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1 Introduction 

It has been proven in many studies that smoking tobacco throughout pregnancy is one of 

the single most important avoidable causes of adverse pregnancy outcomes, resulting in 

severe short and long-term negative effects for the mother and the unborn child [1-4]. 

However, a detailed scientometric investigation about smoking and pregnancy has not 

been published. The aim of this dissertation is to close this gap by analyzing and 

evaluating scientific data on smoking and pregnancy by the means of scientometric and 

bibliographic methods. 

If compared with other risk factors in the perinatal period, exposure to tobacco smoke is 

considered to be amongst the most harmful. The byproducts of combustion are believed to 

inflict more damage on the fetus than the nicotine itself, but due to the complexity and 

number of dangerous substances it is unknown which toxic effect is caused by exactly 

which product [5]. This is especially significant as the majority of the smoking-induced 

harm for the unborn fetus is permanent. Even today, modern medicine offers very little or 

no therapeutic treatments for the long-term negative consequences of being exposed to 

smoke in-utero [6]. The complete cessation of smoking during pregnancy includes 

numerous health benefits for both the future mother and her offspring [7]. 

1.1 Epidemiology and risk factors 

The rate of women who smoke throughout their pregnancy varies from country to country. 

In 1990, a German multicentre allergy study surveying 5,395 postpartum women 

concluded that 28.6 % smoked during pregnancy [8]. These results are supported by a 

second German study from 2001 - 2002 investigating the cotinine concentration in the 

urine of 323 pregnant women in the second trimester. Approximately one quarter of 

German women smoked during pregnancy (Fig. 1) [4], although the rate of smokers varies 

from state to state. From 1998 - 2000, the highest frequencies of smoking amongst 

pregnant women were observed in the states of Mecklenburg-Vorpommern and Hamburg, 

whereas the lowest rates were found in Saxony, Thuringia and Bavaria (Fig. 2) [5, 9]. In 

the first years of the new millennium the rate of pregnant women who smoked in Germany 

declined further to approximately 20 % [10]. 

In Australia 17.4 % of women smoked tobacco during pregnancy, whereas according to 

two studies the smoking rate for pregnant women in the Australian province of New South 

Wales fell from 22 % in 1994 to 13 % in 2007 [11, 12]. 
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Figure 1: Smoking behavior of pregnant women; modified after [4] 

 
In France, a study from Paris analyzing nationally representative samples of singleton live 

births was able to show that the prevalence of smoking decreased in this country over the 

last 30 years to 21 % in 2003 [13]. In Romania approximately 15 % of women continued 

smoking during pregnancy and 26 % of women reported having quit smoking upon finding 

out they were pregnant [14]. By contrast, a nationwide survey in Serbia estimated that 

37.2 % of pregnant women smoked more than eight cigarettes per day during their 

pregnancy. This rate was higher than in most western countries [15]. Among Tunisian 

women the smoking rate was estimated by a self-reported population survey to be at the 

relatively moderate level of 18.8 % [16]. 

 

Figure 2: Percentage of pregnant women who smoked in Germany; modified after [5] 
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1.1.1 Socio-economic status, education and occupation 

Indicators of socio-economic status are an independent, reliable correlate of active 

smoking during pregnancy. Low socio-economic status - three or more times below the 

poverty line - combined with the absence of health insurance increase the risk of smoking 

during pregnancy, regardless of ethnicity. The smoking rate among Australian women with 

low socio-economic position, both Aboriginal and non-Aboriginal, was on both occasions 

approximately two and a half times that of high socio-economic status Aboriginal and 

non-Aboriginal women [11, 17].  

A further investigation using computer-assisted telephone interviews and occupational 

coding revealed that several occupational groups are more prone to high-risk maternal 

behaviors during pregnancy [18]. Women educated up to and including high school 

standard employed in serving-related occupations and food preparation were considerably 

more likely to continue to smoke during pregnancy. In addition, they were at a greater risk 

of drinking alcohol while being pregnant. Additionally, women of this risk group showed 

tendencies to neglect early prenatal care in comparison to women in different occupational 

groups (Odds Ratio (OR) 1.8 - 3.0). Female scientists and managers, businesswomen, 

female artists and other women with higher education were much less likely to smoke 

during pregnancy compared to the general population of pregnant women (OR 0.2 - 0.5) 

[18].  

