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Abstract

Objectives: Individuals with neurodevelopmental disorders (NDDs), including
autism spectrum disorder (ASD), often experience a higher prevalence of
gastrointestinal (Gl) symptoms but have complex medical and behavioral
comorbidities that make diagnosis and treatment difficult. A multi-stakeholder
conference was convened to (a) determine patient and family experiences
related to Gl symptoms in NDDs, (b) review the clinicians' and researchers'
perspectives, and (c) determine actionable steps for future research.
Methods: The Consortium for Autism, Neurodevelopmental Disorders and
Digestive Diseases (CANDID; www.candidgi.com) virtually over 2 days in 2022
and consisted of four key activities: (1) an electronic family survey to assess
underlying NDDs and Gl symptoms, (2) a session focused on family per-
spectives, (3) review current clinical care and research, and (4) discussion to
identify key next steps. Survey results were obtained electronically via the
REDCap platform, and descriptive statistics were generated. The sessions
were recorded, and themes were identified.

Results: The pre-conference survey ran for ~2 months and 739 families pro-
vided responses, with 634 completing all items. 83% had a child with an NDD
under age 18, and most patients were White (85%) and non-Hispanic (87%).
Constipation (80%), gastrointestinal reflux disease (51%), and bloating (49%)
were the most frequently reported symptoms. Families gave unstructured
feedback that the measures used in the surveys were often difficult to answer
for patients with NDDs or who were nonspeaking. Family and clinical/scientific
sessions identified several common themes, including (1) the need for less
invasive diagnostic modalities, (2) the need to validate or adapt existing
diagnostic measures (e.g., the Rome |V criteria) and outcome assessments,
and (3) the need for enhanced attention to parent and caregiver input in
treatment plans.

Conclusions: Those providing care to children with NDDs, especially those
with communication and cognitive challenges, should be aware of the differing
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1 | BACKGROUND

Neurodevelopmental disorders (NDDs) refer to a
diverse group of diagnoses, including autism spectrum
disorder (ASD), that emerge from changes in the
physiologic and predicted process of development of
cognitive and motor skills during early childhood.'?
They include, but are not limited to: ASD, attention-
deficit/hyperactivity disorder, intellectual disability,
learning disabilities, cerebral palsy, and a large number
of genetic syndromes that are associated with devel-
opmental delay, intellectual disability, and epilepsy.
Depending on the specific NDDs, their prevalences
range from 0.6% to 17%.% NDDs are themselves het-
erogeneous®* and result from the interaction of genetic
and environmental factors. Over 100 highly penetrant
rare variants have been associated with ASD.® Those
with NDDs who are severely intellectually disabled,
nonspeaking, and unable to communicate their pain
and medical needs make up 27% of those with ASD,
and may thus represent a particularly challenging
population regarding gastrointestinal (Gl) care.®”

Up to 70% of those with NDDs also have Gl
symptoms or have received a Gl diagnosis.® The
majority of autistic individuals experience at least one
Gl symptom,9 including abdominal pain, functional
diarrhea or constipation, and gastroesophageal
reflux.’®="” Those with genetic causes of NDD have
specifically been found to have constipation, diarrhea,
and abdominal pain more commonly.’®'” Little is
known about the mechanisms behind Gl symptoms in
this population or how to support those who experience
Gl symptoms.'® Given that many individuals with NDDs
caused by rare genetic variants are either nonverbal or
intellectually disabled,®'® physicians treating these
children need awareness of specific challenges related
to diagnosis and treatment in those with NDDs. While
noninvasive methods of diagnosing or treating Gl dis-
orders are now more commonly used, many remain
intensive or invasive.'® In an effort to better understand
the mechanism of Gl dysfunction in NDDs, multiple
animal models with NDD-associated genetic mutations
have been created, many of which show Gl dysmotility
or impairment of enteric nervous system develop-
ment,2° but translational research from these models
remains limited.

needs in this community and consider family perspectives in managing,
treating, and measuring Gl issues. Future research should focus on adapting or
creating diagnostic and research measures for those with NDDs, developing
new diagnostic methods to account for diversity in neurodevelopment and
communication, and improving methods for family and caregiver engagement
in the care of Gl disorders.

autism spectrum disorder, gastrointestinal, recommendations

What is Known

e Gastrointestinal (Gl) problems are common
comorbidities in those with neurodevelop-
mental disorders (NDDs). These Gl conditions
can compound problems in neurodevelop-
ment, leading to behavioral and psychiatric
challenges like aggression, self-injury, anxiety,
and withdrawn behavior.

There is a dearth of data regarding the cau-
ses, course, diagnosis, and treatment of Gl
symptoms in this population.

What is New

e A multidisciplinary Consortium for Autism,
Neurodevelopmental Disorders and Digestive
Diseases (CANDID) was formed to bring
together key stakeholders to discuss Gl
conditions in those with NDDs and autism
spectrum disorder.

e CANDID identified three key areas for future

work: (1) adaptation of diagnostic and
research measures for those with NDDs, (2)
improved diagnostic methods for those with
developmental or communication deficits,
and (3) enhanced focus on family/caregiver
input in planning for diagnosis and treatment.

