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Abstract

BACKGROUND: The number of bed bug infestations has risen dramatically in the past decades. Infestations are responsible for
mental health issues such as lower quality of life, insomnia and symptoms that may resemble those of post-traumatic stress dis-
orders. Here, we sought to investigate whether bed bug-related stress may be predicted by a range of sociodemographic, clin-
ical and infestation-related characteristics. We collected data using a paper and online survey of 305 adults who had
experienced a bed bug infestation.

RESULTS: From the 167 individuals dealing with a recent (<1 year) bed bug infestation, about two-thirds were deemed to have
a high level of bed bug-related stress. The cross-validated performance of a naive Bayes algorithm in predicting bed bug-
related stress was good, with an area under the receiving operating characteristics curve (AUROC) of 0.80. We calculated SHAP
values to determine the explanatory power of predictors. Factors associated with bed bug-related stress were young age,
female sex, childlessness, being single, social isolation, severity of infestation and treatment by insecticides (especially when
health issues had not been taken into account). We also found that the likelihood of bed bug-related stress based on the sever-
ity of the infestation decreased when participants felt they were socially supported.

CONCLUSION: Although social isolation and inappropriate use of pesticides are two common behaviors, our results emphasize
the importance of social support and the safest use of pesticides to mitigate bed bug-related stress.
© 2025 Society of Chemical Industry.

Supporting information may be found in the online version of this article.
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1 INTRODUCTION
The past three decades have seen a dramatic increase in bed bug
infestations (Hemiptera: Cimicidae) worldwide, particularly in
crowded cities.1,2 In France, it was shown that 11% of citizens'
homes had been infested between 2017 and 2022,3 with Paris
being the most exposed.4 According to a recent study, bed bug
infestations represent on average a bit more than one consulta-
tion to the general practioner per 1000 inhabitants.5 Treatment
is very costly (c. €1249)4 and takes time to be effective (2.5 months
on average).4 With the impending 2024 Paris Olympics, some
have even raised concerns that the bed bug epidemic may spread
even further as a result of the 2024 Paris Olympics.6

Bed bug infestations are usually described as medically benign.
Medical concerns are associated with dermatological (allergic
reactions) andmental health consequences. Negativemental out-
comes are thought to be underestimated and not well investi-
gated.7 However, studies exist showing that those who are
dealing with bed bug infestations may experience social isolation,
lower well-being and insomnia.8–10 Symptoms also may suggest

post-traumatic stress disorders (PTSD), including nightmares,
flashbacks, hypervigilance, avoidance behaviors and personal
dysfunction.7,11 Criterion A for a DSM-5 diagnosis of PTSD requires
that ‘The person was exposed to: death, threatened death, actual
or threatened serious injury, or actual or threatened sexual vio-
lence’.12 However, some studies have shown that upsetting
nonlife-threatening accidents also may give rise to typical PTSD
symptoms.13,14 Although some individuals might experience
symptoms similar to those of PTSD, it is important to note that a
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diagnosis of adjustment disorder may be more appropriate in
many cases. This is because the stressors associated with bed
bug infestations are typically less severe than those that typically
lead to PTSD, and adjustment disorder does not require a latency
period for diagnosis.
To the best of our knowledge, only one study has investigated

factors that may be associated with mental health outcomes of
bed bug infestations.10 This study, however, focused on well-
being and insomnia, not on bed bug-related stress. Other reports
have mentioned that investigations of mental health effects of
bed bug infestations ‘remain largely anecdotal’,15 and that
‘research should focus on understanding which factors are
responsible for more severe and prolonged mental health
impacts among those experiencing a bed bug infestation’.16 Men-
tal health consequences of bed bug infestations are important to
take into account for another reason. Mental health challenges
may compromise the preparation of an individual's unit as well
as the effectiveness of pest control strategies, just like physical,
financial or social issues.17

In the current study, we aimed at determining factors linked to
bed bug-related stress in people who have experienced a recent
infestation. Those are likely to be the result of complex relation-
ships between socioeconomic and health-related factors, as well
as infestation-related characteristics (e.g. severity of infestation,
moving house, use of various treatment methods).18 We used
results from a paper and online cross-sectional survey, and ana-
lyzed whether a range of sociodemographic, clinical and
infestation-related factors were associated with bed bug-related
stress.

