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Vitamin A deficiency increases the risk of gastrointestinal
comorbidity and exacerbates core symptoms in children

with autism spectrum disorder

Boli Cheng'*34, Jiang Zhu"*3#, Ting Yang'***, Min Guo'***, Xi Lai"?3**, Qiu Li"***, Jie Chen'?*** and Tingyu Li"*3*

BACKGROUND: Autism spectrum disorder (ASD) is a neurodevelopmental disorder, and many individuals with ASD have
gastrointestinal (Gl) comorbidities. Vitamin A (VA) is an essential micronutrient that plays an important role in brain development

and Gl function.

METHODS: A total of 323 children with ASD and 180 control children were enrolled in this study. Symptoms of ASD were assessed
with the Child Autism Rating Scale (CARS), the Social Responsiveness Scale (SRS), and the Autism Behavior Checklist (ABC).
Caregivers of the children completed questionnaires about Gl symptoms. Serum retinol levels were detected with high-

performance liquid chromatography (HPLC).

RESULTS: Children with ASD and with Gl comorbidity and constipation had considerably lower serum VA levels than autistic

children without these symptoms. VA level was associated with CARS, SRS, and ABC scores, whereas Gl symptoms were associated
some SRS and ABC scores. The interaction of VAD and Gl symptoms appeared to aggravate some of the core symptoms of children
with ASD.

CONCLUSIONS: VAD exacerbates core symptoms in children with ASD, and ASD children with GI comorbidities also have more
serious core symptoms than ASD children without GI comorbidities. VAD comorbid with GI symptoms aggravates autistic children’s

core symptoms.

Pediatric Research (2021) 89:211-216; https://doi.org/10.1038/541390-020-0865-y

IMPACT:
® VAD exacerbates core symptoms in children with ASD.
® ASD children with GI comorbidities have more serious core symptoms than ASD children without GI comorbidities.
® VAD comorbid with GI symptoms aggravates autistic children’s core symptoms.
® We speculate that VAD might be related to a subtype of ASD that involves GI comorbidities.
® We believe that our findings will be of fundamental importance to the scientific community.
INTRODUCTION

Autism spectrum disorder (ASD) is a highly heterogeneous
neurodevelopment disorder that is characterized by alterations
in social interactions and communication, and restricted and
repetitive behavior.! The prevalence of ASD has been rising in
recent years, with an estimated 1 in 59 American children affected
by it.2 ASD is one of the most serious problems affecting children’s
health worldwide, and it has brought an enormous burden on
families and the society.?

The exact etiology or etiologies of ASD are not known. It is
generally accepted that genetic and environmental factors
contribute to the risk of ASD,> and the environmental factors
appear to include nutrition.* Several studies have found the
nutrition levels of children with ASD differ from those of
controls.>® Vitamin A deficiency (VAD) is one of the three major

micronutrient deficiency diseases in the world, especially in
developing countries, and children and pregnant women are at
high risk of VAD.” VA and its active metabolite retinoic acid (RA)
play critical roles in the nervous system, including early develop-
ment of the brain, neuronal proliferation and differentiation,
neurite outgrowth, and synaptogenesis.® The correlation between
VA-related substances and ASD has been a topic of interest in
recent years. Foreign studies have found that children with ASD
have lower retinal dehydrogenase 1 (RALDH1) levels than typically
developing (TD) children. RALDH1 catalyzes the oxidation of
retinal to RA.? Research in China also shows that children with ASD
have lower VA levels than control children, and VAD is quite
common among children with ASD.®

ASD is often displayed with comorbidities, including attention
deficit hyperactivity disorder (ADHD), sleep abnormalities, and
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gastrointestinal (GI) symptoms,'®'? and GI comorbidities are

common in children with ASD. The incidence of Gl comorbidities
in children with ASD is much higher than that in TD children,'?
and some scholars have suggested that ASD with Gl comorbidities
may be a subtype of ASD."?

