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Exploration of non-coding genes leads to identification of neurodevelopmental disorder

An international team of researchers has
identified a previously unknown recessive
neurodevelopmental disorder (NDD) that
appears to be the most prevalent of all re-
cessive NDDs discovered to date.

Daniel Greene and colleagues say the
newly identified NDD results from the near-
ly total absence of a molecule called U2-2
RNA, which is produced by a non-coding
gene called RNU2-2. (Non-coding genes
are genes that do not code for proteins but
play critical roles in regulating gene ex-
pression.) Children with two copies of the
mutated gene exhibit symptoms including
low muscle tone, developmental delays,
and limited speech, and some have autistic
traits, epilepsy, learning disabilities, and/
or movement disorders. The condition may
also lead to feeding or respiratory problems.

The researchers identified the mutation
using gene-sequencing data from the United
Kingdom’s National Genomics Research
Library to search for rare genetic variants
in more than 41,000 non-coding genes,
analyzing data from 14,805 individuals with
NDDs and 52,861 controls. Subsequently,
they analyzed blood samples from patients
in order to determine the consequences of
the mutation.

The researchers say the condition, called
recessive ReNU2 syndrome, may account
for around 10% of all recessive NDD cases
with a known genetic cause. Previously,
members of the team reported that several
mutations in RNU2-2 or a related gene,
RNU4-2, can cause dominant NDDs (con-
ditions that occur if only one parent carries
the mutation, or if a gene spontaneously mu-
tates). They found that symptoms are much
more variable in those with the recessive
form than in those with the dominant forms.

Greene comments, “Our discovery gives
families something they’ve often waited
years for—a clear molecular explanation for
their child’s condition. For many families,
that clarity can be profoundly meaningful
after a long and uncertain diagnostic jour-
ney. At the same time, it gives the research
community a concrete biological target to
guide future therapeutics.”

Senior study author Ernest Turro adds,
“Our discovery will enable tens of thou-
sands of families affected by this previ-
ously hidden genetic condition to receive
closure through a genetic diagnosis. Parents
will have the opportunity to connect with
each other through the recently established
ReNU2 Syndrome Foundation. Given the
recessive inheritance pattern, diagnoses will
provide critical information for family plan-
ning.”

Cornelius Gross, head of the European
Molecular Biology Laboratory, who did
not participate in the study, comments, “It
can be considered a breakthrough because
of the surprisingly high abundance of these
variants—more than three times higher than
the next recessive mutation causing severe
neurodevelopmental disorders. This find-
ing makes it of general medical relevance
because it shows that non-coding genes are
hot spots for disease and deserve greater at-
tention in our search for the genetic basis for
disease.”

“Biallelic variants in RNU2-2 cause the most

prevalent known recessive neurodevelopmen-
tal disorder,” Daniel Greene, Rodrigo Mendez,
Jon Lees, Mafalda Barbosa, Alessandro Bru-
selles, Luigi Chiriatti, Federico Ferraro, Cecilia
Mancini, Rachel Schot, Frank Sleutels, Enrico
Bertini, Devon E. Bonner, Arjan Bouman, Al-
ice S. Brooks, Thomas A. Cassini, Kimberly M.
Ezell, Natalia Gomez-Ospina, Tjitske Kleefstra,
Michael O’Donoghue, Lynette Rives, Vandana
Shashi, Rebecca C. Spillmann, Mohamed Wafik,
Undiagnosed Diseases Network, Kathleen Fre-
son, Tahsin Stefan Barakat, Marco Tartaglia,
Jonathan A. Bernstein, Andrew D. Mumford,
Matthew T. Wheeler, and Ernest Turro, Nature
Genetics, March 30, 2026 (free online). Address:
Ernest Turro, ernest.turro@mssm.edu.
—and—

“Newly discovered recessive neurodevelop-
mental disorder may be most prevalent ever,”
news release, Mount Sinai Hospital, March 30,
2026.

—and—

“Scientists discover the most prevalent reces-
sive neurodevelopmental disorder to date,” Bio-
engineer.org, March 30, 2026.

—and—

“Expert reaction to identification of most com-
mon recessive neurodevelopmental disorder,”
Science Media Centre, March 30, 2026.

Study raises questions about SBIM use during pregnancy

An analysis of millions of maternal-child
health records by U.S. researchers suggests
that taking one particular type of medication
during pregnancy can raise the odds of hav-
ing a child with an autism spectrum disorder
(ASD).

Eric Peeples and colleagues investigated
medications that inhibit the cholesterol
synthesis pathway (sterol biosynthesis-in-
hibiting medications, or SBIMs). These in-
clude certain antidepressants, antipsychot-
ics, statins, beta-blockers, and anti-anxiety
medications.

To evaluate the effects of these drugs, the
researchers analyzed 6.14 million maternal-
child health records from the Epic Cosmos
database. The researchers found that moth-
ers prescribed at least one SBIM during
pregnancy had a 1.47-fold increased likeli-
hood of having a child diagnosed with ASD.
The likelihood was dose-dependent, with

children of mothers taking four or more
SBIMs during pregnancy having a 2.33-fold
increased likelihood of having ASD. Of the
nearly 200,000 children with an ASD diag-
nosis in the Epic Cosmos database, 14% had
prenatal SBIM exposure.

The researchers say, “The public health
implications of our findings are substantial.
The medications we examined had approxi-
mately 400 million prescriptions in 2022,
and nine of the 15 medications we studied
were in the top 25 most prescribed medica-
tions in the U.S. Furthermore, our current
study shows that SBIM utilization during
pregnancy is sharply rising in the U.S.”

