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People who experience traumatic events, such as 
natural and human-made disasters, including techno-
logical disasters and mass violence, are often negatively 
affected by these events (Norris et al., 2002). Because 
first responders are exposed to the direct consequences 
of disasters, increased exposure has been associated 
with a higher prevalence of posttraumatic stress disorder 
(PTSD); however, even first responders who only had 
contact with trauma survivors without experiencing the 
traumatic event can develop secondary traumatization 
(Greinacher, Derezza-Greeven, Herzog, & Nikendei, 
2019; Neria, Nandi, & Galea, 2008). Most available 
studies on the mental health impact of disasters focus on 
natural and accidental disasters and the impact on direct 
victims or professional rescue workers (Bills et al., 2009; 
Brooks et al., 2015; Thormar et al., 2010). However, 
studies emphasizing the impact of terrorist attacks on 
volunteer rescue workers as a unique group are rare.

Nevertheless, numerous studies have been published 
concerning American Red Cross volunteers responding 
to the September 11, 2001, attacks. Elhai et al. (2006) 
reported that there was no overall significant increase 
in the mental health service use by 3055 American 
Red Cross disaster relief workers within the first year 
after the attack. However, several factors increased the 
likelihood of the use of services like no previous use 
of mental health services, being younger or divorced/
widowed, and having higher PTSD intrusion or hypera-
rousal symptoms as assessed using the Impact of Event 
Scale-Revised (IES-R). In a second study using the 
same sample, directly or indirectly exposed volunteers, 
who went to the crash sites or had contact with other 
rescuers, survivors, and/or their families, did not exhib-
it significantly higher levels of posttraumatic stress or 
psychological distress compared with the non-exposed 
volunteers who were active in other roles (Long, Mey-
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ABSTRACT
This longitudinal study aims to explore the impact of the March 22, 2016, Brussels attacks on the 
mental health of the Belgian Red Cross-Flanders volunteers. Surveys were distributed to more than 
350 volunteers who actively participated in response to the attacks and to more than 5000 other 
volunteers after one week and after 2, 6, 12, and 18 months. We examined posttraumatic stress 
symptoms in the volunteers using the Impact of Event Scale (IES) and their mental well-being using 
the Positive and Negative Affect Schedule (PANAS), both as a function of time after the attacks and 
deployment status in response to the attacks while adjusting for volunteering service and education 
level. The IES scores decreased over time, barring a slight increase on the anniversary of the at-
tacks. However, positive and negative affects increased between the second and sixth month after 
the attacks and decreased subsequently. Besides higher negative affect scores in the latter group, 
scores did not significantly differ between volunteers actively or not actively involved in the response. 
Therefore, we conclude that volunteers of the Belgian Red Cross-Flanders on average had low post-
traumatic stress symptoms and high mental well-being after the attacks in Brussels.
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er, & Jacobs, 2007). In a different sample of 1500 Red Cross volunteers and employees, McCaslin et al. (2005) report-
ed that negative life events in the year following the September 11, 2001, terrorist attacks were the only independent 
predictor of stress and symptoms of depression on the first anniversary of the attacks. Furthermore, Simons et al. 
(2005) reported that overall traumatic stress symptom scores were low, but higher hyperarousal and intrusion scores 
on the IES-R were associated with changes in alcohol consumption and greater hazardous consumption. A follow-up 
to this study found a consistent relation between the trait negative affect, coping motives, as well as alcohol abuse 
issues and that the younger participants were at the highest risk (Gaher, Simons, Jacobs, Meyer, & Johnson-Jimenez, 
2006). However, a study focusing on 41 French Red Cross volunteers responding to the January 2015 terrorist attacks 
in Paris reported that nine interviewees had anxiety disorders, eleven had recurrent depressive episodes, and five met 
the criteria for alcohol abuse (Meudal, Vandentorren, Simeoni, & Denis, 2020). 

These studies focused mainly on volunteers who actively participated in the response. Most studies warned that 
recollection bias might be distorting their results as they were based on a single survey conducted at some point from 
6 to 12 months after the attacks. However, Long et al. cautioned that longitudinal patterns in posttraumatic stress 
symptoms and psychological distress in volunteers should be investigated, as research by Galea et al. in New York 
City residents suggested quick resolution of most probable PTSD symptoms within the first six months after the at-
tacks (Galea et al., 2003; Long et al., 2007).

On March 22, 2016, terrorist attacks targeted two locations, Brussels Airport in Zaventem and Maalbeek metro station 
in Brussels city center, which resulted in 32 deaths and more than 300 injured. The Belgian Red Cross-Flanders immedi-
ately deployed both personnel and volunteered rescue workers to assist victims of the attacks. Volunteers were active in 
assisting the Civil Protection and Disaster Victim Identification teams, transporting injured victims to hospitals, setting 
up centers for noninjured victims, manning the call center of the crisis center, and coordinating and providing shelter as 
well as essential services to stranded travelers. Furthermore, the Belgian Red Cross-Flanders volunteers rendered psy-
chosocial support to witnesses of the attacks as well as families of the fatalities. Consequently, more than 350 volunteers 
from three volunteering services (Relief Service [RS], Social Intervention Service [SIS], and Red Cross Youth [RCY]) 
provided disaster relief after the attacks. In addition, several volunteers were contacted and asked to be on standby (either 
on location or at home) but were not deployed, and several volunteers were contacted but were unable to respond (due 
to job or personal responsibilities). However, many volunteers were not contacted to help but were informed about the 
events through the media and were aware of the Belgian Red Cross-Flanders assisting in response.

After the attacks, RS, SIS, and RCY volunteers were surveyed several times by the professional core of the SIS to 
monitor the volunteers’ psychological well-being and posttraumatic stress symptoms concerning their actual deploy-
ment and tasks during the hours and days following the events and to provide and tailor specific resources and servic-
es that could aid in processing the events.

