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A B S T R A C T

Background: COVID-19 restrictive measures have had a considerable impact on daily life routines, which may be
especially challenging for families of children with autism. In pre-schoolers with autism, it is likely that the
disruption of routines mainly impacts the presence of restrictive and repetitive behaviours (RRBs). Furthermore,
influence of comorbid conditions, secondary behavioural difficulties and home environment characteristics on
RRBs was explored.
Method: A cross-sectional online survey design was used to collect parent-report data on 254 children with autism
(2.5–6 years) during lockdown in the early months of the pandemic. RRBs were assessed using the Repetitive
Behaviour Scale-Revised (RBS-R).
Results: Parents reported a significant increase in stereotypic, self-injurious, compulsive and ritualistic behaviour,
and restricted interests after implementation of COVID-19 restrictions. The presence of a co-occurring condition,
such as language impairments or intellectual disability, was associated with more self-injurious and stereotypic
behaviour. However, there was no effect of home environment on RRBs. Further, most children showed increases
in internalising and/or externalising behaviour. Increased inattentive behaviour was associated with more ritu-
alistic and stereotypic behaviour, and restricted interests. Decreases in hyperactivity were related to more
restricted interests. Importantly, in a subset of children, parents reported less behavioural difficulties during the
lockdown.
Conclusions: Findings highlight the importance of flexible implementation and continuity of care for pre-schoolers
with autism and support for parents. Further follow-up of children with autism and RRBs, and co-occurring
behavioural difficulties is needed and could enhance our understanding of the long-term effects associated
with sudden restrictive measures to daily routines.
1. Introduction

The coronavirus disease 2019 (COVID-19) was officially declared a
global pandemic by the World Health Organization (WHO) on March
11, 2020 (WHO, 2020). Since then, many governments have rapidly
imposed physical distancing restrictions including stay-at-home di-
rectives to contain the spread of the disease. For a lot of families, these
restrictions have led to considerable disturbance to personal, educa-
tional and work routines, as well as disruptions in social connection. In
particular, families with young children with autism are likely to find
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these sudden changes in daily routine challenging and stressful –

especially in the context of school routine and therapy (Bentenuto
et al., 2021; Kong, 2021). Autism is a common heterogeneous neuro-
developmental condition, characterised by difficulties in social
communication and interaction and restricted and repetitive patterns
of behaviour (Diagnostic and Statistical Manual of Mental Disorders
5th ed [DSM-5]; American Psychiatric Association [APA], 2013). - with
a global prevalence under 1% (e.g., Elsabbagh et al., 2012), but esti-
mates are higher in high-resource countries (for an overview see Lord
et al., 2020). The sudden closure of schools, rehabilitation and therapy
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centres causing suspension of therapeutic activities along with other
changes in daily life, may result in deteriorating autism characteristics
and increasing behavioural difficulties. While little is known regarding
the impact of COVID-19 restrictions on children with autism, the
presence of behavioural manifestations – in particular, restricted and
repetitive patterns of behaviour and interests - are likely to generate
new challenges and increased levels of stress as a result of the
restrictions.

Restricted and repetitive behaviours (RRBs) as described by DSM-5
can be subdivided into four subtypes: (a) stereotypic or repetitive motor
movements, use of objects, or speech; (b) insistence on sameness,
inflexible adherence to routines, or ritualized patterns of verbal or
nonverbal behaviour; (c) highly restricted, fixated interests that are
abnormal in intensity or focus; and (d) hyper- or hyporeactivity to
sensory input or unusual interests in sensory aspects of the environment
(APA, 2013). Next to the classification of RRBs outlined by DSM-5, a
more empirically-driven framework classifies RRBs as “lower order”
(including repetitive motor actions and movements such as
hand-flapping or body rocking, and physical and/or sensory manipu-
lation of objects) and “higher order” (characterised by rigid routines,
resistance to change, insistence on sameness, and intense circumscribed
interests) (Melo et al., 2020; Turner, 1999). Lower order behaviour is
usually more common in younger children, especially those with
co-occurring intellectual disability (ID) and/or language impairments,
while higher order behaviour involves more advanced cognitive and
language capacities and is more common in older children (Esbensen
et al., 2009; Richler et al., 2010; Shuster et al., 2014; Szatmari et al.,
2006). The expression of RRBs in autism is extremely heterogeneous
and although some children with autism show certain RRBs at some
point during their development, not all children will display them
ubiquitously (Turner, 1999; Walker et al., 2004). In addition, RRBs are
not unique to autism and may also be observed in other developmental
and psychiatric conditions (de Vaan et al., 2020; Moss et al., 2013;
Zandt et al., 2007) or in typical development when infants and toddlers
are in the early process of developing coordinated voluntary move-
ments (Honey et al., 2007; Leekam et al., 2007; MacDonald et al.,
2007). However, in young children with autism these early repetitive
motor movements may be more frequent, intense and persistent
through childhood (Bodfish et al., 2000; Harrop et al., 2014; Leekam
et al., 2011).

Although certain RRBs can be considered as unique features of
autism and may have advantages in life (Bury et al., 2020; Russell et al.,
2019), they are among the most stressful behaviours for parents of
young children (Bishop et al., 2007) and are linked to less frequent and
lower qualitative active participation in daily and family activities
(Dickie et al., 2009; Hochhauser and Engel-Yeger, 2010), as well as to
less adaptive behaviour (Goldman et al., 2009; Lane et al., 2010).
Nonetheless, in comparison to the social communication and
interaction-domain of autism, RRBs are under-studied and behavioural
mechanisms underpinning their onset, manifestation, and development
over time are less clear (Melo et al., 2020). Evidence from clinical
studies indicates that key proximal triggers for RRBs are arousal and
unstructured environments (Leekam et al., 2011) – two factors which
can potentially be provoked by the sudden changes caused by the
COVID-pandemic.

