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Background: Individuals with neurodevelopmental disorders often have

atypical emotion profiles, but little is known about how they regulate their

emotions. While several studies have examined emotion regulation strategy

use in autism spectrum disorder (ASD), only a few have included individuals

with intellectual disability (ID) or focused on specific syndromes such as

Williams syndrome (WS).

Methods: A parent-reported survey launched during the first months of

the COVID-19 pandemic allowed to exploratorily study emotion regulation

strategy use and its link to anxiety in individuals with ASD with (N=785) and

without ID (N=596), WS (N=261), and Intellectual Disability not otherwise

specified (N=649).

Results: Usingmultilevel analyses, besides revealing specific group di�erences

in emotion regulation strategy use, a variety of strategies (e.g., rumination,

avoiding information, repetitive behaviors) were found to be linked to elevated

levels of anxiety, while focusing on the positive was linked to lower anxiety

levels in all groups. Moreover, only autistic people without ID used humormore

frequently while experiencing lower anxiety levels.

Conclusion: This study sheds light on an underexplored area of emotion

regulation strategy use in di�erent neurodevelopmental disorders. It also paves

the way to further examine emotion regulation in more rigorous ways to better

understand emotion regulation in di�erent neurodevelopmental disorders as
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well as the impact on outcome measures such as anxiety. This exploratory

study may help to develop and validate adequate measures to study a broad

array of ER strategies used by individuals with neurodevelopmental disorders.

KEYWORDS

emotion regulation, COVID-19, Williams syndrome, autism, anxiety, intellectual

disability

Introduction

In a variety of contexts, it has been shown that the ability to

regulate one’s own emotions is important for mental health and

wellbeing (1, 2). Emotion regulation (ER) has been defined as

the strategies people use to alter the trajectory of an emotion at

different points in the emotion generative process to facilitate

progress toward a desired goal (2). People use more or less

consciously a variety of ER strategies, at times in combination or

in sequence, and ideally in a flexible way, to attenuate or itensify

their emotional experience. While the context will determine

how adaptive the choice and implementation of an ER strategy

will be, the adaptiveness of a strategy can also be seen in terms

of how often it is used on a habitual basis and its association

with long-term outcomes on mental health (2). In this sense,

a few strategies are linked to positive long-term outcomes,

such as cognitive reappraisal, humor, or problem solving,

while others (including avoidance, rumination, or expressive

suppression) have been linked to rather negative long-term

consequences. Emotion dysregulation, i.e., the inflexible use of

more maladaptive ER strategies, has been linked to a variety

of internalizing (e.g., anxiety and depression) and externalizing

(e.g., aggression) problems (3).

While individuals with neurodevelopmental disorders

frequently experience emotional disturbances such as higher

internalizing or externalizing problems (4), the link between

these problems and ER strategy use has only explicitly been

made in a few studies (5, 6). Several studies revealed a tendency

for autistic individuals to use maladaptive instead of adaptive

ER strategies (7). However, little is known about ER strategy

use and efficacy in other neurodevelopmental disorders, such as

Williams syndrome (WS), and there are only a few studies about

ER strategy use in ASD with intellectual disability (ID) (8). For

individuals with ID, more cognitively challenging strategies

such as cognitive reappraisal may be less accessible, and the

flexibility that is required in different phases of ER (being aware

of potential ER strategies, selecting and implementing them

appropriately to the context) may be restricted. Furthermore,

one needs to constantly monitor ER efficacy in order to

maintain, stop or change a specific strategy (2). Limited access

to a variety of self-focused ER strategies may render individuals

with neurodevelopmental disorders, particularly with ID,

more dependent on other people to support their ER, i.e.,

extrinsic ER (9).

For the purpose of this study, we are interested in

comparing the ER strategy use of autistic people with individuals

with WS. WS is a rare genetic disorder with an estimated

prevalence rate of 1 in 7,500 children (10). In contrast,

ASD is relatively more frequent: a recent systematic review

indicates a median prevalence of 100 in 10’000 (11). ASD

and WS are both neurodevelopmental disorders associated

with distinct but overlapping social phenotypes as well as

associated psychopathologies, including anxiety. In terms of

what distinguishes the social phenotypes, individuals with WS

have a socio-emotional profile that can be characterized as

being more than usually inclined to approach strangers, being

gregarious and hyper-sociable, and being attracted to others’

faces (12–15), while the socio-emotional profile of individuals

with ASD may be characterized in certain domains as opposite

to that (16, 17) with socially-avoidant behavior, a lack of desire

to engage with others, and a reduced attention or interest toward

social stimuli (15, 17, 18). Interestingly, and in terms of the

similarities between the social phenotypes, individuals with WS

and autism also share some characteristics, such as difficulties in

social cognition and social information processing (e.g., Theory

of Mind), social communication, autistic mannerisms and the

need to adhere to routines in daily life (16, 17, 19–22).

It is likely that some of these socio-emotional characteristics

and difficulties in social cognition and social information

processing impact self-focused and extrinsic ER in individuals

with neurodevelopmental disorders. Hyper-sociability,

positivity bias [which is prominent in WS (23)], and high

social approach may, on the one hand, protect individuals

from experiencing negative emotions too intensely for too

long, but on the other, impact on the availability and choice of

ER strategies. Low social motivation and a limited Theory of

Mind may render extrinsic ER less accessible to individuals.

In addition, further characteristics may impact ER, such as

alexithymia [i.e., difficulty to recognize and express emotions

and to distinguish between different emotions, as well as

thoughts focused on external rather than internal experience

(24)], which is frequently present in autistic people (25).

