, 2000)). Response options 
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were yes/no. The relationship between respondents’ traumatic reactions and PTSD symptoms 

is shown in a univariate analysis, but in the multivariate analysis we created a summary index 

of respondents traumatic reactions (“Own reaction”), which ranges on a scale from 0 to 4.  

 Secondary Sequelae: In line with the disaster model (North, 2004) we assessed 

perceived social support following the avalanche (“did you have someone to talk to in the 

aftermath of the avalanche?”) and who provided the support (response options: family, 

friend(s), local(s), a professional from the towns, an out of town professional). Respondents 

were asked whether their caregivers had shown the following traumatic reactions in the 

aftermath of the trauma: 1) emotional numbness 2) feelings of intense fear or shock 3) feeling 

of helplessness 4) crying and 5) outbursts of anger. Response options were yes/no. The 

relationship between respondents’ perception of their caregivers traumatic reactions and 

PTSD symptoms is tested in a univariate analysis, but in the multivariate analysis we created 

a summary index of caregiver traumatic reactions (“Caregiver reaction”), which ranges on a 

scale from 0 to 5. 

Posttraumatic Stress Symptoms: Lifetime non-avalanche related traumatic events and 

posttraumatic stress symptoms reflecting DSM-IV (American Psychiatric Association, 2000) 

were assessed using the Posttraumatic Diagnostic Scale (PDS; Foa, Cashman, Jaycox, & 

Perry, 1997). The PDS is a 49-item self-report measure corresponding to all six criteria of the 

DSM-IV (American Psychiatric Association, 2000). In the current study, we assessed the 

number of non-avalanche traumatic events (12 items) as well as PTSD symptoms (17 items). 

Reported history of traumatic events (excluding the avalanches in 1995) were assessed and 

scored as 0-12, reflecting the number of traumatic events experienced or witnessed. With 

regard to PTSD symptom assessment participants in this study responded to a modified 

version tailored to the avalanches in 1995 (e.g. In the past month, have you been trying not to 

think about or have feelings associated with the avalanche in Flateyri/Sudavik?). Possible 

PTSD symptoms resulting from other traumatic events were not assessed. Questions on the 
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PDS are scored from 0 (‘not at all or only one time’) to 3 (‘five or more times a week/ almost 

always’) for symptom frequency during the past month. Summing the ratings for all 17 

symptoms can derive total PTSD symptom severity scores (0-51). The scale has shown good 

concurrent validity and test-retest reliability for the 17 items reflecting PTSD symptoms (Foa, 

Riggs, Dancu, & Rothbaum, 1993). The Icelandic version has been shown to have good 

internal consistency for the 17 items reflecting PTSD symptoms (Ragnarsdottir & 

Gudmundsdottir, 2008). The coefficient  in the total cohort was 0.88. 

Statistical Analysis 

One-way ANOVA was used to test PTSD symptoms by background and trauma-specific 

factors, as well as associations to current socioeconomic status. Multivariate regression 

analysis was used to examine predictors of PTSD symptoms. Covariates included in the 

multivariate regression model were all factors statistically significant in prior age- and sex-

adjusted models. Adjusting for other lifetime traumatic events in the final model did not 

affect results (data not shown). The statistical program IBM SPSS Statistics version 20.0 was 

used to conduct analyses. 

 

Results 

Females were significantly more likely to experience PTSD symptoms than males (F = 5.96, 

p < 0.05). No group difference was found within other individual factors, i.e. developmental 

stage at time of trauma and current living situation (Table 1). When adjusted for age and sex, 

PTSD symptoms were associated with low educational level (F = 7.62, p < 0.001), poor 

financial status (F = 12.21, p < 0.001), unemployment and/or disability (F = 3.04, p < 0.05) 

and greater number of lifetime traumatic events (F = 3.58, p < 0.05) (Table 1).  

PTSD symptoms were associated with the following disaster agent characteristics: loss 

of a family member or close friend in relation to the avalanche (F = 2.93, p < 0.05) and being 

in town at the time of the trauma (F = 3.57, p < 0.05). Of participants’ own reaction to the 
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disaster, experiencing their life in danger (F = 6.69, p < 0.001), and feelings of helplessness 

(F = 2.94, p < 0.05) in the aftermath of the trauma were associated with PTSD symptoms. 

PTSD symptoms were not significantly related to other disaster agent characteristics i.e. 

experiencing the life of significant others in danger and feeling of intense fear or shock, 

having experienced injuries or economic loss (Table 2).  