Furthermore, given the high prevalence rate (up to 90%) of co-
occurring conditions (e.g., ID, language condition, Attention Deficit
Hyperactivity Disorder (ADHD) and Developmental Coordination
Disorder (DCD)) and co-occurring behavioural difficulties (e.g., eating
or sleeping difficulties, high levels of anxiety or presence of aggressive
and oppositional behaviour) in pre-schoolers with autism (APA, 2013;
Salazar et al., 2015), it is likely that the manifestation of RRBs may, in
part, be associated with the presence of such co-occurring difficulties.
For instance, existing research frequently reports an association be-
tween increased levels of anxiety and higher frequency of RRBs in
autistic children (Gotham et al., 2013; Sukhodolsky et al., 2008).
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Disruptions to daily routine could be a specific trigger for increased
levels of anxiety and stress (Ozsivadjian et al., 2012), which over time,
may increase frequency of RRBs (Lidstone et al., 2014; Rodgers et al.,
2012). Similarly, increased levels of parent-reported infant sleep dif-
ficulties are linked to higher levels of RRBs, including ritualistic
behaviour and insistence on sameness (Gabriels et al., 2005; Hundley
et al., 2016; MacDuffie et al., 2020), as well as self-injurious and
compulsive behaviour (Goldman et al., 2011). Other results showed
correlations between increases in RRBs and hyperactivity, inattention
and externalizing behaviours (Gabriels et al., 2005; Tsai et al., 2020).
Therefore, given the associations between RRBs and co-occurring
conditions and behavioural difficulties, it is likely that sudden
changes to daily routines and habits as a consequence of the
COVID-19-related restrictions may lead to an increase in these
co-occurring behavioural difficulties.

Finally, given the stay-at-home directives, children spend an
extensive amount of time at home. Hence, it is important to under-
stand how aspects of the home environment may influence the
manifestation of RRBs. In contrast to holiday periods in which school
closures are expected and planned, the COVID-restrictions were
applied suddenly; thereby limiting families in activities they could
engage in outside their home, as well as organising care for their
children. Previous studies examined the association between housing
type and mental and emotional well-being in children with atypical
development through parent-report. The results suggest that residents
of a single-family detached house typically have better mental health
compared to those living in multiple dwelling units (Evans et al., 2003;
Nagib and Williams, 2017). Likewise, other housing characteristics
such as larger unit size and more outdoor space, have been linked to
higher quality of life outcomes in children with autism (Nagib and
Williams, 2017).

Currently, the impact of the COVID-19 restrictions in pre-schoolers
with autism is still poorly understood. Thus, given the existing reports
documenting the impact RRBs and behavioural difficulties have on daily
routines in pre-schoolers with autism and their parents, the main goal of
this study was to investigate how parents report the impact of the sudden
COVID-19 restrictions on RRBs and co-occurring behavioural difficulties
during the early months of the pandemic.

First, we aimed to assess if parents reported more RRBs after the onset
of the COVID-19 restrictions. As a result of sudden changes in routines
leading to an unstructured environment, autistic children might engage
in more ritualistic or insistence on sameness behaviour. Further, physical
distancing restrictions may lead to a lack of environmental stimulation,
and thus, to lower levels of arousal potentially triggering an increase in
stereotypic and sensory stimulating behaviour (Leekam et al., 2011). In
addition, given the link between COVID-19 restrictions and psychologi-
cal stress in the general population (Cooke et al., 2020; Gonçalves et al.,
2020; Smith et al., 2020), children with autism may similarly experience
more distress, which could be related to an increase in co-occurring
internalizing and/or externalizing behavioural difficulties (Gotham
et al., 2013; Leekam et al., 2011).

Second, we aimed to explore the impact of co-occurring conditions
and characteristics of the home environment on changes in RRBs due to
COVID-19 restrictions. We hypothesized that, parents of children with
co-occurring conditions, would report higher levels of RRBs (Bishop
et al., 2006; Melo et al., 2020), compared to children without
co-occurring conditions. Regarding the home environment, we explored
if children who live in multiple dwelling units and do not have a private
bedroom would exhibit increased levels of RRBs after onset of COVID-19
restrictions (Nagib and Williams, 2017).

Third, we also aimed to explore links between changes in RRBs and
changes in co-occurring behavioural difficulties as a result of COVID-19
restrictions. More specifically, whether children who display increased
levels of co-occurring behavioural difficulties also exhibit increased
levels of RRBs after onset of COVID-19 restrictions (Gabriels et al., 2005;
Lidstone et al., 2014).



Table 2. Child demographic and home environment characteristics for
total sample (N ¼ 254).

Age (years): mean (±SD) 4.5 (0.98)

Co-occurring conditions: n (%)a

Language condition 46 (18.11)

DCD 19 (7.48)

ID 33 (12.99)

ADHD (condition/features) 17 (6.69)

Genetic condition 7 (2.76)

Education type: n (%)

Regular pre-school 169 (66.54)

Special pre-school 84 (33.07)

Special boarding pre-school 1 (0.39)

Therapeutic support BR: n (%)b

Receiving support (yes) 200 (78.74)

Type of support

Rehabilitation centre 88 (34.65)

Home guidance therapy 94 (37.00)

Private therapy 60 (23.62)

Other (school support/tutoring) 42 (16.53)

Type of residence: n (%)

Detached house 75 (29.53)

Semi-detached house 162 (63.78)

Flat <10 units building 15 (5.91)

Flat >10 units building 2 (0.79)

Home characteristics: n (%)

Private space to play outside 244 (96.06)

Private bedroom 199 (78.35)

House with �2 bedroom(s) 39 (15.35)

House with >2 bedrooms 215 (84.65)

Number other children <18 years: n (%)

�2 children <18 190 (74.80)

>2 children <18 64 (25.20)

Note. a 122 parents reported that the child had more than one co-
occurring condition; b 74 parents reported that the child received
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2. Methods

2.1. Participants

A cross-sectional online survey design was adopted to assess the po-
tential impact of the restrictions imposed by the government due to the
COVID-19 pandemic on RRBs in children with autism. In total, 254 pri-
mary caregivers of pre-schoolers with a parent-reported diagnosis of
autism, who were already attending pre-primary education (M age ¼ 4.5
years, SD ¼ 0.98, range ¼ 2.5–6 years), completed the online survey
around the time of the first lockdown phase in Flanders, Belgium. During
this period, the government issued stay-at-home directives and working
from home was compulsory for non-essential businesses. Schools and
intervention/rehabilitation centres were closed.