Karoly Mirnics, the study’s senior author,
comments, “Our findings do not suggest that
these medications are unsafe for adults. But
they raise important questions about their
use during pregnancy, a period when even

continued on page 2
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High rates of ASD, ADHD
seen in patients with IBS

Adults with moderate to severe irritable
bowel syndrome (IBS) appear to have high
rates of autism spectrum disorder (ASD)
and attention-deficit/hyperactivity disorder
(ADHD), according to researchers in Swe-
den.

Gustav Orell and colleagues screened 110
adult patients with moderate to severe IBS
for ASD and ADHD, using the Ritvo Au-
tism and Asperger Diagnostic Scale-14 to
screen for ASD and the Adult ADHD Self-
Report Scale to screen for ADHD. Patients
also filled out questionnaires detailing their
IBS symptom severity and describing any
somatic symptoms they experienced. (So-
matic symptoms are physical symptoms,
such as pain, fatigue, dizziness, or shortness
of breath, that are influenced by psychologi-
cal factors.) All participants underwent a
rectal balloon barostat test, used to measure
sensitivity of the visceral organs.

The researchers report, “In total, 34 of 110
participants screened positive for ASD and
45 of 110 for ADHD, and 26 among those
screened positive for both conditions.” Com-
paring IBS patients with ASD and/or ADHD
to IBS patients without either condition,
they found that IBS symptom severity was
elevated in participants screening positive
for ADHD, while somatic symptom severity
was elevated in participants with ASD and/
or ADHD. Barostat thresholds were lower
in participants screening positive for ASD—
indicating increased visceral sensitivity—
but higher for those screening positive for
ADHD. Anxiety scores were elevated in par-
ticipants screening positive for ADHD.

“Notably,” they say, “a majority of the
IBS patients who screened positive for ASD
and/or ADHD in the present study had not
been previously diagnosed with ASD or
ADHD.” However, they note that the preva-
lence of a previous ASD or ADHD diag-
nosis was more than twice that seen in the
general population.

The researchers say their findings suggest
that identifying patients with IBS who have
ASD and/or ADHD, tailoring treatment in-
terventions to better suit their needs, and
involving a team of clinicians in their treat-
ment could optimize outcomes.

“Traits of autism and attention-deficit/hyperac-
tivity disorder in irritable bowel syndrome with
pronounced symptoms,” Gustav Orell, Nawroz
Barazanji, Elisabeth Fernell, Christopher Gill-
berg, Greger Lindberg, and Susanna Walter,
Scandinavian Journal of Gastroenterology, April
23, 2026 (free online). Address: Gustav Orell,
Department of Gastroenterology and Hepatology,
Linkdping University Hospital, Link&ping, Swe-
den, gustav.orell@liu.se.

Study raises questions about SBIM use during pregnancy
(continued from page 1)

small biochemical disruptions may have
outsized effects on fetal brain development.”

The researchers stress that pregnant pa-
tients should not discontinue use of these
medications without medical supervision,

Peeples and colleagues say physicians
should consider alternatives to SBIMs when
these are available, and avoid prescribing
multiple SBIMs for pregnant women
whenever possible.

“as many SBIMs are essential, often life-
saving treatments.” However, they say
physicians should consider alternative treat-
ments when these are available, and avoid
prescribing multiple SBIMs for pregnant
women whenever possible. In addition, they
call for identification of both existing and

new drugs that inhibit the sterol pathway;
identification of patients with genetic vul-
nerabilities in sterol metabolism, who may
be particularly sensitive to SBIM effects;
increased physician education about the ef-
fects of SBIMs; and additional research into
the mechanisms by which the drugs may af-
fect fetal development.

“Sterol pathway disruption in pregnancy: a
link to autism,” Eric S. Peeples, A. Jerrod Anza-
lone, Ran Dai, Elizabeth Reisher, Zeljka Korade,
and Karoly Mirnics, Molecular Psychiatry, April
16, 2026 (free online). Address: Karoly Mirnics,
Department of Pediatrics, University of Nebraska
Medical Center, Omaha, NE 68198, karoly.mir-
nics@unmc.edu.

—and—

“Millions of US birth records uncover an au-
tism risk surge tied to common drugs taken during
pregnancy,” news release, University of Nebras-
ka-Lincoln, April 20, 2026.

Differences in “tregs” may play a role in autism, Gl issues

A study by researchers in the United
States offers new insights into the immune
system’s role in autism spectrum disorders
(ASD).

The study, by Rachel Moreno and col-
leagues, focused on regulatory T cells
(Tregs), which calm inflammation. Treg lev-
els often are low in individuals with ASD,
while levels of inflammatory immune cells
often are elevated.

In their investigation, the researchers
compared the numbers and types of Tregs
in 36 children with ASD and 18 neurotypi-
cal controls, and examined gene expression
in Tregs to see if there were differences
between the two groups. Within the ASD
group, they looked for differences between
children with and without gastrointestinal
(GI) problems.

The researchers detected lower numbers of
Tregs in children with ASD, but decreases in
specific Treg populations varied depending
on whether or not the children had GI prob-
lems. Those with both ASD and GI problems
had fewer Tregs capable of producing anti-
inflammatory proteins, while those with ASD
but no GI problems had fewer Tregs capable
of dividing after activation.

Compared to Tregs from controls, Tregs
from children with ASD had 213 upregu-
lated or downregulated genes. The genes
that exhibited increased expression gener-
ally play roles in DNA reorganization and
repair, energy management, and fat metabo-
lism, while the genes that exhibited reduced
expression are primarily involved in energy
production.

The researchers also found that in both
the ASD group and the control group, chil-
dren with fewer Tregs tended to have more
challenging behaviors.

Moreno comments, “These differences
in Treg populations may help explain the
higher levels of inflammation seen in autism
and could be linked to both gastrointesti-
nal problems and certain behavioral traits.
This data further supports the idea that the
immune system plays an important role in
autism in at least some individuals.”