Alexithymia may make it difficult to identify the need to

regulate, select and implement appropriate strategies or monitor
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ER efficacy. Finally, the need to adhere to routines may increase

the need to regulate. To summarize, several factors may

play a role in ER strategy use in individuals with different

neurodevelopmental disorders.

In terms of ASD and WS specifically, both are characterized

by elevated levels of anxiety (26). Many autistic individuals

experience higher trait anxiety (27) and as many as 40% are

estimated to meet the diagnostic criteria for anxiety disorder

(28). Anxiety is also reported to be one of the most common

psychopathologies in individuals with WS (29, 30) with higher

levels of anxiety reported than in individuals with Down

syndrome, Prader Willi-syndrome, and Intellectual Disability,

for example (30–33). Some studies also point to higher anxiety

levels in autistic individuals compared to individuals with WS

(26, 34). Interestingly, the type of anxieties appears to be

different: while autistic people may have social and non-social

anxieties, individuals with WS less often show social anxieties

compared to autistic people (26).

As already mentioned, while there are some studies

concerning ER in ASD,more research is necessary to understand

the ER profile in WS. Some studies suggest that individuals

with WS may have difficulties with ER affecting anxiety and

specific phobias (35–37), but little research has examined ER

strategy use in WS. Gaining more insight into ER strategy use

in individuals with WS could have important implications for

interventions (36).

ER was particularly challenging during the COVID-19

pandemic which presumably almost universally generated high

stress and elevated levels of negative emotions. Several studies

suggested that maladaptive strategy use such as catastrophizing,

rumination, or excessive health-related information seeking was

correlated with increased perceived distress, negative emotions,

depression, and anxiety, while adaptive strategies (including

positive refocusing and acceptance) have acted as a buffer

to alleviate emotional distress and negative emotions during

COVID-19 in the general population (38–44). It has even been

suggested that individuals with neurodevelopmental disorders

and their families have been disproportionally impacted (45–

47). For example, in a study including individuals with attention

deficit and hyperactivity disorder, poorer pre-COVID-19 ER

abilities were linked to increased mental health symptoms (48).

However, to the best of our knowledge, no study to date has

focused on ER strategy use and anxiety in individuals with WS

compared to autistic people. A survey launched in the early

months of the COVID-19 pandemic presented an opportunity

to do just that.

The present study

The primary goal of this study was to explore the caregiver-

reported anxiety and use of a broad array of ER strategies and

how the two may be linked in neurodevelopmental disorders.

We aimed to include a broad array of ER strategies in an

exploratory manner since to the best of our knowledge there is

no current validated questionnaire that includes a comparable

broad range of behaviors and strategies used in the attempt to

deal with anxiety in neurodevelopmental disorders. We were

specifically interested in comparing the ER strategy use of

individuals with WS and autistic people. Since ID may impact

the access to and use of ER strategies, particularly in relation

to more cognitively demanding strategies such as cognitive

reappraisal, we split the ASD group into individuals with and

without ID.Moreover, since it was of interest to study the impact

of ID without ASD, we also included individuals with ID not

otherwise specified (ID-NOS). First, we compared the level of

anxiety in these groups. Second, we described the use of 14

ER strategies representing a variety of adaptive and maladaptive

but also rather cognitive and behavioral strategies in these four

groups. Twelve strategies were self-focused, while two described

co-regulation by parents or caregivers (extrinsic ER). Third,

we examined the link between ER strategy use and anxiety

across the four groups. Finally, we examined potential group

differences in the link between strategy use and anxiety.

Method

Participants

For the present study, we will focus on a subsample of the

large international sample collected (see procedures section) of

2,288 individuals, in total: 261 individuals with WS (M = 17.78

years, SD = 10.22, 119 (45.6%) female), 785 autistic people with

ID (M = 12.42 years, SD=7.00, 153 (19.5%) female), 596 autistic

people without ID (M = 11.49 years, SD = 5.92, 124 (20.8%)

female), and 649 individuals with ID-NOS (M = 19.06 years,

SD = 12.07, 281 (43.3%) female). The individuals resided in

51 countries (see Supplementary material A). Specific data on

race/ethnicity has not been recorded. 65.12% of the respondents

were mothers, 27.00% were fathers, and a minority (7.88%) were

caregivers or other relatives. The education attainment levels

of the respondents were 2.80% with no formal qualification,

13.30% with further vocational training, 20.91% with school-

leaving certificate, 35.14% with a university bachelor’s degree or

equivalent, 21.79 with a university master’s degree or equivalent

and 6.03% who wrote “Other”.

We found a significant difference in age of the four groups;

F(3, 2284) = 105.48, p<0.001. Post-hoc tests revealed that the

groups of ASD without and with ID did not differ in age (p

= 0.22), nor did the groups of WS and ID-NOS (p = 0.20).

However, autistic people with IDwere significantly younger than

individuals with ID-NOS (p < 0.001, CI = [5.44 7.86]) and

individuals with WS (p < 0.001, CI = [3.73 7.00]); and autistic

people without ID were significantly younger than individuals

with ID-NOS (p < 0.001, CI = [6.27 8.87]) and those with WS

Frontiers in Psychiatry 03 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.940872
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Samson et al. 10.3389/fpsyt.2022.940872

(p < 0.001, CI = [4.58 7.99]). The χ
2-test on distribution of

males and females in the four groups revealed a significant effect;

χ
2(3)= 151.98, p < 0.001. There were more males than females

in each group except in the WS group in which gender was

distributed equally (p = 0.06). As a consequence, we included

age and gender as covariates for the multilevel analyses.

