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of the respondents’ residence (commune). This was used for
stratification of the sample and the precise correction of the
composition of individual groups of students in the sample.

The correction procedure was conducted by two methods:
1) by elimination (so-called sampling-out) of excessively
investigated respondents and questionnaires containing
mistakes and repetitions, i.e. a structural correction of the
sample; 2) the all-Polish additional data allowed the ascribing of
weights to individual questionnaires and the standardization
of the sample according to the additional variables. While
performing more comprehensive calculations, two procedures
were applied, because the first simplified statistical calculations,
however, decreased the level of significance of the estimation
of parameters and results of testing, whereas the second
procedure, which was more troublesome to apply for statistical
calculations but used a larger sample (obviously after the
elimination of errors). In order to check the compatibility
of data from the questionnaire for students with the all-
Polish data, this data was compiled with information supplied
by the Main Statistical Office concerning higher education
facilities in Poland. The differences were considerable and
statistically significant. Thus, it was decided to correct the
sample of students by corrective elimination (sampling-out)
of a relatively small part, making its percentage composition
more similar to the all-Polish data according to regions,
gender and age (using distribution by age and regions, and
according to gender and age). The correction procedure was
performed by means of SPSS statistical package.

Subsequently, the questionnaires were statistically analyzed
at the Department of Statistics and Analyses at the Institute
of Rural Health.

2. The results of population studies conducted with the
use of questionnaires within the monitoring of mother and
child health - Pregnancy-related Assessment Monitoring
System (PrAMS-BabyMo). In 2009, following the Pregnancy

Risk Assessment Monitoring System - a surveillance project
collecting data on maternal attitudes and experiences before,
duringand shortly after pregnancy, which has been carried out
in the USA since 1987, for the first time monitoring studies in
this area were conducted in Poland. The studies were of a pilot
character. In 2009, a questionnaire was carried out by the face-
to-face method, and from 2010 by the method of independent
completion of the questionnaire form (self-questionnaire)
by mothers who after delivery stayed in hospitals with their
newborn babies. The second section of the questionnaire was
completed by the qualified medical staff (physician, nurse or
midwife). Every year, the scope of questions directed to the
mothers and medical staff was expanded. Figure 1 presents
the chronology and methodology of the studies. Since 2011,
the studies have been of a prospective character. Mothers
were asked to define the form of communication, and 40% of
the mothers expressed their consent to participate in further
studies. Itis planned to conduct a survey by communication by
e-mail (74%), telephone (19%) or by mail (7%), 6 months after
delivery, and subsequently, when the child isaged 1,2, 4, 6, 10,
14, 18 years. These are the dates for obligatory examinations of
children and adolescents in Poland, so-called well-child care
check-up, performed by paediatricians exercising prophylactic
care of children. At present, the Institute of Rural Health
develops a computer platform for the health monitoring of
children and adolescents, based on consulting rooms taking
care of children throughout Poland. In the future, it is planned
to create 2-3 population cohorts, and conduct an expanded
survey with the collection of biological material and its
storage. The survey will be of a prospective character.

The survey was conducted by surveyors-employees of
Provincial Sanitary-Epidemiological Stations. Mothers
hospitalized after delivery provided replies to the questions
in the first section of the questionnaire, whereas the second
section was completed by medical staff (physician or nurse)

Figure 2. Chronology and methodology of studies
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providing care of the mother and her baby, based on medical
records (pregnancy chart and history of hospitalization).
Consent for the study was obtained from the Bioethical
Commission. In each hospital, consent for conducting
the study was obtained from its manager. The survey was
preceded by sending obstetricians a letter supporting the
study, signed by the National Consultant for the Matters of
Obstetrics and Gynaecology.

STATISTICAL ANALYSIS

Statistical analysis was performed with the use of the
statistical package Statistica 8.1 PL. The variables were presented
by means of frequency tables, tables with descriptive statistics,
and contingency tables. The relationships between categorial
variables were analyzed with the use of Pearson’s chi-square
test. Analysis of the relationships between interval variables
were performed by ANOVA test, or, if the assumptions of the
parametric method were not satisfied, the non-parametric
Kruskal-Wallis one-way analysis of variance was applied.

