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PURPOSE: The aim was to study selective participation and its effect on prevalence
estimates in a health survey of affected residents 3 weeks after a man-made disaster in
The Netherlands (May 13, 2000).
METHODS: All affected adult residents were invited to participate. Survey
(questionnaire) data were combined with electronic medical records of residents’ general
practitioners (GPs). Data for demographics, relocation, utilization, and morbidity 1 year
predisaster and 1 year postdisaster were used.
RESULTS: The survey participation rate was 26% (N=1171). Women (odds ratio [OR],
1.46; 95% confidence interval [CI], 1.28-1.67), those living with a partner (OR, 2.00;
95% CI, 1.72-2.33), those aged 45 to 64 years (OR, 2.00; 95% CI, 1.59-2.52), and
immigrants (OR, 1.50; 95% CI, 1.30-1.74) were more likely to participate. Participation
rate was not affected by relocation because of the disaster. Participants in the survey
consulted their GPs for health problems in the year before and after the disaster more
often than nonparticipants. Although there was selective participation, multiple
imputation barely affected prevalence estimates of health problems in the survey 3 weeks
postdisaster.
CONCLUSIONS: Estimating actual selection bias in disaster studies gives better
information about the study representativeness. This is important for policy making and
providing effective health care.
INTRODUCTION
In the aftermath of disasters, both short- and long-term health problems have been reported, such as
feelings of anxiety or depression, severe sleeping difficulties, medically unexplained physical
symptoms, and posttraumatic stress disorder (1-5). Representative prevalence estimates of these health
problems are needed after disasters to adequately organize health care for those who need professional
help. Policy makers and health care providers need to know whether, and to what extent, an increase in
use of health care facilities can be expected (6).
In the wake of the chaos that follows a disaster, it often is very difficult to obtain a representative
sample. In addition, apart from material losses and injuries, there are no objective criteria to define
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who is a victim and who is not, making it difficult to create a methodologically sound sample. Nearly
half the health surveys after disasters do not report a participation rate (4), prompting one to question
whether participants in those surveys are representative of all survivors. It is common knowledge that
representativeness of health surveys can be affected by selection in demographic and health factors.
Shortly after disasters, disaster-related experiences additionally might contribute to selective
participation. How these experiences influence participation is unknown. One may speculate that
survivors who were highly affected by the disaster or had high levels of postdisaster distress would be
more motivated to participate in the health survey than survivors who were less affected. Conversely,
highly exposed or distressed survivors could be less likely to respond because they do not want to be
reminded of the stressful event.
Determining selective participation with regard to demographic-, health-, and disaster-related factors
is important, but understanding whether that selection leads to actual bias in the outcome measures in
a survey is essential for policy makers and health care providers. To our knowledge, none of the health
studies after disasters presents information on the selection of adult survivors on the basis of health
characteristics and disaster experiences, let alone the effect of the selection on outcome measures.
Investigators of the few longitudinal studies that had predisaster data and described the impact of the
disaster on postdisaster attrition rate did not comment on the representativeness of respondents (7-9).

Selected Abbreviations and Acronyms
CI = confidence interval
EMR = electronic medical records (of general practitioner)
GP = general practitioner
IAC = Information and Advice Center
ICPC = International Classification of Primary Care
OR = odds ratio
To investigate selective participation and its potential bias on prevalence estimates of health
problems in residents in a survey 3 weeks after a man-made disaster, we had the unique opportunity to
combine these survey data with predisaster and postdisaster data retrieved from residents’ general
practitioners (GPs). The direction of the selective participation was studied with respect to
demographics, disaster experience, use of the GP, and health problems presented to the GP.
Furthermore, we used multiple imputation to examine the magnitude of selection bias on prevalence
estimates of self-reported health problems.
METHODS
On May 13, 2000, a firework storage facility exploded in a residential area of Enschede, The
Netherlands. The explosion and subsequent fires killed 23 persons, more than 900 people were
injured, and about 500 homes were destroyed. The Dutch government declared this a national disaster
and the Ministry of Health, Welfare, and Sports supported the regional authorities and launched a
larger health care program especially designed for the survivors (11).