“Altered phenotype and gene expression of
regulatory T cells (Tregs) in children with au-
tism, and the relationship with comorbid gas-
trointestinal symptoms,” Rachel J. Moreno,
Destanie Rose, and Paul Ashwood, Journal of
Neuroinflammation, February 2026 (free online).
Address: Paul Ashwood, MIND Institute, 2825
50th Street, Sacramento, CA 95817, pashwood@
health.ucdavis.edu.

—and—

“Studies tie altered regulatory T cells to au-
tism-related behavior, point to potential thera-
pies,” news release, Lisa Howard, UC Davis,
April 2, 2026.

Are you an adult with autism?

Increasing numbers of adults are be-
ing diagnosed with autism spectrum
disorders (ASD). To learn more about
the characteristics of autism in adults,
see ARI’s article at:

https://autism.org/autism-symptoms-
and-diagnosis-in-adults/
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EDITORIAL: Stephen M. Edelson, Ph.D.

Autism Research Institute: Imperative to Follow the Science

Autism research did not begin with
uncertainty, but rather with a funda-
mental mistake. For decades, families were
blamed for a condition they did not cause,
with mothers labeled as distant and parents
treated as the source of the problem. This
was not simply an incorrect theory; it caused
real harm to families and delayed meaning-
ful scientific progress, while the biology of
autism was largely ignored.

Dr. Bernard Rimland challenged that be-
lief directly. At a time when doing so car-
ried significant professional risk, he argued
through evidence, research, and persistence
that autism was biological, not psychologi-
cal and not caused by parenting.

That shift was not incremental. It was a
major course correction that changed the
direction of autism research and influenced
everything that followed.

Following the biology,
not the narrative

The Autism Research Institute has re-
mained committed to a principle that is of-
ten easier to state than to follow: Follow the
biology, not ideology, trends, or what hap-
pens to be most acceptable at a given mo-
ment.

Over the past decade, ARI-funded re-
search has focused on measurable biologi-
cal processes, including immune function,
gastrointestinal health, metabolism, neurol-
ogy, genetics, and environmental exposures.
Some have framed this focus as narrow, but
it is not. It is necessary.

Autism is not a single entity. It is a spec-
trum of biological differences that cannot
be fully understood by observing behavior
alone. Studying behavior without examin-
ing the underlying physiology is like study-
ing fever without asking what is causing it.

The reality of medical burden

There is a reality that is often acknowl-
edged quietly but rarely confronted directly:
Many autistic individuals live with signifi-
cant, and sometimes severe, medical condi-
tions. These are not secondary issues, but
central ones, including chronic gastrointes-
tinal disease, immune dysregulation, severe
sleep disruption, allergies, and anxiety with
clear physiological components.

For many individuals, these conditions
are not peripheral concerns. They shape
daily life in profound ways, and ignoring
them in the name of reframing autism does
not make them disappear. It simply leaves
them unaddressed.

ARI-funded research has increasingly
focused on these challenges with greater
clarity and scientific precision. Studies ex-
amining gut inflammation, microbiome dif-

ferences, immune signaling, and circadian
disruption are not merely theoretical exer-
cises, but attempts to better understand the
sources of discomfort, pain, and reduced
quality of life experienced by many autistic
individuals.

The goal is straightforward: Reduce suf-
fering where it exists.

Systems, not silos

The science is moving in a direction that
should have been obvious all along. Autism
does not reside in a single system. Brain,
immune system, gut, metabolism, and en-

Autism is not a single entity. It is a spectrum
of biological differences that cannot be
fully understood by observing behavior

alone. Studying behavior without examining
the underlying physiology is like studying

fever without asking what is causing it.

vironmental inputs are interconnected.
They influence each other continuously.
Mitochondrial dysfunction, metabolic dis-
ruption, genetic susceptibility, and envi-
ronmental exposure may combine in ways
that produce very different outcomes across
individuals.

This complexity is sometimes used as a
reason to simplify the argument. It should
be a reason to take the biology more seri-
ously, not less.

The environmental question
that remains unsettled

Few areas in autism research generate
more tension than environmental factors.
The discussion is often polarized, either
dismissed outright or pursued without suf-
ficient rigor. Neither approach moves the
field forward.

ARI has taken a different position. The
biology underlying individual variability,
including how different systems respond
to immune and environmental challenges,
remains far from fully understood. Envi-
ronmental influences are approached as bio-
logical variables, such as toxins and other
exposures, with an emphasis on measurable
effects.

This includes asking questions that are
often avoided. Science does not advance by
declaring questions closed; it advances by
asking them more precisely. Avoiding dif-
ficult questions may reduce controversy, but
it does not increase understanding.

Neurodiversity and biology:
a false divide

The neurodiversity movement has

changed the conversation around autism

in important ways. It has emphasized
strengths, identity, and the need for accep-
tance. That contribution is crucial.

But acceptance does not eliminate medi-
cal reality. Treating gastrointestinal disease,
improving sleep, or addressing immune
dysfunction does not alter identity. It ad-
dresses health. Framing biology and neu-
rodiversity as opposing positions creates a
false choice. It suggests that acknowledging
medical challenges somehow undermines
acceptance. It does not.

If anything, ignoring medical issues in the
name of acceptance risks overlooking suf-
fering that is both real and, in many cases,
treatable.

A legacy of challenging
what is comfortable

Dr. Rimland did not work within the
boundaries of what was comfortable or
widely accepted. He challenged assump-
tions that were deeply embedded in the
field. That remains necessary. Progress in
autism research has not come from consen-
sus. It has come from questioning it.

ARI continues to support research that
asks difficult questions and follows the data,
even when the answers are not simple or
widely agreed upon.

What comes next

The future of autism research will not be
defined by a single explanation. It will be
defined by integration: by bringing together
genetics, physiology, environmental data,
and lived experience into a more complete
and nuanced understanding. It will also re-
quire greater precision, which will empower
us to move beyond broad labels toward in-
dividual biological profiles.

