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Abstract

Loneliness is a negative emotional experience that can stem from a gap between
desires and the reality of social relationships. It is also a predictor of mental
health. Loneliness is therefore important to investigate in neurodevelopmental
populations known for having difficulties in the social sphere. This co-registered
study involved 48 youths with autism spectrum disorders (ASD), 54 youths with
22q11.2 deletion syndrome (22q11DS) and 65 typically developing youths
(TD) aged 12-30. State loneliness was assessed with an ecological momentary
assessment. Paper—pencil questionnaires assessing attitude toward aloneness,
trait loneliness, and mental health, were completed by the youths and their care-
givers. A comparable level of state loneliness between clinical groups and TD
were found, with greater loneliness when alone than in a social context. Clinical
groups showed a greater intra-individual variability. Both individuals with
ASD and 22q11DS revealed a greater affinity toward being alone than TD, but
only individuals with ASD reported greater trait loneliness. However, no signif-
icant association was found between attitude toward aloneness, trait and state
loneliness. Emotional reactivity to loneliness was different between the clinical
groups. Self-reported mental health only was associated with loneliness in the
clinical groups. These results provide new insights into the understanding of
loneliness in these clinical populations and have an impact on clinical care by
highlighting the need to remain vigilant when encountering youths who report
feeling lonely, and that these youths need to be supported in developing their
social network, which appears to be a protective factor against loneliness.

Lay Summary

This study underlines the importance of drawing up social profiles specific to each
population in order to adjust care to the difficulties encountered. Loneliness must
be taken into account, as it is associated with mental health fragility and greater
emotional reactivity in youths with ASD. However, aloneness can also be posi-
tively appreciated, and need not necessarily be seen as an alarming factor: its
valence must therefore be investigated. This work also highlights the discrepancy
between fundamental (traits) and context-dependent (state) characteristics, draw-
ing attention to the importance of the environment.

KEYWORDS
attitude toward aloneness, ecological momentary assessment, emotional reactivity, mental health,
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INTRODUCTION

Loneliness can be described as a negative emotional expe-
rience (Lay et al., 2019) but also as a gap between desires
and reality in social relationships according to the social
cognitive discrepancy theory (Plau & Perlman, 1982).
Over the course of life, typically developing individuals
(TD) encounter several periods of vulnerability to loneli-
ness (Richard et al., 2017), adolescence being one of them
(Danneel, Maes, Vanhalst, et al., 2018). Adolescence and
early adulthood represent important life stages for the
study of loneliness, notably because loneliness can lead to
negative consequences during adulthood (Kwan
et al., 2020). Loneliness has indeed been described as a
predictor of mental health difficulties, such as depression
(Elmer et al., 2020; Hedley et al., 2018) and social anxiety
(Lim et al., 2016; van Roekel et al., 2015), and adoles-
cence is a particularly sensitive period for the develop-
ment of mental health issues (Roach, 2018).

Some adolescents and young adults, such as youths
with neurodevelopmental disorders, are at even higher
risk of experiencing mental health difficulties. Indeed, it
was found that individuals with autism spectrum disor-
ders (ASD)—a neurodevelopmental disorder affecting
1% of individuals that is characterized by impairments
in communication and social interactions as well as
by repetitive and restrictive interests and behaviors—
experience significantly more mood and anxiety issues
than the general population (Hossain et al., 2020; Schiltz
et al., 2021; Zeidan et al., 2022). It was also reported that
youths with 22q11.2 deletion syndrome (22q11DS) are at
increased risk of developing mental health issues (Schnei-
der et al., 2014). This rare genetic syndrome, resulting
from a 1.5 to 3 megabase deletion on the long arm of
chromosome 22 and affecting 1:2148 live births (Blagoje-
vic et al., 2021), is associated with a high prevalence of
psychiatric comorbidities such as anxiety and mood dis-
orders as well as psychotic symptoms (Schneider
et al., 2014). In addition to their vulnerability in terms of
mental health, these two populations are also both char-
acterized by significant social impairments. Indeed,
youths with 22q11DS were reported to be more socially
inhibited and more isolated from peers (Schonherz
et al., 2014; Tang et al., 2015). In ASD, difficulties initiat-
ing and maintaining social interactions and relationships,
as well as a lack of social reciprocity has been described
(e.g., Fakhoury, 2015). However, some studies
highlighted differences in the phenomenology of these
social impairments, for instance more social drive and
empathy were reported in youths with 22q11DS com-
pared to idiopathic ASD. In addition, social difficulties
in 22q11DS appeared to be more context-dependent than
in ASD (Angkustsiri et al., 2014; Kates et al., 2007;
McCabe et al., 2013). As loneliness is connected to social
relationships by its very definition, it appears important
to further investigate loneliness in these clinical popula-
tions characterized by social impairments.

