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A momentary assessment study
on emotional and biological
stress in adult males and females
with autism spectrum disorder

Kim van der Linden2*, Claudia Simons’?, Wolfgang Viechtbauer?, Emmy Ottenheijm?,
Thérése van Amelsvoort? & Machteld Marcelis'2

Prospective momentary psychological and biological measures of real-time daily life stress
experiences have been examined in several psychiatric disorders, but not in adults with an autism
spectrum disorder (ASD). The current electronic self-monitoring study examined associations
between momentary daily life stressors and (i) negative affect (NA; emotional stress reactivity) and
(ii) cortisol levels (biological stress reactivity) in males and females with ASD (N =50) and without
ASD (N =51). The Experience Sampling Method, including saliva sampling, was used to measure
three types of daily life stress (activity-related, event-related, and social stress), NA, and cortisol.
Multilevel regression analyses demonstrated significant interactions between group and stress (i.e.,
activity-related and event-related stress) in the model of NA, indicating stronger emotional stress
reactivity in the ASD than in the control group. In the model of cortisol, none of the group x stress
interactions were significant. Male/female sex had no moderating effect on either emotional or
biological stress reactivity. In conclusion, adults with ASD showed a stronger emotional stress (but
not cortisol) reactivity in response to unpleasant daily life events and activities. The findings highlight
the feasibility of electronic self-monitoring in individuals with ASD, which may contribute to the
development of more personalized stress-management approaches.

Observational and experimental stress studies report increased emotional stress levels in adults with an autism
spectrum disorder (ASD) with respect to controls'?. However, there is no intensive time-series data on real-life,
real-world momentary emotional stress reactivity derived from individuals with ASD. Emotional stress reac-
tivity, defined as the effect of subjective appraisals of everyday stressors on negative affect (NA) can be studied
via ecological momentary assessment (EMA) and has been used in a wide range of psychiatric disorders. For
example, an increased emotional stress reactivity has been found in individuals at high risk for psychosis?, with
psychotic illness?, and remitted bipolar disorder® compared to the general population.

Evidence also shows that dysregulation of the hypothalamic-pituitary-adrenocortical (HPA) axis may play a
role in the altered stress processing of individuals with ASD, indicating that the stress hormone cortisol may be
disturbed. However, reports on cortisol outcome measures are not very consistent. Both increased®’, decreased®’,
or equal'®!! cortisol responses to social stressors have been found in children and adolescents with ASD com-
pared to non-ASD individuals. To our knowledge, only two experimental studies have investigated the cortisol
response in adults with ASD; both studies found a comparable cortisol response to a social stressor in the ASD
and control group™'2. Because of this inconsistent pattern and the artificial nature of laboratory settings, study-
ing cortisol response in a naturalistic environment may shed new light on the relationship between stress and
cortisol in ASD. In the past decades, EMA studies investigated biological stress reactivity by studying associations
between minor daily life stressors and momentary cortisol levels. For example, an increased cortisol response
associated with daily stressors was demonstrated in 556 females in the general population’®. In addition, studies
on psychiatric samples showed an increased cortisol response to daily stressors in participants with above-
average risk for psychosis'* and a blunted cortisol response in participants with 22q11.2 deletion syndrome'®
relative to controls.
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Not only cortisol dysregulation per se is important, but also its role in the pathway to mood disturbance.
Multiple lines of research have explored the pathways involved in the stress response; the most replicated finding
in the literature is that cortisol mediates the association between stress and mood in humans'®!” or behavior in
animals'®!. Although this pathway has not yet been explored in adults with ASD, studies using animal models in
ASD (i.e., BTRB mice) showed evidence for a mediating effect of stress hormones in the behavioral response to
stressors?®?!. The current study will, for the first time, explore whether momentary cortisol mediates emotional
stress reactivity in daily life.

In addition to the above-mentioned understudied themes, sex differences in emotional and biological stress
response in individuals with ASD is another area of neglect. It is well-known that stress-related disorders (e.g.,
depression) are twice as prevalent in females than males?*?* and it also has been shown that the HPA axis is
particularly influenced by female sex hormones®. Indeed, a recent observational study demonstrated higher
levels of perceived stressful life events in adult females with ASD relative to males®. Of note, using EMA in
patients with psychosis, an increased momentary emotional stress response (i.e., increased NA) to daily stress
was found in females than in males®. This has led to the idea that the affective pathway to psychosis may be more
dominant in females, whereas the developmental pathway to psychosis may be more prominent in males. Due
to a neurobiological, phenomenological, and genetic overlap between the autism and psychosis spectrum?”2,
greater emotional, and possibly biological, stress reactivity in females could be expected in individuals with ASD.
Studying sex differences in momentary stress reactivity is pivotal as it may indicate a sex-dependent underly-
ing vulnerability to develop mood and anxiety symptoms®*, knowledge that is vital for the development of
tailored-treatment.

This is the first study investigating momentary emotional and biological stress reactivity in the natural flow
of daily life in adults with ASD. This was done with the Experience Sampling Method (ESM), an EMA tool. The
ESM is a valid and reliable method?! in which short questionnaires about momentary experiences are presented
to participants at random moments in time. This method is less susceptible to bias and has been applied to a wide
range of psychiatric disorders®. Although ESM has only been used in a few studies on ASD, the feasibility and
usefulness of this method have been supported in this population®**. For the present study, we used three valid
ESM stress measures®, i.e., activity-related stress, event-related stress, and social stress, to measure emotional
stress reactivity>*®?. In addition, to assess cortisol fluctuations during the day, momentary cortisol sampling
was also integrated as previously described"*~*>.

Altogether, this study examined associations between momentary daily life stressors and (i) NA (emotional
stress reactivity) and (ii) cortisol (biological stress reactivity) and compared these associations across groups and
sex. It was hypothesized that adults with ASD would experience greater emotional and biological stress reactiv-
ity, particularly in females, relative to controls. Second, an exploratory analysis was done to investigate whether
cortisol had a mediating effect on emotional stress reactivity.

Results

Sample characteristics. The total sample consisted of 50 adults with ASD and 51 controls (N=101 par-
ticipants). None of the participants were excluded. Sociodemographic and clinical characteristics are presented
in Table 1. The groups did not differ on estimated IQ (p=0.636) and sex (p=0.918). However, the mean age was
significantly higher in adults with ASD relative to controls (p=0.028). Participants completed 7861 valid ESM
reports. Adults with ASD filled out more ESM reports but the difference between groups was not significant
(p=0.116).

Group differences in ESM measures. The ASD group reported significantly higher levels of NA (B=0.83,
p<0.001), activity-related (B=0.61, p<0.001), event-related (B=0.09, p=0.028), and social stress (B=1.21,
p<0.001) than controls. There was no group difference in cortisol levels (B=0.02, p=0.760).