And it will require something that is of-
ten in short supply: a willingness to tolerate
uncertainty while continuing to ask better
questions.

The bottom line

The goal is not to resolve every debate.
The goal is to improve lives. That means
reducing pain where it exists. Addressing
medical conditions where they are present.
And being willing to examine biology with-
out avoiding uncomfortable areas. It also
means respecting individuals for who they
are.

These goals are not in conflict unless we
choose to frame them that way. The Autism
Research Institute continues to take a posi-
tion that is both simple and demanding:

Follow the biology.
Ask the questions that others avoid.
And do not turn away from what the
answers reveal.
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Research Updates

Timing of prenatal CMV
infection may determine
likelihood of ASD diagnosis

Researchers in France report that children
infected with cytomegalovirus (CMV) in
utero have elevated odds of developing an
autism spectrum disorder (ASD), but only if
their mothers’ infection occurred during the
first trimester of pregnancy.

Marianne Leruez-Ville and colleagues
analyzed data on 642 children with con-
firmed congenital CMV infection. They
say, “Long-term congenital CM V-related
sequelae, including hearing loss and neuro-
developmental impairment, were observed
exclusively in children exposed to first-tri-
mester maternal primary infection. Autism
spectrum disorder was diagnosed in 11 chil-
dren (1.7%), all of whom were symptomatic
at birth; all cases following maternal prima-
ry infection occurred after first-trimester ex-
posure.” Autism prevalence in children with
congenital CMV was four times higher than
in the general population, and all children
diagnosed with ASD exhibited temporal
lobe white matter anomalies.

The researchers conclude, “These find-
ings support a time-restricted window of
fetal vulnerability to CMV-related brain in-
jury and suggest that neuroimaging findings
may contribute to prenatal and neonatal risk
stratification and help inform prenatal and
postnatal counseling.”

“Maternal cytomegalovirus infection in the
first trimester of pregnancy: timing, fetal brain
injury, and long-term neurodevelopmental out-
comes including autism spectrum disorder,”
Marianne Leruez-Ville, David Grevent, Nicolas
Bourgon, Christos Chatzakis, Marine Parodi,
Jacques Fourgeaud, Nicolas Veyrenche, Nadia
Bahi-Buisson, Christine Pichon, Jean-Francois
Magny, Nathalie Boddaert, and Yves Ville,
American Journal of Obstetrics and Gynecology,
May 2026 (online). Address: Marianne Leruez-
Ville, Université Paris Cité, URP 7328 FETUS,
F-75015 Paris, France.

Depression, anxiety are
common in adults with IDD

Adults with intellectual and developmental
disabilities (IDD) have very high rates of
anxiety and depression, according to a new
U.S. study.

Anthony Osuna and colleagues analyzed
data collected on more than 44,000 adults.
Of this group, 796 were classified as having
an IDD because they experienced significant
difficulties in at least one of three domains—

cognition, self-care, or communication—
with these difficulties beginning before 22
years of age.

The researchers report that adults with IDD
were far more likely to report a diagnosis of
anxiety (57.2% vs. 10.6% for controls) or
depression (57.1% vs. 9.9% for controls).
In addition, daily episodes of anxiety or
depression were much more common in the
IDD group.

The researchers also found that financial
issues led nearly 18% of individuals with
IDD to delay seeking mental health treat-
ment, while more than 9% could not afford
treatment at all. Christakis says, “Having
insurance doesn’t automatically translate to
having access. Our data suggest that, even
with coverage, people with intellectual dis-
abilities face significant out-of-pocket costs
and difficulty finding providers who accept
their insurance and have appropriate exper-
tise in treating their symptoms.”

He adds, “Our findings paint a distress-
ing picture of the mental health and health-
care for people with these disabilities in the
United States. Historically, society has not
taken the needs of this population as seri-
ously as it should, so in that respect, our
findings aren’t surprising. But the scale of
burden is shocking.”

“Anxiety, depression, and care barriers in adults
with intellectual and developmental disabilities,”
Anthony R. Osuna, Jae Kennedy, Chuan Zhou,
and Dimitri A. Christakis, JAMA Network Open,
February 20, 2026 (free online).Address: Dimitri
Christakis, Center for Child Health, Behavior,
and Development, Seattle Children’s Research
Institute, 1920 Terry Ave, Seattle WA 98101,
dchristakis@specialolympics.org.

—and—

“Study: Anxiety, gloom often accompany intel-
lectual deficits,” news release, University of Wash-
ington School of Medicine, February 20, 2026.

Maternal occupations may
influence ASD likelihood

Maternal exposure to toxins or stress in
the workplace may increase the likelihood
of a child having an autism spectrum disor-
der (ASD), according to researchers in Den-
mark and the United States.

Aisha Dickerson and colleagues analyzed
data on 1,702 children with ASD born be-
tween 1973 and 2012, matching them with
108,532 non-autistic children. They ob-
tained mothers’ employment histories from
the Danish Pension Fund Registry.

The researchers report, “There were in-
creased odds of having a child with ASD

for mothers who were employed before [the
child’s] conception up to infancy in ground
transportation, public administration, and
military/defense occupations.” They also
detected links between ASD and maternal
judicial occupations (policy, court, and
penitentiary jobs) and military/defense
service, both before conception and during
pregnancy. The sex of the children influ-
enced the strength of the associations. The
researchers did not find any link between
ASD and maternal employment in agricul-
ture, and associations between ASD and
maternal employment in air transportation,
chemical processing industries, and clean-
ing services did not reach significance.

The researchers say, “These findings un-
derscore the potential role of maternal oc-
cupations held long before conception and
transgenerational neurodevelopmental im-
pact. Furthermore, observed sex differences
highlight the need for more insight into the
potential mechanisms of maternal exposure
and ASD in offspring through epigenetics
and hormonal dysregulation from stress or
endocrine disrupting chemicals.”