2 MATERIALS AND METHODS
2.1 Data
2.1.1 Database
This cross-sectional study was conducted from January 2023 to
December 2023 in the city of Lyon, France. Lyon is the second big-
gest urban unit in France, with a population of 1.7 million inhabi-
tants. The Auvergne-Rhône Alpes region, from which Lyon is the
capital city, has been shown to be the leading region for reporting
bed bug complaints to general practitioners, with c. 214 consulta-
tions per 100 000 inhabitants.5

The survey was advertised via social media platforms and flyers
in town halls, outdoor markets and at social housing organiza-
tions. Upon acceptance, each participant was asked to fill in an
online self-reported questionnaire via the use of a QR code or
an electronic weblink. For participants who did not have an elec-
tronic device at hand, a paper version was utilized.
The very first question of the survey asked participants if they

had encountered a bed bug infestation during the past year. If
so, participants were asked to identify a bed bug among
20 insects. Then, further data were collected on the history of
infestation (section 1), sociodemographic characteristics
(section 2), place of living (section 3), and health and well-being
(section 4). Note, however, that data from section 3 were not ana-
lyzed for the purpose of the current study owing to our relatively
small sample size and to avoid the ‘curse of multidimensionality’
in our statistical analysis.
Participants were recruited by volunteer sampling. They were

deemed eligible to participate if they lived in Lyon and were aged
18 or above. After accessing the link to the online survey, partici-
pants were shown a consent form which explained the details of
the study. All participants provided their informed consent.

2.1.2 Outcome variable: bed bug-related stress
We used the French version of the impact of event scale-revised
(IES-R) to assess bed bug-related stress in the past week.19 The
IES-R is a 22-item self-report scale used to evaluate post-traumatic
stress. Each item asks respondents about distress caused by a
symptom on a 5-point Likert scale (0–4 response format with
equal intervals). Items are further grouped into three subscales:
intrusion (e.g. flashbacks, nightmares – eight items); avoidance
(e.g. staying away from reminders – eight items); and hyperarou-
sal (e.g. irritability, hypervigilance – six items). It was found that
the French version of the IES-R has satisfactory internal validity
and test–retest reliability, and that the factor structure of the
translated version was similar to the proposed theoretical struc-
ture of the IES-R.19

Rather than computing a sum of item scores, the authors of the
IES-R suggest using the mean of nonmissing items,20 which we
calculated if participants had responded to ≥75% of the 22 items.
The IES-R is not designed to make a categorical diagnosis of PTSD
or stress-related disorder. However, a cutoff of 1.5 (equivalent to a
total score of 33) has been found to provide the highest overall
diagnostic power against the PTSD checklist21 – a tool that pro-
vides a provisional diagnosis of PTSD before structured clinical
interviews are used. We used such a 1.5 cutoff to differentiate par-
ticipants with a high level of bed bug-related stress versus those
with a low level.22 In the introduction, we have noted that a diag-
nosis of adjustment disorder may be more appropriate than PTSD
in many cases of bed bug-related stress, owing to the nature of
the stressor and the absence of a required latency period. How-
ever, when interpreting our results, we will consider the broader
literature on PTSD. This approach is justified because both PTSD
and adjustment disorder belong to the category of stress-related
disorders, sharing some common features and underlying
mechanisms.
In order to check whether our set of predictors was important in

predicting other aspects of mental health and not just bed bug-
related stress, we also measured well-being as per the Warwick–
Edinburgh Mental Well-Being Scale (WEMWBS23). The WEMWBS
is a 14-item scale, including statements on positive effects, satisfy-
ing interpersonal relationships and positive functioning. Partici-
pants are asked to rate the frequency of how they have
experienced each statement over the past week from 1 (none of
the time) to 5 (all of the time). The WEMWBS has been shown to
detect subtle changes in populations with both good and poor
mental health.24 WEMWBS was found to have a mean score of
51 in general population samples in the UK. The recommended
cut-off point for low well-being is of 42 and that for high well-
being is of 60.23

2.1.3 Predictors
We reasoned that both infestation history, and sociodemographic
and clinical characteristics may predict bed bug-related stress.
Below, we provide a list of 30 predictors that we measured in
our survey.