Purpose

The current study aimed to examine the evolution of the psychological well-being of the Belgian Red Cross-Flan-
ders volunteers over the 18 months after the March 22, 2016, attacks in Brussels. Based on this survey, the study 
investigated the relation between their well-being and volunteering service and deployment status and postevent time 
using certain demographic characteristics. 

The following hypotheses were investigated: 

1.	The volunteers’ psychological well-being improved over postevent time. 

2.	Actively deployed volunteers were—at least temporarily—more negatively affected because of increased exposure 
to the attacks and consequently, to potential traumatic events than those on standby (on location or at home) or 
those who were unavailable or not activated.

Methods

We used the guidelines of Strengthening the Reporting of Observational Studies in Epidemiology for reporting a 
prospective cohort study (Supplementary File 1; von Elm et al., 2007).
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Study Population

Ten days after the terrorist attacks in Belgium, an invitation to participate in the survey was sent to all volunteers of 
the emergency RS at the time of events. Not only volunteers who were active after the attacks but also those who were 
on standby (on location or at home) or could not respond and those who were not activated, received an invite. How-
ever, owing to the inflow of new volunteers and outflow of volunteers leaving the Belgian Red Cross-Flanders, the 
number of invites sent varied slightly during the course of this study and was approximately 5900 at each five-time 
point; 5945 unique volunteers received the questionnaire at least once, and approximately 51% of them were male and 
49% female. The average age of the volunteers was 40 years (Table 1). Volunteers within the emergency RS belonged 
to diverse but specific services, which included first responders (RS, n = approx. 5500), administrators and psychoso-
cial support volunteers (SIS, n = approx. 275), and RCY (n = approx. 1000), with considerable overlap.

Procedure

Data collection. Multiple surveys were sent through email to all the Belgian Red Cross-Flanders volunteers active 
in the first responder and emergency RS. Emails were sent approximately 10 days (T1), 2 months (T2), 6 months 
(T3), 12 months (T4), and 18 months (T5) after the attacks that contained a link to the Questback website where the 
survey could be completed. Figure 1 illustrates the timeline of the surveys.

Figure 1. Timeline of the survey. 

*At T2, deployment was defined differently, with only three categories: active, standby, not active

A reminder to fill out the survey was sent approximately two weeks after the first invitation, barring the first ques-
tionnaire for which no reminder was sent. For T2, both the original invite to the second questionnaire and its reminder 
were coupled with the invitation to the session to provide information and show appreciation to the volunteers. The 
response was relatively low since only those who wanted and could attend the session were presented with the survey. 
Therefore, a second reminder was sent approximately a month after the first reminder for this second survey.

Assessments of predictor variables. Participants were surveyed on their demographics and activities for the Bel-
gian Red Cross-Flanders during and following the terrorist attacks. Demographic questions included age, gender, 
diploma, profession, postal code, as well as their usual volunteering service and the location they volunteered. Sub-
sequently, the participants were asked to indicate whether they had been active, on standby on location, on standby 
at home, unable to respond to a call, or not activated after the attacks. Those who were active as the Belgian Red 
Cross-Flanders volunteers during and/or after the attacks were asked questions concerning their role assignment, the 
length of the assignment and breaks, contact with victims and/or their families, and the location of assignment. The 
participants who had been on standby on location were asked to describe the location. Questionnaires at T3 and T5 (6 
and 18 months, respectively, after the events) comprised additional questions concerning the support offered by the 
Belgian Red Cross-Flanders to the volunteers after the attacks and whether these were used and appreciated by the 
volunteers. However, these data were not analyzed as they are beyond the scope of this study.
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Measures of outcomes. The validated Dutch version of the IES was used to determine the frequency of intrusions as-
sociated with the trauma and avoidance behaviors (Horowitz, Wilner, & Alvarez, 1979; van der Ploeg, Mooren, Kleber, 
van der Velden, & Brom, 2004). The 15-item IES version instead of the 22-item IES-R (revised) was employed as the 
authors of the Dutch translations of both the IES and IES-R stated that the 15-item IES is the most suitable instrument 
for traumatic stress responses in general (Olde, Kleber, van der Hart, & Pop, 2006). The IES measures the frequency of 
each type of intrusion or avoidance behavior over the past seven days and is scored on a 4-point scale ranging from not 
at all (0 points), over rarely (1 point), sometimes (3 points), to often (5 points). The IES was administered during each of 
the five surveys that were sent. Summary scores for the intrusion as well as avoidance subscales were obtained by adding 
the scores for each of the seven and eight items, respectively, in each subscale. Thus, the intrusion ranged from 0 (no 
intrusion) to 35 (high intrusion) and avoidance behavior from 0 (no avoidance) to 40 points (high avoidance).

General mental well-being was measured using the Positive and Negative Affect Schedule (PANAS), a validated 
20-item questionnaire that measures positive affect (PA) and negative affect (NA; Watson, Clark, & Tellegen, 1988). 
Ten PA items measure the extent to which a person experiences pleasurable engagement with the environment (e.g., 
feeling strong, enthusiastic, and alert.), whereas the 10 items measuring the NA reflect distress and unpleasurable 
engagement (e.g., feeling irritable, jittery, and guilty; Crawford & Henry, 2004; Watson et al., 1988). The participants 
scored each item on a 5-point scale from very slightly or not at all (1 point), a little (2 points), moderately (3 points), 
quite a bit (4 points) to very much (5 points). 

In this study, the Dutch version (Engelen, De Peuter, Victoir, Van Diest, & Van Den Bergh, 2006) was used because 
it is the most commonly used translation in the Dutch-speaking region of Belgium, Flanders. The participants were 
asked to indicate for each item how they generally felt. The PANAS was first administered in the second survey and 
repeated in every subsequent survey. Based on the specific item scores, two summary scores were calculated: a PA 
and NA score, both ranging from 10 to 50 points. 

Statistical Analyses

Outcome variables and their distribution. Visual inspection of the distribution of these outcome variables re-
vealed that PA was skewed to the left, whereas the other outcomes were highly skewed to the right. Consequently, for 
intrusion, avoidance, and NA, the lowest possible value (i.e., 0, 0, or 10, respectively) was also the mode. 