Group and sex differences in emotional and biological stress reactivity. Emotional stress reactiv-
ity. None of the three-way interactions were significant. As shown in Table 2, significant two-way interactions
were found between group and activity-related stress or event-related stress in the model of NA. The simple slope
analyses showed stronger positive associations between activity-related stress or event-related stress and NA in
the ASD group relative to controls (Table 3, Fig. 1). No significant social stress x group interaction was found.

Biological stress reactivity. None of the two-way or three-way interactions reached significance (Table 4). To
facilitate comparisons between studies, the estimated marginal means of the three stressors on cortisol in both
the ASD and control group are presented in Supplementary Table S1.

Sensitivity analysis. All analyses were repeated within the new sample (ASD N =41, controls N=51),
excluding participants with depression and the use of antipsychotics. The results remained similar for all the
hypotheses (see Supplementary Tables S2 and S3) .

Exploratory analysis: the mediating effect of cortisol on stress and negative affect. Condi-
tions for mediation were only met for event-related stress. Therefore, activity-related and social stress were
excluded from further analyses. Results demonstrated a significant total effect of event-related stress on NA in
the ASD group (B=0.20, SE=0.03, p <0.001, CI [0.15, 0.25]), but no indirect effect (B<0.01, SE<0.01, p=0.287,
CI [~ 0.00, 0.01]), i.e., cortisol did not mediate the association between event-related stress and NA. Moreover,
there was a significant total effect of event-related stress on NA in controls (B=0.12, SE=0.02, p <0.001, CI [0.08,
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ASD (N=50) Controls (N=51)
Age, mean (SD), range 41.1 (12.9), 18-64 35.5(12.2), 18-63
Sex (m/f) 26/24 26/25
Civil status, n (%)
Never married 25 (50%) 14 (27%)
Married 13 (26%) 16 (31%)
Living together 3 (6%) 14 (27%)
Divorced 8 (16%) 6 (12%)
Widowed 1(2%) 1 (2%)
Work situation, n (%)
Household 1 (2%) 1 (2%)
School/education 4 (8%) 11 (21.5%)
Regular work full-time 6 (12%) 22 (43%)
Regular work part-time 13 (26%) 11 (21.5%)
Structured work 10 (20%) 4 (8%)
Non-structured activities 15 (30%) 1(2%)
Other 1(2%) 1(2%)
Educational level, n (%)
Primary school 1 (2%) 0 (0%)
Secondary school 12 (24%) 6 (12%)
Higher education 37 (74%) 45 (88%)
ADOS-2 classification, n (%)
Autism 32 (64%)
Autism spectrum 18 (36%)
AQ score, mean (SD), range 9.4 (4.9), 0-25
WAIS-IV subtests, mean (SD), range
Matrix reasoning 10.9 (2.6), 6-18 10.9 (2.2), 5-15
Vocabulary 11.8 (2.9), 5-16 11.4 (3.0), 6-19
Estimated IQ, mean (SD), range 110.1 (17.7), 79-147 | 108.5 (15.4), 73-141
DSM-IV axis diagnosis, n (%)
Depression current 3 (6%) 0*
Depression lifetime 23 (46%) 6 (12%)
Medication use, n
Antipsychotics 6 0
Antidepressants 11 3
Anxiety medications 6 0
Insomnia medications 4 0
Oral contraceptives 3 5
Valid ESM beeps, mean (SD), range 79.8 (12.7), 49-103 75.8 (12.9), 32-97

Table 1. Sociodemographic and clinical characteristics of the research sample. ASD, Autism spectrum
disorder; ADOS-2, Autism Diagnostic Observation Schedule II; AQ, the Autism Spectrum Quotient; WAIS-IV,
Wechsler Adult Intelligence Scale—Fourth Edition; IQ, intelligence quotient; ESM, Experience Sampling
Method. *Current depression was an exclusion criterion in the control group.

0.16]), but no indirect effect (B <0.01, SE<0.01, p=0.057, CI [~ 0.00, 0.01]). Thus, results showed a significant
effect of event-related stress on NA in both groups but the association between event-related stress and NA was
not mediated by cortisol levels.

Discussion

This study investigated momentary emotional and biological stress in the daily life of adults with and without
ASD. A significantly stronger momentary stress reactivity in the ASD than in the control group was demon-
strated, i.e., the associations between momentary NA and unpleasant events and daily activities in adults with
ASD were significantly stronger than in controls, with no evidence for sex differences. Cortisol reactivity was
not significantly stronger in the ASD group than in controls; associations between momentary cortisol and daily
stress were neither dependent on group or sex. Lastly, no evidence for a mediating role of cortisol was found on
emotional stress reactivity.
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Obs | B SE P 95% CI
Activity-related stress 7842 0.09 | 0.03 | 0.002 | [0.03,0.15]
Group 0.46 | 0.15 | 0.003 | [0.16, 0.75]
Group X activity-related stress 0.10 | 0.04 |0.012 | [0.02,0.19]
Sex —-0.01|0.14 | 0946 |[-0.29,0.27]
Sex x activity-related stress 0.01 | 0.04 |0.750 |[-0.07,0.10]
Sex x group -0.06 | 020 |0.767 | [-0.46,0.34]
Group X sex x activity-related stress 0.02 | 0.06 |0.683 | [-0.09,0.14]
Event-related stress 7834 0.11 | 0.03 |0.001 |[0.04,0.17]
Group 0.58 | 0.20 |0.004 |[0.19,0.97]
Group x event-related stress 0.13 | 0.05 | 0.005 | [0.04,0.22]
Sex <0.01|0.18 |0.984 |[-0.36,0.37]
Sex x event-related stress 0.04 | 0.05 |0.388 | [-0.05,0.13]
Sex x group 0.14 | 0.26 | 0.605 |[-0.38,0.66]
Group X sex x event-related stress -0.10 | 0.06 |0.112 |[-0.22,0.02]
Social stress 4695 0.09 | 0.03 | 0.003 | [0.03,0.14]
Group 0.51]0.18 |0.005 |[0.16,0.86]
Group x social stress 0.03]0.04 |0.449 |[-0.04,0.10]
Sex 0.01 | 0.16 |0.977 | [-0.32,0.32]
Sex x social stress 0.01{0.04 |0.844 |[-0.07,0.09]
Sex x group 0.01 024 |0.965 |[-0.46,0.48]
Group x sex x social stress 0.030.05 |0.578 |[-0.07,0.13]

Table 2. Multilevel regressions estimate of stress, group, sex, and their interactions in the model of negative
affect. Obs, number of observations; B, standardized regression coeflicient; SE, standard error; CI 95%, 95%
confidence interval. The dependent variable in all models is negative affect. All models control for age and
lifetime depression.