2.1.3.1. Infestation history. The characteristics of a bed bug infes-
tation, its severity (spread to more than one room, treatment inef-
fectiveness) and social consequences (social restrictions) may
impact an individual's well-being and level of stress. Likewise,
treatments (e.g. treatment by heat or cold, insecticides), and their
direct consequences on the individual (having to move house,
destruction of materials) may be deleterious to mental health. A
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detailed list of our infestation-related predictors is described as
follows:

• traces of insects (yes: insects or their feces seen versus no);
• spread of infestation (one room versus two rooms or more);
• start of infestation (<3 months ago versus >3 months ago);
• duration of infestation (<3 months versus >3 months);
• preparation for treatment (no preparation versus preparation
done by self versus preparation done by someone else);

• difficulties in accepting preparation (yes: preparation accom-
plished with a lot of difficulties or not done versus no: no diffi-
culty or a bit of difficulty);

• treatment by pesticides applied by a pest control company
(no pesticides versus pesticides used and conditions of use
not explained versus pesticides used and conditions of
use explained but health effects not taken into account versus
pesticides used and health issues taken into account). We fur-
ther defined unclear pesticide use as instances where usage
conditions were not explained or when potential health effects
were not considered;

• treatment by heat or cold (yes versus no);
• treatment by steaming (yes versus no);
• removal of material (yes versus no);
• moving house (yes versus no);
• treatment acceptance at the beginning of treatment (yes: done
with a lot of difficulties or not done versus no: nil difficulty or a
bit of difficulty);

• treatment acceptance at the end of treatment (yes: done with a
lot of difficulties or not done versus no: nil difficulty or a bit of
difficulty);

• treatment effectiveness (yes: bed bugs disappeared after a few
weeks or less versus no: effectiveness after a few months or no
effectiveness to date);

• financial support from the landlord (yes versus no);
• support from family (yes versus no: poor or no support);
• support from landlord (yes versus no: poor or no support);
• support from pest controller (yes versus no: poor or no support);
• fear of contaminating others (yes versus no);
• social restrictions (self-decision) (yes versus no);
• social restrictions (decision made by others) (yes versus no).

2.1.3.2. Sociodemographic and clinical information.Wemeasured
the following features, which typically relate to well-being and
stress:

• sex (male versus female);
• age (<25 years-old versus 25–35 versus 35–45 versus 45–55 ver-
sus >55 years-old);

• employment status (yes: work part-time or full-time versus no:
does not work or student);

• relationship status (in a relationship: yes versus no);
• number of children living at home (0 versus 1 versus 2 or more);
• education level (pre-Baccalaureate versus Baccalaureate, Bacca-
laureate +1 year, Baccalaureate +2 year versus Baccalaureate
+3 years (Bachelor's degree) or more);

• medical history (yes versus no);
• psychiatric history (none versus past versus current).

2.1.4 Missing values
A total of 548 participants responded to the survey, of which
167 had experienced a recent bed bug infestation (less than a year
before they filled in the questionnaire; Fig. 1). After excluding

participants with >30% missing values and participants with
<75% completion of the IES-R, our final sample included a total
of 138 participants. No covariate included >30% missing values.
Missing values were imputed five times using the predictive
mean-matching method from the R package MICE.25

2.2 Analysis
2.2.1 Modeling strategy
Using the R package CARET,26 we evaluated the performance of a
naive Bayes algorithm in predicting a high-level versus low-level
of bed bug-related stress, based on the 30 predictors described
above. Naive Bayes is a probabilistic classifier that relies on the
Bayes' theorem, where features are assumed to be conditionally
independent from one-another. We incorporated a small-sample
correction called Laplace smoothing, which ensured that no prob-
ability in the training data was ever set to be exactly zero, and is
seen as a way of regularizing the model.27

We used a k = N (138)-fold cross-validation procedure, as
recommended for relatively small samples.28 For each of the N-
folds, the procedure trained the algorithm on N – 1 observations
based on 10 bootstrap samples. The model with the set of hyper-
parameters that maximized the area under the receiving operat-
ing characteristics curve (AU-ROC) was selected and then used
to predict the outcome on the remaining observation. Repeating
this procedure N times, we obtained N predicted outcomes which
we compared to the corresponding observed outcomes in order
to evaluate the model performance, once again based on the
AU-ROC.
For our analysis on well-being, we trained a regularized regres-

sion model aiming to maximize the coefficient of determination
(R2), which reflects the fraction of variation in the WEMWBS total
score captured by the model. For this analysis, we also used a
k = N-fold cross-validation procedure where training occurred
on N – 1 observations based on 10 bootstrap samples. We used
an adaptive sampling scheme aimed at tuning hyperparameters
in an efficient way.29

Pre-processing involved the exclusion of ‘near zero-variance’
predictors. Note that methods such as weighting or propensity
scores were not used to adjust for the nonrepresentativeness of
the sample to the French population.