Visual inspection of quantile plots revealed that a negative binomial distribution best fitted data for intrusion, 
avoidance, and NA. These variables were further evaluated using generalized linear models (glm). However, none of 
the distributions tested (normal, lognormal, Poisson, negative binomial, and gamma) fitted the PA data well. There-
fore, PA was transformed by subtracting PA from 60 and taking the log of the difference. This transformed variable 
followed a normal distribution and was further analyzed using linear models (lm).

Predictor variables. Four statistical models with the same set of predictor variables were constructed, one for 
each outcome (intrusion, avoidance, PA, and NA). To investigate the hypothesis that exposure to potentially traumatic 
events influenced posttraumatic stress, as measured using the IES, and affective state, as measured using the PANAS, 
the most general questionnaire item on the deployment was selected as a predictor variable. This categorical variable 
had five categories: active deployment, standby on location, standby at home, not contacted, and unavailable. Fur-
thermore, the evolution of outcomes over time was measured by inserting questionnaire time points as a categorical 
predictor variable (called T1–T5) in the model. 

Confounding variables. Simply put, a confounder is a variable associated with both the predictor and outcome 
variable, thereby causing a spurious association (Miettinen, 1974). Therefore, we evaluated possible confounding by 
four demographic variables: age, gender, education level (four categories: primary school, secondary school, bache-
lor’s degree, and postgraduate degree), and service (RS or SIS). RCY and mixed service profiles were excluded be-
cause these categories had few observations. 

However, we investigated associations between these possible confounders, the four outcome variables (PA, NA, 
intrusion, and avoidance), and the main predictor variable (employment category). For pairs of continuous variables, 
we used correlation analysis; combinations of a continuous and a categorical variable were analyzed using ANOVA; 
for 2 × 2 tables of categorical variables, we used chi² tests of homogeneity. Regardless of the result of these pairwise 
comparisons, all demographic variables were inserted in the regression model as covariates.
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Missing values. No formal imputation techniques were used for the missing values. Missingness was counteracted by 
copying invariable characteristics (i.e., deployment category and all covariates) within respondents with data on multiple 
time points. The randomness of missing values and representativity of the final dataset were checked by comparing char-
acteristics between completers and noncompleters as well as between respondents and nonrespondents. 

Regression analysis. We investigated associations between deployment, time, and the PANAS and IES outcomes 
by using mixed models, accounting for repeated measures within respondents. For intrusion, avoidance, and NA, we 
fitted a generalized linear mixed model (lmm) with a penalized quasilikelihood (glmmPQL) and negative binomial as 
the glm family. For PA, this was a lmm.

All descriptive statistics and analyses were performed in R (version 3.6.1), using the package stats (for basic statis-
tics), lme4: linear mixed-effects models (function lmer), and MASS (functions glm.nb and glmmPQL). We performed 
crude analyses with time point (T1– T5), deployment category, and an interaction term as the only predictor variables 
as well as analyses adjusted for age, gender, education level, and volunteering service. In a sensitivity analysis, the 
postdisaster day was used as a continuous predictor variable instead of the categorical time point variable.

Findings

Descriptive Results

Response to the survey. Concerning questionnaires, 530, 913, 510, 499, and 443 were answered and returned after 
10 days, 2 months, 6 months, 12 months, and 18 months, respectively (T1– T5) after the terrorist attacks. With 1600 
unique responders out of 5945 volunteers invited, the overall response rate was 27%. Of these, 99 (1.7% of all receiv-
ers) responded to each of the five questionnaires. Conversely, 964 volunteers returned the questionnaire only once at 
any five-time points. Reported data for the main predictor variable (deployment category) and covariates (age, gender, 
service, and education level) at each time point are reported in Table 1. After the attacks, 34% of the responding vol-
unteers were actively deployed, 7% were on standby at the location, and 10% were on standby at home. Of the overall 
volunteers, 39% had never been activated, and 11% were unavailable at the time of deployment; 71% of the respond-
ing volunteers belonged to the RS, 18% to the SIS, and 11% identified as “others.”
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Table 1

Response Rates and Predictor Variables at Each Time Point

Total contacted* Total responded$ Time point 1$ Time point 2$ Time point 3$ Time point 4$ Time point 5$

n % n % n % n % n % n % n %

Contacted 5945 100 / 5878 100 5882 100 5736 100 5880 100 5882 100

Responded§ / 1190 20 530 9 187 3 510 9 499 8 443 8

Gender£ 5130 86 1180 99 528 100 184 98 509 100 497 100 441 100

Male 2596 51 674 57 293 55 106 58 300 59 283 57 260 59

Female 2534 49 506 43 235 45 78 42 209 41 214 43 181 41

Service£ 5727 96 524 44 524 99 93 50 180 35 194 39 177 40

RS 5483 96 371 71 371 71 45 48 109 61 116 60 105 59

SIS 243 4 94 18 94 18 34 37 51 28 56 29 54 31

Other 1 0 57 11 57 11 14 15 20 11 22 11 18 10

Education level£ not available 528 44 528 100 93 50 181 35 195 39 178 40

Primary school 29 5 29 5 5 5 13 7 11 6 7 4

Secondary school 199 38 199 38 32 34 57 31 66 34 56 31

Bachelor 182 34 182 34 28 30 57 31 62 32 55 31

Master 118 22 118 22 28 30 54 30 56 29 60 34

Deployment£ 5945 100 1023 86 523 99 187 100 386 76 474 95 428 97

Active 361 6 346 34 219 42 129 69 178 46 197 42 187 44

Standby on location 67 7 26 5 18 10 30 8 27 6 25 6

Standby at home
5584 94

102 10 50 10 4 2 29 8 53 11 39 9

Not activated 396 39 203 39 10 5 100 26 164 35 150 35

Unavailable 112 11 25 5 26 14 49 13 33 7 27 6

Age£† 5103 86 920 77 430 81 184 98 448 88 436 87 368 83

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Years 39.7 13.9 39.7 13.9 39.1 13.3 40.9 13.0 40.0 13.9 39.9 13.8 40.1 13.3

