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Abstract

cotinine level and had a dose-response relationship.

exposure

Background: Secondhand smoke (SHS) exposure gained lesser interest than active smoking. There is evidence from
previous studies that SHS exposure had negative effects on fetal growth. This study aimed to examine the effect

of smoke exposure on pregnancy outcome and to evaluate the level of nicotine urinary end-product cotinine in
pregnant women in the late trimester. We included 36 women with a history of SHS exposure and 48 women without
a history of exposure; all were in last trimester of pregnancy. We measured cotinine level in urine and followed the
two groups until delivery and recorded fetal outcomes. Fetal biophysical parameters and blood flow waveforms were
measured using B-mode and Doppler ultrasonography, respectively.

Results: The total range of the urinary cotinine creatinine ratio (CCR) concentration in the SHS exposed pregnant
women was 0.01-0.2, IQR = 0.18 ng/mg.cr, versus 0.01-0.1, and IQR = 0.03 ng/mg.cr in the non-exposed group. The
mean value as well as the mean rank of CCR was significantly higher (0.1 £ 0.08 ng/mg.cr, 40.3 respectively) in the
exposed pregnant women as compared to the non-exposed pregnant women ((0.04 & 0.02), 29.3 respectively, p
value <0.05). Newborn of the exposed women had significantly low birth weight which negatively correlated with

Conclusions: SHS exposure had negative effects on fetal outcomes. Efforts should be utilized to increase awareness
of the consequences of secondhand smoke on the fetus and strict follow-up of exposed women for early detection.
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Background

Tobacco smoking has been proven to be harmful and has
a teratogenic effect on the fetus [1]. Maternal smoking
during pregnancy is an important global health prob-
lem resulting in several fetal adverse effects [2]. Sec-
ondhand smoke (SHS) is a mixture of the smoke formed
from the combustion of tobacco products and smoke
exhaled by smokers [3, 4]. Secondhand smoke exposure
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is classified as a human carcinogen [3] and is a leading
cause of mortality and morbidity [5]. The World Health
Organization report states that in Egypt, 50% of people
are exposed to secondhand smoke in their own homes
[6]. Pre-pregnancy and pregnancy tobacco exposure to
cigarette smoke has a deleterious effect on the mother
and the fetus [7]. These harmful effects include infertility
[8], ectopic pregnancy [9], stillbirth [10], placental abnor-
malities [11-14], intrauterine growth retardation [15],
preterm delivery [16], and low birth weight [17]. Recent
systematic review and meta-analysis reported association
between maternal exposure to smoking and discontinu-
ation of breastfeeding in the first 6 months, which may
be explained by the inhibitory effect of nicotine and other
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chemicals present in tobacco smoke on prolactin release
[18]. There are several biomarkers of SHS exposure: thi-
ocyanate and nicotine and cotinine, a nicotine metabo-
lite (in plasma, saliva, urine, or hair) is specific for SHS
exposure [3]. This work aims to study the effect of smoke
exposure on pregnancy outcome and to evaluate the level
of nicotine urinary end-product cotinine in pregnant
females in the late trimester.

Methods
This prospective cohort study was done during the period
from March 2019 to March 2020 in the University Hos-
pital, Cairo, Egypt. We included pregnant women during
the last trimester. We recorded demographic data, smoke
exposure, and gestational age. We also recorded the out-
come of pregnancy. Maternal age, gravidity, menstrual
age at the time of the scan, gender, ethnicity, and pres-
ence of obstetric complications were also documented.
We included two groups: the first group included preg-
nant women in the last trimester nonsmokers with sec-
ond -hand smoke exposure at home because of husband
or other housemates. The second group included non-
smoker pregnant women during the last trimester not
exposed to secondhand smoke. Secondhand smoke expo-
sure was defined as exposure to smoke from combustible
tobacco products at home, work, or public places [19].
Those who had inaccurate obstetric history regarding
the last menstrual period, pre-pregnancy birth weight, or
had diabetes, heart disease, renal disease, twin pregnancy,
or known fetal congenital anomalies were excluded from
the study. Also, non-Egyptian women were excluded to
avoid the effect of ethnicity on birth weight.