2.2.2 Variable importance in predicting bed bug-related stress
We then calculated artificial intelligence-based SHapley Additive
exPlanations (SHAP) values to investigate variables that best
accounted for the occurrence of high-level bed bug-related stress.
The SHAP method is regarded as a model-agnostic explanation
method with a solid theoretical foundation, and is explained in
detail elsewhere.30 SHAP values were estimated for each ‘testing’
observation based on the naive Bayes algorithm whose hyper-
parameters were selected in the training phase (see section
2.2.1). For each variable and each observation, a higher SHAP
value corresponds to a higher likelihood of the target outcome
(i.e. having a high level of bed bug-related stress). We first pro-
vided predictor-level SHAP absolute values aggregated at the
level of the population in order to rank the predictors' overall pre-
dictive ability (aka variable importance). Second, we provided
one-way dependence plots showing the association between
the raw values of the 15most important predictors and their SHAP
values. Third, as mentioned above, bed bug-related stress may
result from complex interactions between various types of predic-
tors. Here, we specifically tested whether social support (e.g. from
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family and friends) counteracted the effect of an infestation's
severity (e.g. treatment ineffectiveness).
Analysis was carried out with R software and packages CARET, NAI-

VEBAYES, FASTSHAP and SHAPVIZ.

3 RESULTS
3.1 Observed data
Our final sample (N = 138) included more females than males
(66.7% versus 24.6%; Table 1). Age categories were approximately
equally represented, except for the ‘<25 years-old’ category,
whichwas half the size of the other categories. Most of our sample
was employed (67.4% versus 24.6%), half was in a relationship and
about half had no children living at home. Also, half of our sample
reported having at least a Bachelor's degree. Additionally, 21.7%
of our sample declared having a medical issue and 29.7% a cur-
rent or past psychiatric issue.
Regarding the infestation characteristics, all but one of our par-

ticipants either (i) had correctly identified the bed bug among a
set of insects; or (ii) reported that they had seen bed bugs or their
feces; or (iii) reported that their diagnosis was confirmed by a pro-
fessional. A higher confidence in diagnosis, represented by
professional confirmation or both correct identification and visual
sighting, was achieved by 121 participants. Additionally, 45.7% of
our sample had their infestation start <3 months before they
responded to the survey, and 52.9% reported that their infesta-
tion had lasted >3 months. Nearly half (47.1%) of respondents

had seen bed bugs in more than one room and 53.6% reported
that treatment was effective in a few weeks or less. The majority
of our sample (81.9%) had used pesticides to eliminate bed bugs.
An increased proportion of respondents (74.6%) said that they
had restricted their social contacts and 37.7% said that they were
constrained to do so.
About 65% of our sample reported an average score at the IES-R

≥1.5 [median 2.16; interquartile range (IQR) 1.05, 2.99]. The
median total score at the WEMWBS was of 51 (IQR 41, 57). Further
descriptions of our sample are reported in Table 1 and Supporting
Information, Table S1.
Bivariate analysis demonstrated that not being in a relationship,

not having children living at home, infestation spread to more
than one room, treatment ineffectiveness, fear of contaminating
others, social restrictions (self-decision) and unclear use of pesti-
cides, increased the odds of having a high level of bed bug-
related stress (Table S2). Likewise, being a male, having current
psychiatric issues and having had difficulties in preparing one's
accommodation for treatment were found to significantly
decrease the total score of well-being (Table S3).

3.2 Modeling stage
Overall, our naive Bayes algorithm performed relatively well in
differentiating participants with high versus low levels of bed
bug-related stress (cross-validated AU-ROC over the 5 imputed
dataset: 0.80; Fig. S1). For well-being, the performance of our

Figure 1. Flowchart of the study population. Legend. IES-R, impact of event scale, revised version. WEMWBS: Warwick–Edinburgh mental well-being
scale.
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regression regularization algorithm was poor, with an average
cross-validated R2 of 0.082 (range 0.078–0.087).
In order to further investigate the explanatory power of each

variable on bed bug-related stress, we carried out a SHAP analysis.
For each observation, the algorithm assigns a SHAP value to each
variable, which indicates the explanatory power of that variable
for that observation.
Figure 2 shows the mean absolute SHAP values for the 15 most

influential variables over the five imputed datasets. Variables with
the highest absolute SHAP values – those that contributed the
most in classifying participants in high- versus low-level bed
bug-related stress – were: social restriction (self-decision); having
children living at home; spread of infestation; treatment effective-
ness; being in a relationship; fear of contaminating others; age;
use of pesticides; sex; support from family and friends; education;
having had difficulties with treatment preparation; social restric-
tion (decision made by others); financial help from the landlord;
and psychiatric history. The distribution of SHAP values for each
of the 15 most influential predictors is reported in Fig. S2.
Figure 3 shows one-way dependence plots for the 15 most

important variables over the five imputed datasets. The variables

Table 1. Sociodemographic characteristics of the participants and
main characteristics of the bed bug infestation