ASD (N=50) Controls (N=51)

Margin [SE [P [95% CI Margin [SE [P [95%CI
Negative affect
Activity-related stress | 0.21 002 | <0.001 |[0.17,025] | 0.10 0.02 | <0.001 |[0.06,0.14]
Event-related stress 021 0.02 | <0.001 |[0.16,0.25] |0.13 0.02 | <0.001 |[0.08,0.17]
Social stress 0.13 0.02 | <0.001 |[0.10,0.17] |0.09 0.02 | <0.001 |[0.05,0.13]

Table 3. Estimated marginal means of stress on negative affect in the ASD and control group. SE, standard
error; 95% CI, 95% confidence interval; ASD, Autism Spectrum Disorder.
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Figure 1. Associations between activity-related or event-related stress scores and negative affect. ASD, Autism
spectrum disorder.
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Obs | B SE | P 95% CI
Activity-related stress 7048 0.02 |0.02 |0.314 |[-0.02,0.06]
Group 012 |0.12 |0.305 |[-0.12,0.36]
Group X activity-related stress -0.01 |0.02 |0.566 | [-0.06,0.03]
Sex 0.04 |0.11 [0.703 |[-0.18,0.27]
Sex x activity-related stress 0.01 |0.03 [0.788 | [~ 0.04,0.06]
Sex x group 0.10 |0.16 |0.551 |[-0.22,0.41]
Group X sex x activity-related stress -0.03 |0.04 |0.433 |[-0.10,0.04]
Event-related stress 7040 0.04 |0.03 |0.120 |[-0.01,0.10]
Group 0.10 |0.12 |0.389 |[-0.13,0.33]
Group x event-related stress 0.03 |0.04 |0.514 |[-0.05,0.10]
Sex 0.06 |0.11 |0.624 |[-0.17,0.28]
Sex x event-related stress -0.02 |0.04 |0.685 |[-0.09,0.06]
Sex x group 0.04 |0.16 |0.788 |[-0.23,0.35]
Group x sex x event-related stress -0.01 |[0.05 |0.831 |[-0.11,0.09]
Social stress 4207 0.04 |0.02 |0.090 |[-0.01,0.09]
Group 0.14 |0.12 |0.249 |[-0.10,0.38]
Group x social stress -0.05 |0.03 |0.152 |[-0.11,0.02]
Sex 0.06 |0.12 |0.627 |[-0.17,0.28]
Sex x social stress -0.02 |0.03 |0.660 |[-0.08,0.05]
Sex x group 0.13 |0.16 |0.417 |[-0.19,0.46]
Group X sex x social stress -0.02 |0.04 |0.639 |[-0.10,0.06]

Table 4. Multilevel regressions estimate of stress, group, and their interactions in the model of cortisol. Obs,
number of observations; B, standardized regression coefficient; SE, standard error; CI 95%, 95% confidence
interval. The dependent variable in all models is CORT (i.e., log-transformed cortisol). All models were
controlled for hour, hour?, oral contraceptive use, age, and lifetime depression.

Group and sex differences in emotional and biological stress reactivity. Adults with ASD
reported more daily life activity- and event-related stress compared to controls, with both of these real-life, real-
world, stressors being more strongly associated with NA in ASD. These results bridge the gap in the literature by
using ESM to measure momentary emotional stress reactivity in the natural flow of daily life, multiple times a
day, for a longer period. Of note, previous observational and experimental research only investigated perceived
stress by using retrospective traditional questionnaires, similarly demonstrating higher stress levels in children
and adults with ASD'S. The current study surprisingly showed that there was no group difference in the NA
increase associated with social stress even though adults with ASD reported more often that they would rather
be alone than the control group. An explanation for these findings may be that adults with ASD experience the
same level of social support when in the company of others*®*, and social support may, therefore, be a protective
factor against stress*’. There was no moderating effect of sex on emotional stress reactivity levels in both groups,
such as in a previous ESM study of psychotic disorder®. Based on the latter study, we hypothesized a greater
emotional stress reactivity in females with ASD as there is overlap between the autism and psychosis spectrum.
However, the current results imply a shared stress sensitivity between males and females with ASD, which could
reflect the fact that ASD is primarily a neurodevelopmental disorder that may obscure stress-related sex differ-
ences. As increased stress reactivity is associated with the emergence of diverse psychiatric disorders, the cur-
rent results may comply with the absence of significant sex differences in studies on psychiatric comorbidity in
ASD**2, Nonetheless, future studies should aim for larger sample sizes since the current sample was relatively
small to investigate sex differences.

None of the associations between the stressors and momentary cortisol levels were significantly moderated by
group or sex, which although unexpected, seems consistent with some of the laboratory research showing equal
cortisol responses in adults with ASD and controls™'2. With respect to sex differences (as mentioned above), we
cannot exclude the possibility that the absence of sex differences in cortisol reactivity may be due to a lack of
power, especially since there is an increased body of evidence of sex differences in cortisol reactivity**.

As mentioned in the introduction, well-validated stressors were used and the current methodology has pre-
viously been applied to individuals with (increased risk for) psychotic disorder'** and with 22q11.2 deletion
syndrome'. Still, it should be noted, that cortisol response to stress is relatively slow and begins to rise within
minutes of the onset of a stressful event and peaks within 20 min, with a gradual decline to baseline levels over
the next hour or longer*’. In the current study, activity-related stress and social stress were measured ‘in the
moment’ and these stressors were registered at maximum 10 min after the beep signal, which also applies to the
cortisol sampling. Therefore, it might be argued that the cortisol sampling occurred too early to detect changes
in cortisol levels. Adding a 15-25 min time-lag between the self-report measures and the cortisol sampling could
have solved this issue. Nonetheless, a recent review demonstrated that ESM studies using a 25-min lagged saliva
collection versus concurrent stress assessments was equally effective. A possible explanation for these findings
may be that the duration of real-life stressors widely varies and that participants are often unable to report exactly
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when a stressful situation started or ended®”. Thus, although the timing of cortisol measures in relation to daily
stressors may be imprecise, it is possible to assess associations between these variables’.

Event-related stress was assessed differently because participants were asked to report an event between the
previous and present beep (with an average of 90 min between each beep). Even though it is difficult to measure
the duration of real-life stressors (as described above), an unpleasant event may already have happened. There-
fore, some of the cortisol peaks may have been missed.

Taken together, the field could benefit from more knowledge on maximum momentary stress-cortisol
cross-correlations, as was proposed by Schlotz*. This type of research could also gain from technological
development*®. Especially, since it is expected that wearables are going to play an important role in the next
coming years*, e.g., to measure cortisol levels via sweat*’. This may be less burdensome to participants compared
to salivary samples, enabling researchers to study stress-cortisol correlations more easily.

