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Summary Objectives: After the firework disaster in Enschede, The Netherlands,
on 13 May 2000, a longitudinal health study was carried out. Study questions were:
(1) did the health status change over this period; and (2) how is the health status 18
months after the disaster compared with controls?
Study design: A longitudinal comparative study with two surveys at 3 weeks and 18
months after the disaster.
Methods: A control group for the affected residents was included in the second
survey. Respondents filled in a set of validated questionnaires measuring their
physical and mental health problems.
Results: The prevalence of physical and emotional role limitations, severe sleeping
problems, feelings of depression and anxiety, as well as intrusion and avoidance
decreased from 3 weeks to 18 months after the disaster for the affected residents.
Independent of background characteristics and other life events, residents had 1.5
to three times more health problems than the control group; for example, physical
role limitations (odds ratio [OR] ¼ 1.5, 95% confidence interval [CI] 1.2–2.0) and
anxiety (OR ¼ 3.1, 95% CI 2.4–4.2).
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Conclusions: Although health problems decreased compared with 3 weeks after the
disaster, 18 months after the disaster, the affected residents had more health
problems than the people from the control group.
& 2006 The Royal Institute of Public Health. Published by Elsevier Ltd. All rights
reserved.
Introduction

In the past decade, many health studies that were
mostly cross-sectional in design have been carried
out in the aftermath of disasters. These studies
show that survivors report, even years later,
suffering from intrusive thoughts of the disaster,
avoidance behaviour, feelings of anxiety and
depression, severe sleeping difficulties and (medi-
cally unexplained) physical symptoms.1–3 Although
studies have indicated that most physical and
mental health problems decline after disasters
over time,2,4 survivors reported generally more,
and more persistent, health problems than the
respondents in the control groups.5–7

Disasters are often described as a disruption
exceeding the adjustment capacity of the affected
community.8 The disruption can also include a need
for healthcare that exceeds normal levels. There-
fore, healthcare workers in the affected area need
information about the prevalence and trends of the
health problems of the affected community to
evaluate and improve their health policy. However,
longitudinal comparative studies providing that
information have been scarce.3

On 13 May 2000, The Netherlands was startled by
a disaster. A firework storage facility exploded in a
residential area in Enschede in the east of The
Netherlands, close to the German border. The
series of two explosions and subsequent fire killed
23 people, including four fire-fighters, and injured
over 900 people; about 500 homes were severely
damaged or destroyed. The Dutch government
declared this a national disaster and the Ministry
of Health, Welfare and Sports decided to launch a
comprehensive health study for the first time
shortly after the disaster. After an aeroplane
crash in a residential area in Amsterdam in 1992,
no such rapid health survey was organized. Years
later, health symptoms were still attributed to
the disaster, due partly to uncertainty about
exposure to toxic substances. A parliamentary
committee in 1999 recommended a rapid assess-
ment of immediate health effects after a disaster
in the future.9

Three weeks after the firework disaster, a study
was carried out to measure potential exposure and
the health problems among residents and emer-
gency rescue workers who were present at the time
of the disaster.10 The main aim was to collect data
on exposure and health to inform health care and
policy makers, and decrease uncertainty about
exposure to toxic substances. Data collection for
scientific purposes was a minor goal. To study
potential exposure to substances related to fire-
works and fire, elements in blood and urine were
measured; no harmful levels in relation to the
disaster were determined.11 In addition, the
respondents’ location and experiences during, and
in, the hours just after the disaster, and their
physical and psychological health, were assessed
with a set of standardized questionnaires.10 The
study was part of a larger healthcare programme
especially designed for the survivors.12

Although we were in a unique situation to study
the survivors so quickly after the disaster (3
weeks), we did not have time to collect reference
data that were lacking for most of the specific
questionnaires for the immigrant groups living in
the affected area.10 At the second survey, 18
months after the disaster, a control group was
included. In this paper, we describe the results of
the health status of the affected residents in the
first follow-up, about 18 months after the disaster.
The study questions were as follows: (1) were there
changes in health problems of affected residents 18
months after the disaster compared with 3 weeks
after the disaster?; and (2) were the prevalence
estimates of the health problems 18 months after
the disaster different between affected residents
and respondents of the control group?
Participants and methods

About 3 weeks after the disaster, the first survey
was carried out. All residents were personally
invited, and about 30% participated. In addition,
rescue workers and passers-by were invited to
participate, through their employers or through the
media. In this paper, we only focus on the
residents. The second survey started in November
2001, about 18 months after the disaster.
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Study populations

All affected residents who had completed a
questionnaire in the first survey (n ¼ 1567), who
were not lost to follow-up, and had given consent
for follow-up, were invited to participate in the
second survey (Fig. 1). In addition, survivors who
were not able to participate in the first survey, but
wanted to in the second, were included in the
study.

