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Abstract
Background: Smoking is practiced worldwide for both men and women, and it is associated with different
diseases and deleterious effects on gestational products, chie�y during pregnancy. Epigenetic alterations
induced by cigarette smoke must be related to perinatal abnormalities.

Methods: 219 pregnant women, aged 16 to 34 years, with or without a history of cigarette consumption (1–
5/day) during the �rst trimester of pregnancy and their offspring were studied in this work. A validated dietary
questionnaire was used to estimate daily consumptions of macronutrients and micronutrients, including total
energy, during pregnancy. As a marker of DNA damage, 8-hydroxy-2’-deoxyguanosine (8-OHdG) levels were
determined in plasma of women, before delivery, in umbilical cord blood after delivery, in the new-borns. The
proportion of methylated DNA in the placentas (metDNA) was determined by ultra-high-performance liquid
chromatography coupled with high-resolution mass spectrometry (UPLC-HRMS).

Results: Non-signi�cant differences were observed between smoking and non-smoking women groups, or
between the new-borns groups (p > 0.05). Smoking women showed up higher intakes of vitamins, lipids,
proteins, and carbohydrates in comparison with non-smoking women (p < 0.01). 8-OHdG levels correlated
among the mothers and new-borns (p = 5.386e-15) and were lower in the smoking binomials in comparison
with non-smoking binomials (β = −1.20 to −64). Negative correlations were found between micronutrients and
macronutrients but Vitamin C, and 8-OHdG levels of the women (p < 0.01). However, the new-borns 8-OHdG
correlated with proteins, vitamin A, and vitamin B12 (p < 0.05). Cigarettes consumed per day correlated to the
8-8HdG levels (Rho = −0.247, p = 0.012), alcohol consumption (Rho = 0.219, p = 0.001), to macronutrients
(Rho = 212 to 332, p < 0.01), micronutrients (Rho = 186 to 289, p < 0.01), and to energy (Rho = 0.286, p =
0.001). Finally, metDNA deceased in the smoking women than in the non-smoking women (β = −0.12, p <
0.05), and correlated with the number of cigarettes consumed per day (Rho = −0.229, p = 0.009).

Conclusion: Cigarette smoking alters metDNA levels of the placenta, however, their clinical effects come out
over years or transgenerationally. 

Introduction
Tobacco smoking is a public health problem [1], and it is related to mortality owing to its association with
cardiovascular diseases or cancer [2], amongst other pathologies. Only in Mexico, there were more than 14
million adult smokers in 2016, of whom 25.3% were women with an average age at onset of a smoking habit
of 21-year-old [3]. In some countries, smoking is frequent amongst pregnant women, with a prevalence of up
to 25% [4].

Children are susceptible to environmental factors during pregnancy, mainly maternal conditions such as
nutrition [5, 6], type 2 diabetes (T2D) or obesity [6–8], cigarette smoke [9, 10], or alcohol [11, 12]. Maternal
smoking has immediate or midterm deleterious effects such as preterm pregnancy [13–15], low birth weight
[15], congenital anomalies [16, 17], chronic asthma [4, 18–20], bronchiolitis [4, 21], or psychiatric abnormalities
[22–25]. The aetiology of those conditions might be the result of epigenetic modi�cations during embryonic or
foetal development.
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Studies on the placenta and umbilical cord blood DNA methylation have found signi�cant differences
between smoking women and non-smoking women [26–29] associated with abnormalities in their offspring
[9]. On the other hand, pregestational maternal nutrition status can alter the placenta methylation [30, 31], e.g.,
high or low DNA methylation level is associated with mothers’ glucose levels [32, 33].

The smoke cigarette is characterized by an enormous production of free radicals that can oxide the DNA via
hydroxyl radical formation through Fenton reactions [34, 35]. From the four nucleotides of DNA, guanine is the
most susceptible to oxidation [36]. Guanine oxidation gives rise to 8-hydroxy-2’-deoxyguanosine (8-OHdG), 8-
OHdG pairs easily with thymine instead of cytosine, causing G → T transversions. That can alter the DNA
methylation pattern whether G in CpG’s islands are modi�ed but non-reverted [37]. Concerning the prior, 8-
OHdG has been associated with DNA damage [38] and changes in the DNA pattern methylation [39]. On the
other hand, an everyday fruit intake decreases the urinary 8-OHdG secretion [40].

