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1.1 News flash of the Enschede fireworks disaster

Saturday May 13, 2000 it was briefly after 2 p.m. in the residential area Roombeek 

in Enschede when the sight of a small fire next to a fireworks- storage facility attracted 

many people in the neighbourhood (RTV Oost, 2000). Firemen tried to keep spectators 

at a distance. For unknown reasons the fire reached the storage bunkers. Without any 

understanding of the seriousness of the situation people were watching the firemen. Slowly 

the crowd became aware of the increasing danger of the flames and fireworks. All of a 

sudden their curiosity turned into panic. The fire led the fireworks to detonate.

The blast was felt up to 30 kilometers away. The explosions had an unbelievable 

destroying effect. Quickly the residential area turned into a black-burned ruin with hundreds 

of people wounded and 23 killed. Rescue workers reacted fast. Fire-trucks from all over 

Twente and even from Germany were being employed. Over 100 ambulances and several 

trauma-helicopters were actively engaged in the transportation of the deceased and 

critically injured victims. Hospitals in the wide vicinity were full to the bursting point with 

victims. More than 10,000 people had to be evacuated for one or more days, and 1,200 

people lost their homes completely.  

1.2 Disasters in the Netherlands

Disasters are collectively experienced traumatic events. Whether natural (e.g. 

flood, earthquake), industrial (e.g. mining accident, factory explosion), or man-made 

(e.g. terrorist attack), disasters are relatively uncommon in the Netherlands. Table 1 

shows an overview of disasters in the Netherlands after World War II (Yzermans, 2011).

Despite the fact that the Netherlands borders the sea and that parts of the 

country are under sea level, only a few large floods occurred in recent Dutch history. The 

most disastrous one was in 1953 when a great deal of the provinces of Zeeland and Zuid-

Holland were flooded.  Psychological after-effects and disturbances of this disaster have 

hardly been described (Ellemers, 1956). Due to this flood a tremendous masterplan was 

initiated – the Delta works – to defend the country in the near future against the sea. 

It was in 1992 that the country was shaken by the air crash of a cargo plane on 

a residential area, the Bijlmermeer in Amsterdam (Carlier & Gersons, 1997; Gersons & 

Carlier, 1993).  Apart from the loss of lives, injured people and the destruction of the 
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residential area, this disaster is notorious of the many eyewitnesses and rescue workers 

who complained over many years about psychological problems and unexplained 

physical symptoms. This culminated in uncertainty and distrust in authorities and finally 

ended up in a parliamentary inquiry (Yzermans & Gersons, 2002). In the aftermath of 

the fireworks disaster in the city of Enschede the Dutch government implemented the 

lessons learned from the Bijlmermeer disaster. The authorities were keen to address 

the needs of the survivors and the community as best as possible. Additionally they 

intended to restore trust in the government. The Ministry of Health launched an 

effective and efficient aftercare program and a masterplan for a health monitoring 

study for a period of three to five years. The ongoing gathering of data aimed to specify 

the needs of the population and to monitor their wellbeing. Services could be up- or 

downscaled accordingly. This Health Monitoring Victims Enschede Firework Disaster 

(Gezondheidsmonitoring Getroffenen Vuurwerkramp Enschede; GGVE) has resulted in 

Table 1. Disasters in the Netherlands, or with Dutch victims abroad after World War II

Year Place No of Dutch 
victims deceased

Description

1946 Apeldoorn 24 Airplane crash on secondary school

1953 Zeeland 1835 Dike collapse and subsequent flood

1962 Harmelen 93 Train accident

1976 Schiedam 24 Train accident

1977 Amsterdam 33 Hotel fire (Hotel Polen)

1977 Tenerife, Spain 583 Airplane crash

1989 Zanderije, Suriname 175 Airplane crash

1992 Bijlmermeer 43 Airplane crash on residency

1992 Faro, Portugal 56 Airplane crash

1996 Eindhoven 34 Airplane crash (Herculus disaster) 

1996 Texel 32 Airplane crash (Dakota disaster)

1999 Bovenkarspel 28 Legionella epidemic after Flower Festival

2000 Enschede 23 Explosion of fireworks-depot in residential 
area

2001 Volendam 14 Fire in pub on New Year’s eve

2004 Asia 3 Tsunami Indian Ocean

2010 Tripoli, Libya 70 Airplane crash
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a wealth of scientific articles (see appendix) and several PhD studies. This thesis is one 

of them. While most others studies in general have an epidemiological character this 

thesis is an in-depth study on a subgroup of subjects to address some specific (neuro)

psychological and biological issues. 

1.3 Trauma and psychological problems

The current knowledge on the sequelae of traumatic stress has come from 

studies investigating survivors who experienced a diversity of traumatic events. 

Traumatic events may consist of one or multiple events which are extremely frightening 

or shocking. Other examples of traumatic events than disasters are war, rape, traffic 

accidents, violent crimes and other situations in which one felt severely repulsed or felt 

like one’s life was in danger. In the Netherlands the lifetime prevalence of any potential 

trauma is about 80 percent (de Vries & Olff, 2009) which resembles rates found in the 

United States (Breslau et al., 1998). 

After a traumatic event survivors often feel tense, frightened, irritable and 

sad. Additionally, the memory of the traumatic event may be unwillingly and frequently 

recalled and survivors may suffer from disturbed sleep. People typically may have 

difficulties in concentrating at work or study and they feel like disaster will again strike 

any minute. Usually these reactions disappear within a few weeks (Bonanno, 2004).

However, in some survivors of traumatic events these disturbances persist 

for a longer duration. They cause clinically significant distress or impairment in social, 

occupational, or other important areas of functioning and daily life. In an attempt to 

regain control over life all kinds of situations and activities that remind them of the 

trauma are avoided. Survivors loose trust in themselves and others and can get a sense 

of powerlessness and hopelessness. Alcohol or sedative substances may be used to 

suppress negative feelings and hyperarousal. These survivors suffer from severe and 

disabling psychological problems and it has widely been recognized that trauma and 

environmental adversities have a role in the genesis of mental disorders like post-

traumatic stress disorder (PTSD) (Brom, Kleber, & Witztum, 1992), major depression 

(Kendler, Karkowski, & Prescott, 1999), specific phobia (Onder, Tural, Aker, Kilic, & 

Erdogan, 2006), social phobia (Marteinsdottir, Svensson, Svedberg, Anderberg, & von 
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Knorring, 2007), panic disorder (Scocco, Barbieri, & Frank, 2007), and alcoholism (Zucker 

& Gomberg, 1986). 

PTSD and major depression occur frequently following traumatic exposure, 

both as separate disorders and concurrently. In adults with chronic PTSD, comorbid 

depression occurs in nearly 50 percent of all individuals (Kessler, Sonnega, Bromet, 

Hughes, & Nelson, 1995; Orsillo et al., 1996). In favour of the correct choice of treatment 

for patients it seems important to disentangle the overlap between PTSD and depression.

1.4 Physiological response to stress: cortisol 

The sequelae of trauma also manifest itself in neurobiological phenomena. 

The hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system 

play a major role in the adaptive response to stress. Both systems are responsible for 

the release of hormones in reaction to both psychological and physical stressors and 

are frequently studied for their role in the onset and persistence of psychopathology 

following traumatic stress. Lately, the secretion of cortisol as a measure of HPA axis 

activity has received increasing attention. 

During acute stress, such as exposure to a disaster, there is a dose-dependent 

increase in both catecholamines and cortisol: the levels of both hormones increase 

relatively to the severity of the stressor. The catecholamines from the sympathetic 

nervous system, adrenaline (or epinephrine) and noradrenaline (or norepinephrine), 

facilitate the availability of energy to vital organs. They initiate certain physiological 

changes to prepare the body for action (fight or flight reaction). Typically these changes 

involve an increase in heart-rate, blood-pressure and perspiration, dilation of the pupils 

and heavy breathing. It also influences our awareness of time. Time seems to pass 

very slowly, which helps us to respond faster. Cortisol, on the contrary, functions as an 

“antistress” hormone. It helps to contain or shut down the neural defensive reactions 

that have been initiated by stress (Munck, Guyre, & Holbrook, 1984; Yehuda, 2001). 

Cortisol also has a function in preserving information acquired during stressful events, 

so that it can be stored for future use (Joëls, 2008). Numerous studies suggest that basal 

cortisol levels may be higher in individuals with a depressive disorder, whereas these 

levels are presumed to be lower in those with PTSD.
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1.5 Neurocognitive difficulties: attention

Intrusions, avoidance and hyperarousal symptoms of PTSD are all well described 

in the aftermath of a disaster (Kleber, 2008). However, more subtle symptoms of 

difficulties in memory and concentration have been studied much less even though they 

play an important role in dysfunction in work and daily life. Neurocognitive difficulties 

are frequent complaints among people who have PTSD and depression. People with 

depression, for instance, have difficulties concentrating and making decisions. Typical 

cognitive-processing distortions in PTSD are on the one hand that people suffer from 

involuntary intrusions of the traumatic event (flashbacks) and are preoccupied with 

threatening stimuli, while on the other hand they may have difficulty remembering 

important aspects of the trauma (psychogenic amnesia). The most common findings 

in studies on neurocognitive functioning in PTSD are impairments in attention and 

immediate memory. It is emphasized that immediate memory deficits in itself could 

be attributable to attentional dysfunction (for review see (Horner & Hamner, 2002)) 

since attention lies at the basis of all adequate information processing (Ashcraft, 1994). 

Similarly to PTSD, impairment in attention is frequently reported in the acute phase of 

depression (for review see (Hammar & Ardal, 2009)). Furthermore, it has been found that 

attentional dysfunctions persist during remission of the disorder (Paelecke-Habermann, 

Pohl, & Leplow, 2005). 

1.6 Health Monitoring Victims Enschede Firework Disaster 

In this paragraph we will describe the design and main results of the health 

monitoring studies that documented short- and long-term effects of the Enschede 

fireworks disaster, see appendix for all published studies on the fireworks disaster.

Between two to three weeks the first post-disaster health survey started. 

Blood and urine samples were analysed for trace elements indicative of exposure to 

fireworks-related substances. Results of the analyses showed no systematic increase 

of heavy metal levels in the residential group and in relief workers (Projectteam 

Gezondheidsonderzoek Vuurwerkramp Enschede, 2001). At the same time, the 

immediate health effects and personal experiences during the disaster were assessed by 

a comprehensive questionnaire. From a scientific point of view an additional advantage 

of this speed of assessment was that it prevented a possible bias in the recollection of 
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disaster experiences and emotions during and immediately after the disaster (van Kamp 

et al., 2006; Roorda, van Stiphout, & Huijsman-Rubingh, 2004). These questionnaires 

were repeatedly administered at approximately 18 months and 4 years post-disaster. A 

different track was to use the records of the GP’s before and after the disaster. By use 

of electronic medical records extracted from GP’s it appeared feasible to measure the 

health of survivors before and after the disaster. This cohort study took place from 16 

months pre-disaster to 5 years post-disaster. In the Dutch health system every citizen 

is enrolled in the practice of just one GP who acts as a gatekeeper to secondary care, 

therefore these GP’s medical records encompass a good overview of all health care 

problems. 

The main results of the studies revealed that mental health problems declined 

over the course of time. However, severe anxiety and sleeping problems were still 

elevated at 4 years post-disaster in survivors (n=662) in comparison to an unaffected 

control group (n=526). Severe intrusions and avoidance of reminders of the disaster 

(total score >25) at 2-3 weeks, 18 months, and 4 years post-disaster were 70.6%, 36.8% 

and 23.7%, respectively. Self-rated post-traumatic stress disorder (SRS-PTSD) at 18 

months was 13.4% and 9.7% at 4 years post-disaster (van der Velden et al., 2006b). 

During the first 2 post-disaster years, survivors had more contact with their GP 

than pre-disaster. This was especially the case for bereaved survivors and those with 

mental health problems (den Ouden et al., 2007; Dorn et al., 2006). In the fifth year post-

disaster, differences in the amount of contact with the GP between affected and matched 

non-affected residents were still significant. Pre-disaster no differences were apparent 

between survivors and matched controls in the prevalence of psychological problems. 

However, in the six months after the disaster a six-fold increase of psychological problems 

occurred followed by a fast decrease and a plateau which lasted for almost three years. 

At 5 years post-disaster survivors still presented more psychological problems than pre-

disaster.

Sick leave among rescue workers (n=1403) increased during the 18 months 

after the explosions: the prevalence of absences attributed to psychological problems 

increased from 2.5 percent of workers during the 6 months before the disaster to 4.6 

percent during the first 6-month period after the explosions and 5.1 percent during the 

following year (Morren, Dirkzwager, Kessels, & Yzermans, 2007).
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1.7 Aims of this thesis

Several limitations have been observed in the above described health monitoring 

studies. Classifying mental health problems into possible mental disorders is necessary 

to be able to identify the underlying psychological dysfunction. This enables clinicians 

to intervene with the appropriate treatment. The validity of self-rated questionnaires 

is limited when it comes to classifying psychological problems into mental disorders. 

Sleeping problems and exhaustion, for instance, may be associated to several mental 

disorders like depression, PTSD, substance abuse, but also to cheerful experiences like 

having a new born baby. 

Secondly, people might not understand the questions or interpret them 

wrongly. In the study that used electronic medical records of residents, classification 

of problems was the result of patient–doctor interaction. No systematic examination 

of post-traumatic psychological distress was performed by GP’s. It appeared that the 

identification of problems by GP’s depended on several factors like the GP’s own level 

of self-reported post-trauma mental health, the number of contacts survivors had with 

their GP and the level of survivors’ disaster-related experiences. This might have led to 

an under-estimation of psychological problems (Drogendijk et al., 2007; Kessler, Lloyd, 

Lewis, & Gray, 1999).

Currently, much of the psychological knowledge on how adults cope with 

trauma comes from survivors who sought treatment or exhibited great distress (Bonanno 

& Mancini, 2008). Yet, many people are exposed to traumatic events at some point in 

their lives and continue to have positive emotional experiences and show only minor 

and transient disruptions in their ability to function. Therefore, the aim of this thesis 

is to longitudinally describe the community prevalence of psychiatric disorders after 

mass-trauma and identify predictors for its course in order to be able to anticipate on 

consequences of future disasters and other traumatic events. We endeavoured to cover 

the limitations of the health studies by administering structured clinical interviews in a 

random sample of traumatised inhabitants of the affected area (the “in-depth cohort”).

Furthermore, the goal is to evaluate associations in the existing literature 

between PTSD and the stress-hormone cortisol, and examine the associations between 

cortisol and trauma-related psychopathology in the cohort of survivors of the fireworks-

disaster. 



16

CHAPTER 1

Finally, as difficulties in attentional function are frequent symptoms among 

people who have PTSD and depression, we aimed to identify the sequelae of symptom 

severity on attentional function. We investigated short- and long-term effects on 

attentional function since deficits in this matter may disrupt normal functioning in social 

interactions, work and study, even in the remitted state of mental disorders. 

In sum, this thesis focused on the following questions:

• How many survivors suffer from mental disorders, and which specific mental 

disorders are prominent?

• How long do survivors suffer from –or are at risk of development of- these 

potential mental disorders?

• Are there particular risk factors for chronic mental disorders among survivors?

• Do survivors with post-trauma mental disorders differ from survivors without 

mental disorders in their level of the stress-hormone cortisol?

• What is the burden of symptoms of PTSD and depression on attentional function 

in the short- and long-term?

1.8 Brief overview of the study design

With the exception of a systematic review, studies in this thesis are based on the 

Enschede in-depth cohort. It is a unique and relatively large sample of trauma survivors, 

as they all experienced the same disaster and were followed from two weeks till four 

years post-disaster. The participants of the in-depth cohort study were recruited as part 

of the large prospective study monitoring health after the disaster (van Kamp & van der 

Velden, 2001). In the in-depth cohort study survivors were assessed with a structured 

clinical interview at 2 and 4 years post-disaster. A subsample of the interviewed survivors 

was asked to participate twice in the biological study for neuroendocrine assessments and 

neuropsychological testing. Figure 1 shows the flow chart of the cohort of participants in 

the large health survey and the cohort in the in-depth study (overall and biology).
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1.9 Outline of this thesis

Although nearly everyone is exposed to a traumatic incident at some point in 

their lives, only a minority of people have succumbed to PTSD, depression, or other 

serious mental health problems. Survivors of traumatic events may follow various 

courses with regard to the development of psychopathology. Luckily, most survivors 

remain psychologically healthy. Some survivors, however, will have chronic courses of 

mental disorders, while others will recover, or develop a delayed onset of disorders. 

In chapter 2 we aimed to get insight into these courses. We studied survivors of the 

Enschede fireworks disaster from 2-3 weeks up to 4 years post-disaster aiming to assess 

how many survivors suffer from mental disorders, which specific mental disorders are 

prominent, and how long survivors suffer from –or are at risk of development of- these 

potential mental disorders. This longitudinal study also aimed to investigate predictors 

for the course of the most prevalent disorders in disaster survivors.

Despite a general consensus that basal levels of the stress-hormone cortisol are 

low in individuals with PTSD compared to controls (i.e. research papers and even reviews 

on this topic cite in favour of this view), many studies could not confirm these findings. 

Some studies even found higher basal levels of cortisol in PTSD. Chapter 3 aimed to 

disentangle these inconsistencies. It describes a systematic review and meta-analysis 

on studies examining basal cortisol levels in adults with current PTSD in comparison to 

mentally healthy individuals.
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Cortisol levels are influenced by tobacco, and PTSD and major depressive 

disorder have been associated with increased rates of tobacco usage and dependence. 

Chapter 4 describes the relationships between PTSD, post-traumatic depression, smoking 

and levels of circadian cortisol in the cohort of survivors from the fireworks disaster.

Most studies on attentional function in PTSD included patients with significant 

psychiatric comorbidity. The extent to which the observed attentional deficits were 

specifically attributable to PTSD remained unclear. Comorbid depression has been put 

forward as a factor to explain attentional dysfunction in PTSD. In chapter 5 we therefore 

investigated whether attentional dysfunction in survivors of the Enschede fireworks 

disaster is related to PTSD symptom severity independently from depressive symptoms. 

Furthermore, to assure that attentional performance is not the consequence of sleep 

disturbances, we also examined the effect of sleep disturbances in the relationship 

between PTSD symptoms and attention. 

While symptoms of PTSD and depression after trauma may improve over time, 

it is unclear whether this improvement is mirrored in recovery of attentional functioning. 

Chapter 6 describes the longitudinal study on the natural course of attentional functioning 

in the above mentioned population-based disaster sample. The main research question 

was whether improvement in attentional functioning can be predicted by PTSD or 

depressive symptoms, and whether improvement in attention is related to change in 

symptom severity.

In chapter 7, the general conclusions and discussion are presented, along 

with the limitations of the studies, the clinical implications, and suggestions for further 

research. 
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 Summary 

In current longitudinal disaster-studies they usually only focus on posttraumatic 

stress disorder (PTSD), while several other mental disorders showed increased risks and 

comorbidity between disorders is common. To obtain an insight into the course of post-

disaster psychopathology a community sample of survivors of the Enschede fireworks 

disaster was followed from two-three weeks to four years post-disaster. Diagnostic 

interviews (CIDI) and childhood stressor interviews were administered at two years post-

disaster (n = 260), the CIDI was repeated at four years post-disaster (n = 201, response 

rate 77.3%). At two years post-disaster many survivors (40.6%) suffered from PTSD 

(21.8%), specific phobia (21.5%) and/or depression (16.1%). These disorders were highly 

comorbid. At four years post-disaster prevalence significantly diminished. Instead of full 

recovery, diagnostic classifications shifted in several survivors over time. This resulted in 

low PTSD rates but still elevated rates for depression and specific phobia. The course of 

the three entangled disorders PTSD, depression and specific phobia was further studied 

by constructing four groups of survivors based on the diagnostic status at two and four 

years post-disaster: healthy, recovered, chronic and delayed-onset. Initial depressive 

symptoms, maternal dysfunction, childhood physical abuse, and disaster exposure were 

found to discriminate between the groups, predicting long-term psychopathology.
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 Introduction

Disasters are collectively experienced traumatic events with a severe impact 

which affect large numbers of people. They are characterised by a loss of personal, 

community, and physical resources for survivors. Following a disaster, survivors may 

start to suffer from mental health disturbances, such as PTSD and depressive disorders. 

Depending on the origin of the disaster, prevalence of PTSD in the community varied 

between 4 - 17% for man-made disasters (e.g. bombing, terrorist attack), 0.4% - 44.6% 

for technological disasters (e.g. mining disaster, industrial explosion), and 5 - 23% for 

natural disasters (e.g. earthquake, tsunami, flood) (Neria, Nandi, & Galea, 2008). Post-

disaster prevalence of depression is assessed to a lesser extent. However, six months 

post-disaster rates appear consistent across populations: 12.4% World Trade Centre 

attacks in New York City (Ahern & Galea, 2006), and 14.8% Mexican flood and mudslides 

of 1999 (Norris, Murphy, Baker, & Perilla, 2004). Yet, in addition to PTSD and depression, 

the genesis of other mental health disorders such as substance abuse disorders (e.g. 

alcoholism (Zucker & Gomberg, 1986), and anxiety disorders (e.g. specific phobia 

(Onder, Tural, Aker, Kilic, & Erdogan, 2006) is widely recognised. In the latter study the 

prevalence of psychopathology at three years was similar for PTSD (11.7%), depression 

(10.5%), and specific phobia (10.0%).

The course of psychopathology post-disaster appears to takes four forms 

(Bonanno, 2004; Wadsworth, Santiago, & Einhorn, 2009). Some individuals are resilient 

in the face of disaster and do not have clinical levels of mental health symptoms. 

Another group, termed chronic, meets criteria for clinical psychological problems at 

multiple assessments. A third group shows symptoms initially that recover over time, 

and a fourth group emerges, where clinical symptoms have a delayed-onset, showing up 

only at a subsequent re-assessment. 

In current longitudinal trauma-studies, however, it is common to refer to groups 

of survivors as ‘recovered’ or ‘delayed-onset’ while only PTSD is addressed, even though 

comorbidity between mental health disorders is very common, particularly in PTSD. 

Population based samples reported comorbidity rates of PTSD and at least one other 

mental health disorder of 79% for women and 88% for men (Kessler, Sonnega, Bromet, 

Hughes, & Nelson, 1995). High comorbidity seems to logically ensue from the current 

PTSD classification, since it is composed of symptoms that characterizes both major 
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depression (e.g. sleeping problems), and anxiety disorders (e.g., avoidance) (Brown, 

Chorpita, & Barlow, 1998; Mineka, Watson, & Clark, 1998).  Recent trends in the field of 

psychopathology attempt to deal with the overlap in constructs of mental health disorders 

in the current diagnostic classes of DSM-IV. Since the mood and anxiety disorders may be 

described by an overarching set of three temperamental factors, negative affect, positive 

affect, and physiological hyperarousal, it is suggested that these disorders should be 

subsumed together in an overarching class of emotional disorders (Watson, 2005). 

This study aimed to investigate the prevalence, course and comorbidity of a 

comprehensive picture of psychopathology in disaster survivors. Furthermore, we 

searched for determinants that discriminated between groups of survivors that were 

mentally healthy, recovered, had a chronic or a delayed-onset of prevalent mood and 

anxiety disorders post-disaster. We specifically chose to study the course of groups 

with PTSD, depression and specific phobia, because of their overlap in symptoms. The 

following variables known to predict PTSD were studied for their influence on the course 

of psychopathology: socio-demographics, exposure to trauma in childhood, dysfunctional 

parent-child relationships, magnitude of disaster-exposure, and comorbidity of mental 

health disorders (Brewin, Andrews, & Valentine, 2000; Neria et al., 2008; Onder et al., 

2006; Weich, Patterson, Shaw, & Stewart-Brown, 2009).

 Method

Participants / Procedure

On May 13, 2000 a huge explosion in a central storage facility of a fireworks 

factory occurred in the city of Enschede, the Netherlands. The facility was situated in 

the middle of a residential area and severely damaged or destroyed 500 homes. Twenty-

three people died and 1,000 people were injured. Approximately 4,500 adult residents 

were directly affected. The Dutch government declared it a national disaster (van der 

Velden, Yzermans, Kleber, & Gersons, 2007). 

The health of affected residents 18 years and older living in the area at the 

time of the disaster was monitored in a longitudinal health survey. The study consisted 

of three waves of self-report questionnaires (T1, two–three weeks post-disaster; T2, 18 

months post-disaster; and T3, almost four years post-disaster). Survivors were recruited 

by mail and announcements in the media. At T1, T2, and T3, respectively, 1567, 1116, and 
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995 affected residents participated (estimated response at T1 = 30%, T1 – T2 = 71% and 

T1 – T3 = 65%) (van der Velden et al., 2007). Following T2, the present study concerning 

the prevalence of psychopathology was launched. Of those survivors who participated 

in T1 and T2 and completed a questionnaires in Dutch (n = 859), a random sample of 602 

cases was selected for this additional study. Of these 602 survivors 507 were recruited 

by telephone, and 266 (52.5%) completed a diagnostic (CIDI) and childhood stressor 

interviews face-to-face by trained interviewers at two years post-disaster. Six participants 

were unreliable, leaving 260 survivors. Reasons for non-participation were: unknown (n 

= 80; 15.8%), no contact (n = 54; 10.7%), unable/refused (n = 65; 12.8%), wanting to 

avoid remembering the disaster (n = 21; 4.1%); insufficient mastery of Dutch (n = 12; 

2.4%); severely ill (n = 5; 1.0%); deceased (n = 2; .4%), moved abroad/to another part 

of the country (n = 2; .4%). The CIDI was repeated at four years (n = 201, response rate 

77.3%). For this study three time points were included: two-three weeks, two and four 

years. Between two and four years Chi-square test and independent t-tests showed no 

selective drop-out either in terms of gender, age, education, or in PTSD, specific phobia, 

depressive disorder, depressive and PTSD symptom severity, or traumatic exposure 

(childhood abuse and disaster exposure). 