“Associations between maternal occupational
history and autism spectrum disorder diagnosis in
offspring in Denmark,” Aisha S. Dickerson, Yisi
Liu, Christine Ladd-Acosta, Jing Wang, Diana
Schendel, Marc G. Weisskopf, M. Danielle Fal-
lin, and Johnni Hansen, Occupational and Envi-
ronmental Medicine, May 12, 2026 (free online).
Address: Aisha S. Dickerson, Department of
Epidemiology, Johns Hopkins Bloomberg School
of Public Health, Baltimore, Maryland 21205,
adickel 0@jhu.edu.

—and—

“One overlooked factor before birth may help
explain autism risk in children,” news release,
British Medical Journal, May 12, 2026.

Visit the National Autism
History Museum

To mark a century of written his-
tory of autism, the Autism Research
Institute (ARI) has opened the Na-
tional Autism History Museum—the
first historical museum dedicated to
autism. The four-room museum is lo-
cated in San Diego, California, adja-
cent to ARI’s main office.

Hours:
Monday-Thursday, 10 a.m. to noon,
or by appointment. To make an ap-
pointment, email us at National Au-

tismHistoryMuseum@autism.org.

www.National AutismHistoryMuseum.com
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No link seen between
epidural anesthesia, ASD

Researchers in the United States report
that there appears to be no relationship be-
tween the use of epidural anesthesia during
labor and autism spectrum disorders (ASD)
in children.

Taniqua Ingol and colleagues analyzed
data on mother—child pairs enrolled in the
Study to Explore Early Development, a
multisite case—controlled study. Their anal-
ysis included more than 2,000 preschool
aged children with ASD and more than
3,100 controls.

After controlling for multiple factors, the
researchers found no association between
the use of epidural anesthesia during labor
and ASD diagnoses in children. “Subtle as-
sociations emerged when the analysis was
restricted to vaginal deliveries,” they say;
“however, they attenuated after additional
adjustment for fetal distress, induced or aug-
mented labor, and prolonged labor.” They
note that while an earlier study pointed to
a link between epidural anesthesia and ASD
(see ARRI No. 4, Vol. 34, 2020), the new
findings are consistent with those of six
studies from Canada, Singapore, Israel, and
Europe.

The researchers conclude, “Our results in
combination with others should be reassur-
ing for mothers who are considering labor
epidural analgesia for pain relief during
childbirth.”

“Labor epidural analgesia and autism spec-
trum disorder in offspring: a population-based
case-control study,” Taniqua T. Ingol, Jessie K.
Edwards, Mollie E. Wood, Chantel L. Martin,
Gabriel S. Dichter, Keith Feldman, Alan C. Kin-
law, and Julie L. Daniels, Autism Research, April
9, 2026 (free online). Address: Taniqua Ingol,
Department of Epidemiology, Gillings School of
Global Public Health, University of North Caro-
lina at Chapel Hill, Chapel Hill, North Carolina
27514, Taniqua.Ingol@unc.edu.

M-CHAT may often miss ASD

Researchers in Sweden and the United
States report that the Modified Checklist for
Autism in Toddlers (M-CHAT), commonly
used by clinicians to screen children for
autism spectrum disorders (ASD), misses a
significant number of cases in children with
medical conditions that increase the odds of
ASD.

Benjamin Lassebro and colleagues ana-
lyzed data on 2,178 children at elevated
likelihood of having ASD. The children in

this group were extremely preterm or small
for gestation age, had known brain damage,
or had experienced neonatal encephalopathy
or other severe neonatal medical problems.
The researchers compared M-CHAT results
with later ASD diagnoses, and found that
the M-CHAT had 91% accuracy in ruling
out an ASD diagnosis but only 62% accu-
racy in identifying true cases.

Study coauthor Ulrika Adén comments,
“The results show that M-CHAT works
relatively well to rule out autism, but that it
does not catch all children who later receive
a diagnosis.” As a result, she says, clinicians
should use additional tools to assess chil-
dren with medical conditions that increase
the likelihood of autism.

“Modified Checklist for Autism in Toddlers
in a neonatal high-risk population,” Benjamin
Lassebro, Matilda Morin, Weiyao Yin, Sven
Sandin, and Ulrika Adén, JAMA Network Open,
March 27, 2026 (free online). Address: Benjamin
Lassebro, Department of Biomedical and Clini-
cal Sciences, Linkoping University, Campus US,
Linkoping 58183, Sweden, benjamin.lassebro@
liu.se.

—and—

“Study finds M-CHAT autism screening
misses 38% of high-risk toddlers,” news release,
Karolinska Institutet, March 27, 2026.

Review finds that dietary
interventions can markedly
improve ASD symptoms

Researchers in China report that a large
“umbrella” review of multiple meta-analyses
suggests that dietary interventions can benefit
individuals with autism spectrum disorders
(ASD).

Jiaxin Shi and colleagues reviewed data
from 15 meta-analyses involving 118 clinical
studies and a total of more than 5,000 children
and adults with ASD. Dietary interventions
analyzed in the studies included gluten-free
and casein-free (GFCF) diets, probiotics,
Vitamin D, and polyunsaturated fatty acids
(PUFAS). The review, the researchers say,
“is the largest evidence-based medical re-
search to date regarding the improvement
of ASD clinical symptoms through dietary
interventions.”

The researchers found that dietary in-
terventions significantly improved overall
symptoms, communication, social interac-
tion, and hyperactivity. Vitamin D supple-
mentation had the most significant positive
effect on overall symptoms, and probiotics
with mixed strains had a more positive ef-
fect on overall symptoms than single-strain

probiotics. They did not detect any significant
effects of dietary interventions on stereotypi-
cal behavior, irritability, lethargy, or inappro-
priate speech.