The survey

The parent or caregiver reported survey was developed

at the beginning of the COVID-19 pandemic in order to

better understand how individuals with special educational

needs and disabilities (SEND; neurodevelopmental disorders

constitute a subgroup of SEND) were affected by the pandemic

[see (49, 50)]. First, demographic information was requested

of the respondent (parents or caregivers) and individual with

SEND. The respondent also reported the primary diagnosis

and the presence (or absence) of ID in the individual with

SEND, allowing us, for example, to distinguish between autistic

people with and without ID. Then, anxiety was assessed with

a single item [“How anxious was/is your child?”, similar to

Turon et al. (51)] on a scale from 1 (not at all) to 5 (extremely)

at three time points: before the pandemic, at the start of

the pandemic and at the time of survey completion—in the

“now” moment (between April and August 2020). Here, we

will focus only on the “now” moment since data relating to

ER strategy use was only collected about then. Finally, the

survey included a broad range of 14 potential ER strategies and

asked with single items how frequently from 1 (very rarely)

to 5 (very frequently) the individual with SEND used each

strategy to deal with the potentially elevated levels of anxiety (the

wording of the instructions and ER items can be found in the

Supplementary material B, as well as here (49)1.

To explore the ER strategy use, we included a range of

rather maladaptive and adaptive ER strategies (taking into

consideration their habitual use and long-term consequences).

Furthermore, we included some cognitive and behavioral

strategies, since a broad range of strategies was more likely

to capture the relative strengths of each group (2). Twelve of

the strategies concerned self-regulation. The following may be

considered as rather maladaptive in relation to their long-term

consequences: isolation/withdrawal, information avoidance,

information search [excessively searching for information about

the COVID-19 may be an (unsuccessful) attempt to attenuate

anxiety levels (41)], rumination which refers to continuously

thinking about one’s own experience, and the causes and

consequences of one’s negative emotion without calling for

action (52), and expressive suppression, which refers to inhibiting

1 The survey included other questions about other domains, such

as a variety of specific worries or ER e�cacy, which will be

reported elsewhere.

the outward expression of an emotion (53). Two further possibly

maladaptive strategies concerned behavior: aggressive behaviors

and repetitive behaviors. The latter two might not typically be

seen as ER strategies but could also be considered as symptoms

linked to elevated negative emotions (i.e., anxiety). However,

they may also function at times as a response-focused ER

strategy. Moreover, repetitive behaviors have been reported to

be used as an attempt to deal with negative emotions in several

studies (45, 54). In this light, it is important to note that the

survey asked which strategies were shown in response to deal

with elevated levels of anxiety and stress and not if an individual

shows these behaviors in general.

Some strategies may be considered as either adaptive or

maladaptive depending on the context such as sharing/talking

about COVID-19 and distraction as one of the attentional

deployment strategies (i.e., shifting one’s attention to something

else in order to avoid or reduce unwanted emotions) (1). Finally,

some strategies can be seen as rather adaptive considering their

habitual use and long-term consequences: cognitive reappraisal

(53), focusing on the positive (55), and humor (56, 57).

Furthermore, we asked about two strategies that we

imagined may have been employed by parents or caregivers

to regulate the child’s emotion: shielding the child from

negative information about the pandemic (parent shielding) and

establishing a routine in their daily life (parent routine)2.

Procedures

The survey, developed at the beginning of the COVID-

19 pandemic, was available in 16 languages (49, 50). With

the help of more than 60 international collaborators, flyers

were sent to associations and cohorts to invite parents and

caregivers to report about their child with SEND. There was

no age limit for the child with SEND, so respondents were

also able to report about their adult child. Ethical approval for

this anonymous survey was obtained by the institutional review

board of Unidistance Suisse.

Due to the necessity of rapidly developing our COVID-

19 specific questionnaire in March 2020, we did not

include community members or people with SEND in the

development of the questionnaire. However, we had several

parent associations help us recruit and we are continuing

to work with them with regards to the dissemination of the

survey results.

2 Although we asked not only about parents or caregivers establishing

a routine (“I try or my child tries to establish a routine in his/her daily

life to lower the experienced stress”), for the purpose of this analysis, we

classified this item as extrinsic ER strategy as establishing a routine is likely

to involve the parents’ consent, advice or help. The survey is fully available

here: Van Herwegen et al. (49).
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FIGURE 1

Mean anxiety levels with confidence intervals for each group.

Significant e�ects of post hoc tests are indicated (black lines).

ASD, autism spectrum disorder; ID, intellectual disability;

ID-NOS, intellectual disability not otherwise specified; WS,

Williams syndrome. Significance levels of post-hoc tests: **p <

0.01.

Data analysis plan

We included data of families based on the following selection

criteria, resulting in the above-mentioned N = 2,288: primary

diagnosis of WS, ASD, or ID-NOS, available information about

country, age, gender, available information about presence of ID

(which allowed us to distinguish between autistic people with

and without ID), age 5 and older (since self-focused cognitive

strategies are less likely to occur in younger participants). We

excluded cases in which the respondents provided inconsistent

information (e.g., primary diagnosis ID-NOS, but a negative

response when asked if their child had ID). We did not impute

missing values for the ER strategy use; instead, we opted for the

complete-cases-analysis approach: a participant is removed if an

answer is missing for any of the 12 ER strategies.

