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INTRODUCTION
Smoking during pregnancy has decreased over the past 

years in most of the countries. More than 1000 publications in 
Pub Med show that the problem of smoking during pregnancy 
has been recognized. With the present paper we would like to 
show how the smoking habit developed in a State of Germany 
(Hesse) during the past years. The perinatal survey in the State 
of Hesse, Germany provided the opportunity to study the impact 
of maternal smoking in a population of about five million people 
over 25 years. The data collection has been introduced in 1981. 
It started in 10 community hospitals (state hospitals) guided by 
a head obstetrician (Chefarzt) and eight non-resident hospitals 
cared for by non-resident doctors. According to the Munich 
perinatal review (1975-1997) [1], the aim of the data collection at 
this time was to reduce the comparatively high perinatal mortality 
of 1.07 % by a comprehensive quality assurance in obstetrics by a 
continuous data collection and review of the data throughout the 
following years. As a consequence it was in addition to get some 
information about habits which might have an influence on the 
outcome of pregnancy, such as maternal smoking. Since 1990 all 

hospitals in the State of Hesse participated in the data collection, 
so that a comprehensive view regarding maternal behavior was 
possible. 

MATERIAL AND METHODS
The present report on the impact of maternal smoking on 

pregnancy outcome is based on the continuous data collection 
from 1990 until 2015. It comprises three University hospitals 
(Giessen, Frankfurt and Marburg), 41 hospitals with major 
departments of gynecology and 8 non-resident hospitals in the 
State of Hesse (status in 2015). The investigation was focused on 
three phases of the data collection: 

Part 1: Smoking habits of pregnant women from 1990 until 
2015. 

Part 2: Incidence of malformations in relation to smoking 
during the years 2011- 2015. 

Part 3: Duration of pregnancy throughout the years 2011-
2015. 

In 2011-2015 a total of 254 948 women could be evaluated. 
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Abstract

The consequences of maternal smoking of pregnant mothers on the fetus have 
been investigated in a population in the state of Hesse, Germany from 1990-2015. 
For the investigation a routine data collection with a total of 301.506 deliveries 
were analyzed. During the years 2011-2015 the investigation was focused on fetal 
malformation in relation to smoking (254 948 deliveries) and on the impact of smoking 
on duration of pregnancy and fetal weight.

Throughout the years 1990 -2015 the number of smokers decreased in the group 
of heavy smokers who smoked 10-19 and 20-29 cigarettes per day from 5.8 to 2.1 
% and 2.3 to 0.4 % respectively, probably as a result of the antismoking campaign 
in Germany. The incidence of fetal malformations in relation to smoking mothers was 
not significantly elevated. Smoking had however a significant impact on the duration 
of pregnancy and the weight of the baby depending on the number of cigarettes 
smoked per day. 

The decrease of smoking women during pregnancy during the past years is going 
to let us hope that women have realized the deleterious effect of smoking on their 
babies.
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There were missing data regarding smoking in 25.4% of the 
cases related to an incomplete questionnaire. For statistical test 
(Chi2) SPSS 23.0 was used.

RESULTS
Cigarette consumption during pregnancy: Results 
from 1990 - 2015 

The results of the analyses of smoking habits are shown in 
Table 1. The results show evidently a steady fall of cigarette 
smokers during the time of observation from 1990 to 2015 as 
well as the amount of cigarettes that were smoked. In 1990 
about 5.8% and 2.3% of pregnant women smoked 10-19 and 20-
29 cigarettes per day and in 2015 only 2.1% and 0.4% smoked 
a similar amount of cigarettes. Non-smokers increased during 
the same time from 84.7% to 94.3 %. This might be the result 
of an ongoing campaign against smoking in pregnant women 
published in cinema, television and newspaper. 