Testing of the model’s (North, 2004) secondary sequelae factors revealed that when 

adjusted for age and sex, PTSD symptoms were associated with lack of social support in the 

aftermath of the avalanche (F = 7.32, p < 0.001). Of those who received social support, 93% 

received support from their parents, 91% from their friends, 3% from a professional in the 

disaster area and 18% from an out of town professional. In addition, of caregivers’ traumatic 

reactions, as reported by childhood survivors, showing emotional numbness (F = 5.59, p < 

0.01), feelings of intense fear or shock (F = 5.32, p < 0.01), feelings of helplessness (F = 

3.39, p < 0.05) and outbursts of anger (F = 3.06, p < 0.05) were associated with respondents’ 

current PTSD symptoms. No association was observed between having caregivers who cried 

in the aftermath of the trauma and respondents’ PTSD symptoms (Table 2). 

When disaster-related factors were examined in a multivariate regression analysis 

(adjusted for age and sex), reported lack of social support in the aftermath of the disaster (t = 

4.22, p < 0.001) and traumatic reactions of caregivers (t = 2.49, p < 0.05) independently 

predicted PTSD symptoms among childhood survivors 16 years post-trauma (Table 3).  

 

Discussion 

In our 16-year follow-up of childhood avalanche survivors, we found lack of social support 

and traumatic reactions of caregivers (as perceived by respondents) in the aftermath of the 

disaster to uniquely predict current PTSD symptoms. Furthermore, we found that PTSD 

symptoms were associated with lower education, poor financial status and unemployment and 

disability in adulthood. Our study addresses gaps in the literature, as it is the first population-
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based cohort study assessing risk factors for PTSD symptoms among childhood survivors of 

avalanche exposure. 

Our results are consistent with North’s model (2004) and previous research which has 

found a supportive environment post-trauma to be a strong indicator of recovery (Masten & 

Narayan, 2012; Pfefferbaum, Jacobs, Houston, & Griffin, 2015; Spell et al., 2008). These 

findings are consistent with a prospective study of young hurricane survivors (La Greca, 

Silverman, Lai, & Jaccard, 2010) where high levels of social support from family and friends 

had a buffering effect on PTSD in childhood disaster survivors at a 9 and 21-month time 

point post-disaster. 

Our findings indicate that caregivers who reportedly showed traumatic reactions (e.g. 

numbness, intense fear and shock) in the aftermath of the disaster impacted respondents’ 

PTSD symptoms in adulthood. However, it is also important to note that caregivers’ crying in 

the aftermath of the avalanche (a normative response to emotions) was not associated with 

PTSD in childhood survivors. Caregivers are usually children’s main form of support in the 

post-disaster period and previous research has found that their adaptive functioning impacts 

their children’s stability (Trickey et al., 2012). It is noteworthy that in our multivariate 

analysis, caregivers’ traumatic reactions (as perceived by the childhood survivors) were a 

greater predictor of PTSD symptoms, than childhood survivors own traumatic reactions. A 

recent meta-analysis highlighted the impact of caregivers psychological health on children’s 

symptoms, finding no difference between parental PTSD and child distress depending on 

whether only the parent experienced the event or both the parent and child experienced the 

event (Lambert, Holzer, & Hasbun, 2014). 

Furthermore, consistent with our results, Dyb and colleagues (2011) concluded that 

the explained variance of PTSD scores in children is more related to family level variance 

factors (such as parental exposure, parental immediate reactions and posttraumatic stress 
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reactions) than individual variance factors (e.g. the child’s age, sex). Interestingly, univariate 

analysis revealed that having caregivers who cried in the aftermath of the disaster was not 

related to respondents’ PTSD symptoms. Caregivers’ reactions have previously been found to 

influence children’s coping behaviors (Spell et al., 2008). Witnessing caregivers crying, as 

opposed to showing emotional numbness, might therefore prompt children to express their 

feelings rather than internalize them. 

It is possible that the association between caregivers’ traumatic reactions and 

childhood survivor PTSD in our study is mediated by caregivers’ PTSD, as reported by 

previous findings (Foy, Madvig, Pynoos, & Camilleri, 1996). However, to secure anonymity 

of participants we did not obtain information about family ties within the avalanche cohort, 

preventing us from exploring the association between caregivers’ and childhood survivors’ 

PTSD symptoms.   

Our study provides evidence that PTSD symptoms are inversely associated with 

educational level, consistent with previous research, which has found PTSD to be associated 

with school absence and poor school performance among disaster affected children (Broberg, 

Dyregrov, & Lilled, 2005; Weems et al., 2013). It is possible that traumatic stress affects 

brain development, with evidence suggesting that traumatic stress early in life impacts critical 

areas of learning, such as memory processing and executive function (Brewin, 2011; Carrion 

& Wong, 2012; Scrimin, Moscardino, Capello, & Axia, 2009). In line with these findings, 

Dyregrov and colleagues (2015) found that teachers often perceive a deterioration in school 

performance among bereaved children, particularly difficulty in concentration. It is therefore 

particularly important that post-disaster interventions focus on equipping schools, a 

cornerstone in children’s development, with means to support those traumatized, both 

academically and socially. Our results further indicate that PTSD symptoms adversely affect 

financial status and the ability to work in adulthood, as previously evidenced in long-term 
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studies in other childhood trauma populations (Zielinski, 2009).  

