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Abstract: Autism spectrum disorder (ASD), or autism, is a lifelong neurodevelopmental condition
typically detected during early childhood, for which no specific and efficient pharmacological man-
agement is currently available. No drugs have been developed specifically for the pharmacological
management of autism. Thus, this approach often relies on various conventional psychotropic
medications and, depending on the condition, other medications may also be used. Some studies
available in the literature indicate that the adjunctive use of corticosteroids can help improve the
quality of life of individuals with autism. Therefore, we conducted an integrative review using four
databases, which were PubMed, Scopus, Web of Science, and Google Scholar, focusing on clinical
trials and animal model studies involving corticosteroids related to autism. We analyzed the effects
of treatment on core and associated autism symptoms, as well as adverse effects. Eight studies were
selected and analyzed, seven involving humans and one using an animal model. These studies
focused on the drugs pregnenolone (3), prednisolone (3), hydrocortisone (1), and betamethasone (1)
in trials either alone or in combination with other medications (such as risperidone). We observed that
corticosteroids safely and effectively reduced several symptoms, including stereotypical and social
behaviors, hyperactivity, and irritability. Furthermore, no serious adverse effects were observed,
although all selected studies were of short duration. Thus, corticosteroids are promising options to be
included in the pharmacological management of autism, whether or not in combination with other
medications, and further studies are needed to evaluate their long-term effectiveness.

Keywords: autism; corticosteroids; pharmacotherapy; integrative review

1. Introduction

Autism spectrum disorder (ASD), or autism, is a lifelong neurological development
condition typically detected during early childhood, for which there is no specific and
efficient pharmacological management available to date. This condition is identified by
impairment in social interactions and verbal and non-verbal communications, associated
with stereotypical and repetitive behaviors [1].

Studies indicate that autism can arise due to several factors, such as premature birth,
fetal exposure to psychotropic drugs, and exposure to pesticides, among others [2,3]. Its
diagnosis remains, to a large extent, clinically subjective, although several scales developed
have contributed to improving the evaluation process, providing a more accurate diagnosis
over time [1].
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Repetitive behaviors tend to contribute to social exclusion and limit children’s abilities,
causing significant distress for families [4]. A worrying fact is the increase in the prevalence
of autism, which has practically quadrupled in recent decades [5]. This increase can be
attributed to improved screening tools in children and adults, as well as more refined
diagnostic criteria and more accurate behavioral and neuropsychological scales. Although
this proportion is believed to be consistent across different racial, ethnic, and socioeconomic
backgrounds, it is noteworthy that the prevalence in men can be up to five times higher
than in women [6].

Currently, the management of autism mainly involves interventions with
non-pharmacological interdisciplinary therapies, with teams made up of doctors, educa-
tional psychologists, speech therapists, occupational therapists, behavioral therapists, and
psychologists. Interventions aim to promote improvements in language/communication
skills, social interactions, parent training, and behavioral changes. Some of the best known
include ABA (Applied Behavior Analysis), DIR (Developmental, Individual-differences,
and Relationship-based Model) and the TEACCH Autism Program [1]. As for pharmaco-
logical management, to date, there are no drugs developed specifically for this condition.
Thus, this approach ends up using several conventional psychotropic medications, such
as atypical antipsychotics (especially risperidone and aripiprazole), selective inhibitors,
and stimulants. Depending on the condition, other medications may also be used, such as
anxiolytics. However, it is important to highlight that these medications are not specific and
only aim to control inappropriate behaviors, such as psychomotor agitation, aggressiveness,
and obsessive–compulsive symptoms [7–10]. This scenario highlights the importance of
continuous research and effective approaches for diagnosing and improving the quality of
life of autistic people, aiming to improve individuals’ and their families’ lives.

One topic that has been evaluated is the relationship, already established by clinical
studies, of the hypothalamic–pituitary–adrenal (HPA) axis in autism. The body’s response
to stress is mediated by the HPA, playing a crucial role in adaptation to the environment.
Abnormal HPA axis function in autistic children results in an irregular cortisol excretion
rate, correlating with symptom severity [11].

