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Abstract

Aims/Background Despite the exponential increase in the incidence rate of Autism spectrum disorder
(ASD), effective therapies for the disorder are still limited. According to vast clinical observations,
the pathogeneses of ASD and Attention-deficit hyperactivity disorder (ADHD) share a great deal of
similarities. This serves as a prompt to investigate, in this study, whether patients with ADHD are at a
higher risk for ASD, which is significant for disease prevention.

Methods Data concerning ADHD as the exposure variable and ASD as the outcome variable were
collected from the publicly available Integrative Epidemiology Unit Open GWAS project (IEU GWAS)
database. After screening the instrumental variables (IVs), statistical analysis was performed using
the TwoSampleMR package of version R4.3.1, and sensitivity testing was conducted to evaluate the
stability and reliability of the results.

Results After screening the Single nucleotide polymorphisms (SNPs) through the calculation of F-
value and Mendelian randomization (MR) Pleiotropy RESidual Sum and Outlier test (MR-PRESSO),
seven SNPs that satisfied the three major assumptions of Mendelian randomization were selected as IVs
and could be used in place of ADHD in exploring the aforementioned causal relationship. The Odds
ratio (OR) for the random-effect Inverse-variance weighted (IVW) method was 1.31 (95% Confidence
interval [CI]: 1.14-1.52; p =0.0001). A similar trend was observed for the Weighted median estimator
(WME) method, with an OR of 1.37 (wider 95% CI: 1.15-1.64; p = 0.0005).

Conclusion This study includes the pooled data on ADHD and ASD from the IEU GWAS public
database, and there is sufficient evidence that patients with ADHD have a higher risk of ASD.

Key words: Autism spectrum disorder; Attention-deficit hyperactivity disorder; Mendelian ran-
domization; Single nucleotide polymorphism; Genome-wide association study
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Introduction

Autism spectrum disorder (ASD) is a disorder that often develops since infancy,
and the affected individuals have three main symptoms: social impairment, narrow
interests, and stereotyped behaviors. Pediatric patients with ASD often experience
poor development and mental retardation (Lord et al, 2018; Salmeron-Medina et
al, 2022). Clinically, it is common for such patients to suffer from neurological
disorders, such as epilepsy (Kwon et al, 2022). ASD can be caused by chromo-
somal aberration owing to the old age of parents, genetic mutations, and nutrient
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deficiencies (Usui et al, 2023; Wang et al, 2020). At present, no specific effec-
tive therapy is available for ASD, and the pathogenesis remains unclear. Multiple
factors during pregnancy can influence the incidence rate of ASD in children, in-
cluding physical and mental health status during perinatal and postpartum periods,
as well as complications during pregnancy (Doi et al, 2022; Zhen Lim et al, 2023).
Previous studies have documented that neuroinflammation, gut dysbiosis, genetics,
and immunity can lead to ASD (Taniya et al, 2022; Hughes et al, 2023; Wang et
al, 2023). Gut microbiota regulates brain signals through various pathways includ-
ing neurotransmitters, which in turn influence the brain functions and behaviors.
The dysregulation of signaling pathways that underlie neuronal activities has been
shown to play a key role in ASD (Jourdon et al, 2023). Gamma-aminobutyric acid
(GABA) plays a critical role in the central nervous system. A reduction of the level
of GABA causes a disruption to the excitation-inhibition balance in the brain, thus
resulting in the symptoms of ASD (Paulsen et al, 2022). The incidence rate of ASD
has increased exponentially in recent years, and the prevalence rate of ASD in boys
is 3.8 times higher than that in girls (Maenner et al, 2023); therefore, it is necessary
to study the pathogenesis and treatment of ASD.