Studies have shown that VA is associated with neurological
diseases'*'® and intestinal flora and Gl diseases.'®"” A
nutritional survey we conducted of children with ASD indicated
these children with ASD had higher rates of VAD and
constipation than the control group, and the level of VA was
negatively correlated with scores on the Child Autism Rating
Scale (CARS).° However, few studies have examined the
relationship among VA nutrition levels, GI comorbidities, and
the core symptoms of children with ASD. Therefore, the purpose
of the current study was to explore the relationship between VA
and Gl comorbidities and to evaluate whether the coexistence of
VAD and Gl comorbidities exacerbate the core symptoms of
children with ASD, based on our previous research.® We were
particularly interested in determining whether VAD is related to
a subtype of ASD that has Gl comorbidities.

METHODS

Participants

A total of 323 children with ASD, age 2—7 years (274 boys and 49
girls) were recruited for the study, between July 2018 and June
2019, from six training institutions in Chongging, China. The
diagnoses were made after a series of structured interviews
conducted by a psychologist and two developmental pediatricians
at the Children’s Hospital of Chongqing Medical University, based
on the criteria for Autism Spectrum Disorder defined in the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5).!
The exclusion criteria were as follows: a history of other
developmental disorders or neurological and psychiatric diseases,
such as Rett syndrome, cerebral palsy, chronic seizures; other
congenital diseases; a history of infections in the past 3 months; a
history of using a vitamin A supplement in the previous 3 months;
or being unwilling to participate.

The control group included 180 TD children (142 boys and 38
girls). They were recruited randomly from two common kinder-
gartens and one primary school in the same area as the training
institutions, between July 2018 and June 2019. The age and
gender of this group were similar to those in the ASD group. None
of the children in the control group had any signs of
neuropathology or any acute or chronic affective diseases in the
past 3 months, and none of these children received a vitamin A
supplement during the previous 3 months.

Informed consent was obtained from the parents of all the
children. The study’s protocol was approved by the Institutional
Ethics Committee of the Children’s Hospital of Chongqing Medical
University, and this clinical trial was registered in the Chinese
Clinical Trial Registry (ChiCTR) (registration number: ChiCTR-ROC-
14005442).

Anthropometric measures

Anthropometric examinations were performed by three anthro-
pometrists from the Department of Child Health Care of Children’s
Hospital. Body mass index (BMI) was calculated from height and
weight measurements (kg/m?).

Questionnaires

The caregivers of the children with ASD and the TD children
completed the questionnaires following the instructions of trained
investigators. The questionnaires included general demographic
information, medical history, and Gl symptoms. The Gl-symptom
questions about constipation, diarrhea, abdominal pain, flatu-
lence, and nausea and vomiting were based on the Questionnaire
on Pediatric Gastrointestinal Symptoms-Rome IV (QPGSRIV).'® As it
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contains no clear definition of the smell of stool, this study defined
it as an abnormal odor, such as the smell of rotten eggs.

Symptoms of ASD were assessed with CARS, Social Respon-
siveness Scale (SRS), and the Autism Behavior Checklist (ABC). The
CARS consists of 15 items that are rated on a 4-point scale. Scores
of 30—36 indicate mild-moderate autism, while scores greater
than 36 indicate severe autism.'” The SRS scale is a 65-item
questionnaire that includes five subscales: social awareness, social
cognition, social communication, social motivation, and autistic
mannerisms. Each item is scored on a Likert scale ranging from 1
to 4.2° The ABC scale contains 57 items (scored 1—4) related to
five areas, including sensory stimuli, sensorial relating, body and
object use, language, and social self-help.?' The SRS and ABC
scales were completed by the caregivers of ASD children following
the instructions of trained investigators. The total scores of the
scales and the score of each subscale were calculated.