Medical Ethics Committees (AMC, Amsterdam and TNO Zeist) approved the 

study protocols. All participants had supplied written informed consent. An incentive of 

€12 was given for participation in each phase.

Measures

The Computerized Dutch version of the Composite International Diagnostic 

Interview (CIDI; (World Health Organisation, 1997)) was used to determine mental health 

disorders in accordance with DSM-IV criteria (APA, 1994) and demographic data. The 

following modules were administered: mood, anxiety, substance-related disorder and 

somatoform disorder. In the PTSD section we inquired about PTSD symptoms associated 

with the fireworks disaster and an additional other event if survivors indicated that the 

latter was worse. This allowed us to identify all persons with PTSD (Breslau, Peterson, 

Poisson, Schultz, & Lucia, 2004) and compare the prevalence to the Dutch population. 

The CIDI has an excellent inter-rater reliability, good test–retest reliability and adequate 

validity (Andrews & Peters, 1998). 
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Childhood stressors were indexed by the Structured Trauma Interview (STI; 

(Draijer & Langeland, 1999)). Definitions for stressors before age 16 are (1) child physical 

abuse: recurrent and severe parental aggression; (2) child sexual abuse: pressured or 

forced sexual contact; (3) child witness of domestic violence; (4) early loss, including loss 

of a natural parent or caretaker by death, divorce, or prolonged separations before age 

12; and (5) degree of parental dysfunction for each parent, which were composites of the 

following 7 items: dysfunction resulting from recurrent illness, nervousness, depression, 

use of sedatives, drugs, alcohol problems, and hospitalizations. The internal consistency 

of degree of dysfunction was reasonable (Cronbach’s α: dysfunction of mother, 0.64; 

dysfunction of father, 0.65). Concurrent validity of the STI was shown by comparisons 

with other instruments for the assessment of childhood trauma (Kooiman, Ouwehand, 

& ter Kuile, 2002) or childhood neglect (Draijer et al., 1999).

Severity of disaster exposure was measured at two-three weeks post-disaster. 

Survivors reported sensory exposure by using a list of 21 experiences (0 = no, 1 = yes) 

specifying what participants had seen, felt, heard, or smelled during or immediately 

after the disaster. Degree of exposure was based on the sum score (range 0 - 21) (van 

Kamp et al., 2006). 

To determine the severity of PTSD, and depressive symptoms, participants 

completed three self-report measures at multiple time points. 

The Dutch 15-item version of the Impact of Event Scale (IES) (van der Ploeg, 

Mooren, Kleber, van der Velden, & Brom, 2004) was administered to obtain scores for 

subscales of intrusive (7 items) and avoidance (8 items) symptoms that are rated 0 = 

not at all, 1 = seldom, 3 = sometimes or 5 = often, reflecting their occurrence in the past 

week (range 0-75). The reliability and structure of the Dutch IES proved to be adequate 

across various traumatic stressors. It has a robust structure, supporting the composition 

(Intrusions and Avoidance scale) of the original IES. At all measurement points of the 

survey, the internal consistency was excellent, Cronbach’s α ≥ .94. 

As the 15-item IES has no information on the PTSD cluster hyperarousal the 

Self-Rating Scale for PTSD (SRS-PTSD) (Carlier, Lamberts, Van Uchelen, & Gersons, 1998) 

was added after the first wave of data collection to obtain a severity score for PTSD 

symptoms based on DSM-IV criteria. The internal consistency (Cronbach’s α .96) and 

inter-rater reliability of this self-report are found to be satisfactory. Participants were 



THE COURSE OF MENTAL DISORDERS AFTER A DISASTER: PREDICTORS AND CO-MORBIDITY

29

asked specifically to consider the fireworks disaster when completing this measure and 

the IES.

The Dutch version of the Symptom Check List-90 (SCL-90) (Arrindell & Ettema, 

2003) was administered to measure the severity of depressive symptoms (16 items). 

These items are scored on a 5-point Likert scale. At all measurement points of the survey, 

the internal consistency of the scale was excellent, Cronbach’s α ≥ .94.

 Data Analysis

Four groups of survivors were constructed based on the course of PTSD, 

depression and specific phobia in the past 12 months. The groups consisted of survivors 

who were:

•	 Healthy: No psychopathology at both two and four years post-disaster (n = 98);

•	 Recovered: PTSD, depression and/or specific phobia at two years post-disaster, 

but no psychopathology at four years post-disaster (n = 38);

•	 Chronic: PTSD, depression and/or specific phobia at two and four years post-

disaster (n = 27);

•	 Delayed-onset: No psychopathology at two years post-disaster and PTSD, 

depression and/or specific phobia at four years post-disaster (n = 10).

To ensure that the main psychological problems originated from the disaster, 

we excluded participants that had psychological problems preceding the disaster and did 

not subscribe their current problems to the event (n = 2). 

Analysis of variance (ANOVA) with Bonferonni correction was used to examine 

whether groups differed in numeric variables. Discriminant analysis (DA) was used 

to build a predictive model of group membership for the course of psychopathology 

based on differences in characteristics of the groups observed with ANOVA (p < .10). We 

specifically chose a DA model with equal prior probabilities as this performs better than 

logistic regression for classifying groups when the outcome variable has more than two 

groups of unequal size (Hossain, Wright, & Petersen, 2002). All statistical tests were two-

tailed, and p-value of less than .05 was considered statistically significant.



30

CHAPTER 2

 Results

Sample characteristics

At two years post-disaster participants had an average age of 48.1 years (SD = 

14.4), and 58.6% were of the female gender. The mean number of years of education 

was 12.6 (SD = 4.0), and 78.5% of survivors were married or cohabiting.

Traumatic exposure and symptom severity

Survivors reported an average severity of disaster-exposure of 11.0 (SD = 5.1). 

Childhood physical and sexual abuse was reported by 6.8% and 14.1%, respectively. All 

symptom severity scores significantly declined over time (IES: 36.9 (SD = 16.9) at two-

three weeks, 24.0 (SD = 19.8) at two years,  16.4 (SD = 17.8) at four years, F = 155.32, df 

= 1.961, p < .001; depressive symptoms: 29.8 (SD = 12.2) at two-three weeks, 24.1 (SD 

= 10.3) at two years, 23.2 (SD = 9.3) at four years: F = 48.61, df = 1.514, p < .001). Since 

SRS-PTSD and IES scores were highly correlated at two and four years post-disaster (r = 

.85 and r = .83, respectively), we chose to limit our analyses to the IES which was also 

administered at two-three weeks. 

Prevalence of psychopathology at two and four years post-disaster

Figure 1 shows 12-month prevalence of psychopathology in survivors at two 

and four years post-disaster. Panic disorder (two year: n = 3; four year: n = 2), obsessive 

compulsive disorder (two year:  n =6; four year: n = 6), generalised anxiety disorder 

(two year: n = 1; four year: n = 2) and agoraphobia (two year: n = 2; four year: n = 0) 

were combined to the group ´other anxiety disorders´. Alcohol (two year: n = 7; four 

year: n = 5) and drug (two years: n = 1; four years: n = 0) abuse and dependence were 

also merged. Somatoform disorder consisted of conversion disorder, pain disorder, and 

somatisation disorder. 

At two years post-disaster PTSD (21.9%), specific phobia (21.5%), and depression 

(16.2%) were dominant (see Figure 1). Specific phobia consisted of the following 

subtypes: nature (n = 34), blood-injection (n = 10), animal (n = 3), and situational (n = 21). 

PTSD was solely disaster-related in 51 out of 57 subjects (89.5%). Although in the total 
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group of subjects with PTSD, depression and/or specific phobia 8 survivors reported 

psychological problems preceding the disaster, as many as 6 out of these 8 subjects still 

attributed their current problems to the disaster. 

There were no statistically significant differences in PTSD, depression and 

specific phobia prevalence rates for men and women.

The percentage of survivors with PTSD, depression, specific phobia, social 

phobia, and somatoform disorders dropped significantly from two to four years, and the 

percentage of survivors without psychopathology in the past 12 months increased from 

51.9% to 70.5%.

Comorbidity rates at two years post-disaster

At two years 62 out of 260 survivors (23.8%) suffered from one single 12–

month mental disorder, while 31 (11.9%) had two, 22 (8.4%) had three, and 10 survivors 

(3.8%) had multiple co-existing disorders. Many survivors (40.6%) suffered from PTSD, 

depression and/or specific phobia. Comorbidity between two disorders was highest in 

PTSD with depression (n = 25, 43.8%) and in PTSD with specific phobia (n = 30, 52.6%). 

After taking all axis I disorders into account, 63.2% of survivors with PTSD had one or 
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more co-existing disorders, and 73.8% and 76.8% survivors with depression and specific 

phobia, respectively had at least one other mental health disorder. 

Shift in psychopathology from two to four years post-disaster

An in-depth look at 12-month psychopathology in survivors who were healthy 

or suffered from PTSD, depression and/or specific phobia was performed to get insight 

into the course of psychopathology from two to four years (n = 201). Survivors without 

PTSD, specific phobia, or depression who, however, suffered from other psychopathology 

were excluded from analysis. When survivors were healthy at two years, this was usually 

sustained over time (90.7%). In total 58.2% of survivors with PTSD, specific phobia, and/

or depression at two years no longer met full diagnostic criteria of any mental health 

disorder at four years post-disaster. Nonetheless, although most survivors recovered 

from depression and specific phobia, approximately half as many developed a new onset 

of these disorders. Delayed-onset of one disorder was preceded in 18 out of 28 (64.3%) 

by another disorder. This regularly resulted in a shift in diagnostic classification. Over 

10% of survivors with PTSD or specific phobia went on to be diagnosed with a delayed-

onset of depression, while on the contrary survivors with depression at two years were 

hardly ever diagnosed with delayed-onset PTSD or specific phobia. Delayed-onset of 

PTSD without any mental health disorder in the participant’s history was unusual. Of all 

psychopathology, specific phobia often appeared to be a chronic disorder. 

Four groups based on the course of psychopathology 

Table 1 displays the four groups based on the course of PTSD, depression, and 

specific phobia (n = 173). Due to incomplete data we lost 28 participants for analysis. 

Post-hoc analyses demonstrated that on all time points the IES and depressive symptom 

severity of healthy survivors were significantly lower than those in groups of recovered 

and chronic survivors. At two-three weeks and at four years post-disaster healthy 

survivors also had lower IES scores than survivors in the delayed-onset-group. Less 

severe depressive symptoms in the healthy versus the delayed-onset group was only 

seen at four years. Healthy survivors reported the least disaster exposure in comparison 

to recovered and chronic survivor groups. In contrast to the chronic group, healthy 

survivors had lower maternal dysfunction scores. Survivors in the chronic group had 
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more comorbid disorders, were more prone to have experienced childhood physical 

abuse and had higher IES scores at two years and higher depressive symptom severity 

scores at two and four years than recovered survivors.

Prediction of the course of psychopathology

Discriminant analysis showed that a model including the following variables was 

able to significantly discriminate the groups: disaster exposure severity, childhood sexual 

and physical abuse, maternal dysfunction, intrusions, avoidance and depressive symptoms 

at two-three weeks (λ, = .64, χ2 = 64.65, p < .001). We specifically used symptom severity 

measures at two-three weeks post-disaster in the model instead of later measures, since 

these are more interesting in forecasting later functioning. The standardized function 

coefficients of depressive symptoms, maternal dysfunction, childhood physical abuse, 

and disaster exposure severity contributed most to distinguishing between the groups 

(.77, .39, .38, and .34, respectively). Childhood sexual abuse contributed to a lesser 

extent to the discriminant function (.13). Although, intrusions and avoidance at two-

three weeks (- .11) did not contribute to the model, it was highly correlated with the 

overall discriminant function (r = .56). The classification results showed that the model 

correctly predicted 64.4% of healthy survivors, 36.1% of survivors who recover, 54.5% 

of survivors in the chronic group, and 50% of survivors with a delayed-onset, while by 

chance only 25% of survivors would be correctly appointed to each of the four groups.
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 Discussion

This longitudinal study investigated the prevalence, course and comorbidity 

of psychopathology in a community sample of survivors after a devastating fireworks 

disaster in their residential area. 

Prevalence of mental disorders

At two years post-disaster nearly half (48.3%) of survivors in our sample fulfilled 

criteria of a mental health disorder in the past 12 months. The most common disorders, 

PTSD (21.8%), specific phobia (21.5%), and depression (16.1%), were apparent in 40% 

of survivors. High 12-month comorbidity rates between these three disorders were 

found, and more than half of these survivors suffered from two or more co-existing 

disorders. Except for two cases PTSD was disaster-related. Interviewers orally reported 

that specific phobia consisted to a large extent of a fear of thunder storms, with an 

obvious sensory association to the fireworks explosions. In accord with previous findings 

(North, Kawasaki, Spitznagel, & Hong, 2004) substance abuse had not developed in 

response to the disaster or as part of coping with its aftermath. At four years post-

disaster psychological problems significantly diminished, and 12-month prevalence rates 

had dropped to 4.5 % PTSD, 9.5% depression, and 12.4% specific phobia. In comparison 

to the Dutch population, PTSD was no longer elevated at four years (de Vries & Olff, 

2009) (3.3%; CI: 2.2 - 4.5%), while rates for depression and specific phobia were still 

increased (Bijl, De, Ravelli, Smit, & Vollebergh, 2002) (depression 5.65% (CI:4.7% - 6.5%); 

specific phobia 6.88% (CI: 6.0 - 7.8%)). Although PTSD is most commonly studied in the 

aftermath of disasters, our study shows that it is not the central psychopathology after 

such events, at least in the long-term.

More than half of survivors with PTSD, depression and specific phobia at two 

years post-disaster no longer met full diagnostic criteria of any disorder at four years. 

Others also recovered of one of these disorders but went onto develop a new onset. 

Thus, in line with the literature (Rosen, Spitzer, & McHugh, 2008) PTSD, depression 

and specific phobia appeared to be highly intertwined: not only were these disorders 

the three most prevalent and highly comorbid, survivors also shifted between these 

disorders over the course of time. These findings add additional merit to the overarching 
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class of emotional disorders proposed by Watson (Watson, 2005) in which anxiety and 

mood disorders are incorporated.  

Course of psychopathology

In order to follow the course over time of these three entangled disorders 

(PTSD, depression and specific phobia) in survivors whose main psychological problems 

originated from the fireworks disaster, we constructed four groups to enable comparison 

between healthy survivors to groups who recovered, had chronic, or a delayed-onset of 

disorders. Our healthy group appeared to be resilient individuals (see (Bonanno, 2004)). 

Although psychopathology was absent, survivors did experience transient disturbance in 

normal functioning across time.  

We found that severe depressive symptoms in the early aftermath were more 

relevant in our model for predicting an unfavourable course of mental health between 

two and four years post-disaster than severity of PTSD symptoms. It appears that 

intrusions, avoidance and hyperarousal-symptoms usually show a natural recovery which 

is suppressed by having additional depressive symptoms. This result was previously found 

in a cross-sectional study (Onder et al., 2006). Findings showed a better recovery rate of 

PTSD in those survivors of the Marmara earthquake with a single diagnosis in comparison 

to survivors with comorbid PTSD and depression. Furthermore several treatment studies 

showed that comorbid depression to PTSD predicted a greater resistance to treatment 

e.g. (Brady, Killeen, Brewerton, & Lucerini, 2000). In our study survivors who recovered 

had fewer comorbid disorders than those with a chronic course. Findings suggest that 

screening for trauma-survivors at risk for long-term mental health problems appears 

more effective by using depressive instead of PTSD symptom severity measures. 

Survivors with delayed-onset of psychopathology had only slightly higher 

symptom severity scores at four than at two years post-disaster. Although delayed-

onset of PTSD, depression and/or specific phobia could refer to none or only few initial 

symptoms that lead to the disorder, our findings indicate prodromal symptoms prior to 

developing a full-blown mental health disorder. These findings are in-line with a recent 

meta-analysis (Smid, Mooren, van der Mast, Gersons, & Kleber, 2009) which reported  

that survivors with initial sub-threshold PTSD were at risk of developing delayed PTSD. 

Mental illness thus appears more a continuous instead of a dichotomous process. 
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Trauma exposure and course of mental disorders

Both the magnitude of traumatic exposure and absence of maternal care during 

childhood were predictive for the course of psychopathology. Healthy survivors reported 

the least traumatic exposure and maternal dysfunction. While one out of four survivors 

in the chronic group reported childhood physical abuse, it was rarely reported in the 

other groups. Hence, dose-response characterized the relationship between severity of 

trauma exposure and the degree of disruption in normal functioning. Findings are in-line 

with earlier reports showing an association between childhood abuse and dysfunctional 

mother-child relationship on the one hand and a higher incidence of psychopathology 

in adulthood on the other  (e.g. (Langeland, Draijer, & van den Brink, 2004)). A meta-

analysis by (Brewin et al., 2000) showed that the severity of the focal trauma conveyed 

the strongest risk for PTSD. The current study demonstrated that the course of a 

combination of anxious-depressive disorders is also well predicted by the exposure 

severity of the focal trauma, however maternal dysfunction was a slightly better 

predictor. Interestingly, maternal dysfunction contributed more to an unfavourable 

course of disorders than childhood sexual abuse. The effects of trauma on children can 

be mitigated by the presence of a supportive caregiver, even if that caregiver is unable to 

alter the outcome of events (Luthar & Zigler, 1991). Van der Kolk (van der Kolk & Fisler, 

1994) stated that only when caregivers adequately tune into their infants they will help 

infants change their psychological state from distressed to contented. One of the key 

problems of dysfunction of the primary caregiver is that a child might not learn how to 

regulate the intensity of feelings and impulses.

Demographics and course of psychopathology

None of the studied demographics including gender, age, and years of education 

conveyed risk factors for the course of psychopathology. Within the scientific trauma 

literature it is debated whether gender and specific age-groups foster a higher risk for 

trauma in itself instead of PTSD (e.g. (Olff, Langeland, Draijer, & Gersons, 2007)). Women, 

for instance, are at higher risk for sexual assault/rape and are more often traumatized 

at a younger age, both are associated with higher risks for developing PTSD. Therefore 

in our sample in which survivors all experienced the same trauma and we only included 

adult patients, we may not have found demographic risk factors.



THE COURSE OF MENTAL DISORDERS AFTER A DISASTER: PREDICTORS AND CO-MORBIDITY

39

Strengths and limitations

The strengths of the current study were the longitudinal design and the face-

to-face administered structured clinical interviews. Nevertheless, there are several 

limitations. Although we could not find selective drop-out in survivors between waves 

of data collection, we are hesitant to state that our community sample is representative 

for the affected community. Furthermore, since data on childhood experiences are 

collected retrospectively, we are uncertain whether there are actual increases in 

childhood traumatic exposure and adversities, or a recollection bias. There is reassuring 

evidence, however, that some types of psychopathology (such as depression) do not 

typically bias reports of childhood experience (Brewin, Andrews, & Gotlib, 1993), and 

furthermore our findings are supported by a recent systematic review (Weich et al., 

2009) which demonstrated prospective evidence of associations between poor parent-

child relationships and common psychiatric disorders in later life.

In conclusion

This study illustrated the course of psychopathology in a community of disaster 

survivors. It showed that the most prevalent disorders of PTSD, specific phobia and 

depression are highly intertwined: they frequently co-occurred, and a shift in diagnostic 

classification over time was common. Our findings question whether the DSM-IV 

adequately classifies PTSD, depression and specific phobia as separate disorders. Future 

studies should focus on possible clusters of anxious-depressive symptoms for more 

comprehensive descriptions of the whole spectrum of trauma-induced psychopathology. 

Since patients are often appointed to treatment programs based on a specific diagnosis, 

clinicians need to be aware of comorbidity and a possible shift in disorders over time 

and subsequently alter to more comprehensive treatment approaches. Child abuse and 

neglect form extra risk factors for long-term psychopathology in adulthood. We may 

profit from the predictive value of depressive symptom severity within a few weeks post-

disaster, as this offers opportunities for early screening of trauma survivors at risk for 

long-term mental health problems. 
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 Summary 

Background. Post-traumatic stress disorder (PTSD) has inconsistently been 

associated with lower levels of cortisol.

Aims. To compare basal cortisol levels in adults with current PTSD and in people 

without psychiatric disorder.

Method. Systematic review and meta-analysis. Standardised mean differences 

(SMD) in basal cortisol levels were calculated and random-effects models using inverse 

variance weighting were applied.

Results. Across 37 studies, 828 people with PTSD and 800 controls did not differ 

in cortisol levels (pooled SMD=-0.12, 95% CI=-0.32 to 0.080).Subgroup analyses revealed 

that studies assessing plasma or serum showed significantly lower levels in people with 

PTSD than in controls not exposed to trauma. Lower levels were also found in people 

with PTSD when females were included, in studies on physical or sexual abuse, and in 

afternoon samples.

Conclusions. Low cortisol levels in PTSD are only found under certain conditions. 

Future research should elucidate whether low cortisol is related to gender or abuse and 

depends on the measurement methods used.

Declaration of interest. None.
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 Introduction 

Exploring neuroendocrine function in patients with post-traumatic stress 

disorder (PTSD) may give insight into the pathogenesis of this stress-related disorder. 

One focus in the scientific literature has been on possible disturbances in the 

hypothalamic–pituitary–adrenal (HPA) axis. During acute stress the HPA axis is activated; 

the hypothalamus secretes corticotropin-releasing hormone (CRH) under the influence 

of serotonin from the amygdala. Subsequently, CRH stimulates the pituitary to release 

adrenocorticotropic hormone (ACTH), which results in the production of glucocorticoids 

(cortisol) in the adrenal cortex. Cortisol serves to stop many metabolic, neuronal defensive 

and immune reactions. Consequently energy can be mobilised to cope adequately with 

the stressor. Studies using psychological stress to stimulate the HPA axis have shown an 

exaggerated cortisol response in PTSD (for review see (de Kloet et al., 2006)). However, 

under basal conditions PTSD generally – but inconsistently – has been associated with 

lower levels of cortisol. To elucidate this association we performed a systematic review 

of studies reporting basal cortisol levels in people with PTSD to investigate whether 

specific circumstances contribute to these inconsistencies.

 Method

Identification of studies

Relevant studies were identified by systematic searches of Medline, Embase, 

ScienceDirect and PsychLIT for articles published between 1980 and March 2005. A free-

text search was performed using the term posttraumatic stress disorder, OR PTSD AND 

cortisol, OR glucocorticoid. Reference lists of the articles obtained were checked for 

further relevant articles. We also considered inclusion of unpublished studies offered to 

us by researchers. 

Inclusion criteria

Studies were included when cortisol was measured in adults (aged 18 and 

above) with current PTSD and in controls with no current Axis I disorder (according to 

DSM–III, DSM–III–R, or DSM–IV criteria; American Psychiatric Association, 1980, 1987, 

1994) or history of PTSD. Cortisol levels had to be determined with a standard biological 
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assay. Furthermore, mean cortisol levels and standard deviations (s.d.) for both groups 

had to be described or had to be presented by the authors upon request. In the case of 

multiple papers from a single study, only the results of the publication with the highest 

number of participants were included.

Exclusion criteria

Studies were excluded when: (a) focusing on a condition other than depression 

comorbid with PTSD (e.g. borderline personality disorder, cancer); (b) reporting on 

lifetime, 12-month diagnosis of PTSD or sub-threshold/partial PTSD; (c) cortisol level 

was measured within 1 month of trauma; (d) the HPA axis was pharmacologically 

challenged (e.g. by dexamethasone) before first cortisol measurement; (e) participants 

were anticipating any kind of social stressor, such as cognitive stress challenge, combat 

noise or personalized trauma script; (f) reporting in a language other than English. M.M 

and G.V. independently assessed each retrieved study and disagreements with respect 

to inclusion were resolved through discussion with M.O.

Data analysis

For each individual study identified, we calculated the standardised mean 

difference (SMD) in cortisol levels between the PTSD and the control group and its 

associated variance. Hedges’ adjusted g was used to give a better estimate in cases of 

smaller sample sizes (Rosenthal, 1994). Random-effects models were fitted using inverse 

variance weighting to obtain pooled estimates of SMD and its corresponding 95% CI. In 

all analyses, we used the SMD as our outcome measure to allow pooling across studies 

that used different types of measurement (i.e. urine, saliva, plasma, or serum) and to 

reduce the impact of measurement problems related to different sampling conditions. 

Our first analysis included the data from all studies to obtain an overall pooled estimate 

and to examine whether there was heterogeneity in results between studies. Each study 

was included only once in this overall analysis. If a study reported multiple types and 

times of measurements, the following hierarchy was used to select one measurement. 

Plasma samples were preferred above saliva, saliva above urine, and morning 

measurement above afternoon or evening. We used data from the earliest sample, 

or when measurements were related to time of awakening we selected the sample 
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30 min past awakening to be closest to the peak level of cortisol in the morning. For 

afternoon samples, we included the latest possible sample to compare circadian curves 

at the nadir of cortisol values. The Q-test was performed to examine whether there was 

more heterogeneity in the results than could be expected from chance alone. We also 

calculated the I2 statistic, which expresses the percentage of total variation that can be 

attributed to heterogeneity rather than chance. Within this data-set, we also examined 

whether there were systematic differences between the types of measurement. We 

then performed several specific subgroup analyses to examine whether the difference 

in cortisol levels between PTSD and control groups was influenced by other factors. 

