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Abstract

Several autism-related characteristics, such as social difficulties, may contribute to
high perceived stress and increased exposure to stressful life events in some autistic
individuals. Repeated exposure to stress might lead to the dysfunction of the
hypothalamic—pituitary-adrenocortical-axis and be a vulnerability factor for
developing mental health difficulties. Previous studies show contradictory findings
on salivary cortisol in autism. In the current study, we investigated diurnal corti-
sol profiles in autistic adolescents and young adults, as well as their associations
with social difficulties, stress exposure, and mental health symptoms. Autistic
(n =48, M,,. = 17.6) and nonautistic (n = 51, M,z = 18.4) participants collected
salivary cortisol at home six times a day for 2 days. Social difficulties, exposure to
stressful life events/bullying, and mental health symptoms were assessed with
questionnaires and clinical interviews. Similar diurnal cortisol slopes (DCS) and
cortisol awakening responses were observed between the groups, but autistic par-
ticipants showed higher total cortisol output (AUCg, area under the curve with
respect to ground) during the day (b = 19.09, p = 0.009). In the autistic group,
more severe social difficulties were associated with flatter DCS (b = 0.01,
p = 0.007). Finally, cortisol alterations were associated with self-reported mental
health symptoms, especially in autistic females in analyses uncorrected for multi-
ple comparisons. In conclusion, our results do not indicate autism-related group-
level alterations in most diurnal cortisol measures, but autistic youth showed
higher total cortisol (AUCg) compared with nonautistic peers. More detailed
investigation of interindividual variability in cortisol profiles within autistic peo-
ple might give us important insights into vulnerability to developing stress-related
mental health difficulties.

Lay Summary

Cortisol is a glucocorticoid hormone the levels of which fluctuate following the
body’s daily rhythm over a 24-hour cycle (i.e. circadian rhythm). Cortisol levels
can also be altered due to perceived stress or other factors. We investigated
whether daily cortisol rhythms differ in autistic and nonautistic adolescents and
young adults. Most daily cortisol measures did not differ between the groups, but
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INTRODUCTION

Autistic individuals are thought to experience increased
daily-life stress and be exposed to various stressful life
events (Hoover & Kaufman, 2018; van der Linden
et al., 2021), which may be partly the result of several
autism-related characteristics, including social difficulties,
sensitivity to sensory information, or difficulties in emotion
regulation (Kerns et al., 2015). In particular, more severe
social difficulties are shown to be associated with higher
frequency of bullying victimization (Hunsche et al., 2022;
Park et al., 2020), which, among other social stressors,
may represent a specific source of vulnerability for autistic
individuals (Haruvi-Lamdan et al., 2018). Repeated and
chronic (interpersonal) stress could then contribute to sub-
sequent social difficulties, such as reduced social motiva-
tion and interactions (Bitsika & Sharpley, 2014; Sandi &
Haller, 2015), as well as the development of co-occurring
mental health difficulties (Chou et al., 2020).

Vulnerability to such a stress-related negative clinical
evolution may act through an alteration of the biological
stress responses. Exposure to stress, including bullying,
can lead to dysfunction of the hypothalamic—pituitary-
adrenocortical (HPA)-axis (Chen et al., 2018; Knack
et al., 2011) which, in response to a stressor, produces the
glucocorticoid hormone cortisol that can be measured
from saliva (Hellhammer et al., 2009). Typically, salivary
cortisol shows a strong diurnal rhythm, peaking after
awakening and decreasing during the rest of the day. The
cortisol awakening response (CAR) represents the peak
in cortisol within 30-45 min after awakening (Adam &
Kumari, 2009; Pruessner et al., 1997), whereas the degree
of change in cortisol throughout the day is defined as
diurnal cortisol slope (DCS) (Adam & Kumari, 2009).
Total cortisol secretion during the day can be investi-
gated computing the area under the curve with respect to
ground (AUCg) (Pruessner et al., 2003).

Alterations in daily cortisol profiles can indirectly indi-
cate dysfunction of the HPA-axis, which is shown to medi-
ate the relationship between stress exposure and
subsequent mental health difficulties (Koss & Gun-
nar, 2018). Flattened DCS was previously reported in sev-
eral clinical populations, including depression and
internalizing disorders (Adam et al., 2017), whereas
increased CAR has been observed in individuals with per-
sistent anxiety (Greaves-Lord et al., 2007; Vreeburg
et al., 2010) and higher general life stress (Chida &

autistic youth showed higher cortisol levels than nonautistic youth. Moreover, in
autistic participants, more severe social difficulties were associated with greater
fluctuation in cortisol throughout the day. More detailed investigation of the
observed variability in cortisol rhythms might help us to understand the vulnera-
bility to stress-related mental health difficulties.

bullying, cortisol awakening response, diurnal cortisol slope, HPA-axis, sex differences, social anxiety,

Steptoe, 2009). Similarly, high AUCg was observed in clin-
ical depression (Vreeburg et al., 2009) and social anxiety
(Kische et al., 2021). Moreover, it was shown that cortisol
predicts later mental health symptoms (Lecarie et al., 2022;
Shirtcliff & Essex, 2008), which suggests that cortisol alter-
ations could be considered as a marker for future mental
health difficulties. Given the high rates of co-occurring
anxiety and mood disorders in autism (Kirsch et al., 2020),
investigating diurnal cortisol could offer important insights
into understanding clinical evolution in this population.