Attention-deficit hyperactivity disorder (ADHD), which is also known as hy-
peractivity disorder, is a childhood neurodevelopmental disorder with three main
symptoms: difficulty concentrating with a short attention span, hyperactivity, and
impulsivity. Many pediatric patients with ADHD often suffer from learning dif-
ficulties owing to the difficulty in concentrating. In adulthood, they also face rel-
evant difficulties while working, resulting in family burden. In most cases, the
symptoms of ADHD diminish with age, but the aforementioned difficulty persists
(Wong, 2023). Despite a high incidence rate, there has been a low consultation rate
related to ADHD in clinical practice. Therefore, our current understanding regard-
ing the development of ADHD is relatively poor, and the pathogenesis of the disor-
der remains largely unknown. The development of ADHD in children is associated
with several maternal factors during pregnancy and labor, including gestational age,
mode of delivery, and physical and mental health status during pregnancy (Ahlgvist
et al, 2024; Kian et al, 2022). Furthermore, gestational diabetes can significantly
increase the risk of ADHD in offspring (Rodolaki et al, 2023). Moreover, preterm
infants are considered to have a higher risk of ADHD and have a more severe dis-
ease condition after the onset of disease (Song, 2023). The gut microbiota plays a
crucial role in influencing the development of ADHD from the immune, endocrine,
metabolic, and neurological aspects, and there have been cases of improvement in
ADHD-related symptoms after fecal microbiota transplantation (Hooi et al, 2022).

Mendelian randomization (MR) is an approach that uses the loci of Single nu-
cleotide polymorphisms (SNPs) as the genetic instrumental variables (IVs) to simu-
late the effect of an exposure variable on an outcome variable to explore the causal
relationship between the exposure variable and the outcome variable. Through the
use of genetic Vs, MR precludes the effects of temporal, reverse, and confounding
factors. The utilization of MR requires the satisfaction of three major assumptions:
(1) the assumption of association where the genetic IVs, SNPs, need to be strongly
associated with the exposure variable; (2) the assumption of independence where
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the genetic IVs, SNPs, must not be associated with any confounding factors; (3) the
assumption of exclusivity where the genetic variants must not be directly associated
with the outcome variable. ASD and ADHD are often present simultaneously, and
recent studies have established that gut dysbiosis, neuroinflammation, genetic mu-
tations, and compromised immunity can lead to ASD and ADHD (Granadillo et
al, 2020; Han et al, 2021; Kwak et al, 2023). Furthermore, research has revealed
that prenatal exposure to toxic metals or alterations in maternal essential element
levels during pregnancy are potential risk factors for neurodevelopmental disorders
(Modabbernia et al, 2017). Specifically, it has been suggested that the pathogene-
ses of both ADHD and ASD might share an overlapping set of neurochemical and
neurodevelopmental pathways (Skogheim et al, 2021). Whether there is a correla-
tion between ASD and ADHD remains to be elucidated. Therefore, we conducted
an MR study, in which ADHD was regarded as the exposure variable and ASD as
the outcome factor to evaluate the causal relationship between ADHD and ASD.
Although a previous study has indirectly suggested a possible connection between
ASD and ADHD (Antshel and Russo, 2019), it has not directly elucidated whether
an association exists between them. Hence, this research employed the MR method
to explore the relationship between ADHD and ASD, directly depicting the causal
link between ADHD and ASD for the first time.

Methods

Research Design and Data Sources

This study utilized the two-sample MR to study the causal relationship between
ADHD and ASD. Microsoft Visio 2021 (Microsoft Corporation, Albuquerque, NM,
USA) was used to draw the flowchart. The flow chart detailing the fulfilment of
the three major assumptions of MR analysis and the cognitive process of this study
1s presented in Fig. 1.

Independence assumption
—————————————————————————— 1  Confounders

& N

Relevance assumption

Genetic _ | Attention-deficit hyperactivity _ | Autism spectrum
variants = disorder (ADHD) "1 disorder (ASD)

|

|

|

|

b e i
Exclusivity assumption

Fig. 1. A schematic summary of the study design. ASD, Autism spectrum disorder; ADHD,
Attention-deficit hyperactivity disorder.

To minimize the geographical and ethnic biases, the participants included in
this study were mostly of European ancestry. The pooled data of ADHD from

British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0588


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0588

ARTICLE

Table 1. Studies included in Mendelian randomization analyses.

