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Abstract

According to the World Health Organization, smoking is the most important risk factor for
adverse pregnancy outcomes in industrialized nations. We aimed to establish how fetal gender
and smoking interact with regard to perinatal outcomes, especially preterm delivery. Data from
220,339 singleton pregnancies, obtained from the German Perinatal Survey in Schleswig-
Holstein and registered between 2004 and 2017 were analyzed in regard to smoking behavior,
fetal gender, and preterm delivery. The rate of preterm births was directly proportional to the
women’s consumption of nicotine. The rate of preterm deliveries was 6.8% among nonsmokers,
and 13.2% in women who were very heavy smokers (>22 cigarettes/day). Very heavy smoking
(>22 cigarettes/day) had a marked impact on extremely preterm births (<28 weeks of gestation)
and very preterm births (28-31 weeks of gestation). Preterm births increased by 1.2% from
heavy smokers to very heavy smokers; the differences between the other groups ranged between
0.1% and 0.4%. Fetal gender also had an impact on preterm birth: male infants were predomi-
nant in nearly all groups of women who delivered preterm infants. Smoking during pregnancy
and male gender are both risk factors for preterm delivery. Fetal gender should be given greater
attention as one of the several risk factors of preterm birth. Due to the high rate of morbidity
among preterm infants and enormous costs for the healthcare system, women should be
encouraged to cease or at least reduce smoking during pregnancy.

Introduction

Preterm birth is defined as a delivery that occurs at less than 37 completed weeks of gestational
age. Preterm delivery rates are 12%—13% in the USA and 5%—-9% in Europe and other developed
countries,? which amounts to an annual rate of approximately 15 million preterm deliveries
worldwide.® Preterm birth is a leading cause of neonatal mortality and a factor contributing
to short- and long-term morbidity, such as respiratory and gastrointestinal complications or
neurodevelopmental disability.* Preterm births may be divided into three categories: extremely
preterm births (<28 weeks of gestation), very preterm births (29-31 weeks of gestation), and
moderately preterm births (32-36 weeks of gestation). Perinatal complications are correlated
with gestational age: the earlier the delivery, the higher the rates of morbidity and mortality.
A global report in 2015 showed that complications related to preterm birth accounted for
17.8% of all deaths in children below the age of 5 years.® Delivery before 28 weeks of gestation
is the most important risk factor for neonatal deaths in most developed countries.®

Furthermore, preterm births constitute a public health problem because the infants need to
be treated at intensive care units. The costs associated with preterm births in the USA in 2005
(medical, educational, and lost productivity combined) were at least $26.2 billion dollars. During
the same year, the average first-year medical costs, including both inpatient and outpatient care,
were about 10 times greater for preterm infants (32,325 dollars) than for infants born at term
(3325 dollars).%”

Because of its high impact on perinatal morbidity and mortality, considerable effort has been
made to determine risk factors for preterm birth. Besides maternal diseases such as diabetes,
infection, hypertension, and anomalies of the uterus, external influences, and fetal gender have
been investigated as risk factors in various populations. Interestingly, an association was noted
between the male gender and preterm birth rates in general, caused by not yet fully understood
external influences. This phenomenon has been known for a long time, although geographical
differences have not been reported to date. However, the pathomechanism underlying the pre-
ponderance of male preterm births is yet unknown.®1° This hypothesis and its consequences
might be important in the further management of pregnant women with preterm birth labor.
Male sex as a risk factor for premature birth could mean a more closely meshed precaution for
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the pregnant woman in order to decrease the morbidity and mor-
tality rate of preterm-born infants.

Smoking during pregnancy is one of the leading preventable
risk factors for an unsuccessful pregnancy outcome. Active and
passive maternal smoking has a damaging effect on every trimester
of pregnancy. Cigarette smoke contains scores of toxins, which
exert a direct effect on placental and fetal cell proliferation and
differentiation. Smoking is associated with fetal growth restriction,
an increasing risk of stillbirth, placental abruption, preterm births,
and sudden infant death syndrome. Despite these detrimental
effects, smoking interventions during pregnancy have been crowned
with limited success in developed countries.>!! Maternal smoking
rates of 5%-20% have been reported in Europe and the USA.!2 A
dose-response relationship was noted between smoking and the risk
of preterm birth; the risk appears to increase with decreasing gesta-
tional age.!> A small number of studies have investigated the associ-
ation between smoking and extremely preterm birth.!*!>

In the following, we analyzed the relationship between maternal
smoking and preterm birth.

Do preterm birth rates increase in proportion to the quantity of
nicotine consumption?

