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Relationship between serum
cortisol levels, stereotypies,

and the presence of autism
spectrum disorder in patients
with severe intellectual disability
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Stereotypies are one of the diagnostic criteria for autism spectrum disorder (ASD) and are common
to both ASD and intellectual disability (ID). Previous studies have been inconclusive, with some
showing a positive correlation between stereotypies and cortisol, while others have shown a negative
correlation. We hypothesised and investigated the presence of ASD as one of the variables involved

in this discrepancy. We tested the following hypotheses on serum cortisol in a total of 84 hospitalised
patients with severe ID and ASD with severe ID. Hypothesis (1) Higher levels of stereotypies are
associated with higher levels of serum cortisol. Hypothesis (2) The presence of ASD will moderate the
association between stereotypies and high serum cortisol levels. The results of the analysis supported
hypotheses (1) and (2). We also found that in the population with ID, serum cortisol levels were
significantly lower in the ASD group compared to the non-ASD group. The present findings that the
association between stereotypies and serum cortisol levels in people with severe ID is moderated by
the presence of ASD suggest that the stress response system may function differently in people with
ID and ASD than in the general population.
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Stereotypies are defined as repetitive movements or vocalisations that have no apparent function'. Examples
include body tremors, hand flapping, repetitive vocalisations, spinning and banging of objects, with many
variations®. Stereotypies are one of the diagnostic criteria for autism spectrum disorder (ASD)*" and are com-
mon to both ASD and intellectual disability (ID). However, the severity of the stereotypy is higher in children
with ASD than in children with ID%’. Stereotypies have a serious impact on an individual’s daily life®. In addition,
stereotypies may be maintained by internal rather than external stimuli, making them difficult to assess’ and
burdensome for families and caregivers as a management challenge and barrier to adaptive learning'®-'2. Despite
this, the precise neurobiological mechanisms involved in the maintenance of stereotypies in people with ASD
and other developmental disorders are not well understood"’.

One important neurobiological mechanism underlying stereotypy is the production of cortisol. Cortisol,
also known as the stress hormone, is produced when a person is under stress and reflects the activity of the
hypothalamic-pituitary-adrenal (HPA) system'*. Previous neurobiological studies have not conclusively linked
stereotypy to cortisol®"”. Animal studies have shown a positive association between stereotypy and cortisol'®1°.
However, in humans, some have found stereotypies to be associated with high cortisol levels?**, while others
have found them to be associated with low levels*>. A number of variables may be involved in this discrepancy,
including diurnal variation, the environment, the media from which cortisol is collected (e.g. blood, saliva,
etc.), participant heterogeneity, and issues with the assessment method'>~"”. To eliminate the influence of vari-
ables, some attempts have been made to measure the area under the cortisol curve (AUC) and account for the
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effects of diurnal variation?', or to assess uniform participants by direct observation alone!”. However, despite
these measures, the results are still inconsistent, suggesting the influence of other variables not accounted for
in previous studies.

Other studies have suggested that the presence of ASD itself is also a variable. For example, physical activity
is known to reduce stereotypies without reducing other behaviours®, suggesting that stereotypies and physical
activity may share some mechanisms. However, physical activity can reduce cortisol*** and stereotypies can
increase cortisol as described above**?!. Although seemingly contradictory, the presence of ASD can be con-
sidered as an intervening variable. This is because, unlike studies of physical activity, most previous studies of
stereotypy have been conducted with people with ASD; when comparing ASD and stereotypic development,
it is difficult to treat ASD as a variable, but if the comparison is made within a group in which stereotypies are
observed (e.g. an ID-only group versus an ASD with ID group), comparisons can be made.

As a mechanism by which stereotypies are maintained, the possibility that stereotypies in ASD may reduce
stress levels also needs to be considered. Research has suggested that stereotypies in people with ASD may be a
response to light, sound and sensory stimuli**?’. And it has been suggested that stereotypies in ASD may reduce
stress and arousal levels caused by excessive sensory stimulation®®. Animal studies also suggest that stereotypies
may be a coping mechanism**!. In interviews with people with high-functioning autism, responses indicate
that stereotypies improve concentration, reduce external stimuli, reduce stress and lead to a sense of security.
It has also been shown that people with ASD with ID have unique coping mechanisms for acute stress®>. It is
possible that stereotypy may act as a coping mechanism, particularly for people with ASD.

Stereotypies are observed in people with both ID and ASD and might function as a coping mechanism to
reduce or moderate cortisol levels. The purpose of this study was to measure serum cortisol in people with severe
to profound ID and ASD in an inpatient hospital.

We then formulated and tested the following hypotheses:

(1) High levels of stereotypy are associated with high levels of serum cortisol levels;

(2) The presence of ASD moderates the association between stereotypies and high serum cortisol levels (i.e.,
in the absence of ASD features, high levels of stereotypies will be associated with high levels of serum cortisol).