Trait Author (year) Sample Sex Number of Ancestry GWAS ID
size SNPs
ADHD Demontis et al (2019) 55,374 Malesand 8,047,420  Worldwide ieu-a-1183
females (mostly
European)
ASD Autism Spectrum Disorders 46,351  Malesand 9,112,386 Worldwide  ieu-a-1185
Working Group of The females (mostly
Psychiatric Genomics European)
Consortium (2017)

ADHD, Attention-deficit hyperactivity disorder; ASD, Autism spectrum disorder; GWAS ID, Genome-
wide association study identification; SNPs, Single nucleotide polymorphisms; MRC, Medical Research

Council.

the Psychiatric Genomics Consortium (PGC) were selected from the Integrative
Epidemiology Unit Open GWAS project (IEU GWAS) database (https://gwas.mrc
ieu.ac.uk/datasets/) to serve as the exposure variable. The data contained 20,183
ADHD cases and 35,191 controls. The subjects of ADHD were mostly Europeans,
with minor portions of Chinese and North Americans. This study involved three
replication analyses, including: (1) analysis of a cohort of diagnosed ADHD; (2)
analysis of a self-reported ADHD sample; and (3) a meta-analysis of quantitative
measures of ADHD symptoms in the population. The data of ASD from the Lund-
beck Foundation Initiative for Integrative Psychiatric Research, part of the PGC
(iPSYCH-PGC) were also selected from the [IEU GWAS database to serve as the out-
come variable. The data were derived from the Medical Research Council (MRC)
of the Centre for Neuropsychiatric Genetics and Genomics at Cardiff University,
Wales. Most of the participants with ASD are of European ancestry. All the ASD
cases were aged over 3 years old and eligible for the Autism Diagnostic Interview-
Revised (Lord et al, 1994) or the Autism Diagnostic Observation Schedule (Lord et
al, 2000). The detailed information is presented in Table 1. The exposure and out-
come variables were selected from different organizations to avoid the collection
of overlapping samples. Ethical approval and informed consent were not required
as the data were obtained from published studies.

Selection of I'Vs

The selection of genetic IVs should be conducted to fulfil the three major as-
sumptions of MR analysis. Therefore, we first set the p-value and the conditions
for linkage disequilibrium (p < 5 x 1078, 2 < 0.01, kb = 10,000). After elimi-
nating the SNPs that did not satisfy the conditions, the remaining SNPs were used
as the IVs in place of ADHD for further screening. The F-value was calculated
for each of the SNPs that remained after screening. An F-value of >10 indicates
no weak instrument bias. Hence, the SNPs with an F-value of >10 were retained,
whereas the SNPs with an F-value of <10 were excluded. Eventually, the remain-
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ing SNPs were strongly associated with ADHD and could be used as the IVs in
place of ADHD for further data analysis.

Statistical Analysis
MR Analysis

Statistical analysis was performed using the TwoSampleMR (version 0.6.6)
package and MR Pleiotropy RESidual Sum and Outlier test (MR-PRESSO) (ver-
sion 1.0) of version R4.3.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria). The MR approach consists of five data analysis methods, namely Inverse-
variance weighted (IVW), Weighted median estimator (WME), MR-Egger regres-
sion, Simple mode, and Weighted mode. The IVW method is the most robust ap-
proach in MR analysis. In MR analysis, the results of the IVW method are fre-
quently regarded as reliable outcomes. The prerequisite for its application is that
all IVs are effective. The inverse of the variance of the IV estimate for each SNP is
employed as the weight for weighted computation. The intercept term is not taken
into account. Ultimately, the weighted mean of the IV estimates of all SNPs is
obtained. On the other hand, the use of the WME method in an MR analysis pro-
vides valid results when the number of valid SNPs is small. The use of MR-Egger
method provides a valid evaluation of the causal effect when all SNPs are invalid
IVs. The simple mode does not consider the magnitude of the IV’s effect estimate,
taking only the median as the estimate of the causal effect. When there is greater
uncertainty in the validity of [Vs, it can provide a relatively conservative estimate.
The weighted mode plays an important role in accurately estimating causal effects,
integrating multi-source information, and performing statistical inference.

Sensitivity Analysis

MR Pleiotropy RESidual Sum and Outlier test (MR-PRESSO) comprises three
components: (1) detecting horizontal pleiotropy; (2) correcting for pleiotropy by
eliminating the detected outliers (genetic variants with horizontal pleiotropy); and
(3) comparing the disparities in causal associations before and after correction. MR-
PRESSO employs the effect of the same genetic variant in the outcome to regress
against the effect of the exposure. The slope of the regression line indicates the
association between the exposure and outcome. Possible outliers are detected by
comparing the distance (sum of squared residuals) between effect size of all genetic
variants and the regression line with the expected distance under the assumption of
no horizontal pleiotropy. Further, MR-PRESSO removes the detected outliers and
recalculates the causal association between exposure and outcome. In conclusion,
the results obtained by MR-PRESSO are less influenced by outliers (if present) in
the genetic instrument.