The primary caregiver was defined as the person who was, at the time
when the questionnaire was filled out (after onset of COVID-19 re-
strictions), takingmost care of the child (or at least as much as the partner
if present). On the question “How is your child's care divided afterMarch
16th?”, 108 (42.5%) of the respondents indicated that they are respon-
sible for the majority of care, 57 (22.4%) indicated that they are more
responsible for the care of their children as compared to their partner and
89 (35%) indicated that they are equally responsible for the care. On the
question “How is your child's care divided before March 16th?”, 95
(37.4%) of the respondents indicated that they were responsible for the
majority of care, 77 (30.3%) indicated that they were more responsible,
75 (29.5%) indicated that they were equally responsible. Only 7 (2.8%)
respondents indicated that they were less responsible for their children's
care before COVID-19 restrictions than their partner.

Respondents could only start the survey after giving consent and data
were collected anonymously. If respondents had more than one child
who met inclusion criteria, they were asked to only report on the oldest
pre-schooler with autism. Initially, 393 respondents filled out the survey
of which 139 were excluded (72 did not meet inclusion criteria since they
were not the primary caregiver - these parents indicated that they were
less responsible for the care of the children than their partner after onset
of COVID-19 restrictions - and 67 filled out the questionnaire only
partially). See Tables 1 and 2 for demographics of included respondents
Table 1. Respondent demographic characteristics for the total sample (N¼ 254).

Age (years): mean (±SD) 35.26 (6.16)

Relation to the child: n (%)

Mother 237 (93.31)

Father 13 (5.12)

Other 4 (1.57)

Occupation: n (%)

Student 3 (1.18)

(Self-)Employed 204 (80.31)

In receipt of benefits/disability 17 (6.69)

Unsalaried absence of leave 12 (4.72)

Other 8 (3.15)

Unemployed 10 (3.94)

Educational level: n (%)

High school* or lower 116 (45.67)

Higher education (non-university) 94 (37.01)

Higher education (university) 44 (17.32)

Work situation (BR/AR): n (%)

Travel to work 149 (58.66)/ 51 (20.08)

Sometimes working from home 31 (12.20)/ 28 (11.02)

Always working from home 16 (6.30)/ 70 (27.56)

Not currently working/sick leave/parent leave 58 (22.83)/ 105 (41.34)

Note. BR ¼ Before COVID-19 Restrictions; AR ¼ After COVID-19 Restrictions; *
High school in Belgium is commonly considered as 12 years of education starting
at the age of 6.

more than one type of therapeutic support; BR ¼ Before COVID-19
Restrictions.
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and children (N ¼ 254). The respondents consisted primarily of mothers
(93%, n ¼ 237), with a smaller participation of fathers (5%, n ¼ 13) and
relatives (2%, n ¼ 4). The mean age of caregivers was 35.26 years (SD ¼
6.16). Half of the caregivers reported having a college degree or educa-
tion beyond college (54%, n ¼ 138). The majority of the children were
attending regular pre-primary education before the lockdown (66%, n ¼
169) and many of them were also receiving therapeutic support (79%, n
¼ 200). Half of the children were reported to have (or to be suspected of,
in the case of ADHD features) a comorbid diagnosis.

2.2. Procedure

The survey was distributed through the online platform Limesurvey
(Limesurvey GmbH, 2017) during the early months of the pandemic be-
tween the 8th of April and 11th of May 2020. In total, the survey consisted
of 110 questions of which 72 were considered for the present study. Most
parents completed the survey in 20–30 min. As the government recom-
mended people to isolate themselves at home as much as possible from the
16th of March onwards, the survey was advertised via digital platforms,
such as Facebook, Instagram and organisational websites of several clinical
services, home guidance services, parent associations and special educa-
tion schools. There was no compensation provided. Ethical approval was
received prior to data collection by the ethics committee of the Faculty of
Psychology and Educational Sciences, Ghent University (Belgium) on the
7th of April 2020 (file number 2020/48).
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2.3. Materials

2.3.1. Demographic and home environmental data
See Tables 1 and 2 for an overview of the variables included in the

online survey.

2.3.2. Restricted and repetitive behaviours
RRBsweremeasured by an adapted version of the “Repetitive Behavior

Scale-Revised” (RBS-R; Bodfish et al., 2000). The RBS-R is a 43-item
informant-based questionnaire for measuring presence and severity of a
variety of RRBs in individuals with autism. In line with previous psycho-
metricfindings (Lam and Aman, 2007; Mirenda et al., 2010),five subscales
were retained in the present study: (a) Rituals/Sameness (17 items), (b)
Self-injurious Behaviour (8 items), (c) Stereotypic Behaviour (6 items), (d)
Compulsive Behaviour (8 items), and (e) Restricted Interests (4 items).
Higher RBS-R subscale scores indicate more severe behaviours. Only
subscale scores were included in the analyses since RRBs are not unidi-
mensional and the total score is therefore difficult to interpret (Lam and
Aman, 2007; Mirenda et al., 2010). After the author's permission, the
original 4-point rating scale was adapted to a 7-point rating scale (1 ¼
behaviour does not occur and 7 ¼ behaviour occurs and is a severe
problem) to enlarge score variation and enhance detection of differences in
scores. Participants were asked to read an item on a certain behaviour and
then choose the score that best described how present the behaviour had
been before and afterMarch 16th. Thus, caregivers completed the survey for
each behaviour before the restrictions (BR) and after the restrictions (AR) in a
sequence. This particular order was not only the most time-efficient
(otherwise parents would have to go through the questionnaire twice)
but also allowed the parent to visually evaluate changes on a rating scale
for each specific behaviour. By expanding the rating scale, parents could
also indicate more subtle changes. However, to avoid ‘leading questions’ it
is important to mention that no direct questions on change in behaviours
were asked, only presence of the behaviour before and after March 16th. In
this study, the internal consistency of most RBS-R subscales ranged from
acceptable to excellent (Cronbach's alpha's ranging from .73 to .91), which
is in line with the internal consistency found in a previous study using the
Dutch version of the RBS-R (Duvekot et al., 2017). With regard to the
subscale Restricted Interests, consistent with previous research and given
that this scale only consists of 4 items (Lam and Aman, 2007), its internal
consistency BR and AR was questionable (.63 for both). Thus, findings on
this subscale should be interpreted with caution and considered
exploratory.