The city of Tilburg was comparable to the
affected residential area in Enschede in composi-
tion of the population and general health status.
From Statistics Netherlands, four districts (postal
areas) in Tilburg were chosen as the control group.
Within each of these districts, a sample of 400
individuals (in total 1600), stratified by gender, age
category and country of origin, was drawn from the
Registry Office. As the Registry Office does not hold
information on educational level, we pre-selected
four districts that had a comparable socio-econom-
ic background to the affected area in Enschede.
The stratification on age, gender and country of
origin was used in order to make the sample
comparable to the affected residents in the first
survey.
Recruitment

At the end of October 2001, the respondents
received a letter describing the design of the
survey. The letter was sent in Dutch and one other
Affected residents:

(n= 1567)

Invited for second survey:

Responded to second survey:

(n = 1116) (72%) 

Complete dataset:

L

N

(n = 1532)

(n = 891)

Figure 1 The affec
language, depending on the respondent’s country
of origin. The Medical Ethical Testing Committee
(TNO-Leiden-The Netherlands) approved the study
protocol.

To stimulate participation, residents were called
at home within 2 weeks after the announcement
was sent. If the respondent agreed to participate, a
questionnaire with a cover letter in the preferred
language (Dutch, English, German or Turkish), and a
prepaid envelope, was sent to their home address.
Those who could not be reached after five phone
call attempts ðn ¼ 345Þ, or did not have a known
telephone number ðn ¼ 203Þ, were sent a Dutch
questionnaire with a cover letter. As a token of
appreciation, a gift certificate was included with
every questionnaire. This personal approach was
supported by extensive publicity before the start of
the study.

Those respondents who needed help filling in the
questionnaire could come to one of the two
community centres in Enschede during the daytime
for 2 weeks. In these community centres, Turkish
and Arabic interpreters were present.

If the questionnaire was not returned within 3
weeks, the respondents were reminded by phone or
by letter when the telephone number was unknown
or the person could not be reached by telephone.
The data collection stopped at the end of January,
2002.

The recruitment of the control population for the
residents also started in November 2001. The
recruitment procedure was comparable to that of
the affected residents.
ost to follow-up (n = 9) 

o informed consent to follow-up (n =26)  

ted population.
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Questionnaire

The questionnaire included primarily a set of
standardized instruments that had been previously
validated in the Dutch population as a whole. Most
of the instruments have not yet been validated on
specific subgroups of immigrants in The Nether-
lands. As the list of health variables (measured) was
extensive, we limited the number of presented
variables to those health problems that have often
been described after disasters for reasons of
comparability.2,3 The selected health problems
were emotional and physical role limitations as
measures of general health, severe sleeping pro-
blems as a measure of sleep quality, and feelings of
anxiety and depression. For the survivors, symp-
toms of avoidance and intrusion, as well as the self-
reported symptoms of post-traumatic stress dis-
order (PTSD), were described. A full report of the
other studied outcomes is available in Dutch.13

Emotional and physical role limitations were
measured with the RAND36, which is comparable
to the SF36;14 a health problem was ‘present’ if the
score was more than one standard deviation lower
than the average for that scale in the Dutch
population.15 Severe sleeping problems were mea-
sured with the Groninger Sleep Quality Scale;
respondents with more than three sleeping pro-
blems of the eight were classified as having severe
sleeping problems.16 Feelings of anxiety and de-
pression were measured with the Symptom Check
List (SCL-90);17 the scales were dichotomized into
‘very high’ and ‘high’ scores (problem present) vs.
‘above average’, ‘average’, and lower scores,
according to established references for the Dutch
population.18 Feelings of intrusion and avoidance
were determined with the Dutch version of the
Impact of Event Scale.19–21 This scale has also been
validated among the Turkish–Dutch immigrant
group.22 A respondent with an overall score greater
than 25 was considered to have serious distur-
bances, such as PTSD.23 Symptoms of PTSD were
measured with a self-administered questionnaire.24
Data analysis

