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Abstract

autistic children.

studies with larger sample sizes are needed.

Background: We examined and compared microbiological variables, trace elements, and biological markers in

Methods: Several databases, including the Cochrane Library, PubMed, OVID, Google Scholar, and Embase,
were utilized for data collection and analysis. We studied meta-analysis data and used a continuous model with
fixed or random effects to get mean differences (MD) with 95% confidence intervals (Cls). Twenty-seven stud-
ies involving 2557 children from 2014 to 2024 were analyzed.

Results: Autism spectrum disorder had significantly higher C-reactive protein (MD, 1.25; 95% CI, 0.11-2.39,
P=0.03), intetleukin 6 (MD: 2.80; 95%CI, 1.13-4.46, P=0.001), serotonin (MD, 111.92; 95%CI, 63.75-160.09,
P<0.001), Faecalibacterinm (MD, 0.48; 95%CI: 0.29-0.66, P<0.001), and Parabacteroides (MD, 0.20; 95%CI: 0.14-
0.26, P<0.001), lower oxytocin (MD, -53.24; 95% CI, -73.39- -33.09, P<0.001), and serum iron (MD, -5.78; 95%
CI, -9.43- -2.13, P=0.002) compared to control in children.

Conclusion: Autism spectrum disorder had significantly higher C-reactive protein, interleukin-6, serotonin, Fae-
calibacterium, Parabacteroides, lower oxytocin, and serum iron compated to control in children. Further research
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Introduction

Autism spectrum disorder (ASD), as a complicat-
ed developmental illness, usually appears in tod-
dlers and preschoolers. Problems with speech,
social contact, and the development of obses-
sions or ritualized behaviors are hallmarks of this
disorder (1). One in 44 children aged 8 years was
diagnosed with autism in 2021, according to the

American Centers for Disease Control and Pre-
vention. An estimated one percent of the global
population has autism (1). Boys are three to four
times more likely to have autism than girls, and
males with the disorder typically show more
overt symptoms than their female counterparts

2)-
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The American Psychiatric Association's Fifth
Edition of Diagnostic and Statistical Manual of
Mental Disorders serves as a major source of in-
formation for the current clinical diagnosis of
autism (3). Many of the most evident symptoms
of ASD, e.g., a stop acquiring new abilities or a
loss of previously acquired ones, frequently ap-
pear between the ages of two and three. Never-
theless, it can be challenging to make definitive
predictions about future cognitive impairment in
children as young as two or three years old (3).
The pathogenesis of ASD remains complicated
and inadequately comprehended despite exten-
sive study (4).

According to recent biomarker studies, patients
with autism disorder experienced lower levels of
iron (5) and zinc (6), higher levels of inflammato-
ry factors like C-reactive protein (C-RP) (7), and
lower levels of beneficial bacterial microbiota (8)
than healthy individuals. Finding biomarkers
could shed light on the etiology and underlying
mechanisms of the illness (9). Nevertheless, no
research has comprehensively evaluated the traits
of ASD patients in contrast to those in the
healthy population. By thoroughly analyzing a
variety of supposed biomarkers linked to ASD,
e.g., biological markers, trace elements, and mi-
crobial variables, using the meta-analysis ap-
proach, this study sought to close this research
gap. This approach includes trace elements (iron),
microbiota-related factors (Faecalibacterium and
Parabacteroides), and theoretical biological indica-
tors (oxytocin, serotonin, C-RP, and interleukin
6) in autism disease. Certain biomarkers were in-
cluded in this investigation based on their known
functions in biological pathways related to ASD.
The selection of oxytocin, serotonin, C-RP, and
interleukin 6 was based on their known roles in
immune system control, neurotransmission mod-
ulation, and neurodevelopmental processes—all
of which are essential components linked with
the pathophysiology of ASD (7).

Understanding the neurological foundations of
social cognition, affective control, and behavioral
responses—all of which are markedly compro-
mised in people with ASD—requires an under-
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standing of these biomarkers. Moreover, trace
elements—iron—are included because of their
vital functions as cofactors in vital enzymatic ac-
tivities that are crucial for central nervous system
development and synapse functions (10). Varia-
tions in its levels have been shown to correlate
with characteristics associated with ASD; thus, it
should be investigated in this regard. Further re-
search explaining the mutual connection between
the gut microbiota and the brain is in line with
the investigation of microbiota components, e.g.,
Faecalibacterium and Parabacteroides (11). These fac-
tors are being investigated in relation to ASD be-
cause they may have an impact on behavior and
neurodevelopment.

