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_ Objectives
Smoking
Maternal smoking is a potent teratogen among congenital malformations, however its
Neural Tube Defect ) o ) .
role in the development of Neural Tube Defects (NTDs) is still unclear. In this systematic
Folic Acid

review, we intend to further investigate the interaction of smoking during pregnancy and
the incidence of NTDs.

Materials & Methods
This article was written according to PRISMA criteria from February 2015 and August

Maternal Smoking

2022. After examining the four stages of PRISMA criteria, we selected clinical articles.
These articles were selected from PubMed, Scopus and Google scholar (for results follow-

up) databases. We gathered NTDs effect and types, smoking type and habit of parents, from

neonates.
Received: Results
03- Mar-2023 Eventually, 8 articles were included by two separated authors, Smoking was associated
Accepted: with an increase NTDs in the population of pregnant mothers and also among children
30-Dec-2023 whose fathers smoked. The main side effects that were considered to be the cause of NTDs
Published: besides smoking were alcohol and BMI (18.5-24.9). Smoking also affects the level of folic

acid as a substance with an essential role that affects the closure of the neural tube. folic
22- Jun -2024

acid available to infants changing along with the level of other blood elements such as zinc,
that necessary prevent for NTDs condition.

Conclusion

Parental smoking can be considered as one of the strong teratogens in the occurrence of
NTDs. Smoking, whether active or passive by the mother, or by the father, is associated
with the occurrence of NTDs, In order to reduce the prevalence this disorder, we advise

pregnant mothers and neonate’s fathers to quit smoking.
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Introduction

Neural tube defects (NTDs) are congenital defects
in the nervous system characterized by either open
or closed neural tube dysraphism, stemming from
incomplete or insufficient neural tube closure
(1, 2). These conditions include anencephaly,
spina bifida, and encephalocele, making NTDs
among the most common birth defects (3, 4). .
3% of live births in the world are generally
attributed to it (5),the most severe type of which is
craniorachischisis, characterized by an open spine
from the midbrain, and no maternal treatment has
been defined for it (6). Anencephaly occurs when
the upper part of the neural tube does not close,
while myelomeningocele refers to the condition
where the lower part of the spine remains open. .
In myelomeningocele, a swollen mass is formed
at the end of the neural tube. Encephalocele in the
closed type is identified by a hernia or protrusion
in the upper end and Meningocele in the lower
end. It is the abnormal growth of the fetal tail
bud. This defect introduces the lower back and
sacral areas of spina bifida, classified as closed
type (2, 3, 7-9). Stillbirth, neonatal death, and
post-neonatal death are the most common result
of these disorders, which can be diagnosed by
ultrasound imaging or screening of the alpha-
fetoprotein level of the mother’s serum (10, 11).
The prevention and prognosis of these disorders
have attracted the scientific community’s attention
(12-14), implying the need to know the risk factors
of their occurrence. Normal body mass index,
consumption of nutritional supplements such as
folic acid or multivitamins, proper health habits
of the mother, presence of dangerous teratogens
such as alcohol consumption or smoking, folic
acid deficiency, family marriage, and genetic
issues are the leading causes of NTD in pregnant
mothers (9, 15-19).

104

Smoking is one of the factors affecting diseases
such as heart and respiratory diseases (20-23).
As the World Health Organization (WHO) stated
on its website, the harmful effects of tobacco on
the pathogenesis of many diseases have impaired
the health of many people around the world and
have put a lot of pressure on governments (24,
25) so that the WHO announced: Considering that
about 1.3 billion people worldwide use tobacco
products, 5 million deaths have been reported,
which will increase to more than 8 million by 2030
(26). Maternal smoking is a way that determines
the effects of smoking on children’s health and
causes birth defects (27-29) that can be referred
to as NTDs. The impact of tobacco and its related
products, especially cigarettes, on NTDs has
been a new and interesting topic in recent years.
In 2021, a meta-analysis was conducted on the
effect of parental smoking on the probability of
NTD occurrence (30), concluding that parental
smoking is associated with a higher probability
of NTD occurrence in infants However, in this
study, the types of maternal and paternal smoking
were examined together with each other, and
we felt it necessary to examine the relationship
between active maternal smoking, passive
maternal smoking, and maternal secondhand
exposure to NTDs in newborns. In addition, this
study investigated the folic acid element as one
of the factors whose reduction is one of the main
causes of NTD incidence under the influence of
cigarettes and tobacco products. The missing
link in this topic is how smoking interacts with
the mother’s body to create conditions in favor
of NTDs. What this research intend to reveal
by responding to the research question (PICO
criteria) in this systematic review is the unknown
link between tobacco products and the incidence
of NTDs.
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This systematic review intends to answer the
research question based on the PICO (Problem/
Population, Intervention, Comparison, and
Outcome) criterion is as follows.

Does maternal tobacco exposure cause congenital

NTDs in infants?