2.3.3. Co-occurring behavioural difficulties
Eight broad questions were included on (1) emotional symptoms

(anxious or down e.g., easily upset, nervous or tense, easily offended), (2)
inattention (difficulties with focussing e.g., can't concentrate, switches
quickly from one activity to another), (3) hyperactivity (restless or hy-
peractive e.g., can't sit still, runs around a lot), (4) conduct behaviour
(aggressive behaviour e.g., damages own property or property of others,
angry tempers, beats a lot), (5) oppositional behaviour (e.g., is sometimes
provocative, has angry temper, is stubborn, steering or irritable, does not
cooperate), (6) physical complaints without clear medical cause (e.g.,
constipation, diarrhoea, headaches, nausea, abdominal pain, vomiting),
(7) sleep difficulties (e.g., troubles to fall asleep, wakes up very often,
nightmares, talks during sleep), and (8) eating difficulties (e.g., doesn't
want to eat anymore, eats less, eats too much). These eight areas of
behavioural difficulties were clearly defined to the parents and included
the abovementioned examples to enhance differentiation between items.
Participants had to indicate whether difficulties were “more”, “less” or
“similar/equally” present after implementation of the COVID-19 re-
strictions. Children with no reported co-occurring difficulty, were
excluded for analyses of the second research question. The questions
were based on questions from the Child Behavior Checklist (CBCL; Dutch
translation by Verhulst & van der Ende, Erasmus MC Rotterdam (1990))
for the ages 1.5–5 years (Achenbach and Rescorla, 2001) and the
4

Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997; Dutch
translation by Treffers and van Widenfelt (2005)) and adapted to the
purpose of the present research.

2.4. Analysis
Statistical analyses were conducted with IBM SPSS version 25.0 (IBM

Corp., 2017) and the statistical computing environment R (version 4.0.3;
R Core Team, 2020).

First, since difference scores between the subscales BR and AR fol-
lowed a non-normal distribution (based on both visual inspection of the
histograms and Shapiro-Wilk tests), a Wilcoxon two-sample paired
signed-rank test was conducted to examine if parents reportedmore RRBs
AR. As an indication of the size of the effects, rawmean difference scores,
standardized mean difference scores and standardized median differ-
ences scores in combination with the proportions of lower scores AR,
proportions of equal scores and proportions of higher scores AR are
provided. In order to test the robustness of the results, both paired sample
t-tests and Wilcoxon paired signed-rank tests were additionally con-
ducted on log-transformed data and added in Appendix 1. Given that for
this first research question we had clear expectations about the direction
of the expected effect and the fact that we conducted different compar-
isons, strict Bonferroni adjustments were applied to control for inflation
of Type I error rate due to multiple comparisons (Bonferroni, 1936).

Second, Chi-square tests were conducted to investigate significant
differences in percentages of children who exhibited less, similar or more
co-occurring behavioural difficulties AR. Again, Bonferroni adjustments
were applied to control for inflation of Type I error rate due to multiple
comparisons (Bonferroni, 1936).

Third, for each RBS-R subscale a linear mixed-effects models was
fitted. Each model included main effects of time (i.e., BR and AR), co-
occurring condition, home environment, and co-occurring behavioural
difficulties, as well as two-way interaction terms of time with the other
variables. Given our aim to explore (1) the impact of co-occurring con-
ditions and home environment on changes in RRBs, and (2) the associ-
ation between changes in RRBs and changes in co-occurring behavioural
difficulties due to COVID-19 restrictions, only the parameter estimates
and corresponding tests of the two-way interaction terms were inter-
preted. Based on visual inspection of the histograms and the RR-plot and
residual analyses it was clear that distributions of the subscales were
positively skewed and (mainly for the subscale Self-injurious behaviour)
error terms were not normally distributed – an assumption underlying
linear regression models. In addition, given that these research questions
were exploratory, the analyses were not interpreted as confirmatory
hypothesis tests. In line with the exploratory nature of the research
questions, we did not apply dichotomous null-hypothesis testing.
Therefore, and because we aimed to form new hypotheses, we did not use
any corrections with respect to type-I error inflation (like the conserva-
tive Bonferroni corrections). Thus, these results and especially the results
with regard to the Self-injurious scale, need to be interpreted with
caution. As a test for the robustness of the effects, analyses were also
performed on log-transformed data and included in Appendix 2. Similar
results were obtained with both approaches.

3. Results

3.1. Parent-reported RRBs before and after COVID-19 restrictions

Wilcoxon paired signed-rank tests indicated that parents reported
significantly more RRBs on all RBS-R subscales AR. The largest raw mean
difference score (i.e., 2.99), standardized mean difference score (i.e.,
0.26) and standardized median difference score (i.e., 0.17) were found
for Stereotypic Behaviour. The highest proportions of higher scores AR
were found for both Stereotypic Behaviour (56.7%) and Rituals/Same-
ness (58.7%). The smallest raw difference score (i.e., 0.90), standardized
mean difference score (i.e., 0.16) and standardized median difference
score (i.e., 0.00) were found for Restricted Interests. See also Table 3. As a



Table 3. Mean differences in the RBS-R subscales BR and AR (N ¼ 254).