Several studies have investigated the responsiveness of cortisol in autism, revealing a
delay in the HPA axis when faced with physiological or physical manipulations. Further-
more, hyporesponsiveness was observed in stressful situations involving social components.
However, it is important to note that hyperresponsiveness of the HPA axis has also been
documented in contexts involving unpleasant stimuli or certain social contexts [11,12].
These findings highlight the complexity of HPA axis responses in ASD, opening the door
for further investigation into how these responses contribute to symptoms.

Therefore, corticosteroids, known to have anti-inflammatory, immunomodulatory, and
antineoplastic properties, have been studied for their potential use in the pharmacological
management of autism. Studies have already demonstrated that some corticosteroids,
alone or in combination with drugs from other therapeutic classes, led to positive effects
on brain function related to language and behavioral performance [13–17]. Furthermore,
the costs of these drugs are not high, which contributes to public health services, as well
as public health, as they can be beneficial to countless individuals. Therefore, the use of
corticosteroids, both alone and in combination with other treatments, may represent an
effective approach to improving behavioral aspects in autistic people.

Considering the above, this work aimed to identify in the literature the potential for
using corticosteroids as adjuvants to the current pharmacological management used for
people with autism.

2. Methods

The present study is an integrative review to address in the literature the potential of
using corticosteroids as adjuvants to the current pharmacological management used for
people with autism.
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Data collection was carried out from secondary sources through bibliographical re-
search [18]. The following databases were used: PubMed/Medline, Scopus, Web of Science,
and Google Scholar. To search for articles, several descriptors and their combinations in
Portuguese and English were used. To screen studies in English, the following descriptors
were used: “autism spectrum disorder” OR “autism pharmacotherapy” OR “autism treat-
ment” OR “corticosteroids treatment autism spectrum disorder”. In the selection of articles
in Portuguese, the following descriptors were used: “transtorno do espectro do autismo”
OR “tratamento para transtorno do espectro do autismo” OR “corticosteroides transtorno
do espectro do autismo” OR “tratamento corticosteroide autismo”. The research period
covered publications up to the year 2023.

We used as inclusion criteria articles written in English and Portuguese which aimed
to establish a relationship between the use of corticosteroids in the treatment of ASD.
Studies could be conducted in animal models or in humans. Case studies, book chapters,
comments, letters to the editor, and reviews, as well as articles published in non-indexed
journals and articles with missing or incomplete data, were excluded.

The studies were retrieved from the databases and were checked to detect duplicates,
which were properly removed. Next, the title and abstract were reviewed to identify studies
that addressed the review question. The studies included at this stage had their full texts
analyzed to verify the eligibility criteria.

Information for identification (main author, year of publication, country where the
study was conducted), study objective, design, sample size, type of corticosteroid used,
investigated outcomes, and main conclusions were extracted from the studies. Data were
synthesized narratively to produce the review.

For the critical analysis of the included studies, we classified the levels of evidence
according to Souza, da Silva, and Carvalho [18] as follows: Level 1: evidence resulting from
the meta-analysis of multiple randomized controlled clinical studies; Level 2: evidence
obtained in individual studies with an experimental design; Level 3: evidence from quasi-
experimental studies; Level 4: evidence from descriptive (non-experimental) studies or
with a qualitative approach; Level 5: evidence from case reports or experience (articles
excluded); Level 6: evidence based on expert opinions (articles excluded).

3. Results and Discussion

A total of 620 articles that fit the descriptors used in the search were identified in the
databases (Figure 1). After removing duplicate results, 173 articles remained, of which
eight studies were included in the review.

The eight studies [13,16,17,19–23] that make up this review evaluated the use of
corticosteroids in the pharmacological management of autism in a total of 400 patients. The
sample sizes ranged from 12 to 148 participants, mostly composed of people with a mean
age of 5.9 to 22.5 years and of both sexes. Participants’ weights ranged from 20 to 45 kg
(Table 1), except in one article that used a sheep model [23] (Table 2).
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Figure 1. Study selection flowchart.

