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ABSTRACT

Background: Maternal smoking exposure during pregnancy is correlated with negative neonatal well-being due to placental
disruption. Currently, there are still conflicting findings on whether smoking affects neonatal inflaimmatory responses. This
study aimed to evaluate the effects of maternal smoking exposure on neonatal wellbeing.

Materials and Methods: This is a cross-sectional study. Pregnant subjects were grouped into three categories: active
smokers, passive smokers, and non-smokers. Smoke analyzer was used to measure levels of exhaled carbon monoxide
(CO), and the levels of tumor necrosis factor-a (TNF-a), Interferon-y (IFN-y), and cotinine in serum umbilical cord were
measured by enzyme-linked immunosorbent assay (ELISA). The newborn well-being such as birthweight, birth length, and
head circumference was also measured. Statistical analysis was performed using IBM SPSS version 25.

Results: A total of 85 pregnant subjects participated in this study, distributed as 20 active smokers (23.5%), 35 passive
smokers (41.2%), and 30 non-smokers (35.3%). Newborns’ weight and placental weight had significant differences between
each maternal group. IFN-y and TNF-« in the groups exposed to cigarettes were lower compared to the non-smoker
group. Exhaled CO and cotinine cord blood levels were associated with smoking. Serum cord blood TNF-a levels inversely
correlated with exhaled CO but were not significant.

Conclusions: Maternal smoking exposure was associated with alteration of neonatal well-being and inflammatory markers.
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Introduction play a role in placental cytotrophoblast
proliferation and differentiation during critical

Smoking exposure during pregnancy is a crucial
modifiable risk factor that remains a concern in
public health. In Indonesia, the overall prevalence
of smokers in adults was 37.9%, with no recent
data on maternal smoking during pregnancy (1).
Maternal active smoking is associated with
intrauterine growth retardation, stillbirth, preterm
birth, low birth weight, and congenital
malformations (2,3).

Chahal et al. (4) showed that smoking during
pregnancy was associated with increased
interleukin-8 (IL-8) in newborns which may
already be detected at birth. Furthermore, the
changes in neonatal inflammation result in lifelong
implications (5). Smoking-induced disruption of
oxygen-related responses has been identified to

early stages of development (6). The damaged
placenta cannot transfer sufficient maternal
nutrients and oxygen to the fetus, which may
cause low birth weight (7).

In this study, we aimed to evaluate the effects of
maternal  smoking exposure on  neonatal
inflammatory markers using newborn umbilical
cord serum and the anthropometric parameters.

Material and Methods

This is a cross-sectional study evaluating the
outcome of neonates as measured by birth weight,
birth length, head circumference, placental weight
and Appearance, Pulse, Agrimace, Activity, and
Respiration (APGAR) score, in correlation with
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cord blood inflammatory markers and status of
smoking of pregnant subjects. Participants were
grouped into three categories: active smokers,
passive smokers, and non-smokers (non-smoking
within household). We excluded pregnant subjects
with: impaired systemic immunity (autoimmune
disease, acquired immunodeficiency
syndrome/AIDS, on immunosuppressant therapy,
poor nutrition) based on history and physical
examination; diseases of extra-genital organs
(lung, liver, kidney, digestive, urinary,
integumentary, nervous, diabetes mellitus) based
on anamnesis, physical examination and basic
laboratory examination; and bear more than one
fetus. Participant’s recruitment flow is depicted in
Figure 1.

All demographic data were collected. Maternal
hemoglobin levels were presented in g/dL
Measurements of anthropometric parameters of
newborns such as weight (gr), birth length (cm),
head circumference (cm), and placental weight (gr)
were carried out immediately after the baby was
born. APGAR scores were assessed at the first
and fifth minutes afterward. Maternal exhaled CO
levels were measured wusing CO analyzer
(Smokerlyzer, Bedfont Scientific Ltd., Maidstone,
UK). Subjects were asked to inhale fully, hold
their breaths for fifteen seconds, and exhale
slowly into the analyzer until the indicated time.
Five milliliters of blood were collected, and
umbilical cord serum was collected, centrifuged at
3,000 rpm for ten minutes, aliquoted, and stored

in  -20°C refrigerator for further analysis.
Umbilical cord serum cotinine levels were
evaluated using cotinine ELISA kit (catalog

