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Abstract

Background: It is well-known that cigarette smoke contains chemical substances, including nicotine and carbon monoxide, which
can have harmful effects on cardiovascular function.

Objectives: This study aimed to investigate and compare lipid levels and carotid artery intima-media thickness (CAIMT) among
neonates born to smoking and nonsmoking mothers.

Methods: This study was conducted on 40 term neonates (over 37 weeks of gestation) within the age range of 0 - 30 days born
to smoking mothers (study group) and 34 term neonates born to nonsmoking mothers (control group). Both groups were as-
sessed prospectively for triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C), and CAIMT.

Results: There was no difference in the mean age of mothers between control and study groups (29.0 & 4.5 vs. 29.3 & 5.7 years;
P = 0.31). The CAIMT was observed as similar between the groups (0.35 &= 0.05 vs. 0.36 £ 0.05 mm in control and study groups,
respectively; P = 0.665). Although HDL-C levels were significantly lower in the study group (48.5 £ 16.2 vs. 39.1 & 17.8 mg/dL; P =
0.021), no difference was observed in LDL-C, TC, and TG levels between the two groups.

Conclusions: Based on the results, there were no differences in CAIMT and lipid profile other than low HDL levels between term
neonates born to smoking mothers and neonates born to nonsmoking mothers. Atherosclerosis is a disease in which numerous
factors play a role in the formation beginning in the fetal period and emerging with clinical findings in advanced age; therefore, it

is required to perform further studies with longer follow-up and larger sample size to confirm the present study findings.
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1. Background

Smoking is defined as a biopsychosocial state of intoxi-
cation by the World Health Organization (WHO) (1). Smok-
ing is a very common habit in society, and 90% of smok-
ers begin this habit before the age of 20 years. Since the
number of female smokers is being increased, smoking is
more frequently encountered during pregnancy (2). This
is a major public health problem because smoking is not
only harmful to woman'’s health, but it also might lead
to gestational complications, such as preterm birth, low
birth weight, and serious health problems in newborns
and early childhood.

Atherosclerosis is the most common cause of mortal-
ity in developed countries. It might lead to several dis-
eases, including cerebrovascular disease, coronary heart
disease, and peripheral arterial occlusion, causing severe
mortality and morbidity. The WHO reported atherosclero-

sis would be the first common cause of mortality world-
wide in the near future (3). Studies for the early detection
of atheroscleroticlesions showed that the measurement of
intima-media thickness in the carotid arteries and abdomi-
nal aortic artery is reliable and helpful and has been shown
to be an early marker of endothelial organ damage and ini-
tial finding of atherosclerotic heart disease (ASHD) (4, 5).

Atherosclerosis is known to be associated with serum
lipid and lipoprotein concentrations. Epidemiological
studies report that ASHD is positively correlated with to-
tal cholesterol (TC) and low-density lipoprotein choles-
terol (LDL-C) and negatively correlated with high-density
lipoprotein cholesterol (HDL-C) (6-10). Gestational expo-
sure to smoking has been demonstrated to affect serum
lipid levels in various ways; however, studies investigating
the effect of gestational smoking on atherosclerotic mark-
ers in newborns had no consensus of opinion due to differ-
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ent findings (11-13).

2. Objectives

The present study aimed to investigate blood lipid lev-
els and carotid artery intima-media thickness (CAIMT) in
newborns with exposure to gestational smoking and com-
pare the results with those of age- and gender-matched
healthy controls with no smoking exposure.

3. Methods

3.1. Patients

A total of 74 patients presented to Dr. Behcet Uz Chil-
dren’s Training and Research Hospital, Cardiology Outpa-
tient Clinic, Izmir, Turkey, were prospectively included in
the study. After receiving approval from the Ethics Com-
mittee (12/12/2013104), the newborns were assigned to two
groups according to the smoking status of mothers dur-
ing pregnancy, namely newborns of smoking mothers (n=
40; study group) and nonsmoking mothers (n=34; control
group). All patients signed the informed consent form.