The main strength of this study is that it is a complete, population-based follow-up of 

a childhood population exposed to a natural disaster. Through the Icelandic nationwide 

register, we were able to identify all survivors residing in the country 16 years post disaster. 

The questionnaire was developed following qualitative interviews with the avalanche 

survivors and the previous literature. In addition, the use of anonymous self-administered 

questionnaires decreased risk of interview related bias. However, despite the relatively high 

response rate for a disaster survivor study, the health status of those who chose not to 

participate remains unknown. 

Due to the retrospective nature of our study we cannot be certain about the temporal 

sequence of the factors under study. However, it is likely that the onset of PTSD symptoms 

was in the first months post-disaster, as previous research indicates that late onset of PTSD is 

uncommon (Smid, Mooren, van der Mast, Gersons, & Kleber, 2009; Yule et al., 2000). Due 

to the young age of some respondents at the time of the trauma (28% were ≤ 5 years old) and 

the time elapsed since the disaster, events may not be adequately recollected. In addition, the 

severity of the event may introduce a risk of memory distortion. Some studies have indicated 

that the retention of events accompanied by extreme stress are more vulnerable to error than 

events accompanied by moderate stress (Fivush, McDermott Sales, Goldberg, Bahrick, & 

Parker, 2004; C. A. Morgan & Southwick, 2014), although further research in this area is 

needed (Price & Connolly, 2008). 

Furthermore, reporting of perceived social support and caregivers’ traumatic reactions 

might not solely reflect acute reactions but rather responses and support received in the long-

term. It is also possible that poor social support post-disaster reflects respondents’ social 

environment pre-disaster. Similarly, caregivers’ traumatic reactions might be an indicator of 

psychopathological problems among caregivers pre-disaster. Nonetheless, whether parental 
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distress or poor support systems were present before or after the disaster, our results highlight 

the importance of bolstering children’s support system and supporting caregivers in helping 

their children in the post-disaster period.  

Our study is further limited by not examining all domains of North’s disaster trauma 

theory. Specifically, we are not examining all domains of North’s disaster trauma theory, 

specifically the Posttraumatic Cognitive Processing and Community Factor domain. 

Although important factors to assess, this was not the focus of the current study. 

Disasters are social events that need to be viewed in the context of communities. Our 

results suggest that it is of critical importance for disaster interventions to focus on assisting 

families. Supporting primary caregivers in their role as well as enhancing the availability of 

social support in the community for children (such as in the school environment) is crucial to 

their recovery in the long-term (Broberg et al., 2005). Furthermore, it appears to be just as 

important for interventions to focus on alleviating caregivers own distress symptoms as well 

as the child’s symptoms, as the former may have a large impact on children’s recovery 

process. Lastly, having evidence-based PTSD therapy available to children who go on to 

develop the disorder post-disaster is essential to the alleviation of symptoms, as evidenced by 

previous research (Goenjian et al., 2005).  

Conclusion 

This study indicates that PTSD symptoms following a disaster during childhood may have a 

negative effect on socioeconomic status in adulthood. In addition, results highlight the need for 

strengthening children’s support systems in the aftermath of disasters to prevent the long-term 

sequelae of symptoms. Offering evidence-based and affordable treatment to this particularly 

vulnerable group is an important public health matter that needs to be addressed, funded and 

available in the long-term. 
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Table 1. F-values from ANOVAs that examined the effects of current demographic factors  

on current PTSD symptoms in childhood avalanche survivors. 

 
                                                                                           PDS score 

                                                                                             

                                                                                   N (%)                    Mean (SD)           F value                F value1 

 

Individual characteristics     

Sex     

    Male        56  (52%)           5.0 (6.2)   5.96*         - 

    Female         52  (48%)    8.3 (7.5)   

Age in years at time of trauma     

     2-5       30   (28%) 5.6 (6.5)   0.92       - 

     6-12       31   (29%) 6.5 (7.3)   

     13-19       47   (44%) 7.3 (7.2)   

Current educational level       

   University       22   (20%) 4.3 (5.2)   8.74**  7.62*** 

   High school or trade school       48   (44%) 5.4 (6.4)   

 Grade school or less educ.       38   (35%) 9.4 (7.9)   