1.1 | Associations with other
neurological symptoms and behaviors

Gl symptoms may share common pathophysiology with
other neurological symptoms, such as seizures and
intellectual disability.?' Furthermore, restrictive eating,
oppositional behaviors, anxiety, and feeding disorders,
all common in those with NDDs, are also highly asso-
ciated with Gl diagnoses.?*®* Sensory processing
dysfunction in those with NDDs may lead to impair-
ments in oral intake (food refusal, aerophagia, and
nonedible intake), oromotor swallowing dysfunction,
exaggerated response to symptoms such as bloating
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FIGURE 1 Schematic of the overlapping
etiologies of gastrointestinal symptoms in people
with neurodevelopmental disabilities. NDD,
neurodevelopmental disorder.
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1.2 | NDDs and nutrition

Growth failure, malnutrition, and bone fractures
are common problems in NDDs,?® often related to
inadequate dietary intake of macronutrients, as well as
micronutrients such as calcium and vitamin D.2” There
are currently no broadly utilized adapted clinical as-
sessments of nutrition or specific therapeutic interven-
tions tailored for those with NDDs. Furthermore, many
genetic syndromes have growth trajectories, even in
the setting of optimized nutrition, which diverge from
the standard Center for Disease Control and Preven-
tion and World Health Organization growth curves.
While some syndromes (such as trisomy 21) have
widely used adapted growth curves, most disorders do
not, which can impede clinicians' ability to assess
nutritional needs in those with NDDs. A schematic of
the interaction between Gl symptoms and expression
of NDD features is found in Figure 1.

2 | CONFERENCE ACTIVITIES

To address these challenges, the Consortium for Autism,
Neurodevelopmental Disorders and Digestive Diseases
(CANDID; www.candidgi.com) convened a National
Institutes of Health-funded conference in 2022 to bring
together family members, clinicians, scientists, and
industry partners focusing on Gl disorders in individuals
with NDDs. Because those with rare genetic syndromes
associated with NDDs are more likely to be nonspeaking,
experience cognitive disability, and have more complex
medical comorbidities,’® CANDID focused on genetic
syndromes with more significant symptomology. Those

who are minimally verbal and cognitively disabled
often face more significant impairment from Gl symp-
toms as well as additional challenges to diagnosis and
management.'”” The conference agenda consisted of
(1) a pre-conference survey of families, (2) a family panel
describing the lived experience of severe Gl symptoms
concomitant with NDDs, (3) eight presentations by clini-
cal and scientific experts, and (4) discussion of themes
and identification of future directions for research
(Table S1). A total of 304 participants (including experts
in pediatric and adult Gl, interventional endoscopy,
nutrition, and motility), behavioral specialists, care
providers, family members, researchers, industry re-
presentatives, and patient advocacy organization re-
presentatives attended.

2.1 | Pre-conference electronic survey

Before the conference, we created a family survey
using REDCap, which was distributed through a num-
ber of patient advocacy groups such as AGENDA
(Alliance for Genetic Neurodevelopmental Disorders
and Autism), the Rare Epilepsy Network (REN),
Simons Searchlight, and via social media on the
channels of the Autism Science Foundation and Autism
Speaks. The University of Indiana Institutional Review
Board reviewed and approved the survey and consent
to participate. These organizations interact with fami-
lies who are diagnosed with ASD and have a rare
genetic syndrome. Since there are overlapping groups
in each network, we do not know how many individual
families were recruited; however, 16 rare genetic dis-
orders associated with NDDs or ASD as well as many
with idiopathic autism were represented in the findings.
Families were given an HTML link to complete the
survey and completed questions related to age, race,
ethnicity, specific NDD diagnosis, and two measures of


http://www.candidgi.com

HALLADAY ET AL.

' e
quality of life (patient reported outcomes measurement
information system gastrointestinal scales).

There were 739 families who provided responses,
with 634 completing all items. Eighty-three percent
(83%) had a child with an NDD under age 18, and most
patients were White (85%) and non-Hispanic (87%).
Constipation (80%), gastrointestinal reflux disease
(51%), and bloating (49%) were the most frequently
reported symptoms, and only 5% reported no Gl
symptoms at all (Figure 2). Most patients indicated a
specific genetic diagnosis (91%), and the remainder
indicated that their child had an NDD or ASD without a
genetic syndrome. The response rate by syndrome
varied widely, since this survey was not designed to
sample all NDDs uniformly and was distributed to a
sample of convenience. Among the 91% who reported
a specific genetic NDD, the most common specific
diagnoses were Phelan-McDermid Syndrome (16%),
duplication of 15q (9%), and SYNGAP mutations (8%).
Over 50% of families ranked Gl conditions among their
“top three concerns,” and less than 10% of families
ranked Gl conditions as low concern compared to other
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co-occurring diagnoses with NDDs (Figure 2). It should
be noted that this sample was inherently biased toward
families impacted by Gl conditions, since the survey
was solicited associated with the CANDID conference
and was not a sampling of the general NDD population.