Term newborns aged 0 - 30 days who were born to
healthy mothers with no additional diseases were in-
cluded in the study as controls. Newborns of hypertensive-
preeclamptic-eclamptic mothers and diabetic mothers,
those with a history of prematurity, familial hyperc-
holesterolemia, familial history of early atherosclerosis,
metabolic disease or chronic disease, and passively ex-
posed to tobacco smoke were excluded from the study.

The pack-years of the mothers in the study group were
calculated. The pack-year is a unit for measuring the
amount an individual has smoked over a long period.
It is calculated by multiplying the number of packs of
cigarettes smoked per day by the number of years the indi-
vidual has smoked. Newborns of the mothers who were ir-
regularly smoking were not included in the study to avoid
the risk of affecting the study results. Both groups were
compared regarding demographic characteristics, blood
lipid profile, blood glucose, blood pressure, heart rate, and
CAIMT.

3.2. Measurement of CAIMT

The carotid arteries are most commonly used in stud-
ies due to their superficial localization, easiness of vi-
sualization, size, and stillness (14, 15). Before initiating
ultrasound, newborns were laid in a dark temperature-
controlled room for10-15 minutes. All carotid artery imag-
ing examinations were performed by a single pediatric car-
diologist who was blinded to the clinical and laboratory
data of the newborns. Ultrasound examinations were car-
ried out with Vivid S6 (General Electric Healthcare, Milwau-
kee, WI, USA). The images were acquired using an L12 linear

probe. The measurements were made for the newborns ly-
ing in supine position with the head slightly brought to ex-
tension and turned toward the opposite side of the carotid
artery studied. All examinations were performed in accor-
dance with the predetermined standard scanning proto-
col. The common carotid artery segment was scanned at
1-2 cm proximal to the carotid bulb. The distal wall was
focused during the scanning. The images were digitally
recorded, and the digitally stored scans were manually an-
alyzed by a single reviewer who was not aware of the pa-
tients’ risk factors. The walls distal to the left common
carotid artery were measured three times during the anal-
ysis, and the average of these results was used (Figure 1).

3.3. Blood Glucose-Lipid Profile

The blood samples were collected between 08:00 -
10:00 am following 4-hour fasting. All blood samples were
kept in a -80°C refrigerator until analysis. Blood glucose
was determined by the glucose oxidase method and the
blood glucose kit in a fully automatic chemistry analyzer.
The triglyceride (TG), TC, LDL-C, and HDL-C of serum were
measured with TC kit, TG kit, HDL-C kit, and LDL-C kit. All
blood samples of newborns were drawn at the age of 15-30
days.

3.4. Blood Pressure and Heart Rate

Blood pressure was measured while the newborns
were awake and calm in a lying position using a cuff ap-
propriate to their age and size of the right arm. Blood pres-
sure was measured three times using a standard mercury
sphygmomanometer.

3.5. Statistics

Statistical analysis was performed using the Statistical
Package for the Social Sciences software (release 15.0; SPSS
Inc., Chicago, IL, USA). The variables were investigated us-
ing visual (e.g., histograms and probability plots) and an-
alytical (e.g., Kolmogorov Smirnov test/Shapiro-Wilk test)
methods to determine whether or not they were normally
distributed. The continuous data were analyzed by a Stu-
dent’s t-test. The chi-square and Fischer’s exact test were
used to compare the proportions of different groups. The
correlation coefficients and their significances were calcu-
lated using the Pearson correlation test. A p-value less than
0.05 was considered statistically significant.

4. Results

In the present study, the study group consisted of
40 neonates born to smoking mothers; nevertheless, the
control group included 34 neonates born to nonsmoking
mothers. No statistically significant difference was ob-
served in the mean age of mothers between the two groups
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Figure 1. Measurement of carotid artery intima-media thickness; A, normal thickness; B, increased thickness.