Materials & Methods

Search strategy:

This review started by tracking the results by
searching in PubMed, Scopus, and Google
Scholar databases. The researchers extracted the
keywords used from the MESH database and

wrote this review article based on the PRISMA
checklist (Figure 1).

First, the articlesrelated to the studied NTDs, and in
addition, this study used tobacco epidemiological
the official WHO website.

Keywords were Tobacco/Smoking, Maternal

statistics from
smoking and NTDs, Maternal smoking and Folic
acid, and Maternal smoking and NTDs. Finally,
the researchers followed up on the obtained
results in Google Scholar based on the principle
of non-bias, mentioning conflicting results. This
review also matched the studied articles with the

systematic reviews of the Cochrane database in

[ Identification of studies via databases and registers J
)
Records removed before
c screening:
2 Duplicate records removed
8 Records identified from*: 0 Lo b
= Databases (n =13925) —» L
= . _ Records marked as ineligible
c Registers (n =6201) -
o by automation tools (n
i =4160)
Records excluded with tobacco

Records screened —®»| as non-main variables

(n =6201) (n=5134)
o
g Reports excluded:
o o non-English full texts
5 ReBorts assessed for eligibility - Case report and letter to
® (n =1067) editor (n =1003)

—

oS Studies included in review
g (n =64)
= Reports of included studies in
E results

(n=16)

Fig 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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terms of similarity.

Include and Exclude criteria:
NTDs were investigated based on the international
definition of ICD 11 (International Classification
of Diseases) accepted in 2022. Articles that
examined congenital brain abnormalities were
excluded from the study. After screening, articles
in which Smoking was not evaluated as the main
variable and was only calculated as a confounding
factor, were not included in the study. The review
was completed searching between February 2015
and August 2022.

Original of all kinds,

observational, comparative, clinical trials, and

articles including
the like, were excluded from the screening
section. Studies that did not mention congenital
abnormalities in detail were also excluded. The
team of authors selected articles that examined
one of the types of tobacco as an independent
variable. This study also excluded case report
articles, reviews, and non-English articles from
the article community. This review did not
exclude animal articles.

First, the researchers removed duplicate, non-
English and articles without summary or
incomplete articles. This study implemented the
specified exclusion criteria before proceeding to
review the full texts. Two authors independently
assessed the articles. In cases of disagreement
regarding the selection of an article, the issue was
resolved under the guidance of the lead author
(Tables 1 and 2).

Data collection:

After reviewing the articles that measured the
relationship between smoking, tobacco, and
NTD, this study looked for an effective factor to
create a stronger correlation between smoking
and NTD. After carefully examining the article

and its authors’ perspectives, this study explores
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the connection between folic acid and tobacco
products, focusing particularly on commercially
purchased cigarettes. . Two authors read the
articles, and in case of disagreement, the
differences were resolved under the refereeing of
the responsible author. The following information
was extracted from the final statistical population.
e First author

e Type of study

e Population

e Smoking habit and type

e NTDs effect and types

o Side risk factors

e Age means

e Geographical location

Content extraction was centered on the answer to
the research question based on the PICO criteria
mentioned in the introduction, and the accuracy
of the extracted articles and content was checked
under the supervision of a specialist in infants

(from the named authors).

Results

Study selection:

The articles without free access were evaluated by
the eligibility of the summary of the articles, and
upon necessity and need more information; the
first author was contacted via email. Articles were
extracted from PubMed and Scopus databases.
Finally, this review evaluated the results by
searching Google Scholar. In all stages, the non-
biased rule was observed under the supervision
of the responsible author, and conflicting results
were considered.

Smoking during pregnancy was a preeminent
reason associated with an increase in the incidence
of NTDs in articles and specifically in Chinese
infants (31).The highest occurrence was found in
mothers under 25 years of age (32) with a BMI of

Iran J Child Neurol. Summer 2024 Vol. 18 No. 3



Table 1. The information obtained from the available articles, the type of smoking was mostly passive and exposed, the BMI of the
mothers was not comprehensively available, so it was difficult to extract them from the articles. The scattered geographical distribution is

Maternal Smoking during Pregnancy and its effects on Neural Tube Defects
a sign of the comprehensiveness of the subject in different locations

first author

(vear) population age mean smoking type  smoking habit NTDs types Side Risk factors Additional Results
Chuanhui noggin expression reduced ell apoptosis and accelerate

. Hamsters - Passive NM NM and BMP2 expression placenta maturation
Yin(2021) . .