Whereas literature on loneliness in the general popu-
lation has rapidly increased over the years, information
remains scarce regarding youths with genetic conditions
and neurodevelopmental disorders. Indeed, to the best of
our knowledge, there are no studies on loneliness in
22q11DS. In ASD, higher level of loneliness was reported
in younger and older adolescents, but also adults (for a
review, see Hymas et al., 2022). Moreover, loneliness was
found to be associated not only with mental health (i.e.,
anxiety and depression) (Hymas et al., 2022), but also
with autism features in youths with ASD (Schiltz
et al., 2021). However, it remains debated whether indi-
viduals with ASD like being alone or feel lonely (Deckers
et al., 2017), and whether they spend more time alone
because they lack interest in being with others or because
they experience aversive feelings during interactions
(Chevallier et al.,, 2012). A recent study (Feller
et al., 2022) attempted to disentangle these mechanisms
using ecological momentary assessment (EMA), a struc-
tured diary technique that enables repeated assessments
in the flow of daily life (Myin-Germeys et al., 2009). In
particular, this study compared the social profiles of
youths with ASD and 22q11DS and observed that the
two groups reported a preserved motivation for interper-
sonal interactions, which however seemed to come at a
cost since both groups reported a higher desire to be
alone when with others. In addition to these similarities,
the results also pointed to differences between the groups:
individuals with ASD reported more isolation and feel-
ings of being rejected when they were alone, as well as a
more negative experience of social interactions than
youths with 22q11DS. Although this study provided first
insights regarding the experience of social interactions
and highlighted similarities but also distinctions between
the groups, further explorations are required to better
understand the potential impact of the social environ-
ment (i.e., social or nonsocial context) on loneliness, as
well as the emotional reactivity to loneliness to gain fur-
ther intel on how affect and loneliness are interrelated.

Also, a distinction has to be made between state and
trait loneliness, as most studies measure loneliness as a
trait, that is, as a stable, baseline measure (loneliness in
general) rather than in response to a specific context
(momentary loneliness). But loneliness can also be a tem-
porary state that people experience and that fluctuates
over time. It is therefore important to consider these fluc-
tuations, as they may be related to other phenomena such
as suicidal thoughts (Kleiman et al., 2017), drinking
behavior (Arpin et al., 2015) and depression (Di Blas
et al., 2021). According to the differential reactivity
hypothesis (Cacioppo et al., 2003), state loneliness
depends on trait loneliness because individuals with high
trait loneliness respond differently to their environment
than those with lower level of trait loneliness. This
hypothesis was recently tested in the general population
by van Roekel et al. (2018) who combined EMA and
questionnaires to assess state and trait loneliness. Indeed,
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EMA seems to be a particularly suitable technique for
studying state loneliness as it assesses subjective experi-
ences on a daily basis, reflecting in-the-moment feelings,
compared to self-reported questionnaires that assess a
more stable aspect of loneliness. The authors found a dis-
tinct response to state loneliness depending on the high or
low trait loneliness of individuals: “high lonely” adoles-
cents experienced higher levels of state loneliness when
they were alone compared to “low lonely” adolescents
(van Roekel et al., 2018). However, Culbreth et al. (2021)
recently focused on the relationship between state and
trait loneliness in schizophrenia and found state and trait
loneliness to be quite unrelated. Thus, the need to further
investigate the association between more stable (attitude
toward being alone and trait loneliness) and context-
dependent (state loneliness) aspects of loneliness.

Aims of the study

The current study had three main aims. The first aim was
to better characterize daily life loneliness in adolescents
and young adults with ASD and 22q11DS with an eco-
logical method allowing access to momentary and situa-
tional loneliness (i.e., state loneliness). Three hypotheses
were related to this first aim: (1) being alone (i
e., aloneness) and feeling lonely (i.e., loneliness) in daily
life was expected to be associated in the three groups
(hypothesis 1; EMA); (2) larger within-person fluctua-
tions in loneliness were expected in the clinical groups
(hypothesis 2; EMA); (3) differences between the
groups were expected in terms of emotional reactivity to
loneliness (i.e., higher associated level of NA and lower
associated level of PA) (hypothesis 3; EMA). The second
aim was to explore a more stable aspect of loneliness
(i.e., trait loneliness) as well as the attitude toward alone-
ness in our clinical populations with the use of classical
methods, as well as to explore the potential associations
between classical and ecological methods. Two hypothe-
ses are related to this second aim: (1) the attitude toward
aloneness (affinity for aloneness and aversion to alone-
ness), as well as trait loneliness, was compared between
the groups. We expected a greater affinity for aloneness
as well as a greater aversion to aloneness in participants
with ASD and 22q11DS compared to TD, as well as
higher trait loneliness in both clinical groups compared
to TD (hypothesis 4; questionnaire); (2) the associations
between attitude toward aloneness (i.e., questionnaire),
trait loneliness (i.e., questionnaire), and state loneliness
(i.e., EMA) were examined in the three groups, with the
expectation of a positive association between state loneli-
ness and aversion to aloneness and a negative association
between state loneliness and affinity for aloneness
(hypothesis 5; association between EMA and question-
naire). Our third and last aim was to explore the associa-
tion between loneliness and mental health with two
hypotheses: we expected to find associations between

mental health and loneliness (state, trait, and attitude
toward aloneness) (hypothesis 6 and 7; association
between EMA and questionnaires) in the clinical groups.
Of note, all hypotheses have been co-registered on the
OSF platform available at https://doi.org/10.17605/OSF.
I0/3YUHM.

METHODS
Sample

One hundred and sixty-seven participants (79 females,
88 males) aged 12-30 years were included in the study
(mean age = 18.77, SD = 4.39). Forty-eight individuals
with ASD were recruited in clinical centers, through a
network of medical professionals and through announce-
ments to family associations in Switzerland and France.
Fifty-four 22q11DS carriers were recruited through the
22q11DS Swiss longitudinal cohort. Sixty-five individuals
were in the TD group and were recruited through siblings
of 22q11DS carriers and within the Geneva local commu-
nity. All participants and their caregivers gave their writ-
ten consent and received a financial compensation of
100 Swiss francs (CHF) for participating in a larger
study. Note that the sample of the present study partially
overlaps (n = 28 ASD individuals, n = 33 22q11DS indi-
viduals, n = 46 TD) with that in a previous study where
the complete EMA protocol can be found in supplemen-
tary information (Data S1) (Feller et al., 2022). Partici-
pants included in the two studies completed the same
EMA protocol and only some items of the larger EMA
protocol were retained for the present analyses (see Sec-
tion 2.2.1. for further details).