We aimed to expand our understanding of the
molecular basis of ASD, and may help create new
techniques for diagnosis and treatment by re-
viewing and synthesizing the literature on these
biomarkers.

Methods

Meta-analysis Investigational Design

The study performed here followed the meta-
analysis of observational studies in the epidemi-
ology statement (12), which was conducted fol-
lowing an established protocol. Several databases,
including the Cochrane Library, PubMed, OVID,
Google Scholar, and Embase, were utilized for
data collection and analysis. The datasets were
utilized to conduct studies that compared micro-
biological variables, trace elements, and biological
markers in autistic children to a control healthy
group of children.

Data collection

Language barriers were not considered during the
inclusion of research or the screening procedure
for prospective participants. No limitations exist-
ed regarding the number of children in the se-
lected studies. Because letters, reviews, and opin-
ions do not have a place in meta-analysis, we did
not include them in our study. Fig. 1 illustrates
the complete inspection identification process.
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Fig. 1: Schematic diagram of the examination procedure

Eligibelity of included studies

The microbial factors, trace elements, and im-
portant biological indicators in children with
ASD were being studied (13). Subclass and sensi-
tivity analyses were implemented by associating
the numerous subtypes with the interference
groups.

Inclusion and exclusion criteria

To identify and include studies in the analysis, the
following criteria were used:

1. A prospective, observational, randomized con-
trolled trial was conducted.

2. The selected subjects that were investigated
were children.

3. Children with ASD were the interference.

4. The study highlighted the role of microbiome,
trace elements, and key biological markers in
children with ASD.

Study identification

A protocol of search algorithms was established
and specified by the PICOS principle: P (popula-
tion) was children; I (Interference) was children
with ASD; C (comparison): comparing the chil-
dren with ASD with a healthy group of children;
O (outcome) was presence of microbiological

2358

variables, trace elements, and biological markers;
and S (study design): the planned valuation was
unlimited. We conducted a comprehensive search
of the relevant databases up until April 2024 us-
ing the terms from Table 1. Paper replications
were removed, and the rest were combined into a
reference management program file, and their
titles and abstracts were reassessed to avoid a
study that would not have been suitable to the
comparison of the meta-analysis (14).

Screening of studies

The investigation was given in a regular format,
along with each of its component features. First
authot's last name, the study's date, the nation in
which it was taking place, the type of population
that was employed for meta-analysis, total num-
ber of children, clinical and treatment characteris-
tics, demographic information, and qualitative
and quantitative evaluation methods were some
criteria applied to decrease the data (15). Two
authors looked into the possibility of bias in the
studies and the standard of approaches utilized in
papers selected for supplementary analysis. The
two authors conducted unbiased reviews of tech-
niques used for each test (16).
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Table 1: Database Search Strategy for inclusion of examinations

Database Search strategy

Google Scholar #1 "microbial factor" MD "trace element”
#2 "serotonin" MD "autism spectrum disordet" MD " "C-reactive protein”
MD "important biological indicator"
#3 #1 AND #2
Embase #1 'microbial factor' /exp MD 'trace element' /exp MD 'C-reactive protein'
#2 'serotonin'/exp MD 'autism spectrum disordet'/exp MD 'important
biological indicatot'
#3 #1 AND #2
Cochrane library #1 (microbial factor):ti,ab,kw (trace element):ti,ab,kw (C-reactive pro-
tein):ti,ab,kw (Wotd variations have been searched)
#2 (serotonin):tiab,kw MD (autism spectrum disorder):ti,ab,kw
MD (important biological indicator):ti,ab,kw (Wozrd variations have been
searched)
#3 #1 AND #2
Pubmed #1 "microbial factor"[MeSH]| MD "trace element"[MeSH] MD "C-reactive
protein” [All Fields]
#2 "serotonin"[MeSH Terms] MD "autism spectrum disordet"[MeSH] MD
"important biological indicator "[All Fields]
#3 #1 AND #2
OVID #1 "microbial factot"[All Fields] MD "trace element" [All Fields] MD "C-
reactive protein" [All Fields]
#2 "serotonin"[ All fields] MD "autism spectrum disorder" [All Fields] or
"important biological indicator"[All Fields]
#3 #1 AND #2
Statistical analyses Results

With the use of continuous models with random
or fixed effects, the mean difference (MD) with
its 95% confidence interval (CI) was obtained. A
calculated T* index, given as a percentage, can
take on values between zero and one hundred. A
lower I? value indicates less heterogeneity, where-
as a higher one indicates high heterogeneity. We
used a random effect if the I* value was 50% or
higher and a fixed effect otherwise. The two-
tailed method was used to obtain P-values and to
measure bias in quantitative analysis (Egger's
tests). A P-value greater than 0.05 was deemed to
indicate the presence of bias. Graphs and statisti-
cal analyses were generated using Review Manag-
er 5.4 (The Nordic Cochrane Centre, Cochrane
Collaboration, Copenhagen, Denmark) (17).
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After examining 3789 relevant publications, 27
studies that were published between 2014 and
2024 satistied the inclusion criteria and were en-
compassed in this study (5-8, 18-40). 2557 chil-
dren were in the selected studies, of them 1809
were ASD, and 1748 were control.