Table 1. Studies selected for the integrative review on the use of corticosteroids in the pharmacological
management of autism.

References Design/Number
of Patients Mean Age Sex Objective Investigated

Drug

Majewska et al.
[19]

Cohort
n = 148 5.9 ± 3.5 years Men: 79

Women: 69
To evaluate the potential of
steroid hormones in autism. Pregnenolone

Fung et al. [20] Prospective
n = 12 22.5 ± 5.8 years Men: 10

Women: 2

To evaluate the tolerability and
efficacy of pregnenolone in
reducing irritability in autistic
adults.

Pregnenolone

Duffy et al. [13] Retrospective
n = 44 4.5 ± 2.2 years Men: 36

Women: 8

To evaluate the effects of
corticosteroids in autistic children
on the 4 Hz frequency-modulated
auditory-evoked response
(FMAER) originating from the
language cortex of the superior
temporal gyrus, EEG language,
and behavior.

Prednisolone
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Table 1. Cont.

References Design/Number
of Patients Mean Age Sex Objective Investigated

Drug

Corbett et al.
[21]

Experimental
n = 25 9.7 ± 1.9 years Men: 22

Women: 3

To evaluate the relationship
between cortisol and oxytocin in
autistic children under baseline
and physiological stress
conditions (hydrocortisone
challenge).

Hydrocortisone

Ayatollahi et al.
[22]

Experimental
n = 59

13.31 ± 2.12
years

Men: 36
Women: 23

To evaluate the efficacy and safety
of the combination of
pregnenolone and risperidone in
autistic adolescents.

Pregnenolone

Brito et al. [17] Experimental
n = 38 4.8 ± 1.3 Men: 38

To describe the effect of
prednisolone on language in
autistic children.

Prednisolone

Malek et al. [16] Experimental
n = 26 6.34 ± 2.07 Men: 25

Women: 1

To evaluate the efficacy and safety
of prednisolone as an adjuvant
treatment to risperidone in
children with regressive autism.

Prednisolone

Table 2. Study in an animal model selected for the integrative review on the use of corticosteroids in
the pharmacological management of autism.

References Design/Number of Animals Objective Investigated Drug

Kuypers et al. [23] Experimental
n = 37

To evaluate the effect of prenatal glucocorticoids
in modulating brain inflammation in an animal
model.

Betamethasone

Although there are many corticosteroids, among the studies that met the selection
criteria, the evaluation of only three representatives can be observed, including prednisone
(3), hydrocortisone (1), and betamethasone (1). Three other studies evaluated the use of
pregnenolone, an endogenous corticosteroid precursor, and derivatives.

Of the studies with prednisolone, two present Level 2 evidence [16,17], which stands
out because it was possible to check the improvement of core and associated symptoms, as
well as development and language parameters, both individually [17] and in association
with risperidone [16] (Tables 1 and 2). The selected articles identified that the use of
corticosteroids in autistic people is effective and safe for both sexes, leading to a significant
improvement in several parameters, such as irritability, stereotypical behavior, language,
and social behavior (Table 3). Furthermore, the beneficial effects of these medications can be
enhanced by combining other therapies. The most common adverse effects were dizziness,
abdominal pain, headache, insomnia, and increased appetite, with no more serious adverse
effects observed.
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Table 3. Outcomes of the studies included in the integrative review on the use of corticosteroids in
the pharmacological management of autism.

Study Interventions Outcome Conclusion Level of
Evidence

Majewska et al.
[19]

Pregnenolone (plus
derivatives)
vs.
dehydroepiandrosterone—
DHEA
vs.
androstenediol
vs.
androstenedione (plus
derivatives)

The association between autism
and high levels of several steroid
hormones in the saliva of
prepubertal children was found
in both sexes.

Steroid levels could
potentially serve as
biomarkers of autism for
all prepubertal children; it
favors treatment with this
class of drugs.

