Autism causes
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Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by significant delays in interaction and communication, as well as restrictive
interests. With increasing prevalence rates worldwide and in Tirkiye, ASD has become a topic of extensive study. Although the exact cause remains unknown,
research has explored various factors, including the potential impact of nutrition a critical environmental factor influencing brain development.

The term “nutrition” here refers not only to a child’s diet after birth but also to maternal nutrition before and during pregnancy. Studies suggest that maternal
diet during these periods plays a significant role in a child’s development. Moreover, individuals with ASD may experience nutritional deficiencies due to
selective eating habits or gastrointestinal issues, which can further exacerbate symptoms. On the other hand, such deficiencies might also contribute to the
onset of autism.

This review aims to examine the relationship between nutrition and the development of ASD and to evaluate the potential effects of nutrition on autism
formation or symptom management.
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Introduction

Autism Spectrum Disorder (ASD) is alifelong neurodevelopmental
disorder that begins in early childhood and is characterized by
deficits in social communication skills, repetitive behaviors,
and restricted areas of interest. Autism is generally noticed
within the first three years of life, with behaviors such as lack
of eye contact, failure to respond to being called, attention
deficits, and difficulties in non-verbal communication. These
signs may not be recognized in very young children but become
more apparent as the child begins to speak. Clinically, ASD is
a heterogeneous condition, meaning it manifests differently
among individuals, with varying severity.'>

The general prevalence of autism has significantly increased
in recent years, and the National Health Statistics Unit has
reported the most recent prevalence rate of 1 in 36." According
to a study conducted in 11 states in the United States (USA),
where the sample group consisted of children under the age of
8, the prevalence of autism is 17 per 1,000.° In Turkiye although
the exact prevalence within the general population is unknown,
it is estimated to be similar to the global average.®

There are various studies conducted by institutions in Turkiye
regarding the number of individuals with ASD. According to
these studies, the total number of individuals diagnosed with
ASD is reported to be 107,834.57 Autism is 4.5 times more
common in males, and the condition tends to be more severe in
female children.’

Nutrition and Autism

The exact cause of autism remains unknown, but biological,
genetic, and likely
Epigenetics, the interaction between environment and genes,

environmental factors contribute.
plays a significant role in central nervous system development.
While genetic factors are implicated in 10-20% of Autism
Spectrum Disorder (ASD) cases, genetic susceptibility may
increase vulnerability to environmental risk factors or alter
genetic expression.?*

Key environmental risk factors associated with ASD include:

« Nutrition

» Maternal metabolic issues

« Infections

 Neurotoxic agents

« Air pollution

 Advanced parental age

« Vaccines

« Vitamin D deficiency

Particularly studied factors include medications, heavy metals
(e.g., lead, mercury), pesticides, polybrominated diphenyl ethers,
and polycyclic aromatic hydrocarbons.®

ASD, a neurodevelopmental disorder, is considered a brain
development disorder. Brain development begins shortly after
conception and continues into early adulthood, with rapid
growth during the first 1,000 days. Nutrition plays a vital role
in gene expression during this period. Research shows that the
timing, severity, and chronicity of nutritional deficiencies can
uniquely affect brain development, cognition, and behavior.?
Given the rapid rise in ASD prevalence, evidence suggests
nutrition may influence its development, highlighting the need
for further investigation.'®

The Importance of Oxidative Stress and Antioxidants in Autism
Free radicals are high-energy compounds with unpaired
electrons in their outer orbitals. Due to their tendency to pair their
unpaired electrons, the high energy they produce can damage
biological structures, such as proteins, lipids, nucleotides, and
coenzymes."" Most reactive oxygen species (ROS) are free
radicals. The cell is protected from oxidative stress caused by
ROS by cellular antioxidants such as reactive nitrogen species
(RNS)."? When the level of ROS exceeds the cell’s antioxidant
capacity, oxidative stress occurs. Oxidative stress is a mediator
of brain damage, stroke, and neurodegenerative diseases.
Studies have shown that oxidative stress plays a role in the
pathogenesis of many neuropsychiatric disorders, including
Alzheimer’s disease, Parkinson’s disease, schizophrenia, bipolar
disorder, and autism.'* Therefore, controlling ROS production is
essential for maintaining normal cellular function. An increase
in ROS in the central nervous system can lead to a decrease in
the number of brain cells, which is thought to contribute to the
development of autism.'"'?