Successive models were built to examine whether the SMD was significantly different 

in subgroups defined by a particular factor. The following factors were examined: time 

of measurement; gender; characteristics of the PTSD group, including type of trauma, 

years elapsed since trauma, presence or absence of comorbid depression; whether or 

not the control group was also exposed to trauma; and year of publication. Results of 

the subgroup analysis are presented as mean SMD together with 95% CI for each level of 

the factor. In addition, a formal test of interaction (e.g. whether the differences in SMD 

between the levels of the factor are zero) was performed to avoid over-interpretation 

of effects found in subgroups (Altman & Bland, 2003; Matthews & Altman, 1996). The 

MIXED procedure in SAS version 9.1 for Windows was used to fit the various random-

effects models as described by van Houwelingen et al. (van Houwelingen, Arends, & 

Stijnen, 2002). P-values less than 0.05 were considered statistically significant. 

 Results

Search and inclusion

Our initial search identified 245 studies, of which 35 met our inclusion criteria 

(Altemus, Cloitre, & Dhabhar, 2003; Atmaca, Kuloglu, Tezcan, Onal, & Ustundag, 2002; 

Bachmann et al., 2005; Baker et al., 1999; Bauer, Priebe, Graf, Kurten, & Baumgartner, 

1994; Bonne et al., 2003; Gotovac, Sabioncello, Rabatic, Berki, & Dekaris, 2003; 

Halbreich et al., 1989; Hoffman, Burges, Wilson, & Montgomery, 1989; Jensen et al., 

1997; Kellner, Yassouridis, Hubner, Baker, & Wiedemann, 2003; Kosten, Wahby, Giller, & 

Mason, 1990; Lauc, Zvonar, Vuksic-Mihaljevic, & Flogel, 2004; Lindley, Carlson, & Benoit, 

2004; Marshall et al., 2002; Newport, Heim, Bonsall, Miller, & Nemeroff, 2004; Neylan 
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et al., 2003b; Neylan et al., 2003a; Pico-Alfonso, Garcia-Linares, Celda-Navarro, Herbert, 

& Martinez, 2004; Pitman & Orr, 1990; Rasmusson et al., 2001; Rohleder, Joksimovic, 

Wolf, & Kirschbaum, 2004; Seedat, Stein, Kennedy, & Hauger, 2003; Sondergaard & 

Theorell, 2003; Spivak, Maayan, Mester, & Weizman, 2003; Stein, Yehuda, Koverola, & 

Hanna, 1997; Thaller, Vrkljan, Hotujac, & Thakore, 1999; Tucker et al., 2004; Yehuda et 

al., 1990; Yehuda et al., 1993; Yehuda, Boisoneau, Lowy, & Giller, Jr., 1995a; Yehuda et 

al., 1995b; Yehuda, Halligan, Grossman, Golier, & Wong, 2002; Yehuda, Halligan, Golier, 

Grossman, & Bierer, 2004; Yehuda, Golier, Yang, & Tischler, 2004). However, 6 only 

met the inclusion criteria when additional information was provided. Furthermore, 2 

unpublished studies (Hopwood et al; Kaloupek et al) were identified. In 3 studies we 

excluded the traumatised control group (Stein et al., 1997; Yehuda et al., 1995a; Yehuda 

et al., 2002), because several people in these groups had a history of PTSD. A total of 

1628 people were included across all studies, with 828 with PTSD and 800 controls. The 

median sample size of the studies was 20 for people with PTSD (range 7–75) and 18 for 

controls (range 7–113). 

Study characteristics 

Each study included in the meta-analysis and the assessed variables are 

shown in the online data supplement. Cortisol was either assessed in plasma/serum 

(24 studies), saliva (8), or 24 h urinary free cortisol samples (7), or a combination of 

two types of assessment. In 7 studies, both trauma-exposed and non-exposed controls 

were used as comparison groups, whereas comparison solely with traumatised or non-

traumatised controls was made in 9 and 8 studies respectively. In the remaining 13 

studies trauma exposed and non-exposed individuals were combined or left undefined in 

the comparison group. Studies reported on the following populations: combat veterans 

(18 studies), victims of (childhood) sexual or physical abuse (6), refugees (3), and various 

trauma (8). Two studies did not report information about the types of trauma in their 

population. Twenty-four studies matched their participants with PTSD and controls for 

gender and 8 studies matched them for age. Few studies matched their participants for 

other criteria such as smoking, race or menstrual cycle. Potential confounding factors 

such as medication usage, exclusion criteria and dietary restrictions varied greatly across 

studies (see online data supplement). 
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Figure 1. Standardized mean difference (with 95% CI) of cortisol levels between people with post-traumatic 

stress disorder (PTSD) and controls (n=37 studies). Studies are grouped according to type of measurement and 

are identified by first-named author. Pooled estimate based on random-effects model using inverse variance 

weighting.
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Overall comparison

Figure 1 shows a forest plot of the SMD of cortisol levels in people with 

PTSD relative to controls in each of the 37 studies, grouped according to the type of 

measurement. There was no overall difference in pooled effect size between people 

with PTSD and controls (SMD=-0.12, 95% CI -0.32 to 0.080, P=0.24). There was significant 

heterogeneity in results between studies: the P-value for the Q-test for heterogeneity 

beyond chance was 0.0001 and I2 was 71% (indicating that 71% of variation across 

studies can be attributed to heterogeneity rather than chance). In the situation that all 

studies were measuring the same SMD, only sampling variation would be present and I2 

would be zero (Higgins, Thompson, Deeks, & Altman, 2003).

Type of assessment

We analysed whether the SMD in cortisol levels between people with PTSD 

and controls depended on the type of measurement: plasma/serum (24 studies), saliva 

(7), and 24h urinary free cortisol (6). None of the measurements revealed differences 

between patients and controls (plasma/serum, SMD=-0.080, 95% CI -0.32 to 0.17; saliva, 

SMD=-0.19, 95% CI -0.63 to 0.26; 24h urine, SMD=-0.20, 95% CI -0.72 to 0.31).

Subgroup analyses

All the following subgroup analyses were performed with studies measuring 

cortisol in plasma/serum. The small numbers of studies measuring cortisol in saliva and 

urine prohibited any meaningful subgroup analysis. 
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Figure 2. Influence of variables on plasma/serum cortisol assessments. Standardized mean difference (with 

95% CI) of plasma/serum cortisol levels between people with post-traumatic stress disorder (PTSD) and 

controls.  
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Time of measurement

In this analysis we grouped studies according to whether measurements were 

taken between 08.00 and 09.00 h or in the afternoon. No differences were found for 

morning samples (n=15 studies, SMD=-0.0006, 95% CI -0.53 to 0.53, P=0.998), whereas 

in the afternoon people with PTSD had lower levels of cortisol than controls (n=7 studies, 

SMD=-0.79, 95% CI -1.58 to 70.003, P=0.049). However, the formal test for interaction 

did not reach significance, so the observed effect in the afternoon subgroup should be 

interpreted with caution (Fig. 2).

Gender

The influence of gender on cortisol level was examined in 10 studies which 

included only males and in 4 studies with only females. Whereas the analyses of cortisol 

in males with and without PTSD did not reveal any significant differences (SMD=0.15, 95% 

CI -0.06 to 0.37, P=0.16), females with PTSD had highly significant lower cortisol levels 

than their comparison groups (SMD=-0.49, 95% CI -0.86 to -0.13, P=0.009). Because of 

this large difference in effect, significant interaction between male and female studies 

was also found.

Type of trauma

Four categories were used to examine whether type of trauma might have 

influenced the association between PTSD and cortisol: war veterans, victims of sexual 

or physical abuse, refugees and various trauma (Fig. 2). Subgroup analysis revealed 

significantly lower cortisol levels in people with PTSD due to sexual or physical abuse 

than in controls (n=5 studies, SMD=-0.55, 95% CI -0.89 to -0.21, P=0.002). No differences 

in cortisol level were found between controls and people with PTSD due to other types of 

trauma (war veterans, n=12 studies, SMD=0.15, 95% CI -0.03 to 0.34, P=0.12; refugees, 

n=2, SMD=-0.17, 95% CI -0.63 to 0.29, P=0.46; various trauma, n=3, SMD=-0.11, 95% CI 

-0.52 to 0.31, P=0.61). Analysis also revealed a significant interaction between types of 

trauma (n=22, F=4.31, d.f.=3, 1000, P=0.005).
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Years since trauma

To analyse whether the number of years elapsed since the traumatic event was 

related to cortisol levels, we constructed three time categories: 0–10 years, 11–20 years 

and over 20 years. In studies where there were no such data, we approximated this 

time frame by using the duration of illness. For studies examining people with childhood 

abuse, we subtracted 12 years from their mean age. For those with war-related trauma 

we subtracted the year of study publication from the year in which that particular war 

ended. Among studies with the same time frame for years since trauma no differences 

were found for cortisol levels of people with PTSD and controls (0–10 years, n=8 studies, 

SMD=0.19, 95% CI -0.11 to 0.49, P=0.21; 11–20 years, n=2, SMD=0.52, 95% CI -0.058 to 

1.09, P=0.078; >20 years, n=9, SMD=-0.19, 95% CI -0.44 to 0.071, P=0.16).

Exposure to trauma of control groups

To differentiate between exposure to trauma and exposure with subsequent 

development of PTSD, we analysed studies which indicated whether controls had 

previous exposure to trauma. In 17 studies we calculated effect sizes for PTSD compared 

with trauma-exposed controls and non-exposed controls separately. Lower cortisol levels 

were found for people with PTSD compared with non-exposed controls (n=11 studies, 

SMD=-0.35, 95% CI -0.61 to -0.098, P=0.007). No differences were found between people 

with PTSD and trauma-exposed controls (n=9, SMD=0.096, 95% CI -0.16 to 0.35, P=0.46). 

The test of interaction was also significant (n=20, F=5.93, d.f.=1, 1000, P=0.015).

Comorbid depression

The effect of comorbid depression in people with PTSD on cortisol level was 

analysed in 13 studies that reported whether depression was present or absent within 

their PTSD group. If a single study used two subgroups with PTSD, with and without 

comorbid depression, we included both comparisons in the analysis (2 studies). The 

results (see Fig. 2) showed that depression had no influence on the effect sizes.
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Year of publication

Year of publication was examined to evaluate whether improved methodology 

might strengthen possible contrasts between groups. Using all published studies, year 

of publication was linearly modelled to estimate the change in SMD per year. Figure 2 

shows the effect on SMD over a 10-year period (1994–2004).Results could not confirm 

this hypothesis.

 Discussion

Main findings

In this systematic review we included 37 studies examining basal cortisol levels 

in adults with current PTSD in comparison with adults without psychiatric disorders 

published between 1980 and March 2005. Combining all available data for meta-analysis 

we found no systematic difference in basal cortisol levels between people with PTSD 

and controls. However, results were highly heterogeneous, indicating that differences 

between subgroups might be present. Subsequent explanatory subgroup analyses 

revealed that studies assessing plasma or serum reported significantly lower cortisol 

levels in people with PTSD compared with controls when compared with controls with 

no previous exposure to trauma. Lower cortisol levels were also found in people with 

PTSD compared with controls in studies including only females, in studies on physical 

or sexual abuse and in afternoon samples.  Although the general assumption is that 

cortisol levels are low in PTSD, we could not confirm this hypothesis even though we 

used homogeneous groups as a result of strict exclusion criteria. This study shows that 

low cortisol levels do not relate to PTSD in general, but rather seem to mirror trauma 

exposure and PTSD subgroups.

Type of assessment

The type of assessment (i.e. serum/plasma, saliva or 24 h urinary cortisol) did 

not account for the heterogeneity between the individual studies, and within studies 

using the same method of assessment, cortisol was not significantly different in people 

with PTSD compared with controls. It is important to stress the differences in the fluids 

used for cortisol measurement because of the varying compositions of cortisol in these 
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fluids. Whereas salivary cortisol consists completely of the free (bioactive) fraction, 

in plasma less than 10% of cortisol is free. The majority is bound to cortisol-binding 

globulin (CBG) or other proteins and is biologically inactive. Changes in binding proteins 

can alter measured serum/plasma cortisol concentrations without influencing free 

concentrations (Hamrahian, Oseni, & Arafah, 2004). Several conditions (e.g. pregnancy, 

hypothyroidism, marked adipositas) and oral contraceptive use are known to influence 

CBG levels (Westermann, Demir, & Herbst, 2004). However, only a few studies took this 

into account and excluded or matched on these features. Nevertheless, despite possible 

abnormal CBG levels in studies using plasma/serum measurements, differences in study 

results did not depend on body fluid used for cortisol assessment. 

Time of assessment

Since cortisol has a circadian rhythm, with low values at awakening, followed by 

peak values 30 min after awakening and a steady decline during the rest of the day, time 

of assessment is expected to be an important factor in its measurement. Our findings 

revealed that during the afternoon, people with PTSD had significantly lower cortisol 

levels than controls. No such differences were found during the early morning. Since 

PTSD is known to be associated with difficulties in sleeping, and measures depended 

on fixed times, it is uncertain whether variability in awakening time between PTSD and 

controls influenced morning cortisol levels. Since cortisol secretion is relatively stable 

during the afternoon actual differences can be detected more easily.

Trauma-exposed versus non-exposed control groups

Some of the disparity in study results can be explained by whether studies used 

trauma-exposed or non-exposed controls. We found significantly lower plasma/serum 

cortisol levels in people with PTSD compared with controls not exposed to trauma but 

no such difference when comparisons were made with trauma-exposed controls. This 

suggests that differences in cortisol levels relate to being exposed to trauma generally 

rather than to PTSD.
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Gender

In general, women appear to have a more sensitised HPA axis with lower 

overall plasma cortisol than men (Van Cauter, Leproult, & Kupfer, 1996), and our findings 

indicated that females with PTSD showed lower levels of basal cortisol than female 

controls. No such difference was apparent between males. This may explain why women 

are more vulnerable than men to the development of post-trauma symptoms and take 

longer to recover from them. In addition, the higher risk of PTSD in women may be due, 

at least in part, to the types of traumas they experience (more interpersonal violence, 

particularly of a sexual nature), to higher peri-traumatic dissociation in women, or to 

women’s use of avoidant coping strategies (Olff et al., 2007). Gender-specific PTSD 

subgroups may exist – in particular arousal-related and dissociation-related variants 

– with distinct neuropsychological profiles and attendant symptoms. Hence, gender-

specific psychobiological reactions to trauma may contribute to the higher risk for PTSD.

Physical or sexual abuse and years since trauma

Only people with PTSD due to physical or sexual abuse had lower cortisol 

levels than controls. This type of trauma is generally chronic and often starts in early 

development. An upbringing that is associated with adversity can produce detrimental 

effects on health (Fish et al., 2004) and it is likely that within a critical phase during 

development, functioning of the HPA axis alters. Years elapsed since trauma had no 

pronounced influence on cortisol levels of people with PTSD. The time of onset of PTSD 

in development and the ongoing traumatising character of abuse might be more crucial 

in distinguishing abuse-related PTSD from other types of trauma. It should be noted that 

for statistical analyses we could not disentangle female gender from victims of abuse 

because of overlap in studies. Therefore, we could not examine whether low cortisol 

levels found in women with PTSD are due to gender or type of trauma preceding PTSD, 

or an interaction of both.

Comorbid depression

Comorbid depression in people with PTSD had no influence on the association 

between PTSD and cortisol level. Although there seems to be consensus that people 
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with depression demonstrate high cortisol levels (Holsboer, 2001), generally this 

hyperactivation of the HPA axis is typically found in severe depression not specifically 

due to traumatic stress. In accordance with our findings, PTSD and comorbid PTSD/

depression following traumatic injury were indistinguishable and reflected a shared 

vulnerability with a range of similar predictive non-biological variables. Comorbid 

PTSD/depression and PTSD alone may reflect one and the same construct (O’Donnell, 

Creamer, & Pattison, 2004), as appears to be confirmed by similar cortisol values within 

the present study.

Year of publication/sensitivity of assays

We also examined whether year of publication affected the relationship 

between PTSD and cortisol. This variable was included in our subgroup analysis to serve 

as a proxy for changes in protocol or the use of more sensitive assays during the study 

period. Year of publication had no impact on the results and therefore did not explain 

any of the heterogeneity in results across studies.

Limitations and future research

We acknowledge several limitations of our meta-analyses. First, despite our 

efforts to include unpublished studies, publication bias might still have obscured our 

results, as studies which find significant differences are more likely to be published. 

Second, we performed several subgroup analyses based on characteristics of the PTSD or 

control group and used these as study-level covariates in our model. Owing to incomplete 

reporting, we could not use all studies in the subgroup analyses. In some cases, only a 

few studies were available within a specific stratum, which caused problems related to 

chance findings and lack of power. Subgroup analyses within systematic reviews have to 

be interpreted with care because by nature they are post hoc analyses. They can provide 

additional insight but have to be confirmed in well-designed prospective studies with 

sufficient power to examine differences in effect by subgroups. Furthermore, individual 

appraisal and coping mechanisms are crucial in determining levels of stress hormones 

such as cortisol (Olff, Langeland, & Gersons, 2005a; Olff, Langeland, & Gersons, 2005b), 

factors that have not been systematically assessed in most of the literature. Finally, 

substantial differences in the methodology of studies hampered comparison. For 
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instance, restrictions regarding smoking, alcohol, drugs and medication usage varied 

widely across studies. Although we attempted to pool data of studies on important 

characteristics, these restrictions and comorbid conditions known to confound cortisol 

levels remained unattended.

In future studies consensus in data collection and sampling protocol of basal 

diurnal cortisol would facilitate comparison of data across studies. Given that saliva 

samples can be obtained by study participants themselves in their own environment 

and related to time of awakening and that salivary cortisol consists completely of the 

bioactive fraction, future studies could overcome several difficulties by sampling salivary 

cortisol.

In summary, across 37 studies people with PTSD and healthy controls did not 

differ in cortisol levels. Nevertheless, support was found for low cortisol levels dependent 

on the type of control group and specific subpopulations. Significantly lower cortisol 

levels were found in people with PTSD when compared with non-exposed controls, 

whereas no such differences were found when compared with trauma-exposed controls 

without PTSD. Subgroup analyses further revealed lower cortisol in people who seem to 

be at the greatest risk for developing PTSD, i.e. women and physically or sexually abused 

victims. The lower cortisol values in PTSD found in the afternoon endorse the need to 

choose the time of measurement carefully. It is important to note that numerous factors 

– which are frequently overlooked – may have a confounding influence on cortisol levels. 

Therefore, disentangling the relationship between PTSD and cortisol is more complex 

than it first appears.
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 Abstract

Posttraumatic stress disorder (PTSD) and major depressive disorder (MDD) have 

been associated with increased rates of tobacco usage as well as with dysregulations of 

the hypothalamus–pituitary–adrenal (HPA) axis. At the same time tobacco also affects 

the HPA axis. This paper examines the relationships between PTSD, posttraumatic MDD, 

smoking and levels of circadian cortisol 2–3 years postdisaster. Subjects were survivors of 

the Enschede fireworks disaster. The sample consisted of 38 healthy survivors, 40 subjects 

with PTSD, and 17 subjects with posttraumatic MDD. The Composite International 

Diagnostic Interview was used to determine mental disorders in accordance with DSM-IV 

criteria. Salivary cortisol samples were collected at home immediately upon awakening, 

30 min after awakening, at noon, and at 10 p.m. Quantity of smoking was measured 

through self-report. The results of the study show that salivary cortisol concentrations 

were higher in smoking subjects. Survivors with MDD following the disaster had a flatter 

diurnal cortisol curve than subjects with PTSD or healthy survivors. In survivors with PTSD 

and healthy individuals the usual dynamic pattern of increase in cortisol past awakening 

was present, while we did not observe this in posttraumatic MDD. These survivors with 

MDD tended to use more tobacco per day, and the cortisol group differences could 

only be revealed when we adjusted for quantity of smoking. Smoking, which may be an 

important palliative coping style in dealing with posttraumatic arousal symptoms, seems 

to mediate the relationship between traumatic stress and the HPA-axis.
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 Introduction

The majority of people will be exposed to at least one traumatic event during 

their lifetime (Kessler et al., 1995). Of trauma exposed individuals, 20–30% of woman 

and 8–13% of men will develop posttraumatic stress disorder (PTSD) and a substantial 

proportion will develop major depressive disorder (MDD), substance disorder or a 

combination of those (Kessler et al., 1995; de Vries et al., 2009). The DSM-IV diagnosis of 

PTSD consists of symptoms in three clusters: “reexperiencing” (intrusive recollections of 

the trauma that are triggered by exposure to cues symbolizing the trauma, nightmares, 

flashbacks); “avoidance and numbing” (diminished participation in activities and 

avoidance of thoughts, people, places, and memories associated with the trauma); and 

“hyperarousal” (difficulty sleeping, irritability, difficulty concentrating, hypervigilance, 

and exaggerated startle response).

Substance use, including tobacco use, has been previously described as a 

significant problem after traumatic events (e.g. the 9-11 attacks: (Vlahov et al., 2004); 

sexual and physical assault: (Acierno, Kilpatrick, Resnick, Saunders, & Best, 1996); 

exposure to childhood trauma: (Walker et al., 1999; Springs & Friedrich, 1992; Felitti et 

al., 1998)Southern California Permanente Medical Group (Kaiser Permanente; American 

male veterans: (Schnurr & Spiro, III, 1999); Dutch resistance veterans: (Falger et al., 1992); 

and Israeli veterans: (Shalev, Bleich, & Ursano, 1990)). Studies have shown that the degree 

of event exposure is associated with a greater degree of substance use after disasters 

(Beckham et al., 1997; Green, Grace, & Gleser, 1985), and subsequently that the number 

of cigarettes is related to higher morbidity and mortality after trauma. For instance, early 

death has been reported among smoking US veterans with a relative risk of 2.4 in very 

heavy smokers (Rogot & Murray, 1980). Relationships between psychopathology and 

smoking may explain part of these high mortality rates. Associations have also been 

found between smoking and MDD (Upadhyaya, Deas, Brady, & Kruesi, 2002), and suicidal 

behaviour in psychiatric patients (McGee, Williams, & Nada-Raja, 2005) and U.S. army 

personnel (Miller, Hemenway, Bell, Yore, & Amoroso, 2000).

Associations between PTSD and substance use disorders have been reported in 

several studies (Kandel, Chen, Warner, Kessler, & Grant, 1997; Breslau, Kilbey, & Andreski, 

1994; Breslau, Davis, & Schultz, 2003; Breslau, Kilbey, & Andreski, 1991). US data show 

that 60% of help-seeking PTSD patients smoke cigarettes, compared to 23% of the 
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general population, and also that patients with PTSD are more likely to be heavy smokers 

(Beckham, 1999). Recently, (Vlahov et al., 2004) demonstrated an increased prevalence 

of substance use among residents of New York City shortly after the 9-11 attacks, which 

persisted six to nine months later. Those persons who increased use of cigarettes were 

more likely to report symptoms consistent with PTSD and depression. Persons who 

experience major trauma may increase use of substances – either by starting to use, or 

by increasing in comparison to prior levels – to deal with arousal symptoms and negative 

affect. Smoking may thus be a coping mechanism following trauma exposure to reduce 

distress (Carmody, 1992), and thereby also affecting the neuroendocrine stress response 

(Olff et al., 2005b).

Disparate results on the association between PTSD, depression and cortisol 

may partly be explained by the effects of smoking on the central nervous system and 

neuroendocrine parameters. Nicotine facilitates release of crucial neurotransmitters (e.g. 

acetylcholine, noradrenaline, vasopressin, dopamine, serotonin and beta-endorphin). 

After smoking of one cigarette both the systolic and diastolic blood pressure increase 

with 10 mmHg, heart frequency with 20 beats per minute and plasma adrenaline and 

noradrenaline with 250% and 40% respectively (Cryer, Haymond, Santiago, & Shah, 

1976). With heavy smoking the sympathetic nervous system is almost permanently 

stimulated. Smoking also activates HPA-axis. For instance, in chronic smokers compared 

to non-smokers increased cortisol levels have been found (e.g. (Field, Colditz, Willett, 

Longcope, & McKinlay, 1994), not only over the day, but as well as in response to 

waking (Steptoe & Ussher, 2006). The early morning rise (EMR) of cortisol, typically 

with a peak half an hour after awakening, has been found to be an indicator of the 

stress response system and has been shown to be attenuated in e.g. PTSD (Neylan et 

al., 2005). Also acute effects of smoking on the HPA-axis have been found (Wilkins et 

al., 1982; Kirschbaum, Wust, & Strasburger, 1992). On the other hand, results have not 

always been consistent and attenuated adrenocortical responses to stress have also 

been reported (e.g., (al’Absi, Wittmers, Erickson, Hatsukami, & Crouse, 2003; Handa et 

al., 1994). Since nicotine facilitates neurotransmitters that modulate mood, smoking 

may relieve symptoms of anxiety, irritability and depression following a traumatic event, 

thereby reinforcing smoking behavior. As such, apart from well-known physical health 

implications smoking may be an important problem in relation to mental health. One of 

the World Health Organization’s (WHO) top priorities is the Tobacco Free Initiative (TFI), 

aiming at reducing tobacco use worldwide. 168 countries have signed the Framework 
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Convention on Tobacco Control (FCTC) in April 2005. However, too little attention has 

been given to smoking related to psychiatric disorder.