In sum, the current study demonstrated a stronger emotional, but a comparable biological, stress reactiv-
ity in adults with ASD compared to controls. Current findings are in line with experimental studies that have
found a significantly increased emotional response and a comparable cortisol response to stress in adults with
attention-deficit/hyperactivity disorder (ADHD) relative to controls®>*'. Because of the neurobiological and
genetic overlap between ASD and ADHD*>%, the question may be raised whether the current findings could
be explained by specific underlying mechanisms affecting stress experience and processing in individuals with
neurodevelopmental disorders. Future transdiagnostic studies are needed to investigate this.

The mediating effect of cortisol on stress and negative affect. In contrast with our expectations,
cortisol did not mediate the emotional stress response, or, in other words, cortisol did not mediate the associa-
tion between event-related stress and NA. We have to be careful to interpret these findings since cortisol and
NA were measured at the same time. As mentioned before, event-related stress may have already happened a bit
longer before the beep, which may explain why this was the only stressor meeting the conditions for mediation.
Although we did not find a mediating effect of cortisol on emotional stress reactivity, the feasibility and relevance
to study momentary stress responses in a naturalistic environment has been shown.

Strengths and limitations. This is the first electronic self-monitoring study on momentary emotional and
biological stress reactivity in the natural flow of daily life. The ESM, easily applicable via a mobile phone app,
may have large potential for wide (clinical) usage in the autism community. Most of the participants gave posi-
tive feedback on the usage of the app and had no problems filling out the daily questionnaires. It may facilitate
insight into contextualized stress experiences and other psychological experiences, shared-decision making, and
enhance care-user empowerment. Another strength of this study is that multiple stressors were studied in a
representative population, by including individuals using medication and with comorbid disorders. These indi-
viduals are often excluded to create a more homogeneous ASD sample and because medication may influence
the cortisol response, although the generalizability of the results may become less since many adults with ASD
receive some form of pharmacotherapy®* and they are more prone to develop comorbid disorders®. Therefore,
we ran a sensitivity analysis excluding individuals with antipsychotic medication or current depression, which
did not substantially impact the results. The ASD group was minimally treated to avoid major prior treatment
effects on the stress response. Due to a relatively large number of participants and a sufficient number of self-
reports and cortisol samples, it was possible to study in-group differences in cortisol levels. Nonetheless, an
even larger sample would have yielded more power to the interaction analyses with sex and enable the study of
subgroups because of the heterogeneity in ASD.

A well-validated social stress measure was used, which has been successfully applied in studies on individu-
als with depression®® and (clinical high risk for) psychosis®>*’. Still, one may argue whether the preference to be
alone is entirely indicative of social stress in ASD since it has been reported that children with elevated cortisol
levels were more likely to engage with their peers®®. However, another study showed that children with ASD
that have the highest levels of cortisol show less social motivation'®. Because of these contrasting findings, it
may be interesting to further study the interplay between social motivation, social stress, and cortisol response
in individuals with ASD.

It was a challenge to fit both the multilevel regression and the lower-level mediation models in the mediation
analyses. Converge difficulties indicated that the models, with their complex random effects structure, may have
been overfitted. However, solutions were found, and through a thorough comparison of different methods and
programs, we are confident that the results are robust. Lastly, activity-related stress, social stress, cortisol, and
NA were assessed at the same point in time. Hence, no direct causality can be inferred from these results. Thus,
one could just as well assume that NA influences the subjective appraisal of activity-related stress, instead of the
other way around. Either explanation, however, has clinical relevance.

Conclusions

With respect to controls, adults with ASD showed stronger associations between momentary NA and unpleasant
daily life events and activities as measured in a naturalistic environment. The associations between momentary
cortisol and daily life stress were not dependent on either group or sex. The results highlight the feasibility and
relevance of electronic self-monitoring in individuals with ASD, which may contribute to the development of
more personalized stress-management approaches.
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Methods

Sample. The sample included 50 participants with an ASD diagnosis (N =26 males, N=24 females) and 51
adults without a developmental or psychiatric disorder (N=26 males, N=25 females) between 18 and 65 years of
age. Participants with ASD were recruited by contacting mental healthcare facilities in the South of the Nether-
lands, through patient associations, and via social media. The first author (KL) conducted the Autism Diagnostic
Observation Schedule IT* module 4 (fluent speech) in all participants of the ASD group to confirm their diag-
noses. Only those participants with ASD who had (i) a short-term psychological treatment history (maximum
2 years) and (ii) no past psychiatric admission were included. Medication use and other psychiatric disorders
were no cause for exclusion except in the case of acute psychotic symptoms, suicidal tendencies, or bipolar
disorder. The Mini-International Neuropsychiatric Interview (MINI)® was used to assess the presence of psy-
chiatric disorders in participants with ASD. The control group was recruited via social media. Participants were
excluded if they had a first-degree family member diagnosed with, or suspected of having, ASD. The Autism
Spectrum Quotient® was used to identify the degree of ASD features in the control group; a score above 26 led to
exclusion®?. The MINI was also used to exclude any controls with a current psychiatric disorder. General exclu-
sion criteria were (i) suffering from known genetic abnormalities, brain injury, epilepsy, or metabolic disorders,
and (ii) an intelligence quotient (IQ) below 70. The latter was screened with two subtests (matrix reasoning and
vocabulary) of the Wechsler Adult Intelligence Scale—Fourth Edition®.

Procedure. This study was approved by the medical ethics committee of Maastricht University
(NL51997.068.15) and was carried out in accordance with the Declaration of Helsinki*. All participants were
well informed about the study and gave written informed consent before the first appointment. Of note, we
recruited a group of adults with ASD without a co-occurring intellectual disability. There were no concerns
regarding their mental competence or decision-making capacity. Hence, they were capable to give written
informed consent. During the first appointment, participants were screened for meeting the inclusion criteria.
The ESM protocol and the collection of the salivary samples were explained in the following session.

The experience sampling method.  As reported in another paper on this sample®, daily life assessments were

done with the ESM, delivered via the PsyMate application. Participants received an iPod or downloaded the app
on their smartphone. During 10 days, 10 times a day, the application sent an alert at random moments between
07:30 h and 22:30 h. Participants then answered questions about mood, social context, and activities, completing
their reports within an allotment of 10 min after the signal. The questionnaire consisted of 7-point Likert scales
to capture momentary experiences and categorical questions to capture context (e.g., social context, activities).
Participants were encouraged to follow their daily routines. All participants were contacted by telephone after 2
days of sampling to ask if they experienced any problems concerning the protocol. It was also possible for them
to contact the researchers if they had questions or experienced problems with the ESM data collection. Exclusion
from the analysis followed in case less than 30% valid reports were acquired (30 out of 100), as previous work has
shown that these data are less reliable®.

