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SUMMARY. Maternal smoking during pregnancy is considered to
be one of the most significant causes of complications in pregnancy
and is associated with an unfavourable outcome in childbirth
compared with pregnancy in non-smokers. Specifically, smoking
during pregnancy increases the likelihood of placenta praevia,
abruptio placentae, ectopic gestation and premature rupture of
the membranes (PRM). In addition, research has established that
smoking during pregnancy increases the rates of low birth weight
(LBW), perinatal mortality, premature birth and sudden infant
death syndrome (SIDS). As these children grow up they present a
variety of health problems, including respiratory illness, behaviour
disturbances, attention deficit hyperactivity disorder (ADHD) and
high arterial blood pressure. LBW is also associated with an increased
incidence of health problems in the neonatal period. Effects have
been documented of maternal smoking during pregnancy on the
future fertility of male infants and the occurrence of congenital
abnormalities, and a connection has been reported between daily
maternal smoking in early pregnancy and infantile autism. Pneumon
2010,23(2):160-167.

INTRODUCTION

In Greece, the number of women who smoke has steadily increased
throughout the past decade, and World Health Organization (WHO) 2007
statistics indicate that highest tobacco consumption in the world among
female smokers is recorded in Greece, where 31.3% of women smoke.' In
this context, some pregnant women continue to smoke. Pregnant women
may not realise that smoking during pregnancy is another form of passive
smoking for their child, and that they forcibly expose the foetuses they are
carrying to the risks of smoking. As a result, the foetus will suffer all the
harmful consequences of smoking, which can in the most extreme cases
lead to death, as there is no level of foetal exposure to passive smoking
that could be considered safe.?

The prevalence of smoking during pregnancy varies from country to
country. In Europe, South Africa and Australia a percentage of 20-40% of
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pregnant women continue to smoke during pregnancy,
while the incidence of smoking in South America and
Canada is relatively lower at almost 20%.3° In Sweden,
a country that has carried out ongoing campaigns on
smoking reduction during pregnancy, the reported re-
duction of smoking among pregnant women, based on
systematic inventories, was impressive: while in 1994 29%
of pregnant women smoked daily, by 1997 the smoking
prevalence had decreased to 15%."°

THE EFFECTS OF SMOKING ON PREGNANCY
AND THE FOETUS

The two major products of tobacco smoke respon-
sible for unfavourable consequences in the mother and
foetus are nicotine and carbon monoxide (CO)."" Due
to the placental communication between the mother
and the foetus, nicotine has been detected in the foetal
circulation at levels that exceed those levels detected in
mothers by a factor of 1.12 £ 0.30. Nicotine has also been
detected in the amniotic fluid at levels 1.54 times higher
than in the maternal plasma.’? As a result, nicotine reduces
the supply of oxygen of the foetus, contributing to non
physiological gas exchange in the placenta. Nicotine is
also associated with an increase in foetal mean arterial
blood pressure.”

CO also crosses the placental barrier and has been
detected in the foetal circulation at levels 15% higher
than in the mothers,* and this results in a decrease in
the amount of oxygen available to foetal tissues.”” As a
result of oxygen deprivation, infants are born with lower
birth weight (BW) and smaller length and facial dimen-
sions, and they present more health problems during
the neonatal period.'®

Smoking during pregnancy has been shown to be
associated with premature labour and perinatal mortal-
ity'”: the perinatal mortality rate is 150% greater when the
mother is a smoker,'® and smoking is responsible for 15%
of all cases of premature labour.” Perinatal mortality is
increased in the foetuses of pregnant smokers regardless
of the number of cigarettes smoked daily. The main causes
of perinatal mortality in infants of mothers who smoke
are anoxia and premature birth resulting from frequent
bleeding from placental detachment or placenta praevia
or premature rupture of the foetal membranes (PRM).
Perinatal mortality is decreased to a significant degree
when pregnant women stop smoking in the last trimester
of pregnancy.?’ In addition, tobacco consumption causes
premature ageing of the placenta, which justifies the
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inclusion of pregnant smokers in a programme of High
Risk Pregnancy.”