Materials and methods

Study design and setting

This study was carried out according to the Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement checklist. This study was approved by the Institutional Review Board of the Hizen
Psychiatric Center (approval number: 2019-2) and was conducted according to Guidelines for Clinical Studies
of the Japanese Ministry of Health, Labor and Welfare.

Participants

Eligible participants were hospitalised patients of a special ward for severe intellectual disabilities at Hizen Psy-
chiatric Center. The ward mainly admitted patients who were unable to live at home due to behavioural problems.
Of the eligible participants, 84 patients (aged 16-60 years) took part in the study, all of whom underwent analysis
of serum cortisol concentrations. All participants had severe or profound ID and almost all had an IQ of 35 or
less. All participants were diagnosed with intellectual disability, and 56 of the 84 participants were also diagnosed
with ASD according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision
(DSM-IV-TR)?, and 36 participants were also diagnosed with epilepsy. Patients had no apparent psychiatric co-
occurrence. All diagnoses were confirmed by a child psychiatrist (the first author) using the Childhood Autism
Rating Scale-Tokyo Version (CARS-TV)?**, Participants were unable to give informed consent due to their severe
intellectual disabilities. Therefore, written informed consent was obtained from their legal guardians.

Tests administered to all participants

Intellectual and developmental levels were assessed using the Tanaka-Binet Intelligence Scale V (fifth edition)*
and the Enjoji Scale of Infant Analytical Development®. The Tanaka-Binet Intelligence Scale was first published
in Japan in 1947. This scale is suitable for people aged 2 years and over, including adults. The Tanaka-Binet Intel-
ligence Scale V was published in 2005 and is a revised version of the scale for assessing development in children
under one year of age and for measuring intelligence quotient (IQ) in adults. Deviation IQ (DIQ) scoring criteria,
rather than conventional IQ measures, were calculated for participants over 14 years of age®.

The Enjoji Scale of Infant Analytical Development was developed in 1958. This scale is considered suitable
for individuals from birth to 4 years and 7 months of age. Scores are obtained from observations and interviews
with caregivers in six areas of functioning: locomotor movements, hand movements, basic habits, interpersonal
relationships, language and natural language understanding, which are used to calculate the Developmental
Quotient (DQ). Participants who could not be assessed using the Tanaka-Binet Intelligence Scale V were assessed
using the Enjoji Scale of Infant Analytical Development™.

Stereotypies were assessed using the Japanese version of the Aberrant Behaviour Checklist (ABC-])*’. The
ABC was originally developed to evaluate therapeutic effects in people with intellectual disabilities. The ABC-]
is the Japanese version of the ABC and is considered to have the same factors and reliability as the original ABC,
with analyses conducted on people with intellectual disabilities. The ABC and ABC-]J consist of 58 items expressed
as scores on five subscales: irritability, lethargy, stereotypic behaviour, hyperactivity and inappropriate speech.
Of these subscales, stereotypic behaviour (stereotypy) was used in the present study.
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Cortisol assay

We obtained a blood sample from each participant at approximately the same time of day (13:00-14:00) over
a 2-week period, as previously reported®. Blood cortisol concentration is reported to fluctuate depending on
physical contact and serum cortisol levels show diurnal variation (early morning highs, nocturnal lows). Thus, we
collected blood samples 1 h after participants consumed their midday meal, and these processes were performed
before treatment with occupational therapy and play therapy. Before and after blood collection, no epileptic
seizures observed. Blood samples (4 ml) were centrifuged at 2600xg for 15 min. Serum samples were stored in a
freezer at—80° until shipment, on dry ice, to the to the Saga University Faculty of Medicine for analysis. Assays
were performed using an enzyme immunoassay kit (Cortisol Parameter Assay Kit, R&D Systems, Inc. USA). The
inter-assay coefficient of variation was 13.6% and the intra-assay coefficient of variation was 7.0%, as reported
by the manufacturer.

Data analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Statistics 23,
IBM Japan, Tokyo). Initially, as a basic analysis, differences in gender, age, serum cortisol levels and stereotypies
scores with and without ASD were examined. The x -square test was used for gender differences.The normal-
ity of the distribution of serum cortisol levels was confirmed by drawing a histogram, so a t-test was used. The
normality of age and stereotypies scores was not confirmed, so a Mann-Whitney U-test was performed in an
independent sample. Next, a hierarchical multiple regression analysis was conducted with serum cortisol levels
as the dependent variable for hypothesis 1 testing. The analysis procedure consisted of step 1 for the covariates
gender and age, step 2 for the presence of ASD and stereotypies, and finally the interaction term of presence
of ASD x stereotypy was entered into the regression equation. We followed Aiken and West* and used values
centred on the mean of the continuous variables, the ever-present behaviour and the dummy variable for the
presence of ASD (individuals with ASD: 1, non-ASD individuals: 0). Hypothesis 2 was tested by simple slope
analysis of the influence of an ASD diagnosis and engagement in stereotypy on serum cortisol levels.