Study Designs
One component of the government program was a health survey performed 2.5 to 3.5 weeks after the
disaster (12). All adult residents of the disaster area were personally invited by letter to participate in
the study, and several announcements were made through local media. Participants completed a
questionnaire regarding disaster experiences and physical and psychological health (6, 11, 12). The
Medical Ethical Testing Committee (TNO-Leiden, The Netherlands) approved the study protocol of
the survey.
Another aspect of the government program was surveillance of health problems by using the
electronic medical records (EMRs) in general practices. Use of these EMRs also enabled collection of
predisaster data. In the Dutch health care system, each citizen is obliged to register with one GP, who
functions as a gatekeeper to medical specialists (13). All GPs in the city of Enschede were invited to
participate in the study. Sixteen of 60 GPs (27%) did not participate because of a lack of survivors in
their practice (n=9), lack of an electronic registration system (n = 1), or fear of increased workload
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because of participation (n = 6). Patients were informed of the participation of their GP in this health
study; no patient objected to the use of their data for surveillance.
The program also included the registry of affected residents in a database of the Information and
Advice Center (IAC). For this report, we combined the three databases through a unique personal
identification number, following the privacy directives of the Dutch Data Protection Authority.

Study Population
Because survivors are difficult to define and the denominator usually is unclear in the direct aftermath
of disasters, we focus on only adult residents of the official disaster area designated by the
municipality. All adult residents (≥18 years at the time of the disaster) living in the disaster area were
registered with the IAC (n = 4456).
Of 4456 eligible residents, 1171 completed a questionnaire (26%). We compared these participants
with the 3285 nonparticipating eligible residents. GP data for the full year before and after the disaster
were available for 2897 of the 4456 affected residents (65%).
MEASURES

Demographic Variables.
Sex, age categories, family situation, and immigrant status (first or second generation versus native
Dutch) were available for all affected residents from the IAC database. Serious damage to the house
resulting in relocation was used as a measurement of disaster experience.

Survey Data.
Data were collected by using a self-administered questionnaire consisting of validated instruments.
For this report, we selected health problems frequently found after disasters: functional limitations in
daily life caused by physical and emotional problems (RAND-36- item Health Survey [14]), severe
sleeping difficulties (Groninger Sleep Quality Scale [15]), intrusion and avoidance reactions or
posttraumatic stress symptoms (Impact of Event Scale [16-18]), and anxiety and depression symptoms
(Symptom Check List-90 [19, 20]).

GP Data.
Data were extracted from the EMR of the GPs in Enschede (1 year before and after the disaster).
Symptoms and diagnoses were classified according the International Classification of Primary Care,
which is compatible with the International Classification of Diseases, 10th Revision (21). These
symptoms and diagnoses were combined in 15 clusters (13): medically unexplained physical
symptoms, chronic diseases, weight/eating/drinking problems, medication side effects, injury,
headache, psychological problems, musculoskeletal problems, respiratory problems, skin problems,
glandular problems, gastrointestinal problems, eye problems, ear problems, and urinary tract problems.
Clusters were dichotomized into the presence (one or more) or absence of symptoms/diagnoses. We
included all clusters in analyses because we had no indication from the literature that survivors with
specific symptoms would be more or less likely to participate. In addition, type of insurance (public or
private) was available as a proxy for socioeconomic status. Contact with the GP (one or more visits in
a year) and more than average contact with the GP (six contacts per year on average in The
Netherlands [22]) were determined from EMRs.