Summarizing, although there seem to be associations between traumatic 

stress and smoking, traumatic stress and cortisol, and between smoking and cortisol, 

the relationships between traumatic stress, smoking, and cortisol have not yet received 

much attention. This is the first study to explore the relationships between PTSD, 

posttraumatic depression, smoking and levels of cortisol in a sample of trauma survivors. 

The aim is to examine how smoking would interact with the effects of a large disaster 

in the Netherlands on salivary cortisol in subjects with PTSD, posttraumatic MDD or no 

disorder. The cortisol response to awakening is a discrete and distinctive part of the 

cortisol circadian cycle (Clow, Thorn, Evans, & Hucklebridge, 2004), therefore we address 

both the diurnal pattern, overall production, and early morning rise of cortisol. We 

hypothesized that smoking would be associated with increased cortisol levels and that 

smoking would be an important mediator in the relationship between traumatic stress 

disorders and salivary cortisol.

 Method

Subjects

Participants of the present study were 95 Dutch speaking adults aged 20–80 

years (mean 48.12, S.D. 15.38), living in the affected area at the time of the fireworks 

disaster in the city of Enschede, the Netherlands, on May 13, 2000. That day, the 

surrounding residential district was completely destroyed by the explosion of a fireworks 

storage depot. Twenty-two people were killed and almost one thousand were injured. 

Over 10,000 local residents were evacuated for one or more days, while over 1200 people 

lost their homes completely (Roorda et al., 2004). The participants were recruited as 

part of a large prospective study monitoring health after the disaster (van Kamp et al., 

2001). Most subjects were invited by a letter of the Dutch Ministry of Health Welfare and 

Sports to participate. In addition, announcements for the study were made in the media.

Two to three years after the disaster a subsample of subjects were invited by 

telephone to participate in an additional study concerning prevalence and predictors of 

postdisaster psychopathology. Of them, 263 subjects were interviewed at their homes, 

face to face by research employees with the Dutch version of the Composite International 
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Diagnostic Interview (CIDI; WHO, 1997) to determine mental disorders in accordance 

with DSM-IV criteria (APA, 1994) and demographic data. Research employees underwent 

3 days of didactic and supervised practical training in CIDI administration. The following 

modules of the CIDI were administered to determine the prevalence of axis I diagnoses 

that are common after traumatic events: mood, anxiety, substance-related disorder and 

somatoform disorder. The CIDI has shown to have excellent inter-rater reliability, good 

test–retest reliability and good validity (Andrews et al., 1998). Those subjects with PTSD, 

MDD and a comparison group of survivors without a lifetime history of any DSM-IV Axis 

I disorder were invited to participate in neuroendocrine assessment.

Subsequently, the 95 participants in the present study were those who 

completed neuroendocrine assessment and had a diagnosis of disaster-related 

PTSD (N = 40), disaster-related MDD (N = 17) – obtained by including only data from 

depressive participants with onset of the diagnosis in the year of the disaster – and 38 

healthy survivors. In 25 of the 40 subjects with PTSD comorbid depression was found 

(postdisaster onset N = 18). Since several studies found no differences in cortisol levels 

between subjects with PTSD with or without comorbid depression (Altemus et al., 2003; 

Bonne et al., 2003b; Lindley et al., 2004) we regarded PTSD with or without depression 

as one single group. Four survivors with PTSD were excluded because their symptoms 

were due to a focal trauma other than the fireworks disaster. In the MDD group comorbid 

PTSD was not allowed. Three survivors with MDD were excluded because of onset of 

MDD prior to the disaster. Additional exclusion criteria for all groups were psychotic 

symptoms, bipolar disorder, and pregnancy.

The study was approved by the Institutional Review Board of the Academic 

Medical Center, and all subjects provided written informed consent.

Self-report instruments

Smoking

Current smoking status and number of cigarettes, cigars and pipe tobaccos a day 

were measured through self-report. The quantity of smoking reported by an individual 

was obtained by adding the number of cigarettes, cigars or pipe tobacco smoked a day.
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Symptom severity measures

To determine the severity of PTSD and MDD symptoms, participants completed 

three self-report measures. The Dutch version of the Impact of Event Scale (IES; (van 

der Ploeg et al., 2004) was administered to obtain sumscores on a 4-point Likert scale 

for intrusion and avoidance in the past week. The Self-Rating Scale for PTSD (SRS-PTSD; 

(Carlier et al., 1998) was administered to obtain the number of PTSD symptoms based on 

DSM-IV criteria. For both the IES and the SRS-PTSD, participants were asked specifically 

to consider the fireworks disaster when completing these measures. The internal 

consistency and interjudge reliability of these self-reports were found to be satisfactory 

(Carlier et al., 1998; van der Ploeg et al., 2004). The Dutch version of the Symptom 

Check List-90 (SCL-90; (Arrindell et al., 2003) was administered to measure the severity 

of depressive symptoms (16 items). These items are scored on a 5-point Likert scale. 

The internal consistency of the test is good, and both the construct and the predictive 

validity are adequate.

Salivary cortisol

Samples were collected at home over a 1-day period using plain cotton rolls 

Salivettes (Sarstedt): immediately upon awakening, 30 min after awakening, at noon, 

and at 10 p.m. Subjects sampled saliva on week-days with a similar schedule as they 

normally have, within 4 days from their appointment. They were instructed to avoid 

eating, drinking, brushing their teeth, or smoking for at least one hour before sampling. 

Samples were stored in domestic freezers until their appointment. At the laboratory, 

saliva samples were centrifuged 3000 U/min for 5 min and stored at − 20 °C until analysis.

Cortisol was measured in duplicate by enzyme immunoassay kit (Salimetrics, 

State College, Pennsylvania). According to the manufacturer the mean intra- and inter-

assay coefficients of variation were ≤ 7.12% and ≤ 6.88%, respectively. The lower limit of 

sensitivity is ≤ 0.19 nmol/L.

Statistical analysis

Chi-square tests were used to examine whether survivor groups differed in 

terms of socio-demographic features and symptom severity. The general linear models 
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(GLM) procedure for univariate and repeated measures analysis of variance (ANOVA) 

were used to examine if the diagnostic groups differed in salivary cortisol measures. We 

included diagnostic group, gender, age, smoking (number of cigarettes, cigars and/or 

pipe tobacco), and group by smoking interactions in the model.

The cortisol response to awakening (early morning rise; EMR) was calculated 

by subtracting the awakening sample from the awakening + 30 min sample. Overall 

cortisol production through the day was calculated as the area under the curve (AUC) 

with reference to zero. Data sets with one or two missing samples were not excluded 

for calculating AUC. In order to benefit from the incomplete data sets median values for 

that specific time sample were imputed. Imputed missing values in this way represented 

3.7% of the samples (a total of 14 of the 376 samples were missing).

Correlation analyses were calculated using Pearson Product–Moment 

correlation coefficients. All statistical tests were two-tailed, and p values of less than .05 

were considered statistically significant.

 Results

Subjects characteristics

Subjects with PTSD with or without coexisting MDD did not differ on 

demographic data, PTSD symptom severity, smoking habit and cortisol profile, therefore 

these subjects were taken together in the analyses. Moreover, in favour of this strategy 

was the fact that MDD-only subjects had significantly fewer PTSD symptoms [SRS-PTSD: 

t(41) = − 2, 03; p = .049] than the PTSD–MDD subjects.

Table 1 summarizes the demographic characteristics of subjects assigned to 

each group. The PTSD group turned out to be slightly younger than healthy survivors 

[t(68.35) = − 2, 50; p = .015]. Symptom severity of PTSD and depression were significantly 

higher in the PTSD subjects than in MDD or healthy survivors. The number of persons 

smoking (i.e. smoking status yes/no) did not differ significantly per diagnostic group. 

However, there was a trend for subjects with MDD to use more tobacco per day than 

subjects with PTSD or healthy survivors.
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Among those subjects smoking a significant correlation was found between 

depressive symptoms and the quantity of tobacco use [r = .45, N = 25, p = .025].

Diurnal pattern of salivary cortisol

The GLM repeated measures ANOVA of the diurnal salivary cortisol 

concentrations, corrected for age and gender, revealed no main effects for diagnostic 

groups when samples were not adjusted for smoking [F(2, 78) = .43, p = .65]. However, 

when adjusted for smoking, we found significant main effects of smoking [F(1, 73) = 7.24, 

p = .009], group by smoking interaction [F(2, 73) = 5.31, p = .007], and a trend for the 

diagnostic group [F(2, 73) = 3.04, p = .054]. No main effects were found for gender 

[F(1, 73) = .14, p = .71], or age [F(1, 73) = .073, p = .78]. Fig. 1 shows the estimated marginal 

means of the diurnal pattern of salivary cortisol levels in the diagnostic groups (means 

and SE are presented in the legend of Fig. 1). Post hoc pairwise comparisons showed that 

subjects with posttraumatic MDD had significantly different diurnal cortisol patterns than 

subjects with PTSD and healthy survivors. There were no significant differences between 

subjects with PTSD and healthy survivors. Depressive symptoms correlated negatively 

with cortisol at awakening (r = − .24, p = .025, N = 86). None of the other symptom 

severity measures correlated with any of the single cortisol sampling times.

Figure 1. Diurnal salivary cortisol levels in survivors with PTSD, posttraumatic MDD, and in healthy survivors. 

Data represent estimated marginal means of cortisol adjusted for quantity of smoking, age and gender. For the 

four time points the estimated marginal means in nmol/L ± SE per group from awakening to 10 p.m. were as 

follows: PTSD 7.19 ± 1.20, 13. 36 ± 1.07, 7.74 ± .90, and 2.68 ± .52; posttraumatic MDD 6.28 ± 2.00, 7.28 ± 1.78, 

7.46 ± 1.50, and 3.90 ± .87; healthy survivors 7.70 ± 1.29, 11.92 ± 1.15, 5.67 ± .96, 2.94 ± .56.
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Early morning rise (EMR) of salivary cortisol

The GLM univariate ANOVA procedure adjusted for age, gender, and smoking, 

again showed main effects for smoking in cortisol EMR [F(1, 79) = 6.14, p = .015], with 

higher levels of cortisol for smoking subjects. No effects of diagnosis [F(2, 79) = 1.82, 

p = .17], or interaction between smoking and diagnosis [F(2, 79) = 1.15, p = .32] were 

found for cortisol EMR (see Fig. 2). No main effects for age or gender were found either. 

Depressive symptoms correlated positively with EMR [r = .22, p = .047, N = 83], but none 

of the other symptom severity measures did.

Figure 2. Early morning rise of salivary cortisol levels in survivors with PTSD, posttraumatic MDD, and in healthy 

survivors. Data represent estimated marginal means of early morning rise in cortisol adjusted for quantity of 

smoking, age and gender. The estimated marginal means in nmol/L ± SE per group were: PTSD 6.38 ± 1.19; 

posttraumatic MDD .93 ± 1.85; healthy survivors 4.31 ± 1.30.

Area under the curve (AUC) of salivary cortisol

For the cortisol AUC (adjusted for age, gender, and smoking), there was a trend 

for a main effect of smoking [F(1, 85) = 3.84, p = .053]. No main effects of diagnosis 

[F(2, 85) = 2.75, p = .07], or interaction [F(2, 85) = .87, p = .43] between smoking and 

diagnosis were found for cortisol AUC.

Smoking significantly correlated with cortisol AUC (r = .26, p = .012, N = 93). 

When we examined this correlation within each diagnostic group separately, this relation 

turned out to be only significant within the MDD group (r = .57, p = .017, N = 17). Men 

and women did not differ in AUC cortisol [F(1, 85) = .03, p = .86]. Age was not significantly 

correlated with cortisol AUC, nor were any of the symptom severity measures. When 

we divided each diagnostic groups in smokers versus non-smokers, we found significant 

differences between the groups in AUC [F(5, 88) = 2, 36, p = .047]. Post hoc analyses 
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revealed that non-smoking depressive survivors had significant lower cortisol AUC, than 

non-smoking PTSD survivors [non-smoking PTSD: mean = 25.97 nmol/L, S.D. = 11.79, 

N = 27; non-smoking MDD: mean = 16.81 nmol/L, S.D. = 9.38, N = 13; t(37.89) = 3.40, 

p = .002].

 Discussion

This is the first study to investigate smoking related to salivary circadian cortisol 

in disaster-related psychopathology. In a sample of people victimized by a large disaster 

we found that smoking was associated with an increase in cortisol levels during the 

day in all groups. There was also a linear positive relationship between the number 

of cigarettes smoked and cortisol levels, particularly in the MDD group. The finding of 

increased cortisol levels in smoking subjects is in accordance with other studies (e.g. 

(Wilkins et al., 1982; Steptoe et al., 2006).

Examining how smoking would interact with posttraumatic disorders on salivary 

cortisol we found that survivors with MDD since the disaster had a flatter diurnal cortisol 

curve than subjects with PTSD and healthy survivors. In survivors with PTSD and healthy 

individuals the usual dynamic pattern of increase in cortisol past awakening was present, 

while we did not observe this in posttraumatic MDD. Although we could only reveal 

these group differences when we controlled for quantity of smoking, this correction was 

essential because smoking was associated with substantially elevated salivary cortisol 

levels. Since survivors with MDD tended to use more tobacco per day, smoking may have 

concealed this effect. Thus, smoking seems to mediate HPA-axis differences in disaster-

related psychopathology.

Little is known about cortisol in posttraumatic depression. Major depressive 

disorder has been associated with high cortisol levels, but this was usually the case in 

hospitalized severely depressed patients with for instance psychotic depression (i.e. 

biologically induced) (Nelson & Davis, 1997). Our sample was a community sample with 

moderate depression, which was induced by a traumatic experience (specifically selected 

by posttraumatic onset). Peeters and colleagues (Peeters, Nicolson, & Berkhof, 2004), 

who studied salivary cortisol in a community population, suggested that erratic cortisol 

secretion might be a more characteristic feature of HPA axis dysregulation in MDD than 

hypercortisolism. The few studies that have been examining the relationship between 
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posttraumatic depression and cortisol levels have shown disparate results. Both higher 

levels of plasma (Halbreich et al., 1989; Oquendo et al., 2003) and normal levels of 24 h 

urinary cortisol (Young & Breslau, 2004) have been found in posttraumatic depression. 

Our findings indicated no differences in total cortisol production over the day (cortisol 

AUC) between survivors with MDD and healthy subjects also. However, total cortisol 

production – whether assessed in saliva or urine, or cortisol assessed in plasma at one 

single fixed clock time point – cannot reveal deviations in patterns of cortisol excretion 

as we found.

Similarly to studies in depression, there is lack of consistent data on cortisol 

levels in PTSD. Our study could not confirm the lower levels of basal cortisol in PTSD 

found in some studies with or without comorbid depression (Yehuda et al., 1990; Yehuda 

et al., 1995a; Yehuda et al., 1995b; Yehuda et al., 1995c; Yehuda et al., 2004; Thaller et 

al., 1999). However, these low levels were found in subjects with war-related trauma and 

again cortisol was measured in plasma at fixed time points or in 24 h urine. Halbreich et 

al (Halbreich et al., 1989; Halbreich et al., 1989) also studied veterans and found normal 

plasma cortisol levels in PTSD with comorbid depression. In civilian samples with PTSD 

no differences in plasma cortisol were found either (e.g.(Bonne et al., 2003b; Stein et al., 

1997). Circadian salivary levels of basal cortisol have only been rarely investigated and 

those studies demonstrated contradictory results also. Lindley and colleagues (Lindley 

et al., 2004)found higher concentrations of cortisol in PTSD. In contrast, Rohleder and 

colleagues (Rohleder et al., 2004)found lower levels of salivary cortisol throughout 

the day and lower early morning rise in their PTSD group compared to a combined 

group of exposed and non-exposed healthy controls. Yehuda and colleagues (Yehuda, 

Golier, & Kaufman, 2005) also found lower morning levels in holocaust survivors with 

PTSD, but only in comparing them to non-exposed healthy individuals. In accordance 

with our results, no differences were found when survivors with PTSD were compared 

to healthy exposed subjects, and no differences were found between these groups in 

total production of cortisol throughout the day. Unfortunately, none of these studies 

controlled for quantity of tobacco use in their study groups. Consistent with our results 

is the study on women with PTSD related to childhood abuse (Altemus et al., 2003). In 

this study smoking was controlled for by excluding subjects who regularly used tobacco, 

resulting in no differences in circadian salivary cortisol between PTSD and healthy 

comparisons. When smoking subjects are included, quantity of smoking seems to be 

an important mediator of the relationship between posttraumatic psychopathology and 
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hormone levels and if not taken into account it may help explain the divergent results in 

the relationship between stress-related disorders and cortisol.

Laboratory studies have shown a stress reducing effect of smoking (Gilbert, 

Robinson, Chamberlin, & Spielberger, 1989). In victims of traumatic experiences 

smoking may even have a larger impact. The physiological arousal symptoms of PTSD 

may be characterized as panic reactions that were experienced during initial exposure 

to a traumatic event, and such reactions are reexperienced in response to reminders 

of the traumatic event (e.g. (Resnick, Kilpatrick, Best, & Kramer, 1992)). Tobacco use 

is then theorized to be an attempt to decrease this arousal, as well as to decrease 

sleep disturbances and nightmares. In a traumatic stress coping model as described 

by Olff et al (Olff et al., 2005b) smoking serves as a palliative coping style reducing 

physiological arousal. In learning theoretical terms smoking is negatively reinforced, 

because it reduces posttraumatic distress. It may also be more difficult to quit smoking 

for persons with PTSD or other anxiety disorders, because they seem to suffer from 

exacerbated withdrawal symptoms, particularly irritability or nervousness (Beckham et 

al., 1996). In neurobiological terms the facilitation of dopamine neurotransmission in 

the mesocorticolimbic dopamine system seems to be critical for the acute reinforcing 

actions of smoking, and cortisol interacts with neurotransmitters that are involved in 

nicotine’s reinforcing properties (Koob & Le, 1997).

This study has some limitations. We had relatively low sample sizes, making 

within group comparisons difficult. It should also be noted that we only used a 

comparison group of healthy survivors who did experience the traumatic event. 

Stronger effects may be found using a non-traumatized healthy control group as well, 

although in that case it is unclear whether differences are due to experiencing trauma 

or to the development of posttraumatic disorder. Another limitation is the cross-

sectional design, which does not allow any conclusions about causality or mechanisms. 

Although the negative reinforcement theory sounds plausible, little is actually known 

about the causal pathways that might explain the associations between posttraumatic 

psychopathology and smoking. For instance, it is possible smoking subjects are more 

susceptible to develop a posttraumatic disorder following trauma. Previously, tobacco 

smoking in adolescence or early adulthood has been found to predict major depression 

(Upadhyaya et al., 2002). Another possibility is that both smoking and posttraumatic 

psychopathology share genetic factors, as has been reported for alcohol (McLeod et al., 
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2001; Xian et al., 2000). It is also possible that shared environmental factors (i.e. exposure 

to trauma) induce both smoking and posttraumatic psychopathology. In those persons 

where trauma induces PTSD, depression or other disorders (depending on the persons’ 

vulnerabilities) negative reinforcement of smoking may be even stronger. Interestingly, 

early studies of the acute psychological effects after the September 11 attacks suggested 

high prevalences of stress, PTSD, and depression, whereas follow-up studies (Galea et 

al., 2002b) showed substantial resolution of PTSD and depression among New York 

City residents six months after September 11. However, the resolution of PTSD and 

depression was not followed by a resolution of smoking behavior. Thus, even if there is 

a causal pathway for increased smoking after trauma and posttraumatic disorders, the 

resolution of trauma and subsequent disorders does not automatically reduce smoking 

behavior. Longitudinal studies on trauma disaster survivors will give more insight in the 

causal relations and the mechanism of smoking while in distress. Clearly, more research 

is needed examining the relationships between posttraumatic stress, substance use and 

psychobiological mechanisms.

In summary, in this study we found that smoking subjects who have experienced 

a major disaster have higher cortisol levels during the day — regardless of whether they 

developed PTSD, depression or no disorder. Comparing diagnostic groups revealed 

differences in diurnal cortisol only when controlling for smoking, particularly for subjects 

with posttraumatic depression. Smoking, which may be an important palliative coping 

style in dealing with posttraumatic arousal symptoms, seems to be a significant mediator 

in the relationship between traumatic stress and the HPA-axis.
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 Abstract

Research about attentional functioning following trauma has almost exclusively 

been performed in patient populations with combat-related posttraumatic stress disorder 

(PTSD). In this study the relationship between sustained attention and PTSD symptoms 

was examined in a community sample of survivors of a major disaster using the Paced 

Auditory Serial Addition Task (PASAT) and the Self-Rating Scale for PTSD (SRS-PTSD) 2–3 

years postdisaster. Analyses revealed low but significant partial correlations between 

PTSD symptoms and the least difficult subtests, ruling out the effects of age, education, 

depressive symptomatology, and sleep disturbances. These results demonstrate that PTSD 

symptoms link to attentional dysfunction 2–3 years postdisaster.
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 Introduction

Studies investigating attention in survivors of traumatic events with posttraumatic 

stress disorder (PTSD) have almost exclusively focused on treatment-seeking patients with 

combat-related trauma. Although these studies have produced mixed results, many report 

attentional deficits in PTSD (e.g., (Gilbertson, Gurvits, Lasko, Orr, & Pitman, 2001; Sachinvala 

et al., 2000; Vasterling et al., 2002)). Deficits in sustained attention, which cause difficulties 

in executing a long-lasting task, were found most frequently. Characteristics of the 

participants in the above mentioned studies include high symptom severity and coexisting 

psychopathology, especially substance abuse disorders. Likely, these studies may represent 

populations that could differ from community samples in important ways. Therefore, the 

purpose of the present study was to investigate sustained attention in relation to PTSD 

symptom severity in a community sample of inhabitants of an area afflicted by a major 

disaster. To our knowledge, this is the first study of attention in such a unique population. 

After a traumatic event the most frequently developed disorders are major depressive 

disorder (MDD) and PTSD. Symptoms of these disorders overlap and high comorbidity up to 

40% is reported. Knowing that both disorders are characterized by symptoms of impaired 

attention (DSMIV; American Psychiatric Association, 1994), we raise the question whether 

this symptom is independent of depressive symptoms in PTSD. Therefore, we investigated 

whether attention in survivors is still related to PTSD symptom severity when we control for 

the influence of depressive symptoms. Furthermore, to assure that worsened attentional 

performance is not the consequence of sleep disturbances, we also examined the effect 

of sleep disturbances in the relationship between PTSD symptoms and attention. We 

expected to find negative relationships between PTSD symptom severity and attentional 

performance, even when controlling for the effects of depressive symptoms and sleep 

disturbances.

 Method

Participants

Participants were survivors of the fireworks disaster in the city of Enschede, The 

Netherlands, on May 13, 2000. The explosion of a fireworks storage depot completely 

destroyed the surrounding residential district. Twenty-two people were killed outright and 

almost one thousand were injured. Over 10,000 local residents were evacuated for one or 
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more days, while over 1,200 people lost their homes completely (Roorda, van Stiphout, & 

Huijsman-Rubingh, 2004). Participants of the present study were Dutch-speaking adults, 

over 19 years of age, living in the affected area at the time of the disaster. They were a 

sample of participants in a large prospective study monitoring health (n= 1,567) after the 

disaster (van Kamp & van der Velden, 2001) and agreed to participate in neuropsychological 

testing as a two-year follow-up to their initial participation. For the main study, inhabitants 

of the disaster area were invited by a letter of the Dutch Ministry of Health Welfare and 

Sports to participate within 2 to 3 weeks postdisaster. In addition, announcements for the 

study were made in the media.

Measures

Symptom Severity Measures

To determine the severity of PTSD and MDD symptoms, participants completed 

two self-report measures. The Self-Rating Scale for PTSD (SRS-PTSD; (Carlier, Lamberts, Van 

Uchelen, & Gersons, 1998)) was administered to obtain a severity score for PTSD symptoms 

based on DSM-IV criteria. Participants were asked specifically to consider the fireworks 

disaster when completing this measure. The internal consistency and interjudge reliability 

of this self-report are found to be satisfactory. The Dutch version of the Symptom Check 

List-90 (SCL-90; (Arrindell & Ettema, 2003)) was administered to measure the severity of 

depressive symptoms (16 items) and sleep disturbances (3 items). These items are scored 

on a 5-point Likert scale. The internal consistency of the test is good, and both the construct 

and the predictive validity are adequate. 

Measure of Attention

To assess impairments in divided and sustained attention and speed of processing, 

the Dutch version of the Paced Auditory Serial Addition Task (PASAT; (Aarnoudse, Van den 

Burg, & Saan, 1995; Gronwall, 1977)) was used. The objective of this test is to add 60 

pairs of randomized digits in the range of 1 to 6, which are presented at 5 rates of speed 

with 3.2, 2.8, 2.4, 2.0, and 1.6 seconds between successive digits on an audiotape. The 

PASAT has shown high convergent validity and modest discriminant validity, because of its 

relationship to general intelligence (Deary, Langan, Hepburn, & Frier, 1991). Furthermore, 

PASAT performance is significantly correlated with age and education (Brittain, La Marche, 
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Reeder, Roth, & Boll, 1991). Aarnoudse et al. (Aarnoudse et al., 1995) found high reliabilities 

for the Dutch version.

Procedure

Self-report measures for the main study were completed at 2 to 3 weeks 

postdisaster. Between 23 and 38 months (M = 2.1 years, SD = 0.2) postdisaster, selfreport 

measures were repeated and the attention test was administered for the present study. 