RESULTS

Tobacco smoking is prevalent among the Polish population
atreproductive age. The frequency of smoking in the sample
of 11,676 schoolchildren and students examined was 21.4%
and changed with age, reaching the highest percentages in
the group aged 18-19 (Tab. 1). At this age, 31-32% of males
and 24-26% of females are smokers (Fig. 3). It should be
anticipated that in the nearest years the offspring will be

Table 1. Tobacco smoking among schoolchildren and students aged
15-24

Age smokers total
n 226 1,912
15
% 11.82%
n 342 1,755
16
% 19.49%
n 329 1,257
17
% 26.17%
n 388 1,401
18
% 27.69%
n 357 1,267
19
% 28.18%
n 281 1,187
20
% 23.67%
n 194 907
21
% 21.39%
n 150 751
22
% 19.97%
n 151 725
23
% 20.83%
n 81 514
24 % 15.76%
n 2499 11,676
Total
% 21.40%

Chi-square exact test, p=0.00001

especially exposed to tobacco smoke during periconceptional
and intrauterine period. Due to this situation, during these
sensitive periods there may occur unfavourbale epigenetic
changes resulting in susceptibility of the offspring to chronic
diseases in adult life. At the age of 20 and over, a decrease
was noted in the frequency of tobacco smoking among males
and females. Nevertheless, 20% of males and females at this
age smoke cigarettes, which may also exert an unfavourable
effect on their offspring.

35%

30%

25%

20%

15%

10%

15 16 17 18 19 20 21 22 23 24

Hrotal Hairls O Boys

Figure 3. Percentage of tobacco smoking among schoolchildren and students
aged 15-24

The replies provided by pregnant women to the questions
concerning tobacco smoking are consistent with the replies
by adolescents at reproductive age. At the moment of
conception 25% of females smoke. The majority of women
discontinue smoking in pregnancy; however, 12% of women
smoke cigarettes during the third trimester of pregnancy, i.e.
throughout the entire period of pregnancy (Tab. 2, Fig.4).

Table 2. Tobacco smoking 3 months prior to conception and during the
third trimester of pregnancy

During pregnancy

Before pregnancy none <5cigarettes  >5 cigarettes Total
n 1,987 4 0 1,991
none
%  99.80% 0.20% 0.00% 75.02%
n 173 77 2 252
<=5 cigarettes
%  68.65% 30.56% 0.79% 9.50%
n 175 110 126 411
>5 cigarettes
%  42.58% 26.76% 30.66% 15.49%
n 27335 191 128 2,654
Total
%  87.98% 7.20% 4.82% 100.00%
Chi-square exact test: p=0.00001
100%
90% T— —
80% +—— —
70% +—— —
60% +— 75.02 I
° 87.98
50% T—— —
40% T— —
30% T— —
20% T 15.49 I
10% —_— iii —
0% -
3 months prior to conception 3rd trimester of pregnancy
B cigarettes Os>s cigarettes Clnone

Figure 4. Tobacco smoking 3 months prior to conception and during the third
trimester of pregnancy
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No differences were observed according to the type of
delivery (vaginal or by Caesarean section) between women
who smoked and those who did not smoke in pregnancy
(Tab. 3, Fig.5).

Table 3. Tobacco smoking 3 months prior to conception and during the
third trimester of pregnancy

vaginal Caesarean Total
none n 1,441 790 2,231
% 64.59% 3541% 87.56%
<=5 cigarettes n 107 79 186
% 57.53% 42.47% 7.30%
>5 cigarettes n 92 39 131
% 70.23% 29.77% 5.14%
Total n 1,640 908 2,548
% 64.36% 35.64% 100.00%
Chi-square exact test: p =0.05489
100%
90% +—— —
80% | 3541 905 e 3564
70% +—
60% -
50% -
40% -
30% -
20% 7
10% 7
0% -

none < 5cigarettes

] vaginal

> 5 cigarettes total
[] Caesarean

Figure 5. Tobacco smoking during pregnancy and type of delivery

The percentage of pregnant women smoking at any stage
of pregnancy decreased with age. More than 27% of the
youngest mothers aged under 23 smoked cigarettes at any
stage of pregnancy (Fig. 6). The smallest percentage of
pregnant women who smoked at any stage of pregnancy
was noted in the age group over 34.