Another study indicated that women exposing their unborn child to tobacco smoke were 

more likely not to be married to the child's father [17]. However, the overall smoking status 

of pregnant women was still positively associated with their male partner's smoking status 

[19]. Similar results were discovered by a study from Boston, USA. According to the study, 

the most frequent cause of female second hand smoke exposure during pregnancy was 

the male partner, but the exposure from the general social network was also substantial. 

Among non-smoking females with non-smoking partners, 50 % reported some degree of 

exposure to second hand smoke. The study indicated a constant level of exposure across 

the three trimesters of pregnancy [20]. 

Amongst pregnant women, several differences in smoking behavior were discovered by a 

population-based retrospective study of singleton births from 2001 to 2006 in British 

Columbia, Canada. According to the study, females who heavily smoked during pregnancy 

were more likely to portray certain socio-economic and behavioral risk factors (Table 1) 

[21]. 
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Table 1: Socio-economic and behavioral risk factors; modified after [21] 

Risk factor OR CI (95 %) 

Have high school education or less 3.80 3.41 - 4.25 

Be a single mother 2.27 2.14 - 2.42 

Indication of drug abuse 7.65 6.99 - 8.39 

Indication of alcohol abuse 2.20 1.88 - 2.59 

Multiparity 1.59 1.51 - 1.68 

Attend fewer than four prenatal care visits 1.39 1.23 - 1.58 
 

OR = Odds Ratio; CI = Confidence Interval 

 

1.1.2 Smoking and pregnancy in ethnic minorities 

Ethnic minorities often have an increased risk of smoking due to a variety of reasons 

(Chapter 1.10). According to a Canadian study from 2011, 92 % of pregnant Inuit women 

from Arctic Quebec smoked tobacco [22]. Other American Natives had lower rates of 

pregnant women smoking compared with pregnant women of other ethnic groups [23]. 

Among Australian Aboriginal women the rate of smoking women was still on a high level, 

with more than half of the pregnant population consuming tobacco. The rate declined from 

61.4 % in 1994 to 50.2 % in 2007, but according to a study from 2011, smoking was still 

considerably higher among Aboriginal mothers in comparison with non-Aboriginal 

Australian mothers (Chapter 1.1.2) [11]. Roma women in Eastern Europe were 5.2 times 

more likely (p < 0.01) to continue smoking during pregnancy instead of quitting (OR 0.32; 

95 % Confidence Interval (CI) 0.14 - 0.72) [14, 24]. Socio-cultural differences in a variety of 

ethnic groups manifest themselves in the difference between active smoking and exposure 

to second hand smoke as well. These should be taken into consideration when providing 

anti-smoking campaigns for smoking women of reproductive age (Chapter 1.10.3).  

 

1.2 Decreased fertility and pregnancy complications 

For women of childbearing age, active and passive smoking is linked to reduced fertility 

[25]. Several studies agree that women who smoked were more likely to have an abortion, 

with the total rate of abortion increasing up to 33 % [26-29]. A Japanese case-cohort 

analysis from 2001 to 2005 involving 180,855 pregnant women concluded that women 

who had smoked throughout pregnancy had statistically considerably elevated risks for 

various obstetric complications. The rate for stillbirth among smoking women was 

estimated by a British study to be increased by 23 % (Table 2) [30, 31]. 
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Table 2: Pregnancy complications due to smoking; modified after [30, 31] 

Pregnancy complication ARR OR CI (95 %) Source 

Preterm rupture of membrane 1.67 
 

1.43 - 1.96 [30] 

Chorioamnionitis 1.65 
 

1.36 - 2.00 [30] 

Incompetent cervix 1.63 
 

1.35 - 1.96 [30] 