Results
Basic analysis
We examined gender, age, serum cortisol and stereotypy scores according to the presence or absence of ASD
(Table 1). The x -square test and the Mann-Whitney U-test with independent samples were performed. We exam-
ined gender, age, serum cortisol and stereotypy scores according to the presence or absence of ASD (Table 1). The
results of the * test showed a significant gender bias, with more males than females in the ASD group (x*=6.373
,df=1, p=0.012). Results of Mann-Whitney U-tests with independent samples showed that age (p=0.002) and
serum cortisol (p =0.002) were significantly higher in the non-ASD group compared to the ASD group, and the
ASD group had significantly higher values of stereotypy than the non-ASD group (p=0.009). Serum cortisol
was significantly higher in the non-ASD group than in the ASD group (t=21.44, df=35.17, p=0.004), as a t-test
was also performed to confirm normality.

We found a positive correlation between the presence of an ASD diagnosis and the ABC stereotypic behavior
domain scores (r=0.241, p=0.027) and a negative correlation between ASD and cortisol (r=-0.378, p<0.001).
There was no significant correlation between cortisol levels and stereoties (r=0.122, p=0.269).

Hypothesis testing
We performed a hierarchical multiple regression analysis with serum cortisol levels as the dependent variable
to test our hypotheses (Table 2).

Significant

Clinical variable Group n Means+SD Ranges Mean rank p-Value comparison

All 84 39.9+11.69 16-60 p=.002 Non ASD>ASD
Age (years) ASD 56 37.2+11.85 17-60 36.57

Non-ASD 28 45.4+9.33 16-56 54.36

All 84 55/29 1(1)=6.37,p=.012 ASD (male > female)
Sex (male/female) ASD 56 41/15 - -

Non-ASD 28 11/14 - -

All 84 6.4+5.45 0-21 p=.009 ASD >non-ASD
Stereotypy ASD 56 7.3+5.33 0-21 47.37

Non-ASD 28 45+5.31 0-20 32.77
Serum cortisol (ng/ml) All 84 83.99+26.917 1.206-205.880 p=.002 Non-ASD >ASD

ASD 56 76.85+18.754 1.206-131.040 36.57

Non-ASD 28 98.29 +34.541 46.902-205.880 54.36

Table 1. Comparison of clinical variables between ASD and non-ASD groups. Reported values are
means * standard deviation (SD), ranges. ASD autism spectrum disorder.
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Step 1 Step 2 Step 3
Independent variable | B SE B B SE Jii B SE Jii
Sex* -8.352 |6.436 |-0.148 | -6.187 6.023 | -0.110 -7.510 5945 | -0.133
Age 0.258 0.259 |0.113 0.105 0.246 | 0.045 0.015 0.246 | 0.006
ASD/non-ASD® =22.669 |6.270 | -0.399"* |-25223 |6.280 | -0.444***
Stereotypy 1.276 0.531 | 0.258* 2.776 0.908 | 0.562**
ASD x Stereotypy -2.205 1.093 | -0.357*
R? 0.036 0.203 0.243
Adjust R? 0.012 0.163** 0.194*
AR? 0.167** 0.040*

Table 2. The results of hierarchical multiple regression analysis with serum cortisol concentration as the
dependent variable (N =84). *Male =1, female =0. YASD=1, non-ASD=0. *p<0.05, *p<0.01, ***p <0.001.

The results showed that in step 2, the main effects of ASD presence/absence and stereotypy (in order;
B=-0.399, B=-22.669, t=-3.616, p=0.001; p=0.258, B=1.276, t =2.402, p=0.019) and finally the main effects
of ASD presence/absence and stereotypy (in order; f=-0.444, B=-25.223, t=— 4.016, p<0.001; p =-0.562,
B=2.776,t=3.057, p=0.003) and the interaction between ASD presence x stereotypy was significant (3=-0.357,
B=-2.205, t=-2.017, p=0.047). The R2 change for each step was significantly increased (step 2: p=0.001; step
3: p=0.047). The main effect of ASD presence showed that serum cortisol was lower the more ASD features were
present. The main effect of stereotypy supported hypothesis 1 that the higher the level of stereotypy, the higher
the serum cortisol level.

We then created the graph in Fig. 1 according to Cohen and Cohen*’ to examine the nature of the ASD pres-
ence X stereotypy interaction that was significant in the final step. The obtained regression equation was created
by assigning ASD =1 and non-ASD =0 to the presence/absence of ASD and + 1 SD on average to the stereotypy.
The figure shows the + 1 SD of the values for ASD as 1 and non-ASD as 0, substituted for the+ 1 SD of the value
of the ever-present behaviour. The effect of the stereotypy was significant in the case of non-ASD (dashed line)
and not significant in the case of ASD (solid line).