Antioxidant mechanisms that prevent oxidative stress include
detoxified metabolites, antioxidant enzymes, proteins, vitamins,
and minerals.’® Therefore, a diet designed considering the
balance between free radicals and antioxidants could play
an important role in the treatment or prevention of autism
progression.'"'*

Exogenous (externally sourced) antioxidants that can be
obtained from the diet include a-Tocopherol (Vitamin E),
B-carotene (Vitamin A), ascorbic acid (Vitamin C), and folic acid
(Vitamin B9)."* Few studies have investigated the increased
vulnerability to oxidative stress in ASD. Previous studies have
shown that endogenous antioxidant defense is inadequate
in ASD, suggesting that exogenous antioxidants could play a
critical role in preventing oxidative stress in autism.’

Vitamin and Mineral Deficiencies and Autism

Vitamin and mineral deficiencies are often associated with
autism, potentially due to permeability, food
selectivity, or specific diets, and they can affect neurofunctional
development. Addressing these deficiencies is believed to help
alleviate autism symptoms. Recent literature indicates that
vitamin and mineral supplementation has become popular in
autism, with oral supplementation showing potential to improve
the nutritional and metabolic status of children with autism.’>'®

intestinal

Studies have shown that children with autism often have lower
levels of vitamins such as pantothenic acid, biotin, folate, vitamin
B-12, vitamin D, and E in their serum. Mineral concentrations like
lithium, calcium, magnesium, iodine, chromium, and selenium are
also lower compared to healthy children.®

Vitamin B6, or pyridoxine, is important, but it must be converted
into its active form, Pyridoxal 5-phosphate (P5P), for proper
utilization. Low conversion rates of pyridoxine to PSP contribute
to neurobehavioral disorders in autism.” Vitamin B6 plays a role
in synthesizing neurotransmitters like serotonin, GABA, dopamine,
norepinephrine, and epinephrine, which are often found to be
imbalanced in autism.'?° Magnesium and zinc also affect Vitamin
B6 utilization, thus influencing autism symptoms.'”?!

Vitamin C is an antioxidant that plays a crucial role in
neurotransmitter synthesis and reducing oxidative stress in
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children with autism.'"'® Vitamin B12 and folate are essential
for central nervous system development, and their deficiencies
are commonly observed in autism. Vitamin B12 deficiency, in
particular, has been linked to eating difficulties and neurological
issues in children with autism.'8??

Folate metabolism abnormalities in children with autism are
significant, with issues in folate transport to the brain due to
autoantibodies blocking folate receptors.?® Early detection of
these autoantibodies may be crucial for preventing or managing
autism.?*

Vitamin D also plays a neuroprotective role, and its deficiency
has been linked to neuropsychiatric disorders like autism'®
Iron deficiency, commonly seen in children with autism, can lead
to sleep and nervous system disorders.'82627

Omega-3 Fatty Acids

Omega-3 fatty acids are critical for brain development and
nervous system function.”®?” A deficiency may disrupt neural
development, potentially contributing to autism in childhood.
Research suggests omega-3 supplementation could benefit
individuals with Autism Spectrum Disorder (ASD). Studies have
identified an imbalance in the omega-3/omega-6 fatty acid
ratio in ASD patients, with elevated omega-6 and reduced
omega-3 levels.282°

The evidence on omega-3’s impact on autism symptoms
remains mixed, warranting further investigation into its role
and potential deficiency in ASD.

Prebiotics and Autism Spectrum Disorder (ASD)

Postnatal development is closely linked to the microbiome,
highlighting the strong connection between the gut and brain.
While autism’s exact causes remain unclear, the gastrointestinal
system significantly influences its development.*°!