Data management

Data were collected by the research team during the
interview and included the following: age, residence,
education level, occupation, pre-pregnancy and obstet-
ric comorbidities, last menstrual period, expected date
of delivery, smoke exposure at home, and work. Preg-
nant women’s weight, height, and weight gain were also
recorded.

+ The mean arterial blood pressure (MAP) of the par-
ticipants was calculated using the formula, MAP =
([(2 x diastolic) + systolic]/3) [20].

+ Obstetric ultrasonography was done at the first visit
(routine antenatal care) and end of pregnancy. All
ultrasound examinations were performed by a single
obstetrician who is experienced in ultrasonography.
We used two-dimensional ultrasonography to scan
each fetus once and measured standard fetal biom-
etric parameters {biparietal diameter (BPD), head
circumference (HC), AC, humeral diaphysis length
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(HDL) and femoral diaphysis length (FDL)}, in addi-
tion to fetal weights which were estimated using AC
and FDL and BPD, AC, and FDL models [21].

Measurement of serum cotinine level

Morning urine samples of the participants were collected
in sterile containers and were preserved at — 20 °C. The
following investigations have been performed:

» The concentration of cotinine in the urine was deter-
mined by enzyme-linked immunosorbent assay
(ELISA), a colorimetric method, using A commercial
cotinine Elisa kits (Abnova, Taiwan). The detection
limit was 1 ng/ml.

o The creatinine concentration in urine was deter-
mined by colorimetric, alkaline picrate method (Jaffe)
[22], using commercially used creatinine (urine) col-
orimetric assay kit (Cayman, USA). Technique was
performed according to manufacturer’s guidelines.

+ Correction of cotinine concentration for creatinine
excretion (CCR) [23].

Statistical analysis

The collected data were analyzed using IBM SPSS soft-
ware version 20.0. The quantitative variables were
expressed as mean + SD, ranges, and the differences
between the two groups were compared using unpaired
Student ¢ test for the normally distributed data and
Mann-Whitney U test for the skewed variables. The
qualitative variables were expressed as frequencies and
compared using y” test. Differences were considered sig-
nificant with P value < 0.05. Logistic regression analysis
was performed to test the association between the expo-
sure and the outcome after adjusting the covariates. The
linear regression model was done to predict the adverse
effects related to exposure.

Results

Demographic and clinical data

Clinical data from 84 pregnant women were collected; of
them, 36 pregnant women had reported SHS exposure
because of husband or other housemates. Another 48
pregnant women did not report any exposure to tobacco
smoke had been enrolled in the study. The mean age of
the exposed pregnant women was significantly lower
than that of the non-exposed women, 27.8 + 6.6 with
an age range 20—41 years versus 31.2 & 6.2 with an age
range 20—45 years, respectively. About one fifth of the
exposed women (19.5%) were living in rural areas which
is significantly higher compared to the non-exposed
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women (4.2%). The two studied groups were comparable
in their educational level as well as in their occupational
status and the gravida number (p value> 0.05).

The exposed pregnant women reported a significant
history of pre-eclampsia and bronchial asthma in previ-
ous pregnancies. Moreover, 25% of SHS exposed preg-
nant women had at least one child diagnosed as a case of
bronchial asthma, while no cases were reported among
the non-exposed mothers (Table 1).

Maternal complications and pregnancy outcome

No significant differences were observed between the two
studied groups in their weight gain, mean arterial blood
pressure (MAP), and heart rate (p value >0.05). One case
of each group developed preeclampsia during the current
pregnancy (2.7% versus 2.1% in SHS exposed and non-
exposed women respectively, p value>0.05 (Table 1).