 RS: Relief Service; SIS: Social Intervention Service; SD: standard deviation
*As retrieved from the central database of Belgian Red Cross-Flanders volunteers
$As reported by the respondents to the questionnaire
§Relative to the cell above, thus representing the response rate
£Relative to the number in the row “Responded”, thus representing the rate of non-missing values; All other percentages are relative to 

the category total, thus representing the distribution of categories, not counting missing values
†Age on 22nd March 2016

With only 187 responses after a month, the response to the second questionnaire, including the reminder, was low 
at first. This was a result of the survey being associated with an invitation to an information session at the Belgian Red 
Cross-Flanders headquarters. Only respondents who were willing and able to attend filled the form after which they 
reached the survey. Therefore, a second reminder was sent on June 30, 2016. The response to the second reminder 
was unexpectedly large, with 726 additional responses. This response was most likely due to the terrorist attacks on 
Atatürk Airport in Istanbul, Turkey, which occurred only two days before the response. We found that NA and avoid-
ance scores were higher in respondents of the second reminder (after the Istanbul attacks) than in those who returned 
the second questionnaire after it was initially sent or after the first reminder (t-tests, p < .001 and p = .008, respective-
ly). PA and intrusion scores did not differ between the first and second waves (both p > .50).

Consequently, we removed responses from the second reminder from further analyses to reduce bias. Thus, the 
total number of unique responders decreased from 1600 to 1190.

Missing data. Missing data occurred because of limitations in the stage of questionnaire development and incomplete 
response. First, the design of the questionnaires unintentionally induced missing data. The date of birth (necessary to 
calculate age on the day of the attacks) was included in the optional part with identification data (name, surname, and 
address) and therefore, not disclosed by approximately 25% of the respondents who wanted to maintain anonymity. 
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Second, the questionnaire at timepoint 2 could only be reached by those indicating that they wanted to attend an 
information session (see above).

Third, several variables of interest were excluded from each of the five questionnaires (Figure 1). The deployment 
category was omitted from the third questionnaire and defined differently in the second questionnaire (with only three 
categories: active, on standby, and not active). The covariates education level and volunteering service only were in-
cluded in the first questionnaire, and the respondent’s gender was not questioned in the second questionnaire. The IES 
outcomes were included at each time point, but the outcomes of the PANAS were included only in the second ques-
tionnaire. We could reduce the number of missing values by copying those invariable characteristics (all the above, 
except the PANAS), which were answered at least once by nonanonymous respondents.

The overall response rate was low (27%, see above), with high dropout and (re-)entry rates, leading to only a few 
respondents with full data. In addition, many respondents did not reach the end of the questionnaire or left one or 
more items unanswered.

Representativity of the survey. The 1190 responders included in the analyses were a representative subset of the 
entire population of the RS and SIS volunteers in terms of age (responders 39.9 ± 13.6 years; nonresponders 39.6 
± 14.0 years; t-test: p = .44) but not for gender, service, and the deployment category. Of the responders, 57% were 
males, and they made up 51% of the volunteers (chi² test: p < .0001). Of the SIS volunteers, 64% responded to the 
questionnaire, in stark contrast to only 19% of the RS volunteers who returned the questionnaire (chi² test: p < .0001). 
Among volunteers who had been activated after the attacks, the response rate was 63%, whereas it was only 18% 
among those who had not been deployed (chi² test: p < .0001). For the education level, representativity could not be 
tested because this self-reported variable was only available for responders to the questionnaire.

Outcome scores. In all the questionnaires, the median overall PA score was 38 points (interquartile range [IQR] 
34–42) and the median NA score was 16 points (IQR 12–21). Both scores ranged from 10 to 50 points. Concerning 
the IES, the median intrusion score was 3 (IQR 0–8) and ranged from 0 to 35 points, whereas the median avoidance 
score was 1 (IQR 0–6; range 0–40).

Results of Analyses

Confounding

Gender, age, education level, and volunteering service were statistically significantly associated with one or more 
outcome variables (PA, NA, intrusion, and avoidance). Moreover, the education level and volunteering service were 
associated with the deployment category (Supplementary Table 1). Relatively more volunteers from the SIS were 
active after the terrorist attacks than first responders from the RS (p < .0001). Because the psychosocial volunteers of 
the SIS at that time were required to hold at least a bachelor’s degree in a psychosocial field of study, relatively more 
volunteers with a bachelor’s or master’s degree were more active than volunteers with primary or secondary school 
degrees (p < .0001). Hence, as they were significantly associated with both outcome and predictor variables, the ed-
ucation level and volunteering service were potential confounders of the association between deployment and indica-
tors of well-being. 

PANAS Analyses

Table 2 presents the results of the crude and adjusted analyses of the associations between the deployment catego-
ry, time point, and the PANAS outcomes. Time was analyzed as a categorical variable (the different time points of the 
surveys from T2 to T5). An increase in both PA and NA from T2 to T3, followed by a slight decrease (PA crude: p < 
.001; PA adjusted: p < .001; NA crude: p < .001; NA adjusted: p < .001) was observed. This pattern was confirmed 
in the adjusted analysis using a postdisaster day as a continuous time variable predictor variable: we discovered a 
quadratic association with PA and NA, which increased to a maximum on Day 384 (p = .035) and Day 411 (p = .031), 
respectively, and gradually decreased thereafter (Supplementary Table 2). Quadratic terms in the unadjusted analyses 
of PA and NA were even more pronounced (both p < .001). Parameter estimates for the deployment categories were 
nearly identical to those obtained using the categorical time variable. 
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Table 2