Prior to this participation, brochures with extensive information were sent to participants 

of the main study and upon agreement an appointment was set for the PASAT to be 

administered by trained research employees. The study protocol was approved by the 

Medical Ethics Committee of the Academic Medical Center, Amsterdam, The Netherlands, 

and participants gave written informed consent. 

Statistical Analyses

Chi-square tests and independent t tests were used to examine whether survivor 

groups in this follow-up differed in terms of socio-demographic features and symptom 

severity from survivors of the main study at 2 to 3 weeks postdisaster. Relationships 

between PTSD symptom severity and PASAT performance were analyzed using partial 

correlations, successively controlling for age, years of education, depressive symptoms, and 

sleep disturbances. All statistical tests were two-tailed, and p values of less than .05 were 

considered statistically significant.

 Results

Attentional testing and symptom severity measures were completed by 124 

participants with an average age of 45.6 years (SD = 14.1), 64.5% were of the female gender, 

the mean number of years of education was 13.3 (SD = 3.9), and 66.1% were employed. The 

mean SRS-PTSD was 5.7 (SD = 4.2) and the mean scores for SCL-90 depressive symptoms 

and sleep disturbances were 25.7 (SD = 11.0) and 5.9 (SD = 3.2). When we compared the 

subgroup of survivors included in the present study to other participants in the main study on 

measures collected 2 to 3 weeks postdisaster, no differences in terms of age, employment, or 

sickness-leave from work were apparent. However, we did find a between-group difference 
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for gender: χ2 (1,N = 1566) = 6.91, p < .05, and for years of education t (153.74) = 2.67, p < 

.05. A higher proportion of women and higher-educated persons participated in this part of 

the study. No differences in PTSD symptoms, depressive symptoms, or sleep disturbances 

were found between the groups. The nature of the participants’ exposure consisted in 

part of being severely frightened (66.7%), running away from home (44.1%) or into their 

homes (18.0%), seeing slightly (72.1%) and severely (27.9%) wounded victims, helping the 

wounded (9.0%), searching for loved ones (56.7%), having seen explosions (80.2%) or fire 

(58.6%), and having heavy damage or total destruction of one’s house (23.1%). 

Results of the partial correlations between the number of correct responses on 

each presentation rate of the PASAT and the SRS-PTSD, controlling successively for age, 

education, depressive symptoms, and sleep disturbances can be seen in Table 1.

Results indicate that PASAT performance decreases with increasing PTSD symptom 

severity. When we inserted the controlling variables the correlations lowered; the statistical 

significance disappears when the task gets more difficult.

Table 1.  Partial Correlation Coefficients of PTSD Symptom Severity (SRS-PTSD) and PASAT Scores Con-

trolling Successively for Age, Education, Depressive Symptoms (SCL-90), and Sleep Disturbanc-

es (SCL-90) 

PASAT 

Controlling Variables
3.2-sec

(n=124)

2.8-sec

(n=123)

2.4-sec

(n=120)

2.0-sec

(n=118)

1.6-sec

(n=115)

Nonea -.30** -.28** -.25** -.21* -.08

Age, education -.19* -.21* -.19* -.09 -.02

Age, education, depression -.20* -.25* -.16 -.13 -.08

Age, education, depression, sleep disturbances -.20* -.23* -.13 -.15 -.06

*  p < .05. ** p < .01.
a    Using Pearson correlation

Abbreviations: PTSD, posttraumatic stress disorder; SRS-PTSD, Self-Rating Scale for PTSD; PASAT, Paced Audi-

tory Serial Addition Task; SCL-90, Symptom Checklist.

Note. Because of missing data, sample sizes for the correlations vary.
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 Discussion

To our knowledge, this is the first study to investigate attention in disaster survivors 

in relation to PTSD symptomatology at 2 to 3 years postdisaster. Participants stem from a 

community population and are survivors of the Enschede fireworks disaster. As expected, 

age and education accounted for a great deal of attentional dysfunction in disaster 

survivors, and although depressive symptoms and sleep disturbances contributed as well, 

these concomitant symptoms to PTSD explained only a very small part of the difficulties. 

Nevertheless, the current findings suggest that even when we controlled for the influence 

of age, education, depressive symptoms, and sleep disturbances, attentional dysfunction 

is still related to PTSD symptoms. Our results are consistent with the study of Jenkins et 

al (Jenkins, Langlais, Delis, & Cohen, 2000) who found that depressive symptomatology 

plays only a minor role in mediating deficits in sustained attention in PTSD sufferers. In 

studies in which no attentional disturbances in PTSD were found (e.g. (Sullivan et al., 2003; 

Zalewski, Thompson, & Gottesman, 1994), it is conceivable that these contrasting results 

can be attributed to partial or subclinical PTSD in the traumatized controls who were used 

as a comparison group. In this way, small differences in PTSD symptom severity could be 

the cause of not detecting any attentional deficits. We recognize the limitations of our 

study. Our sample may not be representative for survivors of other disasters. Therefore, 

generalizing the results to different populations should be done with caution. Second, 

because our interpretations are based on only one measure of attention, replication is 

necessary, preferably with several neuropsychological tests. Attention lies at the basis 

of all adequate information processing. As such, attention is an important prerequisite 

for adequate functioning in work and daily life. Stein et al (Stein, Kennedy, & Twamley, 

2002) stated that even mild or subtle impairments on neuropsychological tests in the 

laboratory can translate into clinically significant difficulties in the real world, because real 

world situations involve more complex processing demands in the context of increased 

distraction in the environment. Moreover, small individual attentional impairments may 

have an important negative impact on the total population. 

In conclusion, this study provides further evidence that PTSD symptoms are 

genuinely related to deficits in attention. Early screening and subsequent adequate 

treatment of PTSD symptoms in the community are needed to prevent these attentional 

constraints from causing populations to fall behind in the aftermath of trauma.
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 Abstract

Previous studies have shown that posttraumatic stress disorder (PTSD) and 

depressive symptoms are associated with attentional deficits. While symptoms may 

improve over time, it is unknown whether this improvement is mirrored in recovery of 

attentional functioning. This study aimed to examine the longitudinal effects of PTSD and 

depressive symptoms on attentional function. Therefore, PTSD and depressive symptom 

severity measures were repeatedly administered in a community-based sample of 

survivors (n = 1567) between 3 weeks and 4 years postdisaster. Attentional functioning 

was measured with the paced auditory serial addition task (PASAT) in 135 survivors at 

2 and 4 years postdisaster. Results showed that the initially high PTSD and depressive 

symptoms significantly diminished over the course of years and attentional performance 

improved. PTSD symptoms as early as 3 weeks postdisaster were associated to attentional 

dysfunction 2 years postdisaster. Bootstrap sampling revealed no differences in predictive 

power of PTSD symptoms measured at 3 weeks or at 1.5 years postdisaster. Deterioration 

in attention at 4 years was predicted by depressive symptoms at two years postdisaster, 

but not by change in depressive or PTSD symptom severity. Thus, PTSD symptoms are 

early signs and stable predictors for long-term attentional dysfunction. Since depressive 

symptoms worsened attentional dysfunction, findings elucidate the burden of comorbidity 

between PTSD and depressive symptoms for chronic difficulties. Targeting at improvement 

of PTSD and depressive symptoms appears to be insufficient for enhancement of attentional 

functioning.
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 Introduction

In the first weeks after a disaster, high rates of posttraumatic stress disorder 

(PTSD) and depressive symptoms have been observed in the community (Galea et al., 

2002a; van Kamp et al., 2006). Previous cross-sectional studies have shown associations 

between these symptoms and neurocognitive deficits, like attention, working memory, 

and declarative memory. Of these domains, attentional deficits are the most prominent 

neuropsychological problems found both in patients with depression (e.g. (Zakzanis, 

Leach, & Kaplan, 1998)) and in patients with PTSD (for review see (Horner et al., 2002)). 

Coexisting depressive symptoms in people with PTSD have been put forward as a factor 

that is accountable for the attentional problems in PTSD. However, in our previous 

study we showed that the observed attentional deficits in a non-clinical community-

based sample of disaster survivors are definitely also attributable to PTSD symptoms 

(Meewisse et al., 2005). Little is known about the longitudinal course of neurocognitive 

functioning in relation to PTSD and depressive symptoms. So far only one study has 

been described (Yehuda et al., 2006). In this five year follow up study neurocognitive 

test were administered in elderly Holocaust survivors with and without PTSD at baseline 

assessment, and in non-exposed subjects. Verbal learning and memory, implicit memory, 

and explicit and cued recall were assessed. Findings showed that Holocaust survivors 

with PTSD showed a greater decline in explicit and cued recall compared to non-exposed 

subjects. This was suggested to be an accelerated age-related decline due to trauma 

exposure, regardless of symptom severity. Nevertheless, it also showed that the Holocaust 

survivors with PTSD improved in verbal learning and memory at 5 years follow up, 

whereas non-exposed subjects showed no change. These improvements were that good 

that decrements observed at the baseline assessment were no longer apparent between 

the groups. Holocaust survivors also showed a significant decline in PTSD symptoms over 

time, which was substantially related to improvements in verbal learning and memory 

performance. While explicit memory was influenced by age, but not PTSD symptoms, 

implicit memory performance was strongly associated with symptom severity, but not 

age. Interestingly, sub-analysis showed that these implicit memory improvements could 

be subscribed to better attentional function and test orientation.

Yet, no other longitudinal studies have been performed, therefore it is unknown 

whether findings of attentional improvement related to a decline in PTSD symptoms are 

specific for elderly Holocaust survivors or may be generalizable to other traumatized 
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populations. For that matter, our study aimed to longitudinally investigate the course 

of attentional function in a fairly recent traumatized group of adults in the community. 

Therefore, we linked the above mentioned cross-sectional disaster community study 

(Meewisse et al., 2005) to a large questionnaire survey performed in the same study 

population (n=1,567). This survey gathered data at several points in time at 3 weeks, 

1.5 years and 4 years posttrauma. This enabled us to investigate whether early PTSD or 

early depressive symptoms were predictive of attentional functioning at 2 years in our 

cohort. A follow up attentional test at 4 years posttrauma was administered to test the 

hypotheses whether improvement in attentional functioning can be predicted by PTSD 

or depressive symptoms, and whether improvement in attention is related to change in 

symptom severity. 

 Method

Participants

Participants were survivors of the fireworks disaster in the city of Enschede, the 

Netherlands, on May 13, 2000. The explosion of a fireworks storage depot completely 

destroyed the surrounding residential district. Twenty-two people were killed outright 

and almost one thousand were injured. Over 10,000 local residents were evacuated for 

one or more days, while over 1,200 people lost their homes completely (Roorda et al., 

2004). Inhabitants of the disaster area were invited by a letter of the Dutch Ministry 

of Health Welfare and Sports to participate within 3 weeks postdisaster. In addition, 

announcements for the study were made in the media. Participants of the present study 

were Dutch speaking adults, over age 18 years, living in the affected area at the time 

of the disaster. They were a random sample of participants in a large prospective study 

monitoring health (n = 1567) after the disaster (van Kamp et al., 2006) and agreed to 

participate in neuropsychological testing as a two and four years follow-up to their initial 

participation. 

Measures 

Symptom severity measures. To determine the severity of the impact of trauma, 

PTSD and depressive symptoms, participants completed three self-report measures at 
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multiple time points. The Dutch 15-item version of the Impact of Event Scale (IES) (van 

der Ploeg et al., 2004) was administered to obtain scores for subscales of intrusive (7 

items) and avoidance (8 items) symptoms that are rated 0 (not at all), 1 (seldom), 3 

(sometimes) or 5 (often), reflecting their occurrence in the past week. The IES total score 

ranges between 0 and 75.The reliability and structure of the Dutch IES has proven to 

be adequate across various traumatic stressors. It has a robust structure, supporting 

the composition (Intrusions and Avoidance scale) of the original IES (van der Ploeg et 

al., 2004). At all measurement points of the large survey, the internal consistency was 

excellent, Cronbach’s α ≥.94. The Self-Rating Scale for PTSD (SRS-PTSD; (Carlier et al., 

1998) was administered to obtain a severity score for PTSD symptoms based on DSM-IV 

criteria. The internal consistency and interjudge reliability of this self-report are found 

to be satisfactory. Participants were asked specifically to consider the fireworks disaster 

when completing this measure and the IES.

The Dutch version of the Symptom Check List-90 (SCL-90) (Arrindell et al., 2003) 

was administered to measure the severity of depressive symptoms (16 items). These 

items are scored on a 5-point Likert scale. The internal consistency of the test is good, 

and both the construct and the predictive validity are adequate.

Neuropsychological testing. The Dutch version of the Paced Auditory Serial 

Addition Task (PASAT; (Aarnoudse et al., 1995)) was used as measure for attentional 

functioning. The PASAT requires the successful completion of numerous cognitive 

functions, such as sustained attention and working memory, and the simultaneous 

performance of multiple cognitive operations under a time restraint. The objective 

of this test is to add 60 pairs of randomized digits in the range of 1 to 6, which are 

presented at 5 rates of speed with 3.2, 2.8, 2.4, 2.0 and 1.6 seconds between successive 

digits on an audiotape. The PASAT has shown high levels of internal consistency and 

test–retest reliability, high convergent validity and modest discriminant validity, because 

of its relationship to general intelligence (Tombaugh, 2006). Aarnoudse et al. (Aarnoudse 

et al., 1995) found high reliabilities for the Dutch version. Since PASAT performance is 

significantly correlated with age and education, we adjusted for these variables in all 

analyses.



104

CHAPTER 6

Timing and preparation of measurements

For the purpose of this study, self-report measures at 4 time points were 

included: 3 weeks (T1), 1.5 years (T2), 2 years (T3), and 4 years (T4) postdisaster. 

Attentional tests were administered at T3 en T4. 

Prior to participation in clinical interviews (not reported in this paper) and 

attentional testing, brochures with extensive information were sent to participants and 

upon agreement two appointments were set by trained research employees. Clinical 

interviews and PASAT were administered on separate days to avoid a potential impact 

of the evocation of traumatic memories on subsequent cognitive functioning, and to 

circumvent the confounding effect of diurnal variation (Porterfield, Cook, Deary, & 

Ebmeier, 1997), all participants were tested between 13.00 and 17.00 hours. At least one 

hour before PASAT administration survivors were deprived from food, beverage intake 

and smoking. The study was approved by the Institutional Review Board of the Academic 

Medical Center, Amsterdam, The Netherlands. After complete description of the study 

to the subjects, written informed consent was obtained.

Statistical Analyses

Symptom severity scores were used over clinical diagnoses in the analyses 

because continues scores are better in following the course of recovery of the impact of 

the disaster on survivors. Correlations between the IES and the SRS-PTSD were high on 

all time points (T2: r=0.82, p<0.01; T3: r=0.85, p<0.01; T4: r=0.83, p<0.01) For the sake 

of simplicity, we decided to use only one PTSD symptom severity measure. We chose 

for the IES scores since these were available at all time points, whereas the SRS-PTSD 

was not administered at 3 weeks postdisaster. Chi-square test and independent t-tests 

were used to examine whether survivor groups in this follow-up with attentional testing 

differed in terms of socio-demographic features and symptom severity from survivors of 

the initial study at T1, and whether selective drop-out was present between T3 and T4 

when attentional measures were administered. The course of attentional functioning (2 

waves) was examined with a t -test, and symptom severity over 4 waves was examined 

with general linear models repeated measures. 

Multivariable linear regression analysis, enter method, was used to investigate 

associations between potential prognostic indicators and attentional functioning at T3 
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and T4. The percentage of explained variance (adjusted R2) was calculated to give an 

indication of the predictive power of the final model.

To examine whether the predictive strength of predictors measured at 3 weeks 

differed from the same predictors measured at 1.5 years when analysing attentional 

performance at 2 years, we used bootstrapping techniques to account for the correlated 

nature of the data. In each bootstrap sample we estimated the coefficient for every 

predictor measured at 3 weeks and the corresponding coefficient for the same predictor 

at 1.5 years. Within each bootstrap we calculated the difference between corresponding 

coefficients and the distribution of these differences across 2000 bootstrap samples was 

used to obtain 95% confidence intervals and p-values.

All statistical tests were two-tailed, and p values of less than .05 were considered 

statistically significant.

 Results

Sample characteristics

Out of the prospective study monitoring health in adult survivors of the 

Enschede fireworks disaster (n = 1,567) a community-based sample of 135 survivors 

participated in attentional testing at two years postdisaster (T3). The nature of the 

participants’ exposure consisted of: felt severely frightened (66.7%), fear of death 

(62.2%), panic (69.6%), felt pain 13.3%), ran away (50.0%), fled into one’s home (40.0%) 

or out of one’s home (14.8%), saw death people (7.4%), saw slightly (70.4%) and severely 

(30.4%) wounded victims, helped the wounded (11.1%), searched for loved ones 

(54.8%), warned others for danger (31.1%) saw explosions (75.6%), smoke (92.6%) or 

fire (60.0%), damaged houses (71.1%) and had heavy damage or total destruction of 

one’s house (23.3%).

When we compared the subgroup of survivors that participated in 

neuropsychological testing at T3 to other participants in the main study on measures 

collected at three weeks (T1), no differences in terms of age, having an occupation, 

or sickness-leave from work were apparent. However, we did find a between-group 

difference for gender: χ2 (1, N = 1566) = 6.91, p = .00, and for years of education t 

(153.74) = 2.67, p = .00. A higher proportion of women and higher educated persons 
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participated in this part of the study. No differences in clinical measures were found 

between the groups.

Socio-demographic characteristics, clinical characteristics, and ability to sustain 

attention at T3 are summarized in Table 1. A median split for high versus low score on 

the attentional test showed that survivors that score better on the attentional test were 

younger, higher educated, and had lesser intrusive, avoidant and total PTSD symptoms. 

Comparing survivors who participated in follow up of attentional testing at T4 

with survivors that dropped out this follow up on measures collected at T3, showed 

that there was no selective drop-out, neither in socio-demographic characteristics, 

neuropsychological test, nor in clinical characteristics. 

Table 1. Characteristics of survivors at 2 years postdisaster, and comparison of survivors with low versus 
high scores (median split) on completed attentional test (PASAT).

Study  
population
(nmax=135)

Attentional test 
(nmax=126)

Low score High score t or χ2 df P

Socio demographic characteristics

Females 84 (62.2%) 40 (63.5%) 35 (55.6%) .82 1 .47

Males 51 (37.8%) 23 (36.5%) 28 (44.4%)

Age, yrs M (SD) 46.9 (14.4) 52.3 (14.2) 39.1 (10.2) 6.00 112.2 .000

Education, yrs M (SD) 13.1 (3.8) 11.8 (3.5) 14.6 (3.2) -4.81 124 .000

Marital status

Single N 18 (14.8%) 5(35.7%) 9 (64.3%) 2.71a .28

Married/ Cohabiting with partner 97 (79.5%) 49 (53.3%) 43 (46.7%)

Other 7 (5.7%) 2 (28,6%) 5 (71,4%)

Clinical characteristics

PTSD intrusions M (SD) 14.2 (10.2) 16.9 (10.0) 11.2 (9.8) 3.14 114 .002

PTSD avoidance M (SD) 12.7 (10.9) 14.5 (10.3) 9.9 (10.0) 2.43 114 .017

PTSD total M (SD) 26.8 (20.0) 31.4 (19.1) 21.0 (19.0) 2.93 114 .004

Depressive symptoms M (SD) 25.4 (11.0) 26.0 (12.2) 24.9 (10.4) .51 116 .611

PASAT score

Stopped premature 9 (6.7%)

test score when completed M (SD) 211.1 (50.6)

Abbreviations: PTSD, posttraumatic stress disorder; PASAT, Paced Auditory Serial Addition Task; M, mean; 
SD, standard deviation.
a Fisher exact test
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Course of attentional functioning, PTSD and depressive symptoms

Figure 1 shows the course of PASAT score, PTSD and depressive symptoms, and 

a scatterplot for the relationships between change in PTSD or depressive symptoms and 

change in PASAT score from T3 to T4. The paired or correlated samples t-test indicated 

that the score on the PASAT improved significantly over time, mean difference: 16.6; 95% 

CI: 11.8-21.6; p=.000, d=0.76. The difference in attentional functioning is large, using 

Cohen’s (1988) guidelines (see Figure 1a).

A repeated measures ANOVA, with Greenhouse-Geisser correction, was 

conducted to assess whether there were differences in PTSD and depressive symptoms 

over time. Results indicated a significant decline over time in both PTSD symptoms (F 

(2.8, 288.6) = 60.54, p < .001), and depressive symptoms (F(2.1, 217.8)=23.18, p < .001), 

see Figure 1b and 1c. The paired samples t-test indicated that the reductions in PTSD 

symptom severity were found significant between the following succeeding time points: 

T1 and T2 (mean difference: 13.3; 95% CI: 10.5-16.1; p=0.000; d=0.73: large effect size), 

and T3 and T4 (mean difference: 9.2; 95% CI: 5.9-12.5; p=.000; d=0.48: medium effect 

size). The decrease in depressive symptom severity scores was only significant between 

T1 and T2 (mean difference: 5.5; 95% CI: 3.5-7.4; p=.000; d=0.46: medium effect size).
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FIGURE 1a. Course of cognitive functioning (PASAT) in survivors over a 2 years period postdisaster

FIGURE 1b. Course of posttraumatic stress (IES) symptoms in survivors over a 4 years period 
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FIGURE 1c. Course of depressive symptoms (SCL90) in survivors over a 4 years period postdisaster

Prognostic indicators of attentional functioning at T3

For further analyses we used the data of 110 survivors, because of missing 

values of 25 survivors on self-report measures at T1 or T2. Table 2 shows potential 

prognostic indicators at T1 and T2 for attentional functioning at T3. Multivariable 

linear regression analyses showed, as expected, that higher age and lower education 

over time were consistently associated to attentional dysfunction at T3. Additionally, 

PTSD symptoms at both T1 and T2 were associated to attentional dysfunction, whereas 

depressive symptoms were unrelated to attentional functioning. Both models explained 

34% of the total variability in attentional functioning at T3. The model of T1 predicts that, 

for example, if age, education and depressive symptoms were identical for all survivors, 

survivors that score one point higher on PTSD symptoms score on average 0.8 points 

lower on the PASAT at T3. Bootstrap sampling showed no differences in predictive power 

between prognostic indicators measured at T1 and T2. 
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Prognostic indicators of change in attentional functioning over time 

Multivariable linear regression analysis (ANCOVA) was used to test the 

hypothesis whether change in attentional functioning between T3 and T4 can be 

predicted by PTSD or depressive symptoms at the time of T3. Prognostic indicators for 

better attentional functioning at T4 were high initial test scores and low depressive 

symptoms at T3, see Table 3. 

Table 3.  Multivariable Linear Regression (n=65) of prognostic indicators at T3 of attentional functioning 

at T4

T4

β (95% CI) P

Constant 71.3 (33.5, 109.1) <0.001

Socio demographic characteristics

Age, per year 0.3 (-0.1, 0.7) 0.1

Education, per year 0.5 (-1.2, 2.2) 0.5

Attentional test (PASAT) at T3 0.8 (0.6, 0.9) <0.001

Clinical characteristics at T3

PTSD symptoms  (IES) -0.03 (-0.4, 0.3) 0.9

Depressive symptoms (SCL90) -0.9 (-1.7, -0.1) 0.02

Adjusted R2 (%) 75%

β: unstandardized regression coefficient; β positive: better attentional functioning per unit prognostic in-

dicator; β  negative: worse attentional functioning per unit prognostic indicator. 95% CI: 95% confidence 

interval; Adjusted R2 (%): proportion of the total variance explained by the final model.

Abbreviations: T3, 2 years posttrauma; T4, 4 years posttrauma; PTSD, posttraumatic stress disorder; PASAT, 

Paced Auditory Serial Addition Task.

Partial correlations, corrected for initial attentional scores, showed no 

associations between change in attentional functioning and change in PTSD or depressive 

symptoms from T3 to T4, see Figure 2.
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Figure 2. Association between change in PTSD and depressive symptoms and change in attentional functioning. 

Scores below zero: diminished PTSD and depressive symptoms, worsening of attentional functioning

 Discussion

This longitudinal study evaluated the course over the years of symptoms of 

PTSD and depression, sustained attention and working memory in recently exposed 

survivors of a disaster. In order to get insight into risk factors for long-term difficulties in 

these cognitive functions, we studied the prognostic influence of PTSD and depressive 

symptoms in a community-based sample of survivors of the fireworks disaster in 

Enschede, the Netherlands. A four years period is covered, including data from 3 weeks 

till 4 years postdisaster. 

PTSD symptoms within 3 weeks of the disaster were predictive of poor 

sustained attention and working memory in the following two years. In longitudinal 

studies, the rule of thumb is that measurements closer in time to each other have 

stronger relationships. However, remarkably, the present study showed that cognitive 

functioning was predicted equally well by PTSD symptom severity whether measured 

as early as 3 weeks or at 1.5 years postdisaster, and regardless of the significant decline 

in symptom severity. This finding showed that PTSD symptoms are early signs and 

stable longitudinal predictors for sustained attention and working memory. We also 

demonstrated associations between attentional dysfunction and PTSD symptom severity 
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at 2 years postdisaster. Findings show that the impact of PTSD symptoms on long-term 

neurocognitive problems can be foreseen in the initial aftermath of the disaster already. 