The likelihoods of poor pregnancy outcomes were
significantly higher among the SHS exposed pregnant
women compared to SHS non-exposed women. The
likelihood of abortion was as follows: OR = 4.1 ((CI
1.3-13.2), p value = 0.007), IUGR (OR = 10 (CI 2-57.4),
p value = 0.006, stillbirth OR = 5.7 (CI 1.0-32), p value
= 0.02, fetal death OR = 10.8 (CI 2.6-44.2), p value =
0.001 among SHS exposed pregnant women. Moreover,
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the incidence of IUGR among the exposed pregnant
women was significantly higher than its occurrence in
the non-exposed by 6.6 times (CI (1.4-4.30), p value =
0.01). About one third (30.5%) of the infants born for
SHS exposed mothers were admitted in intensive neo-
natal care units which were significantly higher than the
proportion in the non-exposed group (4.1%), p value =
0.003.

Gestational data and fetal measurements

The two studied groups had no significant difference in
gestational age (p value>0.05). However, the mean fetal
age and estimated fetal weight by ultrasound were sig-
nificantly lower in the SHS exposed mothers than the
observed in the non-exposed mothers. Moreover, the
mean rank as well as the mean value of the difference
between the gestational age and fetal age was signifi-
cantly higher in the exposed mothers than in the non-
exposed mothers (1.4 £+ 1.3 weeks versus 0.5 + 0.9 weeks
respectively).

In addition, infants born for the SHS exposed moth-
ers had significantly lower mean birth weight than the
infants born to the non-exposed mothers (2989.8 £ 492.2
g versus 3421.2 + 402.5 g respectively), p value<0.001.
On the other hand, the fetal crown rump length, head

Table 1 The antenatal profile of pregnant women exposed to secondhand smoking versus non-exposed pregnant women

Characteristics SHS exposed women (n = 36) SHS non-exposed p value
women (n = 48)
Age (mean = SD)/range 27.8 £ 6.6/(20-41) 312+ 6.2/ (20-45) 0.02%
Residence: no. (%): urban/rural 29 (80.5)/7 (19.5) 46 (95.8)/2 (4.2) 0.02*
Education: no. (%): illiterate/educated 16 (44.4)/20 (55.6) 18(37.5)/30 (62.5) 0.5
Occupation: no. (%): not employed/employed 34 (94.4)/2 (5.6) 44 (91.6)/4 (84) 0.6
Exposure Duration (years): 3(1-11)/35 - -
Median (range)/IQR Exposure index? 380 (114-1140)/553 - -
Daily exposure (hours) 2(0.75-4)/2 - -
Last exposure (hours) 12 (1-36)/5 - -
Cotinine-creatinine ratio (CCR) (ng/mg.cr) Mean + SD 0.1 £0.08 0.04 +£0.02 0.002*
Mean rank 403 293 0.04%
(Range)/IQR (0.01-0.2)/0.18 0.04 (0.01-0.1)/0.03
Gravida number 35421 324+16 04
History of pre-eclampsia 9(0.25) 2(4.0) 0.005*
Current pre-eclampsia 127 102.1) 0.8
Bronchial asthma 7 (19.4) 2 (4.1) 0.02*
Hypertension 12.7) 0 0.2
CHD 1(2.7) 0 0.2
Bronchial asthma in one child 9(0.25) 0 <0.001*
Weight gain (kg) 11.8+55 11.1+£31 04
MAP (mm Hg) 936+7 945442 04
Heart rate (beats/min) 886+ 9 863+ 6.6 0.1

?The exposure index is the product of no. of smokers in the house, average no. of cig/day in the presence of the pregnant women, the period of gestation in weeks

*Significant
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Table 2 Fetal parameters of the current pregnancy outcome in
PS exposed vs. non-exposed pregnant women