number BQO96D, Bio-Quant Inc., San Diego, CA,
USA) according to manufacturer’s method.
Undiluted 100 pl. of serum umbilical cord was
used to measure IFN-y using Quantikine Human
IFN-y immunoassay (catalog number DIF50 R&D
Systems, Inc., Minneapolis, MN, USA). Also, 100
pulL of undiluted serum umbilical cord was used to
measure TNF-a using Quantikine ELISA Human
TNF-a immunoassay (catalog number DTAO0D,
R&D Systems, Inc., Minneapolis, MN, USA), and
the absorbance of microplate then read using
iMark™ (BioRad, NJ, USA) microplate reader at
450 nm, respectively, according to manufacturer’s
method.

Statistical analysis was performed using IBM SPSS
version 25. Prior to statistical analysis, the
normality of data was tested using Kolmogorov-
Smirnov test. The measurement results
presented as mean T standard deviation (SD) for
normally distributed data or median with

were

interquartile range [(median(Q1-Q3)] for non-
normally  distributed data. Baseline subject
characteristics were compared using Mann-

Whitney U test, Student’s t-test, or Chi-square
test. For correlation analysis, an independent T-
test was used for two-group comparisons and one-
way Analysis of Variance (ANOVA) was used for
multiple-group comparisons. A value of P <0.05
was considered significant. This study was
reviewed and approved by Ethics Committee, with
the approval number: 397/PT02.FK/ETIK/2012.
All  subjects provided informed consent to
participate in this study and to have their data
published in a journal article.

Results

There were a total of 93 pregnant individuals who
gave birth at the Obstetric Unit in our hospital
who were willing to participate in this study, eight
subjects were excluded from the analysis due to
prematurity and stillbirth (2) and incomplete data
(6), bringing the total subjects to 85. Pregnant
subjects were divided into 3 groups, active
smokers, passive smokers, and non-smokers (who
were not exposed to cigarettes in houschold).
There is no missing data of participants for each
variable interest in this study.

Subject characteristics: There was no significant
difference in the characteristics between groups. The
mean®SD age was 29.8£6.4 years old, with the
youngest subject was sixteen years old and the oldest
was 42 years old. Characteristics of the subjects can
be seen in Table 1.

History of smoking in pregnant subjects: This
study evaluated the level of smoking exposure in
pregnant subjects, especially in the active smoker
group and the passive smoker group. Pregnant
subjects who are active smokers are assessed for the
type of cigarettes consumed, number of cigarettes
consumed, length of smoking and the last time quit
smoking Labor outcome

To evaluate the impact of smoking exposure
during  pregnancy on fetal growth and
development, several anthropometric parameters
of the fetus were measured immediately after
delivery. The result of neonates’outcomes can be
seen in Table 3.

The results of statistical calculations between
maternal smoking status and birth weight showed
a significant difference in newborn birth weight
between maternal groups 95% CI: 2,942.15 —
3,117.85; P=0.016. There were no differences in
the measurement of the APGAR score at 1 st
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Table 1: Distribution of Subjects According to Characteristics and Research Groups

Characteristics

Age (years)

MeantSD

Hemoglobin (g/dl)

<11

211

Education

High (bachelor/diploma)

Intermediate (senior high
school)

Low (elementary school-
junior high school)

Pregnancy/Gravidity
Primary

Secondary
Multigravidity
Delivery Method
Cesarean delivery
Vaginal delivery
Labor Complications
None

Exist

Maternal CO Exhalation
(ppm)

0-5.99
6-10.99

> 11

Active Smoker

n=20 (23.5%)

29.48+7.90

5(25)

15(75)

3(15)

9(45)

8(40)

5(25)
5(25)

10(50)

3(15)

17(85)

14(70)

6(30)

3(15)
6(30)

11(55)

Passive Smoker

n=35 (41.2%)

30.29£6.10

10(28.5)

25(71.5)

2(5.7)

18(51.4)

15(42.9)

7(20)
14(40)

14(40)

1(2.8)

34(97.2)

29(82.8)

6(17.2)

4(11.4)
30(85.7)

1(2.9)

Non-smoker

n=30 (35.3%)

29.61£5.50

9(30)

21(70)

6(20)

15(50)

9(30)

14(46.6)
8(26.7)

8(26.7)

2(6.7)

28(93.3)

30(100)

0(0)

28(93.3)
2(6.7)

0(0)

minute and 5th minutes after delivery. The results
of statistical calculations showed a significant
difference in placental weight for each group of
pregnant subjects 95% CI: 488.86 — 511.32;

P<0.01.