To test hypothesis 2, we examined whether the effect of the stereotypy on serum cortisol differed between the
ASD and non-ASD groups. The results showed that the effect of the stereotypy on serum cortisol was significant
in the non-ASD group (f=0.532, B=3.463, t=2.798, p=0.010) but non-significant in the ASD group (p=0.122,
B=0.430, t=0.861, p=0.393). The non-ASD group showed that high levels of stereotypy promoted serum cor-
tisol, while the ASD group showed no effect. The effect of stereotypy on serum cortisol levels was suggested to
be modulated by the presence or absence of ASD, supporting hypothesis 2 (Fig. 2).
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Figure 1. Interaction of stereotypy. Because the interaction term between ASD and stereotypy was significantly
related to serum cortisol, we decided to further investigate the nature of the interaction between ASD and
stereotypy according to a study by Cohen and Cohen*. The figure shows the substitution of 1 SD of the value
when ASD was set to 1 and non-ASD was assigned a value of 0, and £1 SD of the value of stereotypy. The effect
of stereotypy was significant for ASD (solid line). These results suggest that lower ASD scores are associated
with a greater effect of stereotypy on serum cortisol levels. Thus, the association between stereotypy and serum
cortisol levels differed between patients with and without ASD in patients with severe intellectual disability.
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Figure 2. Relationships between stereotypies, serum cortisol and ASD. (1) There was a positive correlation
between ASD characteristics and stereotypy scores; (2) higher ASD characteristic scores were associated with
lower serum cortisol levels; (3) higher stereotypy scores were associated with higher serum cortisol levels; (4)
the effect of stereotypy on cortisol levels varied depending on the presence or absence of ASD.

Discussion

The present study examined the association between stereotypies and cortisol levels in people with severe ID;
when ASD and non-ASD groups were examined separately, a correlation between high stereotypies scores and
high serum cortisol levels was demonstrated. This supports hypothesis 1 and was similar to studies of stereotyp-
ies in animals'®!'*. Anumber of previous studies have examined the association between stereotypies and cortisol
levels in ASD'>1. However, only a limited number have examined the association between stereotypies and
cortisol levels in people with severe ID, with or without ASD. Symons et al. examined cortisol levels in a group
of people with ID with and without chronic self-injurious behaviour (SIB) and found higher cortisol levels in the
group with SIB*L. Stereotypies and SIB are likely to coexist*>** and there is a strong association between SIB and
a range of stereotypies in people with ID**, which has parallels with the present study. The results of this study
suggest that cortisol is important in inferring stereotypic tendencies in ID patients. However, larger studies are
needed before cortisol can be validated as a biomarker for people with ID.

There have been several studies on how the presence of ASD affects cortisol levels, but nothing conclusive is
known yet'>'®. In addition, there are few studies comparing people with severe ID. The present study therefore
investigated cortisol levels in people with severe ID in relation to the presence of ASD. The study is unique in
that the developmental level of all participants (all diagnosed with severe intellectual disability) and their lifestyle
rhythms, including sleep and diet, were consistent. The results showed that serum cortisol levels were signifi-
cantly lower in the ASD group compared to the non-ASD group in people with severe ID; Tordjman et al. found
that low-functioning autistic children had higher cortisol levels throughout the day than typically developing
children*!. Although this is not a direct link between our study and the comparison, because of the different
comparisons, it is at least not contradictory. (For example, it could be hypothesised that cortisol levels in ASD
with ID would be lower than in the ID-only group, but higher than in the typically developing group). In the
future, if cortisol levels in ID, ASD with ID, high-functioning ASD and typically developing could be compared
under the same conditions, it would be clearer how the presence of ID and ASD are related.

Another possible reason for the lower serum cortisol levels could be the effect of dysregulation of the HPA
axis. The aforementioned study by Tordjman et al. found a significant flattening of cortisol levels, suggesting a
slowing of circadian rhythms*. Other studies have also suggested dysregulation of the HPA axis in people with
ASD with ID'>'¢; people with ASD often show effects even in normally non-stressful environments* and have
reported elevated stress levels compared to the general population*®™*. Chronic stress can maintain high levels
of circulating cortisol, cause brain damage such as hippocampal shrinkage, and impair the normal functioning
of the HPA axis*

We investigated whether the effect of stereotypies on serum cortisol differed between the ASD and non-ASD
groups. Results showed that higher stereotypies scores were associated with higher serum cortisol levels in the
non-ASD group, but this effect was not observed in the ASD group. This supports hypothesis 2. To our knowl-
edge, this is the first study to show that the effect of stereotypies on serum cortisol levels is moderated by the
presence of ASD.From these findings, we considered two possibilities. The first is that the dysregulation of the
HPA axis'>!® in ASD is also relevant here. The second is the possibility that stereotypies functioned as a coping
behaviour, particularly in people with ASD, and were associated with lower cortisol levels than in people with
ID only.

For the first, it is possible that higher chronic stress levels in people with ASD are associated with both more
stereotyping®®?” and dysregulation of the HPA axis. If this is the case, it is possible that the effects of long-term
dysregulation may be greater in those with more stereotypy in ASD, leading to suppressed cortisol release; Bitsika
et al. found a positive correlation between stereotypy and basal cortisol levels in children with ASD, but not in
adolescents™, who reported that this was not the case. This suggests that cortisol levels may change over time
in individuals with high levels of stereotypy. Future additional longitudinal studies of stereotypies and cortisol
levels in people with ASD that directly examine age-related changes would further support this hypothesis.