In general, cognitive functioning in survivors improved over time, and initial 

cognitive functioning was a very strong predictor of cognitive functioning at 4 years 

postdisaster. These findings were expected, given the practice effect commonly seen 

with the PASAT (Tombaugh, 2006). However, this has not been shown before for a test-

retest period with a duration of 2 years. While taking into account this long intermitted 

period and the large effect size of improvement, we -at least in part- deal with a genuine 

improvement in attention.

Depressive symptom severity at two years post-trauma predicted deterioration 

of cognitive function at 4 years, while PTSD symptoms did not have any additional 

predictive value in the model for improvement in cognitive functioning. The variance 

of PTSD symptoms, however, was accounted for in initial cognitive functioning which 

determined retest performance to a large extent. Depressive symptoms decreased 

significantly in the first 1.5 years, and remained stable in the succeeding years. 

Apparently at two years postdisaster survivors with enduring depressive symptoms 

were filtered out. In addition, comorbidity of depression with PTSD leads to more severe 

suffering and more difficulties to recover from PTSD (e.g. (North, 2001)), therefore on 

the long-term depressive symptoms might be better than PTSD symptoms in selecting 

the more severe PTSD cases. The burden of depression in itself is emphasized by a study 

in which depressive patients were successfully treated. These patients performed better 

on cognitive tests than untreated patients, but not quite as well as healthy controls 

(Gualtieri, Johnson, & Benedict, 2006). On the other hand a possible explanation for the 

predictive value of depressive symptoms on cognitive dysfunction can be sought in that 

survivors with depressive symptoms might profit less from the practice effects of the 

PASAT, since encoding and recognition of information have consistently been reported 

to be impaired in acute depression (Zakzanis et al., 1998). Summing up, PTSD symptoms 

determine low attentional scores, whereas depressive symptoms additionally worsen 

attentional function. These findings illuminate the burden of comorbidity between PTSD 

and depressive symptoms for chronic difficulties. 

In contrast to our expectations, the decrease in PTSD and depressive symptoms 

was unrelated to improvement in cognitive functioning. This result might have implications 

for the anticipations of treatment results. Successful treatment of PTSD or depression 
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apparently does not simply imply simultaneous enhancement of sustained attention 

and working memory. The association between PTSD and cognitive performance over 

the course of time has been studied only once before in elderly Holocaust survivors 

(Yehuda et al., 2006). This study showed that greater improvement in PTSD symptoms 

related to greater improvement in verbal learning and memory performance on the 

California Verbal Learning Task (CVLT) over a five years period. However this finding was 

only evident in patients with PTSD. When survivors without PTSD were considered, no 

relationship was found between their diminished PTSD symptoms and improvements 

on their CVLT performance. Apparently, our community sample seems to resemble the 

Holocaust survivors without PTSD to a greater extent.

Although, most studies have found PTSD to be related to attentional dysfunction, 

several more studies could not confirm these findings (e.g.(Golier et al., 1997; Neylan et 

al., 2004)). Yet, our study is the first to control for the enhancing effect of substances 

like nicotine (Rezvani & Levin, 2001), L-Theanine, and caffeine (Haskell, Kennedy, Milne, 

Wesnes, & Scholey, 2008) which are known for improving performance on cognitively 

demanding tasks. Faster working memory reaction time, improved sustained attention, 

and reaction speed in all sorts of reaction-time tasks have been observed. Restrictions 

regarding smoking are specifically important since studies have shown that people with 

depression tend to smoke more per day (Olff et al., 2006) and PTSD symptom variables 

as well as stress and anxiety are significantly associated with ad lib smoking (Beckham et 

al., 2008). The reason why studies have not found any impact of PTSD might also be due 

to data analyses in terms of group means which may obscure the degree of impairment 

(Gualtieri & Morgan, 2008). Someone with severe PTSD symptoms might still be called 

healthy due to a count of only one symptom less than necessary for the diagnosis. 

This study has some limitations. The question of causality remains. By no 

doubt, those specific characteristics of intrusive memories that seem to be predictive 

of subsequent PTSD (Michael, Ehlers, Halligan, & Clark, 2005) the perceived nowness 

and lack of context of the intrusive memories, and the distress associated with them will 

interfere during a test that requires the simultaneous performance of multiple cognitive 

operations under a time restraint, since working-memory has a limited capacity. On the 

other hand, cognitive impairments may hinder recovery from mental trauma, a process 

that requires re-learning and adaptation (Shalev, 2000). Moreover, poorer performance 

on neurocognitive tests may also be a vulnerability factor for developing symptoms of 
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PTSD, as was found in a community based sample of young adults who participated in 

neuropsychological testing before and after they were struck by a disaster (Parslow & 

Jorm, 2007). Future studies need to address these concerns about causality, ideally by 

following cohorts before the experience of a traumatic event.

Although, the prospective influence of PTSD and depressive symptoms on 

cognitive difficulties was mild in this study, difficulties in performing a test in a laboratory 

might be translated into larger consequences in a more demanding environment. 

Moreover, persistent neurocognitive impairment has been shown a major predicting 

factor for illness-related deterioration of quality of life in several patient groups (e.g. see 

(Fujii, Wylie, & Nathan, 2004) for patients with schizophrenia, and (Depp et al., 2007) for 

patients with bipolar disorder).

In the aftermath of a disaster while one suffers the losses of family members 

and friends, of irreplaceable treasured belongings and residence, and loss of community 

cohesion, many problems have to be faced by survivors. Without question, specifically 

in these times people need to be able to stand up for themselves and their families. 

Poor cognitive functioning is an extra handicap that might increase feelings of loss of 

control and thereby maintain or even aggravate psychological problems. Therefore, 

practical assistance in the immediate aftermath seems essential, and for the longer term 

cognitive training may need to be incorporated into trauma-focused treatments since 

recovery alone of PTSD and depression in particular seems to be insufficient to deal 

adequately with cognitive difficulties.
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7.1 Overview

This thesis focused on important and yet unresolved topics related to 

psychopathology following a major disaster. The following research questions - posed in 

the Introduction (Chapter 1) – were addressed:  

•	 How many survivors suffer from mental disorders, and which specific mental 

disorders are prominent?

•	 How long do survivors suffer from –or are at risk of development of- these 

potential mental disorders?

•	 Are there particular risk factors for chronic mental disorders among survivors?

•	 Do survivors with post-trauma mental disorders differ from survivors without 

mental disorders in their level of the stress-hormone cortisol?

•	 What is the burden of symptoms of PTSD and depression on attentional function 

in the short- and long-term?

In this final chapter first the main results answering the questions above will be 

summarized. Second, strengths and limitations of the studies will be presented. Study 

findings will be discussed and finally clinical implications will be presented, along with 

suggestions for further research. With the exception of the systematic review, studies in 

this thesis were based on the Enschede in-depth cohort, a unique and relatively large 

sample of trauma survivors, as they all experienced the same disaster and were followed 

from 2-3 weeks till 4 years post-disaster. 
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7.2 Main findings

How many survivors suffer from mental disorders, and which specific mental 

disorders are prominent?

Nearly half of the survivors (48.3%) suffered from one or more mental disorders 

2 years after the fireworks disaster. The most prevalent disorders were PTSD (21.9%), 

specific phobia (21.5%), and depression (16.2%). Social phobia and somatoform 

disorder followed with 4.6% and 6.1%, respectively. Comorbidity between disorders 

was considerable. Two-thirds of the survivors with PTSD had one or more co-existing 

disorders, and around three quarters of survivors with depression and specific phobia 

had at least one other mental disorder.

How long do survivors suffer from –or are at risk of development of- these 

potential mental disorders?

The course of mental disorders post-disaster appears to takes four forms. 

Survivors may sustain mentally healthy, recover from mental disorders, have chronic 

disorders, or a late-onset of disorders post-disaster. Findings showed that the percentage 

of survivors with any mental disorder in the past 12 months decreased from 48.3% 

at 2 years to 29.5% at 4 years post-disaster. When survivors were healthy at 2 years 

post-disaster, they most likely sustained healthy at 4 years. The majority (58.2%) of 

survivors with PTSD, specific phobia, and depression at 2 years post-disaster no longer 

met diagnostic criteria of any mental disorder at 4 years. Nonetheless, although many 

survivors recovered from depression and specific phobia, approximately half as many 

developed a new onset of these disorders. Hence, rates of survivors with depression 

(9.5%) and specific phobia (12.4%) were still elevated in comparison to the Dutch 

population. (Bijl, de Graaf, Ravelli, Smit, & Vollebergh, 2002) (depression 5.65% (CI:4.7%-

6.5%); specific phobia 6.88% (CI:6.0-7.8%)). Late onset of one disorder was in two out 

of three times preceded by another disorder. This regularly showed to be a shift in 

diagnostic classification from PTSD to depression.
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Are there particular risk factors for chronic mental disorders among survivors?

We identified pre-, peri- and post-disaster risk factors for development and 

persistence of mental disorders. Pre-disaster risk factors entailed the unavailability of 

a maternal caregiver and abuse during childhood. The severity of traumatic exposure 

experienced peri-disaster contributed to a higher risk of development of mental 

disorders and a chronic course. Shortly after the disaster (2-3 weeks), high depressive 

symptom severity appeared to predict chronic anxious-depressive mental disorders at 

4 years post-disaster. 

Looking at predictors at a later stage (2 years post-disaster), survivors with PTSD 

or specific phobia at this time point showed an increased risk of depression at 4 years 

post-disaster.

Do survivors with post-trauma mental disorders differ from survivors without 

mental disorders in their level of the stress-hormone cortisol?

Our systematic review and meta-analysis on the existing literature on basal 

cortisol levels and PTSD showed that subjects with PTSD and non-psychiatric controls did 

not differ in cortisol levels in general. Nevertheless, support was found for low cortisol 

levels in PTSD depending on the type of control groups and specific subpopulations. 

Significantly lower cortisol levels were found in subjects with PTSD when compared 

with non-exposed controls, while no differences were found between trauma exposed 

subjects with and without PTSD. Subgroup analyses further revealed lower cortisol in 

those subjects who seem to be at the greatest risk for developing PTSD, i.e. women and 

physically or sexually abused people.

In our cohort study survivors with a depressive disorder following the Enschede 

fireworks disaster had a flatter diurnal cortisol curve than subjects with PTSD or mentally 

healthy survivors. No differences were found between survivors with PTSD and healthy 

individuals. In both these groups the usual dynamic pattern of increase in cortisol past 

awakening was present, while we did not observe this in the group of survivors with 

post-traumatic depressive disorder. These survivors with depression tended to use more 

tobacco per day, and the group differences in cortisol could only be revealed when we 

adjusted for quantity of smoking.
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What is the burden of symptoms of PTSD and depression on attentional function 

in the short- and long-term?

Our cross-sectional study showed that PTSD and depressive symptoms, and sleep 

disturbances independently contributed to attentional dysfunction in disaster survivors. 

Our longitudinal study revealed that PTSD symptoms within 3 weeks post-disaster were 

predictive of poorer sustained attention in the following years. Attentional function was 

predicted equally well by PTSD symptom severity whether measured as early as 3 weeks 

or at 18 months post-disaster. This finding showed that PTSD symptoms are early signs 

and stable longitudinal predictors for attentional dysfunction up to at least 4 years after 

trauma. Although PTSD symptoms diminished and attentional functioning considerably 

improved over time, no association between changes in symptoms and changes in 

attention was found. Severity of depressive symptoms at 2 years was associated with a 

lack of progression in attentional function in the following years.

7.3 Methodological considerations: strengths and 
limitations

Design and sample of the cohort

An obvious strength of the studies in survivors of the Enschede fireworks 

disaster is the longitudinal design that rapidly started after the disaster and followed 

survivors and rescue workers for several years (van der Velden et al., 2006a; van der 

Velden et al., 2006b). In that matter we were able to collect information about disaster 

exposure and possible health consequences nearly on the spot, discarding a possible 

recollection bias of survivors. 

The cohort study of residents is the first epidemiologic disaster study in which 

affected subjects were interviewed face-to-face at 2 different points in time. Our 

sample is also unique as the majority of trauma studies have used samples of patients 

undergoing treatment for PTSD. Such individuals might be expected to have more severe 

PTSD symptomatology, or possibly more comorbid psychopathology, than individuals 

who meet diagnostic criteria for PTSD but who are not specifically seeking treatment. 

The cohort in this thesis is drawn from a Western European country, and as far 

as we know, all survivors had access to money, food and accommodation in the aftermath 
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of the disaster. The migrants in this disaster-struck community were not included in our 

study when they mastered the Dutch language insufficiently. They were studied in a 

separate study (see (Drogendijk et al., 2011)). We are aware that survivors who have 

lost everything, as is frequently the case in developing countries, generally have a worse 

health outcome due to the so-called secondary disaster. Therefore, findings in our cohort 

of survivors of the fireworks disaster may not simply be generalizable to other disaster-

exposed populations.

Studies on cortisol

In our systematic review (chapter 3) we were able to include the large number 

of 1628 people in total across 37 published and unpublished studies, with 828 individuals 

with PTSD and 800 controls. This large sample size emphasizes the robustness of findings 

of no differences in basal cortisol between people with PTSD and healthy controls. 

Results in specific subgroups have been found in post-hoc analysis with much smaller 

numbers of survivors. Therefore, these findings can only be considered as a hypothesis 

that needs further testing and not as a solid conclusion. Furthermore, in the systematic 

review substantial differences in the methodology of studies hampered comparison. 

For instance, time of cortisol measurements, restrictions regarding smoking, alcohol, 

coffee, and food-intake varied widely across studies. Although we attempted to pool 

data of studies on important characteristics, these restrictions and comorbid conditions 

known to confound cortisol levels remained unattended. In our cohort study (chapter 4) 

we addressed these issues regarding restrictions, and disentangled the role of smoking 

as a mediator between levels of basal cortisol and post-disaster psychopathology. We 

used saliva sampling in order to be able to plot the diurnal cycle of cortisol related 

to time of awakening. Saliva sampling has the advantage of measuring cortisol under 

relatively stress-free (i.e. basal) conditions. Many people fear blood-tests. We even had 

several survivors with a blood-injection phobia in our cohort. Therefore, saliva sampling 

is preferred as blood sampling would definitely have activated the stress-system to a 

higher account. 
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Factors of influence on attentional function

Studies that investigated associations between attention and PTSD have 

almost exclusively focused on treatment-seeking patients with combat-related PTSD 

in Vietnam. Vietnam veterans may have been exposed to toxic agents like pesticides 

during missions which are associated with increased risks of mild cognitive dysfunction 

(Bosma, van Boxtel, Ponds, Houx, & Jolles, 2000). The community sample of survivors 

of the Enschede fireworks disaster had the advantage that blood and urine samples 

of survivors, collected within the first weeks post-disaster, were negatively screened 

for toxic exposure to substances during the disaster (van der Velden, Yzermans, & 

Grievink, 2009). Additionally, attentional problems due to heavy drinking and substance 

abuse may have surpassed attentional problems related to PTSD of veterans in some 

studies, while in our sample a history of alcohol or substance abuse/dependence was 

rare.The studies on attentional function (chapters 5 and 6) were the first studies that 

controlled subjects in their food, beverages, and smoking before testing to rule out 

possible cognitive enhancing effects of these factors. However, in some subjects it might 

have been the case that the restrictions themselves (e.g. skipping a meal due to the 

prescribed one hour restrictions before testing) may have led to a subsequent unwanted 

loss of concentration. 

7.4 Relevance of findings

Findings of this thesis have several parallels with those of other studies on 

post-trauma psychopathology in survivors. This thesis also offers several unique and 

distinctive findings that add important information to the trauma and disaster literature.

Anxiety and depression after trauma

Nowadays PTSD is well documented as a possible outcome in the aftermath of 

trauma. However, this thesis emphasizes that it is not an exclusive outcome of trauma 

(chapter 2). Findings show that depressive disorder and specific phobia are highly 

prevalent disturbances post-disaster as well. 

The majority of survivors recovered from their mental disorder over the course 

of time, although depression and specific phobia still exhibited a substantial risk in the 
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long-term. PTSD, on the other hand, showed to be a transient disorder. However, a 

common feature in our cohort was a shift from PTSD into another diagnostic status over 

time. These findings are in line with a longitudinal study of briefer duration  (O’Donnell, 

Creamer, & Pattison, 2004). Nearly half of all survivors with a diagnosis (PTSD/depression) 

at 3 months no longer met criteria at 12 months and none of the survivors with a single 

diagnosis of depression developed PTSD later on. We similarly found no increased risk 

for anxiety disorders to follow up on a depressive disorder. 

Interestingly, depression in the absence of a co-existing anxiety disorder showed 

to be a remitting disorder over the course of time, while findings showed an increased 

risk for a superimposed depression on PTSD or specific phobia. Breslau and colleagues 

also showed that that there was an increased risk for depression in respondents who 

had also developed PTSD, but no increased risk in respondents who were exposed to 

trauma without developing PTSD (Breslau, Davis, Peterson, & Schultz, 2000). Thus, 

anxiety disorders may lead to later depression, while a course starting off with depression 

followed by an anxiety disorder is not very likely. 

Severity of depression showed to have a link with severity of intrusive trauma 

memories in both inpatients and outpatients with depression (Carlier, Voerman, & 

Gersons, 2000; Kuyken & Brewin, 1994). It has been suggested that numbing or dysphoria, 

i.e. a lack of emotional responsiveness and social withdrawal, is a consequence of 

uncontrollable anxious arousal (Foa & Riggs, 1993). It appears as if depression follows 

when active avoidance is not effective enough. As PTSD and depression after trauma 

have been found to be very closely related, there is a need to reconsider the current 

diagnostic classification of PTSD for the upcoming DSM-5. Suggestions will be discussed 

in a later paragraph.

Cause and function of cortisol alterations

Based on our findings, the general consensus in the field of psychotraumatology 

that PTSD is related to low basal cortisol oversimplifies facts. First, an important finding 

of this thesis is that hypocortisolism is not per definition related to PTSD. Chapter 3 

stressed that there is no systematic difference in basal cortisol levels between people 

with PTSD and controls, as this is only found in specific subgroups and when PTSD 

subjects were compared to non-trauma exposed individuals. Second, low cortisol is not 
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unique for PTSD, as it has been associated with several other conditions and coping 

styles. In chapter 4, low cortisol in people with a depressive disorder following the 

disaster was associated with a palliative coping style of smoking. Additionally, in a review 

of the literature on depression by Heim and colleagues (Heim, Ehlert, & Hellhammer, 

2000a) was shown that in clinical samples, passive coping, repression, and denial of a 

stressful event were related to low cortisol. Furthermore, considerable evidence for HPA 

axis dysregulation was found in patients suffering from bodily disorders. These include 

chronic fatigue syndrome, fibromyalgia, other somatoform disorders, rheumatoid 

arthritis, and asthma. Many of these disorders have been related to stress (Heim et al., 

2000a). Finally, low cortisol, does not seem to be an exclusive correlate of stress-related 

pathology, but has also been reported for healthy subjects exposed to trauma as well 

as for healthy subjects living under ongoing stress (Klaassens, Giltay, van Veen, Veen, & 

Zitman, 2009). 

The manifestation of low basal levels of cortisol can be attributed to several 

factors, as these low cortisol levels may reflect alterations on different levels of the 

HPA axis (CRF in the hypothalamus, ACTH in the pituitary, and cortisol in the adrenals). 

Cortisol inhibits the HPA axis through a negative feedback loop by binding with receptors 

in the pituitary and the hypothalamus. It inhibits the release of CRF and ACTH, which in 

turn results in less secretion of cortisol  (Jacobson & Sapolsky, 1991). Several findings 

indicate that lower basal cortisol, as found in PTSD, might be due to a higher number 

–and sensitivity- of glucocorticoid receptors in the pituitary (Stein, Yehuda, Koverola, & 

Hanna, 1997; Yehuda, Boisoneau, Lowy, & Giller, Jr., 1995) that would result in a greater 

sensitivity of negative feedback of cortisol. In this enhanced negative feedback model, 

the inhibiting function of cortisol on the hypothalamus is dampened, which explains why 

studies find hypersecretion of CRF in PTSD (Baker et al., 1999; Bremner et al., 1997) and 

that low cortisol in afferent pathways could lead to increased sympathetic activity. 

Although low cortisol is assumed to be an etiological factor in onset of disease, 

it is also suggested that low cortisol has protective effects for the individual. One of the 

arguments was that a down-regulation of the HPA axis in chronically stressed subjects 

protects those subjects against the harmful effects for the body and brain resulting from 

chronic overactivity or inactivity of physiological systems that are normally involved in 

adaptation to environmental challenge (for review see (Fries, Hesse, Hellhammer, & 

Hellhammer, 2005). Thus, low cortisol        might be a functional adaptation or correlate of 
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living under extreme stress instead of an etiological factor in the onset and persistence 

of stress-related psychopathology. 

Future studies are needed to get more insight into the function of cortisol in 

relation to traumatic stress. Since cortisol is under the influence of many factors, large 

samples and consensus in data collection (e.g. time of awakening, quantity of smoking) 

and sampling protocols (e.g. assessment times, dietary restrictions) are needed to rule 

out concomitant conditions of psychopathology such as sleeping problems and heavy 

smoking.

Childhood stressors

Abuse and absence of maternal care in childhood were found to be predictive 

for chronic mental disorders in adulthood after the fireworks disaster (chapter 2). 

Furthermore, post-hoc analysis in the systematic review on cortisol and PTSD (chapter 3) 

showed low cortisol in people with PTSD due to physical or sexual abuse in comparison 

to healthy controls. Findings in both these chapters point out a significant influence of 

early adverse life experiences.

It appears that maternal absence during developmentally critical periods 

interacts between childhood trauma and subsequent changes in the HPA axis. First 

childhood trauma has been associated with pathophysiological changes of the HPA axis 

and subsequent adult psychopathology (Heim, Newport, Mletzko, Miller, & Nemeroff, 

2008). In particular exposure to stress during developmentally critical periods might 

result in persisting hyper-reactivity of the HPA axis and the autonomic nervous system 

(Heim et al., 2000b). Second the effect of exposure to stress on the HPA axis and 

amygdala showed to be modulated by absence of caregivers during critical periods 

of development as was shown in rodent pups (Moriceau & Sullivan, 2006). Maternal 

absence during acute stress resulted behaviorally in avoidance of associated stimuli 

of the stressor, which is a major symptom in anxiety disorders, and physiologically in 

amygdala activation and corticosterone secretion (rat equivalent to human cortisol). 

It appears that during a sufficiently supported development, an amygdala-dependent 

emotional circuit develops that is able to appropriately differentiate threatening from 

non-threatening environmental stimuli (Gillespie, Phifer, Bradley, & Ressler, 2009). 
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In humans some evidence has shown that early life stress and neglect may 

also affect the HPA axis due to a compromised oxytocin system (see for review (Olff, 

Langeland, Witteveen, & Denys, 2010)). Furthermore, we know that sexual and physical 

abuse both promote overwhelming emotional arousal and often take place in a family 

context in which caregivers offer little soothing or guidance in effective coping. Abuse 

is generally chronic and often starts in early development. It is suggested that adults 

who repeatedly experienced abuse as a child often lack a sense of emotional awareness, 

have poor emotion regulation skills, and have diminished expectations of social support 

(Cloitre, Stovall-McClough, Zorbas, & Charuvastra, 2008; Gladstone et al., 2004; 

Rademaker, Vermetten, Geuze, Muilwijk, & Kleber, 2008). As a child, they may not have 

learned to identify and cope with emotions, as parents might have reacted negatively in 

general to emotions of the child. Notwithstanding, child-abuse in itself is an experience 

in which the emotions of a child have been seen as unimportant, have been ignored 

or mislabelled by the offender. Furthermore, parents might have given an inadequate 

example of their own regulation of emotions by having anger outbursts, smoking and 

drinking alcohol. As a consequence abused children did not have a proper example from 

their parents on how to cope with stressors. Inadequate coping may cause stressors to 

continue for a longer duration or even lead to chronic stress. 

Association between smoking, cortisol and depression

A model of traumatic stress has to deal with several factors (see (Kleber & Brom, 

1992; Olff, Langeland, & Gersons, 2005)). Coping style and dispositions might be crucial 

mediating factors in the development of psychopathology following childhood adverse 

experiences. Palliative coping is a way of modulating tension and making the situation 

more tolerable or keeping it under control without directly taking care of the problem 

(Lazarus & Folkman, 1984; Olff, Langeland, & Gersons, 2005). In this thesis, support has 

been found for a mediating role of palliative coping (i.e. smoking) between low cortisol 

and psychopathology (chapter 4). 

Salivary cortisol concentrations were higher in survivors who smoked tobacco, 

and survivors with depression tended to smoke more per day. When the amount of 

tobacco was accounted for, depressive survivors showed low cortisol. Thus, in survivors 

with depression smoking seemed to have a role in elevating cortisol to a normal level 
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(i.e. comparable to healthy survivors). Nicotine withdrawal symptoms and craving, on 

the other hand, resemble a stress response reflected by elevation of baseline cortisol 

levels (Cohen, al’Absi, & Collins, Jr., 2004), which likely leads to more smoking. This 

suggests a biological explanation for smoking as a way of palliative coping with stress on 

the short-term. 

Findings in rescue workers involved in the Enschede fireworks disaster, showed 

that smoking at 2-3 weeks post-disaster predicted PTSD at 18 months post-disaster (van 

der Velden, Kleber, & Koenen, 2008). Another large prospective study among nearly 

1200 adults in Norway (Klungsoyr, Nygard, Sorensen, & Sandanger, 2006) found a dose-

response relation between quantity of smoking and increased risk for depression. 

Smoking and depression appear to be a self-perpetuating circle, as depression early in 

adolescence in turn resulted in more tobacco use 3.5 years later (Sihvola et al., 2008). 