Variables
Total sample
(N = 138)

Sex
Female 92 (66.7%)
Male 34 (24.6%)
Missing 12 (8.7%)
Age (years old)
<25 14 (10.1%)
25–35 29 (21.0%)
35–45 27 (19.6%)
45–55 26 (18.8%)
>55 31 (22.5%)
Missing 11 (8.0%)
Employment
No 34 (24.6%)
Yes 93 (67.4%)
Missing 11 (8.0%)
In a relationship
No 69 (50.0%)
Yes 58 (42.0%)
Missing 11 (8.0%)
Children living at home
0 67 (48.6%)
1 19 (13.8%)
2 or more 40 (29.0%)
Missing 12 (8.7%)
Education
Less than Baccalaureate 29 (21.0%)
Baccalaureate, Baccalaureate +1 or 2 years 28 (20.3%)
Bachelor's degree or more 69 (50.0%)
Missing 12 (8.7%)
Medical issues
No 91 (65.9%)
Yes 30 (21.7%)
Missing 17 (12.3%)
Psychiatric issues
No 80 (58.0%)
Past 16 (11.6%)
Current 25 (18.1%)
Missing 17 (12.3%)
Spread of infestation
1 room 73 (52.9%)
2+ rooms 65 (47.1%)
Start of infestation
<3 months ago 63 (45.7%)
>3 months ago 75 (54.3%)
Total duration of infestation
<3 months 64 (46.4%)
>3 months 73 (52.9%)
Missing 1 (0.7%)
Difficulties in accepting preparation
No 48 (34.8%)
Yes 90 (65.2%)
Preparation for treatment
Not done 6 (4.3%)
Done by self 118 (85.5%)
Done by someone else 14 (10.1%)

Table 1. Continued

Variables
Total sample
(N = 138)

Pesticide treatment
No 26 (18.8%)
Yes & conditions of use not explained 15 (10.9%)
Yes & conditions of use explained but health
issues not taken into account

20 (14.5%)

Yes & health issues taken into account 77 (55.8%)
Heat or cold treatment
No 80 (58.0%)
Yes 52 (37.7%)
Missing 6 (4.3%)
Steam treatment
No 85 (61.6%)
Yes 48 (34.8%)
Missing 5 (3.6%)
Destruction of materials
No 89 (64.5%)
Yes 43 (31.2%)
Missing 6 (4.3%)
Participant had to move
No 119 (86.2%)
Yes 10 (7.2%)
Missing 9 (6.5%)
Treatment effectiveness
>3 months 64 (46.4%)
<3 months 74 (53.6%)
WEMWBS total score
Median [Q1, Q3] 51.00

[41.00, 57.00]
Missing 17 (12.3%)
IES-R average score
Median [Q1, Q3] 2.16 [1.05, 2.99]

Legend. IES-R, impact of event scale, revised version; WEMWBS,
Warwick–Edinburgh mental well-being scale; Q1, first interquartile;
Q3, third quartile.
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that were associated with a high likelihood of high-level bed bug-
related stress: social restrictions (self-decision); having no children
living at home; spread of infestation spanning two rooms ormore;
ineffectiveness of treatment; being single; fear of contamination;
being <35 years old; use of pesticides (especially when health
issues were not taken into account); female sex; and support from
family. Other variables that were associated with high-level bed
bug-related stress were (Fig. 3): having less than a Bachelor's
degree but more than the Baccalaureate; having had difficulties
with treatment preparation; social restrictions (from others); finan-
cial help from the landlord; and having past or present psychiatric
issues. One-way dependence plots for the 15 least influential pre-
dictors are reported in Fig. S3.
Figure 4 shows interaction plots of spread of infestation by

four variables: support from family and friends; support from
landlord; support from pest controller; and being in a relation-
ship. Figure S4 shows interactions plots of treatment effective-
ness by the same four variables. Spread of infestation to more
than one room was associated with higher SHAP values, but less
so if the person dealing with an infestation was supported by
friends and family, landlord or pest controller (Fig. 4). By con-
trast, being in a relationship was associated with increased SHAP
values when the infestation was spread to at least two rooms but
with decreased SHAP values in case of a more localized infesta-
tion. Similar patterns of results were observed for treatment
effectiveness (Fig. S4).
In order to address our skewed sex ratio, we conducted an

additional analysis using inverse probability weighting for
female participants. This analysis yielded similar results regard-
ing sex as a predictor, despite adjusting for the over-
representation of women (Fig. S5).