In autism, previous studies on diurnal salivary cortisol
have focused mainly on children or young adolescents,
yielding mixed results (Hadwin et al., 2019; Taylor & Cor-
bett, 2014; van der Linden et al., 2022). Although many
studies observed typical cortisol profiles in autistic com-
pared with nonautistic individuals (e.g., Corbett
et al., 2006; Goldman et al., 2017), flattened CAR (Bros-
nan et al.,, 2009), higher overall cortisol (Tomarken
et al., 2015), and flatter DCS (e.g., Muscatello & Cor-
bett, 2018; Tordjman et al., 2014) have also been reported.
Moreover, in autistic adolescents, elevated evening corti-
sol level was observed (Muscatello & Corbett, 2018), pos-
sibly related to the presence of increased stress during the
day (Corbett et al., 2009). These contradictory findings as
well as observed variability in cortisol measures within
autistic individuals (e.g., Corbett et al., 2008; Sharpley
et al., 2016) point toward great interindividual differences
in diurnal cortisol profiles in this population. It is possible
that autistic youth with more frequent exposure to (social)
stress present altered cortisol profiles compared with indi-
viduals with less negative social experiences, increasing
their vulnerability to develop mental health symptoms.
Some evidence regarding the association between diurnal
cortisol and internalizing symptoms has been shown in
autistic children and adolescents: dysregulation in morn-
ing and afternoon cortisol was associated with anxiety
(Bitsika et al., 2015; Tomarken et al., 2015) and flatter
CAR was related to depressive symptoms (Sharpley
et al., 2016). However, further research is needed to better
understand the interplay between (interpersonal) stress,
cortisol and mental health, notably social anxiety and
internalizing symptoms.

The aim of the current study was to investigate
whether diurnal cortisol profiles differ in autistic and
nonautistic adolescents and young adults, and whether
cortisol profiles are associated with stress/bullying expo-
sure, social difficulties, and mental health. First, we
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hypothesized that autistic youths show altered cortisol,
notably blunted DCS and elevated evening cortisol
(Muscatello & Corbett, 2018), as well as increased inter-
individual variability in cortisol profiles. Second, we
hypothesized that more frequent stress exposure, includ-
ing bullying, and more severe social difficulties are asso-
ciated with altered diurnal cortisol in autistic youths.
Finally, we hypothesized that altered cortisol would be
associated with higher levels of social anxiety, internaliz-
ing symptoms, and co-occurring psychiatric conditions in
autistic youths.

METHODS
Participants

The sample consisted of 53 verbally fluent participants
(24 females) with a diagnosis of autism spectrum disorder
(ASD), aged 12-29 years, and 54 nonautistic participants
(32 females), aged 12-27 years. Data were collected
between October 2018 and September 2022. Note that
although the period of data collection overlapped with the
COVID-19 pandemic, the study protocol was similar for
each participant. Autistic participants were assessed with
the Autism Diagnostic Observation Schedule, second ver-
sion (ADOS-2) (Lord et al., 2012). With their caregivers,
the Autism Diagnostic Interview-Revised (ADI-R) (Rut-
ter, Le Couteur, & Lord, 2003) or the Social Communica-
tion Questionnaire (SCQ) (Rutter, Bailey et al., 2003) was
completed. Details of recruitment and criteria for partici-
pation are provided elsewhere (Ilen et al., 2024). The
study was approved by the Cantonal Research Ethics
Committee of Geneva (CCER) (2018-01117).

MEASURES
Stress exposure and bullying

Exposure to important life events was assessed using the
Coddington Life Events Scales questionnaire (CLES)
(Coddington, 1999) in which participants reported if spe-
cific life events had happened to them (never/once/two or
more times) in different time frames (0-3/4-6/7-9/10-
12 months). Each event has a value in life change units
(LCUs) based on its characteristics (type, frequency, and
time since occurrence). A total score of stress in the past
12 months were calculated representing the weighted sum
of the LCUs.

To assess peer victimization, participants completed
the Multidimensional Peer Victimization Scale-Revised
(MPVS-R) (Bates et al., 2015). They reported whether
they had experienced different types of peer victimization
in the past year on a 3-point Likert scale (never/once/
more than once).

Social difficulties

Parents completed the school-age or adult version of the
Social Responsiveness Scale-2nd edition (SRS-2) (Con-
stantino & Gruber, 2012) to assess the severity of autism-
related social difficulties. The 7-score of the DSM-5 com-
patible Social Communication and Interaction scale
(consisting of Social Awareness, Social Cognition, Social
Communication, and Social Motivation subscales) was
used in the analyses.

Mental health

Internalizing symptoms were measured through self-
reported and caregiver-reported questionnaires: for chil-
dren and adolescents, the Youth Self Report (YSR) and
the Child Behavior Checklist (CBCL) (Achenbach &
Rescorla, 2001), and for adults, the Adult Self Report
(ASR) and the Adult Behavior Checklist (ABCL)
(Achenbach & Rescorla, 2003). The age-normalized 7-
score of internalizing symptoms was used in the analyses.

Social anxiety was assessed using the Social Interac-
tion Anxiety Scale (SIAS) (Mattick & Clarke, 1998), a
self-reported questionnaire that measures participants’
fear of social interactions. Participants responded using a
S5-point Likert scale (“not at all” to “extremely character-
istic/true of me”), with higher scores corresponding to
more severe social anxiety. Of note, the SIAS question-
naire was introduced during the data collection (n = 77).

Finally, a comprehensive clinical assessment was con-
ducted with autistic participants to examine the presence
of DSM-5 diagnoses (detailed in Supplementary Material).
The sum of current psychiatric diagnoses was used as a
measure of co-occurring psychiatric conditions, in line
with previous studies (Sandini et al., 2020).

Cognitive assessment

Intellectual functioning was assessed with Weschler Intel-
ligence Scale for Children (Wechsler, 2014) or Adults
(Wechsler, 2008).