Families also provided unstructured free text feed-
back about the survey. Many families reported difficulty
completing the survey instruments for a variety of
reasons, most notably because some questions could
not be answered (such as the presence or absence of a
symptom in a nonspeaking individual). Others reported
difficulty completing all questions, especially those that
were not specifically relevant to their child, and felt that
the number of questions was excessively burdensome.

2.2 | Session 1—Family lived
experience

To explore the lived experience of families with children
who have a rare genetic disorder with NDD, families
presented descriptions of their child's Gl symptoms

FIGURE 2 Frequency of reported symptoms
(top panel) and level of concern for these
symptoms (bottom panel) in a sample of parents
surveyed before the CANDID conference.
CANDID, Consortium for Autism,
Neurodevelopmental Disorders and Digestive
Diseases; Gl, gastrointestinal.
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and the impact on the families' lives and each affected
patient's. Families reported constipation, which was
debilitating and worsened seizure activity, caused
dehydration, or necessitated more invasive intervention
such as an appendicostomy. Families frequently
described that worsening constipation was associated
with decreased appetite or refusal to eat. They
described how pain or difficulty stooling was also
associated with challenging behaviors like aggression,
self-injury, and “constant screaming” that prevented
progress in developmental, learning, and social skills.
Two detailed examples of family lived experience are
shown in Table S2.

Challenges that many of the families expressed
within the medical system included lack of history recall
and limited treatment options despite a lack of
improvement. Some families noted positive experi-
ences with interventions like antidepressants, anal
botulinum toxin (which one parent described as “life
changing”), or other “outside the box” approaches.
Treatments have also included biofeedback, diverting
colostomy, and a wide variety of alternative feeding
approaches such as gastrostomy, gastrojejunostomy,
and nasogastric tubes. Feeding tubes, while they were
generally regarded as helpful, often prevented the
family from participating in the community and traveling
as they desired.

From these varied patient experiences, we identi-
fied multiple general themes:

1. GI symptoms are pervasive, severe, and often
happen early in life.

2. Nonverbal patients cannot communicate the nature
of their pain and often respond with self-injury and
other destructive behaviors.

3. The entire family is affected, as Gl conditions can
restrict everyday activities.

4. The first intervention tried by clinicians was rarely
effective. Families had to try several procedures,
therapies, medications, or a mix of all three, and
often had to seek a second opinion.

5. Because the Gl symptoms posed an immediate and
disabilitating issues in their child, families often put
other care like therapies or school “on the back
burner’ until the Gl conditions resolved, which
caused problems in itself.

6. Families reported that some physicians could be
dismissive of these conditions or unprepared for the
complexity of their child.

7. Once Gl symptoms are effectively managed, the
entire family experiences an improvement in their
quality of life, and the child can make progress in
areas that are held back because of pain.

A summary of some potential solutions and
resources for physicians to help work with children
experiencing challenges in communication and

W
cognitive ability, and exhibiting severe and challenging

behaviors can be found in Table 1.

2.3 |
experts

Session 2—Clinical and research

Research presentations were grouped under the fol-
lowing four categories: (1) the gut—brain connection, (2)
the spectrum of Gl disorders in neurodevelopmental
conditions and their impacts, (3) detection and mon-
itoring of Gl disorders in people with neurodevelop-
mental conditions, and (4) new methods to study Gl
disorders in these populations.

Clinicians shared that those with NDDs may have
difficulty communicating pain or other subjective ex-
periences due to impairments in enteroception, lan-
guage, and cognition.®'%?® This represents a particular
challenge for clinicians without extensive experience
with NDDs. Thus, to identify when children with NDDs
are experiencing Gl symptoms, parents often rely on
detecting bodily signs (e.g., abdominal swelling, diar-
rhea, and lack of bowel movement) or nonverbal
behaviors such as screaming and self-injury, and
changes in other health domains (e.g., sleep condi-
tions, irritability, and aggression).'®?° Furthermore,
expert clinicians across multiple subspecialties re-
viewed our current options for diagnosis (e.g., radiol-
ogy, endoscopy, and manometry) and acknowledged
the many challenges inherent in invasive diagnostic
modalities in children with NDDs, similar to concerns
voiced by families.

Researchers shared that many existing measures
used in autism research do not incorporate nonverbal
clinical data.® This has serious implications for the
quality of research on Gl health in those with NDDs and
ASD, the ability to accurately screen and diagnose Gl
conditions in these patients, and the assessment of the
safety and effectiveness of clinical trial interventions or
inclusion of individuals with NDD in clinical trials at all.

Both researchers and clinicians identified a clear
need for both clinical and research tools to diagnose
and monitor the progression of Gl disorders in patients
with NDDs. This effort requires instruments that have
been widely validated in individuals with cognitive or
communication deficits and reflect not just clinical signs
but overall impact on daily functioining. Despite the
high proportion of those with NDDs who experience Gl
symptoms, few exist.