Threatened premature delivery  1.38 
 

1.17 - 1.64 [30] 

Placental abruption 1.37 
 

1.10 - 1.72 [30] 

Pregnancy-induced hypertension 1.20 
 

1.01 - 1.41 [30] 

Stillbirth 
 

1.23 1.09 - 1.38 [31] 
 

ARR = Adjusted Relative Risk; OR = Odds Ratio; CI = Confidence Interval 

The precursor cells of the placenta seemed to be harmed by maternal smoking as well, 

since syncytial necroses and an increase in the trophoblast membrane in early pregnancy 

have been linked to maternal smoking [32]. Even though according to the earlier 

mentioned British study none of the relations between smoking and specific congenital 

abnormalities were significant by themselves, the overall risk of giving birth to a child with 

a congenital malformation increased by 13 % (OR 1.13; 95 % CI 1.01 - 1.26) [31]. 

The differences in successful pregnancy rates of active and passive smokers after In Vitro 

Fertilization (IVF) with transfer of high-quality embryos were assessed by an Israeli study 

from 2010 which included 237 patients. According to this cohort study the endometrium 

seems to be involved in the mechanism underlying IVF failure in smokers as the clinical 

pregnancy rate was considerably decreased in women who smoke (35.7 % vs. 55.4 %; 

p 0.021; OR 0.44; 95 % CI 0.22 - 0.89). Among non-smoking women, no difference in 

pregnancy rate was found if women had been exposed to passive smoke after IVF. The 

transfer of high-quality embryos did not annihilate the adverse effect of active cigarette 

smoking on the pregnancy rate after IVF treatment [33]. 

1.3 Biochemical changes and alterations of the placenta 

The placenta is an important source of hormones, pro-oxidant agents and antioxidant 

enzymes, and in a physiological pregnancy this vital organ is able to control lipid 

peroxidation [10]. Several studies concluded that maternal prenatal cigarette smoking 

disturbs the equilibrium among the oxidant and antioxidant system, thus causing additional 

oxidative stress and augmenting lipid peroxidation. Smoking during pregnancy increases 

the free radical damage to the unborn fetus as well as to the mother [10, 34, 35].  

Being exposed to tobacco poison in-utero has harmful negative consequences for fetal 

development and causes fetal ischemia. Different studies observed that compared to 

non-smokers, the availability of Vitamin A and Vitamin E was significantly diminished 

[35-38]. A cross-sectional study from Turkey connected the maternal smoking status with a 
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strong negative correlation between Vitamin A and Vitamin E levels (r = (-0.795); 

p = 0.000). According to the study, smoking during pregnancy was weakly negatively 

correlated (r = (-0.237); p = 0.024) with decreased superoxide dismutase activities as well 

(Table 3) [35]. ß-Carotene plasma levels (p<0.0001) and the antioxidative total capacity in 

the plasma of pregnant women were altered and diminished (Table 3) [34, 35, 37, 39]. A 

moderate negative correlation between the maternal smoking status and total antioxidant 

capacity was found (r = (-0.420); p = 0.000) [35]. Women who had smoked tobacco during 

pregnancy were found to have significantly elevated malondialdehyde and ischemia 

modified albumin levels in the cord blood in comparison to non-smokers (Table 3). The 

statistical correlation between maternal smoking status and ischemia modified albumin 

was moderately positive (r = 0.325; p = 0.002) and the correlation smoking status and 

increased levels of malondialdehyde was strongly positive (r = 0.636; p = 0.000) [35]. 

Similar reactions were observed with the mean levels of erythropoietin if the unborn child 

was exposed to cigarette smoke in-utero. Erythropoietin was significantly higher in the 

serum of the umbilical cord in smokers than in non-smokers at the time of birth (Table 3). 

There was a significant linear correlation between the number of cigarettes consumed per 

day and cord serum erythropoietin levels (r = 0.58; p < 0.05) [40]. 