Cortisol sampling.  In line with previous studies!*-° participants were asked to take a saliva sample (to measure

cortisol) using cotton swabs within a maximum time-frame of 10 min after signaling of the PsyMate application.
Thus, when there was a beep signal, the participant took a cotton salivette (from a plastic tube) and placed it in
his/her mouth. After this, the cotton salivette was put back in the plastic tube, and the participants were asked to
write down the time on the tube. All saliva samples were placed in a freezer at the home of the participant until
the debriefing session. In most cases, the debriefing session was scheduled within a few days after the completion
of the ESM protocol.

After collecting the data, participants were invited for a debriefing session and their experiences were
evaluated.

Measures. Momentary stress. As described in a recent publication on this sample®, stress was conceptual-
ized as subjectively appraised stress after regular daily life encounters or activities. Three different stress meas-
ures were obtained: activity-related, event-related, and social stress.

Activity-related stress was operationalized, starting with the question “What are you doing?”. Three items
followed this question, i.e., “I would rather do something else”; “This is difficult for me” and “I can do this well’,
reverse coded. These questions were scored on 7-point Likert scales (1 =not, 7=very) and were combined into
a mean activity-related stress variable.

Event-related stress was based on the question “What was the most important event since the last beep?”.
Participants subsequently scored how pleasant/unpleasant the event was on a bipolar scale (- 3 very unpleasant,
0 neutral, + 3 very pleasant). Positive events (scores 1, 2, and 3) were recorded to zero, and negative scores were
reverse coded (i.e., higher ratings reflect more stress).

Social stress was operationalized by asking participants if they were in the company of others or alone. If in
the company of others, they were asked to rate the item “I would prefer to be alone” (1 =not, 7 =very).

Negative affect. 'The choice for the NA items in this study was guided by the extensive previous ESM literature
using the same construct of NA (e.g.,””%%). These items were originally based on the Positive and Negative
Affect Schedule (PANAS)®. More specifically, affect was measured with the items (“I feel ...”) down, insecure,
lonely, anxious, irritated, relaxed, enthusiastic, satisfied, and cheerful. All items were rated on 7-point Likert
scales (1=not, 7=very). Factor analyses showed that these items loaded on two factors: NA and positive affect.
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The items down, insecure, lonely, anxious, and irritated loaded on the NA factor. Irritated, however, also had
high cross-loadings on the positive affect factor. Therefore, the mean of the four items down, insecure, lonely,
and anxious was used as a measure of NA in the analyses.

Momentary cortisol. ~ After collection, the samples were stored in a freezer (— 20 °C) at Maastricht University. At
a later stage, the samples were sent by courier to Dresden Lab Service GmbH (Dresden, Germany) to be assayed.
Cortisol levels were determined in duplicate using a time-resolved immunoassay with a fluorescence detector®.
Samples with cortisol >44 nmol/L were excluded (N =3) from the statistical analyses. Raw cortisol values were
log-transformed to reduce the skewness of their distribution, generating the variable CORT.

Statistical analyses. All analyses were carried out in Stata version 13.17° and R”". ESM data have a mul-
tilevel structure. Therefore, two-level mixed-effects regression models (using the ‘mixed’ command in Stata)
were used to analyze the ESM data, with observations (level 1) nested within-subjects (level 2). The independent
variables, their interactions, and the covariates were entered into the models as fixed effects. Random intercepts
and random slopes were added at the subject level, using an unstructured covariance matrix for the random
effects. Models were fitted using restricted maximum likelihood estimation (REML). Fixed effects were tested via
Wald-type tests with a=0.05 (two-sided). As a first step, separate multilevel models were fitted to test whether
the levels of NA, momentary stress, and CORT (dependent variables) differed between groups (independent
variable; 0 = controls, 1 = ASD).

Group and sex differences in emotional and biological stress reactivity. Models were fitted for each type of
appraised stress (activity-related, event-related, and social stress) as a continuous predictor and NA or CORT
as the outcome variable. Age and lifetime depression (yes/no) were examined as covariates in all models, and
oral contraceptive use (yes/no) was added in all models involving CORT. Time of the day (Chour’) and its square
(hour?) were included as predictors in all analyses regarding cortisol to model the diurnal cortisol curve. The
"hour’ variable was centered at 15:00 h to reduce collinearity with its squared value. Two-way (stress x group,
stress X sex, group x sex) and three-way (stress x group x sex) interactions were used to test whether associations
between stress and NA or CORT differed by group or sex. Based on each fitted model, we computed the slopes
(of stress on NA or CORT) for all four groups with corresponding 95% confidence intervals (CIs). In case of a
significant three-way interaction, pairwise differences were computed between the simple slopes to investigate
the effect of both group and sex in the association between stress and NA or CORT. In case of only a significant
two-way interaction, the simple slopes for the associations between stress and NA were calculated (command:
margins). Regarding the sample size (N=101), simulation papers demonstrated that 100 subjects were sufficient
to investigate two-way interactions’>”?, and with a minimum of 30 reports for each subject, it was possible
to detect either small, medium, and large effect sizes”’. However, it was expected that the current sample size
yielded limited power to investigate a three-way interaction™.

Sensitivity analysis.  To verify whether the results of the primary analyses were robust, we performed a sensitiv-
ity analysis. We excluded those with depression because depression is known to be associated with perceived
stress” and NA’®. There is also evidence that medication use may impact the emotional and biological stress
response’’. A priori analyses on this sample demonstrated that antipsychotic medication was a significant covar-
iate in the models of NA and CORT: antidepressants, anxiety, and insomnia medication were not. Therefore,
those using antipsychotics were excluded from the analyses. This led to the exclusion of 9 participants from the
ASD group (current depression # =3, antipsychotic use #=6), and none in the control group.

Exploratory analysis: the mediating effect of cortisol on stress and negative affect.  First, it was explored whether
conditions for mediation were met. That is, we verified, in separate regression models, that the independent vari-
able (each stress measure), the mediator (CORT), and the dependent variable (NA) were all significantly asso-
ciated with each other. When conditions for mediation were met, a lower-level mediation analysis to estimate
the indirect (i.e., mediated), total, and the direct effect was carried out. We ran lower-level (i.e., within-person)
mediation models’® using the Imer function from the R package Ime4”. Stress, NA, and CORT were centered at
the person mean, removing all between-subject effects®’, with hour and hour? as covariates. The model included
random intercepts and slopes for the three different paths of the mediation model, and error variances were
allowed to differ across the equations for the mediator as an outcome and Y as an outcome; optimx method
nmkb’ was used as an optimizer. The bootmlm package (using vcov_vc) was used to get the covariance matrix
for the random effects from which the covariance between the X—mediator and the mediator—Y path was
extracted. Finally, random indirect and random direct effects were calculated from these estimates using the
equations in Bauer et al.”.