The second is the so-called self-regulation hypothesis. The theoretical support for the finding that ASD chil-
dren with high stereotypies have low cortisol levels** is the idea that this is a coping strategy of a group without
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appropriate coping strategies®'. Tordjman et al. also focused on beta-endorphin (BE), a known brain chemical,
and reported that it is higher in ASD with ID after stress®; BE is also released in stereotypies®?, is released faster
than cortisol*?, and is known to be antagonistic to cortisol*. In other words, it may be possible to explain why
people with ASD with ID are more likely to release BE and maintain (reinforce) stereotypies®***, which in turn
may alleviate cortisol elevations.

It is not possible at this stage to determine which of the two possibilities we have considered is predominant,
and the possibility that both theories are valid cannot be ruled out. The present findings are consistent with many
previous studies showing that the stress response system functions differently in people with ID and people with
ASD with ID; further research is needed into the mechanisms involved in the maintenance of stereotypies in
people with ID and people with ASD with ID.

Limitations

The present study had several potential limitations. First, we did not diagnose ASD using the Autism Diagnostic
Observation Schedule, Second Edition (ADOS-2) or the Autism Diagnostic Interview—Revised (ADI-R). This
may have biased the diagnosis. The severity of the intellectual disability and, moreover, the difficulty in recall-
ing the parents’ old memories, precluded the use of these tools. The second is about blood sampling. In our
ward, blood samples and other tests are regularly taken for the health care of the patients. The blood sampling
in this study was done at the same time as the regular examinations. This minimised the additional burden on
the patients participating in the study, but also made it difficult to make simple comparisons with many of the
previous similar studies, such as those using saliva and early morning blood collection. Thirdly, it is about the
participants. All participants in this study were institutionalised. This means that being institutionalised may
have provided a constant living environment, while not being able to live with their families may have affected
their stress and cortisol levels. In addition, the mean age of the ASD group was lower than that of the non-ASD
group, and there were significantly more males than females in the ASD group.Epilepsy and other physical ill-
nesses, as well as their treatments and antipsychotics, and self-harm as an Stereotypy also affect cortisol. However,
relevant data were not sufficiently collected to be analysed. Furthermore, the analysis was inadequate in that it
focused on the presence or absence of ASD rather than on the severity of ASD, and continuous variables could
not be analysed.

Conclusions

The present study investigated the relationship between serum cortisol levels and the presence of stereotypies
and ASD in people with severe ID. The results showed that: higher levels of stereotypies were associated with
higher serum cortisol levels. : the presence of ASD moderated the association between stereotypies and high
serum cortisol levels. : also in the population with ID, serum cortisol levels were significantly lower in the ASD
group compared to the non-ASD group. This suggests that the stress response system may function differently
in people with ID and ASD than in the general population.

Data availability
The data supporting the results reported in our paper can be available from the corresponding author upon
reasonable request.

Received: 16 July 2023; Accepted: 18 March 2024
Published online: 26 March 2024

References
1. LaGrow, S. J. & Repp, A. C. Stereotypic responding: A review of intervention research. Am. J. Ment. Defic. 88(6), 595-609 (1984).
2. Reed, . D, Hirst, . M. & Hyman, S. Assessment and treatment of stereotypic behavior in children with autism and other devel-
opmental disabilities: A thirty year review. Res. Autism Spectr. Disord. 6, 422-430 (2012).
3. Lewis, M. H. & Bodfish, ]. W. Repetitive behavior disorders in autism. Ment. Retard. Dev. Disabil. Res. Rev. 4(2), 80-89 (1998).
4. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th edn. DSM-5. (American Psychiatric
Association, 2013).
5. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 4th edn. Text revision. DSM-IV-TR.
(American Psychiatric, 2000).
6. Murphy, O., Healy, O. & Leader, G. Risk factors for challenging behaviors among 157 children with autism spectrum disorder in
Ireland. Res. Autism Spectr. Disord. 3(2), 474-482 (2009).
7. Bodfish, J. W, Symons, E. J., Parker, D. E. & Lewis, M. H. Varieties of repetitive behavior in autism: Comparisons to mental retarda-
tion. J. Autism Dev. Disord. 30, 237-243 (2000).
8. Akers, J. S., Davis, T. N., Gerow, S. & Avery, S. Decreasing motor stereotypy in individuals with autism spectrum disorder: A
systematic review. Res Autism Spectr. Disord. 77, 101611. https://doi.org/10.1016/j.rasd.2020.101611 (2020).
9. Collis, E., Gavin, J., Russell, A. & Brosnan, M. Autistic adults’ experience of restricted repetitive behaviours. Res. Autism Spectr.
Disord. 90, 101895. https://doi.org/10.1016/j.rasd.2021.101895 (2022).
10. Koegel, R. L. & Koegel, L. K. Pivotal Response Treatments for Autism: Communication, Social, & Academic Development (Paul H
Brookes Publishing, 2006).
11. Leekam, S. R, Prior, M. R. & Uljarevic, M. Restricted and repetitive behaviors in autism spectrum disorders: A review of research
in the last decade. Psychol. Bull. 137(4), 562-593. https://doi.org/10.1037/a0023341 (2011).
12. Wolff, J. J. et al. Longitudinal patterns of repetitive behavior in toddlers with autism. J. Child Psychol. Psychiatry. 55(8), 945-953.
https://doi.org/10.1111/jcpp.12207 (2014) (epub 2014 Feb 19).
13. Lanovaz, M. ], Robertson, K. M., Soerono, K. & Watkins, N. Effects of reducing stereotypy on other behaviors: A systematic review.
Res. Autism Spectr. Disord. 7(10), 1234-1243 (2013).
14. James, K. A., Stromin, J. I, Steenkamp, N. & Combrinck, M. I. Understanding the relationships between physiological and psy-
chosocial stress, cortisol and cognition. Front. Endocrinol. 14, 1085950. https://doi.org/10.3389/fendo.2023.1085950 (2023).