(29.0 £ 4.5 vs. 29.3 £ 5.7 years, respectively; P = 0.316). Ta-
ble 1 shows the demographics of both groups. No statisti-
cally significant differences were observed in the gender
and nutritional patterns of the newborns. There was no
significant difference in the birth weights (3334 & 442 vs.
3222 £ 440 gr; P = 0.285) and current weights (3830.9 £+
520 vs. 3739.0 &£ 740 gr; P = 0.546) of newborns between
the control and study groups (Table 1).

There were no statistically significant differences be-
tween the control and study group in heart rate, fasting
blood glucose, and blood pressure (heart rate: 146.5 4- 20.1
vs. 141.0 = 14.8 beats/minute, P = 0.177; fasting blood glu-
cose: 86.4 £10.6 vs. 84.0 £ 13.7 mg/dL, P=0.412; blood pres-
sure: systolic: 86.3 £ 9.1vs. 86.6 £+ 9.8 mmHg, P=0.906; di-
astolic: 52.6 £ 9 vs. 51.9 £ 10.9 mmHg, P = 0.768). No statis-
tically significant differences were noticed between both
groups in mean CAIMT and body weight-adjusted CAIMT
values, although CAIMT was thicker in the neonates of
smoking mothers, compared to that of nonsmokers (0.35
+ 0.05 vs. 0.36 £ 0.05 mm, respectively; P = 0.665; 0.093
=+ 0.023 vs. 0.099 £ 0.0160 mm/kg, respectively; P = 0.212)
(Table 2). When the control and study groups were com-
pared for blood lipid levels, the study groups had higher
LDL-C, TC, and TG levels, although the differences did not
reach a statistical significance (LDL-C: 40.7 & 17.4 vs. 45.8
=+ 28.0 mg/dL, P = 0.356; TC: 109.0 =+ 24.4 vs. 113.8 &= 30.0
mg/dL, P=0.459; TG:127.7 = 35.6 vs. 138.7 &= 42.7 mg/dL; P=
0.286). On the other hand, the control group showed a sig-
nificantly higher HDL-C level than the study group (48.5 +
16.2 vs. 39.1 == 17.8 mg/dL; P = 0.021) (Table 2).
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There was a statistically significant negative correla-
tion between CAIMT and HDL-C (r =-0.245; P = 0.035). The
CAIMT was not significantly correlated with the levels of
LDL-C (r = 0.228; P = 0.051), TC (r = 0.035; P = 0.776), and
TG (r = 0.186; P = 0.112). No significant difference was ob-
served when the groups were compared for atherogenic
index parameters (i.e., LDL-C/HDL-C and TC/HDL-C) (Table
2). The HDL-C levels measured in the newborns showed a
statistically significant negative correlation with the pack-
year values of the mothers (r=-0.266; P=0.023).

5. Discussion

This study investigated and compared the lipid levels
and CAIMT among neonates born to smoking and non-
smoking mothers. The obtained results showed that mean
HDL-C levels were lower in term neonates born to smok-
ing mothers, although mean CAIMT values were similar
between the groups. To the best of our knowledge, this
has been the first study with the youngest population who
were exposed to maternal smoking in utero, and the find-
ings showed for the first time that HDL-C levels seem to be
influenced by smoking as early as in the utero period, com-
pared to other parameters related to atherosclerosis.

Numerous studies have shown an inverse association
between cigarette smoking and HDL-C. In addition to
cigarette smoking’s impact on HDL metabolism via alter-
ing cholesteryl ester transfer protein and the critical en-
zymes of lipid transport, HDL is susceptible to oxidative
modifications, making HDL dysfunctional later in life (16).
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Table 1. Demographics of Mothers and Newborns *