Researchers identified newer tools that may
meet this need, such as the Gastrointestinal and
Related Behaviors Inventory (GIRBI), which com-
bines items from the Autism Treatment Network Gl
Inventory'®° and the Brief Autism Mealtime Behavior
Inventory.®'~32 The measure was piloted in an online
research registry, and preliminary psychometric per-
formance was assessed, resulting in a 36-item tool
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TABLE 1 Challenges, barriers, and potential solutions.
Challenges Barrier Solutions Examples
Patients with NDDs These individuals cannot Augmentative and alternative Proloquo2 Go or other devices
may be MV express their Gl pain communication devices AS-ATN Gl Signs and Symptoms

Tests requiring
consumption are not
palatable

Complex medical
issues prevent travel
to clinics

Comorbid IDD
diagnoses

Tests require
immobility

Tests are invasive

precisely making diagnosis
based on patient report
difficult

Reluctance to consume
liquids or solids due to pain

Diagnostic tests requiring
specialized equipment may
be difficult to obtain

These individuals may not be
able to understand
instructions given verbally or
written.

Gl pain may be masked by
other symptoms

Procedures may be
challenging or not feasible

Can be not feasible in some
people with NDDs, or require
anesthesia

Objective caregiver-reported

Development of more palatable
methods

Mobile technologies for tracking Gl
activities at home in real time,
integrated with EMR and medications

Social stories explaining the procedure
beforehand and what will happen
Increased expertise of common
outward signs of Gl distress, and
formation of specialist teams including
Gl expertise

Extra time and patience by staff,
additional education of medical staff,
creation of enjoyable environment,
which reduces stressors for the patient

Use of minimally invasive measures
whenever possible, and/or advent of
new minimally invasive measures

Inventory-17
ASD-GIRBI

Tasteless tracers or palatable foods
containing tracers

Blue muffin at-home tracking of motility,
paired with phone application

https://paautism.org/resource/
colonoscopy-social-stories/
Centers of Excellence for Clinical Care

Child-friendly and developmentally age-
appropriate distractors, understanding of
individual likes and dislikes during testing.

Electrogastrography—noninvasive
measure of myoelectric activity

Abbreviations: AS-ATN, autism speaks autism treatment network; ASD, autism spectrum disorder; ASD-GIRBI, ASD Gastrointestinal and Related Behaviors

Inventory; EMR, electronic medical record; Gl, gastrointestinal; IDD, Intellectual disability; MV, minimally verbal; NDD, neurodevelopmental disorder.

with seven domains.?® GIRBI has high reliability,
strong convergent validity, and high sensitivity in
predicting parent-report Gl diagnoses, though the
specificity was low.

We identified multiple themes from the clinician/
researcher sessions:

1. Improved clinical diagnostic methods are needed
to help accurately diagnose Gl disorders in those
with NDDs and ASD. This includes both adapted
or new diagnostic measures (e.g., the Rome IV
criteria) and less-invasive or adapted diagnostic
modalities.

2. Improved research measures are also needed to
enhance inclusivity in clinical trials and validate
measures in the broader NDD patient community.
These tools are especially needed to sensitively
document improvement in response to new thera-
pies. Newer tools such as the GIRBI show promise,
and efforts to validate such tools across NDD/ASD
communities are key.

3. Treating patients with NDDs requires substantial
experience across multiple clinical domains. En-
hanced educational efforts to properly prepare
trainees to care for this complex patient population
are direly needed, and access to multidisciplinary
expertise for both trainees and patients is limited.

2.4 | Session 3—Discussion and
identification of themes for future
research

In the final session of the conference, we convened the
study team, clinicians, and researchers, and reviewed
both the survey data and perspectives provided by all
speakers. We formulated a set of themes from families
and clinicians/researchers, as well as a set of recom-
mendations for next steps. Audio and video for all
sessions were posted on the CANDID website (www.
candidgi.com) with public access. Transcripts were
automatically generated with the conference software
and reviewed by the study team. Based on discussions
as well as questions raised during the meeting, we
identified both clinical and research recommendations.

3 | MOVING FORWARD

To effectively manage symptoms of Gl disorders in
people with ASD specifically and NDDs more broadly,
there is a pressing need for evidence-based therapies’
as well as education and awareness as early as med-
ical school in helping to enable broader physician
awareness of Gl problems in children with NDDs.'®""
For communities impacted by NDDs, a significant


http://www.candidgi.com
http://www.candidgi.com
https://paautism.org/resource/colonoscopy-social-stories/
https://paautism.org/resource/colonoscopy-social-stories/

HALLADAY ET AL.

benefit of a genetic diagnosis is building community
with shared goals of managing symptoms and advo-
cacy,>*%® as well as understanding the potential
mechanism by which these Gl disorders exist. These
advocacy and research efforts have resulted in regu-
larly updated consensus guidelines for families and
clinicians (e.g., for Rett syndrome),3® improving clinical
care for children who would otherwise be isolated.
Because affected individuals can be nonspeaking or
have trouble describing symptoms, caregiver-assisted
observations that rely on signs rather than self-
reporting have been developed and continue to be
refined with input from the broad community,'®2®
including those with and without communication and
cognitive challenges.?®