Salivary cortisol

Participants collected saliva samples at home using the
Salimetrics SalivaBio Oral Swab method. Samples were
collected six times a day for 2 days: at awakening, 30, 60,
120 min after awakening, at 16:00 and at 20:00. Partici-
pants and their parents received verbal and written
instructions with visual supports for collecting and stor-
ing the samples. Participants were instructed to place a
cotton swab under their tongue for 90 s without touching
it with their hands. The cotton was then placed in a tube
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in the freezer. Participants indicated the time of collection
of each sample and wrote down any problems they
encountered during sampling. They were instructed to
collect the samples preferably on two consecutive days,
to wake up before 10:00, and not to eat or drink anything
except water in the hour before sampling. Brushing teeth
was not restricted because previous studies showed no
systematic impact on cortisol (Groschl et al., 2001; Kiv-
lighan et al., 2004). However, participants were
instructed not to perform any intense physical activity in
the hour prior to sampling (Stalder et al., 2016). Saliva
samples were stored at —20°C until being processed.
Samples were centrifuged at 1500g for 15 min at 4°C and
salivary cortisol levels were quantified with the Sali-
metrics Salivary Cortisol Enzyme Immunoassay Kit
(Salimetrics) according to the manufacturer’s instruc-
tions. The analytical sensitivity for the cortisol assay is
0.007 pg/dL with standard curve ranging from 0.012 to
3.00 pg/dL. Average intra and interassay coefficients of
variation were 6.8% and 5.3%, respectively.

Processing of cortisol data

From the total sample (n = 106), six participants (n = 5
autistic) were excluded due to poor adherence with the
cortisol sampling protocol. One nonautistic participant
was excluded because he reported symptoms of illness
during the sampling days. For four participants (n = 2
autistic), valid cortisol data were available for only one
sampling day. Moreover, 47 samples were missing or
excluded (detailed in Supplementary Material). The par-
ticipants were instructed not to eat or drink anything,
except water, in the hour before sampling. However, if
participants were unable to follow these instructions, they
were asked to systematically report any deviations from
instructions. As this deviation concerned relatively few
samples and to avoid losing data, we decided to include
eating (n = 65) and drinking (n = 18) before each sample
(yes/no) as a covariate. Since these covariates had no
effect on the results, the samples were retained in the ana-
lyses. For the same reason, we included in the analyses
the participants (n = 3 nonautistic and n =1 autistic)
who reported smoking tobacco regularly, as this factor
showed no significant effect on the results when added as
a covariate.

Outliers in cortisol were identified using a proposed
method of combining polynomial regression and outlier
detection (Hampel, 2001), detailed in Supplementary
Material. As a high variation could be expected in the
morning cortisol (Clow et al., 2004), outliers (n = 15)
were detected and removed only for the samples at 16:00
and 20:00. The final sample consisted of 99 valid partici-
pants (n = 48 autistic, » = 51 nonautistic), with 1107 cor-
tisol measures.

Several cortisol indices were calculated to provide
complementary measures of daily cortisol activity for

each participant (Adam & Kumari, 2009). Raw cortisol
values were log)o-transformed to correct for skewness.
First, DCS was estimated for each participant by
extracting a slope from linear regression model predicting
logo-cortisol from time (centered at awakening time and
standardized), covarying for age, sex, and awakening
time. CAR (increase in cortisol within 25-50 min after
awakening) was excluded when calculating DCS, in line
with earlier studies (Adam et al., 2017). Then, CAR was
calculated as a delta between the 30-min postwaking and
the awakening cortisol samples. Finally, total cortisol
output was calculated as AUCg (Pruessner et al., 2003)
for days with no missing cortisol values. Values of CAR
and AUCg were calculated for each day and each partici-
pant, and then averaged over the 2 days, resulting in one
measure of CAR and AUCg per participant. If the values
for both days were not available, the value from the only
available day was used. Since salivary cortisol peaks
approximately 30-45 min after awakening (Adam &
Kumari, 2009) and since even a 15-min delay between
awakening and sampling strongly influences cortisol level
(Stalder et al., 2016), the samples taken later than 10 min
after awakening (first sample) or outside of a window of
25-50 min (second sample) were removed when calculat-
ing the cortisol indices as well as from the analyses
modeling CAR. Overall, CAR could not be calculated
for five participants, whereas AUCg was missing for
11 participants.

Statistical analyses

Statistical analyses were conducted using R version 4.2.1
(R Core Team, 2022). To test group differences in demo-
graphic variables or questionnaires, independent samples
t-test, Mann—Whitney U test, or chi square test were
used. For cortisol data, multilevel regression models
(MLMSs) were used due to the multilevel structure of the
data, in line with previous studies (e.g., Adam, 2006).
Using a three-level model (adding day as a level) did not
improve the fit for any of the models and the variance for
the day level was low (see Supplementary Material).
For this reason, two-level models (repeated cortisol mea-
sures nested within individuals) were used. In compliance
with stepwise MLM regression, the most accurate model
was selected with a goodness of fit test using AIC and
BIC indices. In the models, age, sex, body mass index
(BMI), intelligence quotient (IQ), regular smoking (yes/
no), time of awakening for each day, and eating and
drinking before each sample (yes/no) were added as possi-
ble covariates. Continuous variables were grand-mean
centered to facilitate the interpretation of the results.
Time was centered at awakening time and standardized.
First, to predict the variation in cortisol during the
day, a MLM with random intercept and random slope
for time was fitted using /mer command from Ime4 pack-
age (Bates et al., 2015) using time, time” (to account for
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the quadratic changes of diurnal cortisol), and a dummy-
coded variable CAR (0 = no/1 = yes; to account for the
effect of CAR) as predictors (Adam, 2006). To investi-
gate possible group differences in DCS, group and time-
x group interaction were added as predictors. The
covariates that showed a significant effect on cortisol and
were therefore retained in the model were age, sex
and awakening time.