Individuals with autism often exhibit abnormal digestive
health, including “leaky gut” syndrome caused by mucosal
metabolites, which
disrupt the intestinal barrier. Neuroactive compounds from
the gut that cross the blood-brain barrier may also contribute
to cognitive and behavioral changes, linking gastrointestinal
health to neurodevelopmental disorders.*?

Studies suggest that improved gut health may reduce autism
symptoms. Interventions such as gluten-free and casein-free
diets, multivitamins, prebiotics, and probiotics have shown
promise. Probiotics, such as Lactobacillus and Bifidobacterium,
may improve intestinal permeability and stabilize behavioral
abnormalities. suggest
probiotics can enhance gastrointestinal health, though their
effects on autism symptoms remain uncertain.*

Both prebiotics and probiotics play critical roles in neuroimmune
processes by regulating gastrointestinal
immune system, and the nervous system. Prebiotics serve
as fuel for probiotics, while probiotics influence gut health;
their synergistic relationship forms synbiotic foods. Synbiotic
products enhance gut health by preventing issues like leaky gut
and immune dysfunction.>

In summary, probiotics and their combination with prebiotics
have gained attention as potential therapies for improving
gastrointestinal health and symptoms in individuals with autism.

inflammation and abnormal bacterial

Preclinical and clinical findings

microbiota, the

Maternal Nutrition During Pregnancy and Lactation and Its
Relationship with Autism

Brain development begins in the womb and continues until
approximately age 21. External factors during this period can
lead to pathologies such as attention deficits, autism, and
intellectual disabilities.>**” Maternal nutrition plays a vital role
in fetal brain development, with macronutrients supporting
structural growth and micronutrients essential for myelination,
synaptogenesis, and neurotransmitter functions. Maternal
malnutrition has been linked to impaired brain development,
and conditions such as obesity, diabetes, and hypertension
increase the risk of neurodevelopmental disorders, including
autism. 93841

Deficiencies in nutrients such as folic acid and vitamin D
are particularly associated with an increased risk of Autism
Spectrum Disorder (ASD). Maternal vitamin D deficiency,
especially during the first trimester, may lead to cognitive
dysfunction, language delays, and a heightened risk of autism.
This risk is more pronounced in high-latitude regions where
ultraviolet B radiation is limited.'®*> However, the mechanisms
linking vitamin D deficiency and ASD remain unclear.

Heavy metal exposure from the mother can also affect fetal
brain development. Metals like lead, mercury, and arsenic
can cross the placenta or be transferred through breastmilk,
disrupting brain tissue and increasing the risk of developmental
delays, hyperactivity, and autism. Lead exposure from the 12th
week of pregnancy has been shown to cause chronic brain
damage and impair the blood-brain barrier. Expectant and
breastfeeding mothers are advised to minimize exposure to
heavy metals found in food, cookware, and the environment.
43,44

The link between autism and gluten/casein is tied to increased
peptide levels, which interfere with brain signaling pathways.
Avoiding gluten and casein during pregnancy and early childhood
may help reduce autism risk, as suggested by some studies.*

The Relationship Between Breastfeeding and Autism

Early environmental factors during prenatal and perinatal
periods are linked to autism. While many cases of Autism
Spectrum Disorder (ASD) are associated with these factors,
some infants develop ASD symptoms later, indicating potential
post-birth contributors.*

Breastfeeding is a key factor. The WHO and the American
Academy of Pediatrics recommend exclusive breastfeeding for
the first six months and continued breastfeeding for at least
one year. Breast milk, rich in vitamins and minerals, strengthens
the immune system and positively impacts brain development,
cognition, and mental health. Breastfeeding directly from the
mother may act as a protective factor against ASD.*64’
Evidence on breastfeeding’s role in ASD is mixed. Some studies
associate longer breastfeeding durations with reduced ASD risk,
while others report no significant link.*® For example, a study
of 88 autistic children and 61 healthy controls found shorter
breastfeeding durations in the ASD group but no statistically
significant difference overall. However, children with severe
ASD had significantly shorter breastfeeding durations, and a
negative correlation was noted between breastfeeding duration
and ASD severity.*
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Bittker and Bell (2018) found that longer breastfeeding
durations reduced ASD risk.*® Similarly, Schultz et al. reported
that formula-fed infants lacking DHA/ARA supplementation
were more likely to develop ASD. Breast milk’s immune-
protective components, such as immunoglobulin A (IgA), and
formula with DHA/ARA supplementation were linked to better
immune function.>' Conversely, a 2015 study by Husk and Keim
found no relationship between breastfeeding and ASD.*’
Overall, most studies suggest a potential protective role of
breastfeeding in ASD, though findings are inconsistent. Further
research is needed to clarify this relationship.>?