The change in prevalence of health problems
among survivors between the first and second
survey was examined using McNemar’s test for
paired data. Crude odds ratios (ORs) were calcu-
lated in order to compare the prevalence of health
problems of the survivors to the control group, and
logistic regression models were used to estimate
ORs adjusted for all potential confounding factors.
The potentially confounding factors were sex, age,
educational level, employment status, immigrant
status (first or second generation immigrant vs.
native Dutch), living alone, presence of a chronic
illness in the past 12 months and serious life event
in the past 12 months. Life events included (among
others) death or serious disease of a loved one,
divorce and having been the victim of assault,
serious threat, burglary, or a hold-up.23
Results

Of the 1567 survivors who completed the ques-
tionnaire in the first survey, nine were lost to
follow-up and 26 did not give their consent for
follow-up (Fig. 1). In the second survey, 1116
completed and returned a questionnaire (71%
response). Women, middle aged people, those with
a high educational level and native Dutch were
more likely to participate in the second survey
(data not shown). In addition, the survivors who
participated for the first time ðn ¼ 148Þ were a
small fraction (4%) of the initial non-responders and
probably a selective group. Therefore, we focus in
this paper on the longitudinal analysis of the
affected residents who were followed-up. Of the
1116 respondents, 225 survivors (20.2%) had one or
more missing values and were excluded from the
dataset; in total, 891 survivors were included in the
analyses.

Of the 1600 control participants in Tilburg, 821
completed and returned a questionnaire (response
52%). Gender and age distributions were similar
between the responders and non-responders. Of
the 821, 121 (14.7%) had one or more missing values
and were excluded from the analysis. The final
comparison group consisted of 700 participants.

The background characteristics for the affected
residents and the residents of the control group are
shown in Table 1. The affected residents had a
higher percentage of immigrants and were more
likely to live alone than residents in the control
group. In addition, affected residents more often
reported chronic illnesses in the past 12 months
than the residents of the control group.

Table 2 shows the changes in crude prevalence
estimates of health problems between 3 weeks and
18 months after the disaster for the affected
residents. The prevalence of all health problems
declined.

Of the affected residents, 19–47% had health
problems only at the first wave and not at the
second wave; 21–34% had health problems in both
waves of the study and 4–10% reported health
problems 18 months after the disaster for the first
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Table 1 Background characteristics for the affected
residents (n ¼ 891) and the residents of the control
group (n ¼ 700).

Affected
residents

Control
group
residents

Sex (% women) 55.8 53.3

Age category (%)
18–24 years 8.2 11.3
25–44 years 48.3 46.3
45–64 years 34.3 33.6
65+ years 9.2 8.9

Educational level (%)
Primary school 14.6 14.4
Junior high 30.8 36.0
Senior high/professional 34 31.0
High professional/university 20.7 18.6

Immigrant (% not native
Dutch)

19.3a 14.0

Employed (%) 57.5 59.7

Living alone (%) 17.4a 13.4

Life events past 12 months
(%)

41.0 38.6

Chronic illness (%) 51.4a 45.3

aStatistically significant different from comparison groups
(Po0.05); chi-square statistic for categorical outcome.

Table 2 Change in crude prevalence estimates
between 3 weeks and 18 months after the disaster
for the affected residents (n ¼ 891).

Health variables 3 weeks 18 months

Emotional role limitations 74.0 30.4a

Physical role limitations 54.8 27.6a

Severe sleeping problems 49.9 40.4a

Anxiety symptoms 47.4 31.7a

Depressive symptoms 51.2 35.2a

Intrusion & avoidance 72.0 37.5a

aPo0.0001 (McNemar test for paired data).
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time (data not shown in tables). Eighteen months
after the disaster, 19% of the affected residents had
symptoms of PTSD (data not shown in table).

The crude and adjusted ORs and 95% confidence
intervals of physical and mental health problems 18
months after the disaster are shown in Table 3. The
adjustments scarcely changed the associations. The
adjusted ORs of all health variables for the affected
residents compared with the residents in the
control group ranged from 1.5 (physical role
limitations) to 3.1 (anxiety), and were all statisti-
cally significantly different from one.
Discussion

The findings suggest that, 18 months after the
disaster, the prevalence estimates of the health
problems declined for the affected residents but
were higher than the estimates in the control
group.

The prevalence estimates of all health variables
decreased from 3 weeks to 18 months after the
disaster. To our knowledge there are no published
data with which to compare our results. We
searched the literature for longitudinal studies
among adult survivors (n450) after a collective
disaster with comparable timing i.e. immediately
after [o1 month] to 1.5 years later [range 1–2
years]. One small (n ¼ 46, 24 in all five waves)
longitudinal study was able to determine the health
immediately (1 week) and 5 months after a major
flood. The authors found that the prevalence
estimates of anxiety and depression among survi-
vors decreased sharply after 6 weeks.25

The prevalence estimates of all health problems
were higher for the affected residents than the
residents in the control group. These results can be
compared with three other cross-sectional studies.
In all studies, the authors found that survivors had
more health problems than the respondents in the
control groups, 10 and 22 months after the incident
or disaster. However, the type of disaster (natural
and man-made), and the instruments used to
measure the health problems (IES, PTSD-SRS,
GHQ-28/30), differed between the studies.26–28 To
our knowledge no other cross-sectional studies with
control groups have examined the health of
survivors 1 or 2 years after a collective disaster.