Inclusion criteria for all participants were to have suf-
ficient command of the French language, and at least one
caretaker available to participate to the study. All
participants from the ASD group had a confirmed clini-
cal diagnosis of ASD (all participants were assessed with
gold-standard instruments for the diagnosis of ASD
(ADOS-2 (Lord et al., 2012) and ADI-R (Rutter, Le
Couteur, & Lord, 2003)), see Supplementary Table in
Data S1 for evaluation scores). All participants in the
22q11DS group had a confirmed genetic diagnosis of
microdeletion 22q11.2 (confirmed by micro-array analy-
sis). To consider partial overlap with social impairments
classically observed in ASD, they were screened using the
social communication questionnaire, a commonly used
questionnaire for screening autistic manifestations (SCQ;
(Rutter, Bailey, & Lord, 2003)). Both ASD and 22q11DS
youths were assessed for comorbid psychiatric disorders
using validated semi-structured instruments (clinical
scores are reported in Table 1). All the participants were
assessed using the Wechsler Intelligence Scales for chil-
dren or adults (Wechsler, 2011, 2014). Exclusion criteria
for TD were (1) premature birth, (2) first-degree relative
with developmental disorder (with the exception of a de
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novo 22ql11.2 deletion), (3) history of psychiatric, neuro-
logical, or learning disorders. Of note, TD was screened
using the SCQ and none of them scored above the clinical
cutoff. Descriptive characteristics of the sample are dis-
played in Table 1.

Materials
Ecological momentary assessment

Smartphone-based EMA was used to evaluate partici-
pants’ state loneliness and affects (mean values are dis-
played in Table 2). The EMA protocol is described in
detail in a previous research (Feller et al., 2022). It lasted
6 days with semi-random signal-contingent notifications
eight times per day between 7.30 AM and 10 PM, with a
minimum time window of 30 min between two consecu-
tive beeps. Only beeps corresponding to a session
duration of less than 15 min were retained to ensure that
the participants’ responses corresponded to the time
they were assessed (i.e., in-the-moment assessments).
The mean response time was 3.12min overall
(TD m = 2.83 min, SD = 4.83; 22q11DS m = 3.22 min,
SD = 6.06; ASD m = 3.42, SD = 6.18). Participants with
22q11DS (F (2, 4949) =22.58, p=0.05) and ASD
(F (2, 4949) = 34.47, p = 0.003) spent significantly more
time to complete the questionnaire than TD. There was
no statistically significant difference between the clinical
groups. At each notification, the same momentary EMA

TABLE 2 Descriptive statistics of variables of interests (means (SD)).

questionnaire was issued. It consisted of a minimum of
33 and a maximum of 38 items, based on responses to
conditional branching questions. There were no open-
ended questions. Positive affects (PA) (happiness, self-
confidence, excitement, relaxation), negative affects
(NA) (sadness, anxiety, anger), and state loneliness were
assessed using a series of items (see Data S1 for EMA
items), rated on a 7-point Likert scale. The principal com-
ponent analysis showed two distinct components for
affects based on loading >0.30: PA (happy 0.58, excited
0.35, self-confident 0.49, relaxed 0.54) and NA (anxious
0.56, irritated 0.57, sad 0.59). Participants were then
asked to indicate whether they were alone (nonsocial con-
text) or in the company of others (social context). Finally,
participants were asked about their experience of social
interactions and of aloneness (aloneness appreciation, iso-
lation and rejection feelings). Of note, the experience of
the social interactions was not examined in the present
study given its focus on loneliness. The variables used for
the analyses are therefore PA, NA, state loneliness, con-
text, and experience of aloneness (see Data S1 for the
complete list of items used to compute these variables,
and the co-registration: https://doi.org/10.17605/OSF.10/
3YUHM). Consistent with previous studies and general
recommendations (Myin-Germeys et al., 2009; Palmier-
Claus et al., 2011), only participants who responded to at
least one third of the beeps (33.3% = 16 beeps) were
retained in the analyses. A total of 10 participants
were excluded from the analyses for this reason (n =5
individuals with ASD, n = 2 individuals with 22q11DS,

Diagnostic group

Percentage of time spent alone

36.74 (22.32)

39.85 (26.64)

TDs 22q11DS ASD
Questionnaires
LLCA affinity 27.38 (5.76) 28.16 (8.37) 36.27 (8.71)
LLCA aversion 28 (6.71) 23.96 (6.91) 23.11 (8.13)
LLCA parents 17.90 (6.10) 18.6 (6.25) 21 (6.44)
LLCA peers 19.05 (6.79) 19.04 (6.99) 26.27 (8.03)
ASR/YSR total 49.85 (8.67) 56.92 (11.70) 63.91 (10.62)
ASR/YSR internalized symptoms 50.29 (9.65) 59.76 (12.23) 68.46 (11.22)
ASR/YSR externalized symptoms 51.57 (9.07) 52.55(10.36) 54.86 (10.27)
ABCL/CBCL total 35.67 (17.28) 66.4 (19.84) 75.76 (21.15)
ABCL/CBCL internalized symptoms 51.41 (7.95) 59.5(8.63) 63.02 (10.58)
ABCL/CBCL externalized symptoms 45.57 (10.14) 54.76 (8.93) 59.21 (10.02)
EMA items
Positive affects 3.92(0.71) 4.09 (1.02) 3.69 (0.92)
Negative affects 1.49 (0.42) 1.65(0.99) 1.99 (0.89)
State loneliness 1.62 (1.23) 1.48 (1.14) 1.53 (1.09)
Isolation feeling 1.2 (0.52) 1.3(0.93) 1.66 (1.58)
Appreciation of aloneness 3.55(1.93) 4.65 (1.78) 5.66 (1.29)