Based on previously described, in this work we studied the association between maternal smoking and diet
with DNA damage (8-OHdG) in mother-child pairs and the overall methylation percentage in placental tissue
change in smoking women as compared with non-smoking women.

Methods

Participants
From January 2015 to July 2016, 219 healthy pregnant women were recruited during their third trimester of
pregnancy for this cross-sectional study. All women signed an informed consent form. The study was
conducted in accordance with the latest version of the Declaration of Helsinki, and the study protocol was
approved by the committees for the investigation, Ethics and Biosecurity of the Hospital Infantil de Mexico
Federico Gómez. The inclusion criteria were women who delivered at gestational ages of 38 to 40 weeks from
the last menstruation and had adequate prenatal control, including monthly medical consultations from the
�rst trimester of pregnancy and a minimum of two normal prenatal ultrasonography results. Women who had
pre-eclampsia, T1D or T2D, obesity, or gestational diabetes mellitus were excluded. Data on the women’s
weights before and at the end of pregnancy were collected during medical examination. A physician measured
the heights of the women by using a stadiometer (SECA, Hamburg, Germany) at the time of recruitment. The
anthropometric data on weight and length, gestational age, mode of
delivery (vaginal or caesarean section), sex, and Apgar score of the new-borns with a perinatal medical history
were collected. The pregestational record of smoking (cigarettes) and alcohol consumption were
collected from responses to direct questions during the medical examination. According to their smoking
history, the women were classi�ed as follows: smokers (smoking women), consumed 1–5 cigarettes per day
and stopped smoking during the �rst trimester of pregnancy (according to the questionnaire), and non-
smokers (non-smoking women), denied direct or indirect tobacco consumption or exposure.

Food frequency questionnaire
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A food frequency questionnaire (FFQ) to assess regular food intake during pregnancy was administered by the
medical staff to all the participants. The questionnaire had been validated for estimation of folate intake in
the Mexican population [41]. The questionnaire contained 127 food items. As supporting material, the
interviewer used food replicas to standardise the types and amounts of the main food groups consumed by
the participants. The participants’ food intakes per day were estimated, and the amount of food consumed
was calculated in terms of the unit of measurement used (e.g. piece, cup, plate, or spoon) and the size of the
unit (i.e. small, medium, or large). The frequencies of consumption of the 127 food items were calculated in
grams or millilitres ingested per day. The participants’ daily intake levels of energy, macronutrients, and
micronutrients were calculated using the Food Processor SQL programme (version 10.9.0, 2011; ESHA
Research, Salem, Oregon) and Mexican food tables, including data on traditional Mexican food [42]. For the
analysis, data cleaning was performed, considering the consumption of energy, macronutrients, and
micronutrients > 5 standard deviations from the average consumptions as not plausible. Amongst the lower
values, energy adequacy values < 25% were eliminated, as adequacy percentages less than that value could
not represent intakes compatible with life.

Blood samples
In the last medical examination before birth, 5-mL peripheral blood samples were collected from the
participants. Immediately after birth, the umbilical cord was clamped, and 5-mL blood samples were collected
from it. Blood samples were collected in ethylenediaminetetraacetic acid-containing tubes, centrifuged at
1,800×g/15 min, and subjected to protein precipitation with 20% trichloroacetic acid (50:50 v/v). Then,
centrifugation was repeated at 3,600×g/5 min at 4°C. Plasma samples were kept at −80°C until 8-OHdG
quanti�cation.

8-OHdG quanti�cation
The 8-OHdG levels were determined in the plasmas, which were deproteinised by immuno�uorescence using
the 8-hyrdoxy-2’-deoxyguanosine enzyme immunoassay (EIA) kit (CEDERLANE, USA). Brie�y, 50 μL of
deproteinised plasma, the EIA buffer, the 8-hydroxy-2-deoxy Guanosine EIA Standard (Cat# CL89120KC), and
the 8-OHdG-AChE tracer were added to the wells in accordance with the manufacturers’ recommendations.
The monoclonal antibody 8-OHdG was added, and the plate was incubated for 18 h at 4°C and washed
several times with buffer. Then, 200 μL of Ellman’s reactive was added to each well. The optical density was
determined at 405 nm.