In addition to providing access to clinical expertise
across NDDs, stakeholders have the opportunity to sup-
port widespread testing and validation of diagnostic tools
and outcome measures. Gastroenterologists, including
pediatric and adult specialists, often have limited training
in the diagnosis or treatment of patients with NDDs, and
the exposure can be highly variable depending on the site
of training. Additional opportunities for awareness in this
community are desperately needed. CANDID has created
a large network of patients, patient advocate leaders,
medical experts, and scientists dedicated to this cause. It
is the responsibility of these stakeholders to improve
measurements until they can sensitively detect Gl symp-
toms most important to families. This will involve funding,
recruitment, communication, and advocacy with the Food
and Drug Administration and other agencies to create
meaningful change.

4 | RECOMMENDATIONS FOR
RESEARCH AND CLINICAL
PRACTICE

4.1 | Clinical recommendations

1. Families should have enhanced participation in the
development of measures used to best describe
their Gl symptoms.

2. Adapted or de novo clinical diagnostic measures
(e.g., a version of the Rome IV criteria for those with
NDDs) are necessary to assist clinicians in treating
patients with limited communication or cognitive
impairment.

3. Additional shared decision-making should be used
when deciding on the best diagnostic tools or
treatment options, with a preference for less-
invasive Gl testing protocols. Clinicians should
consider the tolerability of diagnostic testing for
those with NDDs before ordering.

4. Enhanced parental supports (e.g., social stories, low
sensory rooms, and video conference visits for
follow-ups to alleviate stress in the office visit)

] -
should be implemented for patients with NDDs (see
Table 1).

5. Gastroenterologists should consider early referral
for genetic testing based on the American College of
Medical Genetics' clinical guidance on genetic test-
ing for those with NDDs, if not yet conducted.?’

6. While gastroenterologists often have experience with
NDDs broadly, those with rare genetic forms of an
NDD may require greater awareness and support.”3®

7. The role of a gastroenterologist in this care is es-
sential, and they should work in collaboration and
close communication with the person's behavioral
health provider(s) and consider discussion with the
relevant rare disease foundation that may have
access to clinicians with more specific expertise.

4.2 | Research recommendations

1. Additional basic science research is needed to
better characterize the mechanism of Gl symptoms
in those with NDDs. For example, animal models of
NDDs need to focus on the role of gene mutations in
regions of the body other than the brain, such as the
Gl tract.

2. Translational research involving interventions on the
Gl system should include potential modifiers of
response that may be easily measured in those with
limited communication, such as inflammatory
markers, objective measures of feeding and eating
behavior, genetics, and metabolomics.

3. Adapted or de novo validated clinical measures are
needed to serve as outcomes to perform effective
clinical trials in patients with NDDs. This may also
serve to enhance the participation of those with
NDDs in clinical trials.

4. Additional outcomes should be measured in clinical
trials of Gl disorders in NDDs that assess the effects
of treatment on family and caregiver well-being.

AFFILIATIONS

"Autism Science Foundation, New York, New York, USA
2F(utgers University, New Brunswick, New Jersey, USA

3Alliance for Genetic Etiologies in Neurodevelopmental Disorders, New York,
New York, USA

“Division of Pediatric Gastroenterology, Hepatology, and Nutrition, Indiana
University School of Medicine/Riley Hospital for Children, Indianapolis,
Indiana, USA

5Depar‘(ment of Biology, University of Miami, Miami, Florida, USA
®International Foundation for CDKL5 Research, Wadsworth, Ohio, USA

“Center for Autism and Related Disorders, Kennedy Krieger Institute,
Baltimore, Maryland, USA

8Department of Mental Health, Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland, USA

®NYU Pain Research Center, New York, New York, USA
ONYU College of Dentistry, New York, New York, USA



HALLADAY ET AL.

L‘_m
TNYU Grossman School of Medicine, New York, New York, USA
2USDA/ARS Children's Nutrition Research Center, Houston, Texas, USA

3Department of Pediatrics, Baylor College of Medicine, Houston, Texas, USA

"“Neuroscience Center, Joe DiMaggio Children's Hospital, Hollywood,
Florida, USA

155tiles-Nicholson Brain Institute, Florida Atlantic University, Boca Raton,
Florida, USA

®Departments of Health Psychology and Radiology, University of Missouri,
Columbia, Missouri, USA

""Thompson Center for Autism and Neurodevelopment, Columbia,
Missouri, USA

"8Wake Forest University, Winston-Salem, North Carolina, USA
"9Atrium Health, Charlotte, North Carolina, USA
20phelan-McDermid Syndrome Foundation, Osprey, Florida, USA
2'Nationwide Children's Hospital, Columbus, Ohio, USA