38.62 (23.40)

Note: For ASR, YSR, CBCL, and ABCL T-scores are reported.
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n = 3 TD). The final sample used for the analyses there-
fore consisted of 157 individuals (n = 43 ASD individuals
with 1449 valid notifications, n = 52 22q11DS individuals
with 1548 valid notifications, n = 62 TD with 2053 valid
notifications).

Questionnaires

All the participants completed the Loneliness and Alone-
ness Scale for children and adolescents (LACA; (Dan-
neel, Maes, Bijttebier, et al., 2018)), a self-reported
questionnaire with 48 statements answered on a 4-point
Likert scale (never, rarely, sometimes, often) that mea-
sures trait loneliness and attitude toward being alone with
four subscales: aversion to aloneness (with higher scores
indicating a negative attitude toward aloneness), affinity
for aloneness (with higher scores indicating a positive
attitude toward aloneness), and loneliness toward peers
and loneliness toward parents (with higher scores indicat-
ing higher loneliness). Note that the subscale “loneliness
toward peers” was used as a measure of trait loneliness,
as it was found to correlate strongly with classical mea-
sure of loneliness such as the UCLA Loneliness Scale
(Goossens et al., 2009). Mean values are displayed in
Table 2.

General psychopathology dimensions were assessed
by participants themselves, using the youth or adult
self-reported questionnaire (YSR/ASR), as well as by
their caregivers, using the child or adult behavior
checklist (CBCL/ABCL) (Achenbach & Rescorla, 2001,
2003). These paper—pencil questionnaires assess differ-
ent aspects of psychopathology using items answered
on a Likert scale from 0 to 2 that are grouped into
syndrome scales of internalizing behaviors (composed
of anxious/depressed, withdrawn and somatic com-
plaints subscales) and externalizing behaviors (com-
posed of attention problems, aggressive behavior, rule-
breaking behavior, and intrusiveness subscales)
(Achenbach & Rescorla, 2001, 2003). The age-normal-
ized T-scores of total psychopathology and internaliz-
ing and externalizing subscales were used in the
analyses, with higher scores indicating greater mental
health difficulties. The test-retest reliabilities for these
three subscales range from 0.80 to 0.94, and Cron-
bach’s alpha coefficients from 0.90 to 0.97 (Achen-
bach & Rescorla, 2001, 2003).

Of note, scores on the CBCL psychopathology scales
were shown to be highly correlated with the result of a
clinical assessment (e.g., Warnick et al., 2008). High test—
retest reliability (0.89) was also reported for the syndrome
scales in a study assessing children with ASD (e.g.,
Mazefsky et al., 2011). The ASR was also previously
used to assess psychopathology in adults with ASD (e.g.,
Gadke et al.,, 2016). Mean values are displayed in
Table 2.

Statistical analysis

This study was co-registered on the OSF platform during
data collection (https://doi.org/10.17605/0OSF.10/
3YUHM) and the data set is publicly available through
the YARETA data preservation system. Additional
information regarding the specific statistical models used
to test each hypothesis can be found in the registration
document. Statistical analyses were conducted in STATA
version 16.1 (StataCorp, 2019). For all analyses, the level
of statistical significance was set to p < (0.05. Benjamini—
Hochberg (BH) multiple comparison correction was
applied for correlations. Analyses of variance (ANOVA)
and chi-squared tests were used to investigate group dif-
ferences in age, gender and 1Q.

The EMA data have a two-level structure with
repeated measurements (level 1) nested within individuals
(level 2). Multiple linear regression models were per-
formed for group comparisons for time-invariant vari-
ables (i.e., one observation per participant), using the
REGRESS command. Multilevel regression analyses
with random intercepts were performed to compute
group differences in time-varying variables (i.e., one
observation per beep for participant), using the
XTMIXED command. The B’s represent the fixed regres-
sion coefficients of the predictors in the multilevel model.
Age, gender, and EMA period (holidays; school/work;
lockdown due to covid-19) were included as covariates in
the models. Of note, IQ was not used as a covariate since
lower 1Q is part of the phenotype of many neurodevelop-
mental disorders. Therefore, covarying for 1Q would
remove some of the variance inherent to the diagnosis
(Dennis et al., 2009). The percentage of time spent alone
was added as a covariate in the model testing the associa-
tion between state loneliness and mental health (hypothe-
sis 6), which represents a deviation from the original
statistical plan. We also performed additional analyses
that represent another deviation from the original statisti-
cal plan by including a measure of trait loneliness in our
analyses (hypotheses 4, 5, 6, and 7). Note that for hypoth-
esis 7, post-hoc analyses were conducted on internalizing
and externalizing subscales only when the association
with the total psychopathology score was significant. For
the analyses including EMA data, data from all the beeps
were used to examine state loneliness according to the
social context (hypothesis 1) and the association between
loneliness and mental health (hypothesis 6), whereas only
the beeps in the nonsocial context were considered for
remaining hypotheses. For the variability analysis
(hypothesis 2), a likelihood ratio test was performed to
compare a model in which the error variance of loneliness
was allowed to differ between groups (i.e., within-person
variability in the measurement of loneliness over time)
with a model where the error variance of loneliness was
assumed to be equal. Of note, all the other analyses were
conducted at the between-person level.
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RESULTS
Sample characteristics