We performed linear mixed models to investigate (1) the

level of anxiety in the different groups, (2) ER strategy use in

the different groups, (3) ER profiles linked to anxiety across the

four groups, and (4) group differences in the link between ER

strategies and anxiety. The independent variable group for all

models except for the third is coded as a categorical variable

with four modalities (ASD without ID, ASD with ID, ID-NOS,

and WS), the reference level is the ASD without ID. In all

four models, age and gender were added as covariates and the

country was used as a random factor to account for dependency

within each country. Finally, all models are estimated using

the restricted maximum likelihood (REML). Preprocessing of

the data was conducted using MATLAB software (58) (R2018b,

The MathWorks, Natick, MA). Analyses were conducted using

R statistical software version 4.0.3 (59), with the packages

lme4 and lmerTest for multilevel regression (60, 61), emmeans

(62) for pairwise comparisons using the tukey method for p-

value correction, effects (63) and ggplot 2 (64) packages for

visualization of main effects of the model.

Results

Level of anxiety in the di�erent groups

The analyses of anxiety levels revealed amain effect of group;

F(3, 2229) = 5.48, p < 0.001 and age; F(1, 2240) = 33.29, p

< 0.001, indicating increased anxiety with increasing age, but

no effect for gender; F(1, 2226) = 0.02, p > 0.05. Post-hoc tests

revealed significant differences between individuals with ID-

NOS and autistic people without ID (t = 3.68, p < 0.01) and

autistic people with ID (t= 3.46, p< 0.01), respectively, showing

that autistic people with and without ID had higher levels of

anxiety than individuals with ID-NOS (see Figure 1).

Emotion regulation strategy use in the
di�erent groups

On a descriptive level, when sorting the employed

ER strategies for each group according to their frequency

(see Supplementary material C), it can be observed that

parent routine and parent shielding were among the most

frequently parent-reported strategies in all groups. Distraction,

repetitive behaviors, and isolation/withdrawal were also

frequently employed.

The analyses of parent-reported use of ER strategies revealed

significant group effects in 12 out of 14 ER strategies (see

Figure 2). No significant group differences were found for

parent shielding and cognitive reappraisal. Generally speaking,

no gender effects were found but there was almost always

an age effect indicating that the use of a specific ER strategy

increased with increasing age except for repetitive behaviors,

parent shielding, and parent routine, where no age effects were

found. This suggests that extrinsic ER and repetitive behaviors

do not seem to change in our sample as much as other strategies

examined here. For the statistics of group, age, and gender

effects (see Table 1). In the following, we focus on post-hoc tests

within the 12 ER strategies in which significant group effects

were found.

Isolation/withdrawal

We found significant differences between all the groups

except between ID-NOS andWS (see Supplementary material D

for t-values) with the highest scores for autistic people without

ID, followed by autistic people with ID, and the lowest levels for

individuals with ID-NOS and WS.
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FIGURE 2

Group di�erences were found in the use of 12 of the 14 emotion regulation (ER) strategies (frequency: from 1 = very rarely to 5 = very

frequently). Mean levels with confidence intervals are shown per group for each ER strategy. Significant e�ects of post hoc tests are indicated

(black lines). ASD, autism spectrum disorder; ID, intellectual disability; ID-NOS, intellectual disability not otherwise specified; WS, Williams

syndrome; Significance levels of post-hoc tests: * p <0.05, ** p <0.01, *** p <0.001.

TABLE 1 E�ects of group, age, and gender within the multilevel analyses on ER strategy use.

ER strategies Effect of group Effect of age Effect of gender

Isolation/withdrawal F(3, 2251)= 34.53*** F(1, 2280)= 27.15*** F(1, 2267)= 0.00

Information avoidance F(3, 1584)= 4.11*** F(1, 1997)= 14.86*** F(1, 1983)= 0.27

Information search F(3, 2062)= 12.44*** F(1, 2216)= 35.53*** F(1, 2277)= 1.00

Rumination F(3, 1681)= 22.87*** F(1, 2038)= 35.05*** F(1, 2281)= 2.55

Expressive suppression F(3, 1536)= 3.28* F(1, 1966)= 16.93*** F(1, 2282)= 0.00

Aggressive behaviors F(3, 2147)= 7.04*** F(1, 2249)= 7.95*** F(1, 2276)= 0.17

Repetitive behaviors F(3, 2245)= 8.43*** F(1, 2279)= 0.40 F(1, 2272)= 0.09

Sharing/talking about COVID-19 F(3, 2136)= 8.33*** F(1, 2244)= 15.16*** F(1, 2276)= 0.18

Distraction F(3, 2127)= 15.07*** F(1, 2244)= 11.29*** F(1, 2275)= 0.40

Cognitive reappraisal F(3, 2026)= 0.97 F(1, 2206)= 10.84** F(1, 2275)= 0.00

Focusing on the positive F(3, 2248)= 12.38*** F(1, 2282)= 8.78** F(1, 2258)= 1.35

Humor F(3, 2123)= 18.27*** F(1, 2242)= 6.56* F(1, 2275)= 1.80

Parent shielding F(3, 2278)= 0.72 F(1, 2277)= 1.45 F(1, 2264)= 1.41

Parent routine F(3, 2268)= 4.70** F(1, 2282)= 0.20 F(1, 2270)= 0.09

ER= emotion regulation.

*p < 0.05, **p < 0.01, ***p < 0.001.
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Information avoidance

Autistic people without ID more frequently avoided

information compared to individuals with WS (t = 3.22, p

< 0.01).