Results of Regression Analyses for the PANAS

Outcome Predictor variables Crude analysis Adjusted analysis*

Difference 95% CI p and 
pattern$

n Difference 95% CI p and 
pattern$

n§

LL UL LL UL

PA Deployment .006 1370 .13 529
Active reference B reference A
Standby on location -2.2 -4.5 0.0 A,B 3.9 -0.7 7.8 A
Standby at home -1.1 -3.0 0.7 A,B 0.5 -3.9 4.4 A
Unavailable -1.9 -3.9 -0.1 A,B -3.6 -9.7 1.5 A
Not activated -2.1 -3.3 -0.9 A -1.6 -4.5 1.0 A

Time point < .001 .001
T2 reference A reference A
T3 3.1 2.3 3.9 C 3.3 1.8 4.7 B
T4 2.3 1.5 3.2 B 2.0 0.4 3.5 B
T5 2.3 1.5 3.2 B 2.3 0.8 3.8 B

NA Deployment < .001 1376 < .001 530
Active reference A reference A
Standby on location 0.1 -1.3 1.7 A,B -2.0 -4.3 0.9 A
Standby at home 2.0 0.7 3.5 B 6.0 2.8 9.8 B
Unavailable 1.7 0.4 3.1 B 6.0 2.3 10.6 B
Not activated 2.1 1.3 3.1 B 2.2 0.5 4.2 B

Timepoint < .001 < .001
T2 reference A reference A
T3 1.5 0.8 2.4 B 2.3 1.1 3.7 B
T4 1.4 0.6 2.2 B 1.6 0.4 2.9 B
T5 0.9 0.1 1.7 B 1.7 0.4 3.0 B

Mixed regression models showing differences in parameter estimates between deployment categories and timepoints for the outcomes 
PA and NA

PANAS: Positive and Negative Affects Scale; PA: Positive Affects; NA: Negative Affects; CI: confidence interval; LL: lower limit; 
UL: upper limit 

*Adjusted for age, gender, education level and volunteering service
$p for overall effect of the categorical variable; groups with the same letter are not statistically different from each other in a Tukey 

post-hoc analysis (p > .05)
§N is lower in the adjusted analysis because of missing values for the covariates 

In the crude analyses, we observed a higher PA score in volunteers that were actively deployed after the attacks 
than in those who were not activated (2.1 points higher in active, 95% confidence interval (CI) [0.9; 3.3], p = .006), 
with no differences between the other deployment categories. Actively deployed volunteers had lower NA scores than 
those who were on standby at home (2.0 points lower in active, 95% CI [0.7;3.5]), unavailable (1.7 points lower, 95% 
CI [0.4;3.1]), or not activated (2.1 points lower, 95% CI [1.3;3.1]). This difference remained in the adjusted analysis 
for NA (p < .001; with additionally significantly lower scores for standby on location than standby at home, unavaila-
ble, or not activated), but disappeared in the adjusted analysis for PA (p = .13).

Interaction terms between time and deployment were not significant; therefore, they were omitted from all analyses.

IES Analyses

The results of the crude and adjusted analyses of the associations between the deployment category, time point, 
and the IES outcomes are presented in Table 3. Time was analyzed as a categorical variable (the different time points 
of the surveys). A significant decrease in both intrusion and avoidance over time (overall p < .001 for the crude and 
adjusted analyses) was observed, with a notable increase at T4, exactly one year after the attacks (values for intrusion 
and avoidance at T4 significantly lower than that at T1 but higher than those at T2, T3, and T5). This pattern was 
roughly confirmed in the analysis with a postdisaster day as a continuous time and predictor variable, where a linear 
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decrease was found in intrusion and avoidance over time (all p < .001 for the crude and adjusted analyses of intrusion 
and avoidance), with no indication of a quadratic association (all p > .31 for the crude and adjusted analyses of intru-
sion and avoidance; Supplementary Table 3). 

Table 3

Results of Regression Analyses for the IES

Outcome Predictor variables Crude analysis Adjusted analysis*

Difference 95% CI p and 
pattern$

n Difference 95% CI p and 
pattern$

n§

LL UL LL UL

Intrusion Deployment .56 1742 .98 827
Active reference A reference A
Standby on location -0.6 -2.2 1.6 A -0.7 -4.5 5.8 A
Standby at home 0.6 -1.0 2.9 A 1.2 -3.0 7.9 A
Unavailable -0.4 -1.9 1.6 A -0.6 -4.9 7.4 A
Not activated 0.9 -0.3 2.4 A 0.8 -2.0 4.7 A

Time point < .0001 .<0.0001
T1 reference A reference A
T2 -3.3 -3.7 -2.7 C -5.9 -6.9 -4.7 C
T3 -3.7 -4.0 -3.3 C -6.8 -7.4 -6.1 C
T4 -2.2 -2.6 -1.6 B -3.1 -4.3 -1.7 B
T5 -4.2 -4.4 -4.0 D -7.1 -7.6 -6.4 C

Avoidance Deployment < .001 1733 .19 820
Active reference A reference A
Standby on location 0.5 -0.7 2.4 A,B -1.0 -3.4 3.6 A
Standby at home 1.7 0.3 3.9 B 2.3 -1.2 8.5 A
Unavailable 1.3 -0.1 3.4 A,B 2.0 -2.1 10.8 A
Not activated 2.3 1.2 3.8 B 3.0 0.2 7.0 A

Timepoint < .001 < .001
T1 reference A reference A
T2 -1.8 -2.0 -1.6 C -3.7 -4.3 -2.8 C
T3 -1.8 -1.9 -1.6 C -4.1 -4.5 -3.6 C
T4 -1.4 -1.6 -1.1 B -2.5 -3.2 -1.6 B
T5 -2.2 -2.3 -2.1 D -4.7 -5.0 -4.3 D

Mixed regression models showing differences in parameter estimates between deployment categories and timepoints for the outcomes 
intrusion and avoidance

IES: Impact of Event Scale; CI: confidence interval; LL: lower limit; UL: upper limit
*Adjusted for age, gender, education level and volunteering service
$p for overall effect of the categorical variable; groups with the same letter are not statistically different from each other (p > .05) in a 

Tukey post-hoc analysis
§N is lower in the adjusted analysis because of missing values for the covariates

In the crude analyses, we observed a lower avoidance score in active volunteers than in volunteers that were not 
activated (2.3 points lower in active, 95% CI [1.2;3.8]) or standby at home (1.7 points lower, 95%CI [0.3;3.9]; p < 
.001). However, this difference was not observed for intrusion (crude: p = .56; adjusted: p = .98) and it disappeared in 
the adjusted analysis for avoidance (p = .19).