DNA placental puri�cation
3 cm2 of maternal surface placenta was dissected and washed with sterile NaCl 0.9% solution within the �rst
10 min after delivery. The samples were stored in conic tubes with NaCl 0.9% and kept at 4°C for
transportation. Upon arrival of the samples at the laboratory, the samples were stored at −80°C until DNA
isolation. DNA puri�cation was performed using the Gentra Puregene Gen kit (QIAGEN, USA) according to the
manufacturer’s procedure, brie�y; 6–10 mg of placenta were disaggregated, keeping it on ice during the
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procedure; mixed with cell lysis solution, and incubated at 65°C/15 min, followed by 55°C/15 min with
Puregene Proteinase K, and 37°C/15 min with RNAsa A solution. To each sample, was added protein
precipitation solution and centrifuged at 13,000×g/3 min. The aqueous phase was recovered and added 100%
isopropanol (Sigma-Aldrich, USA). The samples were centrifuged at 13,000×g/3 min, and the supernatant
discarded. The DNA was eluted in an elution solution and incubated at 65°C/1 h. Finally, the samples were
kept at −80°C until they were used for ultra-high performance liquid chromatography coupled with high-
resolution mass spectrometry (UPLC-HRMS) assays. The purity and concentration of the samples were
determined with spectrophotometry at a ratio of A260/A280, and their integrity by electrophoresis.

Enzymatic hydrolysis of DNA
Placental DNA samples were hydrolysed to obtain free nucleosides [43], brie�y; 1–10 µg of DNA was eluted in
35 µL of water and 5 µL of hydrolysis buffer (acetic acid, 200 mM; glycine, 200 mM; MgCl2, 50 nM; ZnCl2, 5
mM; and CaCl2, 2 mM; pH 5.3) and incubated with 10 µL of nuclease mixture (1 U of nuclease P1 and 20 U of
DNAsa) at 37°C/14 h. Next, 5 µL of NaOH 100 mM and 10 µL of alkaline phosphatase (0.2 U/µL) were added
to the mixture and incubated at 37°C/2 h. The samples were kept at −20°C until UPLC-HRMS analysis.

Determination of global DNA methylation by UPLC-HRMS
dC and 5 mdC were determined using the chromatographic system UPLC Acquity I-class (Waters) coupled with
the mass spectrometer Synapt G2-Si (Waters) [44], brie�y; 2 µL of each hydrolysed sample were injected in an
UPLC Luna Omega C18 100 Å with a 1.6 µm column (150 × 2.1 mm; Phenomenex), maintained at 40°C at a
�ow rate of 100 µL/min, and eluted with the mobile phases of ammonium formate 10 mM (pH 4) (A) and
methanol (B) in the following gradient programme: 0 to 3 min for 5% B, 3 to 7.5 min for 20% B, and 7.5 to 10
min for 5% B. Free nucleosides were detected using a mass spectrometer by the following operation
parameters: electrospray ionisation in positive mode (ESI+); capillary voltage, 3000 V; cone voltage, 30 V;
source temperature, 120°C; desolvation gas, N2; desolvation gas temperature, 350°C; desolvation gas �ow, 800
L/h; acquisition mass range, 50–600 m/z; scan time, 0.4 sec; and data format, centroid. The analytical signals
of the ionic dimers [44]+ at m/z 455.19 ± 0.01 Da and 483.22 ± 0.01 were used for dC and 5 mdC
quanti�cation. Global DNA methylation was calculated as the molar ratio of [5 mdC/(dC + 5 mdC)].

Statistical analyses
Descriptive statistics, including mean, standard deviation, median, interquartile range, and frequencies, were
used to describe the baseline characteristics of mothers and new-borns. A pre-exploratory variable analysis
was conducted to identify their distributions. To compare the baseline characteristics between the smoking
women and non-smoking women, the continuous variables without a normal distribution in the Mann–
Whitney U test were used. For the continuous variables with a normal distribution (Shapiro–Wilk normality
test, P > 0.05), the Student t test was used, and for the categorical variables, the Mann–Whitney U test was
used. By using medians and interquartile ranges (IQRs), we report the daily calories obtained from the food
consumed; amounts of proteins, carbohydrates, and fats; and the mothers’ and new-borns’ consumptions of
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vitamins and oxidant levels. Robust regression models were used to evaluate the association of smoking and
non-smoking with oxidative levels. Data analysed and plots were constructed using the language R version
3.6.2 (2019-12-12). P values < 0.05 were considered to indicate statistically signi�cant differences.