Second, to investigate group differences in evening
cortisol, a two-level MLM (using day as a second level)
with random intercept was fitted to predict cortisol at the
sixth time-point (20:00) using group as a predictor and
controlling for age, sex, awakening time, and sample
collection time.

Third, to investigate possible group differences in
CAR, a MLM with random intercept and random slope
was run for only the two first time-points of cortisol,
using time, group and time x group interaction as predic-
tors. The only significant covariate retained in the model
was awakening time.

Fourth, to investigate group differences in total corti-
sol, a robust regression model (due to nonnormality of
residuals of the linear model) predicting AUCg was run
using group as a predictor and age, sex, and awakening
time as covariates.

To investigate whether autistic individuals showed
higher between-person variability in DCS or CAR than
nonautistic individuals, two likelihood ratio (LR) tests
were conducted to compare the model (1:DCS, 2:CAR)
where intercept and slope variances were allowed to dif-
fer across groups from a model where error variance was
assumed to be equal for the groups.

Then, to investigate possible effect of stress/bullying
exposure and social difficulties on cortisol in the autistic
group, the grand-mean centered scores of CLES, MPVS-
R, and SRS-2 and their interaction with time were added
in the MLMs (DCS, CAR) and in the robust regres-
sion (AUCg).

Finally, correlations between cortisol and mental
health variables in autistic participants were investigated
using partial Spearman rank correlations from psych
package (Revelle, 2017) controlling for age, sex, 1Q, and
awakening time for CAR and AUCg. A Benjamini—
Hochberg (B-H) correction (Thissen et al., 2002) was
used to account for multiple comparisons.

The current study was preregistered during data col-
lection (https://doi.org/10.17605/OSF.IO/UDKA4F; https
://doi.org/10.17605/0SF.1I0/2YE6N). The following devi-
ations from the preregistration should be noted: first, in
the preregistration, we hypothesized that cortisol would
mediate the association between stress exposure and men-
tal health symptoms. However, due to the lack of signifi-
cant correlations between all the variables, mediation
analyses were not conducted and were therefore not
included in the article. In addition, instead of a mean

cortisol level, AUCg was used as a measure of a total
cortisol output, as recommended and frequently used in
the field (Adam & Kumari, 2009; Pruessner et al., 2003;
Saxbe, 2008). Moreover, regarding the statistical ana-
lyses, when investigating possible group differences in
evening cortisol, cortisol measures were not centered on
the person mean level, because we would have lost data if
participants had missing samples during the day. Finally,
we used partial correlations instead of regression models
to investigate associations between cortisol and mental
health. We also added a self-report measure of internaliz-
ing mental health symptoms, to provide a more compre-
hensive assessment of mental health.

RESULTS

Sample characteristics and group differences in
demographic variables

Characteristics of participants and group comparisons of
demographic variables are shown in Table 1. Age, sex, or
1Q did not significantly differ between the groups, but the
autistic group had a lower BMI. Average awakening time
on cortisol sampling days did not differ between the
groups.

Group differences in cortisol profiles

Group differences in cortisol parameters are shown in
Tables 2 and 3. In terms of DCS, time had a significant
effect on cortisol, indicating typical decrease of cortisol
throughout the day. However, the time x group interac-
tion was not significant, indicating that DCS did not sig-
nificantly differ between the two groups (see Figure 1).

Furthermore, in contrast to our hypothesis, group
had no effect on evening cortisol, indicating similar levels
of evening cortisol across the groups (nonautistic:
M =0.08 pg/dL, SD = 0.4; autistic: M = 0.09 pg/dL,
SD = 0.03).

A MLM modeling CAR showed that time had a sig-
nificant positive effect on cortisol, indicating that cortisol
increased after awakening. However, time x group inter-
action was not significant, indicating that CAR was simi-
lar between the groups (Table 2). Average CAR in the
nonautistic group was 0.16 pg/dL (SD = 0.21) and
0.14 pg/dL (SD = 0.22) in the autistic group. The average
level of the first cortisol sample was 0.32 pg/dL
(SD = 0.12) for nonautistic participants and 0.37 pg/dL
(SD = 0.17) for autistic participants.

Finally, group was a significant predictor of total cor-
tisol level (AUCg), indicating that autistic participants
(M = 134.4, SD = 41.6) had higher total cortisol during
the day than nonautistic participants (M = 1194,
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TABLE 1 Group comparisons of demographic characteristics and variables of interest.
Nonautistic (n = 51) Autistic (n = 48) Test statistic p-value

Age in years, mean (SD) 18.40 (£4.02) 17.60 (+4.49) U=1410.5 0.193
Sex (n, M/F) 23/28 27/21 X*(1)=123 0.267
Body mass index (BMI), mean (SD) 21.24 (£2.96) 19.92 (£3.09) U=1478.5 0.009%*
1Q, mean (SD) 111.67 (£12.63) 106.77 (£15.98) 7(95) = 1.68 0.097
Regular smoking of tobacco, n (%) 3 (6%) 1 (2%)
Awakening time (h:min) 8:30 8:12 7(97) = 1.63 0.106
SRS-2: SCI, mean (SD) 44.39 (+6.40) 73.13 (£10.40) U=1345 <0.001***
CLES, mean (SD) 162.39 (£115.28) 144.17 (£124.82) U=1383 0.267
MPVS-R, mean (SD) 21.35(+4.04) 2491 (£6.11) U=695 <0.001***
ABCL/CBCL: internalizing symptoms, mean (SD) 48.55 (£8.75) 71.11 (£11.23) T(94) = —11.01 <0.001***
ASR/YSR: internalizing symptoms, mean (SD) 49.27 (£8.59) 67.08 (£10.85) T(97) = -9.08 <0.001***
SIAS, mean (SD) 24.11 (*15.06) 45.73 (¥21.11) U=3145 <0.001***
Psychiatric diagnosis, n (%)

Social anxiety disorder 12 (25%)

Other anxiety disorder 15 (31%)

Mood disorder 13 (27%)

Psychotic disorder 1. (2%)

Obsessive-compulsive disorder 2 (4%)

Oppositional defiant disorder 3 (6%)

Other® 5 (10%)
Other neurodevelopmental disorder, n (%)

Attention deficit hyperactivity disorder (ADHD) 14 (29%)

Tic disorder 3 (6%)

Intellectual disability 3 (6%)
Psychotropic medication, n (%)

Antidepressants® 10 (21%)

Antipsychotics (second-generation) 5 (10%)

Anxiolytics 3 (6%)

Psychostimulants 3 (6%)

Note: The same participant can have >1 diagnoses and medication.