The researchers conclude that future
large-scale multicenter controlled trials
should explore the safety and neurobiologi-
cal mechanisms of dietary approaches, “with
a focus on monitoring changes in objective
indicators such as gut microbiota and blood
biochemical markers.”

“Effect of diet intervention on symptoms in
autism spectrum disorder: An umbrella review,”
Jiaxin Shi, Yichao Cheng, Yenan Wei, Yongbo Shi,
and Zhimei Jiang, Research in Developmental Dis-
abilities, April 2026 (online). Address: Jiaxin Shi,
Rehabilitation Medical College of Jiamusi Univer-
sity, Jiamusi, Heilongjiang, China, 248183001@
stu.jmsu.edu.cn.

Risk of falls is high for
older individuals with ASD

Older adults with autism spectrum disor-
ders (ASD) may be at significantly increased
risk for falls compared to their non-autistic
peers, according to a study by researchers in
the United States.

Lauren Bishop and colleagues used
Medicare data on 13,732 individuals with
ASD and 25,497 non-autistic controls to ex-
amine the odds of falling or fall-related inju-
ries. “Overall,” they say, “47.4% of autistic
older adults had a fall compared to 31.5% of
non-autistic older adults.” Individuals with
ASD also had significantly more fall-related
injuries and hospitalizations.

The researchers conclude, “These find-
ings highlight the need for targeted fall pre-
vention strategies for autistic older adults
to reduce morbidity and mortality.” For ex-
ample, they say, “interventions that enhance
postural stability among autistic children or
reduce fall risk in the general older adult
population could be adapted as fall preven-
tion interventions for autistic older adults.”

“Falls and fall-related injuries and hospital-
izations in autistic older adults: a Medicare data
study,” Lauren Bishop, Madison Blake, Melica
Nikahd, J. Madison Hyer, Brian W. Patterson,
Bethany J. Wolf, and Brittany N. Hand, Autism,
April 27, 2026 (free online). Address: Lauren
Bishop, Waisman Center, University of Wiscon-
sin-Madison, 1500 Highland Ave., Madison, WI
53705, bishop@waisman.wisc.edu.

Moving? Please let us know well in
advance, so your next issue
will reach you on time!
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Connection seen between
green space exposure in
pregnancy, odds of ASD

Increasing the exposure of pregnant
women to greenspace—grass, trees, or other
vegetation—may reduce the odds of their
children having an autism spectrum disorder
(ASD), according to U.S. researchers.

Bethsaida Cardona and colleagues com-
pared 245 children diagnosed with ASD to
1,526 controls matched by birth year. They
determined greenspace exposure using sat-
ellite data that measured the density of veg-
etation in the immediate vicinity of each
woman or within a 10- to 15-minute walk.

The researchers detected an inverse rela-
tionship between immediate-vicinity green-
space exposure during the first trimester of
pregnancy and ASD. “Specifically,” they say,
“greenspace exposure during the first trimes-
ter was associated with a 25% decrease in the
odds of ASD in a model adjusting for other
time periods of exposure. No other three-
month exposure period (i.e., three months
preconception, second trimester, third tri-
mester, or three months post-birth) was as-
sociated with ASD diagnosis.” Adjusting for
levels of PM, —small airborne particles of
pollution implicated as a factor in neurode-
velopmental issues—did not alter the results.

Cardona and colleagues suggest several
possible reasons for the association between
maternal greenspace exposure and ASD. For
example, they say, exposure to greenspace
may help to reduce maternal stress during
pregnancy, which some research associates
with ASD. Greenspace exposure may also
encourage physical activity, reducing the
risk of maternal obesity and diabetes, and
may reduce exposure to air pollution.

The researchers conclude, “Future re-
search is warranted to confirm these find-
ings in other populations and explore the
pathways by which greenspace may miti-
gate risk. Implications for urban and city de-
sign provide compelling reasons to increase
research in this field.”

“Association between greenspace exposure
before, during, and after pregnancy and autism
spectrum disorder in offspring,” Bethsaida Car-
dona, Hayon Michelle Choi, Kristen Lyall, Jaime
E. Hart, Peter James, and Marc G. Weisskopf,
Journal of Exposure Science & Environmental
Epidemiology, February 27, 2026 (free online).
Address: Kristen Lyall, AJ Drexel Autism Insti-
tute, Drexel University, Philadelphia 19104, PA,
kld98@drexel.edu.

ARI continues to receive Charity
Navigator’s four-star (highest) rating, a
“Platinum” rating for transparancy from

Guidestar, and a “Top Rated” badge from
Great NonProfits.

Two new studies add to evidence that physical activity can
provide cognitive, emotional benefits for children with ASD

Two reports, one from China and another
from Sweden, add to evidence that physical
exercise can significantly benefit individuals
with autism spectrum disorders (ASD).

In the first study, Ligiang Zhang and col-
leagues analyzed data from 12 randomized
controlled trials involving 482 participants.
They report, “In the subgroup analysis of
children with ASD with comorbid anxiety
symptoms (six studies, 219 participants),
exercise interventions were associated with
a significant reduction in anxiety levels,
demonstrating a moderately large effect size.”
Acrobic exercise, in particular, appeared to
reduce anxiety, with higher exercise fre-
quency leading to greater benefits. Additional
benefits of exercise included moderate to
large improvements in core ASD symptoms
and moderate reductions in symptoms related
to attention-deficit/hyperactivity disorder
(ADHD), with rhythmic coordination ex-

Free Webinars

ARI offers free webinars for care-
givers, professionals, and individuals
with autism. Free Certificates of Par-
ticipation are available upon passing
an online quiz for most webinars. Some
events offer Continuing Education
Units and/or Continuing Medical Edu-
cation credits.