II

Fung et al. [20]
Pregnenolone
vs.
placebo

Pregnenolone improved the
parameters assessed on the
ABC-I scale after 12 weeks of
treatment, as well as the
variables of lethargy and social
withdrawal.

Pregnenolone is effective,
safe, and well tolerated. It
reduces irritability,
improves social
functioning, and alleviates
sensory dysfunctions.
Adverse effects are milder
compared to other
medications.

II

Duffy et al. [13]
Prednisolone
vs.
placebo

Steroid therapy improved
electrophysiological indicators of
language-specific brain function.
Furthermore, there was an
improvement in language and
behavioral performance.

Prednisone treatment is
effective in treating the
symptoms of autism,
specifically
language-related
symptoms.

I

Corbett et al. [21]
Hydrocortisone
vs.
placebo

There was a significant increase
in oxytocin during the
experimental condition. The
results demonstrated that
oxytocin reduced stress levels
during hydrocortisone
administration. Therefore, it
interacted with the social
capacity of autistic children. The
diminished moderating effect of
oxytocin on cortisol also played
a contributory role in the
increased stress often observed
in autistic children.

Hydrocortisone treatment
modulates the effects of
oxytocin on social behavior,
as well as on functional
interaction and stress
modulation.

II

Ayatollahi et al.
[22]

Pregnenolone
vs.
placebo

Pregnenolone treatment
significantly improved
irritability, stereotypy, and
hyperactivity scales. There were
no serious adverse effects
between the groups.

The administration of
pregnenolone has proved
effective in the
pharmacological
management of autistic
adolescents.

II

Brito et al. [17]
Prednisolone
vs.
placebo

The treatment increased the
global Assessment of Language
Development score. The total
number of communicative acts
was also positive. Adverse
effects were mild.

Prednisolone generates
positive effects even at low
doses.

II
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Table 3. Cont.

Study Interventions Outcome Conclusion Level of
Evidence

Malek et al. [16]
Risperidone + prednisolone
vs.
risperidone + placebo

The treatment was able to
improve irritability, lethargy,
stereotypy, and hyperactivity
subscale scores. Likewise, a
significant decline for all
inflammatory markers assessed
was induced.

Pharmacological
management with
prednisolone is effective
for both behavior and
molecular parameters.

II

Kuypers et al.
[23] (obs: animal
model)

Control
vs.
lipopolysaccharide (LPS)
vs.
betamethasone
vs.
pre-betamethasone + LPS

Treatment with antenatal
glucocorticoids administered
before LPS reduced the effects of
intrauterine inflammation in the
fetal brain. The results
demonstrate that betamethasone
before LPS can prevent
inflammatory effects.

Antenatal betamethasone
administered before
intra-amniotic
inflammation reduced the
cerebral inflammatory
response after
intra-amniotic LPS and
prevented hippocampal
and white matter lesions in
the fetal brain.

II

Corticosteroids are a class of steroid hormones secreted by the adrenal gland in
response to stress. Since their discovery in the 1940s, these substances have been used in
particular due to their immunosuppressive and/or anti-inflammatory effects [23]. These
medications inhibit apoptosis and the demargination of neutrophils and inhibit NF-Kappa
B and other inflammatory transcription factors. Phospholipase A2 is also inhibited, leading
to a decrease in the formation of arachidonic acid derivatives. Finally, they also promote
the expression of anti-inflammatory genes, such as interleukin-10 [24].

Studies using both animal models and humans also suggest that corticosteroids can
modulate the activation of microglia, indicating their ability to modulate brain activity [25].
Furthermore, it has been observed that these substances can increase the number of natural
killer cells [26] and reduce blood levels of pro-inflammatory cytokines, such as interleukin-6
(IL-6), in the first weeks of administration.

Some studies suggest that its use could contribute to reducing autism symptoms. In
our integrative review, the included studies suggest an improvement in parameters such as
irritability, stereotypical behavior, language, and social behavior, with common adverse
effects.