100%
90% 528 679 756 .3 4.68 255
80%
70%
60%
50%
40%
30%
20%

10%

0%

under 23
yearsolds yearsolds yearsolds yearsolds yearsolds yearsolds

23-35 26-28 29-31 32-34  above34 total

[Enone  []<5cigarettes [[]>5cigarettes

Figure 6. Tobacco smoking during pregnancy and mother’s age

Nearly a half of pregnant women with elementary school
education smoked during pregnancy. Cigarette smoking in
pregnancy decreased with the level of mother’s education -
more than 20% of mothers with elementary school education
smoked more than 5 cigarettes daily at any stage of pregnancy,

compared to only 1.3% of mothers with university education.
Only 59% of mothers with elementary school education and
more than 95% of those with university education never
smoked during pregnancy (Fig. 7). No significant differences
in tobacco smoking were observed at any stage of pregnancy
according to place of residence (Fig. 8).

100% 130

90% 1+—

80% +—

70%

60%

50% 1

40%

30% 1

20%

10%

0%

elementary

. none

secondary university

[ <5cigarettes  []>5 cigarettes

Figure 7. Tobacco smoking during pregnancy and mother’s education level

urban area

. none

Figure 8. Tobacco smoking during pregnancy and place of residence

rural area total
[C<s cigarettes [Iss cigarettes

Tobacco smoking exerts a negative effect on the birth
weight of a newborn. The percentage of newborns with
low or very low birth weight decreased with the number of
cigarettes smoked by the mother at any stage of pregnancy.
10.62% of infants with low birth weight were delivered by
mothers who smoked more than 5 cigarettes at any stage of
pregnancy, 9.36% of mothers smoking less than 5 cigarettes
daily, and only 6.39% of mothers who never smoked during
the course of pregnancy (Fig. 9). An inversely proportional

100% 0:88
90%+— 16.81
80% A
70% A
60% A
50% A
40% +
30% A
20% A
10%

0%

7.02 1012 9.47

> 5 cigarettes < 5cigarettes none total

Wvery low (<2kg) [ normal (2.5-3.5kg) [Jexcessive (>4kg)
Wiow (2-2.5kg) [T high normal (3.5-4kg)

Figure 9. Tobacco smoking during pregnancy and birth weight of the newborn
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Figure 10. Tobacco smoking during pregnancy and state of the newborn according
to Apgar scale

relationship was detected with respect to the percentage of
newborns with an excessive body weight (> 4 kg) - women
smoking more than 5 cigarettes at any stage of pregnancy
delivered less than 1% of newborns with such a birth weight,
compared to over 10% of those delivered by women who never
smoked in pregnancy. The highest percentage of newborns
with a low Apgar score was noted among babies delivered
by mothers who smoked less than 5 cigarettes daily at any
stage of pregnancy (Fig. 10).

DISCUSSION

The prevalence of tobacco smoking in Poland is still very
high [90]. This results in an increased incidence of chronic
diseases, which has been confirmed by a number of studies
[91, 92, 93, 94, 95]. Despite a decrease in the number of
smokers noted after 1990, smoking still remains highly
prevalent in the entire population [90]. During this period,
the incidence of smoking by females has nearly equalled that
observed among males [96]. Mainly the youngest women
smoke.

The prevalence of tobacco smoking by pregnant women
varies in different countries worldwide: 9.9% in Japan [97],
17% in Australia [98], 30-35% in Spain [99] and approximately
17% in Canada [100]. In the USA, about 10-12% of women
declared smoking in pregnancy, despite the decrease in this
percentage by nearly 40% within the last decade [101, 102,
103, 104]. The frequency of tobacco smoking by pregnant
women depends on their age, social status and race. In
selected states in the USA, an increase has recently been
noted in the percentage of smoking teenagers who become
pregnant [105, 106, 107, 108]. In this country, the percentage
of pregnant women aged under 25 who smoke is higher,
and also depends on education level, 20% of women aged
20 are smokers, compared to only 9% of smokers among
those aged over 35 [109]. 22% of females aged 25 who had a
period of education of less than 12 years are smokers, while
the percentage of smokers among those with the period of
education of over 12 years is 6.5% [110]. At present in the USA,
the percentage of smoking women at reproductive age is 22%
[104]. The national reports in the USA admit that efforts by
public authorities in order to reduce the percentage of women
who smoke at childbearing age and pregnant women are
relatively ineffective [111]. The goals specified in the official
national documents were not attained. In none of the states
in the USA was the goal achieved which was assumed in the
document: Healthy People 2010 concerning the reduction