increased by smoking

. Chemicals population,
m:&a:m Alem Maternal study NM NM NM NM paternal history, and folic -
Berihu(2019) g

acid utilization
. Anencephaly
Liu Luo(2020) Father smoking NM NM Half a pack Encephaloceles - -
N semhd ety body ey |
Hoyt(2016) Defect P P ptiona
consumption
1-3
Yali <25:82 times/week:37 Anencephaly:78
Zhang(2021) Maternal 25-29:71  passive smoking 4-6 Spina bifida:121 - -
8 30-34: 43 times/week:24 Encephaloceles:25
>6 times/week:72
<19:169
Alison K wmwwwwww Anencephaly Sociodemographic i
w&émg@? (2021 Maternal 30-34:239 NM NM Spina Bifida environmental quality
35-39:106
>40:36

Farzaneh Holwmmmw secondhand  1-9 cigarettes per m_.oorc_ .
Zaheri (2017) Maternal 26-35:15 K 4 multivitamins

anert 36<:3 smoke . folic acid

p mHEWM WMWOWEW congenital heart diseases,
Father secondhand  13.3% a.oowommoa limb abnormalities, digestive
QO Zhou(2020) . NM =70 . NM - tract anomalies and neural
Smoking smoke their smoking

6.6% continued
smoking

tube defects than those whose
fathers continued smoking.
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Table 2. Articles related to blood elements, articles related to smoking and genetic pathways were not included in this table. We also

included articles that examined the effects of smoking on components other than NTDs

first aouthor

(vear) study setting population  smoking element NTDs effect Results Side Risk factors Additional Results
. Non- Cadmium L . .
Chuanhui Yin Mentioned ~ Hamsters Yes Lead NM smoking is associated with ) )
(2021) . elevated levels of metals
(NM) zinc
Katrine Bilde metallothionein mBOW.Em is associated with a . zinc deficiency-can affect
NM NM Yes NM significantly reduced Zinc pregnancy outcome and
(2019) 1 and 2 .
expression growth
tobacco smoke is associated
Anna Bizon antioxid copper with significant alteration in
Poland Maternal Yes . PP NM antioxidant status and copper, - -
(2021) zinc cadmium . .
zinc, and cadmium
concentration
High plasma levels of heavy no association between
Nihat Demir Yes copper zinc metals As, Pb, and Cd and Hg and Co plasma levels  Zn and Se were also
2017) Turkey NM selenium Yes trace element Cu were and increased risk for the found to be risk factors
cobalt identified as risk factors for the development of NTD for NTD
development of NTD was observed
Higher concentrations of Cd enhanced in fetuses who
Menevuan Liu cadmium and were observed in the NTD carry the G allele of
(20 an China Maternal No lead Yes group than in the control rs4880 in SOD2 and T -
group, but no difference was  allele of rs1801133 in
found for Pb MTHFR
factors significantly associated Folic mw&
s . . . supplementation of >1
. with higher homocysteine Sociodemographic -
Shazia H L . . . mg/d during pregnancy
Canada Maternal Yes folic acid Yes concentration were environmental quality . .
Chaudhry (2020) . . did not substantially
nulliparous, smoking and .
. : increase folate
chronic hypertension, .
concentration
This indicates that the current BMI is inversely
Minxue Shen RBC folate cut-off approach associated with serum
Canada Maternal NM folate Yes for assessing risk of neural BMI folate and positively

(2016)

tube defects in obese women
may be limited

associated with RBC
folate in pregnant women
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18.5-24.9, while in a study in western Iran(19),
the BMI index was 26.1-29.9 for mothers with
a greater number of NTDs were associated in
births. Furthermore, this study added that the
incidence of NTDs in male neonates is more
than that of girls (54.3 boys). In both articles,
increasing smoking to six times per week was
associated with a higher risk for NTDs. Zhou
states that even infants whose fathers were active
smokers (secondhand smoke (SHS) for mothers)
and who quit during pregnancy show lower
numbers of NTDs (33). In a similar systematic
the father’s

associated with a reduction of anencephaly and

study, smoking cessation was
encephalocele (34). Adrienne Hoyt recommends
further studies to prove the effectiveness of SHS
for impacting NTDs, specifically spina bifida,
and also recommends that mothers use folate
supplements during pregnancy to prevent the
effects of smoking on neonates (35).

Folic acid or folate supplementation has a
significant effect in preventing NTDs (36). This
systematic study stated that folic acid (B9) is
associated in the blood of pregnant mothers
and even in the blood of the umbilical cord by
cigarette, and the level of this vitamin decreases
in neonates by maternal smoke(37, 38). In this
context, Korede Yusuf reported that smoking,
in addition to reducing the level of folate, is
also associated with a decrease in its biological
level (39). In the previous article, he states that
the brain-body weight ratio (BBR) of infants
with pregnant mothers who received folic acid
supplements showed a higher level and also
noted that smoking probably affects the level
of micronutrients (folate) by controlling stress
and BMI (40). It was necessary to use folic acid
supplements to reduce the amount of 40cysteine