Re-analysis of the 121 participants with higher diagnostic confi-
dence (professional confirmation or both correct identification and
visual sighting) largely replicated our findings from the full sample.
The naive Bayes algorithm maintained good performance in distin-
guishing between high and low bed bug-related stress levels
(cross-validated AU-ROC across five imputed datasets: 0.78). One-
way and interaction plots showed similar patterns (Figs S6 and S7).

4 DISCUSSION
4.1 Preliminary remarks
Well-being in our samplewas roughly comparable to that of the gen-
eral population, yet almost two-third of participants who had experi-
enced a recent bed bug infestation reached threshold for a high
level of bed bug-related stress. This figure needs to be taken with
caution: as always with nonprobability samples, our sample should
not be seen as a representation of the target population because
of the unknown sample inclusion or participation mechanisms. We
will aim to approach the true prevalence of bed bug-related stress
using a probability sample from a national survey institute.
However, our study's primary aim was to identify individual

characteristics associated with bed bug-related stress, rather than
investigating its prevalence or establishing a causal relationship
between infestations and stress. Our set of sociodemographic
and infestation-related variables were poor at predicting general
well-being. This may be because factors related to lower well-
being following a bed bug infestation may be associated with
its impact on physical appearance, cost of treatment, or number
and timing of bites,10 which were not recorded in our study. By
contrast, our naive Bayesmodel performedwell at classifying high
versus low levels of bed bug-related stress.

Figure 2. Variable importance plot for the 15 more influential variables. Averaged absolute SHapley Additive exPlanations (SHAP) values are calcu-
lated over the five imputed datasets and are represented on the x-axis. Predictors are represented on the y-axis. A higher averaged absolute SHAP value
indicates a stronger absolute association with bed bug-related stress. Legend. Trt, treatment; Diff w/, difficulties with; Psych, psychiatric.
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4.2 Sociodemographic and clinical features
Being a female was associated with a greater likelihood of suffer-
ing from a high level of bed bug-related stress. This is consistent
with other findings from the PTSD literature showing more severe
symptoms in female participants.31–33 Female roles in handling
main household tasks34 may be responsible for the gender dispar-
ity observed in the current study.
Age was another important predictor: being <35 years old was

associated with a higher likelihood of demonstrating high-level

bed bug-related stress. This mirrored some findings from the
PTSD literature,33 but contradicted others showing better mental
health in young versus older refugees.35–37 Compared to other
stressful events, it is possible that bed bug infestations result in
greater mental burdens to younger individuals in terms of self-
esteem, stigma and self-stigma, bonding and social contact.
Not having a Bachelor's degree was associated with a higher

likelihood of a high level of bed bug-related stress, consistent with
findings showing that lower education is associated with severe

Figure 3. One-way SHapley Additive exPlanations (SHAP) dependence plot for the 15 most influential predictors. Values of the predictor are
represented on the x-axis. SHAP values are represented on the y-axis. SHAP values for the five imputed datasets are displayed. A higher SHAP value indi-
cates a higher likelihood of high-level bed bug-related stress. Legend. Trt, treatment; fam, family; Diff w/, difficulties with; Psych, psychiatric; No expl, no
explanation given; Cd, only conditions of use explained; Health, Health issues taken into account; Pre-Bac, less than the Baccalaureate; Bac to Bach, Bac-
calaureate, Baccalaureate +1 year, Baccalaureate +2 years; Bach +, Bachelor's degree or more.
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PTSD symptoms.31,38 In our study, however, participants with a
lower educational background (i.e. those that did not have their
Baccalaureate) showed a risk for bed bug-related stress that was
roughly similar to those with at least a Bachelor's degree. We spec-
ulate that this may be explained by the fact that vulnerable indi-
viduals are those prioritized by the French state for social and
welfare protection.
As expected, having current or past psychiatric issues was

related to an increased risk of having a high level of bed bug-
related stress.38 Having a psychiatric history may directly result
in heightened vulnerability for bed bug-related stress. Another
possibility is that the relationship between psychiatric issues and
bed bug-related stress is in fact mediated by typical vulnerability
factors for PTSD, such as childhood adversities.38

4.3 Infestation- and treatment-related factors
It should not be seen as surprising that features that are directly
related to the severity of a bed bug infestation – infestation
spread to at least two rooms and treatment
ineffectiveness – were associated with a higher likelihood of bed
bug-related stress. This finding mirrors those from the PTSD liter-
ature where symptoms severity was directly linked with the sever-
ity of the trauma or its direct consequences.32,33,38,39