RBS-R subscale BR
Mean (SD)

AR
Mean (SD)

Raw
Mean
Diff

Stdz Mean Diff Stdz Median Diff V* df (n) p Prop lower AR Prop equal Prop higher AR

Rituals/Sameness 29.29 (10.78) 32.06 (12.92) 2.77 0.16 0.12 3588.5 254 <.001 15.4 26.0 58.7

Self-injurious 11.03 (4.21) 12.73 (6.83) 1.70 0.21 0.12 775.5 254 <.001 7.9 58.3 33.9

Stereotypic 19.21 (6.59) 22.20 (9.34) 2.99 0.26 0.17 1824.5 254 <.001 9.4 33.9 56.7

Compulsive 11.98 (4.53) 13.26 (5.69) 1.28 0.18 0.14 939 254 <.001 7.1 54.3 38.6

Restricted Interests 9.15 (3.65) 10.05 (4.22) 0.90 0.16 0.00 1242 254 <.001 8.3 52.0 39.8

Note. RBS-R¼ Repetitive Behavior Scale-Revised; BR¼ Before COVID-19 Restrictions; AR¼ After COVID-19 Restrictions; Diff¼ Difference scores; Stdz¼ Standardized;
Prop lower AR¼ proportions of lower scores after COVID-19 Restrictions; Prop equal¼ proportions of equal scores; Prop higher AR¼ proportions of higher scores after
COVID-19 Restrictions; *¼ Test Statistic of Wilcoxon paired signed-rank test; df¼ degrees of freedom; p-values significant after Bonferroni-correction (α¼ 0.05/4
¼0.0125) are depicted in bold.
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test for robustness of the effects, Wilcoxon paired signed-rank tests were
also conducted on log-transformed data (see Appendix 1).

3.2. Parent-reported co-occurring behavioural difficulties before and after
COVID-19 restrictions

Chi-square tests revealed that reported co-occurring difficulties
increased significantly AR in 47–65% of the autistic children. Most
children mainly showed more hyperactive, oppositional, emotional and
aggressive behaviour. However, both physical complaints and eating
difficulties remained similar in most of the children (52 and 48%,
respectively). Importantly, in a smaller amount of children (ranging from
10 to 22%), co-occurring difficulties were reported to decrease AR. See
also Table 4.

3.3. Impact of co-occurring conditions and home environment on changes
in RRBs due to COVID-19 restrictions

Two groups of autistic children with Co-occurring Conditions (CC; n
¼ 100) and No Co-occurring Condition (NCC; n ¼ 154) were distin-
guished. Linear mixed-effect models suggest that in all groups more self-
injurious behaviours were reported. However, specific results suggest
(χ2(1) ¼ 7.97, p ¼ .00) that the difference was smaller in NCC (BR: M ¼
11.13, 95%CI [9.90–12.37]; AR: M ¼ 12.33, 95%CI [11.10–13.56])
compared to CC (BR: M ¼ 12.95, 95%CI [11.46–14.44]; AR: M ¼ 16.45,
95%CI [14.96–17.94]) (see also Figure 1a). In addition, both groups
showed more stereotypic behaviours. However, the results suggest (χ2(1)
¼ 4.53, p ¼ .03) that the difference was smaller in NCC (BR: M ¼ 18.91,
95%CI [17.31–20.51]; AR:M ¼ 21.87, 95%CI [20.27–23.47]) compared
to CC (BR: M ¼ 22.02, 95%CI [20.09–23.95]; AR: M ¼ 26.89, 95%CI
[24.96–28.82]) (see also Figure 1b). Lastly, parents also reported more
compulsive behaviours in both groups. However, the results suggest
(χ2(1) ¼ 3.99, p ¼ .05) that the difference was smaller in NCC (BR: M ¼
12.04, 95%CI [10.98–13.11]; AR: M ¼ 13.38, 95%CI [12.31–14.44])
Table 4. Differences in proportions of parents reporting less, similar or more co-occu

Co-occurring
difficulties

N Less (%) Similar (%)

Emotional 244 21 18

Inattention 245 10 40

Hyperactivity 241 12 23

Conduct/Aggressive 204 14 26

Oppositional 247 15 20

Sleep 204 15 38

Physical 143 22 52

Eating 218 12 48

Note. df ¼ degrees of freedom; Q-value ¼ adjusted p-value for the False Discovery R
method; p-values significant after Bonferroni-correction (α ¼ 0.05/8 ¼ 0.00625
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compared to CC (BR: M ¼ 13.35, 95%CI [12.06–14.63]; AR: M ¼ 15.68,
95%CI [14.39–16.97]) (see also Figure 1c). Importantly, these results
with regard to stereotypic and compulsive behaviours need to be
cautiously interpreted since p-values of log-transformed data indicated
low effects (see also Appendix 2).

With regard to the impact of home environment, three groups were
distinguished based on type of residence (detached ¼ 75 children; semi/
terrace ¼ 162 children; flat ¼ 17 children) and two groups based on
children having a private room (n ¼ 199) or not (n ¼ 55). However, linear
mixed-effect models suggest no interaction effects between characteris-
tics of home environment and change in RRBs. See Table 5 for an over-
view of exploratory interaction effects and Appendix 2 for log-
transformed analyses.

3.4. Association between changes in RRBs and changes in co-occurring
difficulties due to COVID-19 restrictions

The results of the linear mixed-effects model suggest an interaction
effect (χ2(2) ¼ 7.96, p ¼ .02) between inattention and Rituals/Same-
ness. More specifically, children who showed less inattention AR
showed less ritualistic behaviours (M ¼ 33.30; 95%CI [24.69–41.90])
than BR (M ¼ 34.72; 95%CI [26.11–43.32]). In contrast, children who
showed more inattention AR also showed more ritualistic behaviours
(M¼ 36.67; 95%CI [33.91–39.42]) compared to BR (M¼ 31.72; 95%CI
[28.97–34.48]). Children who showed similar inattention AR also
showed more ritualistic behaviours (M ¼ 32.05; 95%CI [28.78–35.31])
than BR (M ¼ 29.22; 95%CI [25.95–32.49]), however, this difference is
smaller compared to children who showed more inattention (see also
Figure 2a).