Again, interaction terms between time and deployment were not significant; therefore, they were omitted from all analyses.

Discussion

Main Findings

Generally, scores on the IES were extremely low and way below the cutoff of 19 or 25 points that typically are used 
to indicate the moderate or severe impact of events, respectively (Epstein, Fullerton, & Ursano, 1998; Witteveen et al., 
2007). This finding corresponds to other studies on the Red Cross and Red Crescent volunteers responding to terrorist 
attacks, which found low levels of posttraumatic stress symptoms, mental health service use, and alcohol abuse issues 
(Elhai et al., 2006; Long et al., 2007; McCaslin et al., 2005; Simons et al., 2005).
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Confirming our expectations, which is consistent with earlier research (Galea et al., 2003), a decrease in intrusion 
and avoidance (IES) occurred over time. There was a slight increase in both avoidance and intrusion in Questionnaire 
4, which was expected as this questionnaire was sent right after the first anniversary of the terrorist attacks. This 
anniversary, which was covered extensively by the media, explicitly reminded many volunteers about the traumatic 
events of the previous year, which led to a slight increase in symptoms. Moreover, this anniversary reaction has been 
described by rescue workers responding to the September 11, 2001, terrorist attacks in New York (Daly et al., 2008).

Both positive and negative affects increased between the second and sixth month after the attacks and decreased 
subsequently. However, the layout of the PANAS questionnaire differed between T2 (two months) and the other time 
points, which might have slightly affected the score. This study’s limitations are discussed below in more detail.

The second hypothesis concerning active volunteers being more negatively affected owing to increased exposure to the 
attacks was not confirmed as no statistical differences in mean scores were identified between the groups for avoidance or 
intrusion (IES) or PA (PANAS) in the adjusted analyses. Conversely, NA (PANAS) was higher in the volunteers who were 
unavailable, on standby at home, or not activated compared with those who were active or on standby on the location.

One possible reason why active volunteers are not more negatively affected could be the support provided by a vol-
unteer organization, such as the Belgian Red Cross-Flanders. Several support structures, which are resilience factors 
and prevent the development of secondary traumatization (Greinacher et al., 2019), were in place after the occurrence 
of the disasters. Another explanation for the higher NA scores in volunteers who were not actively involved in the 
response is the possibility that they were highly motivated to assist but somewhat frustrated at being unable to do so. 
However, the use of email surveys could also have affected results as they might not be representative of the entire 
population of the volunteers. An alternative explanation could be that more negatively affected active volunteers did 
not want to be confronted with the questionnaire; therefore, they did not fill it. However, the nonactive volunteers feel-
ing less involved in the response might have been more motivated to fill the survey as a way to contribute.

Education as a Confounder

The education level and volunteering service were identified as potential confounders, which were associated with 
both outcomes (PANAS and IES) and the predictor variable deployment category (active, standby on location or at 
home, unavailable, or not activated). The latter association is not surprising as relatively more volunteers from the SIS 
were deployed. However, as this department is made up of volunteer administrators and psychosocial volunteers, this 
group was required to obtain at least a bachelor’s degree in a psychosocial area of study, and those with higher educa-
tion levels belonging to the SIS were deployed more. 

Furthermore, volunteers with higher education levels belonging to the SIS were found to have better mental health 
outcomes regardless of their deployment status. In the actively deployed volunteers, this difference could be due to 
different tasks, experiences, as well as exposure during the response. However, those who were educated and trained 
in psychosocial support might be more resilient during and after the response to stressful situations in general. Among 
the Belgian Red Cross-Flanders volunteers, intrusion scores on the IES were not different between those with lower 
or higher education levels, but those with bachelor’s and master’s degrees had lower avoidance scores than those with 
primary or secondary education degrees.

Volunteers with higher education levels as first responders exhibit less posttraumatic stress after responding to a 
disaster (Epstein et al., 1998; Motreff et al., 2020; Noda, Asano, Shimizu, & Hirano, 2018). However, other studies 
did not confirm these observations and found no association (Lee et al., 2017; Ma, Chang, Wu, & Lin, 2020; Thormar 
et al., 2014; Witteveen et al., 2007). Similar findings are also described in the general population’s response to dis-
aster with either a positive or nonsignificant association between those with higher education and less posttraumatic 
stress symptoms (Tang, Deng, Glik, Dong, & Zhang, 2017).

Moreover, we found that volunteers with higher education levels had lower NA scores, whereas their PA scores 
did not differ from those volunteers with lower education levels. While PA and NA, measured using the PANAS, are 
not often used in posttraumatic disaster research, the correlation between PA or NA and education has been studied 
in everyday life. Möwisch et al. (2021), for instance, found similar lower NA and equal PA scores in volunteers with 
higher education levels compared with those with lower education levels, but several other studies have identified 
higher PA scores in volunteers with higher education levels; associations between NA scores and education can be 
positive, absent, or even negative (Collins, Sarkisian, & Winner, 2009; Crawford & Henry, 2004; Nikolaev, 2018).
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Strengths and Limitations

To the best of our knowledge, this study is the first longitudinal study following the mental well-being of volunteer 
first responders to a terrorist attack. All the Belgian Red Cross-Flanders volunteers of the RS, SIS, and RCY services 
were surveyed for the first time within a week of the March 22, 2016, attacks in Brussels and received a total of five 
questionnaires until September 2017. The importance of performing longitudinal studies on volunteers responding to 
terrorist attacks has already been highlighted (Long et al., 2007; McCaslin et al., 2005). Our observation that the IES 
scores demonstrated a small peak on the first anniversary supports the potential limitation hypothesized by McCaslin 
et al. who conducted a single survey on the first anniversary of the 9/11 attacks, stating that responders’ increased 
thoughts of those attacks might influence their IES-R measurement. 