Placental abnormalities

Research into the effects of maternal smoking during
pregnancy on placental morphology, based on histological
examination of placentas, has indicated that histological
changes take place in the placenta, including a reduction
in the capillary surface of the embryonic trichoids and
reduction in the size of the intervillous spaces. These
changes reduce oxygen diffusion through placenta, and
as aresult the foetus can develop a condition of hypoxic
stress.??

This effect of smoking on the placental morphology
is also confirmed by other studies which have identified
a change in the balance between proliferation and dif-
ferentiation of the cytotrophoblast caused by maternal
smoking, which can compromise placental growth. The
exposure of pregnant woman to passive smoking has
been shown to produce the same effects on placental
development as active smoking.?

Ectopic pregnancy

When pregnancy implants outside the uterine cavity,
this is named ectopic pregnancy.** In a research project
that lasted from 1983 until 1987, women who reported
that they smoked were 2.5 times more likely to experience
ectopic pregnancy than women who had never smoked.
Women who smoked less than 10 cigarettes daily were
1.4 times more likely, and those who smoked more than
12 packs of cigarettes daily were 5 times more likely, to
develop ectopic pregnancy than those who had never
smoked.”

The study of Saraiya et al. showed that smoking con-
stitutes an independent and dose-related risk factor for
ectopic pregnancy: the increased risk of ectopic pregnancy
was proportional to the increase in the number of ciga-
rettes smoked by the pregnant woman. Specifically, the
relative risk of ectopic pregnancy increased to 1.6 times
that of non-smoking women for those who smoked from
1-5 cigarettes daily, and to 2.3 times for women who
smoked 11-20 cigarettes daily.*

Abruptio placentae

The premature detachment of the normally situated
placenta from the uterus before the birth of the foetus
is named abruptio placentae. This term is used after the
20th week of gestation and mainly in the third trimester,
although detachment can occur at any time during preg-
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nancy.?’ The increased frequency of abruptio placentae
in pregnant smokers was first identified by Meyer et al.
in 1976, who showed that the frequency of abruptio
placentae increased by 23% in pregnant smokers who
smoked less than one pack of cigarettes daily, and by
86% in pregnant women who smoked more than one
pack daily. These researchers concluded that the relation
between smoking and increased bleeding during the
third trimester was responsible for almost 50% of the
increase in perinatal mortality caused by smoking during
pregnancy. 2 Meta-analysis of eight studies indicated
that abruptio placentae is greatly increased in pregnant
smokers, with an odds ratio (OR) of 1.62%.%°

A nationwide research project was recently carried
outin Sweden, with the participation of 526,690 women
who had given birth following singleton gestation to
their two first children between 1983 and 2001. This
study confirmed the cross-correlation of smoking with
the increased risk of abruptio placentae in the second
gestation: when woman smoked during both gestations,
the risk was almost 11 times greater. The large sample
size not only increases the statistical significance of the
results, but also allows generalisation of the results to
other countries. 3°

Placenta praevia

When the placenta is implanted and develops in the
lower part of the uterus, overlapping the outlet, this is
termed placenta praevia.?’ The occurrence of placenta
praevia has been shown to be associated with cigarette
smoking during pregnancy, and specifically in a research
projectincluding 28,358 births, the incidence of placenta
praevia generally was shown to be increased in smokers
by 6.4 per 1,000 childbirths. Pregnant women who smoked
less than one pack of cigarettes daily had an incidence of
placenta previa that was 8.2 per 1,000 births, while for the
group of pregnant women who smoked one pack per day
or more the incidence was 13.1 per 1,000 births. %