Level of exhaled CO levels, umbilical cord serum of
Cotinine, IFN-y and TNF-a: We examined exhaled
CO on pregnant subjects as presented in Figure 2.
CO levels were 11.7 (8.6 — 13.8) ppm in active
smokers, 7.8 (6.8 — 8.7) ppm in passive smokers, and
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Table 2: Smoking Exposure

Subject Exposure

Passive Smoker
n=35 (41.2%)

Active Smoker
n=20 (23.5%)

Brinkman Index

Light

Moderate

Heavy

Types of Cigarettes

Kretek cigarettes with filter
Kretek cigarettes

White cigarettes

Number of cigarettes/day (active smoker)
1 (light smoker)

2-9 (moderate smoker)

2 10 (heavy smoker)
Smoking period (years)

<5

6-10

=11

13(48.1) 19(54.3)
12(44.4) 16(45.7)
2(7.5) 0(0)

6(30) 22(62.8)
1(5) 9(25.8)
13(65) 4(11.4)

8(40) 0(0)
10(50) 0(0)
2(10) 0(0)
5(25) 0(0)
5(25) 0(0)
10(50) 0(0)

3.5 (3.1 — 4.2) ppm in non-smokers 95% CI: 6.43 —
9.08; P<0.01.

We measured cotinine levels of umbilical cord
serum using ELISA method as depicted in Figure
3. Cotinine levels were 13.89 (9.63 — 18.38) ng/ml
in active smokers, 7.25 (2.90 — 9.25) ng/ml in
passive smokers, and 0.74 (0.68 — 0.87) ng/ml in
non-smokets 95% CI: 5.16 — 8.08; P<0.01.

There was significant positive correlation
between maternal exhaled CO levels and umbilical
cord serum cotinine levels (P<0.01; r=0.724)
which is depicted in Figure 4. There was a
significant negative association between umbilical
cord serum cotinine levels and birth weight
(P=0.001; r=-0.382) as presented in Figure 5.

Measurement of inflammation markers in
umbilical cord blood was carried out to assess the
inflammatory changes that may occur due to
maternal cigarette exposure, including IFN-y and
TNF-a. IFN-y levels were 4.03 (1.50 — 06.84)

a

pg/ml in active smokers, 3.46 (1.21 — 9.08) pg/ml
in passive smokers, and 6.84 (2.06 — 14.42) pg/ml
in non-smokers 95% CI: 5.33 — 12.52; P=0.384.
Meanwhile, TNF-a levels were 26.94 (22.50 —
32.87) pg/ml in active smokers, 27.36 (23.55 —
30.33) pg/ml in passive smokers, and 27.36 (24.61
— 29.69) pg/ml in non-smokers 95% CI 12.68 —
71.81; P=0.436. The results can be seen in Figure
6.

There was inverse cotrelation serum cord blood
TNF-a levels, however there was no significant
correlation between exhaled CO levels and TNF -«

levels in umbilical cord blood (P=0.287; r=-0.118)
as presented in Figure 7.

Discussion

Differences in Birth Weight and Length Between
Active Smokers, Passive Smokers, and Non-
Smokers: A significant difference in average birth
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Table 3: Neonates Outcome

Active Smoker

Passive Smoker

Non-smoker

Characteristics n=20 (23.5%) n=35 (41.2%) n=30 (35.3%) P-value
Birth weight (gr)

Mean®SD 2,883%658.90 3,03£538 3,09£285 0.016
Birth length (cm)

Median (IQR) 48.9(48.2-50) 48.8(48-50) 49.9(49-51) 0.056
Head circumference (cm)

Median (IQR) 31.40(30.5-33) 32(30-33) 31.50(30.2-33) 0.062
APGAR score 1st minute

Normal (8-10) 19(95) 29(82.9) 28(93)