Thus smoking may help to cope with stress in the short term, but appears to have 

unfavourable effects in the long-term.

Thus far, findings in the literature were inconclusive on what comes first, 

maladaptive (palliative) coping by smoking or depression. However, they may also have 

a mutual underlying cause, as is suggested in a study among 6050 twins in which findings 

showed that a history of childhood sexual abuse was associated with both a significant 

risk for subsequently occurring regular smoking and a significantly earlier onset of 

regular smoking (Nelson et al., 2006). 

In sum, findings suggest a pathway of adverse life events, like childhood trauma, 

leading to a self-perpetuating circle of smoking, depression, and cortisol dysregulations.

   Attentional function and symptoms of PTSD and depression

In studying the burden of symptoms of PTSD and depression on attentional 

function, chapter 5 showed that although depressive symptoms and sleep disturbances 

contributed to attentional dysfunction in disaster survivors, these concomitant 

symptoms of PTSD explained only part of the difficulties. Attentional dysfunction showed 

to be still directly related to PTSD symptoms also. Most previous studies have compared 

PTSD subjects to normal controls, thereby confounding the effects of PTSD and trauma 

exposure. Our correlational study showed that there is at least an additional effect 

of PTSD symptoms over trauma on attentional dysfunction. Chapter 6 described the 
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longitudinal study that aimed to elucidate whether improvement in PTSD and depressive 

symptoms over time, is mirrored in recovery of attentional functioning. Although findings 

showed that while PTSD symptoms diminished and attentional functioning considerably 

improved over time, it failed to show an association between changes in symptoms 

and changes in attention. Restoring pre-trauma levels of attention and concentration 

perhaps needs more time. However, since our study covered four years this explanation 

seems unlikely. Although these findings appear to show an irreversible loss of attention 

after remission of PTSD and depressive disorder, a longitudinal study in young adults 

who experienced a widespread fire collected data before and after the disaster showed 

that poorer neurocognitive function was not only an outcome of PTSD symptoms, but 

may also be a vulnerability factor for developing symptoms of PTSD (Parslow & Jorm, 

2007). In light of these findings, we might need to temper our conclusions that PTSD 

symptoms are stable and early predictors of attentional function, since this might as well 

indicate an inverse causal relationship. In clinical practice, however, patients with PTSD 

clearly indicate that their ability to sustain attention has decreased post-trauma, and 

that they have experienced difficulties to concentrate on their study and jobs ever since. 

Thus, it seems most likely that PTSD and attention will mutually influence one another.

7.5 Clinical implications and suggestions for further 
research

Adaptation of current PTSD classification in DSM-5

Findings on exchange between - and comorbidity of- mental disorders question 

whether the DSM-IV adequately classifies PTSD, depression and perhaps even specific 

phobia as separate disorders. Lately, several suggestions to adapt PTSD for the upcoming 

DSM-5 have been recommended by researchers in the field of trauma (Kleber, 2008; 

McNally, 2009). We pinpoint the discussion below to PTSD and depression.

First, some researchers proposed to narrow the criteria for PTSD specifically 

for the cluster of reexperiencing (Brewin, Lanius, Novac, Schnyder, & Galea, 2009). 

They comment that daytime images accompanied by horror or fear and nightmares 

are the only reexperiencing symptoms that differentiate PTSD from other disorders, for 

involuntary intrusive recollections are often seen in depressed patients as well. Depressed 

patients, with or without trauma in their history, often experience unwanted memories 
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of one or more significant events in their lives that intrude frequently into their minds 

(e.g., (Birrer, Michael, & Munsch, 2007; Brewin, Hunter, Carroll, & Tata, 1996; Kuyken 

et al., 1994; Patel et al., 2007)). In studies to date the proportion of depressed unipolar 

patients reporting intrusive visual memories has varied from 44% (Patel et al., 2007) to 

87% (Brewin et al., 1996). Like in PTSD, in depression these memories are vivid, full of 

sensory details, distressing, absorbing, and associated with intense negative emotions, 

although they lack the “here and now” character of intrusions in PTSD (Michael, Ehlers, 

Halligan, & Clark, 2005). An accordingly narrow description of intrusive memories in 

PTSD would help to differentiate it from depression.

Second, in contrast to narrow the classification of PTSD, several researchers 

proposed to broaden it. Empirical data in clinical and epidemiological samples suggest 

to split the avoidance cluster of PTSD in the current DSM-IV into two different factors: 

active avoidance and emotional numbing/dysphoria (Carragher, Mills, Slade, Teesson, & 

Silove, 2010; Olff, Sijbrandij, Opmeer, Carlier, & Gersons, 2009). The first factor consists 

of actively avoiding thoughts or feelings about the event or doing things that remind 

the person of the event. The second factor describes emotional numbing or dysphoria 

as in having difficulty enjoying things or having sad feelings, feeling distant from other 

people or finding it hard to imagine fulfilling future goals. Question remains whether 

it is necessary to have both numbing and avoidance symptoms to fulfil the criteria of 

PTSD or that these factors may exclude one another. Foa et al implied that avoidance 

and numbing may be functionally similar (i.e. both provide escape from emotional 

pain) but represent two separate phenomena reflecting different mechanisms (Foa, 

Riggs, & Gershuny, 1995). Avoidance would be an effortful and strategic psychological 

process, whereas emotional numbing, i.e., a lack of emotional responsiveness and 

social withdrawal, may be mediated by a more automatic mechanism resembling 

those underlying freezing behaviour. Numbing would occur when effortful avoidance 

is ineffective in reducing arousaSchnurr et al. (Schnurr, Friedman, & Bernardy, 2002) 

took it a step further and inferred that comorbid PTSD/depression could be seen as a 

depressive subtype of PTSD instead of two different disorders, and that it is distinctly 

different from major depression alone. 

Several findings in this thesis support the second point of view to broaden the 

classification of symptoms of PTSD. PTSD and post-trauma depression appear closely 
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related, both in their overlapping symptom profiles, in their biological profile and in the 

course of symptoms.

 Our data showed that comorbidity between PTSD and depression, and a shift in 

diagnostic status over time from PTSD to depression in our cohort was common (chapter 

2). Neurobiological findings in the meta-analysis on PTSD and basal cortisol (chapter 

3) showed that basal cortisol levels in comorbid PTSD/depression did not differ from 

levels in PTSD alone. Furthermore, (chapter 4) subgroups of survivors with PTSD and 

PTSD/depression were similar in presentation (demographics, PTSD symptom severity, 

and smoking habit) and showed to be different from survivors with major depression. 

Accordingly, cortisol levels adjusted for smoking differed in survivors with depression 

alone from the group with PTSD with or without comorbid depression. Thus, this 

thesis underlines previous comments that suggest to re-evaluate the need to diagnose 

comorbid depression in PTSD. We should rather adapt the DSM by including a more 

prominent role for numbing/dysphoria symptoms in PTSD.

Treatment of intrusive visual memories regardless of diagnostic status

Regardless of issues in how to classify overlap in symptoms of depression 

and PTSD, all psychiatric patients should receive a thorough diagnostic assessment, 

including a history of trauma, as patients might present themselves with depressive 

symptoms while there is an underlying PTSD. This has significant implications for 

choice of treatment since depression, in contrast to PTSD, is treated with more generic 

treatments as activation, cognitive therapy, and interpersonal therapy. Noteworthy is 

that evidence has emerged recently that the first choice therapy of PTSD (i.e. imaginal 

exposure), is beneficial for some depressive patients as well. Brewin et al. (Brewin et 

al., 2009) found that imagery rehearsal and rescripting therapy has potential as a brief 

stand-alone treatment for a subgroup of chronically depressed individuals with intrusive 

visual memories. These new treatment findings once again point to a similar function of 

avoidance in PTSD and numbing in depression and PTSD. As Foa et al mentioned (Foa et 

al., 1995), these mechanisms both provide escape from emotional pain. Future studies 

may give more insight whether post-trauma intrusive visual memories -regardless of 

diagnostic status- should guide the choice of treatment. 
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Instructing health practitioners on the sequelae of trauma

Early depressive symptom severity was found to be a significant predictor for 

an unfavourable course of psychopathology, which in the long-term more often entailed 

depression and specific phobia than PTSD (chapter 2). It is advisable to create awareness 

in general practitioners (GP’s), victim support services, and other health professionals 

to focus on sequelae of trauma. Health practitioners should be informed about a more 

comprehensive psychological response of patients to trauma than just PTSD with specific 

attention for early depressive symptoms as risk factor for later disorders and also about 

the comorbidity between anxiety disorders and depression in survivors post-trauma. 

Findings in this thesis point out that just checking whether the first onset psychological 

disorder is in remission is not sufficient, as it may have shifted into another disorder. 

Since most survivors stay healthy, implementing surveys in the affected populations 

with large screening questionnaires to identify people at risk of mental health problems 

would unnecessarily strain survivors who need their time and energy to deal with many 

issues in the aftermath of trauma. 

Furthermore, the association between smoking and psychopathology is 

worthwhile to point out to health practitioners. Supporting survivors to cessate smoking 

may help to alleviate psychological problems. However, since depressive symptom 

severity prospectively predicted a lower likelihood of smoking cessation (Kenney et al., 

2009), intervention programs aiming at both smoking addiction and depression might 

need to be developed in the future.  

Occupational doctors should be informed about attention problems in survivors 

with PTSD or depression. Even when survivors have recovered from these illnesses, 

these problems may exist and influence job-performance negatively (Kleber & van der 

Velden, 2009). Time appears to improve attentional function. However, mild dysfunction 

may persist for a long-period. Adjustment of work-load and jobs that involve dangerous 

task may be necessary.

Cortisol sampling

Cortisol sampling has previously been thought to show opportunities for an 

objective determination of the PTSD diagnosis in patients. It has even been mentioned 

that measuring the level of this hormone would detect if someone is malingering PTSD 
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(Mason, Giller, Kosten, Ostroff, & Podd, 1986).  This thesis unambiguously showed that 

basal cortisol levels have no value for diagnosing PTSD since cortisol did not distinguish 

healthy traumatized individuals from those with PTSD. 

However, cortisol appears to have a role in PTSD. Several studies have shown 

that subjects with PTSD who responded to psychological treatment had lower cortisol 

levels before than after treatment (Gerardi, Rothbaum, Astin, & Kelley, 2010; Olff, de 

Vries, Guzelcan, Assies, & Gersons, 2007). Furthermore, infusion of an intravenous 

hydrocortisone (cortisol) enhanced elements of working memory performance in an 

group of survivors with PTSD (Yehuda, Harvey, Buchsbaum, Tischler, & Schmeidler, 2007). 

Since cortisol helps to preserve information acquired during stressful events to store it 

for future use (Joëls, 2008), using cortisol as a pharmacological agent as a surplus in the 

exposure treatment of patients with trauma-related mental health problems may have 

some benefits as is shown in the first case described by Yehuda et al. (Yehuda, Bierer, 

Pratchett, & Malowney, 2010), although care should be taken not to imprint fearful 

memories. Notwithstanding, low cortisol in trauma survivors might be an adaptive 

response or just a correlate, instead of the cause of psychopathology.

7.6 Conclusions

This thesis described studies in a cohort of survivors of the fireworks disaster in 

Enschede in May 2000. It showed that nearly half of all survivors had a mental disorder 

in the past 12 months at 2 years post-disaster, and that the rate dropped to 30 percent 

at 4 years. The most prevalent disorders were PTSD, specific phobia, and depression. 

Comorbidity between disorders and a shift from one mental disorder into the other 

occurred regularly. Findings showed that when survivors were healthy at 2 years post-

disaster, they most likely remained healthy at 4 years. For the purpose of DSM-5 it would 

be interesting to conduct factor analysis of a comprehensive picture of psychological 

symptoms post-disaster instead of factor analysis within a current diagnostic 

classification, as this reckons with the overlap in constructs of mental disorders in the 

current diagnostic classes of the DSM-IV.  

Pre-disaster risk factors for development and persistence of mental disorders 

entailed absence of a maternal caregiver and abuse in childhood. High depressive 
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symptom severity within weeks post-disaster showed to precede chronic mental 

disorders at 4 years post-disaster. 

In a systematic review of the scientific literature no alterations in the basal 

levels of the stress-hormone cortisol were found in subjects with PTSD compared to 

mentally healthy individuals. Though, low cortisol levels in PTSD were shown depending 

on the type of control groups and specific subpopulations.  In our cohort of survivors of 

the fireworks disaster, evidence was found for low cortisol in post-disaster depression. 

However, low cortisol in relation to depression was only found when we took into 

account that smoking has an enhancing effect on cortisol. Since numerous factors may 

have a confounding influence on cortisol levels, disentangling the relationship between 

PTSD and cortisol is more complex than it first appears.  Large samples and consensus 

in data collection and sampling protocol of basal diurnal cortisol is needed as this would 

improve validation of future findings.

Furthermore, this thesis described that PTSD and depressive symptoms are 

independently associated with poor attentional function. PTSD symptoms appeared 

to be early and stable longitudinal predictors for attentional dysfunction, whereas 

mid-term depressive symptoms predicted a lack of improvement in the long-term. 

Improvement of PTSD or depressive symptoms appeared insufficient for enhancing 

attentional dysfunction.  

Future research should focus on interventions to improve attentional function 

of survivors with mental health problems post-trauma, as better neurocognitive function 

may lead to improved (emotional) information processing and day-to-day function. 
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On May 13, 2000 a fireworks storage facility exploded in a residential district 

in Enschede. This unexpected and massive traumatic event affected and shocked many 

people. It caused the loss of lives and injuries in the community and the destruction of 

the residential area. The Dutch government declared it a national disaster.

Following a disaster, survivors may suffer from mental health disturbances. 

They may feel tense, frightened, irritable and sad. Additionally, the memory of the 

traumatic event may be unwillingly and frequently recalled and survivors may suffer 

from disturbed sleep. People typically may have difficulties in concentrating at work or 

study and may feel like disaster will again strike any minute. Usually these reactions 

disappear within a few weeks. However, in some survivors of traumatic events these 

disturbances persist for a longer duration. They cause clinically significant distress or 

impairment in social, occupational, or other important areas of functioning and daily life. 

Symptoms may succumb into mental disorders, such as post-traumatic stress disorder 

(PTSD) and depressive disorder. After the fireworks disaster the Ministry of Health 

therefore launched a comprehensive aftercare program and a health monitoring study 

for a period of multiple years. The study resulted in many scientific publications. This 

thesis is part of this large health monitoring study.  

The aims of the thesis were as follows. First, the purpose was to longitudinally 

describe the community prevalence of psychiatric disorders after the disaster and to 

identify predictors for the course of disorders in order to anticipate on consequences 

of future disasters and other traumatic events. Furthermore, the goal was to evaluate 

associations in the existing literature between PTSD and the stress-hormone cortisol, and 

examine the associations between cortisol and trauma-related psychopathology in the 

cohort of survivors of the fireworks-disaster. Finally, we aimed to identify the sequelae 

of symptom severity on attentional function, as difficulties in attentional function are 

frequently reported by people who have PTSD and depression.

Prevalence and course of psychiatric disorders post-disaster. In most disaster-

studies only PTSD has been addressed, while it has widely been recognized that other 

mental disorders like depression and specific phobia show an increased risk of onset post-

trauma also. Furthermore, comorbidity between disorders, particularly PTSD, is common. 

To get an insight into the prevalence and course of post-disaster psychopathology a 
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community sample of survivors of the Enschede fireworks disaster was followed from 2-3 

weeks to four years post-disaster. Diagnostic interviews to determine mental disorders 

in accordance with DSM-IV (Composite International Diagnostic Interview; CIDI) and 

childhood stressor interviews were administered at two years post-disaster (n=260). The 

CIDI was repeated at four years post-disaster (n=201, response 77.3%). At two years 

post-disaster approximately half of all survivors suffered from any mental disorder. The 

most common disorders were PTSD (21.8%), depression (16.1%) and/or specific phobia 

(21.5%). These disorders were highly comorbid. The majority of survivors recovered 

from their mental disorder over the course of time, although depression and specific 

phobia still exhibited a substantial risk at four years post-disaster. PTSD, on the other 

hand, showed to be a transient disorder. However, a common feature in our cohort was 

a shift from PTSD into another diagnostic status like depression or specific phobia. On 

the other hand, it was unlikely to have a course starting off with depression followed by 

an anxiety disorder. Depression in the absence of a co-existing anxiety disorder showed 

to be a remitting disorder over the course of time.

The course of the three entangled disorders - PTSD, depression and specific 

phobia - was studied by constructing four groups of survivors based on the diagnostic 

status at two and four years post-disaster: healthy, recovered, chronic and delayed onset. 

Initial depressive symptoms, absence of maternal care during ones childhood, childhood 

physical abuse, and the magnitude of disaster exposure were found to discriminate 

between the four groups, predicting long-term mental health problems. 

We conclude that clinicians should conduct thorough diagnostic assessments, 

including a history of trauma, as patients might present themselves with depressive 

symptoms while this is a change in symptom profile over time that hides an underlying 

PTSD. This is necessary since it has significant implications for the choice of treatment. 

Furthermore, clinicians should be alert to signal comorbidity in patients with trauma-

related disorders. Findings showed that child abuse and neglect form extra risk factors 

for chronic psychopathology in adulthood. Since depressive symptom severity within 

a few weeks post-disaster showed to have a predictive value, this offers concrete 

suggestions for early screening of trauma survivors at risk for long-term mental health 

problems. Findings also emphasize that PTSD is not an exclusive outcome of trauma, as 

depressive disorder and specific phobia are highly prevalent disturbances post-disaster 

as well, specifically on the longer term (Chapter 2).
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Associations between stress-hormone cortisol and PTSD. The sequelae of 

trauma also manifest itself in neurobiological phenomena. The hypothalamic-

pituitary-adrenal (HPA) axis plays a major role in the adaptive response to stress. This 

system is responsible for the release of hormones (e.g. cortisol) in reaction to both 

psychological and physical stressors and is frequently studied for its role in the onset 

and persistence of psychopathology following traumatic stress. In scientific literature, 

PTSD has inconsistently been associated with lower levels of cortisol. To elucidate these 

inconsistencies, we performed a systematic review and meta-analysis to compare basal 

cortisol levels between adults with current PTSD and a control group of people without 

psychiatric disorders. Findings showed that across 37 studies, people with PTSD (N=828) 

and controls (N=800) did not differ in cortisol levels. Subgroup analyses revealed that 

studies assessing cortisol in plasma or serum showed significantly lower levels in people 

with PTSD than in controls who were not exposed to trauma. Lower levels were also 

found in people with PTSD when solely females were included, in studies on physical 

or sexual abuse, and in afternoon samples. Thus, low basal cortisol levels in PTSD were 

only found in sub-analyses under certain conditions. Future research should elucidate 

whether low cortisol is related to gender or abuse and depends on the measurement 

methods used (Chapter 3).

Cortisol, smoking and post-disaster psychopathology. Cortisol levels are influenced 

by smoking, while PTSD and major depressive disorder have been associated with 

increased rates of tobacco usage and dependence. At the same time tobacco also affects 

the HPA axis. We therefore examined the relationships between PTSD, post-traumatic 

depression, smoking and levels of circadian cortisol in the cohort of survivors from the 

fireworks disaster. The sample consisted of 38 healthy survivors, 40 subjects with PTSD, 

and 17 subjects with post-traumatic depression. Salivary cortisol samples were collected 

at home immediately upon awakening, 30 min after awakening, at noon, and at 10 p.m. 

Quantity of smoking was measured through self-report. The results of the study showed 

that salivary cortisol concentrations were higher in smoking subjects. In survivors with 

PTSD and healthy individuals the usual dynamic pattern of increase in cortisol past 

awakening was present, while we did not observe this in post-traumatic depression. 

Survivors with depression following the disaster had a flatter diurnal cortisol curve than 

subjects with PTSD or healthy survivors. These survivors with depression tended to use 
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more tobacco per day, and the cortisol group differences could only be revealed when we 

adjusted for quantity of smoking. We concluded that smoking mediates the relationship 

between traumatic stress symptoms and the HPA-axis. Smoking may be an important 

palliative coping style in dealing with posttraumatic arousal symptoms in the short-term, 

in the sense that is it modulates tension and makes the situation more tolerable without 

directly taking care of the underlying problem (Chapter 4).

Attentional function and PTSD symptom severity. Subtle difficulties in memory and 

concentration in the aftermath of a disaster may play an important role in dysfunction 

in work, study and daily life and are frequent disturbances among people who have 

PTSD and depression. Unfortunately, research on neurocognitive functioning following 

trauma has exclusively focussed on PTSD. PTSD showed to be frequently associated to 

deficits in sustained attention which cause difficulties in executing long-lasting tasks. 

Since PTSD and depression are highly comorbid and have overlap in symptoms, it has 

however been suggested that the observed attentional deficits in PTSD can be attributed 

to co-existing depressive symptoms. We therefore investigated whether the ability to 

sustain attention is still related to PTSD symptom severity when we controlled for the 

influence of depressive symptoms and other potential factors of influence. We measured 

attentional function in a sample of survivors of the fireworks disaster by administering 

the Paced Auditory Serial Addition Task (PASAT). The objective of this test is to add 60 

pairs of randomized digits in the range of 1 to 6, in each of 5 separate subtests that differ 

in the rate of speed between successive digits. Analyses revealed low but significant 

partial correlations between PTSD symptoms and the subtests with the lower speed 

rates, ruling out the effects of age, education, depressive symptomatology, and sleep 

disturbances. We concluded that PTSD symptoms are associated with attentional 

dysfunction in the aftermath of disaster (chapter 5).

Long-term effects of PTSD and depressive symptoms on attentional functioning. 

Over the course of time, PTSD and depressive symptoms may diminish naturally or by 

means of psychological/pharmacological interventions. It is assumed that improvements 

in health and functioning are mirrored in recovery of attentional functioning. However, 

this has barely been studied. We therefore examined the longitudinal effects of PTSD and 

SUMMARY



149

depressive symptoms on attentional function. PTSD and depressive symptom severity 

measures were repeatedly administered in a community-based sample of survivors 

between 2-3 weeks and 4 years post-disaster. Attentional function was measured with 

the PASAT in 135 survivors at 2 and 4 years post-disaster. Results showed that the initially 

high PTSD and depressive symptoms significantly diminished over the course of years 

and that attentional performance improved. PTSD symptoms as early as 3 weeks post-

disaster were associated to attentional dysfunction 2 years post-disaster. No differences 

in predictive power of PTSD symptoms whether measured at 3 weeks or at 18 months 

post-disaster were revealed. Deterioration in attention at 4 years was predicted by 

depressive symptoms at two years post-disaster, but not by change in depressive or 

PTSD symptom severity. We conclude that PTSD symptoms are early signs and stable 

predictors for long-term attentional dysfunction. Findings elucidate the burden of 

comorbidity between PTSD and depressive symptoms for chronic difficulties with regard 

to attention, while targeting at improvement of PTSD or depressive symptoms appears 

to be insufficient for enhancing attentional dysfunction (chapter 6).

In the general conclusions and discussion (chapter 7) the main results of the 

previous chapters are summarized and discussed, along with the limitations of the 

studies, the clinical implications, and suggestions for further research. In sum, we came 

to the following conclusions and recommendations. First, since PTSD and depression 

after trauma have been found to be very closely related, there is a need to reconsider 

the current diagnostic classification of PTSD for the upcoming DSM-5. We confirm earlier 

recommendations to re-evaluate the need to diagnose comorbid depression in PTSD. The 

DSM should be adapted by including a more prominent role for numbing and dysphoria 

symptoms in PTSD. We advise for future studies to focus on possible clusters of anxious-

depressive symptoms for more comprehensive descriptions of the whole spectrum of 

trauma-induced psychopathology. 

Second, disentangling the relationship between PTSD and cortisol is more 

complex than it first appears. Numerous factors - which are frequently overlooked - 

may have a confounding influence on cortisol levels. In order to increase validation of 

findings, large studies and consensus in data collection and sampling protocol of basal 

diurnal cortisol are needed.
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Furthermore, the significance of early adverse life experiences, such as abuse 

and absence of maternal care in childhood, is pointed out both as risk factor for chronic 

mental disorders and for physiological changes in cortisol. It appears that maternal 

absence during developmentally critical periods is the link between childhood trauma 

and pathophysiological changes in the HPA axis and subsequent psychopathology in 

adulthood.

Fourth, since smoking appears to mediate the relationship between traumatic 

stress symptoms and the HPA-axis, supporting survivors to cessate smoking may help to 

alleviate psychological problems. Intervention programs aiming at depressive symptoms 

and cessation of smoking simultaneously may need to be developed in the future.

Finally, occupational doctors should be informed about attention problems in 

survivors with PTSD and depression. Even when survivors have recovered from these 

illnesses, these problems may exist and influence job-performance negatively. Although 

time appears to improve attentional function, mild dysfunctions could persist for a 

long-period that may require adjustment of work-load and jobs that involve dangerous 

task. Future research should focus on interventions to improve attentional function of 

survivors with mental health problems post-trauma, as better neurocognitive function 

may lead to improved (emotional) information processing and day-to-day function.
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Op 13 mei 2000 ontplofte een vuurwerkopslag in de woonwijk Roombeek in 

Enschede. Deze onverwachte en massale traumatische gebeurtenis trof en schokte 

veel mensen. De ontploffingen en de daaropvolgende brand veroorzaakten het verlies 

van levens. Ook raakten veel mensen in de gemeenschap gewond en vernietigde hun 

woonwijk. De Nederlandse regering verklaarde deze gebeurtenis tot nationale ramp. 