The three groups were not statistically different in terms
of gender. Participants with 22q11DS were significantly
older than TD participants. There was no other differ-
ence in terms of age between the groups. To account for
the potential impact of age on our results, we separated
our groups into adolescents (<18 years old) and adults
(>18 years old) and found no statistically significant dif-
ference between younger and older youths on state and
trait loneliness, as well as on attitude toward being alone
(see Data S1). Both participants with ASD and TD dif-
fered from 22q11DS on full-scale 1Q scores. This was
expected, given that impaired cognitive functioning is a
core characteristic of individuals with 22q11DS. The
average 1Q level in the 22q11DS group was 73, which
corresponds to what is typically reported in this popula-
tion (e.g., Vorstman et al., 2015). The average 1Q level in
the ASD group was 106, with only three participants hav-
ing an IQ in the intellectual disability range (IQ <70).
Participants with ASD also differed from TD partici-
pants on IQ level. This difference may be explained by
the relatively high average IQ of the TD participants.
Mean values and group comparisons are displayed in
Table 1. Of note, 14 participants with 22q11DS scored
above the clinical cutoff on the SCQ. To investigate the
impact of participants with an elevated SCQ score on
the obtained results, all the analyses were conducted
while excluding these 14 participants and the results
remained unchanged (data not shown). The results
reported below therefore include the entire 22q11DS
sample.

Loneliness in daily life

There was no difference between the groups in terms of
state loneliness (all p > 0.05). Overall, all participants
reported feeling more lonely when they were alone than
when they were in company of others (b = 0.487 (95%
CI1.273 to 0.699), p < 0.001). The group x context inter-
action was not significant (all p > 0.05), indicating that
the association between loneliness and being alone or in
company of others was similar in the three groups.

At a within-person level, the model allowing error
variance to differ fitted significantly better than the
model with a fixed error variance (X?(2)= 24.65,
p <0.001). Post-hoc analysis showed that individuals
with ASD showed larger within-person fluctuations in
loneliness (var(e) = 1.35, SD = 0.08) compared to partic-
ipants with 22ql11DS (var(e) = 1.124, SD = 0.07) as
well as TD (var(e) = 0.89, SD = 0.04) (ASD-22q11DS:
(X} (1)=4.32, p=0.037); ASD-TD:(X*(1) =245,

p <0.001)). A significantly larger variance was also
observed in participants with 22q11DS compared to TD
(X*(1) = 7.8, p = 0.005).

Emotional reactivity in response to loneliness

Overall, all participants reported higher levels of NA in
association with greater loneliness (b = 0.393 (95% CI
0.329-0.458), p < 0.001). The loneliness x group interac-
tion was significant between ASD and 22q11DS partici-
pants only (b = 0.153 (95% CI 0.048-0.258), p = 0.004),
indicating a stronger affective reactivity to loneliness in
participants with ASD compared to 22q11DS.

Overall, all participants reported lower levels of PA
in association with greater loneliness (b = —0.171 (95%
CI —0.249 to —0.093), p < 0.001). The loneliness x group
interaction was significant between 22q11DS participants
and both ASD (b = —0.185 (95% CI —0.301 to —0.075),
p<0.001) and TD participants (b =0.151 (95% CI
0.036-0.264), p = 0.01), meaning that the negative asso-
ciation between loneliness and PA was stronger in ASD
and TD participants compared to 22q11DS. There was
no difference between TD and ASD participants. Post-
hoc analysis showed that loneliness was associated with a
lower associated level of PA in TD (b = —0.178 (95% CI
—0.254 to —0.101), p <0.001) and ASD (b= —0.199
(95% CI —0.274 to —0.123), p <0.001), but not in
22q11DS (b = —0.008 (95% CI —0.097 to 0.080),
p = 0.848).

Attitude toward being alone and loneliness
toward parents and peers

Both individuals with 22q11DS (b = 8.307 (95% CI 1.63—
14.97), p =0.017) and ASD (b = 12.64 (95% CI 5.38-
19.91), p =0.002) expressed a higher affinity toward
being alone than TD. The two clinical groups did not dif-
fer from each other (p > 0.05).

Individuals with ASD expressed a lower aversion
toward being alone than TD (b = 9.76 (95% CI —16.34
to —3.20), p = 0.005). There was no other statistically sig-
nificant difference (all p > 0.05).

Individuals with ASD reported more loneliness
toward peers (i.e., trait loneliness) than both TD
b=1765 (95% CI 3.10-12.18), p=0.001) and
22q11DS (b =8.045 (95% CI 3.61-12.48), p = 0.001)
participants. Individuals with 22q11DS did not differ
from TD (p > 0.05).

There was no significant group difference on loneli-
ness toward parents (all p > 0.05). As participants did
not differ on this subscale and as it was not the focus on
the present study, we did not kept this subscale for fur-
ther analyses.
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Association between attitude toward being alone,
trait loneliness (i.e., loneliness toward peers), and
daily life loneliness

State loneliness was not associated with either affinity or
aversion toward being alone in any of the groups (all
p > 0.05), nor with trait loneliness (all p > 0.05). Experi-
ence of aloneness (appreciation and rejection-isolation
feeling) in daily life was not associated with attitude
toward being alone in any of the groups either (all
p > 0.05), nor with trait loneliness (all p > 0.05).