Information search

Autistic people without ID search for more information

compared to autistic people with ID (t = 5.54, p < 0.001) and

individuals with ID-NOS (t = 5.02, p < 0.001).

Rumination

Autistic people without ID ruminate more frequently than

all other groups (compared to autistic people with ID: t=−6.77,

p< 0.001, to individuals with ID-NOS: t=−7.42, p< 0.001, and

to individuals with WS; t=−3.92, p < 0.001).

Expressive suppression

Autistic people without ID used this ER strategy more

frequently than individuals with WS (t= 2.67, p < 0.05).

Aggressive behaviors

Individuals withWS used aggressive behaviors less frequently

than autistic people with ID (t= 4.31, p< 0.001), autistic people

without ID (t= 3.93, p< 0.001) and individuals with ID-NOS (t

= 4.07, p < 0.001).

Repetitive behaviors

Autistic people with ID used repetitive behaviors significantly

more frequently than all other groups (compared to autistic

people without ID: t = −3.43, p < 0.01, to individuals with ID-

NOS: t = 3.80, p < 0.001, and to individuals with WS: t = 3.82,

p < 0.001).

Sharing/talking about COVID-19

Individuals withWS used this ER strategy significantly more

frequently than autistic people with ID (t = −4.43, p < 0.001)

and individuals with ID-NOS (t = −3.46, p < 0.01). Moreover,

autistic people without ID used this ER strategy more frequently

than autistic people with ID (t = 3.41, p < 0.01).

Distraction

Autistic people without ID used distractionmore frequently

than the other three groups (compared to autistic people with

ID: t = 6.02, p < 0.001, to individuals with ID-NOS: t = 5.65, p

< 0.001, and to individuals with WS: t = 3.82, p < 0.01).

Focusing on the positive

Turning to the rather adaptive ER strategies, a significant

group effect was found for focusing on the positive. While autistic

people without ID and WS did not differ, both groups used this

strategy more frequently than the other two groups: Autistic

people without ID used focusing on the positive more frequently

than autistic people with ID (t= 4.42, p< 0.001) and individuals

with ID-NOS (t = 3.11, p < 0.001). In addition, individuals with

WS used this strategy more frequently than autistic people with

ID (t = −5.09, p < 0.001) and individuals with ID-NOS (t =

−4.27, p < 0.001).

Humor

Autistic people without ID and WS did not differ, but

both used humor as ER strategy more frequently compared

to the other groups. Autistic individuals with ID seemed to

be using this strategy less often than all other groups (autistic

people without ID used humor significantly more frequently

than autistic people with ID: t= 6.78, p < 0.001, and individuals

with ID-NOS: t = 3.36, p < 0.01. Autistic people with ID used

this ER strategy less frequently than individuals with ID-NOS:

t =−2.74, p < 0.05, and then individuals with WS: t =−4.96,

p < 0.001. Individuals with ID-NOS used this ER strategy less

frequently than individuals with WS: t=−2.72, p < 0.05).

Parent routine

Finally, a significant group effect was found for parent

routine. Parents and caregivers of autistic people without

ID used this strategy more frequently than the parents of

individuals with ID-NOS (t = 3.00, p < 0.05) and individuals

with WS (t= 3.16, p < 0.01).

Emotion regulation strategy use linked to
anxiety across the four groups

The analyses of ER strategies across the four groups revealed

significant effects for seven strategies that were linked to higher

anxiety: information avoidance; F(1, 2217) = 4.40, p < 0.05,

information search; F(1,2224) = 5.50, p < 0.05, distraction; F(1,

2225) = 20.24, p < 0.001, rumination; F(1, 2223) = 47.60, p

< 0.001, aggressive behaviors; F(1, 2221) = 12.31, p < 0.001,

repetitive behaviors; F(1, 2224) = 17.45, p < 0.001, and parent

shielding; F(1, 2150) = 22.97, p < 0.001. Only one strategy,

i.e., focusing on the positive was linked to lower anxiety; F(1,

2227) = 12.69, p < 0.001 (see Figure 3). A significant effect

was found for age; F(1, 2227) = 14.77, p < 0.001, indicating

a stronger association between strategy use and anxiety with

increasing age, but no gender effect was found; F(1, 2221) =

0.01, p>0.05.
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FIGURE 3

Illustration of the significant association between the frequency (from 1 = very rarely to 5 = very frequently) of emotion regulation strategy use

and anxiety levels across the four groups. Blue bands denote the 95% confidence interval.

Group di�erences in the link between
emotion regulation and anxiety

We found significant effects of age and of the same seven

ER strategies as presented in section Emotion regulation strategy

use linked to anxiety across the four groups but not for gender

or group (see Supplementary material E for the statistics).

However, most interestingly, we found a significant interaction

between humor and group; F(3, 2163)= 3.67, p < 0.05. Post-hoc

comparisons revealed a significant difference between autistic

people without ID and with ID; t = - 3.27, p < 0.01. This

may suggest that only autistic people without ID used humor

more frequently while experiencing lower levels of anxiety, since

humor was linked to lower anxiety in this group. While we

did not find an association between humor and anxiety in

individuals with WS and ID-NOS, humor was more frequently

used while experiencing increased levels of anxiety in autistic

people with ID (see Figure 4).