Further, the results suggest an interaction effect (χ2(2) ¼ 5.99, p ¼
.05) between inattention and Stereotypic Behaviour. Children who
showed less inattention AR showed more stereotypic behaviours (M ¼
21.80; 95%CI [16.31–27.29]) than BR (M ¼ 19.50; 95%CI
[14.01–24.99]). Similarly, children who showed similar inattention AR
rring behavioural difficulties BR and AR.

More (%) χ2 df p-value q-value (BH)

61 82.36 2 <.001 <.001

50 63.12 2 <.001 <.001

65 114.63 2 <.001 <.001

60 69.29 2 <.001 <.001

65 110.92 2 <.001 <.001

47 32.85 2 <.001 <.001

26 23.89 2 <.001 <.001

40 45.53 2 <.001 <.001

ate (FDR) or the proportion of false positives according to Benjamin Hochberg
) are depicted in bold.



Figure 1. Interaction effects between Time and groups of children with Co-occurring Conditions (CC) and No Co-occurring Condition (NCC) for raw scores on RBS-R
subscales Self-injurious (a), Stereotypic (b) and Compulsive Behaviour (c).
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showed more stereotypic behaviours (M¼ 21.90; 95%CI [19.81–23.98])
than BR (M ¼ 19.49; 95%CI [17.41–21.58]). However, children who
showed more inattention showed the largest difference in stereotypic
behaviours (BR: M ¼ 20.75; 95%CI [18.99–22.51]; AR: M ¼ 25.57; 95%
CI [23.81–27.33]) (see also Figure 2b).

Furthermore, the results also suggest an effect (χ2(2) ¼ 6.10, p ¼ .05)
between inattention and Restricted Interests. Children who showed less
6

inattention AR also showed less restricted interests (M ¼ 9.40; 95%CI
[6.73–12.18]) compared to BR (M ¼ 9.85; 95%CI [7.13–12.58]). In
contrast, children who showed more inattention AR also showed more
restricted interests (M ¼ 11.40; 95%CI [10.52–12.27]) than BR (M ¼
9.91; 95%CI [9.04–10.78]). Similarly, children who showed similar
inattention AR also showed more restricted interests (M ¼ 9.63; 95%CI
[8.59–10.66]) than BR (M ¼ 8.81; 95%CI [7.77–9.84]), however, this



Table 5. Linear mixed-effects models for each RBS-R subscale with main and interaction effects.

Rituals/Sameness Self-injurious Stereotypic Compulsive Restricted

χ2 df p χ2 df p χ2 df p χ2 df p χ2 df p

Time 3.83 1 0.05 0.93 1 0.34 4.40 1 0.03 3.33 1 0.07 5.14 1 0.02

Co-occurring condition 0.09 1 0.76 10.27 1 0.00 10.85 1 0.00 4.63 1 0.03 2.55 1 0.11

Type Residence 0.35 2 0.84 0.93 2 0.63 1.87 2 0.39 2.84 2 0.24 0.22 2 0.90

Private Room 2.27 1 0.13 0.09 1 0.76 0.73 1 0.39 0.40 1 0.53 0.00 1 0.97

Emotional 0.69 2 0.71 7.43 2 0.02 7.50 2 0.02 0.10 2 0.95 0.85 2 0.65

Inattention 2.92 2 0.23 0.78 2 0.68 3.32 2 0.19 7.57 2 0.02 4.28 2 0.12

Hyperactivity 0.42 2 0.81 0.47 2 0.79 1.18 2 0.55 4.56 2 0.10 3.46 2 0.18

Aggressive 0.11 2 0.94 0.02 2 0.99 1.92 2 0.38 0.32 2 0.85 0.35 2 0.84

Oppositional 0.45 2 0.80 0.64 2 0.72 6.24 2 0.04 2.34 2 0.31 0.85 2 0.65

Sleep 2.54 2 0.28 0.35 2 0.84 0.97 2 0.61 0.43 2 0.81 3.66 2 0.16

Time x co-occurring cond. 0.00 1 0.94 7.97 1 0.00 4.53 1 0.03 3.99 1 0.05 0.15 1 0.70

Time x type residence 3.30 2 0.19 0.96 2 0.62 0.35 2 0.84 1.08 2 0.58 1.38 2 0.50

Time x private room 0.70 1 0.40 0.16 1 0.69 1.16 1 0.20 0.04 1 0.84 0.15 1 0.70

Time x emotional 2.75 2 0.25 2.18 2 0.34 2.40 2 0.30 2.46 2 0.29 0.41 2 0.82

Time x inattention 7.96 2 0.02 3.60 2 0.17 5.99 2 0.05 4.66 2 0.10 6.10 2 0.05

Time x hyperactivity 8.86 2 0.05 0.10 2 0.95 2.06 2 0.36 2.00 2 0.37 6.74 2 0.03

Time x aggressive 2.07 2 0.36 4.95 2 0.84 2.08 2 0.35 2.90 2 0.23 1.43 2 0.49

Time x oppositional 1.17 2 0.56 0.91 2 0.63 1.73 2 0.42 1.86 2 0.39 0.74 2 0.69

Time x sleep 1.62 2 0.44 0.55 2 0.76 1.30 2 0.52 0.05 2 0.97 3.83 2 0.15

Note. χ2 ¼ value of the type III Wald chi square; df ¼ degree of freedom; p ¼ p-value of the type III Wald chi square; Interpreted exploratory interaction effects are
depicted in bold.

S. Boterberg et al. Heliyon 8 (2022) e09727
difference is smaller in comparison with children who showed more
inattention AR (see also Figure 2c).

Further, the results suggest an effect (χ2(2) ¼ 6.74, p ¼ .03) between
hyperactivity and restricted interests. Children who showed less hyper-
activity AR showed more restricted behaviours (M ¼ 9.25; 95%CI
[6.64–11.87]) than BR (M ¼ 6.39; 95%CI [3.78–9.01]). This difference
was larger compared to children who showed similar hyperactivity (BR:
M ¼ 9.24, 95%CI [7.86–10.63]; AR:M ¼ 10.16, 95%CI [8.78–11.55]) or
more hyperactivity (BR:M¼ 10.03, 95%CI [9.22–10.85]; AR:M¼ 10.94,
95%CI [10.12–11.75]) (see also Figure 3a).