Data Analysis
To examine patterns in selective participation, participants of the survey were compared with
nonparticipants for demographics, relocation, type of insurance, use of the GP, and health problems in
a cluster 1 year predisaster and 1 year postdisaster. Because we were interested in identifying all
possible predictors of nonresponse, we examined only crude odds ratios (ORs).
To study the effect of selective participation on the magnitude of prevalence estimates, we used
multiple imputation (23) to ‘‘fill in’’ values for self-reported health problems (role limitations, sleep
difficulty, intrusion and avoidance reactions, anxiety, and depressive symptoms) for nonresponders.
Multiple imputation makes use of intercorrelations of variables from nonmissing data to estimate
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plausible values for data that are missing because of either survey or item nonresponse. We applied an
adapted version of predictive mean matching (24) by using an SAS macro that makes partial use of the
SAS (version 8.2; SAS Institute, Cary, NC) multiple imputation procedure. We generated five data
sets: in each data set, nonmissing data are identical, but imputed values for missing data varied from
one data set to another (25). Variables used in the imputation model were the outcomes of interest
(self-reported health problems), demographics, relocation, GP use, and clusters of health problems 1
year predisaster and 1 year postdisaster. Imputed data sets were analyzed separately, and results were
combined by sing the MIANALYZE procedure in SAS to produce valid confidence intervals (CIs).
We expect that future disaster studies will at least have access to demographic data for survivors
from the Census/ Registry Office (9, 10). However, it is unlikely that most studies will have access to
complete GP data before and after the disaster. Therefore, we examined whether imputation with
demographics only was adequate for estimating the bias. This was done by imputing prevalence
estimates a second time with only demographic data and comparing results with those of the
imputation model with both demographic and GP data.
RESULTS
Participation rate in the health survey was 26% (N = 1171). Table 1 lists crude differences in
participation rates for demographic variables. Compared with nonparticipants, survey participants
were more likely to be women, aged between 25 and 44 or 45 and 64 years of age, live with a partner,
be a single parent, and be of immigrant background. Participation rate was not affected by relocation
caused by the disaster.
[ TABLE 1 ]
Survey participants consulted their GPs more often and had more than an average number of contacts
than those who did not participate, both predisaster and postdisaster (Table 2). Because ORs for
almost all 15 clusters of health problems in relation to participation were in the same direction, we list
the six most prevalent clusters in Table 2. Survey participants consulted their GP more often for
problems belonging to one of the clusters compared with nonparticipants both 1 year predisaster and 1
year postdisaster. Predisaster, ORs ranged from 1.23 (95% CI, 1.01-1.51) for psychological problems
to 1.78 (95% CI, 1.49-2.11) for musculoskeletal problems. Postdisaster, ORs ranged from 1.32 (95%
CI, 1.12-1.56) for chronic diseases to 2.19 (95% CI, 1.87-2.57) for psychological problems. Some ORs
increased noticeably 1 year postdisaster compared with 1 year predisaster, in particular, for having
contact with a GP and having psychological problems.
[ TABLE 2 ]
Figure 1 shows that crude prevalence estimates of most health problems barely changed after
imputation by using either demographic or demographic and GP data. However, the crude prevalence
estimate for physical role limitations (62.5%; 95% CI, 59.4-65.6) was significantly higher than the
prevalence estimate (57.0%; 95% CI, 54.8-59.2) after imputation for GP and demographic data.
[ FIGURE 1 ]
DISCUSSION
This study is unique in that we were able to estimate whether participants in a survey 3 weeks after a
man-made disaster were representative of the entire cohort of affected residents on many aspects
related to participation.
We observed a lower participation rate for men, young adults, and singles. This selection was
observed previously in survivors of disasters (7, 10, 27). In contrast to other studies (9, 26), we
observed a greater participation rate for immigrants. A possible reason is that even before the disaster,
health education workers of immigrant background in Enschede had an outreach policy toward
immigrants. These workers function as a ‘‘cultural bridge’’ between immigrants and health services.
Health education workers actively motivated immigrants to participate in the study.
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Our results show that there was selective participation in the survey. Survivors who reported more
health problems before the disaster and those who had more distress postdisaster were more likely to
participate in the survey. In addition, results suggest that survivors with more postdisaster distress
were more likely to participate than those with predisaster distress. This group may have attributed
their health problems to the disaster and therefore were more likely to participate in the survey. To our
knowledge, no other disaster study examined whether their participants differed from all eligible
survivors for (predisaster) health characteristics. Two studies had predisaster data for health, but their
predisaster study populations were not necessarily representative of all survivors; therefore, we have
only some indication of selection (7, 8). Ginexi et al. (7) found that flood survivors with predisaster
depression were more likely to be lost to follow- up postdisaster. Conversely, Phifer and Norris (8) did
not observe a relation of postdisaster response to predisaster depression, anxiety, or general wellbeing.
Selective participation on the basis of disaster experience was not observed. Relocated residents (the
most heavily exposed) were as likely to participate as nonrelocated residents. We cannot compare our