This correlation between placenta praevia and smok-
ing during pregnancy was strengthened by the findings
of later studies. A research review by Castes et al. of six
studies indicated that smoking in pregnancy was posi-
tively correlated with placenta praevia, with an odds ratio
of 1.58%.% The data from the Swedish medical record of
births, which represents almost 2,000,000 births over more
than 18 years, included 2,345 cases of placenta praevia.
The overall OR for placenta praevia among pregnant
smokers was 1.53. A dose-related association was ob-
served, with an OR of 1.40 for women who smoked less
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than 10 cigarettes daily, and 1.72 for those who smoked
more than 10 cigarettes daily.*’

The US Cohort study, which was based on the data
from the United States of America (USA) medical records
of births from 1989 to 1998, included 37,956,020 singleton
gestations and 961,578 twin gestations. According to this
study, the number of cigarettes smoked on a daily basis
displayed a dose-related association with the occurrence
of placenta praevia in both groups; the relative risk for
placenta praevia associated with smoking was 4.4% for
singleton births and 2.7% for twin births.??

Premature rupture of the foetal membranes

Premature rupture of the membranes (PRM) is the
term for the automatic rupture of the membranes prior
to the onset of labour.?® Preterm PRM prior to 37 weeks
gestation constitutes the most frequent cause of preterm
birth 33, representing almost 30% of all preterm deliver-
ies.3* Smoking is considered by most researchers to be
one of the most important causes of PRM, with an OR of
1.81 in six research projects.”

Williams et al. found that women who smoked during
the entire pregnancy had 2.2 times greater risk of PRM
and 2.1 times greater risk of preterm automatic birth
throughout the pregnancy, compared with non smokers.
Notably, when smoking was stopped during pregnancy
the relative risk for PRM decreased. When the mother
stopped smoking before conception, the risk was almost
the same as that of non smokers. 3

THE EFFECTS OF MATERNAL SMOKING DURING
PREGNANCY ON THE INFANT

When a pregnant woman smokes, the foetus is obliged
to become a passive smoker, which has adverse effects
on his/her health and growth.*> Since the first study on
smoking in pregnancy was reported in 1957, differences
have been deetected not only in the BW of the babies of
smokers, but also in their body size characteristics, such as
length, head circumference (HC) and the circumference
of the thorax and shoulders.>® The involuntary in utero
exposure of the foetus to smoking affects the growth
of the lungs and brain,*” placing a burden on the child’s
health for the rest of his/her life.3®

Maternal smoking and low infant birth weight

BW not only reflects foetal growth, but it is also one of
the main indicators for determination of infant sickness.>°
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In the USA it has been calculated that maternal smoking
during pregnancy accounts for 20-30% of LBW infants.*°
There is a positive correlation between the number of
cigarettes smoked by pregnant women and the rates of
premature birth and LBW.* Women who smoke during
pregnancy give birth to infants who are on average 150-
250 gr lighter than those of non smokers.*

The vulnerability of moderately LBW infants, com-
pared with those of normal BW, to a wide range of health,
learning and behavioural problems was examined in a
recent study by Stein and colleagues in a nationally rep-
resentative sample of children in the USA.** The findings
indicate that, compared to infants of normal BW, LBW
infants have greater health care needs, suffer more often
from chronic diseases, and have higher rates of learning
disabilities and attention deficit hyperactivity disorders
(ADHD). * Particularly striking is the relative increase in
the rate of iliness of very LBW (VLBW), infants particularly
in the post-neonatal period. These children face a variety
of health problems, including respiratory problems **and
raised blood pressure, from their first hour of life until
their second year of life.*

Sudden infant death syndrome

Theinfants of mothers who smoke during pregnancy
are at increased risk of sudden infant death syndrome
(SIDS), which is defined as the sudden death of healthy
infants in the first year of life, when the cause of death
cannot be determined either from the medical history or
from the autopsy.*® Infants whose mothers smoked during
pregnancy have been shown to be at a 2.3 times greater
risk of SIDS than those whose mothers did not smoke.
This probability is increased threefold in infants whose
mothers continued to smoke after gestation.”*® Higher
concentrations of nicotine and cotinine were found in
the lungs of infants who died from SIDS compared with
infants who died from other causes.”