 

Table 3: Smoking during pregnancy and biochemical changes 

Chemical substance Smoker + / -  Non-smoker + / -  p Source 

Vitamin A (µl) 339.06 17.25 454.91 16.56 0.000 [35] 

Vitamin E (mg / dl) 2.8 0.15 7.58 0.38 0.000 [35] 

Superoxide dismutase (U / ml) 8.22 0.14 8.63 0.14 0.045 [35] 

Antioxidative total capacity (Mm Trolox) 3.25 0.15 4.08 0.09 0.000 [35] 

Malondialdehyde (µ / L) 5.17 0.25 3.60 0.06 0.000 [35] 

Ischemia modified albumin (ABSU) 0.913 0.02 0.830 0.01 0.050 [35] 

Cadmium (µ / L) 1.0 
 

0.29 
 

0.001 [38] 

Erythropoietin (IU / L) 61 46 24 9 0.001 [40] 

Serum folate at birth 17.2 5 24.3 4.9 0.010 [41] 

Serum folate one month postpartum 11.0 4.1 17.5 4.3 0.010 [41] 
 

A study from Turkey indicated that serum folate levels in newborns were negatively 

affected as well, and increased folic acid supplementation may be needed for expectant 

smoking mothers throughout pregnancy and for newborns of such mothers. Offspring of 

females who smoked during pregnancy had statistically significantly lower serum folate 

levels in comparison to those born to non-smoking mothers. This was visible both at birth 

and one month post partum (Table 3) [41, 42]. Additionally, a socio-demographic study 

from Crete, Greece indicated that smoking during pregnancy was connected with elevated 
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blood heavy metal concentrations compared to non-smokers. In this study, the highly 

poisonous element Cadmium was particularly significantly increased (Table 3) [38].  

Compared to the physiological placenta of non-smoking women, the placenta of smokers 

is decreased in size from the first trimester onwards. This is due to a higher resistance in 

perfusion. The decreased size and increased calcification of the placenta due to abnormal 

formations of trophoblast cells is seen via ultrasound (Fig. 3) [43]. 

 

 

Figure 3: Comparison of physiological and pathological placentas 
The left image shows a homogeneous physiological placenta without visible calcifications (arrow), whereas 
an inhomogeneous pathological placenta with multiple highly calcified white areas (arrow) is depicted in the 
right image. (Source: own ultrasound photographs, with kind permission of the patients.) 
 

According to a German study, indirect findings suggest that the placenta is capable of 

reacting and defending itself against some of the harmful substances of maternal tobacco 

smoke. After having measured the differences in low-density lipoprotein susceptibility to 

oxidation, the study proposed the existence of an unknown substance which has 

antioxidative capabilities and inhibits low-density lipoprotein oxidation as well as 

intercepting free radicals. The substance was believed by the study to be manufactured in 

the amniotic fluid of smoking mothers [10]. 

1.4 Smoking and intra-uterine growth retardation 

Intra-uterine growth retardation of the unborn child is the most important smoking-induced 

pathology [6]. Maternal smoking is associated with an augmented dose-dependent risk for 

not only adverse birth outcomes such as Small for gestational age (SGA) and intra-uterine 

growth restriction but for preterm birth (Adjusted Odds Ratio (AOR) 1.42; 95 % CI 1.27 -

1.59) for both male and female babies as well [2, 44]. Numerous studies conclude that 

children born to mothers who smoked during pregnancy have significantly decreased birth 

weights when compared with offspring of non-smokers [13, 21, 36, 45-50]. Being exposed 

to maternal cigarette smoke in-utero was inversely associated with various restrictions on 
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all relevant parameters. The size of the fetal bi-parietal diameter, fetal abdominal 

circumference, fetal femur length and estimated fetal weight in the middle and last 

trimester as well as fetal growth from mid-gestation were negatively affected. Additionally, 

the AOR for SGA increased to 2.26 (95 % CI 2.08 - 2.47) [2, 51]. A Thuringian study 

assessing questionnaires concluded that between 1992 and 2002 the overall number of 

SGA babies compared with all live born children decreased in Germany from 14.1 % to 