Abbreviations: ABCL/CBCL, Adult/Child Behavior Checklist; ASR/YSR, Adult/Youth Self Report; CLES, Coddington Life Event Scales; 1Q, intelligence quotient;
MPVS-R, Multidimensional Peer Victimization Scale-Revised; SIAS, Social Interaction Anxiety Scale; SRS-2/SCI, Social Responsiveness Scale-2nd edition/Social

Communication and Interactions subscale.

#Other diagnoses include enuresis, body dysmorphic disorder, insomnia disorder, trichotillomania, hoarding disorder, and illness anxiety disorder.
®Antidepressants include selective serotonin reuptake inhibitors (SSR1s) (n = 9) and serotonin modulator and stimulator (vortioxetine; n = 1).

#%p < 0.01; **%p < 0.001.

SD = 43.0) (see Table 3 and Figure S1). The correlations
between different cortisol parameters are reported in the
supplement.

Between-person variability in cortisol

LR tests showed that models where intercept and slope
variances were allowed to differ across the groups did not
have a better fit than models where the error variance
was assumed to be equal for the two groups, indicating
similar between-person variability in cortisol across
groups. Indeed, the LR test comparing the models was
not significant either for DCS (SDnonautisic = 0.197,
SD,uiistic = 0.193, X*(4) = 2.16, p = 0.706) or for CAR

(SDyonautistic = 0175, SDugistic = 0.169, X2(4) =0.33,
p = 0.988).

Associations between social difficulties, stress/
bullying exposure, and cortisol

Group comparisons for social difficulties and stress
exposure are shown in Table 1. As expected, autistic
participants showed more parent-reported social diffi-
culties than nonautistic participants. They also showed
more frequent exposure to peer victimization during
the last year. The overall exposure to stressful events
in the past 12 months did not differ between the
groups.
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TABLE 2 Multilevel regression of the effect of time and group on
cortisol parameters.

B (95% CI) 4
Outcome: cortisol

Diurnal cortisol slope

Time —0.28 (—0.35, —0.21) <0.001%**

Time x group —0.06 (—0.16, 0.03) 0.2
Evening cortisol

Group 0.05(—0.01, 0.12) 0.119
Cortisol awakening response

Time 1.32(0.85, 1.79) <0.001%**

Time x group —0.19 (—0.88, 0.50) 0.583

Note: Group: nonautistic/autistic.
**%p < 0.001; *p < 0.05.

TABLE 3 Robust regression of the effect of group, social
difficulties, stress exposure, and bullying on total cortisol
output (AUCg).

B (95% CI) t P
Total cortisol output (AUCg)
Group 19.09 (4.87, 33.32) 2.67 0.009**
Adj. R>=0.34
Only in autistic group
SRS-2 —0.29 (-3.19, 2.61) —0.21 0.837
CLES 0.03 (—0.05,0.11) 0.73 0.471
MPVS-R —1.58 (—3.86, 0.70) -1.42 0.167
Adj. R? =031

Note: Group: nonautistic/autistic.

Abbreviations: AUCg, area under the curve with respect to ground; CLES,
Coddington Life Event Scales; MPVS-R, Multidimensional Peer Victimization
Scale-Revised; SRS-2, Social Responsiveness Scale-2nd edition/Social
Communication and Interactions subscale.

**p <0.01.

The SRS-2 score moderated the effect of time on corti-
sol, indicating that autistic individuals who showed more
severe social difficulties, showed flatter DCS (see Table 4).
A post hoc test showed that the subscales of social com-
munication and social motivation were associated with
DCS (see Supplementary Material). In contrast, the SRS-
2 did not have a significant effect on CAR or AUCg.
Similarly, exposure to stress or bullying in the past year
were not associated with cortisol (see Tables 3 and 4).

Correlations between cortisol parameters and
mental health

Autistic participants showed significantly higher levels of
social anxiety and internalizing symptoms than nonautis-
tic participants (see Table 1). Females with autism
reported more social anxiety symptoms (Mdn = 58.0,
n=17) than autistic males (Mdn = 31.0, n=16),
U =239, z=-3.48, p<0.001, r = 0.606, as well as more

severe internalizing symptoms (Mdn = 73.0, n=21)
compared with males (Mdn = 63.0, n = 26), U = 114.5,
z=-3.39, p<0.001, »r=0.494. In contrast, parent-
reported internalizing symptoms did not significantly dif-
fer between autistic females (Mdn = 73.0, n =21) and
males (Mdn =69.5, n=26), U=228, z=-0.95,
p=0.341,r=0.14.

Correlations between mental health and cortisol vari-
ables are presented in Figure 2. Although few moderate
associations were observed, most correlations were not
statistically significant, probably due to the small sample
size. In all autistic participants, the severity of social anxi-
ety correlated negatively with DCS, indicating that autistic
individuals who showed more severe social anxiety showed
steeper DCS, r,(28) = —0.41, p = 0.02. However, the cor-
relation did not survive correction for multiple compari-
sons (B—H threshold = 0.006). Other cortisol measures did
not significantly correlate with mental health variables.