Results

Subject characteristics
The perinatal characteristics of the mothers and the characteristics of the new-borns at birth are shown in
Table 1. The mean age did not signi�cantly differ between the non-smoking women and smoking women.
Height and pregestational weight or pregestational Body Mass Index (BMI) were not signi�cantly different
among the groups. In both groups, multi-vitamin and folic acid supplementations were
not signi�cantly different. Alcohol intake was signi�cantly higher in the smoking women than in the non-
smoking women (p = 0.002). The new-borns did not signi�cantly differ in weight, height, or gestational age.
The new-born’s Apgar score, in the �rst and �fth minute of testing were not signi�cantly different between the
groups. However, the Silverman scores were slightly lower in the smoking new-born group (p = 0.049; Table 1).

Nutritional characteristics of the smoking and non-smoking
women
The evaluation of nutritional status during pregnancy revealed that the smoking women had signi�cantly
higher intakes of calories, carbohydrates, lipids, and proteins, and estimated consumptions of vitamin A,
vitamin B12, vitamin C, vitamin E, and folic acid than the non-smoking women (Table 2).

8-OHdG levels in the groups
8-OHdG plasmatic levels showed a positive and strong correlation in both mothers and new-borns (Figure 1).
In our groups, robust logistic models showed that in the smoking’s binomials the proportion of 8-OHdG levels
decreased by the end of pregnancy: when we did not adjust the model by any variable (model 1), when we
adjusted the model by maternal age, alcohol consumption, gestational age, and pregestational BMI (model 2),
or even when we add the kilocalorie intake during the pregnancy (model 3) (Table 3).

Correlation of 8-OHdG level with macronutrients and
micronutrients
Maternal 8-OHdG showed negative correlations with daily consumption of calories, carbohydrates, lipids,
proteins, vitamin A, vitamin B12, vitamin E, and folic acid but with vitamin C (Table 4). The new-borns’ 8-OHdG
levels slightly but signi�cantly correlated with the mothers’ daily intakes of proteins, vitamin A, and vitamin 12
but calories, carbohydrates, lipids, vitamin C, vitamin E, or folic acid (Table 4). In addition, the unadjusted
model showed that the smoking women had signi�cantly lower 8-OHdG levels, which was still lower after
adjustment for maternal age, alcohol consumption, gestational age, and BMI before pregnancy, but not when
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we included the daily calorie intake (Table 3). The unadjusted model showed a tendency to signi�cantly lower
the 8-OHdG levels in the smoking women’s new-borns (Table 3). When we adjusted for maternal age, alcohol
consumption, gestational age, and BMI before pregnancy (Table 3) and included daily calorie intake (Table 3),
we found signi�cantly lower 8-OHdG levels.

Correlation of cigarette consumption with macronutrient and
micronutrients
Daily cigarette consumption showed a signi�cant negative correlation with the women’s 8-OHdG levels and a
positive correlation with their daily estimated consumptions of calories, carbohydrates, lipids, proteins, vitamin
A, vitamin B12, vitamin C, vitamin E, and folic acid, but not with the new-borns’ 8-OHdG levels (Table 5).

Methylated DNA and cigarette consumption
Since the maternal face of the placenta is more susceptible to the effect of environmental stimuli (e.g. free
radicals) [45], we decided to take the samples of it to study the overall level of DNA methylation (metDNA). In
this work metDNA correlated signi�cantly with daily cigarette consumption (Figure 2). The proportion of
metDNA was signi�cantly lower in the smoking women than in the non-smoking women: The unadjusted
model also showed that the smoking women had a signi�cantly lower proportion of metDNA than the non-
smoking women during pregnancy, which remained lower even after adjustment for maternal age, alcohol
consumption, gestational age (weeks), and BMI before pregnancy, and when daily calorie intake was included
(Table 3). 

Correlations of methylated DNA level with 8-OHdG,
micronutrient or macronutrient
Finally, metDNA did not correlate with the women’s or new-borns’ 8-OHdG levels, or with the daily estimated
consumption of calories, carbohydrates, lipids, proteins, vitamin A, vitamin B12, vitamin C, vitamin E, or folic
acid (p > 0.05).