and also to deal with the effects of the mutation of
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the 10-methylenetetrahydrofolate reductase gene
(MTHFR) (41, 42). MTHEFR causes a decrease in
density in the cranial mesenchyme; however, using
folic acid supplements controls this condition and
reduces its effect (43). Using food supplements
compensates for the lack of folic acid and other
micronutrients, such as zinc, which are useful in
forming the neural tube and are reduced under the
influence of smoking (44). Anna Bizon compared
zinc and cadmium in pregnant smoking mothers
with controls; smoking mothers generally showed
lower zinc levels (45). The decrease in zinc levels
in smoking mothers raises the possibility of
reducing its transfer to the placenta during the fetal
period, and besides that, smoking induces zinc
homeostasis in the body of smoking mothers by
expressing a decrease in metallothionein protein
and a decrease in zinc available to the mother (46).
Cadmium decreases with folate supplementation,
and melatonin substitutes its capacity for zinc.
The increase of cadmium and lead in pregnant
smoking mothers was based on this issue (47).
In another study, zinc and selenium in pregnant
mothers with active smoking were significantly
lower compared to the control group. Yet, this
study contradicted the association between other
elements, such as mercury (Hg), cobalt (Co), and
NTD, with its results (44).

Cell apoptosis significantly affects the closure
of the neural tube and the occurrence of NTDs,
whose process is enhanced by noggin. Smoking
during pregnancy reduces the expression of
noggin, resulting in neural tube closure (48).
Smoking controls these elements and even
affects the genetic pathway of NTDs. Cell
apoptosis is associated with a decrease in fetal
DNA methylation (mDNA) under the influence
of smoking during pregnancy. This condition,

under the influence of mDNA, is associated with
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accelerated fetal growth and decreased placental
maturation. These conditions ultimately favor
stillbirth (49, 50).

This review did not find a conflicting topic
regarding the effect of smoking on the occurrence
of NTDs; besides that, all the cases were in favor
of using folic acid supplements during pregnancy
and their positive effect on the prevention of
NTDs. Only in some cases did we find contrasting
blood elements that did not make much difference
in our topic, and the focus of these articles was the
effect of smoking on the blood level of elements
such as copper, mercury, and others. The results
were tracked in Google Scholar. The number of
outlier searches was high, but the general results

confirmed the obtained findings.

Discussion

Smoking, as an essential teratogen in congenital
malformations, this time plays a prominent role
among the risk factors of NTDs. BMI, mother’s
age, proper nutrition and, and explicitly using
nutritional supplements along with the history of
stillbirth and genetics all provide the necessary
conditions for NTDs. Usually, smoking mothers
younger than 25 years old showed the most
cases of NTDs among births, either in the form
of active or passive use and even in SHS. The
reduction of micronutrients such as folic acid was
seen in mothers. Stillbirths of NTDs were higher
in infants whose fathers smoked, and the father’s
smoking cessation before pregnancy significantly
reduced this statistic, which indicates the impact of
smoking on the prevalence of NTDs even in SHS.
In general, smoking increases lead, cadmium,
and copper in pregnant mothers and provides the
conditions for a general reduction of folate, which
eventually leads to neural tube closure under the

influence of folate.
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The interaction of folic acid and smoking can be
examined from several perspectives. Firstly, the
direct effect of smoking is on folate itself, and the
result of this relationship is the reduction of folate
during pregnancy. Consequently, the overall level
of maternal folate decreases, lowering the level
of folic acid transfer from the placenta (51, 52).
This is the interaction of smoking with the level
of folate in the blood through mediators such as
MTHFR. The involvement of smoking in the
level of folate homeostasis ultimately affects
the level of its absorption and blood transfer
(53-55). On the other hand, smoking affects
the absorption of folate and vitamin B12 in the
stomach and reduces their absorption by mothers
during pregnancy (56-58). Decreased absorption
and reduced folate availability ultimately create a
strong cycle for NTDs. Besides, other particles
under the influence of smoking provide the
conditions for NTDs. Lead, copper, and cadmium
increase with smoking (53, 59, 60), and cadmium
blocks folate transporters to the fetus. Finally,
smoking reduces the level of folic acid necessary
for the formation of the neural tube of the baby by
increasing cadmium (53).

Indicatively, one of the most significant effects
of smoking is creating oxidative stress during
pregnancy. Oxidative stress primarily affects the
mother’s mood, which means that the mother’s
diet (61) is affected, and the substances needed to
supply nutrients, such as folic acid and zinc, are
disturbed (62, 63).

Oxidative stress by itself reduces folate loss
during pregnancy and makes infants susceptible
to neurological abnormalities such as NTDs and
autism (64). Oxidative stress also interferes with
the blood level of zinc and reduces the level
available from the mother to the fetus. In this

context, YuYan states an interesting conclusion

Iran J Child Neurol. Summer 2024 Vol. 18 No. 3



Maternal Smoking during Pregnancy and its effects on Neural Tube Defects

that exposure to zinc oxide causes apoptosis
caused by endoplasmic reticulum stress, which
ultimately causes distribution in neural tube
closure and incidence of NTDs (62).