Discussion

Our survey, launched in the first months of the pandemic,

allowed us to study ER strategy use and the link to anxiety in

neurodevelopmental disorders, namely, in individuals with WS,

autistic people with and without ID, and individuals with ID-

NOS. Individuals with neurodevelopmental disorders have been

disproportionally affected by the COVID-19 pandemic with

increased levels of anxiety and other mental health outcomes

(46, 47, 65, 66). While our current analysis does not allow a

comparison with typically developing individuals, we observed

that autistic people (with and without ID) had elevated anxiety
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FIGURE 4

Di�erential e�ects of humor on anxiety in relation to group membership: Using humor as an emotion regulation strategy was linked to lower

anxiety in autistic individuals without ID and to higher anxiety in autistic individuals with ID. ASD, autism spectrum disorder; ID, intellectual

disability; ID-NOS, intellectual disability not otherwise specified; WS, Williams syndrome. Blue bands denote the 95% confidence interval.

levels compared to individuals with ID-NOS, in line with

previous studies reporting prevalence rates of 42–79% in autistic

people (67) while prevalence rates seem lower in individuals

with ID [3–22%, (68)]. While individuals with WS experienced

increased anxiety in previous studies when compared to people

with ID (30), their anxiety levels in the present study were

reported to be between the other three groups. Our study mainly

aimed to increase our knowledge about parent-reported ER

strategy use and how ER strategy use was linked to anxiety.

It seems striking that parent routine and parent shielding

as extrinsic ER were among the top three most frequently

employed strategies in all groups, which shows that co-

regulation of negative emotions seems to play an important role

in all groups. Further studies may help to better understand

if other, more cognitive extrinsic ER strategies, such as

other-employed cognitive reappraisal, are of greater relevance

to individuals with neurodevelopmental disorders than to

individuals without. It is also interesting that repetitive behaviors

are among the four most frequently used strategies in all groups,

except for autistic people without ID.

Emotion regulation profiles in the
di�erent groups

Age effects were found for most of the ER strategies

indicating increased use of ER strategies as individuals get

older. Although we did not find specific age effects for the

different groups in relation to ER strategy use, we would

like to mention that the use of adaptive or maladaptive ER

strategies may be considered as potential protective or risk

factors for socio-emotional outcome measures in individuals

with neurodevelopmental disorders across the life span. For

example, while children and adolescents with WS are often

described as overfriendly and of portraying high approach

behavior, adults with WS are often described as socially isolated

[see, for example Davies et al. (69)]. It may be important to

further study the use of ER strategies in different age groups in

relation to various outcomemeasures including anxiety or social

isolation in individuals with neurodevelopmental disorders.

Importantly, we identified differences in the ER profiles

of the groups. As far as we are aware, this is the first
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time that the strategy use of individuals with WS has been

studied. At a descriptive level, individuals with WS used most

frequently parent routine, parent shielding, repetitive behaviors

and distraction, suggesting that extrinsic ER, as well as behavioral

ER strategies, are of great relevance. We would like to highlight

some characteristics in ER potentially linked to the socio-

emotional profile in this rare genetic disorder. In comparison

with the other groups with ID, individuals withWS used focusing

on the positive significantly more frequently and aggressive

behaviors significantly less. This might be linked to their socio-

emotional profile such as the positivity bias in individuals with

WS who are often described as gregarious and cheerful (70).

In addition, individuals with WS seemed to use humor as

frequently as autistic people without ID—which may be again

linked to their positivity bias. However, the use of humor was

not linked to lower levels of anxiety in individuals with WS

(in contrast to the effects of using humor on anxiety in autistic

individuals without ID) which may be possibly linked to the

particular cognitive challenges related to humor appreciation

and production (71). Participants with WS also reportedly used

the strategy sharing/talking about COVID-19 more frequently

than the other groups with ID, and the lowest levels of

isolation/withdrawal, as well as less information avoidance and

expressive suppression than autistic people without ID, which

may be linked to the pro-social nature widely reported in WS,

characterized by high social interest, social approach behavior

and high sociability (70).

Autistic people without ID seemed to have a different ER

pattern. Compared to the other groups, autistic people without

ID had the highest scores in isolation/withdrawal and seemed

to avoid information more than other groups which seems to

be in line with reports about their socio-emotional profile (15,

16). They also seemed to use several cognitive strategies more

frequently than the other groups which are all characterized

by cognitive impairment: Search for more information about

COVID-19, which may be linked to the detail-oriented cognitive

style in autistic individuals (72), and rumination. Interestingly,

focusing on the positive and humor were as frequently employed

as by individuals withWS.Wemay conclude that autistic people

without ID are more likely to use and potentially benefit from

cognitive strategies (which are potentially too challenging for

individuals with ID) because of their typical or better than

typical cognitive functioning levels. In addition, establishing a

routine by parents and caregivers seems to be highly relevant for

autistic people without ID (but also for autistic people with ID, as

there were no significant differences between these two groups).

This fits well to the known elevated need for routines of autistic

people (73).

Our study suggests that autistic people with ID and

individuals with ID-NOS have amore limited ER repertoire than

the other two groups, by not frequently engaging in cognitive

strategies. Despite the limited research on ER in ID [seeMcClure

et al., (74)], this aligns with previous observations of a limited

repertoire of coping and ER strategies in individuals with ID

(75, 76). In the present study, Repetitive behaviors were used

most frequently by autistic people with ID compared to the other

groups. In the absence of a broader range of (cognitive) strategies

available to deal with elevated levels of anxiety, it may be possible

that extrinsic ER is more important for autistic people with

ID and individuals with ID-NOS. While our study only asked

for two extrinsic ER strategies, future studies should include a

broader range (e.g., extrinsic cognitive reappraisal, distraction)

to better understand which strategies employed by parents or

caregivers are used most frequently and are most efficacious.