You can sign up for webinars or view
previous webinars at https://autism.org/
webinars. Space is limited—watch
your email, or visit us on Facebook and
X for updates and registration links.

Upcoming webinars include:

—1 p.m. Eastern time, July 29—
RESEARCH UPDATES:
GASTROINTESTINAL ISSUES
AND AUTISM
Harland Winter, MD

—1:00 p.m. Eastern time,
Sept. 16—

AUTISM IN THE WILD:
CREATING TECHNOLOGIES
TO SUPPORT MORE
EFFECTIVE INTERVENTIONS
IN REAL-WORLD
ENVIRONMENTS
Matthew Goodwin, PhD

We are grateful to our friends at the
Johnson Center for Child Health &
Development for working in partnership
to offer presentations.

ercises such as soccer showing the greatest
benefit for attention control. Effects on sleep
were inconclusive, due to the heterogeneity
of the studies.

The researchers conclude, “Based on the
accumulated evidence, we recommend imple-
menting a combined intervention for this
population. Specifically, a ‘FITT’ (frequency,
intensity, time, and type of exercise) frame-
work is suggested for consideration based on
current evidence: frequency of three to four
sessions per week; intensity at moderate-to-
vigorous levels; time ranging from 30 to 60
min per session; and #ype focusing on aerobic
exercise (for anxiety reduction) combined
with rthythm-based team sports (for attention
regulation).”

In the second study, Miriam Richter and
colleagues studied the effects of a 10- to 12-
week structured physical activity program on
psychological symptoms, cognitive function,
and sleep in 16 children between 10 and 14
years of age. At the beginning of the inter-
vention, most of the children were sedentary.

The researchers analyzed the results
of the intervention using parent reports,
computerized cognitive testing, and actig-
raphy monitoring (which tracks periods of
activity and rest). They report that parents
saw improvements in executive function-
ing (higher-level cognitive skills such as
planning and problem-solving) and sensory
processing, while actigraphy data showed
improved sleep quality. In addition, cognitive
testing suggested improvements in executive
functioning.

They conclude, “A structured physical
activity program may improve executive
functioning (as perceived by parents and sup-
ported by objective testing), enhance sensory
processing, and improve sleep quality in
children with high functioning ASD who are
not regularly physically active.”

“Effects of exercise on anxiety and psychiatric
comorbidities in children with autism spectrum
disorder: a systematic review and meta-analysis,”
Ligiang Zhang, Wenkun Song, Huina Gao, and
Xingying Li, Frontiers in Psychiatry, February 20,
2026 (free online). Address: Wenkun Song, School
of Physical Education, Xizang Minzu University,
Xianyang, Shaanxi, China, 2946895063 @qq.com.

—and—

“Improved executive function and sleep qual-
ity in preteens with high-functioning autism fol-
lowing a structured physical activity program,”
Miriam Richter, Marie K. Taylor, Sofia Akerlund,
Sofia Backman, Sofia Krili, Bjérn Axel Johansson,
Olof Rask, and Christine T. Ekdahl, Frontiers
in Psychiatry, March 16, 2026 (free online).
Address: Miriam Richter, Division of Clinical
Neurophysiology, Department of Clinical Sci-
ences, Lund University, Lund, Sweden, christine.
ekdahl clementson@med.lu.se.
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Social communication skills
may improve with a-cTBS

Researchers in China and the United
Kingdom report that a non-invasive neuro-
stimulation technique called accelerated
continuous theta burst stimulation (a-cTBS)
may enhance social communication skills
in children with autism spectrum disorders
(ASD).

Hangyu Tan and colleagues randomized
200 children with ASD to receive 10 daily
sessions of either a-cTBS or a sham treat-
ment over a five-day course. Of the group,
193 children completed all sessions. The in-
tervention targeted the brain’s left primary
motor cortex, which plays roles in language
processing, movement, and social emotional
functions.

The researchers found that at the end of
the intervention and at a one-month follow-
up, children in the a-cTBS group showed
significantly greater improvements in social
communication compared to controls. In ad-
dition, they exhibited greater improvements
in language at the one-month follow-up.
Adverse reactions, including scalp irritation
and restlessness, were more common in the
a-cTBS group, but these were mild to mod-
erate and resolved spontaneously.

The researchers note that while tradition-
al repetitive transcranial magnetic stimula-
tion (rTMS) appears to benefit many indi-
viduals with ASD, it is generally practical
only for adults with ASD who are able to
tolerate long sessions that require sustained
positioning. In contrast, they say, a-cTBS
sessions last only 40 seconds, making them
practical for use with children with ASD
or other developmental disabilities. In ad-
dition, they say, “The condensed five-day
course further reduces the conventional
treatment duration from weeks or months to
just five days without compromising thera-
peutic efficacy.”

They conclude that their approach “pro-
vides a feasible, effective, and scalable
therapeutic option for children with ASD,
including those with intellectual disability.”

“Accelerated continuous theta burst stimula-
tion targeting left primary motor cortex for chil-
dren with autism spectrum disorder: multicentre
randomised sham controlled trial,” Hangyu Tan,
Tai Ren, Aihua Cao, Shuanfeng Fang, Lin Deng,
Bo Hu, Mei Wang, Ye Cheng, Xi Zhang, Yawen
Li, Yixia Zhang, Lingli Zhang, Luan Chen, Wei
Zhou, Qianlong Zhang, Jiong Li, Xin Zhou,
Christelle Langley, Qiang Luo, Jun Zhang, Bar-
bara J Sahakian, Ti-Fei Yuan, and Fei Li, British
Medical Journal, April 29, 2026. Address: Fei Li,
feili@shsmu.edu.cn.

—and—

“New autism therapy may improve children’s
social communication in just five days,” news
release, British Medical Journal, April 29, 2026.