The effect of smoking on the genetics of newborns
is still under many studies, but the articles show
that the effect of smoking on DNA methylation
will eventually disrupt the development of the
fetus; as we said, more studies are needed to cite
it.

In summary, we examined the effect of smoking
directly and indirectly from the channel of blood
elements and micronutrients as well as the genetic
channel, all of which emphasized the positive

effect of smoking on the occurrence of NTDs.

In Conclusion

Even though many studies were not available, this
study could find substantial evidence to answer
the research question. According to the results
obtained from the available articles, smoking can
be considered one of the strong teratogens in the
occurrence of NTDs. Considering the importance
of NTDs and the fact that these abnormalities
are common in the world, we recommend that,
first, more studies be conducted on how smoking
during pregnancy affects the occurrence of NTDs.
Moreover, measures should be taken to prevent

smoking during pregnancy in communities.

Acknowledgment

The authors are grateful to all the professors and
colleagues of the research committee of Bandar
Abbas Children’s Hospital who helped in writing
this article. IRR-HUMS.REC.1402.001

Authors’ Contribution
Zeynab Elahi developed the theoretical formalism,

performed the analytic calculations and performed

Iran J Child Neurol. Summer 2024 Vol. 18 No. 3

the numerical simulations. Both Mohammad
Satarzadeh and Farideh Hassanzadeh authors
contributed to the final version of the manuscript.

Mohammad Satarzadeh supervised the project.

Conflict of Interest

The authors have no conflicts of interest to declare.

References

1. WuY, Peng S, Finnell RH, Zheng Y. Organoids
as a new model system to study neural tube
defects. FASEB J. 2021;35(4):e21545.

2. Avagliano L, Massa V, George TM, Qureshy
S, Bulfamante GP, Finnell RH. Overview on
neural tube defects: From development to
physical characteristics. Birth Defects Res.
2019;111(19):1455-67.

3. Nikolopoulou E, Galea GL, Rolo A, Greene
ND, Copp AJ. Neural tube closure: cellular,
molecular and biomechanical mechanisms.
Development. 2017;144(4):552-66.

4. Turhan AH, Isik S. Neural Tube Defects:
A Retrospective Study of 69 Cases. Asian J
Neurosurg. 2019;14(2):506-9.

5. Endalifer ML, Diress G. Epidemiology and
determinant factors of neural tube defect:
Narrative review. Surg Neurol Int. 2020;11:81.

6. Avagliano L, Massa V, George TM, Qureshy
S, Bulfamante GP, Finnell RH. Overview on
neural tube defects: From development to
physical characteristics. Birth Defects Res.
2019;111(19):1455-67.

7. Lee S, Gleeson JG. Closing in on Mechanisms
of Open Neural Tube Defects. Trends Neurosci.
2020;43(7):519-32.

8. Kakebeen AD, Niswander L. Micronutrient
imbalance and common phenotypes in neural
tube defects. Genesis. 2021;59(11):e23455.

9. Forci K, Bouaiti EA, Alami MH, Mdaghri

11



Maternal Smoking during Pregnancy and its effects on Neural Tube Defects

Alaoui A, Thimou Izgua A. Incidence of
neural tube defects and their risk factors within
a cohort of Moroccan newborn infants. BMC
Pediatr. 2021;21(1):124.

10. Palomaki GE, Bupp C, Gregg AR, Norton
ME, Oglesbee D, Best RG, et al. Laboratory
screening and diagnosis of open neural tube
defects, 2019 revision: a technical standard
of the American College of Medical Genetics
and Genomics (ACMG). Genet Med.
2020;22(3):462-74.

11. Huang YS, Lussier EC, Olisova K, Chang
YC, Ko H, Chang TY. Prenatal ultrasound
diagnosis of neural tube defects in the era of
intrauterine repair - Eleven years’ experiences.
Taiwan J Obstet Gynecol. 2021;60(2):281-9.

12. Morris JK, Addor MC, Ballardini E, Barisic I,
Barrachina-Bonet L, Braz P, et al. Prevention
of Neural Tube Defects in Europe: A Public
Health Failure. Front Pediatr. 2021;9:647038.

13.LiM, Chen X, Zhang Y, Chen H, Wang D, Cao
C, etal. RBC Folate and Serum Folate, Vitamin
B-12, and Homocysteine in Chinese Couples
Prepregnancy in the Shanghai Preconception
Cohort. J Nutr. 2022;152(6):1496-506.

14. Lang AY, Harrison CL, Barrett G, Hall
JA, Moran LJ, Boyle JA. Opportunities
for enhancing pregnancy planning and
preconception health behaviours of Australian
women. Women Birth. 2021;34(2):e153-e61.