Data availability
The datasets for this manuscript are not publicly available due to patient confidentiality and participant privacy.
Requests to access the datasets should be directed to Machteld Marcelis, m.marcelis@maastrichtuniversity.nl.

Received: 27 February 2021; Accepted: 9 June 2021
Published online: 08 July 2021

Scientific Reports |

(2021) 11:14160 | https://doi.org/10.1038/s41598-021-93159-y nature portfolio



www.nature.com/scientificreports/

References

1.

Bishop-Fitzpatrick, L., Minshew, N. J., Mazefsky, C. A. & Eack, S. M. Perception of life as stressful, not biological response to stress,
is associated with greater social disability in adults with autism spectrum disorder. J. Autism Dev. Disord. 47, 1-16 (2017).

2. Hirvikoski, T. & Blomqvist, M. High self-perceived stress and poor coping in intellectually able adults with autism spectrum
disorder. Autism 19, 752-757 (2015).

3. van der Steen, Y. et al. Clinical high risk for psychosis: The association between momentary stress, affective and psychotic symp-
toms. Acta Psychiatr. Scand. 136, 63-73 (2017).

4. Myin-Germeys, L., van Os, J., Schwartz, J. E., Stone, A. A. & Delespaul, P. A. Emotional reactivity to daily life stress in psychosis.
Arch. Gen. Psychiatry 58, 1137-1144 (2001).

5. Havermans, R., Nicolson, N. A., Berkhof, J. & de Vries, M. W. Mood reactivity to daily events in patients with remitted bipolar
disorder. Psychiatry Res. 179, 47-52 (2010).

6. Corbett, B. A., Muscatello, R. A. & Blain, S. D. Impact of sensory sensitivity on physiological stress response and novel peer interac-
tion in children with and without autism spectrum disorder. Front. Neurosci. 10, 278 (2016).

7. Schupp, C. W,, Simon, D. & Corbett, B. A. Cortisol responsivity differences in children with autism spectrum disorders during
free and cooperative play. J. Autism Dev. Disord. 43, 2405-2417 (2013).

8. Hollocks, M. J., Howlin, P., Papadopoulos, A. S., Khondoker, M. & Simonoff, E. Differences in HPA-axis and heart rate responsive-
ness to psychosocial stress in children with autism spectrum disorders with and without co-morbid anxiety. Psychoneuroendocri-
nology 46, 32-45 (2014).

9. Levine, T. P. et al. Physiologic arousal to social stress in children with autism spectrum disorders: A pilot study. Res. Autism Spectr.
Disord. 6,177-183 (2012).

10. Corbett, B. A. et al. Biobehavioral profiles of arousal and social motivation in autism spectrum disorders. J. Child Psychol. Psychiatry
55,924-934 (2014).

11. Corbett, B. A., Muscatello, R. A. & Baldinger, C. Comparing stress and arousal systems in response to different social contexts in
children with ASD. Biol. Psychol. 140, 119-130 (2019).

12. Smeekens, L., Didden, R. & Verhoeven, E. Exploring the relationship of autonomic and endocrine activity with social functioning
in adults with autism spectrum disorders. J. Autism Dev. Disord. 45, 495-505 (2015).

13. Jacobs, N. et al. A momentary assessment study of the relationship between affective and adrenocortical stress responses in daily
life. Biol. Psychol. 74, 60-66 (2007).

14. Collip, D. et al. Daily cortisol, stress reactivity and psychotic experiences in individuals at above average genetic risk for psychosis.
Psychol. Med. 41, 2305-2315 (2011).

15. van Duin, E. D. A. et al. Lower cortisol levels and attenuated cortisol reactivity to daily-life stressors in adults with 22q11.2 deletion
syndrome. Psychoneuroendocrinology 106, 85-94 (2019).

16. Oldehinkel, A. J. & Bouma, E. M. Sensitivity to the depressogenic effect of stress and HPA-axis reactivity in adolescence: A review
of gender differences. Neurosci. Biobehav. Rev. 35, 1757-1770 (2011).

17. McEwen, B. S. Protection and damage from acute and chronic stress: Allostasis and allostatic overload and relevance to the patho-
physiology of psychiatric disorders. Ann. N. Y. Acad. Sci. 1032, 1-7 (2004).

18. Qin, D. D. et al. Prolonged secretion of cortisol as a possible mechanism underlying stress and depressive behaviour. Sci. Rep. 6,
1-9 (2016).

19. Cohen, H. et al. Blunted HPA axis response to stress influences susceptibility to posttraumatic stress response in rats. Biol. Psy-
chiatry. 59, 1208-1218 (2006).

20. Frye, C. A. & Llaneza, D. C. Corticosteroid and neurosteroid dysregulation in an animal model of autism, BTBR mice. Physiol.
Behav. 100, 264-267 (2010).

21. Benno, R., Smirnova, Y., Vera, S., Liggett, A. & Schanz, N. Exaggerated responses to stress in the BTBR T+tf/] mouse: An unusual
behavioral phenotype. Behav. Brain Res. 197, 462-465 (2009).

22. Kessler, R. C., McGonagle, K. A., Swartz, M., Blazer, D. G. & Nelson, C. B. Sex and depression in the National Comorbidity Survey
I: Lifetime prevalence, chronicity and recurrence. J. Affect. Disord. 29, 85-96 (1993).

23. Marcus, S. M. et al. Gender differences in depression: Findings from the STAR*D study. J. Affect. Disord. 87, 141-150 (2005).

24. Bangasser, D. A. et al. Sex differences in corticotropin-releasing factor receptor signaling and trafficking: Potential role in female
vulnerability to stress-related psychopathology. Mol. Psychiatry. 15, 896-904 (2010).

25. McGillivray, J. A. & Evert, H. T. Exploring the effect of gender and age on stress and emotional distress in adults with autism
spectrum disorder. Focus Autism Other Dev. Disabil. 33, 55-64 (2018).

26. Myin-Germeys, I, Krabbendam, L., Delespaul, P. & Van Os, J. Sex differences in emotional reactivity to daily life stress in psychosis.
J. Clin. Psychiatry 65, 805-809 (2004).

27. King, B. H. & Lord, C. Is schizophrenia on the autism spectrum?. Brain Res. 1380, 34-41 (2011).

28. Owen, M. J. & O’'Donovan, M. C. Schizophrenia and the neurodevelopmental continuum: Evidence from genomics. World Psy-
chiatry 16, 227-235 (2017).