Association between attitude toward being alone,
trait loneliness (i.e., loneliness toward peers),
daily life loneliness, and mental health

In youths with 22q11DS, self-reported mental health
(total score) was associated with state loneliness
(b =0.027 (95% CI 0.010-0.045), p = 0.002), trait loneli-
ness (b = 0.465 (95% CI 0.185-0.744), p = 0.002), and
affinity for aloneness (b = 0.486 (95% CI 0.119-0.852),
p =0.012). These associations survived BH correction
for multiple associations. Aversion to aloneness was also
associated with self-reported mental health but did not
survive BH correction. Associations with internalizing
and externalizing symptoms are reported in (Data S1).
There was no statistically significant association with par-
ent-reported mental health (all p > 0.05).

In youths with ASD, self-reported mental health
(total score) was associated with affinity for aloneness
(b=0.502 (95% CI 0.134-0.871), p = 0.011) that sur-
vived BH correction for multiple association. Associa-
tions with internalizing and externalizing symptoms are
reported in (Data S1). There was no other statistically
significant association (all p > 0.05). Loneliness was
not statistically associated with parent-reported mental
health (all p > 0.05).

DISCUSSION

The objective of this study was to better characterize
loneliness (trait, state, and attitude toward aloneness) in
two neurodevelopmental disorders, as well as its link with
emotional reactivity and mental health. Our main find-
ings indicate that there was no difference between the
groups on state loneliness in daily life, and all partici-
pants reported feeling more lonely when they were alone
than when in the company of others. However, the vari-
ance of loneliness was significantly different between
groups, with larger within-person fluctuations in loneli-
ness in participants with ASD compared to 22q11DS and
TD, as well as in participants with 22q11DS compared to
TD. Regarding attitude toward being alone, both partici-
pants with 22q11DS and ASD expressed greater affinity
toward being alone than TD, and participants with ASD

expressed lower aversion toward being alone than
TD. Participants with ASD expressed higher trait loneli-
ness than both TD and 22q11DS, who did not differ from
each other. However, state loneliness as well as the sub-
jective experience of aloneness in daily life was not associ-
ated with affinity or aversion toward being alone in any
of the three groups, nor with trait loneliness. In terms of
emotional reactivity to loneliness, there was a higher
associated level of NA in participants with ASD com-
pared to 22q11DS, as well as a lower associated level of
PA in ASD and TD participants compared to 22q11DS.
Finally, in both clinical populations, associations
between loneliness and mental health were only signifi-
cant with self-reported but not with parent-reported
scores.

Attitude toward aloneness, trait, and state
loneliness

The intensity of daily life loneliness (i.e., state loneliness)
was similar across the groups, contrary to several
studies in ASD highlighting higher levels of loneliness in
youths with ASD (Grace et al., 2022; Lasgaard
et al., 2010; Sundberg, 2018). However, others studies
also reported no difference in loneliness between TD and
ASD (Bottema-Beutel et al., 2019; Chamberlain et
al., 2007). In line with these mixed results, the question of
the definition of loneliness should be considered, that is
the distinction between being alone and feeling lonely.
For instance, Bauminger and Kasari (2000) found that
children with ASD defined loneliness in terms of being
physically alone, whereas the emotional component of
feeling lonely was present in TD children only. In the pre-
sent study, all participants reported feeling lonelier when
they were alone than when in the company of others.
This indicates a broader understanding of the definition
of loneliness, including the potential resource of others as
a way out of loneliness. This finding is consistent with
our previous study on daily life social interactions, which
found a similar desire to be with others when alone in
individuals with neurodevelopmental disorders compared
to TD, pointing toward a preserved motivation for inter-
personal interactions (Feller et al., 2022). Additionally, a
recent study highlighted the complex role of state loneli-
ness, being both a predictor and a consequence of social
interaction, in the regulation of social affiliation (Reiss-
mann et al., 2021). To further explore loneliness, it
seemed important to consider its potential variation to
unmask intra-individual variability that disappears when
conducting between group comparisons. At a within-per-
son level, results showed larger variability in loneliness
among individuals with neurodevelopmental disorders
than among TD, and even larger variability among indi-
viduals with ASD than among 22q11DS carriers. So even
if there was no difference in the overall feeling of loneli-
ness, there was more variation within individuals of the
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clinical groups, especially ASD, pointing toward a dis-
tinction in the fluctuation of loneliness over time, with
more intense peaks in the clinical groups. This may be
due to the higher prevalence of mental health symptoms
in individuals with ASD (Hossain et al., 2020) and
22q11SD (Schneider et al., 2014), as it has been shown
that depressed individuals exhibit more within-person
fluctuations of loneliness (Di Blas et al., 2021).