15. Gashaw A, Shine S, Yimer O, Wodaje
M. Risk factors associated to neural tube
defects among mothers who gave birth in
North Shoa Zone Hospitals, Amhara Region,
Ethiopia 2020: Case control study. PLoS One.
2021;16(4):¢0250719.

16. Murphy ME, Westmark CJ. Folic Acid
Fortification and Neural Tube Defect Risk:
Analysis of the Food Fortification Initiative

112

Dataset. Nutrients. 2020;12(1).

17. Atlaw D, Tekalegn Y, Sahiledengle B, Seyoum
K, Solomon D, Gezahegn H, et al. Magnitude
and determinants of neural tube defect in
Africa: a systematic review and meta-analysis.
BMC Pregnancy Childbirth. 2021;21(1):426.

18. Finnell RH, Caiaffa CD, Kim SE, Lei Y, Steele
J, Cao X, et al. Gene Environment Interactions
in the Etiology of Neural Tube Defects. Front
Genet. 2021;12:659612.

19. Zaheri F, Ranaie F, Shahoei R, Hasheminasab
L, Roshani D. Risk factors associated with
neural tube defects in infants referred to
western Iranian obstetrical centers; 2013-
2014. Electron Physician. 2017;9(6):4636-42.

20. Rosoff DB, Davey Smith G, Mehta N, Clarke
TK, Lohoff FW. Evaluating the relationship
between alcohol consumption, tobacco use,
and cardiovascular disease: A multivariable
Mendelian randomization study. PLoS Med.
2020;17(12):e1003410.

21. Grubb AF, Pumill CA, Greene SJ, Wu A,
Chiswell K, Mentz RJ. Tobacco smoking
in patients with heart failure and coronary
artery disease: A 20-year experience at Duke
University Medical Center. Am Heart J.
2020;230:25-34.

22. Liu CH, Chen Z, Chen K, Liao FT, Chung CE,
Liu X, et al. Lipopolysaccharide-Mediated
Chronic Inflammation Promotes Tobacco
Carcinogen-Induced Lung Cancer and
Determines the Efficacy of Immunotherapy.
Cancer Res. 2021;81(1):144-57.

23. Bhatta DN, Glantz SA. Association of
E-Cigarette Use With Respiratory Disease
Among Adults: A Longitudinal Analysis. Am
J Prev Med. 2020;58(2):182-90.

24. John RM, Sinha P, Munish VG, Tullu FT.

Economic Costs of Diseases and Deaths

Iran J Child Neurol. Summer 2024 Vol. 18 No. 3



Maternal Smoking during Pregnancy and its effects on Neural Tube Defects

Attributable to Tobacco Use in India, 2017-
2018. Nicotine Tob Res. 2021;23(2):294-301.

25. Safaei Lari M, Raei B, Nourizadeh Tehrani
P, Takian A. Evaluation of Tobacco Control
Measures in the Organization for Economic
Co-operation and Development Countries: A
Comparative Study Using Data Envelopment
Analysis. J Res Health Sci. 2021;21(3):e00527.

26. Tobacco use falling: WHO urges countries to
invest in helping more people to quit tobacco.
Saudi Med J. 2021;42(12):1371-3.

27. Rosen L, Zucker D, Guttman N, Brown N,
Bitan M, Rule A, etal. Protecting Children From
Tobacco Smoke Exposure: A Randomized
Controlled Trial of Project Zero Exposure.
Nicotine Tob Res. 2021;23(12):2003-12.

28. Goyal A, Sharma A, Agarwal S, Bhansali S,
Chhabra KG, Chhabra C. Determinants of
Tobacco Use among Children of a Rural Village
in India: An Exploratory Qualitative Study.
Asian Pac J Cancer Prev. 2020;21(1):81-6.

29. Wu DC, Shannon G, Reynales-Shigematsu
LM, Saenz de Miecra B, Llorente B, Jha P.
Implications of household tobacco and alcohol
use on child health and women’s welfare in six
low and middle-income countries: An analysis
from a gender perspective. Soc Sci Med.
2021;281:114102.

30. Luo L, Diao J, Li J, Li Y, Wang T, Chen L,
et al. Association of paternal smoking with
the risk of neural tube defects in offspring:
A systematic review and meta-analysis of
observational studies. Birth Defects Res.
2021;113(12):883-93.

31. Zhang Y, Liu J, Zhang L, Jin L, Greene
NDE, Li Z, et al. Passive Smoking During the
Periconceptional Period and Risk for Neural
Tube Defects in Offspring - Five Counties,
Shanxi Province, China, 2010-2016. China

Iran J Child Neurol. Summer 2024 Vol. 18 No. 3

CDC Wkly. 2021;3(37):778-82.

32. Krajewski AK, Rappazzo KM, Langlois PH,
Messer LC, Lobdell DT. Associations between
cumulative environmental quality and ten
selected birth defects in Texas. Birth Defects
Res. 2021;113(2):161-72.