Are the early weeks of gestation more susceptible to smoking
than others or in other words: Is there a higher rate of premature
births in the early weeks of gestation due to cigarette consumption?

Furthermore, we investigated the impact of fetal gender on the
risk of preterm birth. Is the hypothesis of the previous work also
confirmed in our study that male infants have an increased rate
of premature birth?

Method

The data analyzed in the present report were obtained from the
German Perinatal Survey which was conducted throughout
Germany. The patients gave their written informed consent at
the time of their admission to the hospital. The database of
Schleswig-Holstein comprised of 220,339 singleton pregnancies
registered between 2004 and 2017. Based on their smoking status
during pregnancy, the women were divided into smokers and
nonsmokers, and further subdivided into the following five cat-
egories according to their daily smoking habits: (a) nonsmokers;
(b) mild smokers: 1-7 cigarettes/day; (c) moderate smokers:
8-14 cigarettes/day; (d) heavy smokers: 15-21 cigarettes/day;
and (e) very heavy smokers: >22 cigarettes/day. The rate of pre-
term birth was analyzed for each of the five groups. Preterm
births were divided into three categories: extremely preterm
birth (<28 weeks of gestation), very preterm birth (28-31 weeks
of gestation), and moderately preterm birth (32-36 weeks of
gestation).

The second issue addressed in the study was whether fetal gen-
der in combination with smoking has an effect on preterm birth.
Again, the women were divided into smokers and nonsmokers,
and further subdivided into the abovementioned five categories.
Preterm births (<36 weeks of gestation) subdivided into the male
and female fetal gender were analyzed for each of the five groups.

Data are expressed as percent values or absolute numbers as
indicated. Comparisons between nonsmokers and the respective
smoking group, and their relationship with preterm birth were per-
formed with the #-test. A P-value <0.05 was considered to indicate
statistical significance. Univariate logistic regression analyses were
used to estimate odds ratios (ORs) for the association between the
quantity of smoking and preterm birth (< 28/28-31/32-36 weeks
of gestation), as well as the association between smoking and fetal
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gender concerning the risk of preterm birth. Statistical analysis was
performed at the data center of the University of Rostock using the
SPSS computer program, version 22.0.

Results

The investigation consisted of 220,339 women who delivered pre-
term infants. Regardless of smoking, moderate preterm births (32—
36 weeks of gestation) were the most common of all categories
(40.6%). Very preterm births (28-31 weeks of gestation) and
extremely preterm births (<28 weeks of gestation) were signifi-
cantly less frequent (5.1% and 3.4%, respectively).

Of 220,339 women, 190,199 (86.3%) were nonsmokers
and 30,140 (13.7%) were smokers. The prevalence of maternal
smoking was correlated with preterm births (Fig. 1). The preterm
birth rate was lowest in the nonsmoking group (6.8%). Mild smok-
ers (1-7 cigarettes/day) had a higher rate of preterm births (9.1%)
than nonsmoking women (p < 0.001, OR 0.73). Moderate smokers
(8—14 cigarettes/day) had the same rate of preterm births (9.1%) as
mild smokers. A further increase in preterm birth rates (10.9%)
was seen among heavy smokers (15-21 cigarettes/day); the rise
was significant (P < 0.001, OR 0.82) compared to women who were
moderate smokers. The highest rate of preterm deliveries (13.2%)
was registered in women who were very heavy smokers (>22 cig-
arettes/day). The preterm birth rate in this group was significantly
higher than that in women who were heavy smokers (P < 0.05,
OR 0.80).

Figure 1 shows three different categories of preterm births:
extremely preterm birth (<28 weeks of gestation), very preterm
birth (28-31 weeks of gestation), and moderately preterm birth
(32-36 weeks of gestation). The following applied to all nonsmok-
ing and smoking-groups: the lowest rate of preterm deliveries was
registered among extremely preterm infants. The preterm birth
rate was a little higher among very preterm infants, but never-
theless low. The majority of preterm deliveries belonged to the
group of moderately preterm births.

Given the small number of cases, extremely preterm and very
preterm births were grouped together. The rates among non-
smokers were as follows: 1% of the infants were extremely and very
preterm births and 5.8% were moderate preterm births. Preterm
birth rates were similar among mild (1-7 cigarettes/day) and mod-
erate (8—14 cigarettes/day) smokers. Extremely preterm births and
very preterm births occurred at a rate of 1.4% among mild smokers
and 1.5% among moderate smokers. Moderately preterm births
occurred at a rate of 7.7% among mild smokers and 7.6% among
moderate smokers.