Ethics Approval
This study is a narrative review of previously published
literature. Ethical approval was not required.

Statistical Analysis
No statistical analysis was performed, as this study is based on
a review of existing literature.

Reporting Guidelines
This manuscript is a narrative review and does not follow a
specific reporting guideline.

Limitations

As a narrative review, this study did not employ a predefined
systematic search strategy. Differences in study design, sample
size, and outcome measures across the literature, together
with the currently evolving evidence base and the limited
availability of large, high-quality randomized controlled trials,
may influence the strength of the conclusions.

Conclusion

Today, nutrition plays a significant role in the treatment and
prevention of many diseases. The positive effects of adequate
and balanced nutrition on brain development have been
proven. With the increasing prevalence of ASD, nutrition, as an
environmental factor, has been linked to autism. The frequent
occurrence of vitamin and mineral deficiencies in children
with autism suggests that these deficiencies may contribute
to autism. Improvements in autism symptoms following the
correction of these deficiencies support this theory. Studies
have also shown that maternal malnutrition or obesity before
and during pregnancy can lead to the development of autism.
Although deficiencies in vitamin D and folic acid in the mother
have been linked to the development of autism, the exact
mechanisms remain unclear. Furthermore, the consumption
or supplementation of prebiotics and probiotics to address
common gastrointestinal issues in autism, as well as a diet rich
in antioxidants to reduce oxidative stress, have shown potential
in preventing autism or alleviating symptoms. Research
indicating that breastfeeding can act as a protective factor
against the development of autism-like symptoms or reduce
existing autism symptoms exists, but there is no conclusive
information regarding the optimal duration of breastfeeding.
Although many studies have explored the relationship between
nutrition and autism, the results remain inconclusive. The
differences and uncertainties in the findings suggest that more

research is needed. It is believed that addressing nutritional
deficiencies in individuals with autism may alleviate symptoms,
improve cognitive function, and have positive effects on
behavior. Therefore, a personalized, adequate, and balanced
nutrition plan should be recommended for individuals with
autism, taking into account their specific health issues.

Ethics Declarations
Ethical approval was not required as this study is a review of previously published
literature.

Animal and Human Rights Statement
No human participants or animals were involved in this study.

Informed Consent
Not applicable.

Data Availability
No new data were generated or analyzed in this study.

Conflict of Interest
The authors declare no conflict of interest.

Funding
The authors received no financial support for this study.

Author Contributions (CRediT Taxonomy)
Conceptualization: N.K.G., A.A.
Methodology: N.K.G., S.T.

Formal Analysis: Not applicable.
Investigation: N.K.G., S.T.

Data Curation: Not applicable.

Resources: AA.

Writing - Original Draft Preparation: N.K.G.
Writing - Review @ Editing: AA., S.T.
Visualization: N.K.G.

Supervision: A.A.

Scientific Responsibility Statement
The authors declare full responsibility for the scientific content and integrity of
this review article.

Abbreviations

ARA: Arachidonic Acid

ASD: Autism Spectrum Disorder
DHA: Docosahexaenoic Acid
IgA: Immunoglobulin A

P5P: Pyridoxal 5-Phosphate
RNS: Reactive Nitrogen Species
ROS: Reactive Oxygen Species

References

1. Ugar K, Samur G. Otizmin tedavisinde giincel beslenme tedavisi yaklasimlari
[Current Nutritional Therapy Approaches in the Treatment of Autism]. Bes Diy
Derg. 2017;45(1):53-60.