Maternal smoking and the respiratory system
of the child

Maternal smoking during pregnancy decreases the
respiratory function of the infant.>'%2 These effects
on respiratory function, such as diminished maximal
forced expiratory flow at functional residual capacity
(Vmax (FRC), and the ratio of time to reach peak expira-
tory flow to total expiratory time (TPTEF:TE), are obvious
even seven weeks before the expected gestation date,
indicating that negative effects of prenatal exposure to
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smoking are not limited to the last weeks of gestation,
but start earlier. >?

Recent epidemiological research indicates that ma-
ternal smoking is a basic risk factor for asthma in child-
hood.>3** Jaakkola et al surveyed a sample of 5,951 children
aged 8-12 years from nine Russian cities and concluded
that prenatal exposure to cigarette smoking, through
maternal smoking, was associated with an increased risk
of diagnosed asthma among the children.>*In a study in
Australia, girls whose mothers had smoked more than 20
cigarettes a day during pregnancy had an increased risk
of asthma symptoms at an even later age (14 years) than
that observed in the earlier Russian research.>* Maternal
smoking during pregnancy is also considered to be a
significant factor in “asthmatic bronchitis” during the
first year of life.>®

Recent epidemiological data gathered from a repre-
sentative sample of 2,374 children of preschool age from
the whole of Greece confirmed that the smoking habit
of a pregnant woman is a significant risk factor for the
occurrence of bronchial asthma symptoms and for the
diagnosis of asthma in preschool children. These effects
were dose-related: for each cigarette that a pregnant
woman smoked during pregnancy the probability of
wheezing or the diagnosis of bronchial asthma increased
by 1%. Of particular interest are the findings related to
the exposure of pregnant women to passive smoking,
mainly during the third trimester, which was also as-
sociated with asthma and symptoms related to allergy
in childhood.*®

Apart from childhood asthma, the findings from a
recent cohort study conducted by Skorge and his col-
leagues in Norway suggest that asthma in adolescence
and adult life may also be associated with maternal
smoking in pregnancy. The study lasted eleven years
(1985-1997) and examined the incidence of asthma and
respiratory symptoms in 3,786 individuals aged from 15
to 70 years.”’

The limited data about the respiratory function of
premature infants in adulthood led Narang et al. (2008) to
conduct a longitudinal study to evaluate airway function
21 years after premature birth. Preterm infants who had
participated in a research study from birth and who had
been found to have increased respiratory symptoms and
airway obstruction in mid-childhood were re-examined.
Even though there was no evidence of persistent airway
obstruction or airway hyper-responsiveness, these indi-
viduals continued to have still excess respiratory symptoms
21 years after a premature birth.*®
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Behaviour disturbances and attention deficit
hyperactivity disorder

Various epidemiological studies provide evidence that
exposure to cigarette smoking during pregnancy can
affect the foetal nervous system, leading to behavioural
disturbances in infancy, childhood, and even in early
adult life.>*%° It is evident that smoking in pregnancy is
associated with ADHD in children® and with a higher
risk of hyperactivity, specific learning difficulties*® and
distractibility.®

There is a strong association between maternal smok-
ing during pregnancy and sub-standard academic achieve-
ment of children at the age of 15 years.% It is not clear
whether the reported relationship between smoking in
pregnancy and cognitive function is causal, or whether
a role is played by passive smoking after gestation, or
the socio-economic or other characteristics of smoking
mothers, as maternal smoking may be related to a less
advantageous family environment.5*% This association
may reflect the effect of the differences that characterize
the family environment of smokers and non smokers across
all social strata, such as variations in parenting skills such
as the time and the attention dedicated to children.®®

Daily maternal smoking and autism

Even though the relative risk of autism is low, with a
rate of around 1/1,000 births,% it has been shown to be
associated with maternal daily smoking in early pregnancy
according to a recent epidemiologic study at a national
level in Sweden.®® Based on a subsample of 408 children
born between 1974 and 1993 and officially diagnosed
with infantile autism, the researchers suggested that
there is a possibility that a subgroup of children develops
infantile autism following intrauterine growth restriction
and exposure to prenatal and neonatal asphyxia. This
observation is consistent with hypotheses concerning
the non-genetic environmental mediation of risks that
lead to autism in susceptible individuals.>*