data with other studies because we have no knowledge of other published data on disaster factors in
relation to response. McFarlane et al. (29) suggested that those most affected, i.e., people with losses
and injuries, might be underrepresented. This latter is plausible if survivors were not able to participate
because of hospitalization. This selection is unlikely in our study because the majority of injured
survivors were hospitalized for less than 3 weeks. In addition, those (n=20) who were still hospitalized
received a questionnaire.
Prevalence estimates measured in the survey were barely affected after multiple imputation with
demographics and predisaster and postdisaster health factors. This was unexpected because we
observed selective participation for these factors. Because existing correlations between all factors
used in the imputation model were systematically in the same direction, we believe the multiple
imputation model was adequate for predicting missing data caused by nonresponse (23). The reason
for this unexpected finding probably is that biases were too small to affect prevalence estimates.
Correlations between the questionnaire and GP data were low because participants reported more
health problems on the questionnaire than they presented to the GP. Because the observed biases also
were small, multiplication of two low correlations might have led to the finding of only minor
differences between unimputed and imputed prevalence estimates.
Within the cohort, we had demographic data for all affected residents and GP data for about two
thirds, including data from the predisaster period. From the literature, we know that demographic
variables can be useful predictors of health status and therefore could be used for data imputation. Use
of GP data was additional and new. Although 35% of these data were missing, this would only affect
results if patients with GP data had different correlations between the questionnaire and GP data than
those for whom GP data were not available. This is unlikely because reasons for nonparticipation
among GPs were not related to health problems of individual patients. As expected, a high percentage
of relocated residents had missing GP data because they had moved outside Enschede. Reanalysis
showed that relocated residents did not have different selective participation in health clusters than
nonrelocated residents, suggesting that inclusion of additional GP data from relocated residents would
not have affected results.
With our high nonparticipation rate, we cannot exclude the possibility that selection was dependent
on unobserved factors, which cannot be accounted for in multiple imputation. For example, we did not
have educational level or income as socioeconomic status variables, whereas these variables often are
associated with both health problems and participation (25, 28). However, we had information on type
of health insurance, which can be seen as a proxy for socioeconomic status in The Netherlands; being
publicly insured is associated with a lower income level. Type of health insurance was not associated
with participation rate, suggesting that use of another socioeconomic indicator would not have
changed results. Although we had only one disaster-related characteristic for all survivors (relocation
because of the disaster), this variable probably correlated highly with other disaster experiences (2).
In conclusion, 3 weeks after a man-made disaster, the observed selective participation in the health
survey was not substantial enough to affect prevalence estimates of health problems in the survey.
This conclusion emphasizes that selective participation does not always lead to bias in the outcome,
and it is essential to calculate whether the observed selection actually leads to bias. Assuming the
imputation model is correct and self-reported prevalence estimates were not an overestimation, the
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public health policy in Enschede, based on the observed estimates, was adequate. Because this is the
first disaster study examining the magnitude of the bias for health- and disaster-related characteristics,
we encourage other researchers of disaster surveys to collect information about these characteristics
among nonresponders. We recommend that researchers in other countries with a similar GP
registration system (the United Kingdom and Denmark) collect additional data through GPs after
disasters to calculate selective participation in the survey. If additional data collection on health is not
possible, we recommend that disaster studies at least use demographic variables from the Census or
Registry Office to quantify their possible selection bias. Statistical techniques (weighting or multiple
imputation) can help calculate bias on the outcome. Our results suggest that multiple imputation using
only demographic variables might be adequate. When selection bias is present, use of such statistical
techniques can improve the representativeness of the prevalence estimates of health problems and in
this way support policy making to organize and improve health care in the aftermath of disasters.
This longitudinal study was part of the Health Monitor Survey Victims Firework Disaster Enschede
and was performed under the authority of the Ministry of Health, Welfare and Sports in The
Netherlands. Several research institutes cooperated in this surveillance program: The National
Institute for Public Health and the Environment, The Institute for Psychotrauma, The Netherlands
Institute for Health Services Research, and the Department of Youth Health Care of the Regional
Health Authority, The Netherlands. The Regional Health Authority also was the coordinator of this
program. The authors gratefully acknowledge the work of all people involved in designing,
organizing, and analyzing the study; in particular, Petra MH ten Veen of The Netherlands Institute for
Health Services Research and Hendriek Boshuizen of The National Institute for Public Health and
the Environment.
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