ACKNOWLEDGMENTS

The authors are thankful to the Phelan-McDermid Syn-
drome Foundation (www.pmsf.org), Autism Science
Foundation (www.autismsciencefoundation.com), Sta-
cey Ann Keller, and the Alliance for Genetic Etiologies in
Neurodevelopmental Disorders and Autism (www.
alliancegenda.org) for assistance in preparing this con-
ference. The funding was partially provided by support
from NIH/NCATS (R13TR003938). This meeting was
supported by NIH grant R13TR003938-01 to the Phelan-
McDermid Syndrome Foundation. Additional support
was provided by the Autism Science Foundation, the
International Foundation for CDKL5 Research, the
Phelan-McDermid Syndrome Foundation, CureShank,
Indiana University, Ring14 Foundation, IDefine, and
Axial Therapeutics. Researchers who presented at the
meeting were supported by the NIMH Psychiatric Epi-
demiology Training Program (5T32MH014592) (Calliope

Holingue); NIMH Global Mental Health Training
Research  Fellowship (5T32MH103210) (Calliope
Holingue); International Rett Syndrome Foundation

(Kathleen J. Motil); NIH (Kathleen J. Motil), Simons
Foundation (SFARI Pilot Award 719401) (Julia Dallman);
Department of Defense (PR160365, ARO# W911NF-
21-5-0008) (Kara G. Margolis); NIH NIDDK
(1RO1DK130518, RO1DK126644) (Kara G. Margolis);
NIH NINDS (RO1NS015547) (Kara G. Margolis); the
Kirby-Kulkan Family (Kara G. Margolis); The Angelman
Foundation (Kara G. Margolis); NASPGHAN (Takeda
Innovation Award) (Kara G. Margolis); The Seidenberg
Family Foundation (Kara G. Margolis); and The Center
for Discovery (Kara G. Margolis).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

ORCID
Alycia Halladay
8264-8753

https://orcid.org/0000-0002-

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Voigt RG, Macias MM, Myers SM, et al. Making developmental-
behavioral diagnoses. In: Voigt RG, ed. Developmental and
Behavioral Pediatrics. 2nd ed. American Academy of Pediat-
rics; 2018.

Hyman SL, Levy SE, Myers SM, et al. Identification, evaluation,
and management of children with autism spectrum disorder.
Pediatrics. 2020;145:€20193447. doi:10.1542/peds.2019-3447
Francés L, Quintero J, Fernandez A, et al. Current state of
knowledge on the prevalence of neurodevelopmental disorders
in childhood according to the DSM-5: a systematic review in
accordance with the PRISMA criteria. Child Adolesc Psychiatry
Ment Health. 2022;16:27. doi:10.1186/s13034-022-00462-1
Woolfenden S, Farrar MA, Eapen V, et al. Delivering paediatric
precision medicine: genomic and environmental considerations
along the causal pathway of childhood neurodevelopmental
disorders. Dev Med Child Neurol. 2022;64:1077-1084. doi:10.
1111/dmcn.15289

Mahjani B, De Rubeis S, Gustavsson Mahjani C, et al. Preva-
lence and phenotypic impact of rare potentially damaging var-
jiants in autism spectrum disorder. Mol Autism. 2021;12:65.
doi:10.1186/s13229-021-00465-3

Hughes MM, Shaw KA, DiRienzo M, et al. The prevalence and
characteristics of children with profound autism, 15 sites, United
States, 2000-2016. Public Health Rep. 2023;138:971-980.
doi:10.1177/00333549231163551

Lord C, Charman T, Havdahl A, et al. The lancet commission on
the future of care and clinical research in autism. Lancet.
2022;399:271-334. doi:10.1016/S0140-6736(21)01541-5
Bougeard C, Picarel-Blanchot F, Schmid R, Campbell R,
Buitelaar J. Prevalence of autism spectrum disorder and co-
morbidities in children and adolescents: a systematic literature
review. Front Psychiatry. 2021;12:744709. doi:10.3389/fpsyt.
2021.744709

Holingue C, Newill C, Lee L-C, Pasricha PJ, Daniele Fallin M.
Gastrointestinal symptoms in autism spectrum disorder: a
review of the literature on ascertainment and prevalence.
Autism Res. 2018;11:24-36. doi:10.1002/aur.1854

Buie T, Campbell DB, Fuchs GJ, et al. Evaluation, diagnosis,
and treatment of gastrointestinal disorders in individuals with
ASDs: a consensus report. Pediatrics. 2010;125(suppl 1):
S$1-S18. doi:10.1542/peds.2009-1878C

Buie T, Fuchs GJ, Furuta GT, et al. Recommendations for
evaluation and treatment of common gastrointestinal problems
in children with ASDs. Pediatrics. 2010;125(suppl 1):S19-S29.
doi:10.1542/peds.2009-1878D

Yang X-L, Liang S, Zou M-Y, et al. Are gastrointestinal and
sleep problems associated with behavioral symptoms of autism
spectrum disorder? Psychiatry Res. 2018;259:229-235. doi:10.
1016/j.psychres.2017.10.040

Chakraborty P, Carpenter KLH, Major S, et al. Gastrointestinal
problems are associated with increased repetitive behaviors but
not social communication difficulties in young children with
autism spectrum disorders. Autism. 2021;25:405-415. doi:10.
1177/1362361320959503