Laboratory measures

The morning fasting venous blood of all the participants was
obtained (2 ml) and immediately (within 2 h) transported to the
Children’s Hospital. Blood samples were centrifuged at room
temperature for 10 min at 3000 rpm and serum was separated.
The serum retinol concentration was estimated via high-
performance liquid chromatography (HPLC) based on previously
described methods.?? Briefly, 200 pl of serum was deproteinized
with an equal volume of dehydrated alcohol. The retinol was
extracted from the serum by 1000 ul of hexane. Then, 500 pl of
supernatant was extracted and the hexane in it was evaporated
with nitrogen gas. The residue was dissolved in a 100 ul mobile
phase and injected into a column installed in the HPLC apparatus
(DGU-20As, Shimadzu Corporation, Kyoto, Japan). The mobile
phase was a methanol—water mixture (97:3). The concentration of
retinol was determined by spectrophotometry at 315 nm. All the
procedures were performed by the same operator in a dark room
without light. Serum retinol concentrations of <0.7, 0.7-1.05, and
>1.05 pmol/l were defined, respectively, as VA deficiency (VAD),
marginal VA deficiency (MVAD), and VA normal (VAN).

Statistical analyses

The sample size was calculated based on previous studies related
to VA in Chinese children®?* The standard deviation of VA
concentration we used was 0.23 umol/l and the allowable error
was 0.07 umol/l. With the statistical power set at 0.8, and a type |
error rate of 0.05 for a two-sided test, a minimum of 170
participants for each group would be required. We recruited >170
participants for each group in our study.

The Statistical Package for the Social Sciences (SPSS Inc.,
Chicago, IL, USA) version 17 was used for data analysis. The
Kolmogorov—Smirnov goodness-of-fit test was used to test the
distribution of each dataset for normality before analysis.
Continuous variables are described as the mean+SD, and
categorical variables were described as frequencies and percen-
tages. Differences between groups were assessed using a two-
tailed Student’s t test, the chi-square test, or Fisher's exact test.
ANCOVA was used to analyze the interaction between VA level
and Gl symptoms on SRS, ABC and CARS scores, adjusting for
gender and age. A Bonferroni post-hoc analysis was conducted to
adjust for multiple comparisons.

RESULTS

Socio-demographic characteristics

This study enrolled 323 children with ASD (274 boys and 49 girls)
and 180 TD children (142 boys and 38 girls) as the control group.
The children with ASD were 4.72 +1.33 years old, and the TD
children were 4.74 + 0.93 years old. There was no difference in the
age distribution or the gender ratio between the two groups. As
shown in Table 1, the weight and height of the children with ASD

Pediatric Research (2021) 89:211-216



were significantly lower than those of the control group, while BMI
was similar in the two groups. These results indicate that the
physical status of the ASD children was lower than that of the
control group.

Serum concentrations of retinol

The retinol concentration in the serum of the children with ASD
was significantly lower than that of children in the control group
(P<0.01) (Fig. 1a). The males and females in the ASD group had
similar serum retinol levels (Fig. 1b), indicating that gender did not
affect the serum retinol of children with ASD. The children in the
ASD group were classified as mild-moderate ASD (30-36) and
severe ASD (37-60), based on the CARS score.'® Patients with
severe ASD had lower serum retinol levels than those with mild-
moderate ASD (P<0.01) (Fig. 1c), indicating that children with
severe ASD had a more serious VA deficiency.

Gl symptoms of the ASD and control groups

As shown in Table 2, 156 (48.3%) of the children in the ASD group
reported at least one type of Gl symptom, whereas 36 (20.0%)
children in the control group reported a Gl symptom. The analysis
showed that the rate of Gl symptoms in the ASD group was
significantly greater than that in the control group (P < 0.01). The
children in the ASD group had significantly higher rates of
constipation, diarrhea, abdominal pain, nausea/vomiting, and
stool odor, compared to the children in the control group (all
Ps < 0.05). The most common Gl symptoms in the ASD group were
constipation (n =105, 32.5%) and stool odor (n=49, 15.2%).
Moreover, 62 (19.2%) of the children with ASD had at least two Gl

Table 1. Demographic characteristics of the participants in control
and ASD groups.