Discussion
Cigarette smoking is a common practice amongst women of a wide range of ages and social statuses [46].
Unfortunately, the exposure to cigarette smoke has been associated with several diseases [35, 47, 48] because
of their deleterious effects on carbohydrates, lipids, proteins, cellular structures, or DNA [49, 50], owing to the
enormous quantity of free radicals (FRs) that are produced during cigarette burning. Due to their lower
reduction potential, guanines are the main adductor of FRs, and such interaction produces 8-OHdG [36]. 8-
OHdG level has been used widely as a marker of DNA damage in smokers [51].

As previously mentioned, we determined the plasma levels of 8-OHdG in the mother-child pairs in the smoking
and non-smoking groups to determine whether the effect of smoking during the �rst trimester of pregnancy
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remains until the end of pregnancy. In this work, we detected levels of 8-OHdG in umbilical blood and plasma
similar as reported by other authors [52–54], who employed the same methodology. In addition, we found
signi�cantly lower 8-OHdG levels in the smoking women group, consistent with previously reported �ndings
[55, 56]. However, the 8-OHdG levels were signi�cantly lower in the new-borns of the smoking women, contrary
to the report of Ebina et al., where the 8-OHdG levels of the new-borns of smoking women were high.
Nevertheless, they did not specify the time of smoking during pregnancy [52], which is important since 8-OHdG
higher levels have been observed in active adult smoker [57, 58] than in pregnant women [55, 56].

In this work, the smoking women displayed signi�cantly higher consumptions of calories, micronutrients, and
macronutrients. One reason is that once the women stopped smoking during the �rst trimester of pregnancy,
the cessation of smoking itself could increase food consumption [59, 60] in two ways: �rst, nicotine inhibits
food desire, and second, cigarette reward is substituted with food-reward (Table 2) [61]. Even though the
higher estimated consumption of micronutrients of the smoking group, several studies have associated lower
plasma levels of vitamin A [62, 63], vitamin C [62, 64, 65], vitamin E [62, 63, 65], folic acid, and vitamin B12 [66]
with smokers, which could explain the lower global metDNA levels as we have proposed (Figure 3). This could
be explained by lower absorption rate [67], altered vitamin metabolism [68–70], or increased elimination rate
[68, 71] in the smoking women group. However, investigating whether the plasma vitamin levels of the
smoking women in our study were de�cient is beyond the scope of this work.

Owing to the association of overweight and obesity with oxidative stress in adults and pregnant women [72],
and oxidative stress with DNA damage [73], we further analysed the nutritional status of the study groups on
the basis of their 8-OHdG levels. Thereby, we found no correlation between 8-OHdG and BMI (Rho = 0.08, p =
0.426), which is in agreement with other studies [40, 56, 58, 74]. Nevertheless, we observed that smoking
women had greater food intakes than the non-smoking women (Table 2). This behaviour could provide higher
amounts of vitamins with protective or preventive effects on 8-OHdG formation in the foetus. In addition, it
may explain the signi�cantly lower level of 8-OHdG in the smoking pair (Table 3), and the inverse correlation of
vitamins with antioxidant potential and the 8-OHdG levels (Table 4). On the other hand, we cannot discard the
possibility that 8-OHdG works antioxidant in smoking binomials [75], or be due to a buffering effect of the
placenta [76–78], which could be additional explanations of the lower levels detected in our smoking
binomials.

8-OHdG is a modi�ed nucleotide product of the interaction between guanines and FRs and owing to its
structure, 8-OHdG more easily pairs with thymine than with cytosine during DNA replication or de�cient repair
reversion [36, 73, 79]. The transversion or 8-OHdG expression itself in CpG islands (CpGIs) can inhibit the
methylation by DNA methyl-transferase 3a [80, 81] or 3b [82]. Human genomes up to 60% of the CpGIs are
located in gene promotors [83] of which 80% are associated with gene expression because cytosine
methylation suppresses or decreases gene expression [84, 85].