Lastly, the results also suggest an effect (χ2(2) ¼ 8.86, p ¼ .05) be-
tween hyperactivity and Ritualistic/Sameness. Children who showed less
hyperactivity AR were reported to showmore ritualistic behaviours (M¼
34.57; 95%CI [26.32–42.83]) than BR (M ¼ 27.01; 95%CI
[18.76–35.27]). This difference was larger compared to differences in
children who showed similar hyperactivity (BR: M ¼ 30.97, 95%CI
[26.60–35.34]; AR: M ¼ 33.24, 95%CI [28.87–37.61]) or more hyper-
activity (BR: M ¼ 31.65, 95%CI [29.08–34.22]; AR: M ¼ 35.23, 95%CI
[32.66–37.80]) (see also Figure 3b). Importantly, these results regarding
hyperactivity need to be interpreted with caution since p-values of log-
transformed data indicated low effects. See Table 5 for an overview of
exploratory interaction effects and Appendix 2 for log-transformed
analyses.

4. Discussion

In the present study, we conducted a cross-sectional online survey to
assess the parent-reported impact of the COVID-19 restrictions on the
manifestation of restricted and repetitive behaviours (RRBs) in children
with autism between 2.5 and 6 years old during the early months of the
pandemic. Our results showed that the introduction of COVID-19 re-
strictions may have been associated with less optimal behavioural out-
comes in young children with autism – specifically, parents reported that
they noticed higher levels of stereotypic, self-injurious, compulsive and
ritualistic behaviour, and more restricted interests. Evidence from pre-
vious clinical studies suggests that arousal is a key proximal trigger for
RRBs (Leekam et al., 2011); thus, ritualistic behaviour could function as a
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self-regulating coping strategy in children with autism. This may help to
regulate hyperarousal caused by changes in daily life routines. Further,
stereotypic and self-injurious behaviour may compensate for a lack of
stimulation or hypo-arousal linked to reduction in social connection,
linked to COVID-19 restrictions.

In addition, our results demonstrate that primarily children with
autism and a co-occurring condition display more self-injurious and
stereotypic behaviour, after the introduction of the COVID-19 re-
strictions. This finding could be associated with the large proportion of
children with a reported concurrent language impairment (i.e., 18%)
and/or ID (i.e., 13%). In prior research, these co-occurring conditions
seemed to be linked to repetitive motor actions and movements, and
physical and/or sensory manipulation of objects (Esbensen et al., 2009;
Leekam et al., 2011; Melo et al., 2020).

However, there was no association between characteristics of the
home environment (i.e., type of residence and children having a private
room) and the change in RRBs after COVID-19 restrictions. To the best of
our knowledge, there is no existing empirical evidence reporting a link
between characteristics of the home environment and RRBs.

Our results indicated that 47–65% of the parents noticed that their
child displayed more co-occurring behavioural difficulties, after the
introduction of COVID-19 restrictions, including emotional diffi-
culties, inattention, hyperactivity, conduct or aggressive behaviour
and oppositional behaviour, and sleep difficulties. The highest parent-
reported increases were related to externalising behaviour. This is in
line with previous evidence indicating that children and adolescents
showed increased externalising behaviour during the lockdown, in-
dependent of diagnostic status (i.e., neurodevelopmental disorder or
typical development; Bentenuto et al., 2021). Moreover, more than
50% of the pre-schoolers with autism in the present study showed
higher levels of parent-reported anxiety symptoms and low mood. This
is in line with prior research in older children and adolescents with
autism (Amorim et al., 2020; Asbury et al., 2020). Our findings also
support existing reports documenting the impact of COVID-19 re-
strictions on behavioural functioning in individuals with autism (3–29
years) more broadly (Colizzi et al., 2020; Levante et al., 2021; Mutluer
et al., 2020).



Figure 2. Interaction effects between Time and Inattention groups for raw scores on RBS-R subscales Rituals/Sameness (a), Stereotypic Behaviour (b) and Restricted
Behaviour (c).
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With regard to the impact of co-occurring behavioural difficulties, our
findings suggest that mainly children who experience increased inat-
tentive behaviour after the onset of COVID-19 restrictionsmay show both
more higher (i.e., more rituals and restricted interests) and lower order
(i.e., stereotypies) RRBs. Furthermore, parents noticed more restricted
interests in children who displayed less hyperactivity after the
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restrictions. Thus staying at home for a considerable amount of time may
provide these children with more opportunities to be engaged with their
preoccupations, leading to a potential decrease in hyperactivity. How-
ever, it is important to note that since the restrictive interests subscale of
the RBS-R consists of only four items with relatively low internal con-
sistency, these findings should be considered exploratory (Lam and



Figure 3. Interaction effects between Time and Hyperactivity groups for raw scores on RBS-R subscales Restricted Behaviour (a) and Rituals/Sameness (b).
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Aman, 2007). Likewise, caution is needed when interpreting interaction
effects since we did not have a baseline measure of the level of
co-occurring behavioural difficulties prior to the start of the COVID-19
restrictions.

Finally, in a smaller proportion of children (ranging from 10 to 22%),
parents noticed a decrease in co-occurring behavioural difficulties.
Hence, in some children, a significant reduction in day-to-day obligations
which provoke high levels of arousal might reduce the level of experi-
enced behavioural difficulties. Similarly, a study by Asbury et al. (2020)
indicated that a minority of parents of children with disabilities reported
that the COVID-19 pandemic had a minimal impact on their child's
mental health – with parents even reporting improvements in overall
well-being for those who experienced difficulties in the school environ-
ment. It is important to note that in our sample, there was considerable
variation in change in RRBs scores within this small group of children
who displayed less co-occurring difficulties after the introduction of the
restrictions. Thus, these interaction effects must be interpreted with
caution (see also Figures 2 and 3).