On the opposite, differences were observed between
the groups in the way individuals considered their atti-
tude toward aloneness. The present results pointed that
the clinical groups expressed greater affinity toward being
alone. Youths with ASD also reported higher level of
trait loneliness (i.e., peer-related loneliness) than youths
with 22q11DS and TD. As Jones and Hebb (2003) found
an association between trait loneliness and objective
aspects of a person’s social network (smaller social net-
works, lack of intimate relationships), it is not surprising
to observe greater affinity toward being alone in clinical
groups that have a different involvement in the social
sphere, with less contact with peers and more with their
family (Feller et al., 2022). Interestingly, a recent study
identified several groups of adolescents based on their
profile of loneliness, with a group reporting positive atti-
tude toward aloneness but peer-related loneliness, that
was correlated with low adaptive functioning in peer
groups and friendships (Maes et al., 2016). In line with
this, our results showed that only youths with ASD
reported higher trait loneliness, pointing toward a distinc-
tion in the social profiles of youths with 22q11DS and
ASD. Further studies are needed to explore this differ-
ence in more depth, notably the correlation with social
adaptive functioning that we did not investigate in the
present study. Moreover, having a more positive attitude
toward being alone could also come from the challenging
social interactions experienced by individuals with neuro-
developmental disorders who endure more victimization
and bullying (DePape & Lindsay, 2016; Sterzing
et al., 2012). In TD samples, such negatives experiences
were indeed found to be associated with greater affinity
toward being alone (Corsano et al., 2006).

However, enjoying being alone per se is also a quality
and has benefits (Long & Averill, 2003), indicating that
one considers oneself essential to one’s well-being.
Humans are often considered to be social creatures, de
facto excluding those who value solitude and are consid-
ered unsociable (Daly & Willoughby, 2020). However,
the tendency to pathologize aloneness has been debated
for some time (e.g., Buchholz & Chinlund, 1994). Indeed,
positive attitudes toward aloneness tend to emerge during
adolescence, as time spent alone can be used to emotional
self-regulation and identity development (Long & Averill,
2003). Therefore, it is only when the time spent alone is
excessive that there can be a shift in the attitude toward
aloneness, which can become negative and then lead to
loneliness (Maes et al., 2016). In the present study, we
found that individuals with ASD reported lower aversion

toward being alone, confirming that being alone is not
necessarily aversive and that positive and negative atti-
tudes toward aloneness should not be considered as two
opposite ends of the same continuum (Maes et al., 2015).
Moreover, “social respite”, or the need to reboot after
social interactions, is commonly reported in youths with
ASD, since social interactions are described as costing a
lot of energy and restorative time alone is thus needed
after spending time with others (e.g., Elmose, 2020). This
idea is also in line with the hypothesis of the “cost of
interaction” that we previously developed in a previous
study (Feller et al., 2022). The lower aversion toward
being alone could therefore be interpreted as a result of
this need for “social respite.”

But does considering yourself a lone wolf really make
you a lone wolf in everyday life? Interestingly, no associa-
tion was found between attitude toward aloneness, trait
and state loneliness in the present study. Culbreth et al.
(2021) also reported this lack of association in schizo-
phrenia. Strikingly, the appreciation of aloneness, as
measured by the EMA items “I like being alone” and “I
feel excluded, rejected”, was not associated with attitude
toward aloneness. This highlights a discrepancy between
how people perceive themselves in general and how they
actually react in-the-moment. However, in the general
population, Mote et al. (2020) found associations
between momentary and dispositional loneliness. A cor-
respondence between the two types of loneliness was also
found by van Roekel et al. (2018) who observed different
patterns of loneliness appreciation depending on levels of
trait loneliness. Further research is therefore needed to
fully examine the associations between attitude toward
aloneness, state and trait loneliness.

Emotional reactivity to loneliness

Different  patterns of emotional reactivity to
loneliness were observed in the groups. On the one hand,
participants with 22q11DS only reported a higher associ-
ated level of NAs but no change in PAs, which raises the
question of fine-grained emotion identification in
22q11DS population which is known for impairments in
emotion recognition (Norkett et al., 2017). Moreover,
negative symptoms of psychosis are frequent and can be
severe in the context of 22q11DS (Schneider et al., 2012).
Therefore, the lack of change in PAs in reaction to loneli-
ness in 22q11DS could be linked with negative symp-
toms, such as emotional blunting. On the other hand,
participants with ASD seemed particularly emotionally
reactive to loneliness. This result could stem from prior
negative stressful interactions that led to loneliness.
Indeed, several studies conducted in the general popula-
tion pointed toward a link between loneliness and bully-
ing: being victimized increase loneliness (Graham
et al., 2006), and it was shown that both victims of bully-
ing and bullies reported feeling more lonely later in life
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(Ireland & Power, 2004). A circular interaction between
bullying and loneliness has also been suggested (Kochen-
derfer-Ladd & Wardrop, 2001). As higher rates of victim-
ization and bullying were reported among youths with
ASD (DePape & Lindsay, 2016; Sterzing et al., 2012), the
association with loneliness may be an interesting avenue
to pursue in future studies. Moreover, higher daily life
perceived stress, including social stress, was reported in
youths with ASD in a sample partially overlapping the
one of the present study (Ilen et al., 2022). These negative
experiences could then lead to feeling more lonely and
increase the negative appraisal of loneliness in general
(van Roekel et al., 2015, 2019). The emotional reactivity
to loneliness could also be explained by difficulties in
emotion processing that are well documented in ASD
(Chaidi & Drigas, 2020; Nuske et al., 2013). For exam-
ple, poor emotion regulation (ER) was associated with
socioemotional and behavioral difficulties in ASD
(Mazefsky et al., 2013). Interestingly, Kearns and Crea-
ven (2017) reported lower levels of loneliness in individ-
uals employing adaptive styles (e.g., positive reappraisal)
in response to negative emotions, whereas higher levels of
loneliness were found in individuals using maladaptive
styles (e.g., rumination). Therefore, ER might play a role
in individuals’ response to loneliness. Many individuals
with neurodevelopmental disorders face challenges in it
(England-Mason, 2020; Samson et al.,, 2015): in
22q11DS, youths were reported to use significantly less
adaptive ER strategies (Ilen et al., 2023), the latter being
associated with the overall severity of the psychopathol-
ogy (Campbell et al., 2022). In ASD, youths appeared
more likely to use less adaptive and more nonadaptive
ER strategies, leading to an increase of their affective
response to daily stress (Ilen et al., 2022). Further
research could focus on the association between ER and
emotional reactivity to better understand the link with
loneliness.