33. Zhou Q, Zhang S, Wang Q, Shen H, Zhang
Y, Tian W, et al
preconception paternal smoking and birth
defects
database of the National Free Preconception
Health Examination Project in China. BJOG.
2020;127(11):1358-64.

34. Luo L, Diao J, Li J, Li Y, Wang T, Chen L,

et al. Association of paternal smoking with

Association between

in offspring: evidence from the

the risk of neural tube defects in offspring:

A systematic review and meta-analysis of

observational studies. Birth Defects Res.
2021;113(12):883-93.

35. Hoyt AT, Canfield MA, Romitti PA, Botto LD,
Anderka MT, Krikov SV, et al. Associations
between maternal periconceptional exposure
to secondhand tobacco smoke and major
birth defects. Am J Obstet
2016;215(5):613.el-.el1.

36. Wilson RD, O’Connor DL. Maternal folic

acid

Gynecol.

and multivitamin supplementation:
with
considerations for the prevention of folate-

Prev Med Rep.

International ~ clinical ~ evidence
sensitive birth defects.
2021;24:101617.

37. Antoun E, Titcombe P, Dalrymple K,
Kitaba NT, Barton SJ, Flynn A, et al.
DNA methylation signatures in cord blood
associated with birthweight are enriched for
dmCpGs previously associated with maternal
hypertension or pre-eclampsia, smoking and
folic acid intake. Epigenetics. 2022;17(4):405-
21.

113



Maternal Smoking during Pregnancy and its effects on Neural Tube Defects

38. Jawad A, Patel D, Brima N, Stephenson J.
Alcohol, smoking, folic acid and multivitamin
use among women attending maternity care in
London: A cross-sectional study. Sex Reprod
Healthc. 2019;22:100461.

39. Yusuf KK, Wilson R, Mbah A, Sappenfield
W, King LM, Salihu HM. Maternal
Cotinine Levels and Red Blood Cell Folate
Concentrations in the Periconceptual Period.
South Med J. 2020;113(4):156-63.

40. Yusuf KK, Salihu HM, Wilson R, Mbah A,
Sappenfield W, BruderK, etal. FolicAcid Intake,
Fetal Brain Growth, and Maternal Smoking in
Pregnancy: A Randomized Controlled Trial.
Curr Dev Nutr. 2019;3(6):nzz025.

41.Shen M, Chaudhry SH, MacFarlane AJ, Gaudet
L, Smith GN, Rodger M, et al. Serum and
red-blood-cell folate demonstrate differential
associations with BMI in pregnant women.
Public Health Nutr. 2016;19(14):2572-9.

42. Chaudhry SH, Taljaard M, MacFarlane AJ,
Gaudet LM, Smith GN, Rodger M, et al.
The determinants of maternal homocysteine
in pregnancy: findings from the Ottawa and
Kingston Birth Cohort. Public Health Nutr.
2020;23(17):3170-80.

43. LiuM, YuJ, SuZ, Sun Y, Liu Y, Xie Q, et
al. Associations between prenatal exposure
to cadmium and lead with neural tube defect
risks are modified by single-nucleotide
polymorphisms of fetal MTHFR and SOD2:
a case-control Health.
2021;20(1):66.

44. Demir N, Basaranoglu M, Huyut Z, Deger
I, Karaman K, Sekeroglu MR, et al. The

relationship between mother and infant plasma

study. Environ

trace element and heavy metal levels and the
risk of neural tube defect in infants. J Matern
Fetal Neonatal Med. 2019;32(9):1433-40.

114

45. Bizon A, Milnerowicz H, Kowalska-Piastun
K, Milnerowicz-Nabzdyk E. The Impact of
Early Pregnancy and Exposure to Tobacco
Smoke on Blood Antioxidant Status and
Copper, Zinc, Cadmium Concentration-A Pilot
Study. Antioxidants (Basel). 2021;10(3).

46. Bilde K, Olesen RH, Ernst EH, Mamsen
LS, Amoushahi M, Lykke-Hartmann K, et al.
Reduced hepatic metallothionein expression
in first trimester fetuses in response to
intrauterine smoking exposure: a consequence
of low maternal zinc levels? Hum Reprod.
2019;34(11):2129-43.

47. Khabour OF, Alzoubi KH, Al-Sheyab NA,
Azab MA, Massadeh AM, Alomary AA, et
al. Plasma and saliva levels of three metals in
waterpipe smokers: a case control study. Inhal
Toxicol. 2018;30(6):224-8.

48. Yin C, Cai H, Yang D, Jian Y, Zhang J, Li
Z, et al. Cigarette smoke induced neural tube
defects by down-regulating noggin expression.
Birth Defects Res. 2021;113(1):5-13.