2. Kara S, Kara B, Kalyoncu Atasoy ZB, Kaya H, Yildirnm A. Eating behaviors and
its determinants: a cross-sectional study in autistic and non-autistic children.
JOHUFON. 2024;11(2):107-115.

3. Berding K, Donovan SM. Microbiome and nutrition in autism spectrum disorder:
current knowledge and research needs. Nutr Rev. 2016;74(12):723-736.

4. Sharma SR, Gonda X, Tarazi Fl. Autism spectrum disorder: classification,
diagnosis and therapy. Pharmacol Ther. 2018;190:91-104. doi:10.1016/j.
pharmthera.2018.05.007

5. Baio J, Wiggins L, Christensen DL, et al. Prevalence of autism spectrum disorder
among children aged 8 years — autism and developmental disabilities monitoring
network, 11 sites, United States, 2014. MMWR Surveill Summ. 2018;67(6):1-23.
doi:10.15585/mmwr.ss6706al

6. Bilge S, Ekici B. CBD-enriched cannabis for autism spectrum disorder: an
experience of a single center in Turkey and review of the literature. ] Cannabis
Res. 2021;3(1):53.

7. Kutuk MO, Tufan E, Gokcen C, et al. Cytokine expression profiles in autism
spectrum disorder: a multicenter study from Turkey. Cytokine. 2020;133:155152.
doi:10.1016/j.cyt0.2020.155152

8. Frye RE, Sreenivasula S, Adams JB. Traditional and non-traditional treatments
for autism spectrum disorder with seizures: an online survey. BMC Pediatr.
2011;11:37. doi:10.1186/1471-2431-11-37

9. Black MM. Impact of nutrition on growth, brain, and cognition. Nestle Nutr Inst
Workshop Ser. 2018;89:185-195. doi:10.1159/000486502

10. Fujiwara T, Morisaki N, Honda Y, Sampei M, Tani Y. Chemicals, nutrition,
and autism spectrum disorder: a mini-review. Front Neurosci. 2016;10:174.
doi:10.3389/fnins.2016.00174

Annals of Clinical and Analytical Medicine | 91



Autism causes

11. Meydani M. Antioxidants and cognitive function. Nutr Rev. 2001;59(3 Pt
2):575-S82.

12. Malow BA, Byars K, Johnson K, et al. A practice pathway for the identification,
evaluation, and management of insomnia in children and adolescents with autism
spectrum disorders. Pediatrics. 2012;130(suppl 2):S106-S124. doi:10.1542/
peds.2012-0900I

13. Al-Ayadhi LY, Elamin NE. Camel milk as a potential therapy as an
antioxidant in autism spectrum disorder. Evid Based Complement Alternat Med.
2013;2013:602834. doi:10.1155/2013/602834

14. Larson RA. The antioxidants of higher plants. Phytochemistry. 1988;27(4):969-
978. doi:10.1016/0031-9422(88)80254-1

15. Krajcovicova-Kudlackova M, Valachovicova M, Mislanova C, Hudecova Z,
Sustrova M, Ostatnikova D. Plasma concentrations of selected antioxidants in
autistic children and adolescents. Bratisl Lek Listy. 2009;110(4):247-250.

16. Adams JB, Kirby J, Audhya T, Whiteley P, Bain J. Vitamin/mineral/micronutrient
supplement for autism spectrum disorders: a research survey. BMC Pediatr.
2022;22(1):590.

17. Adams JB, Audhya T, McDonough-Means S, et al. Effect of a vitamin/mineral
supplement on children and adults with autism. BMC Pediatr. 2011;11:111.
doi:10.1186/1471-2431-11-111

18. Kawicka A, Regulska-llow B. How nutritional status, diet, and dietary
supplements can affect autism: a review. Rocz Panstw Zakl Hig. 2013;64(1):1-12.
19. Onaolapo OJ, Onaolapo AY. Nutrition in autism spectrum disorders: a review of
evidence for an emerging central role in aetiology, expression, and management.
AIMS Med Sci. 2018;5(2):122-144.