The incidence of congenital malformations in cigarette 
smokers

Table 2 shows the distribution of malformations between 
non-smokers and smokers. The incidence of malformations 
is according to table 3 slightly increased by smokers (1,0 
%) compared to nonsmokers (0,7 %). In order to obtain 
differentiated results, the odds ratio was also calculated. With an 
odds ratio of 1.4, children of smokers have an almost 40 percent 
higher probability of developing a malformation than children of 
non-smokers. The results are significant at 5 percent significance 
level.

The impact of maternal smoking on pregnancy 
outcome 

Duration of pregnancy and preterm delivery following 
smoking: The relationship between smokers and non-smokers 

and gestational age is demonstrated in Table 3. For a gestation 
period of less than 32 weeks, there appears to be no difference 
between those two groups. For both non-smokers and smokers, 
1.3% of the cases were born before the 32nd week of pregnancy. 
With a gestation period of between 32 and 36 weeks, however, it 
can be seen that a preterm delivery occurs more frequently in the 
group of smokers (6.9% for non smoker vs. 7.8% for smoker). This 
corresponds to a percentage difference of almost one percentage 
point. The differences become more obvious when evaluating the 
number of cigarettes smoked during the pregnancy. Although 
there is no large statistical difference between gestational age 
and smokers as well as non-smokers resp. significant differences 
however can be shown if the amount of cigarettes is considered 
by evaluating the impact of smoking on gestational age (Table 4 
and Figure 1). 

In non-smoking women 1.3% of the pregnancies are ended 
at <32 weeks, 6.9% at 32-36 weeks and 91.8 % at > 36 weeks, 
whereas in heavy smokers of 20-29 and >30 cigarettes per day 
duration of pregnancy is reduced: 9.3% and 11.0% of these 
women are going to be delivered at 32-36 week of gestation 
(Table 4 and Figure 1).

The influence of smoking on birth weight 

Shortening of pregnancy is paralleled by a reduction of 
birth weight. If the weight of the newborn is less than the 10th 
percentile the fetus is by definition retarded in his growth. The 
impact of smoking during pregnancy on birth weight of the infant 
is considered to be a major contributor. 

There are many factors which can influence the fetal weight, 
such as maternal nutrition, duration of pregnancy and all factors 
which have an impact on the oxygen delivery to the fetus, i.e. 
smoking. Smoking is reducing the oxygen transport capacity by 
a reduction of uterine blood flow, so that the reduction of birth 
weight is a logical consequence (Figure 2). 

Table 1: Maternal smoking in the State of Hesse, Germany from 1990 until 2015 - a result of a comprehensive information campaign. For the 
interpretation of the relationship of the various parameters Pearson's chi-squared test (χ2 test =4084,715) was used. Empirical significance level = 
0,00%.

Years 

1990 1995 2000 2005 2010 2015

Cigarette consumption 
during pregnancy 

No  cigarettes 47686 50535 52013 47675 35509 38201

% 84,7% 87,7% 89,9% 93,2% 93,0% 94,3%

<10 cigaretts 3837 3046 2526 1512 1305 1253

% 6,8% 5,3% 4,4% 3,0% 3,4% 3,1%
10 - 19 
cigaretts 3245 2762 2299 1404 1059 866

% 5,8% 4,8% 4,0% 2,7% 2,8% 2,1%
20 - 29 
cigaretts  1285 1102 893 484 272 162

% 2,3% 1,9% 1,5% ,9% ,7% ,4%

>30 cigaretts  221 182 144 57 36 25

% ,4% ,3% ,2% ,1% ,1% ,1%

Total t
n 56274 57627 57875 51132 38181 40507

% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%

https://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
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Table 2: Smoking during pregnancy and its impact on congenital malformations. There is an increased incidence of malformation in smokers. 
Pearson's chi-squared testwas used (χ2 test =41,865 ). Empirical significance level= 0,00%.

 
Cigarette consumption 

Non-smoker Smoker

Malformation

No
N 579 822 46 486

% 99,3% 99,0%

Yes
N 4 171 460

% 0,7% 1,0%

Total 
N 583 993 46 946

% 100,0% 100,0%

Table 3:  Duration of pregnancy in non-smokers and smokers. Chi-Quadrat-Test (χ2 test =126,571) (empirical significance level = 0,00%).