49. Zhang B, Hong X, Ji H, Tang WY, Kimmel M,
J1Y, et al. Maternal smoking during pregnancy
and cord blood DNA methylation: new insight
on sex differences and effect modification
by maternal folate
2018;13(5):505-18.

50. Wang R, Han ZJ, Song G, Cui Y, Xia HF, Ma

X. Homocysteine-induced neural tube defects

levels. Epigenetics.

in chick embryos via oxidative stress and DNA
methylation associated transcriptional down-
regulation of miR-124. Toxicol Res (Camb).
2021;10(3):425-35.
51. Koning IV, Dudink J, Groenenberg IAL,
SP, Reiss IKM,

Theunissen RPM. Prenatal cerebellar growth

Willemsen Steegers-

trajectories and the impact of periconceptional

maternal and fetal factors. Hum Reprod.

Iran J Child Neurol. Summer 2024 Vol. 18 No. 3



Maternal Smoking during Pregnancy and its effects on Neural Tube Defects

2017;32(6):1230-7.

52. Zhang B, Hong X, Ji H, Tang WY, Kimmel M,
J1Y, et al. Maternal smoking during pregnancy
and cord blood DNA methylation: new insight
on sex differences and effect modification
by maternal folate
2018;13(5):505-18.

53.LiuM, YulJ, SuZ, Sun Y, Liu Y, Xie Q, et

al. Associations between prenatal exposure

levels. Epigenetics.

to cadmium and lead with neural tube defect

risks are modified by single-nucleotide

polymorphisms of fetal MTHFR and SOD2:

a case-control Health.
2021;20(1):66.

54. Chen MY, Rose CE, Qi YP, Williams JL,

Yeung LF, Berry RJ, et al. Defining the plasma

study. Environ

folate concentration associated with the red
blood cell folate concentration threshold
for optimal neural tube defects prevention:
a population-based, randomized trial of
folic acid supplementation. Am J Clin Nutr.
2019;109(5):1452-61.
55. Paul S, Sadhukhan S, Munian D, Bankura
B, Das M. Association of FOLHI, DHFR,
with
susceptibility of Neural Tube Defects: A case

and MTHFR gene polymorphisms

control study from Eastern India. Birth Defects
Res. 2018;110(14):1129-38.

56. Tuenter A, Bautista Nino PK, Vitezova A,
Pantavos A, Bramer WM, Franco OH, et
al. Folate, vitamin B12, and homocysteine
in  smoking-exposed pregnant women:
A systematic review. Matern Child Nutr.
2019;15(1):e12675.

57. Kucha W, Seifu D, Tirsit A, Yigeremu M,
Abebe M, Hailu D, et al. Folate, Vitamin
B12, and Homocysteine Levels in Women
With Neural Tube Defect-Affected Pregnancy
in Addis Ababa, FEthiopia. Front Nutr.

Iran J Child Neurol. Summer 2024 Vol. 18 No. 3

2022;9:873900.

58. Wahbeh F, Manyama M. The role of Vitamin
B12 and genetic risk factors in the etiology of
neural tube defects: A systematic review. Int J
Dev Neurosci. 2021;81(5):386-406.

59. Demir N, Basaranoglu M, Huyut Z, Deger
I, Karaman K, Sekeroglu MR, et al. The
relationship between mother and infant plasma
trace element and heavy metal levels and the
risk of neural tube defect in infants. J] Matern
Fetal Neonatal Med. 2019;32(9):1433-40.

60. Guy M, Accrombessi M, Fievet N, Yovo E,
Massougbodji A, Le Bot B, et al. Toxics (Pb,
Cd) and trace elements (Zn, Cu, Mn) in women
during pregnancy and at delivery, South Benin,
2014-2015. Environ Res. 2018;167:198-206.

61. Lopez-Yanez Blanco A, Diaz-Lopez KM,
Vilchis-Gil J, Diaz-Garcia H, Gomez-Lopez
J, Medina-Bravo P, et al. Diet and Maternal
Obesity Are Associated with Increased
Oxidative Stress in Newborns: A Cross-
Sectional Study. Nutrients. 2022;14(4).

62.YanY, Wang G, Luo X, Zhang P, Peng S, Cheng
X, et al. Endoplasmic reticulum stress-related
calcium imbalance plays an important role
on Zinc oxide nanoparticles-induced failure
of neural tube closure during embryogenesis.
Environ Int. 2021;152:106495.

63. Rak K, Lozna K, Styczynska M, Bobak L,
Bronkowska M. Oxidative Stress at Birth Is
Associated with the Concentration of Iron
and Copper in Maternal Serum. Nutrients.
2021;13(5).

64. Wang R, Han ZJ, Song G, Cui Y, Xia HF, Ma
X. Homocysteine-induced neural tube defects
in chick embryos via oxidative stress and DNA
methylation associated transcriptional down-
regulation of miR-124. Toxicol Res (Camb).
2021;10(3):425-35.

115