Scientific Reports |

(2024) 147139 | https://doi.org/10.1038/s41598-024-57459-3 nature portfolio


https://doi.org/10.1016/j.rasd.2020.101611
https://doi.org/10.1016/j.rasd.2021.101895
https://doi.org/10.1037/a0023341
https://doi.org/10.1111/jcpp.12207
https://doi.org/10.3389/fendo.2023.1085950

www.nature.com/scientificreports/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

van der Linden, K., Simons, C., van Amelsvoort, T. & Marcelis, M. Emotional stress, cortisol response, and cortisol rhythm in
autism spectrum disorders: A systematic review. Res. Autism Spectr. Disord. 98, 102039. https://doi.org/10.1016/j.rasd.2022.102039
(2022).

Taylor, J. L. & Corbett, B. A. A review of rhythm and responsiveness of cortisol in individuals with autism spectrum disorders.
Psychoneuroendocrinology 49, 207-228. https://doi.org/10.1016/j.psyneuen.2014.07.015 (2014) (epub 2014 Jul 22).

Dufour, M. M., Lanovaz, M. J. & Plusquellec, P. Salivary cortisol and stereotypy in minimally verbal children with autism: A pilot
study. J. Dev. Phys. Disabil. 35, 631-646. https://doi.org/10.1007/s10882-022-09871-8 (2023).

Liu, J. et al. Stereotypic behavior and fecal cortisol level in captive giant pandas in relation to environmental enrichment. Zoo Biol.
25, 445-459. https://doi.org/10.1002/200.20106 (2006).

Redbo, I. Stereotypies and cortisol secretion in heifers subjected to tethering. Appl. Anim. Behav. Sci. 38(3-4), 213-225. https://
doi.org/10.1016/0168-1591(93)90020-P (1993).

De Vaan, G., Beijers, R., Vervloed, M. P, Knoors, H., Bloeming-Wolbrink, K. A., De Weerth, C., & Verhoeven, L. Associations
between cortisol stress levels and autism symptoms in people with sensory and intellectual disabilities. In Frontiers in Education.
Vol. 5. 540387. (Frontiers Media SA, 2020).

Yang, C. J. et al. The cortisol, serotonin and oxytocin are associated with repetitive behavior in autism spectrum disorder. Res.
Autism Spectr. Disord. 18, 12-20 (2015).

Gabriels, R. L. et al. Elevated repetitive behaviors are associated with lower diurnal salivary cortisol levels in autism spectrum
disorder. Biol. Psychol. 93(2), 262-268. https://doi.org/10.1016/j.biopsycho.2013.02.017 (2013).

Goldman, K., DeLeon, L, Schieber, E., Weinsztok, S. & Nicolini, G. Increasing physical activity and analyzing parametrically the
effects on stereotypy in children with autism spectrum disorder. Behav. Intervent. 36, 11. https://doi.org/10.1002/bin.1812 (2021).
Hill, E. E. et al. Exercise and circulating cortisol levels: The intensity threshold effect. J. Endocrinol. Invest. 31(7), 587-591. https://
doi.org/10.1007/BF03345606 (2008).

Athanasiou, N. A., Bogdanis, G. C. & Mastorakos, G. Endocrine responses of the stress system to different types of exercise. Rev.
Endocr. Metab. Disord. 24(1), 251-266. https://doi.org/10.1007/s11154-022-09758-1 (2023).

Aranek, G. T, Foster, L. G. & Berkson, G. Tactile defensiveness and stereotyped behaviors. Am J. Occup. Ther. 51(2), 91-95. https://
doi.org/10.5014/ajot.51.2.91 (1997).

Colman, R. S. et al. The effects of fluorescent and incandescent illumination upon repetitive behaviors in autistic children. J. Autism
Dev. Disord. 6, 157-162. https://doi.org/10.1007/BF01538059 (1976).

Liss, M., Saulnier, C., Fein, D. & Kinsbourne, M. Sensory and attention abnormalities in autistic spectrum disorders. Autism 10(2),
155-172. https://doi.org/10.1177/1362361306062021 (2006).