The placenta connects the child to the mother for imperative functions, including nutritional support, waste
elimination, gas transference, hormone secretion and synthesis, immune tolerance to the product, and acts as
a barrier against pathogenic agents [86]. Thus, placenta study is important for understanding the mechanisms
of deleterious agents. We assessed the overall metDNA percentage on the basis of its association with 8-
OHdG and metDNA levels (Figure 3). We found a negative correlation between the percentage of metDNA and
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the number of cigarettes consumed per day, which could be due to the mechanism we described earlier [87].
Our study was different from other studies that aimed to identify speci�c differential methylated CpGIs in the
placentas of smoking women [29, 88–91]. In this study we observed a signi�cantly lower global methylation
status in the placenta. However, other studies did not take into consideration nutritional status, it is important
because nutritional status can modify metDNA patterns [92]. One plausible explanation of the oxidative stress-
induced signi�cant decrease in metDNA level in the smokers could be that the saturation levels of the
antioxidant enzymatic systems such as the superoxide dismutase (SOD) enzyme activities, which is one of
the most important antioxidant systems [93], were decreased in smokers as compared with non-smokers [94,
95]. Although, the SOD levels of smokers were normal [96], the levels of their cofactors were high [94]. The
cofactors, together with reactive oxygen species, nitric oxide synthase, and metals from tobacco smoke [97,
98], could inhibit SOD enzyme activities in smokers. Although, several studies report that consumption of ≥ 10
cigarettes per day have deep effects [40, 58, 99], we found biological effects of consuming 1 to 5 cigarettes
per day until late pregnancy even though women stopped smoking during the �rst trimester of pregnancy.
However, we found that the mothers’ and new-borns’ DNA damage maker levels (8-OHdG) showed no
signi�cant correlations with the percentage of metDNA (p > 0.05).

Lastly, studies on epigenetic changes induced by cigarette smoking have associated these changes with the
development of several diseases (Figure 3). Therefore, studying the epigenome in new-borns exposed to
cigarette smoke in early life stages, even without any pathological evidence, could be useful for identifying
new-borns at higher risk of the aforementioned conditions and for establishing preventive health programs
focusing on this population.

Limitations: First, we cannot assure women stop smoking during the �rst trimester of pregnancy since we can
only take into consideration what they mentioned during the interview. Second, because of the cross-sectional
design of this study, it is hard to determine the levels of 8-OHdG at begin of pregnancy. Third, due to vitamins
estimation was determined by the query, it is hard to estimate a direct link among them and the levels of 8-
OHdG. Last, we did not have record of the men smoking history since paternal smoking has been associated
with health affectations in the offspring [100] .

Conclusions
We found an inverse association between 8-OHdG concentrations and smoking in the �rst trimester of
pregnancy which could be explained by smoking cessation. Which consequently causes an increase in the
consumption of food for the rest of the pregnancy. Cigarette consumption during the �rst trimester of
pregnancy was signi�cantly associated with global DNA methylation changes at the end of pregnancy via 8-
OHdG synthesis. Even though the clinical phenotypes of offspring are normal at delivery, the effects of
cigarette smoking could appear over the years and even trans-generationally [101].

Abbreviations
8-OHdG: 8-hydroxy-2’deoxyguanosine. 

MetDNA: Methylated DNA. 
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OS: Oxidative stress.

FR: Free radicals.
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Tables
Table 1

 Clinical features of the women and their offspring
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Women Non-smokers

(n = 188)

Smokers

(n = 31)

p-value

Maternal age (years, mean ± SD)& 23.75 ± 4.30 22.77 ± 4.72 0.287

Height (m, mean ± SD)& 1.57 ± 0.07 1.59 ± 0.06 0.068

Pregestational weight (kg, mean ± SD)& 61.89 ± 10.58 59.67 ± 13.24 0.365

Pregestational BMI (kg/m2)& 25.25 ± 3.73 23.54 ± 4.44 0.050

Multi-vitamin intake (%)# 90.43 90.32 1

Folic acid supplementation (%)# 94.68 100 0.395

Alcohol intake (%)# 3.72 19.35 0.002

New-borns

Weight (g)& 3158.7 ± 404.7 3192.6 ± 379.2 0.650

New-borns’ height (cm)& 49.31 ± 1.82 49.18 ± 2.75 0.803

Birth Delivery (%, n) #

 Caesarean (%, n)

 Unspeci�ed (%, n)

63.30 (119)

30.85 (58)

5.85 (11)

67.74 (21)

22.58 (7)

9.68 (3)

0.547

Sex Male (%, n)# 50.0 (94) 45.2 (14) 0.844

Apgar at 1 minute (median, IQR)&& 8 (8 to 9) 8 (8 to 9) 0.881

Apgar at 5 minutes (median, IQR)&& 9 (7 to 9) 9 (8 to 9) 0.836

Silverman score (median, IQR)&& 0 (0 to 3) 0 (0 to 2) 0.049

Gestational age (weeks, median, IQR)&& 39 (38 to 40) 39 (38 to 40) 0.583

&Student t test.