of the percentage of pregnant women who smoke by 1% by
the year 2010. This situation is maintained, despite the fact
that in recent years, due to the global actions popularizing
knowledge of the hazardous effect of tobacco smoking, a
decrease has been noted in the percentage of women smoking
during pregnancy in the USA, as well as in the majority of
the countries worldwide, including Europe [112, 113, 114, 115,
116]. Nevertheless, within the last two decades, in the majority
of countries, tobacco smoking has become increasingly more
prevalentamong the youngest women [98, 117, 118]. In recent
decades, an increase has been observed in the percentage of
women who smoke in the youngest age groups, especially
in the countries of Eastern Europe [119, 120, 121, 122]. For
example, in Romania, the percentage of women who smoke
in pregnancy is 24% [123, 124]. The studies conducted in
Poland, in the agglomeration of the city of L4dzZ, showed that
the percentage of women who smoke during the period of
pregnancy is 25-30%, according to the survey independently
completed by pregnant women and examinations of the level
of cotinine in blood plasma [125]. The presented studies
which covered a large randomized sample of pregnant women
did not confirm these observations. The percentage of women
who continued smoking in pregnancy was lower. A similar
situation has been noted in other countries. In the United
Kingdom the percentage of pregnant women who smoke is
17%, the percentage of pregnant women aged under 20 who
smoke is 45%, while among those aged over 35 — only 9%.
In this country, the percentage of smoking pregnant women
who perform physical work is 29%, while among those who
occupy the position of a manager — only 7% [126]. Similar
relationships have been noted in other countries, e.g. in
Canada the incidence of smoking among pregnant women
increases with lower education level and lower family income,
and is higher among unmarried women and pregnant women
aged under 25 [127]. A similar situation is also observed in
the countries of the Central and Eastern Europe, including
Poland, considering other risk factors, such as alcohol
consumption and use of stimulants [128]. Also, pregnant
women exposed to smoking at home more often smoke in
pregnancy, and more rarely decide to discontinue the habit
in association with becoming pregnant [129]. Also, women
who abuse alcohol more rarely decide to desist from smoking
during pregnancy [130].

In the presented studies in Poland, similar relationships
were observed. Mainly, the youngest women are smokers while
becoming pregnant, and the majority of women who become
pregnant discontinue the habit. However, a high percentage
of women continue smoking, while simultaneously being
aware of the hazardous effect of smoking for both the course
of pregnancy and the foetus.

American reports based on randomized studies show
that a part of women who plan pregnancy discontinue
smoking prior to conception [131, 132]. From among women
smokers in this country, 14% discontinue the habit prior
to becoming pregnant, a half of them cease smoking in
pregnancy, including 75% of those who stop smoking in
the first trimester of pregnancy. 10% of women smoke
throughout the entire period of pregnancy [133]. Similar
percentages are noted in the USA according to the Pregnancy
Risk Assessment Monitoring System (PRAMS) [134]. Also
in this country, women with a lower education level more
often smoke during pregnancy [135, 136, 137]. In American
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studies, the phenomenon was observed of reducing the
number of cigarettes smoked daily by pregnant women with
the advancement of pregnancy. The number of pregnant
women who smoked more than 15 cigarettes daily decreased
with the age of pregnancy, while an increase was noted in the
number of those who smoked less than 15 cigarettes daily
[80]. Women who planned pregnancy discontinued smoking
one month earlier than those who did not plan pregnancy.

According to the reports from various countries worldwide,
more than 60% of women who smoked before becoming
pregnant, ceased smoking during pregnancy [138]. These
percentages are similar in European countries [133], and
slightly lower in the USA (45%) [139, 140, 141, 142].