Mild/moderate asphyxia 1(5) 6(17.1) 2(7) 0.082
(6-7)

Severe (0-3) 0(0) 0(0) 0(0)

APGAR score 5th minute

Normal (8-10) 19(95) 29(82.8) 29(96.7)

Mild/moderate asphyxia 1(5) 6(17.2) 13.3) 0.071
(6-7)

Severe (0-3) 0(0) 0(0) 0(0)

Placental Weight (gr)

Mean®SD 446.7+75.2 496.5+85 519+64 0.001
weight was observed between smokers, and non-  reduces the adverse effect of fetal growth
smokers pregnant women 95% CI: 294215 - restriction.

3,117.85; P=0.016, with both active and passive  Differences in Placental Weight in Active

smokers showing lower birth weights. This weight
loss is attributed to impaired oxygenation. Another
study by Kataoka et al. (8) supported this trend,
revealing lower birth weights in smoking pregnant
subjects. Fetal growth and development are
influenced by maternal, fetal, and placental factors,
including nutritional status, age, gestational age, and
placental function (9,10). However, the newborns'
body length measurements did not show a significant
difference 95% CI: 48.85 — 49.65; P=0.056.

Contrasting results were found by Tatsuta et al.
(11) which obtained a significant association
between newborns’ birth length and maternal
smoking during pregnancy. Their research also
demonstrated that earlier smoking cessation

Smokers, Passive Smokers, and Non-Smokers:
Statistical analysis found a significant difference in
placental weight for each group of pregnant subjects
95% CI: 488.86 — 511.32; P<0.01. Larsen et al. (12)
reported lower placental weight in pregnant subjects
who smoke, especially throughout the pregnancy,
compared to non-smokers. This finding can be
explained by the mechanism of nicotine and other
components of cigarettes that lead to vasoconstriction
in maternal circulation and impair trophoblast
proliferation and differentiation, thereby disrupting
placental development and growth. Studies also
showed that smoking during pregnancy reduces fetal
growth relatively more than placental growth. A high
ratio of placental weight to birth weight has been
linked to negative pregnancy outcomes, possibly
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Fig. 2. Exhaled CO and maternal smoking status.
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indicating an unfavorable intrauterine environment. It
is possible since hypoxia increased placental blood
vessel formation as a compensatory mechanism
(12,13).

Exhaled CO Levels: FExhaled CO levels can
distinguish between smokers, passive smokers, and
non-smokers. CO was chosen as a matker because it
has a short half-life (two until six hours) and is
relatively easy to measure (14,15). Statistical
calculations of the relationship between smoking
status and exhaled CO levels showed significant
differences in exhaled CO levels between groups of
active smokers, passive smokers, and pregnant
subjects who were not exposed to cigarettes 95% CI:
6.43 — 9.08; P<0.01 (Figure 2). Delcroix-Gomez et al.
(16) observed the linear relationship between
maternal exhaled CO and smoking status during
pregnancy. Smoking women were likely to have CO
levels 23 ppm which significantly increased if they
smoked more than ten cigarettes per day.

Umbilical Cord Blood Cotinine Levels: The results
of statistical calculations obtained a 95% CI: 5.16 —
8.08; P <0.01 (Figure 3) so that it can be concluded
that there is a significant association between serum
umbilical cord cotinine levels and maternal smoking
status. A study by Ramadani et al. (17) used a

Cotinine levels (ng/ml)

—_—

ACTIVE PASSIVE NON

Smoking status

Fig. 3. Cotinine umbilical cord serum levels and maternal
smoking status. (*P<0.01)

cotinine levels (ng/ml)
°

o %
00, ©°
co@am8 ©g °© o L0

o

) 00
carbon monoxide levels (ppm)

Fig. 4. Correlation between exhaled CO with cotinine
levels

concentration of umbilical cord nicotine >1 ng/mL
to define exposure to secondhand smoke (mean
concentration was 1.3 ng/mL). Duting pregnancy,
nicotine and its primary metabolite act as
vasoconstrictors, diminishing uterine blood flow by
30-40%. This decrease in blood flow reduces the
delivery of oxygen and essential nutrients necessary
for fetal development. The presence of nicotine in the
blood can also serve as an indicator of oxidative stress
affecting both the mother and fetus.