We consider our focus on both activated and nonactivated volunteers as an additional strength. While research on psy-
chological distress and well-being in disaster rescue workers responding to terrorist attacks usually only focuses on those 
actively involved in the immediate or long-term response (Elhai et al., 2006; Long et al., 2007; McCaslin et al., 2005; 
Meudal et al., 2020; Motreff et al., 2020), this study surveyed all volunteers belonging to the respective operational ser-
vices of the Belgian Red Cross-Flanders, both those who were active in the response and those on standby (on location 
or at home), unavailable, or not activated. Therefore, this study is the first to show that volunteers actively involved in the 
response on standby or location are not necessarily more negatively affected than their nonactive counterparts.

The usual limitations of longitudinal survey study design apply to this study. Of approximately 6000 volunteers that 
were surveyed through email at each five-time point, 1600 (27%) of them filled at least a survey, with less than 100 
filling all five surveys. This could introduce possible nonresponse bias and, even after removing the responders to the 
second reminder of the second questionnaire, it remains uncertain if the study sample is representative of the entire vol-
unteer population of the Belgian Red Cross-Flanders concerning the impact of the attacks on their mental well-being.

Certainly, a higher proportion of actively deployed volunteers (63%) than nondeployed volunteers (18%) responded 
to the survey. This ratio was expected and did not necessarily lead to bias. However, as discussed above, more nega-
tively affected active volunteers might be less represented as they might not have wanted to participate in the survey. 
Conversely, nonactive volunteers who felt frustrated because of their inability to help might have been more moti-
vated to fill the questionnaire. Moreover, a significantly higher proportion of the SIS volunteers compared with the 
RS volunteers filled the survey, and males were overrepresented as well. Therefore, it remains uncertain whether the 
response in this sample represents the actual mental well-being of the RS and SIS volunteers as a whole.

Furthermore, several other potential limitations need to be stated. First, the survey was developed to monitor the 
mental health of volunteers after the attacks and to assess which resources provided by the Belgian Red Cross-Flan-
ders helped the volunteers with processing these events. Moreover, the responses were used to offer additional sup-
port to volunteers who did not cope as well as their peers. This contact may have influenced their later participation 
and responses in the surveys, but reflects standard support practice by the Belgian Red Cross-Flanders. Second, the 
initial invitation to the second survey and first reminder linked to an invitation to an information session. Only those 
who were willing and able to attend the information session responded to the invitation and accessed the question-
naire, which might have led to a different sample filling the survey than if the survey had been sent separately. This 
limitation is supported by the considerably low response rate of only 3% compared with the usual 8%–9%. However, 
the second reminder for this second survey coincided with the Istanbul Atatürk airport attacks, which led to a large 
increase in responses. This second reminder resulted in 726 responses, more than in any other survey. Unfortunately, 
these later responses were markedly different from the responses received before the reminder was sent. Late respond-
ers had higher NA and avoidance scores than those who responded to the first invitation to the questionnaire, similar 
to the effect observed in the fourth survey that was administered on the first anniversary of the Brussels attacks. The 
Atatürk airport and anniversary of the Brussels attack triggered memories of the events of March 22, 2016, resulting 
in reduced mental well-being during that period. While neither of the samples of respondents to this second survey 
was free of bias, we chose to remove the responses after the second reminder from the analysis.

In addition, involuntary inconsistencies that were introduced during the survey designs resulted in discrepancies be-
tween the surveys at different time points; therefore, ultimately, some variables were excluded from the analysis. First, 
the PANAS and IES were not always incorporated in the survey at the same location or in the same order. At T2 and T3, 
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they were the final items of the survey, and the IES was filled first, followed by the PANAS. However, at T4 and T5, they 
were the first items that the respondents filled, and the PANAS was filled first, followed by the IES. Second, the PANAS 
was surveyed using a word rating scale at T2 but a numbered rating scale at T3, T4, and T5. These small differences 
might have affected the scores of the PANAS and IES and should be avoided in future longitudinal surveys. Third, some 
exposure-related questions were asked only at a few or even only one-time points and could not be linked across ques-
tionnaires, which would have resulted in a lower number of questionnaires relevant for analysis. Other questions were 
inconsistently surveyed with slightly different response options. Finally, several questions were considered slightly too 
subjective (e.g., “Were you exposed to something you would rather not have seen?”) to be reliably linked to actual ex-
posure to the disaster. Therefore, we had to select the most general question on deployment status as a predictor variable 
rather than questions concerning contact with victims and/or families, the length of the assignment, assignment location, 
etc. Finally, both the posttraumatic stress symptoms and affect of the volunteers were measured by self-assessment ques-
tionnaires, and for obvious reasons, no baseline, pre-attacks measurement could be conducted.

Conclusion

This study provides evidence concerning the fact that volunteers of the Belgian Red Cross-Flanders had low posttrau-
matic stress symptom scores (rated with the IES) after the March 2016 attacks in Brussels. Barring a temporary increase 
in both intrusion and avoidance on the first anniversary of the attacks, the IES scores further decreased over time. More-
over, posttraumatic stress symptoms and PA did not significantly differ among volunteers who were actively deployed, on 
standby (on location or at home), unavailable, or not activated. Volunteers who were present at the location of the attacks 
(either active or on standby) had lower NA scores (i.e., better mental health) than those who were not. 