&&Mann–Whitney U test.

#Pearson chi-square test with Yates' continuity correction.

BMI: body mass index; IQR: interquartile range.

 Table 2
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 Estimated consumptions of energy, macronutrients, and vitamins

 Non-smokers

Median (p25 to p75)

(n = 185)

Smokers

Median (p25 to p75)

(n = 31)

p-value&

Energy (kcal/d) 1881 (1564 to 2503) 2877 (2016 to 3568) 2.157e-05

Carbohydrates (g/d) 287.0 (244.3 to 381.3) 410.9 (288.8 to 501.1) 0.001

Lipids (g/d) 55.8 (45.1 to 80.6) 102.1 (69.6 to 112.5) 8.576e-07

Proteins (g/d) 79.5 (61.1 to 114.7) 138.9 (101.0 to 154.4) 1.509e-06

Vitamin A (retinol, ER/d) 619.5 (454.6 to 996.8) 1030.8 (811.9 to 1282.1) 2.727e-05

Vitamin B12 (cyanocobalamin, μg/d) 3.13 (2.3 to 6.1) 4.89 (3.47 to 9.2) 0.001

Vitamin C (ascorbic acid, mg/d) 161.2 (118.2 to 206.8) 211.3 (153.2 to 287.2) 0.005

Vitamin E (tocopherols, mg/d) 4.1 (3.3 to 4.9) 5.6 (4.4 to 6.8) 2.443e-05

Folic acid (mg/d) 211.7 (168.6 to 300.5) 343.0 (240.4 to 486.6) 1.775e-05

&Mann–Whitney U test.

p: percentile.
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Table 3

 Association between smoking and oxidant levels

Parameter Model 1, β (95%
CI)

p-
value

Model 2, β (95%
CI)

p-
value

Model 3, β
(95% CI)

p-
value

Mothers’ 8-OHdG
(pg/mL)

Non-smokers Reference Reference Reference

Smokers −0.84 (−1.67 to
−0.01)

0.049 −1.20 (−2.13 to
−0.27)

0.012 −0.64 (−1.54 to
0.27)

0.165

New-borns’ 8-OHdG
(pg/mL)

Non-smokers Reference Reference Reference

Smokers −0.64 (−1.31 to
0.30)

0.061 −0.96 (−1.66 to
−0.26)

0.007 −0.79 (−1.52 to
−0.06)

0.033

Methylated DNA (%)

Non-smokers Reference Reference Reference

Smokers −0.12 (−0.21 to
−0.03)

0.012 −0.12 (−0.22 to
−0.02)

0.021 −0.12 (−0.23 to
−0.01)

0.029

Model 1: Robust regression, unadjusted.

Model 2: Robust regression, adjusted for maternal age, alcohol consumption during the �rst trimester of
pregnancy, gestational age (weeks), and body mass index before pregnancy.

Model 3: Robust regression, adjusted for maternal age, alcohol consumption during the �rst trimester of
pregnancy, gestational age (weeks), body mass index before pregnancy, and energy intake (kilocalories).

8-OHdG: 8-hydroxy-2'-deoxy-guanosine; CI: con�dence interval.

