	Table 1
	study setting 
	population

	age mean 
	smoking type

	smoking habit 
	NTDs effect 
	NTDs
types
	Side
Risk factors 
	Additional
Results  

	first aouthor
(year)
	
	
	
	
	
	
	
	
	

	Chuanhui Yin(2021)
	NM
	Hamsters 
	-
	Passive 
	NM
	Yes 
	NM
	noggin expression reduced
and BMP2 expression increased  

	ell apoptosis and accelerate placenta maturation
 by smoking 

	Birhane Alem Berihu(2019)
	Ethiopia
	Maternal study 
	NM
	NM
	NM
	Yes 
	NM
	Chemicals population, paternal history, and folic acid utilization
	-

	Liu Luo(2020)
	British 
	Father smoking 

	NM
	NM
	Half a pack
	Yes 
	Anencephaly
Encephaloceles

	· 
	-

	Adrienne T Hoyt(2016)
	NM
	Neonates
Defect 
	NM
	secondhand smoke (SHS)

	NM
	Yes 
	Anencephaly
spina bifida

	body mass index, periconceptional alcohol consumption
	-

	Yali Zhang(2021)
	China 
	Maternal 
	<25:82
25–29: 71
30–34: 43	
	passive smoking
	1–3 times/week:37
4–6 times/week:24
>6 times/week:72
	Yes 
	Anencephaly:78
Spina bifida:121
Encephaloceles:25	
	-
	-

	Alison K Krajewski(2021)
	Texas
	Maternal  
	<19:169
20–24:327
25–29:321
30–34:239
35–39:106
>40:36
	NM
	NM
	Yes
	Anencephaly
Spina Bifida
	Sociodemographic
environmental quality

	-


	Farzaneh Zaheri (2017)
	Iran 
	Maternal 
	16–25:28
26–35:15
36<:3
	secondhand smoke
	1–9 cigarettes per day
	Yes 
	
	alcohol
multivitamins
folic acid 
	

	Q Zhou(2020)
	NM
	Father 
Smoking
	NM
	secondhand smoke
	paternal smoking 28.7%
13.3% decreased their smoking
6.6% continued smoking
	
Yes 
	NM
	-
	congenital heart diseases, limb abnormalities, digestive tract anomalies and neural tube defects than those whose fathers continued smoking.


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 a sign of the comprehensiveness of the subject in different locations.

	Table 2
	study setting
	population

	smoking

	element
	NTDs effect
	Results
	Side
Risk factors
	Additional
Results

	first aouthor
(year)
	
	
	
	
	
	
	
	

	Chuanhui Yin (2021)
	Non-Mentioned (NM)
	Hamsters
	Yes
	Cadmium
Lead
zinc
	NM
	smoking is associated with elevated levels of metals
	-
	-

	Katrine Bilde (2019)
	NM
	NM
	Yes
	metallothionein 1 and 2
	NM
	smoking is associated with a significantly reduced expression
	Zinc
	zinc deficiency-can affect pregnancy outcome and growth

	Anna Bizoń (2021)
	Poland
	Maternal
	Yes
	antioxid copper zinc cadmium
	NM
	tobacco smoke is associated with significant alteration in antioxidant status and copper, zinc, and cadmium concentration
	· 
	-

	Nihat Demir (2017)
	Turkey
	NM
	Yes

	copper zinc selenium cobalt
	Yes
	High plasma levels of heavy metals As, Pb, and Cd and trace element Cu were identified as risk factors for the development of NTD
	no association between Hg and Co plasma levels and increased risk for the development of NTD was observed
	Zn and Se were also found to be risk factors for NTD

	Mengyuan Liu (2021)
	China
	Maternal
	No
	cadmium and lead
	Yes
	Higher concentrations of Cd were observed in the NTD group than in the control group, but no difference was found for Pb
	enhanced in fetuses who carry the G allele of rs4880 in SOD2 and T allele of rs1801133 in MTHFR
	-

	Shazia H Chaudhry (2020)
	Canada
	Maternal
	Yes
	folic acid
	Yes
	factors significantly associated with higher homocysteine concentration were nulliparous, smoking and chronic hypertension,
	Sociodemographic
environmental quality

	Folic acid supplementation of >1 mg/d during pregnancy did not substantially increase folate concentration

	Minxue Shen (2016)
	Canada
	Maternal
	NM
	folate
	Yes
	This indicates that the current RBC folate cut-off approach for assessing risk of neural tube defects in obese women may be limited
	BMI
	BMI is inversely associated with serum folate and positively associated with RBC folate in pregnant women

	Korede K. Yusuf (2020)
	NM
	Maternal
	Yes
	folate
	
Yes
	The effect of low folate levels among smokers cannot be overemphasized, considering that tobacco products not only reduce folate levels but also decrease the bio utilization of folate
	Prepregnancy maternal body mass index, gestational age, stress, and depression also were associated with folate levels
	Low RBC folate is associated with perinatal factors, including high maternal cotinine levels, body mass index, stress, and depression


Table2 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 .Most of the investigated Articles related t