Heavy smoking (15-21 cigarettes/day) was associated with the
following rates: 1.7% extremely and very preterm births and 9.2%
moderate preterm births. Among women who were very heavy
smokers (> 22 cigarettes/day), extremely and very preterm births
accounted for 2.9%, and moderately preterm births accounted
for 10.3%.

Figure 2 shows the relationship between smoking and fetal gen-
der for all preterm deliveries (<36 weeks of gestation). Except for
very heavy smokers (>22 cigarettes/day), the majority of preterm
infants were male. Nonsmokers had the lowest preterm birth rate
compared to all smoking groups. 6.2%girls and 7.3% boys were
delivered before the 36th week of gestation; the gender difference
was statistically significant (P < 0.001, OR 0.84). Women who were
mild smokers (1-7 cigarettes/day) had a higher rate of preterm
births (8.4% female vs. 9.7% male) than nonsmokers; again, the
difference was statistically significant (P <0.05, OR 0.85).
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Women who were moderate smokers (8—14 cigarettes/day) had
a similar rate of preterm births (7.8% female vs. 10.5% male) as
those who were mild smokers (P <0.001, OR 0.72). Another
increase in preterm birth rates (10% female vs. 11.8% male)
was noted among heavy smokers (15-21 cigarettes/day); the
gender difference was statistically significant (P <0.01, OR 0.83).
Interestingly, women who were very heavy smokers had the highest
rate of preterm births, but no difference was registered between male
and female infants (13.6% for both groups).

Discussion

Substances included in tobacco smoke have highly toxic properties.
Their presence in the human organism may affect placental and
fetal cell proliferation and differentiation. Thus, cigarette smoking
raises the risk of miscarriage, fetal growth restriction, preterm
births, and placental abruption.!® Cigarette smoke induces prema-
ture aging of the placenta as well as degenerative changes. The
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the male and female fetal gender was analyzed
for each of the five groups. OR, odds ratio.

latter are accompanied by a large quantity of collagen in chorionic
villi, greater thickness of the subtrophoblastic basement mem-
brane, and reduced vascularization. Premature aging is caused
by the increased number of syncytial buds and a higher rate of
apoptosis. Both, premature aging and degenerative changes may
reduce the functional component of placenta and result in an
unsuccessful pregnancy outcome.!” A significant loss of tropho-
blasts and syncytial buds due to apoptosis among smoking women
may disrupt their hormonal balance, leading to premature labor
and preterm births.

Based on the abovementioned data, we conclude that smoking
during pregnancy is a risk factor for preterm birth. In the present
study, nearly 14% of women smoked during their pregnancy.
The rates of preterm births were directly proportional to the
severity of smoking. Nonsmoking women had a preterm delivery
rate of 6.8%, whereas women who were very heavy smokers
(>22 cigarettes/day) had a preterm delivery rate of 13.2% The
largest increase was noted between nonsmokers and mild smokers
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(1-7 cigarettes/day), and between moderate (8—14 cigarettes/day)
and heavy (15-21 cigarettes/day) smokers. In other words, even a
low rate of maternal smoking has a marked effect on preterm birth
rates. Very heavy smoking (>22 cigarettes/day) had a major impact
on extremely preterm births (<28 weeks of gestation) and very pre-
term births (28-31 weeks of gestation).

Fetal gender was also correlated with preterm births. Preterm
infants were more frequently boys than girls, with the exception
of the infants of very heavy smokers. Although the percentages
were not very high, the analysis yielded statistical significance
because of the large number of births included in the study.

A number of study groups have addressed the relationship
between smoking and preterm birth. A Swedish population-based
cohort study analyzed 1,372,274 singleton births between 1999 and
2012. The risk of preterm birth was determined among women
who used snuff and smoked. The use of Swedish snuff or smoking
during pregnancy was specifically associated with a high risk of
extremely preterm birth (<28 weeks of gestation). Maternal smok-
ing during early pregnancy was associated with a higher risk of all
categories of preterm birth. The risk was inversely proportional to
gestational age, and the association was dose dependent.?

The abovementioned data are nearly consistent with the find-
ings of the present study. However, among smokers, we noted a
higher rate of moderately preterm births (32-36 weeks of gesta-
tion) compared to extremely and very preterm births. Among very
heavy smokers (>22 cigarettes/day), we noted a higher rate of
extremely and very preterm deliveries. These differences between
the Swedish study and ours might be explained by the different
numbers of cases. The Swedish study comprised nearly sixfold
higher numbers of cases than ours, and yielded a larger number
of extremely and very preterm infants.