4.1. Strengths and limitations

This study has several strengths, including: (i) the inclusion of very
young children with autism, (ii) the focus on RRBs, which are currently
understudied in the autism literature and are considered among the most
challenging characteristics associated with autism as reported by parents
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(South et al., 2005), and (iii) the fact that the study was conducted during
the very first weeks of lockdown which allowed us to immediately
measure its direct impact. Furthermore, although the survey was
distributed online, the current study represented parents with various
degrees of education since almost half of them indicated 12 years of
education or lower (“high school or lower”) as their highest educational
level.

The main limitation of this study is that parents had to retrospectively
report on the behaviour of their child before the introduction of the re-
strictions. In this respect, it is important to note that there may be several
factors that impact the reliability of the baseline RRBs and therefore in-
fluence the internal validity of the results. First, there may be recall bias
given that parents may not reliably recall their child's day-to-day
behaviour with sufficient detail and accuracy from earlier in the year.
Second, the reported behaviour could be influenced by parent exposure.
With regard to changes in parenting habits, 64% of the caregivers indi-
cated that the amount of care for their child remained the same after
implementation of the COVID-19 restrictions. A subset of parents indi-
cated an increase of care (i.e., 20%) or a decrease in care (i.e., 16%). In
most families (i.e., 92%) there was no change in the parent who provided
the most care to the child. Concerning work routines two out of five
parents had to start working from home (increase of 22%) or had to stop
working (increase of 18%) after implementation of the COVID-19 re-
strictions (see also Table 1). Therefore, in some of the parents, it could
have been the case that they spent more time with their children leading
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to an increased awareness of RRBs and other behavioural difficulties
almost certainly impacting their perception and thus ratings. Although
we want to mention these general data on changes in parenting and work
routines, we are aware that these provide only very limited information
on the degree of disturbance in the areas of parenting, education, per-
sonal (mental and physical) and work routines which influence parent's
perceptions. Finally, given the potentially adverse impact of the COVID-
19 pandemic on caregivers' mental health, it is possible that parents re-
ported their child's behaviour more negatively. With regard to the mixed-
effect models that were used in the present study, it is important to note
that the data did not meet all of the assumptions underlying linear
regression models. Although there could be multiple strategies to analyse
the data, for interpretability reasons, we chose to present the analysis
using the raw data in the present study. Yet, similar results were obtained
with log-transformed data. Given that the research questions related to
the mixed-effect models were exploratory, the analyses were not inter-
preted as confirmatory hypothesis tests. In addition, no corrections for
multiple testing were used to reduce the probability of missing possible
explanations. Therefore, these results and especially the results with re-
gard to the Self-injurious scale, need to be interpreted with caution and
are only used to generate new research questions that should be tested
confirmatory with independent data.

4.2. Implications

Several authors have already pointed to the potential negative impact
of changes in daily-life routines and disruptions of regular services on
children with autism linked to COVID-19 restrictions (Ameis et al., 2020;
Kong, 2021). In our study, 33% of the children attended special educa-
tion and 79% received different forms of therapeutic support before
COVID-19 restrictions which have been abruptly interrupted during the
first months of the pandemic. Similarly, White et al. (2021) found that
particularly children under the age of five had the most severely dis-
rupted services and lowest benefit of adaptations of regular in-
terventions. Ensuring the continuity of care during the restrictions could
be particularly relevant for pre-schoolers with autism, since previous
studies demonstrated that intervening early is related to more progress in
the current treatment process and more optimal long-term outcomes
(Fuller and Kaiser, 2020). Moreover, at this young age, discontinuity of
care may also increase risk of developmental stagnation or even regres-
sion (Boterberg et al., 2019). Furthermore, since RRBs are among the
most stressful manifestations of autism (Bishop et al., 2007) and the
COVID-19 pandemic itself evokes additional psychological distress
(Asbury et al., 2020; Bentenuto et al., 2021; Kong, 2021), there is an
increased need for psychological services for parents. Availability of such
services through accessible means (e.g., telehealth programs or online
platforms) may prevent these families from feeling further isolated dur-
ing the ongoing pandemic.

In sum, the present results highlight the importance of having stra-
tegies ready for flexible implementation of accessible support services for
potential future pandemic-related lockdowns, as well as the need to
consider interventions for immediate post-pandemic applications (e.g.,
with solutions for in-person contact for critical therapies such as in-
terventions including wearing a mouth-mask) focused on improving the
well-being of families (Ameis et al., 2020; degli Espinosa et al., 2020;
Narzisi, 2020a, 2020b; Sivaraman et al., 2021; White et al., 2021). In-
formation concerning the possible impact of the restrictions on specific
symptomatic manifestations of autism (i.e., RRBs) and other co-occurrent
difficulties (e.g., inattention and hyperactivity) may be relevant to cli-
nicians working with young children with autism. It may be useful to
assess whether worsening in these areas has actually occurred and thus,
provide further support and strategies to the parents or include these
aspects in the current treatment of the child. Clinicians need to be alert to
the impact of the restrictions, both during and immediately after periods
of lockdowns and also later on when daily life routines are back to
normal.
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5. Conclusion

It is clear that RRBs persist pre and post COVID-19 restrictions in
young children with autism as reported by parents. However, our find-
ings demonstrate that the COVID-19 restrictions may increase restricted
and repetitive behaviours (RRBs), as well as both internalising and
externalising behaviours in children with autism, even at a very young
age. These findings highlight the importance of flexible implementation
and continuity of care for pre-schoolers with autism and support for their
parents. Given the potentially negative impact of the COVID-19 re-
strictions at the very beginning of the pandemic, further clinical follow-
up of the severity of RRBs and co-occurring behavioural difficulties is
required to investigate if these behaviours returned to previous levels
after the initial transition period of the lockdown was finished and how
additional lockdown phases influenced these behaviours. This could
further enhance our understanding of the long-term effects of sudden
changes related to increased amount of time spent at home during the
COVID-19 pandemic.
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