In MR, when evaluating horizontal pleiotropy through MR-Egger method, the
magnitude and direction of horizontal pleiotropy are appraised by utilizing the inter-
cept term. The specific computational steps are as follows: Firstly, the association
effect (BX) of each genetic variant with the exposure factor and the association ef-
fect (BY) with the outcome variable are estimated. Then, regression analysis with
BY as the dependent variable and BX as the independent variable is conducted to
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obtain the regression coefficient and intercept term. The regression coefficient rep-
resents the estimated value of the causal effect, while the intercept term reflects the
degree of horizontal pleiotropy. In MR analysis, a p-value for horizontal pleiotropy
of >0.05 implies the absence of horizontal pleiotropy. The test for heterogeneity
is used to test for the differences between each pair of IVs. This study adopted
Cochran’s Q test. A p-value of <0.05 suggests heterogeneity, whereas >0.05 sug-
gests no heterogeneity. After eliminating the SNPs one by one through the leave-
one-out method, the remaining SNPs were analyzed using the MR analysis to iden-
tify whether individual SNPs had a substantial effect on the final results.

In the present study, the Bonferroni correction was employed to adjust for mul-
tiple comparisons, thereby enhancing the robustness of the findings. Within the con-
text of MR analysis, the simultaneous examination of multiple exposure variables
in relation to outcome variables is a common practice. The absence of correction
for multiple testing can lead to an increased likelihood of committing a type I error,
which is the erroneous rejection of a true null hypothesis. The Bonferroni correc-
tion mitigates this risk by adjusting the significance level to control the overall type
I error rate. The underlying principle of this correction is to divide the total signifi-
cance level by the number of tests conducted, thereby increasing the stringency of
the significance level for each individual test.

Results

Selection of Genetic I'Vs

The screening of genetic IVs was conducted based on the selection criteria
described above. Eventually, the loci of 12 SNPs with genome-wide significance
were selected to serve as the I'Vs in place of ADHD. From among the 12 SNPs,
one palindromic SNP (rs11591402) was identified and excluded from subsequent
data analysis. The remaining 11 SNPs were subjected to the MR-PRESSO method.
Eventually, four potential outliers (rs1222063, rs281324, rs4916723, 1s9677504)
were identified and excluded. After performing the screening, seven SNPs re-
mained. The F-value was calculated for each of the seven SNPs, and all the F-
values fall within the range from 30.56 to 52.71, suggesting that the remaining
SNPs are strongly associated with ADHD.

MR Analysis

In the PGC, the genetically predicted ADHD has a higher risk of ASD (IVW:
Odds ratio [OR] = 1.31, 95% Confidence interval [CI]: 1.14-1.52, p = 0.0001,
Fig. 2). A similar trend was observed for the WME approach but with a wider CI
(OR =1.37, 95% CI: 1.15-1.64, p = 0.0005). The OR for the MR-Egger method
was 1.05 (95% CI: 0.56-2.00; p = 0.87). The OR for the simple mode method was
1.43 (95% CI: 0.99-2.08, p = 0.06). The OR for the weighted mode method was
1.43 (95% CI: 0.96-2.13, p = 0.08). Scatter plot (Fig. 3) and forest plot (Fig. 4)
were employed to generate a more intuitive and visual representation of the study
result.
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exposure method p—-value estimate

ADHD(nSNP=7)

|

MR Egger 0.87 = 1.05(0.56-2.00)

Weighted median 0.0005 E —— 1.37(1.15-1.64)

Inverse variance weighted 0.0001 | —-— 1.31(1.14-1.52)

Simple mode 0.06 ——a—> 1.43(0.99-2.08)

Weighted mode 0.08 J:—I—> 1.43(0.96-2.13)
0 115 2

Fig. 2. Causal relationships between ADHD and ASD using MR. nSNP, Number of SNPs used
in MR; OR, Odds radio; 95% CI, 95% Confidence interval; MR, Mendelian randomization.