Another study from the Netherlands consisting of 7098 preg-
nant women analyzed the effect of active and passive maternal
smoking during pregnancy, and the risks of low birth weight
and preterm birth.!® Active smoking until pregnancy was appa-
rently not associated with low birth weight and preterm birth.
However, ongoing active smoking even in late pregnancy was asso-
ciated with low birth weight (adjusted OR 1.75 (adjusted OR 1.75;
95% CI 1.20, 2.56) and preterm births (adjusted OR 1.36; 95% CI
1.04, 1.78). These data show that smoking exerts a negative effect
when the noxious agents are inhaled during pregnancy. The long-
term effects of smoking on the cardiovascular system and the risk
of bronchial carcinoma are undisputed, but smoking does not
appear to exert a harmful effect on pregnancy when the women
cease to smoke at the very start of their pregnancy. Smokers should
therefore be encouraged to stop smoking in the first trimester, or
better still when planning a pregnancy.

This conclusion has been endorsed by several authors who
reported that maternal smoking is an important risk factor for pre-
term delivery, but the risk can be reduced by the cessation of smok-
ing before or at least in the early weeks of pregnancy.*!**

Furthermore, preterm births constitute an economic problem
because the infants must necessarily undergo treatment in neonatal
intensive care units.

In a study conducted by a German statutory health insurance,
the average costs of medication, hospital treatment, outpatient
treatment, and nonmedical remedies during the first 3 years after
birth were analyzed for early preterm, late preterm, and full-term
births. As expected, higher costs were incurred for preterm infants
than for those born at term. The highest costs were registered for
the hospital treatment of early preterm births. The differences in
costs tended to fall in the second and third years after birth, except
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for ambulatory treatment costs; the latter were consistently high
especially for early preterm births.?!

Another study from the USA?? analyzed the costs of initial hos-
pital care for newborn infants according to gestational age. The
retrospective review included all infants born <32 weeks of gesta-
tion between 1989 and 1992. A cohort of term and near-term
infants was selected at random. The total cost of initial care for
the US population of neonates was estimated at $10.2 billion annu-
ally: 11.9% was spent on infants born between 24 and 26 weeks of
gestation and 42.7% were spent on those born at >37 weeks’ ges-
tation. Thus, 45.4% of the costs are distributed among those new-
borns born between 27 and 36 weeks of gestation. Although the
costs for an extremely premature newborn are very high, the costs
for extremely low gestational age infants are a small component of
total neonatal care costs because so few infants are born at these
early gestational ages.?

Clements et al.** have also investigated the costs of preterm
infants as a function of gestational age: 14,033 of 76,901 surviving
infants received early intervention. The total sum was almost $66
million, with a mean cost per surviving infant of $857. Mean cost
per infant was highest for children who were 24-31 weeks’ gesta-
tional age ($5393) and higher for infants who were 32-36 weeks’
gestational age ($1578) compared with those who were born at
term ($725). Premature newborns have higher treatment costs
compared to term-born infants. The cost per surviving infant gen-
erally decreased with increasing gestational age.

Considering the abovementioned numbers, the aim should be —
not only against the economic background but also with regard to
morbidity and mortality — to prolong the pregnancy as far as pos-
sible in every phase of preterm birth.

In addition to the risk of premature birth as a result of maternal
smoking, the latter had an effect on fetal gender: preterm infants
were more often boys than girls.

The greater mortality risk for males during pregnancy and
infancy are well known. Male preterm infants have higher rates
of neonatal mortality and are more vulnerable to long-term neu-
rological and motor impairment after birth.?*2?® A study group
from the Netherlands analyzed the relationship between gender
and disabilities or handicaps at 5 years of age in children born
before 32 weeks of gestation.** The study comprised 648 infants,
of whom 345 were boys. The prevalence of handicaps was three
times higher among boys than girls (21% vs. 7%, OR 3.2).
Adjustment for gestational age and birth weight (logistic regression
analysis) did not alter the results (OR 3.5).