b

Variables Control Group (n=34) Study Group (n=40) P-Value
Mothers
Age (y) 29.0 £ 45 293+57 0.316
Educational level 0.009
Primary 11(32.3) 24 (60)
Secondary 10 (29.4) 11(27.5)
Tertiary 13(38.2) 5(12.5)
Employment status 0.215
Employed 14 (41.1) 11(27.5)
Unemployed 20(58.9) 29(72.5)
Newborns
Age (day) 167 £ 9.0 17.4 £ 8.7 0.743
Gender 0.771
Male 19 (55.8) 21(52.5)
Female 15(44.2) 19 (47.5)
Birth weight (g) 3334 £ 442 3222 £ 440 0.285
Current weight (g) 3830.9 & 520 3739.0 & 740 0.546
Feeding type
Breast milk 21(61.7) 23(57.5) 0.163
Formula 0(0) 4(10.0) 0.076
Breast milk + formula 13(38.3) 13(32.5) 0.947
? Values are expressed as No. (%) or mean = standard deviation.
b p.value < 0.05 was considered statistically significant.
Table 2. Comparison of Blood Lipid Profile, Blood Glucose, Blood Pressure, Heart Rate, and Carotid Artery Intima-Media Thickness Between Two Groups * b
Variables Control Group (n=34) Study Group (n=40) P-Value
Heart rate (beats/min) 146.5 +20.1 141.0 £ 14.8 0177
Fasting blood glucose (mg/dL) 86.4 +10.6 84.0 £13.7 0.412
Blood pressure (mmHg)
SBP 863+ 91 86.6 - 11.8 0.906
DBP 52.6 £9.0 51.9 £10.9 0.768
CAIMT (mm) 0.35+0.05 0.36 £ 0.05 0.665
CAIMT/Body weight (mm/kg) 0.093 + 0.023 0.099 + 0.0160 0.212
TG (mg/dL) 128.7 + 35.6 138.7 £ 427 0.286
TC (mg/dL) 109.0 £ 24.4 113.8 £ 30.0 0.459
LDL-C (mg/dL) 407+ 174 45.8 +28.0 0.356
HDL-C (mgj/dL) 48.5 £16.2 391417.8 0.021
LDL-C/HDL-C 137 4 0.63 171 £ 2.51 0.457
TC/HDL-C 3.47 +1.75 4321 4.62 0.334

Abbreviations: CAIMT, carotid artery intima-media thickness; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-
cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride

? Values are expressed as No. (%) or mean =+ standard deviation.

® pvalue < 0.05 was considered statistically significant.
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Although exposure to smoking has been demonstrated
to affect serum lipid levels and CAIMT in neonates, this
study showed that smoking might alter lipid profile even
in utero.

Animal and human studies investigating the effect of
gestational exposure to smoking or nicotine on newborns
from the aspect of atherosclerotic findings have obtained
different findings (17, 18). In a study performed by Gunes
et al. (11), it was shown that nicotine exposure during in-
trauterine life and lactation period increases aortic intima-
media thickness in a dose-dependent manner in offsprings
of rats. In a series of 732 cases, including smoking and non-
smoking mothers by Geerts et al. (12), the CAIMT of the
neonates born to these mothers measured after adjusting
several risk factors, such as age, gender, body mass index,
blood pressure, LDL-C, HDL-C, and CAIMT, was shown signif-
icantly higher in the newborns of smoking mothers. In a
prospective population-based study, Geerts et al. (13) evalu-
ated the CAIMT of 259 children at1month and 5 years of age
according to the smoking status of their mothers during
and after pregnancy. Although no significant difference
was observed, there was a 23.3-micrometer increase in the
intima-media thickness of the neonates born to the moth-
ers who smoked both during and after pregnancy. In the
present study, although CAIMT and body weight-adjusted
CAIMT values were observed to be higher in the neonates
of smoking mothers, compared to those of nonsmokers, it
was impossible to find a statistically significant difference
in CAIMT between the two groups.