MR Test
Inverse variance weighted / Weighted median
/ MR Egger Weighted mode
Simple mode

0.075-

0.000 -

SNP effect on Autism Spectrum Disorder || id:ieu-a-1185

0. I10 0. I15 0 I20
SNP effect on ADHD || id:ieu-a-1183

Fig. 3. Scatter plot for ADHD on ASD. The horizontal x-axis indicates the genetic instruments
linked to the exposure data, while the vertical y-axis represents the genetic instruments associated
with the outcome data. The instrumental variables employed in the MR analysis are indicated by
black dots. ADHD, Attention-deficit hyperactivity disorder; ASD, Autism spectrum disorder; SNP,
Single nucleotide polymorphism.

Sensitivity Analysis

Among the 12 independent SNPs representing ADHD, there was one palin-
dromic SNP (rs11591402). Setting the outlier screening conditions as NbDistribu-
tion = 10,000 and SignifThreshold = 0.05, MR-PRESSO identified four potential
outliers (rs1222063, rs281324, rs4916723, 1s9677504). As a result, a total of seven
SNPs were included in the MR analysis. The Cochran’s Q test yielded a p-value of
0.068 for the IVW method, which was >0.05, indicating no heterogeneity. The p-
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Fig. 4. Forest plot for ADHD on ASD. Each black dot represents a single SNP. ADHD, Attention-
deficit hyperactivity disorder; ASD, Autism spectrum disorder.

Table 2. The comparison results of p-values before and after Bonferroni correction.

MR-Egger Weighted median Inverse variance weighted Simple mode Weighted mode

p-values 0.87 0.0005 0.0001 0.06 0.08
p-values of Bon- 4.35 0.0025 0.0005 0.28 0.38
ferroni correction

value for pleiotropy was 0.94, suggesting no horizontal pleiotropy. The leave-one-
out method was used to explore whether individual SNPs had a significant effect on
the final results (Fig. 5). Although a deviated value can be observed in the funnel
plot (Fig. 6), it was not recognized by MR-PRESSO. When considering the results
of other sensitivity analyses, it is reasonable to hypothesize that this SNP has no
significant influence on the results. Thus, the results of the MR analysis remain
robust.

A Bonferroni correction was applied to the statistical analyses. Following cor-
rection, the results of both IVW and WME methods approach statistically signifi-
cant p-values (p = 0.0005 and 0.0025, respectively), suggesting a strong positive
association. The comparison of p-values before and after correction are shown in
Table 2.

Discussion

In this study, we used MR to investigate the causal relationship between ADHD
and ASD. Based on the genetic data from the [EU GWAS database, genetically
tested patients with ADHD have a higher risk for ASD.
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Fig. 5. Leave-one-out sensitivity analysis for ADHD on ASD. The fact that all SNPs, indicated
by black dots, are positioned to the right of the ‘0’ cutoff line suggests that there is no significant
violation of the overall effect by any individual SNP. ADHD, Attention-deficit hyperactivity dis-
order; ASD, Autism spectrum disorder; MR, Mendelian randomization; SNP, Single nucleotide
polymorphism.

The function of MR differs from conventional studies, which mostly investi-
gate the association of exposure variable with outcome variable and can hardly draw
definitive conclusions because they are influenced by reverse, temporal, and con-
founding factors. By contrast, MR focuses on the genetic level and the selection of
SNPs as the I'Vs to replace the exposure factors, thereby eliminating the effects of
temporal and reverse factors on the results. Meanwhile, sensitivity analysis is also
used in data processing to eliminate the effects of confounding factors on the results.
The use of a publicly available GWAS dataset with a large sample size enables us to
establish a causal relationship between ADHD (an exposure variable) and ASD (an
outcome variable), and draw a definitive conclusion. In the MR analysis conducted
in this study, the p-values of the three methods, namely the MR-Egger method, the
Simple mode, and the Weighted mode, are all greater than 0.05. As a result, these
methods cannot lend support to the conclusion. However, IVW is the main analyti-
cal method in MR, and the direction of the B-values of the five methods is the same;
thus, the resulting causal relationship has a certain level of stability. At the same
time, we performed data processing such as sensitivity analysis to eliminate the bi-
ases caused by the effects of confounding factors on ASD, and thus the stability of
the results is verified once again.