Strength and biases

This longitudinal follow-up study on the health of
affected residents after the firework disaster in
Enschede is unique in The Netherlands. To our
knowledge, this study is one of the few interna-
tional longitudinal studies that was started so
quickly (i.e. 3 weeks) after a disaster of this scale.
Most studies after collective disasters (natural and
man-made) have been cross-sectional in design. In
longitudinal studies, the first wave was usually
carried out 1–6 months after the disaster.8

In this second wave, 72% of the respondents of the
first wave of the longitudinal study participated.
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Table 3 The associations (odds ratios and 95% confidence intervals between brackets) for affected residents
(n ¼ 891) compared with the control group (n ¼ 700) for several health variables-crude and after adjustment for
potential confounding factors.a

Health variables Crude odds ratio Adjusted odds ratioa

Emotional role limitations 2.19 (1.70–2.82) 2.12 (1.62–2.77)
Physical role limitations 1.66 (1.29–2.14) 1.54 (1.17–2.02)
Severe sleeping problems 2.20 (1.77–2.75) 2.19 (1.73–2.79)
Anxiety symptoms 2.95 (2.28–3.81) 3.14 (2.38–4.16)
Depressive symptoms 1.91 (1.52–2.39) 1.88 (1.47–2.39)

aConfounding factors: sex-age categories (four categories); educational level (four levels); immigrant (yes/no); employment status
(full- or part-time vs. not employed); living alone; life events in past 12 months; chronic illness in past 12 months (% one or more).
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Fewer men and immigrants participated in this
second wave. Immigrants with worse health 3 weeks
after the disaster were more likely to participate 18
months later.29 These results suggest a selection bias
from the first to the second survey. However, after
multiple imputations were used to fill in missing
data in the second survey, only minor changes were
observed in the prevalence estimates of health
problems.30 This most likely indicates that the effect
of selection bias on the outcomes of interest was
minimal, although it may also be an artefact of the
limitations of multiple imputation under non-ignor-
able non-response.31

The possibility of selective response in the first
survey cannot be excluded. Although every af-
fected resident was invited to participate in the
study, the residents who lost their homes may have
been difficult to reach 3 weeks after the disaster.
The response in the first survey was estimated to be
30% for the residents.12 In a recent publication, we
examined the possible selection bias in the first
wave.32 We found that the observed selective
participation was not substantial enough to affect
the prevalence estimates of the health problems in
the survey.

Another limitation is that most of the standar-
dized instruments used in this study have not been
culturally validated for the different immigrant
groups in The Netherlands. However, most of the
instruments are used around the world in different
ethnic groups and have been found to be reli-
able.22,33 In this study we included a control group
with a similar distribution of immigrant groups than
in the affected group. Therefore, it is unlikely that
differences between the affected and control
group in health problems could be attributed to
differences in culture.

It could be argued that we used a convenience
sample instead of a random sample of survivors.
However, every affected resident within the official
disaster area was invited by letter to participate in
the first survey; however, only about 30% did so. In
the wake of the chaos that follows a disaster, it is
often difficult to define who the affected resident
is. Apart from material losses and injuries, there
are no objective criteria to define who is a victim
and who is not, which makes it difficult to create a
methodologically sound sample. Furthermore, in
the chaotic aftermath, it is often difficult to obtain
a representative sample. Therefore, most studies
after disasters use a convenience sample.34 How-
ever, even when studies use a random sample of the
whole population, a difference between the survi-
vors and control group has been found.28
Conclusion

Most health problems decreased from the first
(3 weeks after the disaster) to the second survey
(18 months after) among affected residents.
Although their health problems decreased, the
residents still had two to three times more health
problems (e.g. depression, anxiety, sleeping diffi-
culties) than the respondents in the control group.
Eighteen months after the disaster, additional
healthcare is needed for those affected by the
Enschede firework disaster. The results of these
health surveys have been presented and discussed
with various healthcare providers. On the basis of
the results, improvements were made to health
care, such as the implementation of educational
programmes for survivors in Enschede.
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