The effect of maternal smoking on male fertility

According to research carried out in Denmark, mater-
nal smoking during pregnancy can influence the future
fertility of male infants. The first stage of this study was
conducted between 1984 and 1987, as a study on smok-
ing during pregnancy and the effects of smoking on
the foetus. In the second stage, in 2005-2006, samples
of sperm were gathered from 347 men who, with their
mothers, had participated in the earlier stage. Analysis of
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the samples showed that the more the mother smoked
during pregnancy, the greater the adverse effects on the
volume and concentration of the son’s sperm. Specifically,
men whose mothers had smoked more than 19 cigarettes
daily during pregnancy demonstrated reduction in sperm
volume of almost 19%, a 17% lower sperm concentration,
and an overall reduction of 38% in sperm levels. ¢

Congenital abnormalities and maternal smoking

The correlation between smoking during pregnancy
and the appearance of congenital abnormalities has been
doubted, because it was believed that smoking during
pregnancy could not lead to teratogenesis. However,
various researchers have claimed that when the mother
smokes during pregnancy, the occurrence rate of con-
genital abnormalities increases, particularly of cleft palate
and cleft lip.”®

The largest survey of the association between maternal
smoking in pregnancy and elevated risk of birth of a child
with polydactyly, adactyly or syndactyly was carried out
in the USA, using the US natality databases from 2001
and 2002.7" Specifically the files of 6,839,854 births were
examined, among which 5,171 infants were found to have
isolated polydactyly, adactyly or syndactyly. These children
were then compared with 10,342 infants without congeni-
tal abnormalities, leading to the conclusion that smoking
1to 10 cigarettes daily during pregnancy was associated
with a 29% increase in relative risk, 11 to 20 cigarettes
daily with a 38% increase, and more than 21 cigarettes
daily with a 78% increase of relative risk of birth of a child
with individual polydactyly, adactyly or syndactyly. The
results of this survey are statistically significant because
of the large sample size: the sample represented 84% of
births in the USA, which is not considered an excessive
size, but is well suited for the epidemiological study of
rare diseases. However, even if the relative risk is highly
increased, the number of children at risk of being born
with these conditions remains very small, since the rate
of such genetic abnormalities is particularly rare, with a
rate of 1 per 2,000 - 2,500 births.”!

Maternal smoking and increased hospitalization
of children

According to an observational study of 1,974 children
by Wisborg et al., investigating the relationship between
smoking during pregnancy and the hospitalization of
infants before the age of 8 months, 8% of children were
hospitalised during the first 8 months of life. Specifically,
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children of mothers who smoked 15 or more cigarettes
daily had twice the risk of hospitalization than those
whose mothers had not smoked. The report concluded
that smoking 15 or more cigarettes daily influences the
health of the unborn child to such a degree that if all
pregnant women who smoke 15 or more cigarettes daily
stopped smoking, 5% of hospitalizations of children aged
under 8 months could be avoided.”

CONCLUSION

The most dramatic adverse effects of smoking are
those affecting the health of children whose mothers
smoke during pregnancy, because they are exposed to
smoking involuntarily, through the choice of their moth-
ers. This involuntary foetal exposure to passive smoking
has serious consequences for children’s health that will
follow them into adult life.3®

Recognition of the health hazards for the foetus of
maternal smoking during pregnancy, and of the right
of each and every child to enjoy the highest possible
level of health, emphasizes the need for cessation of
smoking during pregnancy, which is more imperative
than ever before in Greece. This could be achieved with
the introduction and promotion of effective targeted
programmes for smoking cessation during pregnancy.
It is also necessary to introduce well organized health
education programmes in schools, in order to discourage
young girls, who constitute the new target group of the
advertising campaigns of the tobacco industries, from
taking up smoking.
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