Loneliness and mental health

Loneliness has been described as a predictor of mental
health difficulties (Elmer et al., 2020; Hedley et al., 2018;
Hymas et al., 2022). Moreover, experiencing loneliness
was reported to predict greater psychological distress
immediately (moment-to-moment level), but also across
days (day-to-day level) (Yung et al.,, 2021). Taken
together, these studies show that it is important to be par-
ticularly vigilant about individuals who report feeling
lonely. And indeed, the findings of the present study
pointed toward an association between loneliness and
mental health. Because loneliness has never been studied
in 22q11DS, the association between mental health and
both state and trait loneliness, as well as attitude toward
being alone is an important addition to the existing litera-
ture. But our results also pointed toward an association
with self-reported measures only. Therefore, the lack of

association with questionnaires completed by caregivers
shows the importance of assessing symptoms with young
people directly and not relying solely on the assessment
of relatives, as their perception of the various difficulties
may differ. Notably, a recent study measuring executive
functioning in ASD revealed a moderate correspondence
between executive functioning reported by youths them-
selves and reported by their parents, highlighting that
their views are related but not identical (Kenworthy
et al., 2022). Other studies highlight the need for a combi-
nation of self- and parent-reports to screen for psychiatric
comorbidities in ASD (Mazefsky et al., 2011; Renk &
Phares, 2004).

Strengths, limitations, and future directions

This study investigated two populations with social diffi-
culties that may lead to loneliness, investigating both trait
and state loneliness, as well as attitude toward aloneness.
Combining the contextual and dispositional aspects of
loneliness provided comprehensive information to build a
complete picture on loneliness and reinforces the need to
combine classical and ecological methods to fully under-
stand a phenomenon as complex as loneliness. Moreover,
to our knowledge, this is the first time that such a study
has been conducted in 22q11DS, thus reinforcing the
need to consider loneliness in the clinical care of these
patients.

However, the results of this study must be considered
with some methodological limitations. First, EMA is a
method that relies on the participants’ self-evaluation,
requiring a certain level of introspection. A limitation
could thus be found in their understanding of the ques-
tions, which is why particular care was taken to explain
the protocol when installing the application. Moreover,
this method has been validated in typically and atypically
developing youths (Russell & Gajos, 2020), as well as in
individuals with mild intellectual disability (Wilson
et al., 2020). Second, it is important to know that the par-
ticipants in this study represent only a part of the autism
spectrum but also of 22q11DS. Indeed, individuals with
severe cognitive impairments could not be included in the
present study since the methodology used required read-
ing and understanding the questions but also being able
to engage in introspection. Therefore, the results cannot
be generalized to all individuals with ASD or 22q11DS.
Finally, the wide age range of our sample could be seen
as a limitation, as young adolescents and young adults
might respond differently, given the different develop-
mental changes and social environments they experience.
All the analyses were conducted with age as a covariate,
as well as by separating participants by age (<18 and
>18 years old). There was no statistically significant dif-
ference between younger and older participants in state
and trait loneliness, as well as in attitude toward being
alone. Similarly, research in the general population has
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shown that levels of loneliness remain relatively stable
from adolescence to adulthood (e.g., Mund et al., 2020).
In ASD, a recent study reported an increase in loneliness
from early adolescence to adulthood, but used a distinct
methodology without distinguishing state and trait loneli-
ness, or attitude toward being alone (Schiltz et al., 2023).
Moreover, our design was cross-sectional and not longi-
tudinal. Future studies with a longitudinal design are
therefore needed to investigate state and trait loneliness,
as well as attitude toward being alone, in greater detail
within each group.

Conclusions

The present study highlighted different profiles of loneli-
ness between two populations known to have social diffi-
culties. Indeed, whereas both the general and clinical
populations reported a greater sense of loneliness when
they were actually alone, individuals with ASD were par-
ticularly emotionally reactive to loneliness. This high-
lights the need of tailored interventions that address
population-specific challenges. Another key finding was
the greater affinity for being alone that we found in both
clinical groups, emphasizing the positive aspect of enjoy-
ing one’s own company but also underlying the cost of
social interactions for people known for having difficul-
ties in the social sphere. However, only youths with ASD
reported higher levels of trait loneliness, highlighting a
distinction in the social profiles across the two clinical
groups. Finally, the fact that only self-rated mental
health was associated with loneliness underscored the
need to include participant’s and not only caregivers’
appraisal in assessing mental health, even in clinical
populations that may be considered more vulnerable and
less effective at self-assessment. This opens new reflec-
tions on the clinical care of these individuals which must
be adapted to their clinical—but also individual—pro-
files. The two take home messages for clinical care are
that there is a need to remain vigilant when encountering
youths who report feeling lonely, and that youths with
ASD and 22q11DS need help to expand and rely on their
social network, as it appeared that being with others is a
protective factor against loneliness.
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