Variable Control (n=180) ASD (n=323) P

Gender, n(%)
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symptoms. The most frequent combination of symptoms in the
ASD group was constipation and stool odor (n = 29, 9.0%).

Serum VA levels of the autistic children with and without different
Gl symptoms

We compared VA levels of the autistic children with and without
different Gl symptoms. As shown in Table 3, autistic children with
Gl symptoms had significantly lower serum VA levels than autistic
children without GI symptoms (P < 0.01). The VA level in autistic
children with constipation was also considerably lower than it was
in the autistic children without constipation (P < 0.01). There were
no significant differences in VA levels between autistic children
with and without other Gl symptoms. This suggests that VA level is
closely associated with GI symptoms in autistic children, especially
those with constipation.

Association of VA level and Gl comorbidities on SRS, ABC and
CARS scores in children with ASD

The children with ASD were divided into a VA normal without GI
symptoms group (VAN + non-Gl), a VA deficiency without Gl
symptoms group (VAD + non-Gl), a VA normal with GI symptoms
group (VAN + GlI), and a VA deficiency with Gl symptoms group
(VAD + Gl) based on serum VA levels and Gl symptoms. As shown
in Table 4, the ANCOVA found no interaction effect between VA
level and GI comorbidity on social awareness, social cognition,
social communication, or social motivation, but VA level was
significantly associated with social awareness, social cognition, and
social communication (all Ps <0.05). The scores on social aware-
ness, social cognition, and social communication in the VAD + Gl
group were significantly higher compared with those in the VAN +
non-Gl group (P < 0.008). The analysis found no interaction effect
of VA levels and Gl symptoms on total SRS score. However, both VA
level (P<0.001) and Gl comorbidity (P=0.029) had a significant
association with the total SRS score; both the VAD + Gl group and
VAD + non-Gl group had significantly higher total SRS scores than
the VAN + non-Gl group (P < 0.008). Our analysis found that there
was a significant interaction effect of VA level and Gl symptoms on

Males 142 (78.9) 274 (84.8) 0.091 autistic mannerisms (P = 0.011), as well as a main effect of VA level
Female 38 (21.1) 49 (15.2) (P<0.001). The scores for autistic mannerisms in the VAD + Gl
Age (years), mean+SD  4.74+0.93 472+1.33 0.827 group were significantly higher than those in the VAD + non-Gl,
Welght (kg), mean + SD 19.60 +4.11 18.66 + 4.37 0.018* VAN + GI, and VAN + non-Gl groups (P < 0.008). These results
Height (cm), mean£SD  109.28 8.1 107512975  0020+|  Su9gest that VA level has an effect on the total SRS score and all
the SRS subscales, except social motivation. GI comorbidity was
BMI, mean £ 5D 1625 +1.66 1596183 0093 associated with autistic mannerisms and the total SRS score.
*P < 0.05. Moreover, the comorbidity of VA deficiency and GI symptoms
appears to aggravate autistic mannerisms in children with ASD.
a Seurm retinol b Seurm retinol c Seurm retinol
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Fig. 1 Comparison of VA levels between the control and the ASD group, and comparison of VA levels between male and female autistic

children and symptom severity. a Comparison of serum VA levels between the control and the ASD groups. b Comparison of VA
levels between male and female children with ASD. ¢ Comparison of VA levels between ASD children with mild-moderate and severe disease.

**P<0.01.
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Table 2. Comparison of GI symptoms between the control and the
ASD group.
Symptoms CON ASD P

N (%) N (%)
Constipation 27 (15.0) 105 (32.5) <0.001**
Diarrhea 2 (1.1) 25 (7.7) 0.002**
Abdominal pain 5(2.8) 28 (8.7) 0.011*
Nausea/vomit 4(2.2) 29 (9.0) 0.003**
Flatulence 8 (4.4) 16 (5.0) 0.797
Stool odor 8 (4.4) 49 (15.2) <0.001**
Total GI symptoms 36 (20.0) 156 (48.3) <0.001**

*P<0.05, **P<0.01.

Table 3. Comparison of VA levels between the autistic children with
and without different GI symptoms.