29. McLaughlin, K. A. et al. Childhood social environment, emotional reactivity to stress, and mood and anxiety disorders across the
life course. Depress. Anxiety. 27, 1087-1094 (2010).

30. Susman, E. J., Dorn, L. D., Inoft-Germain, G., Nottelmann, E. D. & Chrousos, G. P. Cortisol reactivity, distress behavior, and
behavioral and psychological problems in young adolescents: A longitudinal perspective. J. Res. Adolesc. 7, 81-105 (1997).

31. Csikszentmihalyi, M. & Larson, R. Flow and the Foundations of Positive Psychology 35-54 (Springer, 2014).

32. Myin-Germeys, L. et al. Experience sampling research in psychopathology: Opening the black box of daily life. Psychol. Med. 39,
1533-1547 (2009).

33. Chen, Y.-W,, Bundy, A., Cordier, R. & Einfeld, S. Feasibility and usability of experience sampling methodology for capturing
everyday experiences of individuals with autism spectrum disorders. Disabil. Health J. 7, 361-366 (2014).

34. Kovac, M., Mosner, M., Miller, S., Hanna, E. K. & Dichter, G. S. Experience sampling of positive affect in adolescents with autism:
Feasibility and preliminary findings. Res. Autism Spectr. Disord. 29, 57-65 (2016).

35. Vaessen, T. et al. Stress assessment using experience sampling: convergent validity and clinical relevance. Stress Self-assess. Ques-
tionnaires Choice Appl. Limits, 21-35 (2015).

36. Myin-Germeys, L. ef al. Emotional reactivity to daily life stress in psychosis and affective disorder: An experience sampling study.
Acta Psychiatr. Scand. 107, 124-131 (2003).

37. Reininghaus, U. et al. Stress sensitivity, aberrant salience, and threat anticipation in early psychosis: An experience sampling study.
Schizophr. Bull. 42, 712-717 (2016).

38. Gantman, A., Kapp, S. K., Orenski, K. & Laugeson, E. A. Social skills training for young adults with high-functioning autism
spectrum disorders: A randomized controlled pilot study. J. Autism Dev. Disord. 42, 1094-1103 (2012).

39. Renty, J. & Roeyers, H. Individual and marital adaptation in men with autism spectrum disorder and their spouses: The role of
social support and coping strategies. J. Autism Dev. Disord. 37, 1247-1255 (2007).

40. Brailovskaia, J. et al. A cross-cultural study in Germany, Russia, and China: Are resilient and social supported students protected
against depression, anxiety, and stress?. Psychol. Rep. 121, 265-281 (2018).

Scientific Reports|  (2021) 11:14160 | https://doi.org/10.1038/s41598-021-93159-y nature portfolio



www.nature.com/scientificreports/

41.

42.

43.

44,

45.

46.

47.
48.

49.

50.

Lugnegard, T., Hallerback, M. U. & Gillberg, C. Psychiatric comorbidity in young adults with a clinical diagnosis of Asperger
syndrome. Res. Develop. Disabil. 32,1910-1917 (2011).

Lai, M.-C. et al. A behavioral comparison of male and female adults with high functioning autism spectrum conditions. PLoS ONE
6,6 (2011).

Carpenter, T., Grecian, S. & Reynolds, R. Sex differences in early-life programming of the hypothalamic-pituitary-adrenal axis
in humans suggest increased vulnerability in females: A systematic review. J. Dev. Origins Health Dis. 8, 244-255 (2017).
Vaessen, T. et al. Overall cortisol, diurnal slope, and stress reactivity in psychosis: An experience sampling approach. Psychoneu-
roendocrinology 96, 61-68 (2018).

Schlotz, W. et al. Covariance between psychological and endocrine responses to pharmacological challenge and psychosocial stress:
A question of timing. Psychosom. Med. 70, 787-796 (2008).

Schlotz, W. Investigating associations between momentary stress and cortisol in daily life: What have we learned so far?. Psycho-
neuroendocrinology 105, 105-116 (2019).

Nicolson, N. A. Handbook of Physiological Research Methods in Health Psychology 37-74 (Sage Publications, 2008).

Mohammed, T.-E., Christian, R., Brendan, O. F. & Paul, G. A review of wearable solutions for physiological and emotional moni-
toring for use by people with autism spectrum disorder and their caregivers. Sensors 18, 4271 (2018).

Sekar, M. et al. Review—Towards wearable sensor platforms for the electrochemical detection of cortisol. J. Electrochem. Soc. 167,
067508 (2020).

Lackschewitz, H., Hiither, G. & Kréner-Herwig, B. Physiological and psychological stress responses in adults with attention-deficit/
hyperactivity disorder (ADHD). Psychoneuroendocrinology 33, 612624 (2008).

51. Corominas-Roso, M. et al. Cortisol response to stress in adults with attention deficit hyperactivity disorder. Int. J. Neuropsychop-
harmacol. 18, 1-10 (2015).

52. Martin, J. et al. Biological overlap of attention-deficit/hyperactivity disorder and autism spectrum disorder: Evidence from copy
number variants. J. Am. Acad. Child Adolesc. Psychiatry 53, 761-770 (2014).

53. Ronald, A., Simonoff, E., Kuntsi, J., Asherson, P. & Plomin, R. Evidence for overlapping genetic influences on autisticand ADHD
behaviours in a community twin sample. J. Child Psychol. Psychiatry 49, 535-542 (2008).

54. Buck, T. R. et al. Psychiatric comorbidity and medication use in adults with autism spectrum disorder. J. Autism Dev. Disord. 44,
3063-3071 (2014).

55. Joshi, G. et al. Psychiatric comorbidity and functioning in a clinically referred population of adults with autism spectrum disorders:
A comparative study. J. Autism Dev. Disord. 43, 1314-1325 (2013).

56. van Winkel, M. et al. Daily life stress reactivity in remitted versus non-remitted depressed individuals. Eur. Psychiatry 30, 441-447
(2015).

57. Myin-Germeys, L. et al. Emotional reactivity to daily life stress in psychosis and affective disorder: An experience sampling study
emotional reactivity. Acta Psychiatr. Scand. 107, 124-131 (2003).

58. Corbett, B. A., Schupp, C. W,, Simon, D., Ryan, N. & Mendoza, S. Elevated cortisol during play is associated with age and social
engagement in children with autism. Mol. Autism 1, 13 (2010).

59. Lord, C. et al. In Autism Diagnostic Observation Schedule Second Edition (ADOS-2) Manual (Part 1): Modules 1-4 (Western Psy-
chological Services, 2012).