Na een ramp kunnen getroffenen last krijgen van klachten in de mentale 

gezondheid. Zij kunnen zich gespannen, angstig, geïrriteerd en verdrietig voelen. Daarbij 

kunnen zich herinneringen opdringen aan de traumatische gebeurtenis en kunnen 

getroffenen lijden aan slaapproblemen die tot uitputting leiden. Men heeft wellicht 

concentratieproblemen die het werk of de studie bemoeilijken en het gevoel dat 

ieder moment opnieuw zich een ramp kan voordoen. Normaal gesproken verdwijnen 

deze klachten binnen een paar weken. Bij sommige getroffenen van traumatische 

gebeurtenissen blijven deze klachten langer aanhouden. De klachten veroorzaken een 

hoge lijdensdruk en belemmeren het functioneren op sociaal gebied, werk of bij andere 

dagelijkse bezigheden. De klachten kunnen zich ontwikkelen tot een psychische stoornis 

zoals de posttraumatische stress-stoornis (PTSS) of een depressieve stoornis. Om die 

redenen werden na de vuurwerkramp door het Ministerie van Welzijn, Volksgezondheid 

en Sport een omvattend nazorg programma en een studie gelanceerd waarbij de 

gezondheid van betrokkenen voor meerdere jaren werd gemonitord. Dit proefschrift 

maakt deel uit van de gezondheidsmonitoring studie.

De doelen van dit proefschrift waren als volgt: het eerste doel was om 

longitudinaal de prevalentie te beschrijven van psychische stoornissen in de getroffen 

gemeenschap na de vuurwerkramp. Daarnaast was het doel om prediktoren te 

onderscheiden voor het beloop van stoornissen om bij toekomstige rampen en andere 

traumatische gebeurtenissen op de gevolgen te kunnen anticiperen. Een ander doel was 

om in de bestaande wetenschappelijke literatuur de relatie te onderzoeken tussen PTSS 

en het stress-hormoon cortisol. Daarnaast werden de associaties onderzocht tussen 

cortisol en trauma-gerelateerde psychopathologie in het cohort van getroffenen van 

de vuurwerkramp. Omdat problemen met aandacht en concentratie veelvoorkomende 

klachten zijn bij mensen met PTSS en depressie, wilden we ten slotte de gevolgen van de 

ernst van deze klachten op het aandachtig functioneren vaststellen.
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Prevalentie en beloop van psychische stoornissen na de ramp. In de meeste 

studies na rampen werden enkel de prevalentie van PTSS onderzocht, terwijl het alom 

bekend is dat andere psychische stoornissen eveneens vaak voorkomen na traumatische 

gebeurtenissen. Daarbij komt comorbiditeit tussen stoornissen veel voor, in bijzonder 

bij PTSS. Om inzicht te krijgen in de prevalentie en het beloop van psychopathologie na 

de vuurwerkramp werd een steekproef van getroffenen uit de gemeenschap gevolgd 

van 2-3 weken tot 4 jaar na de ramp. Diagnostische interviews voor het vaststellen 

van psychische stoornissen volgens de DSM-IV (Composite International Diagnostic 

Interview; CIDI) en interviews voor stressoren in de kindertijd werden 2 jaar na de ramp 

afgenomen (n=260). De CIDI werd 4 jaar na de ramp herhaald (n=201, respons 77.3%). 

Twee jaar na de ramp voldeed ongeveer de helft van de getroffenen aan de criteria 

van een psychische stoornis. De meest voorkomende stoornissen waren PTSS (21.8%), 

depressie (16.1%) en specifieke fobie (21.5%). De comorbiditeit tussen deze stoornissen 

was hoog. Vier jaar na de ramp bleek de meerderheid van de getroffenen hersteld te 

zijn van hun psychische stoornis, hoewel prevalentiecijfers voor depressie en specifieke 

fobie nog steeds waren verhoogd bij getroffenen ten opzichte van de Nederlandse 

bevolking. PTSS bleek echter voorbijgaand te zijn, hoewel regelmatig een verschuiving 

in diagnostische classificatie optrad van PTSS naar een andere stoornis zoals depressie 

of specifieke fobie. Een depressie zonder bijkomende angststoornis bleek in remissie te 

gaan over de tijd.

Het beloop van de drie stoornissen die onderling zo verweven bleken - PTSS, 

depressie en specifieke fobie - werd verder onderzocht door vier groepen te construeren, 

gebaseerd op de diagnostische status op twee en vier jaar na de ramp: gezond, hersteld, 

chronische stoornis en verlaat begin van stoornis. Op basis van de volgende factoren 

konden deze vier groepen worden onderscheiden: initiële depressieve symptomen, de 

afwezigheid van zorg door de moeder in de kindertijd, mishandeling in de kindertijd en 

de ernst van blootstelling aan de ramp. De combinatie van deze factoren voorspelden 

chronische psychische problemen.

Wij concludeerden dat clinici grondige diagnostische assessments moeten 

uitvoeren, inclusief de trauma geschiedenis, omdat patiënten zich kunnen presenteren 

met depressieve klachten terwijl dit een verandering in het symptoom-profiel over de 

tijd is en er een PTSS aan ten grondslag ligt. Dit is nodig omdat het implicaties heeft 

voor de keuze van behandeling. Daarnaast moeten clinici alert zijn op het signaleren 
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van comorbiditeit bij patiënten met trauma-gerelateerde stoornissen. Bevindingen 

wijzen uit dat verwaarlozing en mishandeling in de kindertijd risicofactoren zijn 

voor psychopathologie na een traumatische gebeurtenis in de volwassenheid. De 

voorspellende waarde van depressieve klachten kort na de ramp, biedt mogelijkheden 

voor vroegtijdige risico-screening op chronische mentale gezondheidsklachten voor 

getroffenen van toekomstige rampen. Resultaten benadrukken dat PTSS geen exclusieve 

uitkomst is na trauma; depressie en specifieke fobie zijn ook veelvoorkomend na een 

ramp en hebben een prominentere rol op de lange termijn (hoofdstuk 2).

De relatie tussen het stress-hormoon cortisol en PTSS. Gevolgen van trauma 

manifesteren zich ook in biologische fenomenen. De hypothalamus-hypofyse-bijnier 

(HHB) as speelt een belangrijke rol in de adaptieve respons op stress. Dit systeem is 

verantwoordelijk voor het vrijkomen van hormonen, zoals cortisol, in reactie op zowel 

psychische als fysieke stressoren. Het systeem wordt veelal onderzocht voor zijn rol 

in de etiologie en het persisteren van psychopathologie na traumatische stress. PTSS 

wordt in de wetenschappelijke literatuur geassocieerd met lage basale cortisol niveaus 

(basaal: d.w.z. niet onder stress). Resultaten in studies zijn echter inconsistent. Om deze 

inconsistenties te verhelderen, hebben wij een systematische review en meta-analyse 

uitgevoerd waarin basale cortisol niveaus werden vergeleken tussen volwassenen 

met een huidige PTSS en een controle groep van gezonde volwassenen. De resultaten 

over 37 geïncludeerde studies wezen uit dat mensen met PTSS (n=828) en de controle 

groep (n=800) niet verschilden in cortisol niveaus. Daaropvolgende subgroep-analyses 

onthulden dat in studies waarbij cortisol in bloedplasma of serum werd beoordeeld 

significante lagere cortisol waarden werden gevonden voor mensen met PTSS in 

vergelijking met mensen die nooit blootgesteld zijn aan traumatische gebeurtenissen. 

Lagere waarden werden ook gevonden bij PTSS wanneer enkel vrouwen werden 

geïncludeerd, in specifieke studies naar slachtoffers van lichamelijke mishandeling of 

seksueel misbruik, of wanneer specifiek werd gekeken naar cortisolmonsters afgenomen 

in de middag. Kortom lage cortisol waarden werden alleen gevonden in sub-analyses 

onder bepaalde condities. Toekomstige studies moeten uitwijzen of cortisol gerelateerd 

is aan geslacht of misbruik en of het afhangt van de methode van de metingen (hoofdstuk 

3).
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Cortisol, roken en psychopathologie na de ramp. Cortisol niveaus worden 

beïnvloed door roken, terwijl PTSS en depressie worden geassocieerd met toegenomen 

gebruik en afhankelijkheid van tabak. Tegelijkertijd beïnvloedt roken de HHB-as. Om 

die reden bestudeerden wij de relatie tussen PTSS/depressie na de ramp, roken en 

circadiane cortisol niveaus in getroffenen van de vuurwerkramp. De steekproef bestond 

uit 38 gezonde volwassenen, 40 mensen met PTSS en 17 mensen met een depressieve 

stoornis na de ramp. Speeksel cortisol monsters werden door de getroffenen thuis 

verzameld op meerdere momenten: bij het ontwaken, 30 minuten na ontwaken, om 

12.00 uur en om 22.00 uur. Deelnemers noteerden de hoeveelheid die zij rookten. Bij 

rokers werden hogere cortisol concentraties gevonden. Bij zowel getroffenen met PTSS 

als gezonde getroffenen werden de gebruikelijke dynamische patronen gevonden van 

een verhoging in cortisol bij een half uur na ontwaken. Deze piek in cortisol werd niet 

gezien bij getroffenen met een depressieve stoornis. Deze getroffenen met depressie 

neigden naar een hogere tabak consumptie per dag en deze groepsverschillen in cortisol 

werden slechts zichtbaar nadat werd gecorrigeerd voor de hoeveelheid die men rookte. 

Wij concludeerden dat roken de relatie tussen traumatische stress-symptomen en de 

HPA-as beïnvloedt. Roken lijkt een belangrijke palliatieve coping strategie in het omgaan 

met posttraumatische arousal symptomen op de korte termijn, in de zin dat het de 

spanning moduleert en de situatie draagbaarder maakt zonder direct het onderliggende 

probleem aan te pakken (hoofdstuk 4).

Verstoringen in aandacht en de ernst van PTSS symptomen. Subtiele problemen 

in geheugen en concentratie kunnen een belangrijke rol spelen in het disfunctioneren 

in werk, studie en het dagelijks leven en zijn veel gehoorde klachten bij mensen met 

PTSS en depressie. Helaas hebben trauma-studies op gebied van neurocognitief 

functioneren exclusief gefocust op PTSS. PTSS werd veelal geassocieerd met beperkingen 

in volgehouden aandacht dat moeilijkheden teweeg brengt bij het uitvoeren van 

langer durende taken. Omdat PTSS en depressie een hoge comorbiditeit en overlap 

in symptomen hebben, werd echter gesuggereerd dat de geobserveerde problemen 

in aandacht bij PTSS kunnen worden toegewezen aan de depressieve symptomen. 

Om dit te onderzoeken, bestudeerden wij of PTSS symptomen nog steeds een relatie 

vertoonden met problemen in aandacht als we de invloed van depressieve symptomen 

en andere potentiele factoren van invloed controleerden. Het functioneren op gebied 
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van aandacht werd gemeten met de Paced Auditory Serial Addition Task (PASAT) bij 

getroffenen van de vuurwerkramp. Het doel van de taak is om 60 paren van willekeurige 

getallen van 1 tot 6 op te tellen in vijf verschillende subtaken. De subtaken verschillen 

in de snelheid waarin twee opeenvolgende getallen worden aangeboden. De analyses 

onthulden lage maar significante correlaties tussen PTSS symptomen en de subtaken 

met een lagere snelheid terwijl het effect van depressieve symptomen, slaapproblemen, 

leeftijd en opleiding werd uitgesloten. 

Wij concludeerden dat PTSS symptomen gerelateerd zijn aan het disfunctioneren 

in aandacht in de nasleep van de ramp (hoofdstuk 5).

Lange termijn effecten van PTSS en depressieve symptomen op het functioneren in 

aandacht. Na verloop van tijd kunnen PTSS en depressieve symptomen op een natuurlijke 

manier of door psychologische of farmacologische interventies verminderen. Er wordt 

aangenomen dat verbeteringen in gezondheid en functioneren worden weerspiegeld 

in herstel van functioneren in aandacht, hoewel dit nauwelijks is bestudeerd. Om die 

reden onderzochten wij de longitudinale effecten van PTSS en depressieve symptomen 

op het functioneren in aandacht. De ernst van PTSS en depressieve symptomen werd 

herhaaldelijk gemeten in de steekproef van getroffenen van de vuurwerkramp tussen 

2-3 weken en 4 jaar na de ramp. Functioneren in aandacht werd 2 en 4 jaar na de 

ramp gemeten met de PASAT in 135 getroffenen. De ernst van PTSS en depressieve 

symptomen verminderde significant in de loop der tijd en prestaties op gebied van 

aandacht verbeterden. PTSS symptomen zo vroeg als 2-3 weken na de ramp, waren al 

voorspellend voor functioneren in aandacht 2 jaar na de ramp. Er werd geen verschil 

gevonden in de voorspellende waarde van PTSS symptomen of deze nu gemeten waren 

op 2-3 weken of 18 maanden na de ramp. Gebrek aan vooruitgang in functioneren van 

aandacht 4 jaar na de ramp werd voorspeld door depressieve symptomen gemeten 2 

jaar na de ramp. Tegen de verwachting was verandering in functioneren in aandacht niet 

gerelateerd aan verandering in de ernst van PTSS of depressieve symptomen.

Wij concludeerden dat PTSS symptomen vroege tekenen en stabiele prediktoren 

zijn voor lange termijn problemen op gebied van functioneren in aandacht. Bevindingen 

belichten de last van comorbiditeit tussen PTSS en depressieve symptomen voor 

chronische problemen in functioneren van aandacht. Richten op vermindering van PTSS 
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en depressieve symptomen is onvoldoende om verbeteringen in aandacht teweeg te 

brengen (hoofdstuk 6).

In de algemene conclusies en discussie (hoofdstuk 7) worden de belangrijkste 

resultaten uit de voorgaande hoofdstukken genoemd en bediscussieerd. Daarnaast 

worden de beperkingen van de studies, de klinische implicaties en suggesties voor 

toekomstig onderzoek besproken. Samenvattend worden de volgende conclusies 

getrokken en aanbevelingen gedaan. Ten eerste, PTSS en depressie blijken zeer 

nauw gerelateerd, waardoor het noodzakelijk lijkt de huidige classificatie van PTSS te 

heroverwegen voor het aankomende diagnostische handboek de DSM-5. Onze resultaten 

bevestigen de eerder gemaakte aanbevelingen om de noodzaak te her-evalueren om 

een depressieve stoornis te diagnosticeren naast PTSS. Bij aanpassingen in de DSM 

zou een prominentere rol moeten komen voor gevoelloosheid/afstomping en dysforie 

bij PTSS. Toekomstige studies kunnen zich focussen op mogelijke clusters in angst en 

depressieve symptomen voor een uitgebreide beschrijving van het hele spectrum aan 

trauma geïnduceerde psychopathologie.

Ten tweede blijkt het ontrafelen van de relatie tussen PTSS en cortisol complex 

te zijn. Vele factoren, die vaak over het hoofd worden gezien, hebben een verstorende 

invloed op cortisol. Om de validiteit van bevindingen te vergroten, zijn grote studies en 

consensus in data verzameling en protocollen voor afname van basale circadiane cortisol 

niveaus nodig.

Vervolgens willen we op het belang wijzen van negatieve ervaringen in het 

vroege leven zoals mishandeling en het ontbreken van moederlijke zorg als risico factoren 

voor chronische psychische stoornissen en voor fysiologische veranderingen in cortisol. 

Afwezigheid van moederlijke zorg tijdens kritieke periodes in de ontwikkeling lijkt de 

schakel te zijn tussen trauma’s in de kindertijd en pathofysiologische veranderingen in 

HHB-as en de daaropvolgende psychopathologie in volwassenheid. 

Ten vierde, gezien roken medieert in de relatie tussen traumatische stress 

symptomen en de HHB-as, lijkt het zinvol om getroffenen te ondersteunen bij het 

stoppen met roken voor verlichting van psychische problemen. Om de kans van slagen te 

vergroten is het raadzaam interventieprogramma’s te ontwikkelen die zich tegelijkertijd 

richten op depressieve klachten en stoppen met roken. 
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Tenslotte, bedrijfsartsen moeten geïnformeerd worden over problemen in 

aandacht bij getroffenen met PTSS en depressie. Zelfs als getroffenen hersteld zijn van 

deze mentale stoornissen kunnen deze problemen voortbestaan en de werkprestaties 

negatief beïnvloeden. Hoewel er verbeteringen in aandacht optreden over de tijd, kunnen 

milde disfuncties over een lange periode blijven bestaan die aanpassingen kunnen 

vereisen in de werkdruk of in banen die gevaarlijke taken behelzen. Toekomstige studies 

naar interventies om aandacht bij getroffenen met psychische problemen te verbeteren 

zijn nodig, omdat een verbetering in neurocognitief functioneren een positieve invloed 

heeft de verwerking van (emotionele) informatie en het dagelijkse functioneren.
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Ten eerste wil ik alle getroffenen van de vuurwerkramp Enschede bedanken 

voor hun vertrouwen in het delen van persoonlijke informatie over hun welzijn. Zonder 

hun tijd en inzet was dit proefschrift niet mogelijk geweest.

Miranda Olff, op de valreep van mijn promotie ben je hoogleraar geworden, 

gefeliciteerd! Dank je dat je er al die jaren voor mij was als co-promotor. Het was prettig 

om je in de beginjaren aan de overkant van de gang te hebben. Door die korte lijn waren 

vragen vlot beantwoord. Je snelle reacties op mijn artikelen maakten het fijn om met je 

te werken en je gevleugelde uitspraak “ach, dat doe je toch even” zorgde ervoor dat ik 

mijn aarzelingen met betrekking tot schrijven en presenteren liet varen. Ook al bleek het 

in de praktijk niet om ‘even’ te gaan.

Berthold Gersons, mijn promotor. Ik heb je bemoedigende telefoontjes op 

momenten dat ik het even niet meer zag zitten zeer gewaardeerd. Jij was ook degene 

die zorgde dat een verbinding legde tussen wetenschap en praktijk. Jouw kennis ben ik in 

de loop der jaren steeds meer gaan waarderen. Inmiddels heb ik je ook persoonlijk meer 

leren kennen. Je bent een betrokken en warm mens. Ik hoop dan ook in de toekomst nog 

vaak samen met jou cursussen te geven.

Rolf Kleber, mijn promotor vanuit de Universiteit Utrecht. Jij lette op de 

details en zette de puntjes op de i voor een artikel. Rolf, hartelijk dank voor de altijd 

bemoedigende woorden.

De andere leden van de promotiecommissie prof.dr. F. Boer, prof.dr. D.A.J.P. 

Denys, prof.dr. M.H.W. Frings-Dresen, prof.dr. M. Joëls en prof.dr. ir. E. Lebret wil ik 

bedanken voor het beoordelen van dit proefschrift.

Vervolgens wil ik mijn onderzoekmedewerkers bedanken. Nelly Waanders-

Ras en Ingrid van der Kooi mijn medewerkers van het eerste uur. Met veel vertrouwen 

kon ik het werk aan jullie overlaten. Dank voor jullie zorgvuldigheid in bejegening van 

deelnemers tijdens de interviews. Het was fijn om jullie er ook bij de 2e ronde bij te 

hebben. Inge Wünsch, Elisabeth Martens, Freke Zuure, Kim van den Heuvel, Karin 

Blom, Serge Zweers, Marie-José Sengers, Bastiaan Kroeger, Menno Schrijver, Mirjam 

Nijdam, Anita Schepers, Doris Gomez, Kim Tiggeloven, Marjolein van Klink, Petra 

Hagens, Richelle Amweg, Jan van Leeuwen, Aukje Maas, Govert Winterink en Yvette 

Loves heel hartelijk dank voor jullie inzet bij de dataverzameling.
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De hulp van Jan Roorda van de GGD Twente bij het aansturen van de 

onderzoekmedewerkers, de data-verzameling en toewijzing van de respondenten aan 

de interviewers was niet alleen noodzakelijk, maar ook zeer plezierig. Jan, ik kijk terug 

op een fijne samenwerking!

Hans Reitsma, redder in statistische nood. Kwam ik bij Hans dan kon ik 

ontspannen, want jij maakte moeilijk materie begrijpelijk. Dank voor je hulp.

Jan van Amsterdam, dank voor het meedenken over alle biologische bepalingen. 

Dank ook dat je me als een volwaardig laborante een aantal dagen aan het werk gezet 

hebt op het RIVM-lab. Zo’n witte jas zit best lekker.  

 (Voormalig) Psychotrauma collega’s van het AMC, Renée Hutter, Gré 

Westerveld, Joanne Mouthaan, Mirjam Nijdam, Rogier Visser, Anke Witteveen, 

Hendrieke Bolding, Rosaura Polak, Susanne van Buschbach, Adrienne Freeve, Sandra 

Raabe, Carlon Cupido, Giel-Jan de Vries, Frenny Wiersema, Kitty Schimmel, Ramon 

Lindauer en Els van Meijel. Heel erg bedankt voor jullie betrokkenheid. Dank ook voor 

de gezelligheid op de gang en het gevoel een team te zijn. Wat heb ik het met een aantal 

van jullie ook leuk gehad tijdens de congressen! Dank ook voor de hulp bij artikelen en 

congrespresentaties. Ik mis jullie allen.

Carin Meijer wil ik in bijzonder ook bedanken. Je bent jarenlang mijn buurvrouw 

op de gang in het AMC geweest. Carin, heel erg dank voor je interesse en aanmoediging.

Ellen Klaassen, Carien de Kloet, Ronald Rijnders, Iva Bicanic, Thomas Rinne 

en de andere leden van de werkgroep trauma en neurobiologie. Het was heerlijk om 

met jullie te bomen over onderzoeksbevindingen en concept-artikelen op jullie uit te 

testen. Maar vooral de relativering en zelfspot onder de leden maakten de werkgroep 

bijeenkomsten zo ontzettend leuk. 

Louise Soper, mijn hulp in huis en Engelse vertaler. Zonder jouw hulp had ik me 

niet zo op het onderzoek kunnen toeleggen. Soms draaiden we de rollen om vlak voor ik 

een Engels stuk instuurde. Twee vliegen in een klap: jij verbeterde mijn Gibberish en ik 

kon ongestoord stofzuigen tijdens werktijd zonder wroeging over werkvermijding!

Neil Kitchiner and Neil Roberts, my dear conference friends. You taught me that 

being stressed out about presenting research findings for a team of experts in English is 

the best recipe for having great fun afterwards. I will really miss you both.

DANKWOORD
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Ook wil ik mijn patiënten bedanken voor hun vertrouwen om hun pijn over 

het doormaken van ernstig traumatische gebeurtenissen met mij te delen. Het hielp mij 

te motiveren om dit omvangrijke project tot een einde te brengen. Bovendien had ik 

zonder hen de materie in dit proefschrift onmogelijk kunnen vertalen naar de klinische 

praktijk.

Marit Sijbrandij, mijn geweldige paranimf. Dat ik je zou vragen als paranimf 

stond al vanaf begin af aan vast. Door jou kreeg ik inspiratie om te starten met 

een promotietraject. Het is onmogelijk om uitgepraat met je te raken over hete 

wetenschapsnieuwtjes en tips. Overigens raken we ook niet uitgepraat over iets 

dergelijks als mooie schoenen of andere snuisterijen. Externe factoren als gezin, 

weigerende telefoons of treindeuren die sluiten, maken pas een eind aan onze gedreven 

conversaties. Dank je dat je mijn paranimf wilt zijn. Zonder jou zou mijn promotiedag 

niet dezelfde zijn.

Michel Meewisse, mijn grote broer. Als jongere zus wil ik toch een beetje 

indruk op mijn broer maken. Het was dan ook een opluchting dat je op een dag verbaasd 

opmerkte dat ik werkelijk wetenschap bedreef. Super dat je mijn paranimf wilt zijn. Ik 

hoop dat je deze dag trots op me kunt zijn.

Pap en mam. Dank voor jullie betrokkenheid, steun en zorg al die jaren. Ik heb 

me erg verzet tegen het keurslijf van onze maatschappij door mijn hang naar vrijheid. 

Titulatuur was tegen mijn principes. Uiteindelijk heb ik mijn modi omgedraaid en ga ik er 

vol in mee. Kennis blijkt meer vrijheid te geven dan verzet. Ik vrees de doctor-titel zelfs 

nog te gaan gebruiken ook.

Serhan, mijn lieve grote zoon. In mijn promotietijd ben jij van puber tot 

man uitgegroeid. Je hebt me kennis laten maken met jouw professionele wereld. Dat 

resulteerde in een prachtig vormgegeven kaft. Ik heb je lief.

Yaron en Isaac, mijn lieve kleine jongetjes. Yaron, je vroeg me recentelijk in 

opperste verbazing: “Huh mam, schrijf jij een boekje?”. Ik beken. Tsja het duurt al jullie 

hele leven, dus het was geen nieuwtje. Maar nu is het klaar, en gaan we volop samen van 

boekjes genieten. Strips en voorleesverhalen weliswaar.

DANKWOORD
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Ron Grooteman, mijn man, steun en toeverlaat. Jij bent er altijd zeer nuchter 

onder. Werk is werk, ook al doe ik net of het van levensbelang is, of alsof het mijn hobby 

is. Dus geen reden voor speciale regelingen. Dat hielp te relativeren. Kreeg ik mijn data 

niet ingelezen dan maakte je daar ter plekke even een programmaatje voor, zodat ik in 

no-time alsnog met SPSS aan de slag kon. Dank voor je hulp.

Mariel Meewisse

april 2011

DANKWOORD
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