ASD had significantly higher C-RP (MD, 1.25;
95% CI, 0.11-2.39, P=0.03) with high level of
heterogeneity (I°=96%), intetleukin 6 (MD, 2.80;
95% CI, 1.13-4.46, P=0.001) with high level of
heterogeneity (I°=94%), serotonin (MD, 111.92;
95% CI, 63.75-160.09, P<0.001) with high heter-
ogeneity (I°=96%), Faecalibacterinm (MD, 0.48;
95% CI, 0.29-0.66, P<0.001) with no heterogene-
ity (I°=0%), and Parabacteroides (MD, 0.20; 95%
CI, 0.14-0.26, P<0.001) with no heterogeneity
(I’=0%), and lower oxytocin (MD, -53.24; 95%
CI, -73.39- -33.09, P<0.001) with moderate het-
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erogeneity (I’=71%), and serum iron (MD, -5.78;
95% CI, -9.43- -2.13, P=0.002) with high hetero-

There was no evidence of bias (P = 0.861) in the
quantitative Egger regression test or in the visual

assessment of the effect's forest plot. The main-
stream of relevant tests was shown to have biased
selective reporting and low practical quality.

geneity (I°=96%)compared to control in children,
as shown in Figs. 2-8.

Autism spectrum disorder Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Zhao, 2015 048 0.21 80 039 018 80 37.0% 0.09[0.03,0.15] 2015
Ning, 2019 6.1 16 102 5 13 102 3549 1.100.70,1.50] 2019 &+
Rexrode, 2024 6 1 7 3o 6 27.7% 3.00[1.91,4.09] 2024 —
Total (95% CI) 189 188 100.0% 1.25[0.11,2.39] —<clffiie—

Heterogeneity: Tau* = 0.92; Chz =50.79, df= 2 (P < 0.00001); = 96% 14 |2 ; ﬁ zi
Test for overall effect: 2= 2.15 (P =0.03)

Fig. 2: The effect's forest plot of the autism spectrum disorder on C-reactive protein compared to control in children.

Autism spectrum disorder Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Alabdali, 2014 2.97 0.34 30 175 042 30 35.6% 1.22[0.88,1.56) 2014
Alzghoul, 2019 14351 11828 30 8495 4367 88 0. 2019 - =
MNing, 2019 12 18 102 59 14 102 3. 2019
Zurita, 2020 9.3 18.01 25 992 416 31 2 2020
Kartalcl, 2022 18.75 4 35 1259 3 3B 28 2022 g
Total (95% Cl) 212 284 100.0% 2.80[1.13,4.46] f
Heterogenaity: Tau? = 2.00; Chi¢ = 62,36, df = 4 (P < 0.00001); I = 94% - 1 - 510 1

Test for overall effect Z= 329 (P =0.001)

Fig. 3: The effect's forest plot of the autism spectrum disorder on intetleukin 6 compared to control in children.

Autism spectrum disorder Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Alabdali, 2014 15483 4173 300294 895 30 341% 015, 140.71] 2014 +
Abdulamir, 2018 12324 2349 80 5497 1843 26 6,78.38] 2018 ®
IMostafa, 2021 248 60 22102 40 22 311% 146.00[115.87,176.13] 2021 o
Total (95% Cl) 112 78 100.0% 111.92 [63.75, 160.09] B
Heterogeneity: Tau? = 1703.48; Chi? = 51,88, df = 2 (P < 0.00001); 12 = 96% ﬁjm .157.1 L 1‘1}0 wlm.
Test for overall effect: Z=4.55 (P < 0.00001) - - : o -

Fig. 4: The effect's forest plot of the autism spectrum disorder on serotonin compared to control in children.