Difficulties in preparing for treatment were related to a greater
likelihood of a high level of bed bug-related stress. Preparation
for bed bug treatment is an extensive process that can be quite
demanding, involving washing of all bedding, clothing, curtains
and other fabric items in hot water (>60 °C) and drying on a high
heat (>60 °C); removing all clutter, boxes and unnecessary items;

emptying closets, dressers and nightstands; moving away furni-
ture; thoroughly vacuuming all surfaces, including furniture, mat-
tresses, floors and crevices, and isolating clean items; standing
mattresses, removing flip drawers; and disposing of heavily
infested items. From the point of view of the person dealing with
an infestation, preparation is expensive, time-consuming and tir-
ing.40 In that sense, an extensive preparation may be associated
with an additional mental burden. Additionally, preparation is
regarded as paramount by most pest controllers, with some pro-
fessionals refusing treatment in accommodation that is not fully
prepared. Difficulties with preparation would then result in a
lower likelihood of treatment success, and by extension in
a greater risk of bed bug-related stress.
The unclear use of pesticides was related to a high level of bed

bug-related stress. Potential mediators for this relationship may
be fear of contamination by pesticides or misapplications and
related symptoms (such as vomiting, sweating, pinpoint pupils,
nausea, headache, weakness and dizziness).41 According to a US
study, 34% of professional treatments by pesticides and 44% of
nonprofessional treatments were characterized by unintended
exposure and adverse outcomes.42 In France, 39% of individuals
dealing with an infestation complain of a lack of information
related to treatment conditions and processes.4 However, our
data suggest that, when all precautions are being taken, the use
of pesticides is not associated with any negative effect on bed
bug-related stress. We therefore add our voice to others who
plead for a reinforcement of education of both pest controllers
and people experiencing infestations for the safest use of
pesticides.43,44

Figure 4. SHAP interaction plots of spread of infestation by social support. Values for spread of infestation are represented on the x-axis. Values for
each interaction variable are represented in different colors (orange and purple). SHAP values are represented on the y-axis. SHAP values for the five
imputed datasets are displayed. A higher SHAP value indicates a higher likelihood of high-level bed bug-related stress. SHAP values are higher when
two rooms or more (versus only one room) are infested (all panels). In case of a disseminated infestation, SHAP values tend to decrease when participants
are supported by friends/family (top left panel), landlord (top right) or pest controller (bottom left). In case of a disseminated infestation, SHAP values tend
to decrease when participants are not in a relationship (bottom right). Legend. fam, family; cont, controller; 2+ rooms, two rooms or more.
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4.4 Social isolation
Having sufficient social contacts post-trauma is an important pre-
dictor of PTSD.31,39,45 In our study, features related to social isola-
tion, such as being single or restricting social contacts (e.g. owing
to fear of contaminating others), were associated with a high level
of bed bug-related stress. Further research is needed to under-
stand the mediators of social restrictions faced by individuals
dealing with bed bug infestations. Shame associated with the
infestation and fear of contamination may significantly influence
these restrictions. Likewise, having no children at home may be
interpreted as a lack of social support and also resulted in a higher
likelihood of bed bug-related stress. Others had shown that child-
lessness was in fact a protective factor for a series of mental health
problems, including PTSD, in recently arrived refugees.31 Yet in
this context, having childrenmay be seen as an additional burden,
where one needs to rapidly adjust to a changing environment and
find necessary resources.
Social support from family and friends, landlords (including

financial support) or pest controllers, were related to a greater risk
of high-level bed bug-related stress. We provide three lines of
arguments for this seemingly paradoxical finding. First, social sup-
port may be seen first and foremost as a sign of the severity of an
infestation rather than a protective factor. Second, the IES-R does
not assess features that may be directly related to social support,
such as low mood, guilt, shame, lack of pleasure or feeling distant
or cut-off from others.46 Therefore, positive impacts of social sup-
port may have been hidden in our analysis. Third, social support
may have particularly beneficial effects in extremely adverse cir-
cumstances. Indeed, our interaction plots suggest that the effect
of social support decreases the likelihood of a high level of bed
bug-related stress when the bed bug infestation is spread
throughout the participant's unit or in case of an ineffective treat-
ment. Interestingly, being in a relationship may result in an oppo-
site interaction effect: when the infestation is disseminated or
difficult to treat, living with a partner increases the likelihood of
a high level of bed bug-related stress. One hypothesis is that in
case of a severe infestation, sustaining an intimate relationship
represents an additional mental burden to the individual.