60. Lecrubier, Y. et al. The Mini International Neuropsychiatric Interview (MINI). A short diagnostic structured interview: Reliability
and validity according to the CIDL. Eur. Psychiatry 12, 224-231 (1997).

61. Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J. & Clubley, E. The autism-spectrum quotient (AQ): Evidence from asperger
syndrome/high-functioning autism, malesand females, scientists and mathematicians. J. Autism Dev. Disord. 31, 5-17 (2001).

62. Woodbury-Smith, M. R., Robinson, J., Wheelwright, S. & Baron-Cohen, S. Screening adults for Asperger syndrome using the AQ:
A preliminary study of its diagnostic validity in clinical practice. J. Autism Dev. Disord. 35, 331-335 (2005).

63. Wechsler, D. In Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV). (The Psychological Corporation, 2008).

64. van der Linden, K., Simons, C., van Amelsvoort, T. & Marcelis, M. Lifetime and momentary psychotic experiences in adult males
and females with an autism spectrum disorder. Front. Psychiatry 11, 766-777 (2020).

65. Delespaul, P. Assessing Schizophrenia in Daily Life: The Experience Sampling Method (Maastricht University, 1995).

66. Wichers, M., Lothmann, C., Simons, C. J., Nicolson, N. A. & Peeters, F. The dynamic interplay between negative and positive emo-
tions in daily life predicts response to treatment in depression: A momentary assessment study. Br. J. Clin. Psychol. 51, 206-222
(2012).

67. Kasanova, Z., Hajduik, M., Thewissen, V. & Myin-Germeys, I. Temporal associations between sleep quality and paranoia across
the paranoia continuum: An experience sampling study. J. Abnormal. Psychol. 129, 122-130 (2020).

68. Watson, D., Clark, L. A. & Tellegen, A. Development and validation of brief measures of positive and negative affect: The PANAS
scales. J. Pers. Soc. Psychol. 54, 1063-1070 (1988).

69. Dressendorfer, R., Kirschbaum, C., Rohde, W., Stahl, F. & Strasburger, C. Synthesis of a cortisol-biotin conjugate and evaluation
as a tracer in an immunoassay for salivary cortisol measurement. J. Steroid Biochem. Mol. Biol. 43, 683-692 (1992).

70. StataCorp. Release 13. Statistical software (StataCorp LP, 2013).

71. RCore, T. R: A Language and Environment for Statistical Computing. http://www.R-project. org (R Foundation for Statistical Com-
puting, 2016).

72. Maas, C.J. M. & Hox, J. J. Sufficient sample sizes for multilevel modeling. Methodology 1, 86-92 (2005).

73. Arend, M. G. & Schifer, T. Statistical power in two-level models: A tutorial based on Monte Carlo simulation. Psychol. methods
24,1-19 (2019).

74. Dawson, J. F. & Richter, A. W. Probing three-way interactions in moderated multiple regression: Development and application of
a slope difference test. J. Appl. Psychol. 91, 917-926 (2006).

75. Bergdahl, J. & Bergdahl, M. Perceived stress in adults: Prevalence and association of depression, anxiety and medication in a
Swedish population. Stress Health 18, 235-241 (2002).

76. Forbes, E. E., Williamson, D. E., Ryan, N. D. & Dahl, R. E. Positive and negative affect in depression: Influence of sex and puberty.
Ann. N. Y. Acad. Sci. 1021, 341-347 (2004).

77. Granger, D. A, Hibel, L. C., Fortunato, C. K. & Kapelewski, C. H. Medication effects on salivary cortisol: Tactics and strategy to
minimize impact in behavioral and developmental science. Psychoneuroendocrinology 34, 1437-1448 (2009).

78. Bauer, D. J., Preacher, K. J. & Gil, K. M. Conceptualizing and testing random indirect effects and moderated mediation in multilevel
models: New procedures and recommendations. Psychol. Methods 11, 142-163 (2006).

79. Bates, D. et al. Linear mixed-effects models using Eigen and S4. R package version Vol. 1 (2014).

80. Bolger, N. & Laurenceau, J.-P. Intensive Longitudinal Methods: An Introduction to Diary and Experience Sampling Research (Guilford
Press, 2013).

Acknowledgements

The authors would like to thank the participants, Centrum autisme GGzE, GGz Breburg, Apanta GGz, and
“Nederlandse Vereniging voor autisme (NVA)”. Additionally, we would like to thank Jeroen van Oosterhout,
Truda Driesen, Mario Meulendijks, Taco Hiibner, Richard van Roy, Jeanine van der Meijden, Kees Spitters,

Scientific Reports|  (2021) 11:14160 | https://doi.org/10.1038/s41598-021-93159-y nature portfolio


http://www.R-project

www.nature.com/scientificreports/

Peggy Gevers, Debora Op ‘t Eijnde, Dafne Op ‘t Eijnde, Karel Borkelmans, and Ron Mengelers for their input,
management, and assistance in data collection, analysis, and technical support.

Author contributions

K.L.,, CS., T.A,, and M.M. designed the study. K.L. and E.O. collected the data. C.S., W.V,, and K.L. performed
and interpreted the analyses. K.L. drafted the manuscript and prepared the Tables and Figures, C.S. provided
support in drafting the method section. C.S., W.V,, E.O., T.A., and M.M. critically reviewed the manuscript.

Funding
This work was financially supported by Mental Health Institute Eindhoven (Geestelijke Gezondheidszorg Ein-
dhoven; GGzE) and Maastricht University.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-93159-y.

Correspondence and requests for materials should be addressed to K.L.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:14160 | https://doi.org/10.1038/s41598-021-93159-y nature portfolio


https://doi.org/10.1038/s41598-021-93159-y
https://doi.org/10.1038/s41598-021-93159-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A momentary assessment study on emotional and biological stress in adult males and females with autism spectrum disorder
	Results
	Sample characteristics. 
	Group differences in ESM measures. 
	Group and sex differences in emotional and biological stress reactivity. 
	Emotional stress reactivity. 
	Biological stress reactivity. 

	Sensitivity analysis. 
	Exploratory analysis: the mediating effect of cortisol on stress and negative affect. 

	Discussion
	Group and sex differences in emotional and biological stress reactivity. 
	The mediating effect of cortisol on stress and negative affect. 
	Strengths and limitations. 

	Conclusions
	Methods
	Sample. 
	Procedure. 
	The experience sampling method. 
	Cortisol sampling. 

	Measures. 
	Momentary stress. 
	Negative affect. 
	Momentary cortisol. 

	Statistical analyses. 
	Group and sex differences in emotional and biological stress reactivity. 
	Sensitivity analysis. 
	Exploratory analysis: the mediating effect of cortisol on stress and negative affect. 


	References
	Acknowledgements