 Week of gestation 
Cigarette consumption 

Total 
Non smoker Smoker 

<  32 
weeks

n 14.137 1.606 15.743

% 1,3% 1,3% 1,3%

32 - 36 weeks
n 77.777 9.647 87.424

% 6,9% 7,8% 7,0%

> 36 weeks
n 1.028.532 112.489 1.141.021

% 91,8% 90,9% 91,7%

Total 
n 1.120.446 123.742 1.244.188

% 100,0% 100,0% 100,0%
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Figure 1 The impact of smoking habits on duration of pregnancy. With 
rising amount of cigarettes smoked per day duration of pregnancy is 
shortened to <32 weeks and to 32-36 week of gestation by 1% and 
6-12 % respectively. The figure is based on table 4.
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Figure 2 The relationship between fetal birth weights of more 
than 10th percentile (blue columns) and below the 10th percentile 
(red columns) in non smokers and heavy smokers of 30 and more 
cigarettes per day. The red columns demonstrate clearly the impact 
of heavy smocking on the fetal intrauterine development regarding 
fetal birth weight. (the gestation period, multiple births and gender 
were considered  while evaluating the 10th percentile) Pearson’s chi-
squared test was used (χ2 test= 12898,508). Empirical significance 
level= 0,00%. 

DISCUSSION
Smoking has in various groups of the society a long tradition. 

Smoking became widely accepted at all levels of the society. 
However in recent years medical research focused on the 
negative influence of tobacco consumption and smoking on the 
development of cardiovascular diseases, lung cancer and the 
impact on the developing child in utero [2].

As shown in investigations, smoking during pregnancy can 
result in a number of diseases, such as congenital heart defects, 
[3], ADHD in offspring [4-6], disturbances of social-emotional 

development [7], in stillbirth [8,9], congenital malformation [10], 
neonatal outcome and disturbances of neuro-behavior [11-14], 
and fetal heart rate characteristics [15]. Smoking nearly doubles 
the risk of low birth weight babies [16-18].

The most important impact on the fetus is that nicotine in 
cigarette smoke constricts the blood vessels of the utero-vascular 
system and the placenta leading to a reduced oxygen delivery 
to the fetus. These effects account for the fact that, on average, 

https://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
https://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
https://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
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babies born to smoking mother are usually born too early and 
have low birth weight of less than 2,500 grams as shown in the 
present investigation. It is more likely that the baby of heavy 
smokers will become sick or even die [19], if not freed from its 
hostile environment. 

Prematurity and low birth weight babies face an increased 
risk of serious health problems. Newborns are threatened and 
visage a chronic lifelong disability by cerebral palsy, having an 
impact on fetal motor conditions causing physical disabilities, 
mental retardation and learning difficulty.

CONCLUSION
The article examined how the consumption of cigarettes 

during pregnancy affects fetal outcome in the state of Hesse, 
Germany. For this purpose, various analyzes were made on 
the basis of data records from Hessian hospitals which were 
collected between 1990 and 2015. The aim of the article was to 
examine the influence of cigarette consumption on congenital 
malformations, the duration of pregnancy, preterm deliveries 
and fetal birth weight in Hesse, Germany and how the cigarettes 
consumption in Hesse, Germany developed over the last 25 years.

Overall, this evaluation has shown that the consumption 
of cigarettes during pregnancy in Hesse, Germany has fallen 
significantly in the last 25 years. However, the effects of cigarette 
consumption on the fetal outcome are still relevant. Especially 
the number of smoked cigarettes plays an important role in the 
duration of pregnancy and the birth weight.

Nevertheless, the decrease of smoking mothers as shown 
by the present study let us hope that the problem has been 
recognized. The task to stop this habit to prevent the deleterious 
effects on the baby is the challenge of the future.
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