Symptoms VA (Non-Gl) VA (GI) P
Constipation 0.81+0.29 0.73+£0.23 0.004**
Diarrhea 0.79+0.27 0.77 £0.31 0.708
Abdominal pain 0.79+£0.28 0.79+£0.25 0.996
Nausea/vomit 0.79+0.28 0.71+0.20 0.055
Flatulence 0.78+0.27 0.91+0.33 0.072
Stool smell 0.79+0.28 0.75+£0.25 0.306
Total GI symptoms 0.83+0.29 0.75+0.25 0.008**

We also analyzed the association of VA level and Gl comorbidity
with ABC scores. As shown in Table 4, the analysis found no
interaction effect between VA level and Gl comorbidity on sensory
stimuli, sensorial relating, or language in children with ASD, but VA
level was associated with sensory stimuli and sensorial relating.
There were significant interaction effects of VA level and Gl
comorbidity on body and object use, social self-help, and total
ABC score (all Ps < 0.05), and a main effect of VA level on body and
object use, social self-help, and the total ABC score (all Ps < 0.001).
The scores for body and object use, social self-help, and the total
ABC score of the VAD + Gl group were all higher than those scores
of the VAD + non-Gl, VAN + GI, and VAN + non-Gl groups (all Ps <
0.008). These results suggest that VA level affects the total score
and all the subscales scores of the ABC, except language, while Gl
comorbidity has an effect on body and object use and the total
ABC score. In addition, the comorbidity of VAD and Gl symptoms
appears to aggravate body and object use, social self-help, and
the total ABC score.

Furthermore, the ANCOVA found no interaction effect between
VA level and Gl symptoms, but VA level was associated with CARS
scores (P<0.001). The CARS score of the VAD+ Gl group
was significantly higher than that of the VAN + non-Gl group
(P < 0.008).

DISCUSSION

The incidence of ASD has been increasing in recent years. The
clinical manifestations of ASD vary greatly and ASD cannot
currently be explained by a single etiology. Thus, ASD should be
studied through subtypes with similar clinical features. As many
children with ASD have Gl comorbidities’ and VA plays an
important role in brain development and Gl function,®'” this study
focused on the associations among VA level, GI symptoms, and
the core symptoms of children with ASD.

*P<0.01. The anthropometric index is a key indicator of a child’s
nutritional status. Our study showed that the weight and height
of children with ASD were significantly lower than those of the

Table 4. Effects of VA level and Gl comorbidity on SRS, ABC, and CARS scores in children with ASD.

Item VAN + Non-GI VAN + Gl VAD + Non-GI VAD + Gl VA (P) Gl (P) P/

(n=110) (n=86) (n=157) (n=70) VA x Gl (P)

SRS scale scores

Social awareness 11.6+3.2%" 123+34 129+34 13.1+£3.7 0.010* 0.292 0.513
Social cognition 18.0+3.8%" 19.0+£ 4.1 194+43 203+6.7 0.013* 0.083 0.958
Social communication 342+84%" 36.8+9.0 37.2+80 383+10.7 0.033* 0.085 0.461
Social motivation 15.8+4.5 17.1£43 17.3+£5.2 17.1£48 0.135 0.282 0.184
Autistic mannerisms 11.8+3.1201 11.7+1.8 14325 1562397 <0.001** 0.034* 0.011*
Total score 91.4+16.5*0% 978+ 16.9 100.6 + 18.1 1049+21.4 <0.001** 0.010* 0.591
ABC scale scores
Sensory stimuli 11.0+£3.1 10.5+3.3 11.4+£31 11.7+£36 0.038* 0.702 0.277
Sensorial relating 14.6 £ 4.1 147 £43 152+33 13.1+£33 0.018* 0.282 0.406
Body and object use 12,0 £3.0*0* 121£25 13.8£3.1 15,6 +3.3%4F <0.001%* 0.003** 0.010*
Language 148+ 4.0 147 £3.9 14.8 £ 4.1 15.4+4.1 0.416 0.567 0.535
Social self-help 12.8+3.6%" 12.6+3.0 13.5+£25 15.1+3.8%4F <0.001** 0.069 0.021*
Total score 65.1+9.4%" 64.6 +8.9 68.7+75 73.7 £10.3%4F <0.001** 0.033* 0.008**
CARS scale scores
Total score 35.6+6.4°P7 35363 39.1£7.0 38765 <0.001** 0.631 0.924