Future research is needed, not only to more rigorously examine

self-reported and observed ER strategy use linked to ID and

cognitive flexibility, but also to examine, at a more fine-

grained scale, in which stages of the ER cycle [identification,

strategy selection, strategy implementation, and monitoring (2)]

ER might be most affected in individuals with ID. To our

knowledge, no research has attempted to conceptualize and

tease apart these different stages within the ER cycle with the

link to ID (2). While our study focused on the parent-reported

implementation of ER strategies, the other stages linked to self-

and other-focused ER need to be better understood.

Besides cognitive functioning levels, positivity bias, social

approach behaviors/sociability, and the need to adhere to

routines, as discussed above, alexithymia and theory of mind are

potential factors that may impact ER (see Introduction). With

the current study design, we are not able to determine the extent

to which these factors impact ER in our target groups. However,

future studies assessing these abilities in neurodevelopmental

disorders may further elucidate their differential impact on ER.

Emotion regulation strategy use and its
link to anxiety

Several of the ER strategies included in this study were

linked to increased anxiety. Many of these (information

avoidance, information search, rumination, aggressive behaviors)

could be considered as rather maladaptive when a strategy is

used frequently on a habitual basis, while distraction might

be adaptive or maladaptive depending on the context (77).

Repetitive behaviors may actually have an important soothing

effect for individuals with neurodevelopmental disorders,

particularly if other (cognitive) strategies are less available or

accessible (45, 54), even though it may have negative long-term

consequences. In general, the literature has shown that if certain

strategies are used too frequently, there may have negative

long-term consequences on mental health (3). Interestingly,

we cannot determine whether these strategies had necessarily

a negative effect on emotions, despite their link to increased

anxiety levels. It may also be possible that higher anxiety

triggered the use of a broad range of strategies, including

strategies that are considered as rather maladaptive. Also, we

need to be clear that we did not ask what the people do on
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a habitual basis (we rather asked, “which strategies does your

child use these days to cope with potentially elevated levels

of anxiety”) and we did not employ a longitudinal research

design which would allow us to draw conclusions on mid-

or long-term consequences. Therefore, the increased use of

these strategies may not only reflect unsuccessful attempts to

attenuate increased anxiety levels, but they may also be elicited

by higher anxiety, suggesting that the increased use of these

strategies may also reflect an increased need to regulate. Also,

our study assessed ER strategies at one time point only. Future

studies targeting individuals with different neurodevelopmental

disorders should attempt to monitor changes in ER strategy

use related to varying levels of anxiety and stress to be able to

draw conclusions about potential changes and adaptations of

ER strategy selection and implementation. Such studies could

be done using ecological momentary assessments (78) if they

have been adapted for individuals with neurodevelopmental

disorders with and without ID.

Interestingly, only one strategy was more frequently

employed when experiencing lower levels of anxiety: Focusing

on the positive. Even if this might suggest that this could

be a powerful strategy to alleviate anxiety in individuals

with neurodevelopmental disorders, in line with findings in

individuals with typical development (55), we would like to

reiterate that we cannot draw conclusions about a causal link

in the present study. Future studies should try to shed more

light on the question of whether only people with low anxiety

levels are actually able to focus on the positive, in the face of

difficult life circumstances, or if this strategy actually reduces

anxiety in neurodevelopmental disorders. This could prove

very important. Nevertheless, several intervention-based studies

were published in recent years that successfully implemented

positive elements such as play and humor to address fear and

anxieties in children with WS (79) or that were able to increase

the use of positive emotion regulation strategies including

Focusing on the Positive in individuals with ASD (80).

Humor as an emotion regulation strategy

While previous studies have shown that humor can be a

powerful strategy to regulate emotions [see Samson and Gross

(57) for an overview], we found that the use of humor as

an ER strategy was only linked to lower anxiety in autistic

people without ID, suggesting that they may potentially benefit

from this strategy, while humor was linked to increased anxiety

in autistic people with ID. However, again, we need to be

cautious in drawing conclusions about a causal link. As shown

in a series of studies, autistic individuals have no difficulty to

appreciate simpler forms of humor but have more difficulties

in understanding and appreciating more complex jokes that

require, for example, a Theory of mind to be understood (jokes

based on false beliefs) (81). Moreover, lower cheerfulness as a

trait and higher seriousness seemed to dampen the susceptibility

to humor and humor appreciation in autistic individuals

without ID [Samson (82) for a review]. The present study

suggests there might be important differences between autistic

people with and without ID in terms of their use of humor.

It may be possible that producing humor to regulate emotions

might have been too overwhelming for autistic people with ID,

while it could serve as a resource for autistic people without

ID (71). However, this study also opens up room for future

research such as examining the difference between producing

(which may be more challenging) and consuming humor (for

example, watching funny movies) to regulate emotions. Further

research could also examine the extent to which autistic people

with ID may benefit from humor as extrinsic ER.

Limitations and future implications

Our exploratory study with a large sample of individuals

with different neurodevelopmental disorders included autistic

people with ID who are often underrepresented in studies on ER

in ASD and, for the first time in such a study of ER strategies,

individuals with WS. Future research should ideally attempt to

replicate our findings with validated measures (for example, by

first developing adequate measures that allow the assessment of

a variety of ER strategies in neurodevelopmental disorders) in

better characterized samples, and focus on specific ER strategies

in more detail in experimental settings. These steps would help

formulate concrete implications for application in daily life or

interventional settings.