Variable SHS exposed  SHS non- p value
women (n = exposed women
36) (n=48)
Gestational age 381+£09 384 +08 0.07
(weeks)
Fetal age (weeks) 367+13 379412 <0.0001*
GA/FA difference 144+13(523) 05+£0.9(25.1)° 0.001*
(weeks)
Estimated fetal weight 30779 £439.1 3521 +4116 <0.0001*
()
Birth weight (g) 2089.8 44922 3421.2 44025 <0.0001*
Crown rump length 363+ 1.5 377 +1 <0.0001*
(cm)
Head circumference 362+15 376£12 <0.0001*
(cm)
Abdominal circumfer- 361+ 1.3 376 £ 1.1 <0.0001*
ence
Femur length (cm) 3614+ 16 378412 <0.0001*
Umbilical artery pulse 0.6 £0.08 0.5+ 0.06 <0.0001*
index
Amniotic fluid index 102+3.7 124+£19 <0.001*

2 Is the mean rank of the nonparametric test
*Significance is considered at < 0.05

circumference, abdominal circumference, femur length,
umbilical artery pulse index, and amniotic fluid index
were significantly lower in infants of the exposed moth-
ers than in infants of the non-exposed mothers (Table 2).

Urinary cotinine and pregnancy outcome

The urinary cotinine-creatinine ratio was significantly
higher in pregnant women exposed to SHS (Table 1,
Fig. 1).

The linear regression model prediction of the fetal
parameters significantly well based on the concentration
of urinary cotinine creatinine ratio (CCR) showed a sig-
nificantly negative effect. The CCR was inversely corre-
lated with the birth weight, estimated fetal weight, crown
rump length, head circumference, femur length, and
the amniotic fluid index. The model predicted that each
increase in CCR by 1ng/mg.cr. was accompanied with
decreases in the infant birth weight by 2.9 g, crown rump
length by 0.009cm, head circumference by 0.008cm,
abdominal circumference by 0.01cm, femur length by
0.01cm, and the amniotic fluid index by 0.004. Mean-
while, the CCR was directly correlated with the umbilical
artery pulse index. It was predicted that each increase in
the CCR by 1ng/mg.cr was accompanied by an increase
in the umbilical artery pulse index by 0.1.
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Discussion

Secondhand smoke exposure was found to be associated
with several obstetric complications and adverse fetal
outcomes [24, 25]. We investigated the effects of SHS
exposure on fetal outcomes. We also measured the level
of cotinine in the urine of pregnant females. Cotinine is
the primary metabolite of nicotine and the most used
and reliable biomarker of nicotine exposure with a half-
life between 16 and 18 h [26].

In this study, we found that secondhand smoke-exposed
women were significantly younger than non-exposed
women, and most of them live in rural areas (Table 1).
Bachock et al. [27] reported similar results regarding age.
Exposed women also had significantly higher levels of
urinary cotinine creatinine ratio (Table 1). We also found
that exposed pregnant women had a significantly higher
history of preeclampsia, bronchial asthma, and reported
asthma in at least one child than non-exposed (Table 1).
Meanwhile, the likelihood of abortion, IUGR, stillbirth,
and fetal death in previous pregnancies among the
exposed women were significantly 4, 10.6, 5.7, and 10.8
times, respectively, than the likelihood among the non-
exposed women. The incidence of IUGR in the current
pregnancy among the exposed pregnant women was sig-
nificantly higher than its occurrence in the non-exposed
by 6.6 times with a higher incidence of admission to the
NICU.

Ashford et al. found a significant increase in NICU
admission in SHS exposed women, and they are 2-4
times likely to develop complications [28].

Birth weight is one of the most significant postnatal
predictors of pregnancy outcome and is the main growth
parameter that is routinely evaluated in newborns [29].
This study provides evidence of the harmful effects of
secondhand smoke exposure. We found that the mean
fetal age by ultrasound was significantly lower in exposed
women than the observed in the non-exposed women
with a significantly higher difference between the gesta-
tional age and fetal age.