Considering sex differences in mental health symp-
toms, we also conducted post hoc correlations separately
in autistic females and males (see Figure 2). Interestingly,
the two sexes showed opposite patterns of correlations. In
autistic females, the strongest correlations were observed
between DCS/CAR and self-reported mental health
symptoms, although the correlations did not survive B-H
correction. The severity of social anxiety showed a mod-
erate negative correlation with DCS (ry(13) = —0.53,
p = 0.04, B-H threshold = 0.0125), whereas self-reported
internalizing symptoms correlated with CAR (ry(14)
=0.55, p =0.03, B-H threshold = 0.006). These results
tentatively suggest that autistic females who report higher
levels of social anxiety and internalizing symptoms show
steeper DCS and increased CAR. In contrast, autistic
males did not show any significant correlations between
cortisol and mental health. Detailed correlations are pre-
sented in Supplementary Material.

Supplementary analyses in youths without
current psychotropic medication

As relatively high percentage of autistic participants used
psychotropic medication at the time of the assessment,
which is shown to influence HPA-axis functioning
(Dziurkowska & Wesolowski, 2021), supplementary ana-
lyses were conducted by excluding participants with cur-
rent psychotropic medication (n = 16). The retained
subgroup therefore consisted of 32 individuals (n = 11
females and n =21 males). Results are detailed in
Supplementary Material. In contrast to the obtained
group differences in terms of cortisol values, the supple-
mentary analyses revealed a significant time x group
interaction for the DCS, indicating that the autistic group
without medication had a steeper DCS compared with
nonautistic participants. For other cortisol parameters,
the results remained similar.

In terms of the association between cortisol and social
difficulties, the evidence was less strong when individuals
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FIGURE 1 Average salivary cortisol
curve during the day across the nonautistic
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TABLE 4 Multilevel regression of the effect of social difficulties,
stress exposure, and bullying on cortisol in the autistic group.

B (95% CI) p-value
Outcome: cortisol
Diurnal cortisol slope
Time x SRS-2 0.01 (0.003, 0.02) 0.007**
Time x CLES 0.0002 (—0.0004, 0.0008) 0.490
Time x MPVS-R —0.004 (—0.02, 0.008) 0.497
Cortisol awakening response
Time x SRS-2 —0.03 (-0.1, 0.03) 0.295
Time x CLES —0.001 (—0.006, 0.004) 0.612
Time x MPVS-R —0.02 (—0.11, 0.08) 0.725

**p < 0.01.

Abbreviations: CLES, Coddington Life Event Scales; MPVS-R,
Multidimensional Peer Victimization Scale-Revised; SRS-2, Social
Responsiveness Scale-2nd edition/Social Communication and Interactions
subscale.

with medication were excluded: the moderating effect of
SRS-2 on the association between cortisol and time was
no longer significant (b = 0.009 [95% confidence interval,
CI —0.001 to 0.2], p = 0.08). The results on the associa-
tion between cortisol and stress/bullying remained similar
to our initial results (data not shown).

Finally, correlation analyses between cortisol and
mental health variables were repeated for the subgroup
without medication. Globally, correlations remained

500

600

similar (data not shown). However, a significant
correlation between total cortisol output (AUCg) and the
severity of social anxiety was observed (ry(11)
= 0.66, p = 0.01).

DISCUSSION

Our results indicate that autistic adolescents and young
adults do not show alterations in DCS or CAR but have
higher total cortisol (AUCg) during the day than nonau-
tistic youths. Similar interindividual differences in corti-
sol profiles were observed across groups, and these
differences in autistic individuals were related to social
functioning: autistic youths with more severe social diffi-
culties showed flatter DCS. Finally, cortisol alterations
were associated with self-reported mental health symp-
toms, especially in autistic females, but the results did not
survive for multiple comparison correction.

Cortisol profiles and the associations with social
difficulties and stress exposure

Contrary to some previous studies showing increased eve-
ning cortisol in children/adolescents with autism (Corbett
et al., 2008; Muscatello & Corbett, 2018), resulting in
higher average cortisol during the day (Tomarken
et al., 2015), the current results indicate higher total
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(a) Correlations between cortisol and mental health in autistic group
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(c) Correlations in autistic males
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FIGURE 2 Correlations between diurnal cortisol and mental health variables for autistic participants (n = 48), as well as separately for autistic
females (n = 21) and males (n = 27). Only statistically significant correlations (before multiple correlation correction) were observed between DCS
and SIAS in the whole group, DCS and SIAS in autistic females as well as CAR and ASR in autistic females. Some moderate associations were
observed in autistic males, but the correlations were not statistically significant, due to the small sample size. Partial correlations using the Spearman
method, controlling for age, sex, intelligence quotient (IQ) (DCS) or for age, sex, 1Q, and awakening time (CAR, AUC). ABCL, Adult/Child
Behavior Checklist (parent-reported internalizing symptoms); ASR, Adult/Youth Self Report (self-reported internalizing symptoms); AUC, area
under the curve (total cortisol output); CAR, cortisol awakening response; DCS, diurnal cortisol slope; PSY, number of co-occurring psychiatric
conditions; SIAS, Social Interaction Anxiety Scale (self-reported social anxiety).

cortisol level in autistic participants, measured through-
out the day, but not specifically in the evening. As ele-
vated cortisol is a marker of acute stress, increased
cortisol might be explained by the level of perceived
stress. Indeed, considering the importance of routines for
certain autistic individuals (Cuccaro et al., 2003), it is
possible that the cortisol sampling protocol, which might
have altered daily routine, contributed to increased per-
ceived stress and feelings of anxiety in some participants.
Moreover, it was recently shown that autistic adolescents
and adults show high levels of perceived daily-life stress
(Ilen et al., 2024; van der Linden et al., 2021), which
might explain elevated cortisol levels during the day.