At present, ASD remains one of the diseases that is difficult to treat. Its in-
cidence rate has increased exponentially, with a greater incidence rate in males
than in females, causing a considerable burden on many families (Maenner et al,
2023). The symptoms of ASD are diverse and often accompanied by poor develop-
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Fig. 6. Funnel plot for ADHD on ASD. Each black dot represents a single SNP. B, Effect estimate;
SE, Standard error.

ment, cerebral palsy, ADHD, depression, epilepsy, and fragile X syndrome. Many
types of treatment methods for ASD are available, including drug therapy, behavior
modification, physical therapy, stem cell therapy, exercise therapy, and traditional
Chinese medicine. However, most of these treatment methods are specific to indi-
vidual phenotypes of ASD, but there is no effective treatment method that is unique
to ASD. Benger et al (2018) discovered that ASD has a genetic basis and may be
reversible after birth, paving way for the enhanced research focusing on the genet-
ics and raising hope that ASD can be cured one day. There are also case reports
that the autism symptoms of fraternal twins were reversed through modifications
of personal lifestyle and environment (D’ Adamo et al, 2024). In addition, the com-
bination of induced pluripotent stem cells and CRISPR/Cas9 technology has made
it possible to construct the cell models of ASD (Sandhu et al, 2023).

ADHD has a close etiological association with ASD. Similar to ASD, the in-
cidence rate of ADHD is also experiencing an increasing trend, with a greater in-
cidence rate in males than in females. ADHD often develops in childhood and is
characterized by over-impulsivity, difficulty concentrating, impaired learning abil-
ities, and difficulty fitting into groups. It has been reported that 60% of the adult
patients with ADHD suffer from multiple psychiatric disorders concurrently, with
affective disorders being a common comorbidity (Salvi et al, 2021). The growing
trend of the prevalence of ADHD in adults has attracted global attention because
of their over-impulsivity, mental illnesses, difficulty integrating into society, sub-
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stance abuse, and antisocial personalities. Given that the unknown pathogenesis
of ADHD, there is currently no uniquely tailored, effective treatment method for
ADHD:; therefore, a common treatment regimen for this disorder includes drugs to
increase their attention span and control behaviors.

The findings of this study underscore the importance of controlling the pro-
gression of ADHD. While ADHD may ameliorate with age, its co-occurrence with
ASD presents a more challenging scenario for treatment. Patients diagnosed with
both ASD and ADHD exhibit significantly more severe symptoms of autism com-
pared to those with ASD alone, particularly evident in the domain of social in-
teraction as assessed by the Social Responsiveness Scale and Autism Diagnostic
Interview (Kalin, 2024; Lebena et al, 2023). The study revealed that the improve-
ment in ADHD symptomatology showed positive correlation with improvement in
ASD-specific interventions as reflected by change in severity scores (Velarde and
Céardenas, 2022). Other studies concluded that in school-age children with ASD, a
higher level of ADHD severity rather than ASD severity is associated with a higher
prevalence of comorbid psychiatric symptomatology (Krakowski et al, 2022; Man-
sour et al, 2017). In clinical practice, the overlap of symptom between ADHD and
ASD often poses diagnostic difficulties; therefore, the findings of this study are of
profound significance for enhancing diagnostic accuracy. By identifying specific
genetic markers or biomarkers, physicians can more precisely distinguish these two
disorders, especially in the early stages, thereby providing more targeted interven-
tion measures for patients. Besides, the discoveries of this research will have a
crucial impact on public health policies. Incorporating the screening of ADHD and
ASD into early childhood development programs can help with earlier identifica-
tion and support provision for children in need. Additionally, this information can
be employed for educating and training medical professionals to improve their un-
derstanding and diagnostic capabilities regarding these two diseases. This study
identifies ADHD as a risk factor for ASD, highlighting the need for clinicians to
meticulously assess whether individuals with ADHD also present symptoms indica-
tive of ASD during diagnosis and treatment. Consideration should be given to po-
tential comorbidity or developmental trends towards comorbidity between ADHD
and ASD, enabling early and accurate diagnosis as well as improvement of treat-
ment strategies aimed at managing disease progression.