Leader G, Abberton C, Cunningham S, et al. Gastrointestinal
symptoms in autism spectrum disorder: a systematic review.
Nutrients. 2022;14:1471. doi:10.3390/nu14071471

Margolis KG, Buie TM, Turner JB, et al. Development of a brief
parent-report screen for common gastrointestinal disorders in
autism spectrum disorder. J Autism Dev Disord. 2019;49:
349-362. doi:10.1007/s10803-018-3767-7

McElhanon BO, McCracken C, Karpen S, Sharp WG. Gastro-
intestinal symptoms in autism spectrum disorder: a meta-
analysis. Pediatrics. 2014;133:872-883. doi:10.1542/peds.
2013-3995


http://www.pmsf.org
http://www.autismsciencefoundation.com
http://www.alliancegenda.org
http://www.alliancegenda.org
https://orcid.org/0000-0002-8264-8753
https://orcid.org/0000-0002-8264-8753
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.1186/s13034-022-00462-1
https://doi.org/10.1111/dmcn.15289
https://doi.org/10.1111/dmcn.15289
https://doi.org/10.1186/s13229-021-00465-3
https://doi.org/10.1177/00333549231163551
https://doi.org/10.1016/S0140-6736(21)01541-5
https://doi.org/10.3389/fpsyt.2021.744709
https://doi.org/10.3389/fpsyt.2021.744709
https://doi.org/10.1002/aur.1854
https://doi.org/10.1542/peds.2009-1878C
https://doi.org/10.1542/peds.2009-1878D
https://doi.org/10.1016/j.psychres.2017.10.040
https://doi.org/10.1016/j.psychres.2017.10.040
https://doi.org/10.1177/1362361320959503
https://doi.org/10.1177/1362361320959503
https://doi.org/10.3390/nu14071471
https://doi.org/10.1007/s10803-018-3767-7
https://doi.org/10.1542/peds.2013-3995
https://doi.org/10.1542/peds.2013-3995

HALLADAY ET AL.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Madra M, Ringel R, Margolis KG. Gastrointestinal issues and
autism spectrum disorder. Child Adolesc Psychiatr Clin N Am.
2020;29:501-513. doi:10.1016/j.chc.2020.02.005

Satterstrom FK, Kosmicki JA, Wang J, et al. Large-scale exome
sequencing Study implicates both developmental and functional
changes in the neurobiology of autism. Cell. 2020;180:
568-584.e23. doi:10.1016/j.cell.2019.12.036

Tabbers MM, DiLorenzo C, Berger MY, et al. Evaluation and
treatment of functional constipation in infants and children:
evidence-based recommendations from ESPGHAN and
NASPGHAN. J Pediatr Gastroenterol Nutr. 2014;58:258-274.
doi:10.1097/MPG.0000000000000266

Davidson EA, Holingue C, Jimenez-Gomez A, Dallman JE,
Moshiree B. Gastrointestinal dysfunction in genetically defined
neurodevelopmental disorders. Semin Neurol. 2023;43:
645-660. doi:10.1055/s-0043-1771460

Mutluer T, Aslan Geng H, Ozcan Morey A, et al. Population-
based psychiatric comorbidity in children and adolescents with
autism spectrum disorder: a meta-analysis. Front Psychiatry.
2022;13:856208. doi:10.3389/fpsyt.2022.856208

Peters B, Williams KC, Gorrindo P, et al. Rigid-compulsive
behaviors are associated with mixed bowel symptoms in autism
spectrum disorder. J Autism Dev Disord. 2014;44:1425-1432.
doi:10.1007/s10803-013-2009-2

Mazurek MO, Vasa RA, Kalb LG, et al. Anxiety, sensory over-
responsivity, and gastrointestinal problems in children with
autism spectrum disorders. J Abnorm Child Psychol. 2013;41:
165-176. doi:10.1007/s10802-012-9668-x

Ferguson BJ, Dovgan K, Takahashi N, Beversdorf DQ. The
relationship among gastrointestinal symptoms, problem
behaviors, and internalizing symptoms in children and adoles-
cents with autism spectrum disorder. Front Psychiatry.
2019;10:194. doi:10.3389/fpsyt.2019.00194

Leader G, Tuohy E, Chen JL, Mannion A, Gilroy SP. Feeding
problems, gastrointestinal symptoms, challenging behavior and
sensory issues in children and adolescents with autism spec-
trum disorder. J Autism Dev Disord. 2020;50:1401-1410.
doi:10.1007/s10803-019-04357-7

Motil KJ, Caeg E, Barrish JO, et al. Gastrointestinal and nutri-
tional problems occur frequently throughout life in girls and
women with Rett syndrome. J Pediatr Gastroenterol Nutr.
2012;55:292-298. doi:10.1097/MPG.0b013e31824b6159

Motil KJ, Schultiz R, Brown B, Glaze DG, Percy AK. Altered
energy balance may account for growth failure in Rett syn-
drome. J Child Neurol. 1994;9:315-319. doi:10.1177/
088307389400900319

Holingue C, Poku O, Pfeiffer D, Murray S, Fallin MD. Gastro-
intestinal concerns in children with autism spectrum disorder: a
qualitative study of family experiences. Autism. 2022;26:
1698-1711. doi:10.1177/13623613211062667

Holingue C, Kalb LG, Musci R, et al. Characteristics of the
autism spectrum disorder gastrointestinal and related behaviors

30.