Low birth weight of neonates and premature births were
most frequent among women who smoked throughout the
entire period of pregnancy, whereas most rarely occurred
among women who did not smoke during pregnancy and
before conception. Women who discontinued smoking during
pregnancy were also characterized by a lower percentage of
babies born preterm and with low birth weight, compared
to those who continued smoking for the entire period of
pregnancy, this percentage being higher compared to never
smokers. This shows that the cessation of smoking at any
stage of pregnancy exerts an effect on the term of delivery
and birth weight of a neonate. Similar relationships were
obtained in the presented study.

Recent reports from England and Wales indicate that the
incidence of congenital defects in mothers aged under 20 is
higher than among neonates delivered by mothers aged 30-34
(139.8 per 10,000 vs. 116.5 per 10,000). This contradicts the to-
date commonly adopted scientific opinions. The researchers
investigating the problem explain this situation by a higher
percentage of mothers who smoke in the youngest age groups,
and the lower percentage of women taking vitamins and folic
acid due to a higher percentage of unplanned pregnancies
[143]. In the presented study, no such a relationship was
observed, which was probably due to the relatively small
population of laying-in mothers hospitalized in Poland after
delivery.

The limitation of the presented study is that it is based
on replies to the self-questionnaire items independently
provided by women, or on questionnaires collected by the
surveyors. The reports show that the quoted percentage of
pregnant women is underestimated, while the declaration
concerning the discontinuation of smoking is overestimated.
This was confirmed by the study which included a
simultaneous examination of the level of cotinine [144, 145,
146]. Comprehensive reviews of literature confirm these
observations [124, 147]. However, while comparing data
pertaining to independent replies of mothers to the self-
questionnaires with the levels of cotinine measured in cord
blood of the neonates, a convergence is noted between the
replies and the observed levels of cotinine in 94.9% of non-
smoking mothers, and 87% in those who smoke [148]. In
other studies, it was found that 13% of women who declared
that they discontinued smoking prior to becoming pregnant,
had a level of cotinine evidencing active smoking, while
25% of mothers who admitted that they ceased smoking
in pregnancy had level of cotinine confirming tobacco
smoking [148]. However, the reservation is made that these
discrepancies may be caused by the passive exposure of
pregnant women to tobacco smoke [149]. It is commonly
adopted that the studies with the use of questionnaire forms,

especially self-questionnaires independently completed by
women, are a valuable source of information concerning the
prevalence of tobacco smoking among women during the
period of pregnancy [150]. In conditions of epidemiological
studies which cover the entire Polish population, this is
the only method which allows examination of the tobacco
smoking habit among pregnant women.

CONCLUSIONS

In Poland, tobacco smoking is still very prevalent among
pregnant women. Despite being aware of the hazardous
effect of tobacco smoking on the course of pregnancy
and the development of the foetus, more than 12% of
pregnant women smoke during pregnancy. Smokers are
mainly pregnant women from the youngest age groups.
Exposure to the components of tobacco smoke results in
a lower birth weight of the neonates and their worse state
after birth, as measured by means of the APGAR scale.
According to the Foetal Origins of Health and Diseases,
the observed phenomena may exert an effect on the health
of the offspring and future generations. It seems that the
increase in morbidity due to civilization diseases which
have been observed in Poland during the last decades, may
be the result of smoking during pregnancy by mothers of
these individuals, which may also be confirmation of this
hypothesis [151]. Public health authorities should undertake
efforts directed at females at reproductive age, as well as
young males, which would enhance their awareness of the
negative effects of tobacco smoking during the periconceptual
period and in pregnancy. It is recommended that women
who plan pregnancy and those who are pregnant should be
afforded the possibility to discontinue the tobacco smoking
habit. Paediatricians who provide care for neonates and
children should familiarize the mothers with the risk of the
phenomenon of catch-up-growth after delivery in dystrophic
neonates born with low birth weight, because, according
to the Baker’s hypothesis, this phenomenon is the cause of
susceptibility to civilization diseases in later life cycles. The
normal trajectory of development may efficiently prevent
this phenomenon.
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