Ayer etal. (19) evaluated children born to mothers who
were smoking during pregnancy when they were aged 8
years in terms of blood lipid and blood pressure levels.
The aforementioned study initially included 616 newborns
aged over 36 weeks of gestation and weighed over 2500
gr; however, blood lipid levels, blood pressure, and CAIMT
could be obtained in 405 patients when they were 8 years.
The results of the aforementioned study showed that chil-
dren born to smoking mothers had lower HDL-C (1.32 vs.
1.50 mmol/L; 95% confidence interval (CI): -0.28 to -0.08;
P = 0.0005), higher TG (136 vs. 1.20 mmol/L; 95% CI: 1.01
-1.30; P = 0.04), and higher systolic blood pressure (102.1
vs. 99.9 mmHg; 95% CI: 0.6 - 3.8; P = 0.006) levels; never-
theless, no significant difference was observed in CAIMT
between the children of mothers who were smoking and
nonsmoking during pregnancy (0.59 and 0.60 mm; P =
0.31). Through adjustment according to other risk factors,
the aforementioned study reported that HDL-C level was
lower by 0.14 mmol/L in children born to smoking moth-
ers. Although the relationship between a decrease in HDL-
Catsuch level and incidence of atherosclerosis in children
is unclear, population studies conducted in adults indi-
cated that after adjusting the other risk factors, even mi-
nor alterations in HDL-C might lead to significant changes
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in the prevalence of coronary heart disease (20).

In a similar study with 216 twins, Moskowitz et al.
(21) showed that after adjusting according to age, height,
weight, and gender, the HDL-C level was lower in 8 twin
pairs born to the mothers who were smoking during preg-
nancy, compared to 33 twin pairs born to nonsmoking
mothers (44.6 & 2.2 and 50.2 £ 1.1 mg/dL; P < 0.05). Like-
wise, in the present study, the HDL-C level was statistically
lower in the newborns of smoking mothers, which showed
anegative correlation with pack-year and CAIMT.

In a study conducted by Geerts etal. (22), including 456
mothers, systolic and diastolic blood pressures were com-
pared between the neonates born to smoking and non-
smoking mothers. Out of 456 mothers, 363 cases (79%) did
not expose to smoking, 63 cases (13%) did not smoke but
were exposed to tobacco smoke during pregnancy, and 30
cases (6.6%) smoked during gestation. In conclusion, con-
sidering the weight, age, gender, and nutritional status
of newborns and age of the mother, systolic blood pres-
sure was observed higher by 5.4 mmHg (P = 0.01) in the
neonates of smoking mothers at the age of 2 months; how-
ever, no correlation was noticed between diastolic blood
pressure and smoking. In a similarly designed study, the
blood pressure of newborns was measured at the third and
fourth days of life, and only diastolic blood pressure was
observed to be increased by 1.7 mmHg in the newborns of
smoking mothers (23). The present study compared blood
pressure values after delivery between the newborns ex-
posed to gestational smoking and those born to nonsmok-
ing mothers and demonstrated no significant difference in
blood pressure levels between the two groups.

Despite the obtained findings, this study had some
limitations. First, the sample size of the study was small.
The results of the present study should be confirmed with
larger series. The second limitation was the short dura-
tion of follow-up. The newborns were evaluated within the
first month after delivery. Further studies with a longer
duration of follow-up are required to investigate whether
these neonates’ CAIMT and blood lipid levels are influ-
enced. As the third limitation, patients’ smoking status
was searched verbally, which could involve recall bias risk.
Serum cotinine level measurement, a byproduct of nico-
tine, has previously been shown to accurately determine
the quantity of smoking exposure.

5.1. Conclusion

No significant differences were observed in heart rate,
CAIMT, and TG, TC, and LDL-C levels in the neonates born
to smoking mothers, compared to those of the neonates
born to nonsmoking mothers; however, a statistically sig-
nificant decline was noticed in the levels of HDL-C in the
study group. Atherosclerosis is a disease in which numer-
ous factors play arole in the formation beginning in the fe-
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tal period and emerging with clinical findings in advanced
age; therefore, it is required to perform further studies
with longer follow-up and larger sample size to confirm
the present study findings.
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