The study by Duffy et al. [13], despite presenting a lower level of evidence, reinforces
the potential for improvement in language development parameters. The results observed
also indicated that autistic children may present dysfunctions in the HPA axis, evidenced
by an irregular pattern of cortisol excretion correlated with the severity of symptoms [11].
In this context, Duffy et al. [13] associated improvements in specific indicators of electro-
physiological brain functions related to language, measured by the frequency-modulated
auditory-evoked response (FMAER), as well as behavioral performance [13]. It has also
been observed that the use of prednisone over time results in significant improvements
in language skills, expression, and social behavior in autistic children [17]. Furthermore,
prednisolone combined with risperidone has been demonstrated to improve irritability,
hyperactivity, lethargy, and stereotypical behavior in children with regressive autism [16].

In general, studies indicated a beneficial effect of prednisolone compared to a
placebo [13,16,17], especially in reducing irritability, lethargy, stereotypical behavior, and/or
hyperactivity in children. These findings suggest prednisone is potentially useful in phar-
macological management, although more research is needed to fully understand its effects
and underlying mechanisms.

The work of Corbett et al. [21] evaluated oxytocin and cortisol, both key neuromod-
ulators of biological and behavioral responses and which have a synergistic effect. They
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have already been implicated in autism but are rarely investigated together. The results
showed that hydrocortisone, a corticosteroid used mainly as a topical anti-inflammatory
medication, modulates the effects of oxytocin on social behavior, as well as functional
interaction and stress modulation. These results not only help to evaluate the potential of
corticosteroids as potentially useful in pharmacological management, but also increase the
understanding of how oxytocin acts as a stress-modulating agent in individuals. Oxytocin
receptor agonists have already been developed and studied as potential new drugs for the
pharmacological management of autism [27].

Studies with pregnenolone, a precursor of steroid hormones synthesized in various
tissues, including the brain and lymphocytes, proved to be very interesting. This pre-
cursor can be classified as a neurosteroid and can also exert rapid actions on the cell
membrane through allosteric interactions with the GABA-A receptor. Its ability to act
as an anti-inflammatory and/or immunoregulatory agent in several neuro-inflammatory
pathologies is recognized [28,29]. Aggelakopoulou et al. [30] proposed that this substance
is capable of suppressing the pro-inflammatory activation of microglial cells in humans and
animal models. Furthermore, it is also the precursor to a variety of other corticosteroids,
such as allopregnanolone and pregnenolone sulfate [31], the latter being a modulator of
N-methyl-D-aspartate (NMDA) receptors [32]. Allopregnanolone also regulates GABA-A
receptors [31] and, subsequently, the sulfated form of pregnenolone proved to modulate
NMDA receptors [32]. These receptors may be related to the development of autism, as
they are critical for synaptic plasticity in the central nervous system [33].

Studies have suggested multiple pathways through which these substances may
influence core and associated symptoms of autism. Majewska et al. [19], in this sense,
identified an association with high levels of several steroid hormones in the saliva of
prepubertal children, pointing to the potential of these hormonal levels as biomarkers of
autism, which, in turn, favors treatment with this class of medicines. This suggests a more
targeted and personalized approach to management based on hormonal profiles.

Autism in adults has gained increasing attention in psychiatric settings [34]. Notwith-
standing, the study by Fung et al. [20] was the only one in which the effect of corticosteroids
in this population was evaluated. The results showed that pregnenolone is also effective,
safe, and well tolerated by autistic adults, reducing irritability, improving social functioning,
and alleviating sensory dysfunctions. Unfortunately, the number of patients was the lowest
among the studies (n = 12).

The study by Malek et al. [16] was the only one to evaluate the association of a
corticosteroid with risperidone, one of only two drugs approved by the FDA for the
pharmacological management of autism [22]. In this randomized placebo-controlled study,
59 autistic children and adolescents were randomly allocated to treatment with risperidone
and a placebo (n = 29) or risperidone and pregnenolone (n = 30) for 10 weeks. Throughout
treatment, individuals who received risperidone and pregnenolone showed improvements
in irritability, stereotypical behavior, and hyperactivity compared to those who received
risperidone and a placebo. Pregnenolone demonstrated a favorable safety profile and was
well tolerated, with mild-to-moderate side effects, including changes in appetite, rash,
headache, or abdominal pain.