Future studies could investigate whether perceived daily-
life stress in autistic individuals is associated with total
cortisol secretion during the day. On the other hand, the
contradictory findings concerning evening cortisol might
be explained by the fact that, in the current study, the
evening sample was collected at a fixed time (20:00)
instead of before participants’ natural bedtime, contrary
to previous studies (Corbett et al., 2008; Muscatello &
Corbett, 2018). Although this approach did not allow to
investigate evening cortisol related to participants’ natu-
ral rhythm, cortisol sampling at fixed time points has
been used in several studies and has been shown to be
associated with mental health outcomes (Adam
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et al., 2017). Moreover, a previous study in autistic ado-
lescents showed a significant effect of pubertal develop-
ment for evening cortisol levels (Muscatello &
Corbett, 2018). Indeed, puberty is a developmental
period associated with increased HPA-axis activity and
elevated cortisol levels (Gunnar et al.,, 2009; Kiess
et al., 1995). The relatively wide age range of our sample
corresponded to different levels of pubertal development,
which might have impacted our findings on cortisol.
Information about pubertal stage should be collected in
future studies.

In contrast, our results seem to confirm some previ-
ous findings showing comparable CAR (e
g., Muscatello & Corbett, 2018; Tomarken et al., 2015)
and DCS (e.g., Anesiadou et al., 2021; Goldman
et al., 2017) in autistic and nonautistic individuals. How-
ever, our results contrast with few other studies reporting
group-level alterations in children and adolescents with
autism, which might be partially explained by methodo-
logical and sample-related differences. Brosnan et al.
(2009) reported flattened CAR in autistic adolescents,
but included only male participants, whereas the current
study consisted of females and males. Moreover, their
cortisol samples were collected at predetermined times
(7:00 and 7:30), whereas most of our participants took
the morning samples later. Awakening time and sleep
duration were shown to affect morning cortisol
(Kudielka & Kirschbaum, 2003; Kumari et al., 2009).
Similarly, previous studies showing blunted DCS in
autism (e.g., Muscatello & Corbett, 2018; Tomarken
et al., 2015; Tordjman et al., 2014) involved younger par-
ticipants and used two to four cortisol measures through-
out the day. In the current study, DCS was derived from
five samples, which is shown to be close to the cortisol
slopes assessed using a more intensive sampling protocol
(Hoyt et al., 2016). Moreover, our sample included autis-
tic participants with mental health difficulties, many of
whom were taking psychotropic medication, mainly
selective serotonin reuptake inhibitors (SSRIs), at the
time of the study. Interestingly, when excluding individ-
uals with medication, we observed a steeper DCS in
autistic participants compared with nonautistic partici-
pants. SSRIs have been shown to influence cortisol levels
(Manthey et al., 2011) and may have contributed to the
lack of group differences in cortisol. An alternative expla-
nation could be that participants requiring psychotropic
medication tend to have more severe symptoms, which
might be associated with blunted DCS. In any case,
the results underline the importance of considering het-
erogeneity within samples when investigating cortisol in
autism.

Overall, considering the heterogeneity of the current
and previous findings on cortisol in autism, we hypothe-
sized that autistic individuals would show increased inter-
individual variability in cortisol (Corbett et al., 2008). In
the current study, marked interindividual differences
were indeed observed between participants, but this het-
erogeneity was not specific to autistic participants. This

might be explained by the fact that both groups were
composed of adolescents and young adults of both sexes
and with a quite large age range, which both impact cor-
tisol (Kiess et al., 1995; Shirtcliff et al., 2012). Moreover,
several psychological and social factors, including per-
sonality (Xin et al., 2017), emotion regulation (Jentsch &
Wolf, 2020), or social support (Kirschbaum et al., 1995)
might contribute to the interindividual variability in cor-
tisol measures (Rab & Admon, 2021). Finally, it should
be noted that the period of data collection overlapped
with the COVID-19 pandemic, which might have con-
tributed to participants’ stress levels and therefore to the
interindividual variability in cortisol.

Some of the between-person differences in cortisol
profiles might be explained by differences in social func-
tioning. Previously, social difficulties have been associ-
ated with higher cortisol levels and cortisol reactivity in
autistic children (Corbett et al., 2014; Matherly
et al., 2018; Tordjman et al., 2014). In the current study,
autistic youths who showed more social difficulties,
showed flatter DCS. However, the association was no
longer significant when excluding individuals who used
psychotropic medication, indicating that the results
should be interpreted with caution. As chronic stress can
reduce social motivation and interactions (Sandi & Hal-
ler, 2015), and we observed that social motivation diffi-
culties in particular were associated with DCS, our
results potentially suggest that chronic stress in our par-
ticipants have led to social difficulties. On the other hand,
social communication difficulties were also associated
with cortisol, suggesting a bidirectional relationship
between stress and social functioning. Indeed, more
severe difficulties in social communication might increase
(chronic) exposure to social stressors, such as bullying,
which could result in alterations in HPA-axis function-
ing. We indeed observed an increased frequency of bully-
ing victimization among autistic youth over the past
year. However, as our sample included many young
adults, the results probably do not reflect all the bullying
experienced by our participants earlier in life. This might
explain why we did not observe a link between bullying
and cortisol, in contrast to previous research (Kliewer
et al., 2019). Similarly, the lack of relationship between
more general stress exposure and cortisol may be
explained by the fact that the CLES questionnaire only
covered the past 12 months and consisted of predeter-
mined sources of stress, so we may not have captured the
full range of stressful events experienced by autistic youth
(Haruvi-Lamdan et al., 2018). Qualitative interviews and
measures specifically developed for the autistic popula-
tion could better capture the range of stressors perceived
by autistic individuals.