  

Table 4

 Correlations between the mothers’ and new-borns’ vitamin and 8-OHdG levels
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  8-OHdG (pg/mL)

Mothers (n = 99) Rho& p-value

Energy (kcal/d) −0.460 1.57e-06

Carbohydrates (g/d) −0.407 2.89e-05

Lipids (g/d) −0.500 1.30e-07

Proteins (g/d) −0.453 2.38e-06

Vitamin A (retinol, ER/d) −0.417 1.67e-05

Vitamin B12 (cyanocobalamin, μg/d) −0.363 0.0002

Vitamin C (ascorbic acid, mg/d) −0.141 0.161

Vitamin E (tocopherols, mg/d) −0.292 0.003

Folic acid (mg/d) −0.383 8.77e-05

New-borns (n = 182) Rho p-value

Energy (kcal/d) −0.119 0.106

Carbohydrates (g/d) −0.126 0.086

Lipids (g/d) −0.092 0.212

Proteins (g/d) −0.155 0.035

Vitamin A (retinol, ER/d) −0.204 0.005

Vitamin B12 (cyanocobalamin, μg/d) −0.166 0.024

Vitamin C (Acid ascorbic, mg/d) −0.059 0.420

Vitamin E (Tocopherols, mg/d) −0.047 0.520

Folic acid (mg/d) −0.129 0.081

&Spearman rank correlation. 

8-OHdG: 8-hydroxy-2'-deoxy-guanosine; p: percentile.

 

Table 5

Correlations of mothers’ and new-born’s cigarette consumptions of macronutrients, vitamins, and 8-OHdG
levels
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  Cigarette consumption

(Cigarettes per day, n = 219)

  Rho& p-value

Mothers’ 8-OHdG (pg/mL) −0.247$ 0.012

New-borns’ 8-OHdG (pg/mL) −0.029$$ 0.694

Alcohol intake 0.219 0.001

Energy (kcal/d) 0.286 1.84e-05

Carbohydrates (g/d) 0.212 0.001

Lipids (g/d) 0.332 5.85e-07

Proteins (g/d) 0.323 1.21e-06

Vitamin A (retinol, ER/d) 0.287 1.72e-05

Vitamin B12 (cyanocobalamin, μg/d) 0.217 0.001

Vitamin C (ascorbic acid, mg/d) 0.186 0.005

Vitamin E (Tocopherols, mg/d) 0.283 2.35e-05

Folic acid (mg/d) 0.289 1.49e-05

&Spearman rank correlation, n = 200$, 213$$.

8-OHdG: 8-hydroxy-2'-deoxy-guanosine.

Figures
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Figure 1

Correlation between the mothers’ and new-borns’ 8-OHdG levels. Logarithm transformation was applied to the
data.
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Figure 2

Correlation between placental methylated DNA level and the number of cigarettes consumed per day.
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Figure 3

Molecular mechanism by which exposure to cigarette smoke could cause DNA hypomethylation. Under
normal conditions, DNA replication gives rise to two strands with an identical nucleotide number and
sequence, preserving the genetic identity throughout cell generations [102]. Amongst the nucleotides, guanines
have lower reduction potentials, making them the main abductors for FRs; thus, throughout several chemical
changes, the guanine-to-FR interaction give rise to 8-hydroxy-2’-deoxy-guanines (8-OHdG) [36, 103]. Cigarette
smoke produces huge quantities of FR [35, 48], which could increase the rate of 8-OHdG synthesis in smokers.
Owing to its structure, 8-OHdG pairs easily with thymine instead of cytosine, stimulating transversions (G → T)
during DNA replication [79]. Regardless of whether DNA repair mechanisms revert the change (T to G)[104],
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thymine is preserved instead of guanine in the next cell generations. Cytosine-guanine islands (CpGIs) are
widespread in the human genome and found in an estimated 80% of human gene promoters [83-85]. CpGIs
regulate gene expression by cytosine methylation via DNA methyl transferases (DNMTs), which use the methyl
group (−CH3) to transfer from S-adenosylmethionine (SAM) to cytosine, producing 5-methycitocines (5mCs)
[105]. Once 5mCs are established, transcription factors can no longer bind the gene promoters, causing gene
repression or suppression [80-82]. 8-OHdG itself can avoid the recognition and binding of DNMTs to CpGIs
[80]. Induced by SC, both mechanisms could cause DNA hypomethylation. Aberrant changes in the methylated
DNA patterns, speci�cally hypomethylation, have been associated with the risk of developing pathologies
such as obesity (OB) [106], insulin resistance (IR) [107-112], type 2 diabetes (T2D) [113], cardiovascular
diseases (CVDs) [112, 114], different types of cancer (Ca) [115, 116], congenital neuronal defects (NCDs), and
congenital heart defects (CHDs) [16, 82], amongst other complications [117].
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