We also found a strong correlation of maternal
exhaled CO levels and umbilical cord blood
cotinine levels (P<0.01; r=0.724) as depicted in
Figure 4. A total of 11 subjects from 20 (55%)
pregnant subjects who smoked had exhaled CO
levels of more than 10 ppm and relatively higher
than other maternal groups. This finding is in line
with the theory that high levels of exhaled CO are
caused by high consumption or high levels of
cigarette exposure. High levels of placental blood
cotinine in the active smoker group and in the
passive smoker group were due to high tissue
uptake and the ability to cross the placental blood
barrier in response to cigarette exposure.

Inflammatory Cytokine Markers in Umbilical
Cord Blood: In this study, we tried to measure TNF-
o and IFN-vy in the cord blood. The median
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Birth weight (gr)

cotinine levels (ng/ml)

Fig. 5. Correlation between serum umbilical cord
cotinines levels with birth weight

(a)

Fig. 6. Inflammation markers in cord blood levels and

maternal smoking status; (a) IFN-y, (b) TNFa.

(*P<0.05; **P>0.05)

concentration of IFN-y and TNF-a« in placental blood
in the group of pregnant subjects exposed to
cigarettes was lower than non-smoker group (Figure
6). Pregnancy and smoking exposure are likely to
promote T-helper 2 (Th2) dominance over T-helper 1
(Th1l) immune responses. This shift toward humoral
immune system activation leads to the release and
inhibition of various cytokines. Furthermore, smoking
influences the innate immune response, affecting the
regulation of crucial cytokine mediators like TNF-o
(4,18). Despite most studies have shown that maternal
smoking increases proinflammatory cytokines such as
IL-1, IL-6, 11.-8, and TNF-«, Chahal et al. (4) did not
observe differences in umbilical cord blood
biomarker  concentrations, except IL-8. The
inconsistencies between our findings and previous
research could stem from variations in study samples,
sample sizes, and limited control over confounding
variables.

Correlation of Exhaled CO Levels with Umbilical
Cord Blood TNF-« Levels: In this study, there was
no correlation between exhaled CO and cord blood
TNF-o levels (P=0.287; r=-0.118) (Figure 7). Prior
studies had not directly linked the maternal exhaled
CO and cord blood TNF-a« levels. In the general
population, several studies have shown that CO
prevents TNF-a-induced vascular inflimmation in
endothelial cells (19). The same condition might also
occur in passive smoking pregnant subjects which
smoke exposure impaired the endothelial and
placental vascular system (20-22).

TNF-a levels (pg/ml)

so 1000

carbon monoxide (ppm)

Fig. 7. Correlation between exhaled CO with TNF-o levels

of
to

Our finding highlights the importance
improving strategies to prevent exposure
cigarette smoke during early life, a critical period
for growth and development. Policymakers should
integrate tobacco control initiatives with maternal,
newborn, and child health care services,
considering the ongoing evidence of health
effects. To reduce smoking exposure, strict
enforcement of tobacco control laws and the
promotion of smoke-free environments are
essential. Additionally, it is crucial to encourage
mothers to proactively avoid smoking during
pregnancy. Tailored smoking cessation campaigns
should also specifically target future mothers who
smoke.

Study Limitations: In this study, the level of
cigarette exposure for active smokers was obtained
from interview, therefore, subject to interview bias.
However, we managed to measure exhaled CO to
minimize this bias. There was a gap of time between
cotrd blood collection and ELISA measurement, that
can compromise sample quality, even though sample
storage and management were carried out according
to standard.

Based on this study, newborns' birth weight was
associated with smoking status, with the lowest
birth weight in the active smoker group. Cotinine
and CO levels were higher in the active smoker
group. Meanwhile, IFN-y and TNF-o in the
groups exposed to cigarettes were lower compared
to non-smoker group. Umbilical cord blood
cotinine can be predictor marker since it had a
strong relationship with the smoking status of
pregnant subjects and negatively correlated with
birth weight. In addition, in this study, exhaled
CO levels and cord blood cotinine levels were not
correlated with serum umbilical cord TNF-a level.
Future studies must validate our findings and
monitor newborns over time to determine how
effectively this biomarker predicts childhood
health status.
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