Autism spectrum disorder Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% Cl
Coretti, 2018 051 0.31 11004 001 14 99.2% 047[0.29,0.65] 2018
Ia, 2019 2.26 6.79 45 1.03 208 45 0.8% 1.23[-0.84,3.30] 2019
Total (95% CI) 56 59 100.0% 0.48[0.29,0.66] L
Heterogeneity: Chiz= 051, df =1 (P =0.47); F = 0% T 4 u @

Test for overall effect: Z=5.11 (P < 0.00001)

Fig. 5: The effect's forest plot of the autism spectrum disorder on Faecalibacterium compared to control in children.
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Autism spectrum disorder Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95%Cl
Ma, 2019 378 7.16 45 464 1151 45 0.0% -0.86[-4.82,3.10] 2019 ‘
Plaza-Diaz, 2019 04 0.1 18 02 01 30 100.0% 0.20[0.14,0.26] 2019
Total (95% CI) 63 75 100.0% 0.20[0.14, 0.26] }

Heterogeneity: Chi*=0.28, df =1 (P = 0.60); F = 0%
Test for overall effect: Z = 6.70 (P < 0.00001)

Fig. 6: The effect's forest plot of the autism specttum

disorder on Parabacteroides compared to control in children.

Autism spectrum disorder Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight 1V, Random, 95% Cl Year IV, Random, 95% Cl
Alabdali, 2014 nn 18.09 30 13922 3682 30 388% -67.51[-82.13,-52.89] 2014 ——
Abdulamir, 2018 4.1 36.1 80 1021 3431 28 37 T.38[-73.42,-41.34] 2018 —a—
Huang, 2021 28053 8544 39 28432 €337 44 243%  -2429[-53.10,452) 201 —
Total (95% Cl) 129 100 100.0% -53.24 [-73.39, -33.09] -
Heterogeneity: Tau? = 218.19; Chiz= .39, df = 2 (P = 0.03); 12 = 71% + il I i 100:

Test for overall effect: Z

-50

Fig. 7: The effect's forest plot of the autism spectrum disorder on oxytocin compated to control in children.

Autism spectrum disorder Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95%Cl Year IV, Random, 95% CI
Skalny, 2017 84.3 13 45 608 9 48 13.9% 3.70[-0.77,8.17) 2017 =
Bener, 2017 413 2161 308 8759 2336 308 15 -1346[-17.01,-9.91] 2017 £
Wu, 2019 853 0.97 13 834 114 0.191-0.05,0.43] 2019
Zurita, 2020 103 49 3 54 3 18 -1.601[-4.30,1.10) 2020 -
Higazi, 2021 58.3 18.02 5 171 40 10 -2230[-29.77,-14.83] 2021 =
Rashaid, 2021 5399  28.77 093 50 6 -1.93 1330, 9.44) 2021 N
Abd Wahil, 2022 3489 33.28 426 4 3 ‘ 2022
Islam, 2023 741 9.3 3.7 34 17 2023 L
Total (95% Cl) 1021 1036 100.0%  -5.78[-9.43, -2.13] 0
Heterogenaity: Tau? = 19.79; Chi2 = 139.15, df = 7 (P < 0.00001); 12 = 98% 1 1 = 1

Test for overall effect: Z=3.11 (P = 0.002)

o

Fig. 8: The effect's forest plot of the autism spectrum disorder on iron compared to control in children.

Discussion

For the current meta-analysis, 27 studies that
were published between 2014 and 2024 were in-
cluded, with 2557 children; of them, 1809 were
ASD, and 1748 were control (5-8, 18-40).

An analysis of the data revealed that individuals
with ASD exhibited significantly elevated levels
of C-RP, interleukin 6, serotonin, Faecalibacterium,
Parabacteroides, and lower oxytocin and serum iron
compared to control in children. Though given

Available at:  http://ijph.tums.ac.ir

that most of the studies comprised a low sample
size (19 studies utilizing sample sizes lower than
100 children) and some comparisons included a
low number of selected studies, care must be tak-
en when interacting with its values.

There is growing recognition that inflammatory
processes may play a role in the pathophysiology
of ASD. ASD patients have been shown to have
changes in immune system indicators, and in-
flammation can have an impact on brain devel-
opment and function. (41) Two of the most ex-
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tensively researched inflammatory indicators, C-
RP and interleukin 6, have been linked to ASD in
earlier studies (42). Systemic inflammation is re-
flected by the acute-phase protein C-RP (43).
Pro-inflammatory cytokine interleukin 6 plays a
role in both immunological responses and neu-
ronal plasticity (44). Elevated C-RP may worsen
the central nervous system by increasing the
paracellular permeability of the blood-brain barri-
er and stimulating the microglia (45). Microglia
have been shown to be important in the patho-
physiology of ASD in earlier research (42).