20. Bjorklund G, Waly MI, Al-Farsi Y, et al. The role of vitamins in autism spectrum
disorder: what do we know? J Mol Neurosci. 2019;67(3):373-387. doi:10.1007/
s12031-018-1237-5

21. Katuzna-Czaplihska J, J6Zzwik-Pruska J. Nutritional strategies and personalized
diet in autism: choice or necessity? Trends Food Sci Technol. 2016;49:45-50.

22. Pineles SL, Avery RA, Liu GT. Vitamin B12 optic neuropathy in autism.
Pediatrics. 2010;126(4):e967-e970.

23. Castro K, Klein Lda S, Baronio D, Gottfried C, Riesgo R, Perry IS. Folic acid and
autism: what do we know? Nutr Neurosci. 2016;19(7):310-317.

24. Sun C, Zou M, Zhao D, Xia W, Wu L. Efficacy of folic acid supplementation
in autistic children participating in structured teaching: an open-label trial.
Nutrients. 2016;8(6):337. doi:10.3390/nu8060337

25. Kalueff AV, Minasyan A, Keisala T, Kuuslahti M, Miettinen S, Tuohimaa P. The
vitamin D neuroendocrine system as a target for novel neurotropic drugs. CNS
Neurol Disord Drug Targets. 2006;5(3):363-371.

26. Dosman CF, Brian JA, Drmic IE, et al. Children with autism: effect of iron
supplementation on sleep and ferritin. Pediatr Neurol. 2007;36(3):152-158.
doi:10.1016/j.pediatrneurol.2006.11.004

27. Privett D. Autism spectrum disorder: research suggests good nutrition may
manage symptoms. Todays Dietitian. 2013;15(1):46.

28. Jiang Y, Dang W, Nie H, Kong X, Jiang Z, Guo J. Omega-3 polyunsaturated fatty
acids and/or vitamin D in autism spectrum disorders: a systematic review. Front
Psychiatry. 2023;14:1238973. doi:10.3389/fpsyt.2023.1238973

29. DiNicolantonio JJ, O’Keefe JH. The importance of marine omega-3s for brain
development and the prevention and treatment of behavior, mood, and other
brain disorders. Nutrients. 2020;12(8):2333. doi:10.3390/nu12082333

30. Chidambaram SB, Tuladhar S, Bhat A, et al. Autism and gut-brain axis: role of
probiotics. Adv Neurobiol. 2020;24:587-600.

31. Sivamaruthi BS, Suganthy N, Kesika P, Chaiyasut C. The role of microbiome,
dietary supplements, and probiotics in autism spectrum disorder. Int J Environ
Res Public Health. 2020;17(8):2647. doi:10.3390/ijerph17082647

32. Cryan JF, O'Riordan KJ, Cowan CSM, et al. The microbiota-gut-brain axis.
Physiol Rev. 2019;99(4):1877-2013. doi:10.1152/physrev.00018.2018

33. Coury DL, Ashwood P, Fasano A, et al. Gastrointestinal conditions in children
with autism spectrum disorder: developing a research agenda. Pediatrics.
2012;130(suppl 2):5160-S168. doi:10.1542/peds.2012-0900N

34. Ansari F, Pourjafar H, Tabrizi A, Homayouni A. The effects of probiotics
and prebiotics on mental disorders: a review on depression, anxiety, Alzheimer
disease, and autism spectrum disorders. Curr Pharm Biotechnol. 2020;21(7):555-
565.

35. Borsani E, Della Vedova AM, Rezzani R, Rodella LF, Cristini C. Correlation
between human nervous system development and acquisition of fetal skills: an
overview. Brain Dev. 2019;41(3):225-233.

36. Windle M, Gray JC, Lei KM, et al. Age-sensitive associations of adolescent
substance use with amygdalar, ventral striatum, and frontal volumes in young
adulthood. Drug Alcohol Depend. 2018;186:94-101.