The improvement in symptoms observed with the oral administration of pregnenolone
may be associated with greater excitability in the neuronal circuits responsible for the
limbic system [35]. Compared to the placebo, allopregnanolone (measured after preg-
nenolone ingestion) was associated with increased activity in the dorsomedial prefrontal
cortex and its connectivity with the amygdala. This increase in connectivity resulted in
a reduction in anxiety symptoms. It is noteworthy that pregnenolone has demonstrated
positive effects in the treatment of several psychiatric disorders, as evidenced in previous
studies [36–38]. Understanding the impact of pregnenolone on the central nervous system
opens up interesting perspectives for potential applications.

In addition to human studies, the study with animals (sheep) carried out by
Kuypers et al. [23] demonstrated the prevention of inflammatory effects in the brain of
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animals by using betamethasone. These data provide a comprehensive view of the results
obtained in the reviewed studies and suggest the effectiveness of the use of corticosteroids
in different therapeutic approaches. This is in line with other animal studies that have also
indicated that corticosteroids can prevent inflammatory effects in the brain [26,38,39].

Taken together, these findings suggest that pharmacological treatment with corticos-
teroids may provide benefits for autistic individuals, especially children, offering promising
perspectives for therapeutic interventions. However, it is important to note that the studies
reviewed focus on short-term adverse effects. Autism treatment, however, requires the
chronic use of medications, which is a serious issue for corticosteroids, as their use can
cause a range of adverse effects, mainly influenced by dose and duration. High doses are
linked to severe issues, such as life-threatening infections, while even low-to-moderate
doses over time can result in significant side effects. Common side effects include skin
thinning and weight gain, while others, such as myopathy, metabolic disorders, cardiac
disorders, and osteoporosis, are associated with prolonged use. Osteoporosis, for instance,
affects about 40% of users within the first year of use. Adverse effects can be further
aggravated by other medications used concurrently or by pre-existing conditions, such as
acute lymphoblastic leukemia [25].

Even low doses of corticosteroids can cause serious adverse effects if used long-term.
Palmowski et al. [40], in a systematic review and meta-analysis, observed that long-term low
doses can reduce the occurrence of certain adverse effects but increase the risk of infections
by 40% in patients with rheumatoid arthritis, a condition in which these medications are
commonly used. Warrington and Bostwick [41] also found that severe psychiatric reactions
can occur in nearly 6% of patients, while mild-to-moderate reactions may occur in about
28%, depending on the dose used. These symptoms primarily include issues such as sleep
disturbances, euphoria, hypomania, and depression. Given the nature of autism, it is not
advisable to simply include medications that may worsen existing symptoms or introduce
new ones.

However, it is essential to conduct further research to strengthen the evidence on
the utility of corticosteroids in the treatment of autism and thus better understand the
mechanisms underlying the positive effects described and how the dose is related to these
effects.

4. Conclusions

This integrative review makes a significant contribution to the field of complementary
treatment for autism by highlighting that the use of corticosteroids may offer a safer, more
efficient, and higher-quality approach. The findings suggest that corticosteroids, whether as
a monotherapy or in combination with other medications, represent a promising approach
to the pharmacological management of core and associated symptoms of autism. In
addition to demonstrating the treatment’s safety and efficacy, the results encourage the
development of new corticosteroid-combined therapies for clinical practice. These advances
pave the way for more personalized interventions based on specific biomarker profiles,
offering more effective and targeted treatments. However, future research is essential
to elucidate the underlying mechanisms, optimize dosages, and minimize potential side
effects, especially those already known to be associated with prolonged use of this drug
class, ensuring safe and effective interventions for individuals with autism.
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