As a result, there may be a link between C-RP
levels and ASD. C-RP may be a useful biomarker
for the diagnosis of ASD. Increased levels of in-
terleukin 6 have been reported in autoimmune
diseases, as well as in a variety of neurodegenera-
tive pathologies, including Alzheimer's disease
(46). Furthermore, investigations have shown
that interleukin 6 levels were higher during gesta-
tion in children who were later diagnosed with
ASD, possibly due to interleukin 6 accumulating
in the fetuses after it crossed the placental barrier
(47). Additionally, a number of neurodevelop-
mental processes, e.g., emotional control, sensory
integration, and social cognition, have been
linked to neurotransmitters (48). People with
ASD may have changes in these neurotransmitter
levels and function (49). Oxytocin has demon-
strated potential as a possible biomarker for
ASD, given its well-known involvement in social
bonding and attachment (50).

Studies have also looked into serotonin, which is
important in mood regulation and sensory pro-
cessing. They have found that people with ASD
have different serotonin levels. Possible associa-
tion between ASD and oxytocin receptor gene
variations has been reported in a prior meta-
analysis (51). Nevertheless, when taking into ac-
count the full genome, this connection falls short
of the significance threshold. Furthermore, a
great deal of research has been done to investi-
gate the possibility of oxytocin therapy for people
with ASDs (52). Even though the majority of
these studies have produced conflicting findings,
oxytocin may one day be used as a biomarker to
diagnose ASD. Trace elements are essential for
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several biological activities, e.g., immune system
function, antioxidant defense, and neurotransmit-
ter production (53-55).

ASD patients have been found to exhibit imbal-
ances in these trace elements, indicating a possi-
ble connection between the pathophysiology of
the condition and their dysregulation (56). For
example, low iron levels have been linked to the
socioemotional challenges and decreased cogni-
tive performance seen in ASD (57). We have dis-
covered reduced iron levels in the ASD groups in
this meta-analysis. Although it is known that
ASD is associated with a mineral imbalance, we
hope that relevant tests will be implemented and
that standard trace element levels will be estab-
lished as prospective biomarkers that can be use-
ful for ASD diagnosis, prevention, and treatment.
Recent studies have also brought attention to the
gut microbiome's possible role in ASD (58). The
gut microbiota, a diverse community of bacteria
found in the digestive tract, influences brain de-
velopment and function through a two-way
communication with the central nervous system.
The gut microbiota may be a biomarker and po-
tential treatment target for ASD because it is
known that ASD patients have different microbi-
al compositions and microbial metabolite abnor-
malities. Studies involving Bifidobacterium have
sparked clinical studies for probiotic treatments
(59). Probiotic intervention has been demonstrat-
ed to improve gastrointestinal symptoms and au-
tistic behavioral scores in children with ASD (60,
61). Apart from the low quantity of helpful bacte-
ria, there was also a reported rise in the quantity
of bacteria such as Bacteroides, Clostridium, and Fae-
caltbacterium in ASD (62). Faecalibacterium, a kind of
bacteria that produces butyrate, has been linked
to autism core symptoms and has been shown to
impact gut homeostasis and physiological pro-
cesses (63). Propionic acid, a neurotoxic short-
chain fatty acid that has been linked to autism in
animal studies, is mostly produced by the bacte-
rium Bacteroides (64). Further research revealed
that Bacteroides is what sets autistic individuals
apart from control kids (65).

The study had some limitations, for example: Va-
riety bias could have arisen because certain stud-
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ies that were to be included in the meta-analysis
were excluded. Nevertheless, none of the exclud-
ed studies meet the necessary criteria to be in-
cluded in the meta-analysis. Still, the data was
needed to determine whether influences e.g., eth-
nicity, age, and gender, influenced the outcomes.
The objective of the study was to define the mi-
crobial factors, trace elements, and important
biological indicators in children with ASD. Using
inaccurate or inadequate data from a preceding
study most likely made the bias worse. The chil-
dren’s age, gender, ethnicity, and nutritional state
were the main variables that most likely contrib-
uted to bias. Values may unintentionally be modi-
fied as a result of unreported investigations and
inadequate data.

Conclusion

ASD had significantly higher C-RP, interleukin 0,
serotonin, Faecalibacterium, and Parabacteroides, and
lower oxytocin and serum iron compared to con-
trol in children. Though given that most of the
studies comprised a low sample size (19 studies
utilizing sample sizes lower than 100 children)
and some comparisons included a low number of
selected studies, thoughtfulness ought to be given
to their values.
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