Schouten, W. G. & Wiegant, V. M. Individual responses to acute and chronic stress in pigs. Acta Physiol. Scand. Suppl. 640, 88-91
(1997).

Redbo, I. Relations between oral stereotypies, open-field behavior, and pituitary-adrenal system in growing dairy cattle. Physiol.
Behav. 64(3), 273-278. https://doi.org/10.1016/s0031-9384(98)00059-6 (1998).

Brett, L. P. & Levine, S. Schedule-induced polydipsia suppresses pituitary-adrenal activity in rats. J. Comp. Physiol. Psychol. 93(5),
946-956. https://doi.org/10.1037/h0077619 (1979).

Manor-Binyamini, I. & Schreiber-Divon, M. Repetitive behaviors: Listening to the voice of people with high-functioning autism
spectrum disorder. Res. Autism Spectr. Disord. 64, 23-30. https://doi.org/10.1016/j.rasd.2019.04.001 (2019).

Tordjman, S. et al. Plasma B-endorphin, adrenocorticotropin hormone, and cortisol in autism. J. Child Psychol. Psychiatry 38,
705-715. https://doi.org/10.1111/j.1469-7610.1997.tb01697.x (1997).

Kurita, H., Miyake, Y. & Katsuno, K. Reliability and validity of the Childhood Autism Rating Scale-Tokyo Version (CARS-TV). J.
Autism Dev. Disord. 19, 389-396. https://doi.org/10.1007/BF02212937 (1989).

. Tanaka Institute for Education. Tanaka-Binet Intelligence Scale (Taken Publisher Co, 2005).
. Enjoji, M. Enjoji Scale of Infant Analytical Development Revised. (Keio University Press, 2009).
. Ono, Y. Factor validity and reliability for the Aberrant Behaviour Checklist-community in a Japanese population with mental

retardation. Res. Dev. Disabil. 17, 303-309. https://doi.org/10.1016/0891-4222(96)00015-7 (1996).

. Aita, C. et al. Oxytocin levels and sex differences in autism spectrum disorder with severe intellectual disabilities. Psychiatry Res.

273, 67-74. https://doi.org/10.1016/j.psychres.2018.12.139 (2019).

. Aiken, L. S., West, S. G. & Reno, R. R. Multiple Regression: Testing and Interpreting Interactions (Newbury Park, 1991).
. Cohen, J., Cohen, P,, West, S. G. & Aiken, L. S. Applied Multiple Regression/Correlation Analysis for the Behavioural Sciences (Law-

rence Erlbaum Associates, 1983).

Symons, E. J. et al. Salivary biomarkers of HPA axis and autonomic activity in adults with intellectual disability with and without
stereotyped and self-injurious behavior disorders. J. Neurodev. Disord. 3, 144-151. https://doi.org/10.1007/s11689-011-9080-9
(2011).

Bodfish, J. W. et al. Varieties of repetitive behavior in autism: Comparisons to mental retardation. J. Autism Dev. Disord. 30,
237-243. https://doi.org/10.1023/A:1005596502855 (2000).

Rojahn, J. Self-injurious and stereotypic behavior of noninstitutionalized mentally retarded people: Prevalence and classification.
Am. ]. Ment. Defic. 91(3), 268-276 (1986) (erratum in: Am J Ment Defic 1987;91(6):619).

Tordjman, S. et al. Altered circadian patterns of salivary cortisol in low-functioning children and adolescents with autism. Psy-
choneuroendocrinology. 50, 227-245. https://doi.org/10.1016/j.psyneuen.2014.08.010 (2014) (epub 2014 Aug 27).

Baron, M. G., Lipsitt, L. P,, & Goodwin, M. S. Scientific foundations for research and practice. In Stress and Coping in Autism
(Baron, M. G., Groden, J., Groden, G., Lipsitt, L. eds.). 42-67. (Oxford University Press, 2006).

Bishop-Fitzpatrick, L. et al. 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. https://doi.org/10.1007/s10803-016-2910-6 (2017).
Corbett, B. A., Constantine, L. ]., Hendren, R., Rocke, D. & Ozonoff, S. Examining executive functioning in children with autism
spectrum disorder, attention deficit hyperactivity disorder and typical development. Psychiatry Res. 166(2-3), 210-222. https://
doi.org/10.1016/j.psychres.2008.02.005 (2009).

Tomarken, A.J., Han, G. T. & Corbett, B. A. Temporal patterns, heterogeneity, and stability of diurnal cortisol rhythms in children
with autism spectrum disorder. Psychoneuroendocrinology 62, 217-226. https://doi.org/10.1016/j.psyneuen.2015.08.016 (2015).
Rohleder, N. Acute and chronic stress induced changes in sensitivity of peripheral inflammatory pathways to the signals of multiple
stress systems—2011 Curt Richter Award Winner. Psychoneuroendocrinology 37(3), 307-316. https://doi.org/10.1016/j.psyneuen.
2011.12.015 (2012).