31.

32.

33.

34.

35.

36.

37.

38.

] -
inventory in children. Autism Res. 2022;15:1142-1155. doi:10.
1002/aur.2707

Autism Treatment Network. GI Symptom Inventory Question-
naire, Vers. 3.0. Autism Speaks; 2005.

Hendy HM, Seiverling L, Lukens CT, Wiliams KE. Brief
assessment of mealtime behavior in children: psychometrics
and association with child characteristics and parent responses.
Child Health Care. 2013;42:1-14. doi:10.1080/02739615.2013.
753799

Lukens CT, Linscheid TR. Development and validation of an
inventory to assess mealtime behavior problems in children with
autism. J Autism Dev Disord. 2008;38:342-352. doi:10.1007/
s$10803-007-0401-5

DeMand A, Johnson C, Foldes E. Psychometric properties of
the brief autism mealtime behaviors inventory. J Autism Dev
Disord. 2015;45:2667-2673. doi:10.1007/s10803-015-2435-4
Phelan K, McDermid HE. The 22q13.3 deletion syndrome
(Phelan-McDermid syndrome). Mol Syndromol. 2012;2:
186-201. doi:10.1159/000334260

Amin S, Majumdar A, Mallick AA, et al. Caregiver's perception of
epilepsy treatment, quality of life and comorbidities in an inter-
national cohort of CDKL5 patients. Hippokratia. 2017;21:130-135.
Fu C, Armstrong D, Marsh E, et al. Consensus guidelines on
managing Rett syndrome across the lifespan. BMJ Paediatr
Open. 2020;4:€000717. doi:10.1136/bmjpo-2020-000717
Schaefer GB, Mendelsohn NJ, Professional Practice and
Guidelines Committee. Clinical genetics evaluation in identify-
ing the etiology of autism spectrum disorders: 2013 guideline
revisions. Genet Med. 2013;15:399-407. doi:10.1038/gim.
2013.32

Curtis JS, Kennedy SE, Attarha B, Edwards L, Jacob R. Upper
gastrointestinal disorders in adult patients with intellectual and
developmental disabilities. Cureus. 2021;13:e15384. doi:10.
7759/cureus.15384

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Halladay A, Croffie J,
Dallman J, et al. Conference proceedings:
inaugural meeting of the consortium for autism,
genetic neurodevelopmental disorders, and
digestive diseases. J Pediatr Gastroenterol Nutr.
2024;1-9. doi:10.1002/jpn3.12360



https://doi.org/10.1016/j.chc.2020.02.005
https://doi.org/10.1016/j.cell.2019.12.036
https://doi.org/10.1097/MPG.0000000000000266
https://doi.org/10.1055/s-0043-1771460
https://doi.org/10.3389/fpsyt.2022.856208
https://doi.org/10.1007/s10803-013-2009-2
https://doi.org/10.1007/s10802-012-9668-x
https://doi.org/10.3389/fpsyt.2019.00194
https://doi.org/10.1007/s10803-019-04357-7
https://doi.org/10.1097/MPG.0b013e31824b6159
https://doi.org/10.1177/088307389400900319
https://doi.org/10.1177/088307389400900319
https://doi.org/10.1177/13623613211062667
https://doi.org/10.1002/aur.2707
https://doi.org/10.1002/aur.2707
https://doi.org/10.1080/02739615.2013.753799
https://doi.org/10.1080/02739615.2013.753799
https://doi.org/10.1007/s10803-007-0401-5
https://doi.org/10.1007/s10803-007-0401-5
https://doi.org/10.1007/s10803-015-2435-4
https://doi.org/10.1159/000334260
https://doi.org/10.1136/bmjpo-2020-000717
https://doi.org/10.1038/gim.2013.32
https://doi.org/10.1038/gim.2013.32
https://doi.org/10.7759/cureus.15384
https://doi.org/10.7759/cureus.15384
https://doi.org/10.1002/jpn3.12360

	Conference proceedings: Inaugural meeting of the consortium for autism, genetic neurodevelopmental disorders, and digestive diseases
	1 BACKGROUND
	1.1 Associations with other neurological symptoms and behaviors
	1.2 NDDs and nutrition

	2 CONFERENCE ACTIVITIES
	2.1 Pre-conference electronic survey
	2.2 Session 1—Family lived experience
	2.3 Session 2—Clinical and research experts
	2.4 Session 3—Discussion and identification of themes for future research

	3 MOVING FORWARD
	4 RECOMMENDATIONS FOR RESEARCH AND CLINICAL PRACTICE
	4.1 Clinical recommendations
	4.2 Research recommendations

	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