Current personal finances      

    Very good or good      34   (32%) 2.9 (4.5) 23.39*** 12.21*** 

    Moderate ends meet      54   (51%) 6.9 (7.0)   

    Poor or very poor      19   (18%)         11.8 (7.3)   

Current living situation       

     Married or in relationship     73  (68%) 6.7 (7.0)   0.02       2.28 

     Single, divorced      35  (32%) 6.5 (7.3)   

Current employment status     

    Working or student     88  (82%)        5.9 (6.8)   3.79       3.04* 

    Unemployed/ on disability     13  (12%)      11.1 (7.9)   

   Parental leave/homemaker      7     (7%)        8.3 (6.0)   

Nr. lifetime traumatic events2     

    0     31  (33%)        4.9 (5.4)  4.19*        3.58* 

    1-2      39  (42%)           7.3 (6.8)   

    3 or more     23  (25%)        8.7 (8.9)   

 

1Adjusted for age and sex. 
2Avalanches in 1995 excluded. 

*p<0.05;  **p<0.01; *** p<0.001 
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Table 2. F-values from ANOVAs that examined the association of risk factors and current PTSD  

symptoms in childhood avalanche survivors. 
 

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Adjusted for age and sex. 
2 Home, business or personal belongings partly or completely destroyed in the avalanche.  

*p<0.05;  **p<0.01; *** p<0.001 

                                PDS score 

       N (%)              Mean (SD)             F value 

 

F value1 

 

Disaster agent characteristics 

     

Lost family member or close friend      

     No   24 (23%)  4.6 (5.3)           2.61     2.93* 

     Yes      80 (77%)     7.3 (7.4)          

Sustained injury      

    No  74 (91%) 7.1 (7.0)     0.22     2.01 

    Yes        7   (9%) 8.4 (8.8)    

Economic loss 2      

    No  54 (57%) 6.7 (7.2)     0.01     1.75 

    Yes      41 (43%) 6.8 (7.2)    

In town at time of avalanche      

    No      23 (22%) 4.4 (6.4)     2.79     3.57* 

    Yes      81 (78%) 7.2 (7.1)    

Own reaction      

Own life in danger      

 No     78 (75%)   5.1 (5.8)        16.79***     6.69*** 

Yes     26 (25%) 11.3 (8.5)    

Life of significant other in danger      

 No  27 (26%) 5.3 (5.1)     1.32     2.54 

Yes 77 (74%) 7.2 (7.6)    

Feelings of intense fear or shock      

 No 34 (34%) 5.8 (7.2)     0.79     2.10 

Yes 66 (66%) 7.2 (7.0)    

Feelings of helplessness      

 No 40 (39%) 5.0 (6.3)          4.16*     2.94* 

Yes 62 (61%) 7.9 (7.4)    

Secondary sequale factors      

Social support in aftermath of avalanche      

    No 24 (26%) 11.3 (8.3)        14.18***     7.32*** 

    Yes 67 (74%)   5.3 (6.1)    

Traumatic reaction from caregivers       

Emotional numbness      

No 27 (30%) 3.3 (6.34)        11.61**     5.59** 

Yes 63 (70%) 8.6 (6.95)    

Feelings of intense fear or shock      

No 25 (28%) 3.7 (6.07)          7.39**     5.32**  

Yes 63 (72%) 8.1 (7.01)    

Feeling of helplessness      

No 24 (27%) 4.8 (5.71)          2.98      3.39* 

Yes 64 (73%) 7.6 (7.32)    

Crying      

No 17 (19%) 6.5 (7.92)     0.12      1.99     

Yes 72 (81%) 7.2 (7.07)    

Outbursts of anger      

No   48 (54%) 5.7 (6.20)          2.66      3.06*  

Yes   40 (46%) 8.2 (7.74)    
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Table 3. Multivariate linear regression between disaster-related risk factors and current PTSD symptoms 

in childhood avalanche survivors. 
       

 

 

 

 

 

       

        B, unstandardized regression coefficient; CI confidence interval 

 

 

 

 

 

 

 

 

     B      t 95% CI for B   P 

     

Young age -0.13 -0.86 -0.43; 0.17 0.39 

Female sex  2.90  2.09  0.14; 5.66 0.04 

Lost family member or close friend   1.32  0.76 -2.15; 4.79 0.45 

In town when avalanche hit -0.39 -0.23 -3.77; 2.98 0.82 

Lack of social support  6.51  4.22  3.44; 9.58 0.00 

Caregiver traumatic reaction  1.22  2.49  0.24; 2.20 0.02 

Own traumatic reaction  0.68  1.01 -0.66; 2.02 0.31 
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