On the basis of large datasets, the numbers of boys among pre-
term infants versus infants born at term were analyzed in several
studies;'*?” a predominance of males was noted among preterm
births. Several explanations have been proposed for this phenome-
non: (a) higher average maternal body weight, which increases the
probability of preterm labor,* (b) greater sensitivity to certain
medical complications associated with preterm birth, such as preg-
nancy-induced hypertension or infection,*® (c) different biochemi-
cal processes in male and female fetuses, which favor preterm labor
in the case of male infants.>! Placental or chorion trophoblast cells
from pregnancies with a male fetus seem to produce more pro-
inflammatory TNFa and less anti-inflammatory IL-10 and granu-
locyte colony-stimulating factor (G-CSF) than cells from pregnan-
cies with a female fetus, more prostaglandin synthase (PTGS-2)
and less prostaglandin dehydrogenase (PGDH). These results
suggest that in the presence of a male fetus the trophoblast has
the potential to generate a more pro-inflammatory environment
leading to preterm birth®? and (d) boys are more likely conceived
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at the beginning of the fertile period in contrast to girls, who are
conceived in the middle of the cycle.?***

This last mentioned hypothesis was refuted by a French study,
which only recruited children after IVF and was thus able to clearly
determine the time of conception. The association between pre-
term birth and the male sex was somewhat less pronounced, but
still present.?’

Despite these explanatory approaches concerning gender-
specific preterm delivery, the pathomechanism is not really under-
stood. A higher body weight or early conception in the menstrual
cycle does not appear to adequately explain the higher rate of pre-
term delivery at 6 weeks before, or even earlier than, the calculated
day of delivery.

A large study from the Netherlands Perinatal Registry consist-
ing of 1,736,615 singleton pregnancies from 1999 to 2010° analyzed
the gender-related risk of preterm birth. The authors found that
male fetuses were at higher risk of preterm birth with intact mem-
branes compared to female fetuses; the peak was noted between 27
and 31 weeks of gestation (relative risk (RR) 1.5; 95% CI 1.4-1.6).
Furthermore, male fetuses were associated with a higher risk of
premature rupture of membranes between 27 and 37 weeks of ges-
tation (RR 1.2; 95% CI 1.16-1.23). No remarkable gender differ-
ence was registered among medically indicated preterm births.’

Zeitlin et al.'® analyzed one European and three French data
sources, as well as data extracted from published articles, to explore
the gender distribution of preterm versus term births. Male infants
are subject to a higher risk of preterm birth in a wide range of pop-
ulations, regardless of geographical conditions and over a long
period of time. The ORs associated with the male gender were
between 1.09 and 1.24 in 21 of the 24 populations.'®

In another investigation, the same study group® analyzed the
association between fetal gender, mode of onset of labor, and
the principal cause of very preterm birth. Two-thousand and six
twenty-four very preterm singleton births born at less than 33
weeks’ gestation in 9 French regions in 1997 were included in
the study. Spontaneous preterm births were registered for 57%
of male fetuses and 50.8% of infants were born prematurely due
to medical indications. These data show that male infants have a
higher risk of preterm birth resulting from spontaneous labor.*

In the present study, we focused on smoking and gender-related
preterm delivery (<36 weeks of gestation), but did not differentiate
between the weeks of gestation. Nevertheless, our results confirm
the previously reported data. A significantly larger number of
preterm infants were male among nonsmokers and nearly all
smoking groups, except for very heavy smokers (>22 cigarettes/
day). Preterm deliveries were highest in the latter group but the
numbers were independent of gender. This might be explained
by massive placental alterations, which may raise the number of
preterm deliveries regardless of the child’s gender. The placenta
itself could be an important, yet not fully investigated parameter,
and may well be a factor involved in the fetal gender-related out-
come. The beginning of labor is known to be associated with the
production of placental corticotropin-releasing hormone and cor-
ticotropin-releasing hormone-binding proteins, and inflammatory
processes or interactions between these different mechanisms.*¢”
Interestingly, increased levels of inflammatory markers were found
more often in the placenta of male infants than female infants.*383
Furthermore, the placenta of female fetuses appear to react differ-
ently and is possibly more resistant to adverse events.”* The role
of placenta and gender must be addressed in future investigations.

Preterm labor leading to preterm delivery is a multifactorial
problem. Clinicians should give greater attention to women
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carrying a male fetus. This additional risk factor should be taken
into account when dealing with high-risk pregnant women, and
may help in decision-making processes such as tocolysis or ante-
natal steroid prophylaxis. This approach is further justified by the
higher mortality rates noted in male fetuses.

Conclusion

The abovementioned data revealed an association between smok-
ing and fetal gender, and the impact of smoking on perinatal out-
come. Smoking during pregnancy and male gender are both risk
factors for preterm delivery. Fetal gender should be given greater
attention in the multifactorial problem of preterm birth.

Due to the high rate of morbidity in preterm-born infants and
the enormous costs for public health, women should be encour-
aged to cease or at least reduce smoking during pregnancy.
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