P <0.008, *P < 0.05, **P < 0.01.
2VAN + non-Gl group compared with VAD + Gl group.
PVAN + non-GI compared with VAD + non-Gl group.
“VAD + Gl group compared with VAN + Gl group.
YVAD + Gl group compared with VAD + non-GI group.
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children in the control group. This result indicates that the
children with ASD may have malnutrition. The results are similar to
those of some previous studies. For example, a study by Mari-
Bauset et al.>* found that the height of children with ASD was
lower than that of controls, and that more children with ASD were
under-weight.

VA is an essential micronutrient that plays an important role in
the development and function of the brain."*'> Our analysis of
the VA levels of children with ASD showed that autistic children
had significantly lower serum VA levels than TD children had.
Although males and females of children with ASD showed
similar serum retinol levels, patients with severe ASD had lower
serum retinol levels than those with mild-moderate ASD,
suggesting that VA level is associated with the severity of
ASD. The association of VA or its derivatives and ASD has
recently received attention from other research teams, and their
results have also demonstrated that VA was related to ASD and
the severity of ASD.2*%° A study by Xu et al.?® in 2017
demonstrated that reduced RA signaling is an underlying
mechanism in the ASD phenotypes linked to ubiquitin protein
ligase E3A (UBE3A) hyperactivity. Megson?’ thinks that autism
may be linked to a disruption of the G-alpha protein, which
affects retinoid receptors in the brain. However, some studies
have yielded different results. Hyman's?® study in America found
that only children with ASD who were 4—8 years of age had a
lower VA intake, whereas specific age groups had an excessive
VA intake. This might be related to the dietary habits of different
regions and the high food selectivity of some ASD children.

The present study also showed that the incidence of GI
symptoms in children with ASD was significantly higher than that
of TD children, consistent with findings reported in other
studies.'>®® Various studies have found that the Gl symptoms
that are mainly comorbid in children with ASD are diarrhea,
constipation, abdominal pain, nausea or vomiting, and flatulence.
Our survey not only included these symptoms, but also
investigated the incidence of stool odor, as some parents of
autistic children have reported their child’s stool has an abnormal
odor. Our results showed that children in the ASD group had
higher rates of constipation, diarrhea, abdominal pain, nausea/
vomiting, and stool odor than the rates of children in the control
group. The most common Gl symptom in the ASD group was
constipation, followed by stool odor. Some studies also indicate
that constipation is the most common Gl symptom in children
with ASD.'*?° However, there is no consensus on the mechanism
of Gl symptoms in children with ASD.

A series of studies have demonstrated that VA is associated with
Gl function. VA can control lymphoid tissues within the small
intestines,>® VAD impairs physical barrier functions,®' VA supple-
mentation helps relieve diarrhea and improves intestinal
damage.®® However, to the best of our knowledge, there are
few studies of the relationship between VA and Gl symptoms in
children with ASD.