Further longitudinal studies should estimate volunteers’ degree of exposure to potentially traumatic events with 
more focused questions to allow for a better analysis of its association with their mental health. In addition, the rela-
tion between posttraumatic stress symptoms and the availability as well as the need for and use of mental health sup-
port services provided by and outside the volunteer organization should be further explored.
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Appendixes: STROBE Checklist

Supplementary Table 1

Associations between Predictor Variables, Covariates and Outcome Variables

Covariate Deployment category PA NA Intrusion Avoidance Potential confounding

Gender No association (p = 
.48, n = 1017)

Men higher PA than 
women (p = .002, 
n = 1444)

Men lower NA than 
women (p = .009, 
n = 1450)

Men lower intrusion 
than women (p < 
.0001, n = 1820)

Men lower avoid-
ance than women 
(p < .0001, n = 
1811)

No

Age No association (p = 
.23, n = 833)

No association (p = 
.16, n = 1308)

Negative association 
(p = .009, n = 
1314)

Positive association 
(p = .018, n = 
1631)

No association (p = 
.095, n = 1625)

No

Education Higher education 
level more de-
ployed (p < .0001, 
n = 523)

Bachelor higher PA 
than master (p = 
.034, n = 610)

Bachelor lower NA 
than secondary 
school (p = .019, 
n = 611)

No association (all p 
> .20, n = 999)

Bachelor and master 
lower avoidance 
than primary and 
secondary (p < 
.05, n = 989)

Yes: higher educa-
tion levels (espe-
cially bachelor) 
were both more 
deployed and 
had better mental 
health outcomes 

Service SIS more deployed 
than RS (p < 
.0001, n = 463)

No association (p = 
.22, n = 536)

SIS lower NA than 
RS (p = .041, n = 
537)

No association (p = 
.19, n = 883)

SIS lower avoidance 
than RS (p = 
.0005, n = 875)

Yes: SIS were both 
more deployed and 
had better mental 
health outcomes 
than RS

PA: Positive Affects; NA: Negative Affects; RS: Relief Service; SIS: Social Intervention Service
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Supplementary Table 2

Results of Analyses for the PANAS with Post-disaster Day as a Continuous Predictor Variable

Outcome Predictor variables Crude analysis Adjusted analysis*

Change 95% CI p and 
pattern$

n Change 95% CI p and 
pattern$

n§

LL UL LL UL

PA Deployment .01 1370 .11 529

Active reference B reference A

Standby on location -2.1 -4.4 0.1 A,B 3.9 -0.7 7.8 A

Standby at home -1.1 -3.1 0.6 A,B 0.4 -4.1 4.3 A

Unavailable -1.7 -3.7 0.1 A,B -4.0 -10.1 1.2 A

Not activated -2.0 -3.3 -0.8 A -1.7 -4.6 1.0 A

Post-disaster day

Linear 1.5£ 0.9 2.1 < .0001 1.3£ 0.2 2.4 .026

Quadratic -0.2£ -0.3 -0.1 < .0001 -0.2£ -0.3 0.0 .035

concave parabola with maximum at pdd 379 concave parabola with maximum at pdd 384

NA Deployment < .001 1376 < .001 530

Active reference A reference A

Standby on location 0.1 -1.3 1.7 A,B -1.9 -4.3 1.0 A

Standby at home 2.0 0.7 3.5 B 5.9 2.7 9.7 B

Unavailable 1.7 0.4 3.1 B 5.8 2.1 10.3 B

Not activated 2.1 1.3 3.1 B 2.2 0.5 4.1 B

Time

Linear 0.9£ 0.4 1.5 < .001 1.0£ 0.1 1.9 .022

Quadratic -0.1£ -0.2 -0.1 < .001 -0.1£ -0.2 0.0 .031

concave parabola with maximum at pdd 385 concave parabola with maximum at pdd 411

PANAS: Positive and Negative Affects Scale; PA: Positive Affects; NA: Negative Affects; CI: confidence interval; LL: lower limit; 
UL: upper limit; pdd: post-disaster day

*Adjusted for age, gender, education level and volunteering service
$p for overall effect of the categorical variable; groups with the same letter are not statistically different from each other in a Tukey 

post-hoc analysis (p > .05)
§N is lower in the adjusted analysis because of missing values for the covariates 
£Change per 100 days
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Supplementary Table 3

Results of Analyses for the IES with Post-disaster Day as a Continuous Predictor Variable

Outcome Predictor variables Crude analysis Adjusted analysis*

Change 95% CI p and 
pattern$

n Change 95% CI p and 
pattern$

n§

LL UL LL UL

Intrusion Deployment .05 1742 .61 827

Active reference A reference A

Standby on lo-
cation

-0.8 -1.9 0.8 A -0.1 -3.4 5.4 A

Standby at home 1.2 -0.3 3.3 A 1.9 -1.8 7.9 A

Unavailable -0.9 -1.9 0.5 A 0.1 -3.6 7.0 A

Not activated 1.2 0.2 2.5 A 1.9 -0.7 5.5 A

Post-disaster day

Linear -0.7£ -1.0 -0.4 < .001 -1.2£ -1.4 -1.0 < .001

Quadratic .40 .37

negative linear association with pdd negative linear association with pdd

Avoidance Deployment < .001 1733 .03 820

Active reference A reference A

Standby on lo-
cation

0.2 -0.6 1.5 A,B -0.7 -2.9 3.6 A,B

Standby at home 1.9 0.6 3.8 B 3.2 -0.4 9.4 A,B

Unavailable 0.7 -0.3 2.1 A,B 2.6 -1.5 10.9 A,B

Not activated 2.2 1.2 3.5 B 3.7 0.9 7.7 B

Time

Linear -0.4£ -0.4 -0.3 < .001 -1.0£ -1.2 -0.8 < .001

Quadratic .54 . 31

negative linear association with pdd negative linear association with pdd

IES: Impact of Event Scale; CI: confidence interval; LL: lower limit; UL: upper limit; pdd: post-disaster day
*Adjusted for age, gender, education level and volunteering service
$p for overall effect of the categorical variable; groups with the same letter are not statistically different from each other in a Tukey 

post-hoc analysis (p > .05)
§N is lower in the adjusted analysis because of missing values for the covariates 
£Change per 100 days