37. Ishii K, Kubo K, Endo T, et al. Neuronal heterotopias affect the activities of
distant brain areas and lead to behavioral deficits. ] Neurosci. 2015;35(36):12432-
12445.

38. Veena SR, Gale CR, Krishnaveni GV, Kehoe SH, Srinivasan K, Fall CH.
Association between maternal nutritional status in pregnancy and offspring
cognitive function during childhood and adolescence: a systematic review. BMC
Pregnancy Childbirth. 2016;16:220. doi:10.1186/5s12884-016-1011-z

39. Zhong C, Tessing J, Lee BK, Lyall K. Maternal dietary factors and the risk of
autism spectrum disorders: a systematic review of existing evidence. Autism Res.
2020;13(10):1634-1658.

40. Raghavan R, Riley AW, Volk H, et al. Maternal multivitamin intake, plasma
folate and vitamin B12 levels and autism spectrum disorder risk in offspring.

Paediatr Perinat Epidemiol. 2018;32(1):100-111. doi:10.1111/ppe.12414

41. Chen J, Xin K, Wei J, Zhang K, Xiao H. Lower maternal serum 25(0OH)D in
the first trimester associated with higher autism risk in Chinese offspring. J
Psychosom Res. 2016;89:98-101.

42. Zaw YH, Taneepanichskul N. Blood heavy metals and brain-derived
neurotrophic factor in the first trimester of pregnancy among migrant workers.
PLo0S One. 2019;14(6):e0218409. doi:10.1371/journal.pone.0218409

43. Ohta H, Ichikawa M, Seki Y. Effects of cadmium intake on bone metabolism of
mothers during pregnancy and lactation. Tohoku J Exp Med. 2002;196(1):33-42.
doi:10.1620/tjem.196.33

44. Li A, Zhuang T, Shi J, Liang Y, Song M. Heavy metals in maternal and cord
blood in Beijing and their efficiency of placental transfer. ] Environ Sci (China).
2019;80:99-106.

45. Goyer RA. Transplacental transport of lead. Environ Health Perspect.
1990;89:101-105. doi:10.1289/ehp.9089101

46. Bastaki KN, Alwan S, Zahir FR. Maternal prenatal exposures in pregnancy and
autism spectrum disorder: an insight into the epigenetics of drugs and diet as key
environmental influences. Adv Neurobiol. 2020;24:143-162.

47. Husk JS, Keim SA. Breastfeeding and autism spectrum disorder in the National
Survey of Children’s Health. Epidemiology. 2015;26(4):451-457.

48. Manohar H, Pravallika M, Kandasamy P, Chandrasekaran V, Rajkumar RP.
Role of exclusive breastfeeding in conferring protection in children at-risk for
autism spectrum disorder: results from a sibling case-control study. ] Neurosci
Rural Pract. 2018;9(1):132-136.

49. Ghozy S, Tran L, Naveed S, et al. Association of breastfeeding status
with risk of autism spectrum disorder: a systematic review, dose-response
analysis, and meta-analysis. Asian ] Psychiatr. 2020;48:101916. doi:10.1016/j.
ajp.2019.101916

50. Bittker SS, Bell KR. Acetaminophen, antibiotics, ear infection, breastfeeding,
vitamin D drops, and autism: an epidemiological study. Neuropsychiatr Dis Treat.
2018;14:1399-1414.

51. Schultz ST, Klonoff-Cohen HS, Wingard DL, et al. Breastfeeding, infant
formula supplementation, and autistic disorder: the results of a parent survey. Int
Breastfeed J. 2006;1:16. doi:10.1186/1746-4358-1-16

52. Soke GN, Maenner M, Windham G, et al. Association between breastfeeding
initiation and duration and autism spectrum disorder in preschool children
enrolled in the Study to Explore Early Development. Autism Res. 2019;12(5):816-
829. doi:10.1002/aur.2091

How to cite this article:
Nil Kog Goksen, Aysegiil Alpcan, Serkan Tursun. Nutrition-related autism causes.
Ann Clin Anal Med 2026;17(Suppl 1):588-92

Annals of Clinical and Analytical Medicine | 92