Two new large studies examine acetaminophen and ASD

A study by researchers in Denmark con-
cludes that there is no evidence that mater-
nal acetaminophen use during pregnancy in-
creases the odds of a child having an autism
spectrum disorder ASD, while the findings
of a study by researchers in Taiwan—who
examined data on both ASD and attention-
deficit/hyperactivity disorder (ADHD)—are
less clear-cut.

In the first study, Kira Philipsen Prahm
and colleagues analyzed data on more than
1.5 million children in Denmark. In addi-
tion to looking at autism rates in the overall
group, the researchers performed a sibling
analysis to account for lifestyle or heredi-
tary factors that could influence their re-
sults.

The researchers found no increased like-
lihood of ASD in children whose mothers
took acetaminophen during pregnancy, ei-
ther in the general population or in sibling
comparisons. In addition, the study found
no link when looking at the data by trimester
or by the amount of medication taken.

In the second study, Pei-Chen Lee and
colleagues analyzed data from more than
two million births in Taiwan, identifying
mothers who received at least two acet-
aminophen prescriptions during pregnancy.
(While acetaminophen is available over-
the-counter at pharmacies in Taiwan, most
people obtain it via free prescriptions.)
They found that children of mothers who
took acetaminophen during pregnancy had
a 12% higher likelihood of developing
ADHD and a 6% higher likelihood of de-
veloping ASD. The association was stron-
gest for mothers with more frequent acet-
aminophen use or those who took higher
daily doses.

However, when the researchers per-
formed a sibling-matched analysis, compar-
ing siblings from the same family, the link
between acetaminophen use and ASD or
ADHD disappeared. This suggests, they say,
that familial factors, rather than acetamino-
phen use itself, could be responsible for the
connection.

The researchers also examined their sib-
ling data to see whether their results varied
depending on whether an older or younger
sibling was exposed to acetaminophen.
They found that when only the older sibling
was exposed, the odds of an ASD or ADHD
diagnosis were higher. Conversely, when
only the younger sibling was exposed, the
likelihood of receiving an ASD or ADHD
diagnosis was lower. They comment, “The
substantial divergence in associations in the
sibling design when assessing whether the
older or the younger sibling was prenatally
exposed to acetaminophen suggests that ad-
ditional biasing issues undermine the valid-

ity and prevent firm conclusions from being
drawn using the sibling design.”

“Acetaminophen exposure during pregnancy
and the risk of autism in offspring,” Kira Philipsen
Prahm, Pingnan Chen, Line Rode, Charlotte Kvist
Ekelund, Karen Ruben Husby, Thomas Bergholt,
@Qjvind Lidegaard, Nikolai Madrid Scheller, and
Anders Pretzmann Mikkelsen, JAMA Pediatrics,
April 13, 2026 (online). Address: Kira Philipsen
Prahm, Department Obstetrics, Center of Fetal
Medicine, Copenhagen University Hospital Rig-
shospitalet, Copenhagen, Denmark.

—and—

“A major pregnancy scare collapses: Tylenol
shows no autism risk in more than 1.5 million
children,” Sanjukta Mondal, Medical Xpress,
April 16, 2026.

—and—

“Maternal acetaminophen use and child neuro-
development,” Pei-Chen Lee, Yu-Hsuan Chuang,
Ya-Hui Hu, Chia-Ni Lin, Chung-Yi Li, Ying-Yeh
Chen, Julia E. Heck, Giselle Bellia, Haoran Zhuo,
Onyebuchi A. Arah, and Zeyan Liew, JAMA Pedi-
atrics, March 9, 2026 (free online). Address: Pei-
Chen Lee, Department of Public Health, College
of Medicine, National Cheng Kung University,
138 Shengli Rd, Tainan 704, Taiwan, peichen-
lee@gs.ncku.edu.tw.

—and—

“Large-scale study challenges link between
acetaminophen use during pregnancy and au-
tism risk in children,” Sanjukta Mondal, Medical
Xpress, March 11, 2026.

Quotable...

“The human gut microbiome has
emerged as a pivotal modulator of brain
function and mental health, acting through
intricate bidirectional communication
along the gut-brain axis. Mounting evi-
dence suggests that microbial com-
munities influence neurodevelopment,
neurotransmission, and behavior via
pathways involving the vagus nerve, im-
mune signaling, and microbiota-derived
metabolites such as short-chain fatty acids
and neurotransmitter precursors....

“While the field holds considerable
promise, limitations, including correla-
tional study designs, small sample sizes,
and a lack of standardized methodologies,
underscore the need for rigorous, large-
scale clinical trials. A deeper understanding
of host-microbe interactions may catalyze
a paradigm shift in psychiatric treatment,
paving the way for novel, personalized
microbiome-based therapeutics.”

—Pegah Ataei et al., “The gut-brain
connection: microbes’ influence on men-
tal health and psychological disorders,”
Frontiers in Microbiomes, January 2026
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—About ARI—

The Autism Research Institute (ARI) is the
oldest autism research organization in the world,
founded by Dr. Bernard Rimland in 1967.

ARI’S WORK INCLUDES:

Conducting and sponsoring research on the causes
of and best treatments for autism (nearly $600,000
in research grants awarded last year), with a focus
on research that can translate rapidly into help for

today’s autistic children and adults and their families.

Networking researchers, physicians, and parents to

speed the development and dissemination of safe and
effective treatment methods.

Hosting webinars and one of the largest informa-
tional websites on autism in the world.
Sponsoring think tanks where researchers and
experienced clinicians can share their knowledge.

ARI’s work relies on charitable contributions
from individuals and organizations. All donations
are tax deductible. We are proud to have earned
Charity Navigator’s highly respected “Four Star
Award” for fiscal management, accountability, and
transparency.

The Autism Research Review International is a
quarterly publication of the Autism Research Institute,
Stephen M. Edelson, Ph.D., Chief Science Officer.
The Autism Research Institute is a non-profit
organization.
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