4.5 Strengths and limitations
Our study has a number of strengths. First, we excluded partici-
pants with a nonrecent bed bug infestation in order to minimize
recall bias. Second, we used a large number of features that were
predictive of bed bug-related stress. Third, we included a series of
items aiming to confirm bed bug infestations. This increases the
level of evidence that our population had been recently
experiencing infestations by bed bugs rather than any other
pests, although of course the level of proof is lower than on-site
inspections. Fourth, we used a naive Bayes algorithm along with
a stringent cross-validation scheme to provide a fair estimation
of performance accuracy. This algorithm performed well at classi-
fying participants with a high level of bed bug-related stress. Fifth,
we leveraged SHAP values to describe the contribution of each
feature on the occurrence of high-level bed bug-related stress.
The SHAP method is described as the only model-agnostic expla-
nation method with a solid theoretical foundation.30

Our study also has a number of limitations. First, we used a con-
venience, nonprobability sample, which may not match with the
target population. For instance, our sample was over-represented
by females, and unemployment was present in 25% of partici-
pants, whereas a probability nonconvenience sample showed a
lower rate of females and a higher rate of unemployment.4 Also,

despite our efforts in reaching precarious populations, our sample
was relatively highly educated because 50% of participants had at
least a Bachelor's degree (≈20% in the general population).47

Selection is therefore a possibility and inferences may be drawn
with caution. Nonetheless, our study design incorporated ele-
ments to help mitigate this concern. Although individuals scoring
high in bed bug-related stress may have underlying stress ten-
dencies, including current or past psychiatric issues as a predictor
helped mitigate this potential confounding effect on other
predictors.
Second, the cross-sectional nature of this survey makes it diffi-

cult to draw causal inferences from our results. A comparison
between individuals experiencing bed bug infestations and a con-
trol group without infestation history could provide stronger
causal evidence of the impact on mental health. We see our study
as a foundation to deploy longitudinal investigations within a
causal framework.
A third limitation is the relatively small sample size. The recruit-

ment challenges which we faced were significant, primarily owing
to the sensitive nature of bed bug infestations and the associated
stigma. Many participants were excluded because they had a bed
bug infestation for more than a year before they filled up the sur-
vey. Even though our approach allowed for rich data collection
from each participant, providing a nuanced understanding of
their experiences, some participants complained that the survey
was too long and some did not complete it. We acknowledge that
limitations remain regarding generalization to different popula-
tions. However, we believe our study provides valuable initial
insights into the understudied area of bed bug-related stress
and provides a solid foundation for future research in this area.
In particular, the use of cross-validation enables greater confi-
dence in our model performance and applicability to indepen-
dent observations. Likewise, our relatively small sample did not
prevent our model from performing well at classifying those with
a high versus low level of bed bug-related stress. Overall, we view
this study as exploratory, offering important preliminary data and
highlighting key areas for further investigation with larger
samples.
Fourth, despite the fact that our survey covered a number of

potential predictors, we were not in a position to investigate
how other variables (e.g. other stressful events) might be associ-
ated with bed bug-related stress. These variables might have fur-
ther increased the predictive power of our model. For instance,
sleep disturbances caused by bed bug infestations have a sub-
stantial impact on the quality-of-life of those affected, and can
exacerbate stress.10

Fifth, we focused onmental health effects within 1 year of infes-
tation tominimize recall bias. Future studies could explore longer-
term impacts and compare short-term versus long-term effects of
bed bug infestations.

5 CONCLUSION
Bed bug infestations have risen in the past decades, yet to the
best of our knowledge, no previous studies had investigated pre-
dictors of bed bug-related stress, a potentially prevalent condi-
tion. Bed bug-related stress may be described as an equivalent
of adjustment disorder or PTSD with a nonlife-threatening stress-
ful event. We showed that a high level of bed bug-related stress
was predicted by sociodemographic factors such as being of a
young age and female sex, social isolation, and infestation- and
treatment-related factors such as the unclear use of pesticides.
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Although some factors contributing to bed bug-related stress,
such as age or sex, are nonmodifiable, this should not deter efforts
to target specific populations and provide tailored support. Social
isolation is a common reaction to bed bug infestations,8,15,48 and
in France, the use of pesticides is still the first line option for elim-
inating bed bugs.3 Our study suggests that social isolation and
unclear use of pesticides should be limited to mitigate the risk
of bed bug-related stress. Additionally, our findings underscore
the need for specific psychological and social interventions to
support individuals affected by bed bug infestations.
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