Regarding treatment, since the specific pathogenesis of ADHD and ASD re-
mains unclear, there are currently no specific therapeutic drugs. Nevertheless, more
effective treatment approaches are continuously being updated and developed. Re-
search indicates that pro-inflammatory cytokines and oxidative stress biomarkers
may be elevated in both ASD and ADHD (Barron et al, 2021). Hence, vitamin
therapy has been recommended to treat and prevent ASD and ADHD to varying
extents (Poudineh et al, 2023). Transcranial direct current stimulation (tDCS) can
be employed to treat major neurodevelopmental disorders including ADHD and
ASD. A clinical randomized controlled trial revealed that in ADHD, stimulating the
prefrontal anode tDCS was more efficacious than the right inferior frontal gyrus,
whereas in ASD, prefrontal anode tDCS could effectively ameliorate behavioral
problems (Salehinejad et al, 2022). In recent years, with the continuous in-depth
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research on the microbiota-gut-brain axis, it has been discovered that intestinal mi-
crobiome dysregulation may be a trigger for neurodegenerative and neurodevelop-
mental diseases (Goralczyk-Binkowska et al, 2022). Accordingly, corresponding
treatment methods are proposed: treating mental disorders by using psychobiotics
that have a positive impact on neural function, and regulating intestinal micro-
biome through fecal microbiota transplantation to treat ASD and ADHD (Kwak
et al, 2023).

In light of the aforementioned research and the discoveries of this study, we hy-
pothesize that certain treatment drugs and methods currently employed for ADHD
may potentially ameliorate the symptoms of ASD and could be tentatively applied
in the treatment of ASD. In line with this hypothesis, future studies may consider
an in-depth exploration of the potentially common pathogenic mechanism between
ADHD and ASD, which may present new therapeutic targets. Targeted drugs can
be developed for this specific target. Simultaneously, a series of clinical efficacy
trials could be initiated to address the issue where current medications might pos-
sess a relatively narrow therapeutic scope. For instance, a single drug may only be
capable of managing one particular symptom of a disease. Moreover, scientists can
concentrate their research efforts on minimizing the side effects of drugs. This can
further enhance the overall performance of patients with only ADHD or ASD as
well as those with comorbidities, making it possible to treat ASD symptoms. This
idea may significantly enrich the intervention and treatment plans for ASD.

A study of ADHD in relation to ASD, schizophrenia, and four other psychi-
atric disorders found causal associations between ADHD and ASD, and a positive
causal effect between ADHD and schizophrenia (Guo et al, 2024). Although our
MR-Egger results were not statistically significant, the findings of this study further
support our research outcomes. However, unlike previous studies, we specifically
explored the causal relationship between ADHD and ASD, not only revealing its
clinical significance but also discussing the potential underlying mechanisms of
comorbidity. This suggests that there may be potential drug targets within this co-
morbidity mechanism, providing a new direction for subsequent research.

The findings of our study should be interpreted in light of certain limitations
that could potentially affect the validity of the results. A key consideration is the
sample selection bias, which may arise from the recruitment process, resulting in
the selection of sample that may not be fully representative of the broader popula-
tion. Additionally, while we have made every effort to adjust for known confound-
ing variables, the possibility of unmeasured confounders remains, which could in-
fluence the observed associations. Furthermore, the geographical limitations of
our sample, which are inherently tied to the regions from which participants were
drawn, may further restrict the generalizability of our findings to other settings or
populations. These limitations underscore the need for future research to address
these issues through more inclusive sampling strategies and the incorporation of a
wider range of potential confounding factors in the analysis.
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Conclusion

Our analysis of the pooled data on ADHD and ASD from the IEU GWAS
database demonstrate a significant association between ADHD and ASD in the Eu-
ropean population, thereby identifying ADHD as a risk factor for ASD.

e This study provides compelling evidence for the causal relationship be-
tween ADHD and ASD through Mendelian randomization, which is of
significant importance for understanding the comorbidity mechanisms of
these two neurodevelopmental disorders.

e This study reveals the association between specific genetic variants and
ADHD and ASD, providing clues for understanding the biological con-
nections between the two disorders.

e The findings of this study emphasize the importance of early screening
and intervention for children with ADHD to reduce the risk of ASD.

e The results of this study provide a theoretical basis for future exploration
of the genetic and environmental interactions between ADHD and ASD.
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