The current study found that autistic children with total Gl
symptoms had significantly lower serum VA levels than autistic
children without Gl symptoms, and the VA levels of children with
ASD who had constipation were considerably lower than those of
children without constipation. The results demonstrated that VA
level is closely associated with the incidence of GI symptoms in
autistic children, particularly constipation. However, the specific
mechanism has not yet been studied. Some studies have shown
that VA and its derivatives can affect the development of the
enteric nervous system (ENS);**3* thus, we speculate that VAD
may be related to autistic children’s GI comorbidities by affecting
their ENS. Moreover, this survey and our previous research® have
shown that VA is associated with the symptoms of ASD and
intestinal flora in children with ASD,'® which may be potential
causes of the relationship between VA and the Gl comorbidity of
autistic children.
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We further analyzed the association of VA level and GlI
symptoms on CARS, SRS, and ABC scores in children with ASD.
The data showed that VAD was associated with higher scores on
the CARS, SRS, and ABC. The results suggest that VAD exacerbates
the core symptoms in children with ASD. These results may be
related to oxytocin, and CD38 mediates oxytocin release in the
brain* In addition, all-trans RA is a potent inducer of CD38
expression.® Our previous study illustrated that gestational VAD
might be a risk factor for autistic-like behaviors by suppressing
CD38 expression in the hypothalamus of offspring through the
Retinoic Acid Receptor Beta (RARB) signal pathway.>” Never-
theless, Gl comorbidity increased autistic mannerisms and the
total SRS score, as well as body and object use and the total ABC
score. This indicates that children with ASD who have Gl
comorbidities also have more serious core symptoms. Chaidez
et al’s*® study demonstrated that children with ASD who have
frequent Gl symptoms scored worse on irritability, social with-
drawal, stereotypy, and hyperactivity compared to children with
ASD who did not have frequent Gl symptoms. Marler et al.>® found
in 2017 that functional constipation was associated with parent
ratings on the repetitive behavior scales—the revised compulsive,
ritualistic, and sameness subscales. It may be that children with
ASD have difficulty expressing discomfort or pain due to their
communication disorders, so they show increased repetitive
stereotypes. Buie et al. surmised in 2010 that a Gl symptom is a
factor that increases this behavior. Sudden and unexplained
behavioral change can be the hallmark of underlying pain or
discomfort.*® Moreover, our study also suggests that VAD with
comorbid Gl symptoms can aggravate autistic children’s core
symptoms. This is a new discovery, but its underlying mechanism
needs to be studied further. We speculate that VAD might be
related to a subtype of ASD that has Gl comorbidities.

Of course, the present study has some limitations. First, there is
no standardized and valid approach to assessing Gl symptoms in
ASD. Our questionnaire for Gl symptoms was based on the
Questionnaire on Pediatric GI Symptoms-Rome IV, and the severity
of Gl symptoms was not scored, so a correlation analysis between
VA and Gl symptoms was not performed. Second, ASD children
generally have communication problems, and the clinical features
of their Gl symptoms may differ from those of TD children.
Behaviors, such as self-injury, aggression, putting pressure on the
abdomen, and other unusual behaviors may be an indication of Gl
distress. Hence, Gl symptoms are difficult to assess accurately by
questionnaires and the Gl symptoms of autistic children might be
underestimated. Finally, this is a cross-sectional study, so it cannot
determine which is the cause and which is the result of the
associations among ASD, Gl symptoms, and VAD.

CONCLUSION

The serum VA level of children with ASD is lower than that of TD
children. The VA level of children with severe autism is lower
compared to that of children with mild-moderate autism. The rate
of Gl symptoms in children with ASD is much higher than that in
TD children. The VA level of autistic children with total Gl
symptoms or constipation is lower than that of the autistic
children without these symptoms. The VA nutritional level of
autistic children is independently associated with CARS, SRS, and
ABC scores. Gl symptoms are associated with autistic mannerisms
and the total score of the SRS, and body and object use and the
total score of the ABC. Moreover, coexistence of VAD and Gl
symptoms apparently aggravates autistic mannerisms on the SRS,
and body and object use, social self-help, and total score of the
ABC of children with ASD. VAD exacerbates core symptoms in
children with ASD, and ASD children with comorbid Gl symptoms
also have more serious core symptoms than ASD children without
Gl comorbidity. In addition, VAD coexist with GI comorbidity
apparently aggravates the core symptoms of children with autism.
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VAD might be related to a subtype of ASD with GI comorbidities.
Future animal experiments and prospective clinical studies should
be conducted to investigate the mechanism of VA regulating Gl
symptoms and core symptoms in ASD.
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