Cortisol and mental health

Our results tentatively suggest that higher self-reported
social anxiety is associated with steeper DCS in autistic
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individuals. One might hypothesize that elevated morn-
ing cortisol, previously reported in (nonautistic) individ-
uals with anxiety disorder (Vreeburg et al., 2010),
contributes to steeper DCS in young people with autism
with high social anxiety. Indeed, social anxiety has been
associated with higher cortisol levels in nonautistic ado-
lescents and young adults (Kische et al., 2021). However,
not all findings concerning the association between corti-
sol and anxiety are consistent: in individuals with autism,
lack of significant findings (Bitsika et al., 2015) or con-
trasting findings (Tomarken et al., 2015) have also been
reported. The heterogeneity of findings indicate that the
relationship between cortisol and mental health is not
necessarily linear (Rab & Admon, 2021). Indeed, in the
general population, both hypercortisolism (i.e., height-
ened cortisol levels and responses) and hypocortisolism
(i.e., lower cortisol levels and blunted responses) have
been associated with internalizing mental health symp-
toms and disorders (Booij et al., 2013; van den Bos
et al., 2017), indicating that the duration of mental health
difficulties might be associated with changes in cortisol
activity. Our sample consisted of autistic adolescents and
young adults with both chronic and more recent mental
health difficulties, which might explain why we did not
observe significant (linear) correlations between cortisol
and symptoms in general. Another explanation may be
the use of psychotropic medication: individuals with
more severe symptoms are more likely to take medica-
tion, which may influence their daily cortisol levels (Man-
they et al., 2011). We observed that social anxiety
symptoms were associated with higher total cortisol only
in autistic individuals without medication, which sup-
ports this hypothesis. However, the size of our subgroup
was small, and these results should be interpreted with
care. Future studies could focus on possible subgroups of
autistic individuals with different cortisol profiles and
their vulnerability to develop mental health symptoms.
One factor contributing to interindividual differences
in the cortisol-mental health association might be sex.
We observed stronger associations between cortisol vari-
ables and internalizing mental health in autistic girls/
women compared with boys/men. Interestingly, stronger
associations were observed with self-reported than with
parent-reported mental health assessment, which indi-
cates that cortisol alterations might be a marker of sub-
jective perception of distress. The importance of using
self-report assessments in autistic females might be linked
with the masking (or camouflaging) of autistic traits,
which is proposed to be more common in autistic women
than men (Lai et al., 2011) and could make it difficult for
parents to reliably assess their children’s internalizing
symptoms. For certain individuals, autism masking was
described as a major source of stress, which could further
contribute to the presence of internalizing symptoms
(Ross et al., 2023). Interestingly, autistic women in our
sample reported significantly higher levels of internalizing
symptoms than men, which may support this hypothesis.

This could also potentially explain the observed associa-
tion between cortisol alterations, such as increased CAR,
and internalizing symptoms in young females with autism
in the current study, in line with previous findings in non-
autistic adolescents (Greaves-Lord et al., 2007; Ulrike
et al., 2013). Finally, a potential explanation could be
that women with autism may be more exposed to stress-
ful events than men (Haruvi-Lamdan et al., 2020), mak-
ing them more sensitive to stress in general. Indeed,
increased affective reactivity to daily-life stress was
recently observed in autistic females, which was a possi-
ble vulnerability marker for internalizing symptoms (Ilen
et al., 2024). In conclusion, our findings suggest that
females with autism might be particularly vulnerable to
develop stress-related mental health difficulties, and that
investigating cortisol might provide important clues to
understand that vulnerability.

Limitations

Several limitations should be considered when interpreting
the current results. First, we could not conform to all the
consensus guidelines when assessing cortisol and especially
the CAR (Stalder et al., 2016). The cortisol sampling pro-
cedure was carried out in the participants’ homes instead
of in the laboratory, which increases ecological validity
but may have challenged the interpretation of the results,
particularly the morning samples and the CAR, which are
sensitive to awakening and sampling times (Stalder
et al., 2016). Although a self-reported diary system was
used to verify awakening and cortisol sampling times for
each participant, objective measures were not available.
This might partly explain the large interindividual variabil-
ity in cortisol values. Future studies should include objec-
tive measures, such as actigraphy, to verify awakening
times. Moreover, we were not able to control for all the
recommended covariates, notably sleep duration or quality
(Stalder et al., 2016), although sleep disturbances are more
frequently reported in autistic individuals compared to the
general population (Johnson & Zarrinnegar, 2021).

Our sample included both males and females, which
increases the representativeness of the results, but may
also contribute to certain difficulties in interpretation. In
females, menstrual cycle and use of oral contraceptives
were not considered in the current study, although they
can affect salivary cortisol levels (Hellhammer
et al., 2009). Moreover, due to the relatively small sample
size, some of our results were not statistically significant.
This was especially the case when investigating sex differ-
ences within the autistic group. Consequently, we were
not able to make solid interpretations regarding the asso-
ciation between cortisol and mental health. Finally, we
used a cross-sectional study design, so it is not possible to
draw any conclusions about the directions of the associa-
tions. As early variations in cortisol profiles might pre-
cede the onset of mental health difficulties (Lecarie
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et al., 2022), future longitudinal studies could help us to
target interventions to prevent the negative effects of
stress.

CONCLUSIONS

Our results suggest an increased level of total diurnal cor-
tisol (AUCg) in autistic youths. However, other autism-
related group-level alterations in cortisol profiles were
not observed, likely due to the interindividual variability
within our sample. In autistic individuals, the severity of
social difficulties contributed to the interindividual differ-
ences in daily cortisol, which should be further investi-
gated to understand vulnerability to co-occurring mental
health difficulties.
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