There are some limitations to this study that need to be

mentioned. With a view to including a broad range of ER

strategies but keeping an already long survey manageable for

the families, we assessed ER strategy use with single items rather

than including existing ER questionnaires. This helped to gain a

better understanding of ER strategy use in neurodevelopmental

disorders since, to the best of our knowledge, no existing

questionnaire includes such a wide range of strategies. Future

studies should therefore develop this battery further for the

study of ER in individuals with neurodevelopmental disorders.

Moreover, as our motivation was to access as many families with

a child with SEND as possible and within a short time frame

to cover the early effects of the COVID-19 pandemic, we were

neither able to include individuals with SEND in the research

process, nor to verify the primary diagnosis, relying instead

on parent and caregiver reports. Given that not everyone may

have had access to clinics or professionals using gold standard

measures for diagnosis [e.g., the Autism Diagnostic Observation

Schedule, second edition; ADOS-2; Lord et al. (83) for ASD], this

remains a weakness of the study. That said, we hope that given

the large group size, the findings are nevertheless representative

of the different syndromes. In the same vein, we also relied

entirely on parent-reported anxiety and ER strategy use. While

short anxiety scales exist with 10 items (84), eight items (68),

and four items (85), to name a few examples, assessment of
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anxiety with a single item can also be found in the literature

(51, 86). Suchmeasures have often been developed in the context

of particularly difficult circumstances, such as assessing anxiety

in critically ill patients. Given that parents and caregivers of

children with SEND experienced a difficult time in the early

months of the COVID-19 pandemic [for example Toseeb et al.

(47)], it was our goal to keep the survey as short as reasonably

possible.We thus opted for a single item to assess anxiety, similar

in wording to Turon et al. (51).

Regarding the parent-reported ER strategies, it may be the

case that certain ER strategies are less visible to a third party (e.g.,

a parent or caregiver) leading to under-reporting of that strategy

(e.g., expressive suppression, perhaps), and may even have led to

an over-reporting of the extrinsic ER strategies. This may bias

parent and caregiver’s responses particularly in individuals that

may be less able to communicate about more cognitive, less

behavioral strategies which may be more likely in individuals

with ID. Nonetheless, parent reports lead to insight about ER

in individuals who may not have been able to report in such

detail about their own situation, emotional experience, and ER

during the first months of the COVID-19 pandemic. As it stands,

parent-reported ER questionnaires are not uncommon in the

literature (87).

One particular characteristic of this study is that the results

are taken from a subsample of responses from participants

collected during the first few months of the COVID pandemic.

But since we have not collected data before the pandemic, we

do not claim that these strategies are either pandemic specific,

or that they can be generalized to non-pandemic times. While

we assume that similar patterns may be found in other times

of individual, family or societal crises, future studies should

examine changes in ER strategy use in relation to varying

levels of anxiety, for example by using ecological momentary

assessment approaches (see above). Since it is likely challenging

for parents to know whether a particular ER strategy is used

as an attempt to regulate COVID-specific anxieties and stress

or other factors not related to the pandemic encountered in

daily life, we explicitly asked parents and caregivers to report

about ER strategy use in general “these days”, rather than

anything COVID-specific. This exploratory study suggests some

interesting similarities and differences across groups that future

researchers can use to build hypotheses for more structured,

less exploratory studies. For example, it would be interesting to

extend knowledge about ER strategy choice. Previous research

has shown that under highly negative situations, cognitive

reappraisal is less effective than distraction (88). It would be

interesting to discover if individuals with neurodevelopmental

disorders are able to adapt the strategy choice in relation to the

negativity of experienced events.

Also, while we focused here on ER strategy use, we must

emphasize that ER involves other processes that were not

considered here, but which would be relevant for further study in

neurodevelopmental disorders with and without ID (see above).

These processes include the ability to recognize emotions, set

regulatory goals, identify and select potential strategies, the

ability to implement one or more strategies in combination

or in sequence, and other dynamic processes related to ER

such as maintaining or disrupting the use of a particular ER

strategy in relation to the context and its efficacy (89). In short,

the ER field is large, and there is a huge potential for ER

studies in SEND, and, more specifically, in neurodevelopmental

disorders. Furthermore, although we included a variety of

countries (“country” was included as random factor in the

analysis), the current study did not focus on the study of cultural

or regional differences in the either the caregiver reports or the

use of ER strategies. However, other analyses originating from

this international collaborative study from which the present

data comes will focus on country-specific differences. We hope

that the relative strengths of this exploratory study stimulate

and further motivate research in this domain, in spite of its

relative limitations.

Conclusions

The present study elucidated different patterns of ER

strategy use in different neurodevelopmental disorders. Autistic

people without ID were reported to have the largest ER

repertoire, including more self-focused cognitive strategies, and

were the only group in which we found humor as ER strategy

to be linked with lower anxiety levels. For the first time, this

study was able to shed light on ER strategy use in individuals

withWS, which differed from those of autistic people, which can

possibly be accounted for by the well-researched differences in

socio-emotional profiles. Moreover, several rather maladaptive

strategies were linked to increased anxiety, while focusing on the

positive was linked to lower anxiety levels across all groups. As

such, this exploratory study provides increased insight into ER in

WS, ASD with and without ID, and ID-NOS, and highlights the

need for further studies on ER strategy use in individuals with

neurodevelopmental disorders, using more rigorous assessment

tools and that monitor changes of ER strategy use over time.

Future studies are required as knowledge about the impact of

different ER strategies as potential protective and risk factors

on outcomes such as anxiety may also inform interventions to

support individuals with neurodevelopmental disorders in their

daily lives and in future times of crisis.
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