Bitsika, V., Sharpley, C. E, Agnew, L. L. & Andronicos, N. M. Age-related differences in the association between stereotypic behav-
iour and salivary cortisol in young males with an autism spectrum disorder. Physiol. Behav. 152(Part A), 238-243. https://doi.org/
10.1016/j.physbeh.2015.10.010 (2015).

Groden, J., Cautela, J., Prince, S. & Berryman, J. The impact of stress and anxiety on individuals with autism and developmental
disabilities. In Behavioral Issues in Autism 177-194 (Springer, 1994).

Lutz, C. K. Stereotypic behavior in nonhuman primates as a model for the human condition. ILAR J. 55(2), 284-296. https://doi.
org/10.1093/ilar/ilu016 (2014).

Taylor, T., Dluhy, R. G. & Williams, G. H. beta-endorphin suppresses adrenocorticotropin and cortisol levels in normal human
subjects. J. Clin. Endocrinol. Metab. 57(3), 592-596. https://doi.org/10.1210/jcem-57-3-592 (1983).

Scientific Reports |

(2024) 147139 | https://doi.org/10.1038/s41598-024-57459-3 nature portfolio


https://doi.org/10.1016/j.rasd.2022.102039
https://doi.org/10.1016/j.psyneuen.2014.07.015
https://doi.org/10.1007/s10882-022-09871-8
https://doi.org/10.1002/zoo.20106
https://doi.org/10.1016/0168-1591(93)90020-P
https://doi.org/10.1016/0168-1591(93)90020-P
https://doi.org/10.1016/j.biopsycho.2013.02.017
https://doi.org/10.1002/bin.1812
https://doi.org/10.1007/BF03345606
https://doi.org/10.1007/BF03345606
https://doi.org/10.1007/s11154-022-09758-1
https://doi.org/10.5014/ajot.51.2.91
https://doi.org/10.5014/ajot.51.2.91
https://doi.org/10.1007/BF01538059
https://doi.org/10.1177/1362361306062021
https://doi.org/10.1016/s0031-9384(98)00059-6
https://doi.org/10.1037/h0077619
https://doi.org/10.1016/j.rasd.2019.04.001
https://doi.org/10.1111/j.1469-7610.1997.tb01697.x
https://doi.org/10.1007/BF02212937
https://doi.org/10.1016/0891-4222(96)00015-7
https://doi.org/10.1016/j.psychres.2018.12.139
https://doi.org/10.1007/s11689-011-9080-9
https://doi.org/10.1023/A:1005596502855
https://doi.org/10.1016/j.psyneuen.2014.08.010
https://doi.org/10.1007/s10803-016-2910-6
https://doi.org/10.1016/j.psychres.2008.02.005
https://doi.org/10.1016/j.psychres.2008.02.005
https://doi.org/10.1016/j.psyneuen.2015.08.016
https://doi.org/10.1016/j.psyneuen.2011.12.015
https://doi.org/10.1016/j.psyneuen.2011.12.015
https://doi.org/10.1016/j.physbeh.2015.10.010
https://doi.org/10.1016/j.physbeh.2015.10.010
https://doi.org/10.1093/ilar/ilu016
https://doi.org/10.1093/ilar/ilu016
https://doi.org/10.1210/jcem-57-3-592

www.nature.com/scientificreports/

54. Smith, S. G., Gupta, K. K. & Smith, S. H. Effects of naltrexone on self-injury, stereotypy, and social behavior of adults with devel-
opmental disabilities. J. Dev. Phys. Disabil. 7, 137-146 (1995).
55. Sandman, C. A. The opiate hypothesis in autism and self-injury. J. Child Adolesc. Psychopharmacol. 1(3), 237-248 (1990).

Acknowledgements
We thank Benjamin Knight, MSc., from Edanz Group (https://en-author-services.edanz.com/ac) for editing a
draft of this manuscript.

Author contributions

Chie Aita, Yoshito Mizoguchi, Takefumi Ueno and Akira Monji conceptualized, designed and supervised the
study. Takeru Ohtsubo and Chie Aita treated patients. Takeru Ohtsubo, Momoko Kobayashi and Yoshito Mizo-
guchi acquired, analyzed, and interpreted data. Yoshiomi Imamura measured serum cortisol. The first draft
of the manuscript was written by Takeru Ohtsubo and Akira Monji. Yoshito Mizoguchi, Momoko Kobayashi,
YutakaKunitake and Hiroshi Tateishi reviewed and critiqued the manuscript. All authors read and approved the
final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.O.

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) 2024

Scientific Reports |

(2024) 147139 | https://doi.org/10.1038/s41598-024-57459-3 nature portfolio


https://en-author-services.edanz.com/ac
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Relationship between serum cortisol levels, stereotypies, and the presence of autism spectrum disorder in patients with severe intellectual disability
	Materials and methods
	Study design and setting
	Participants
	Tests administered to all participants
	Cortisol assay
	Data analysis

	Results
	Basic analysis
	Hypothesis testing

	Discussion
	Limitations

	Conclusions
	References
	Acknowledgements