The estimated fetal weight was significantly lower in
the exposed women than in the non- exposed women.
Infants born to the secondhand smoke-exposed women
had significantly lower mean birth weight than those the
non-exposed women. At the same time, the fetal crown
rump length, head circumference, abdominal circum-
ference, femur length, umbilical artery pulse index, and
amniotic fluid index were significantly lower in infants
of secondhand smoke-exposed women than in infants of
the non-exposed mothers (Table 2).

The same results were reported in previous studies.
In a retrospective study, Bachok et al. [27] reported that
infants born to secondhand smoke-exposed women had
significantly lower birth weight than non-exposed with
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SHS exposed pregnant women

Fig. 1 Urinary cotinine creatinine ratio in the studied population: urinary cotinine creatinine ratio was significantly higher in pregnant women
exposed to SHS compared to non-exposed pregnant women. The mean value as well as the mean rank of CCR was significantly higher (0.1
=+ 0.08 ng/mg.cr, 40.3 respectively in the exposed pregnant women as compared to the non-exposed pregnant women (0.04 £ 0.02), 29.3

]
SHS non-exposed pregnant women

a dose-response relationship. Previous studies found an
association between secondhand smoke exposure and
low birth weight [30, 31]. Windham et al. [32] found the
risk estimate to be only a 1.2 odds ratio for this associa-
tion. Another study also showed that exposed women
were 1.6 times more likely to deliver LBW babies than
non-exposed women [33]. A study in Saudi Arabia found
that SHS exposure was associated with reduced birth
weight, head circumference, and shorter length in addi-
tion to an increased rate of LBW infants [30]. On the
other hand, a retrospective study done by Krishnamurthy
et al. [34] reported no association between SHS exposure
and low birth weight.

The mechanism behind the reduced birth weight in
the exposed group may be the negative effects of nico-
tine on the development of the placenta and its function
leading to decreased oxygen delivery to the fetus [12, 35].
This is supported by our finding of a significant increase
in the umbilical artery pulse index of the SHS exposed
group indicating increased fetoplacental and maternal-
placental resistance [36]. Yildiz et al. [37] reported similar
results. A recent study investigated the pathways respon-
sible for the effects of maternal SHS exposure on birth
weight; they reported that SHS exposure during preg-
nancy results in increased inflammatory mediators IL-1f,

TNF-«, IL-6, and VCAM-1 which results in low birth
weight directly (TNF-a) or indirectly through decreased
placental weight [38].

Accurate assessment of fetal growth depends on vari-
ous ultrasonographic parameters. We found that the
linear regression model predicts the fetal parameters
significantly depend on the concentration of urinary
cotinine creatinine ratio (CCR). The CCR was inversely
correlated with the birth weight, estimated fetal weight,
crown rump length, head circumference, femur length,
and the amniotic fluid index. The model predicted that
each increase in CCR by 1ng/mg.cr. was accompanied
by decreases in the infant birth parameters indicating a
dose-response relationship. Peacock study found that
cotinine was closely related to birth weight in smokers
[39].

This study supports the results of previous ones regard-
ing the dangerous effects of secondhand smoke exposure
on the outcome of the pregnancy and that this effect is
correlated with the degree of exposure.

The discrepancies between studies regarding the asso-
ciation between SHS exposure and birth weight may be
due to the difference in the level and duration of SHS
exposure in different studies and the different ethnic
groups in each study [38].
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The strengths of this study are that we did not depend
on pregnant self-reported exposure, but we used, in addi-
tion, the urinary cotinine as an index of secondhand
smoke exposure and the cohort nature of the study. The
limitation of this study is the small number of the studied

group.

Conclusion

Cotinine level is significantly elevated in secondhand
smoke-exposed women. Secondhand smoke exposure
had a deleterious effect on the mother and fetus. Birth
weight is significantly lower in infants born to women
with secondhand smoke exposure. The results of this
study should lead to an improvement in the public health
strategy toward prevention and control of secondhand
smoke exposure during pregnancy and implementation
in the antenatal care program. Advice about smoking ces-
sation and referral for smoking cessation programs are
encouraged for both parents during antenatal visits.
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