9.4 %. Approximately 17.6 % of SGA babies were exposed to tobacco smoke in-utero and 

26.9 % of mothers of babies with severe SGA smoked. Cigarette smoking was negatively 

correlated with infant birth weight (r = (-0.09); p < 0.01) and birth length (r = (-0.08); 

p < 0.01). The study further discovered that 30.6 % of the severe growth restricted children 

failed to catch up later in life. The risk for shorter stature in later life was doubled for 

children who suffered from intra-uterine growth retardation, for which in turn one of the 

major risk factors was having been exposed to tobacco smoke in-utero [52-54]. A Brazilian 

study about newborns exposed to tobacco smoke throughout pregnancy presented an 

average decrease in birth weight of 223.4 g (95 % CI 156.7 - 290.0), a decrease in birth 

length of 0.94 cm (95 % CI 0.60 - 1.28), and a decrease in head circumference of 0.69 cm 

(95 % CI 0.42 - 0.95) [55]. These phenomena were partly explained by a Polish study from 

2012 which included 60 pregnant smoking and non-smoking women. The average serum 

levels of pregnancy-associated plasma protein A, Insulin-like Growth Factor I and Insulin-

like Growth Factor II were discovered to be significantly decreased in pregnant women 

who had smoked compared to non-smokers (p < 0.01) [56]. 

1.5 Alterations in the genetic and cellular level 

Smoking tobacco has a tremendously negative impact on the genetic and cellular level of 

not only the mother but of the fetus as well, as numerous studies have proven. If certain 

genetic predispositions are present, the adverse effects of smoking during pregnancy are 

multiplied (Chapter 1.6.3) [46, 47, 57]. 

1.5.1 Changes in the genetic level 

Genetic and epigenetic mechanisms are believed to play an important role in the 

pathogenesis of malformations and adverse outcomes associated with smoking and 

pregnancy [47, 57]. These mechanisms interact with tobacco smoke and result in severe 

fetal cytogenetic damage. Methylation changes in a set of genes (Cytochrome P450 1A1 

(CYP1A1), Aryl-hydrocarbon Receptor Repressor and Growth Factor Independent 1 

Transcription Repressor) are present at birth in offspring whose mothers consumed 
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tobacco during pregnancy (Chapter 1.6.3). These genes seem to play an important role in 

the aryl hydrocarbon signaling pathway, which mediates the clearance and detoxification 

of the poisonous components of tobacco smoke [57]. 

A British meta-analysis by the University of Exeter on 26,241 patients further supported 

the theory that different maternal genetic and epigenetic variations are considered to 

aggravate smoking-related risks if the fetus is exposed to maternal tobacco smoke in-utero 

(p = 0.007) [47]. In a population-based prospective cohort study from the Netherlands, 

researchers found that if the frequent genetic variant rs1051730 was present at the 

T-allele of the maternal chromosome 15q25 the fetal femur was shorter in the second 

trimester (difference -0.23 mm; 95 % CI -0.45 to -0.00) and third semester (difference 

-0.41 mm; 95 % CI -0.69 to -0.13) compared to fetal femurs of non-smoking women. This 

maternal genetic variation in combination with exposure to tobacco smoke was additionally 

associated with a decreased third trimester estimated fetal weight (difference -33 g; 

95 % CI -55 to -10), and lower birth weight (difference -38 g; 95 % CI -89 to 13). Each 

additional T-allele with a variation was associated with a 20 g (95 % CI 4 g to 36 g) 

decrease in birth weight (p = 0.014). These findings emphasize the need for more studies 

focusing on tobacco smoke and gene-fetal interactions [47, 54]. 

Smoking before becoming pregnant also harms future offspring and is an important risk 

factor for cancer in the subsequent generation. Chromosome instability was proven by a 

study from Greece which induced sister chromatid exchanges in blood lymphocytes in the 

umbilical cord of babies whose mothers smoked before pregnancy by exposing these 

lymphocytes to the mutagenic agent Camptothecin-11 (p < 0.01). Therefore smoking 

cessation needs to be accomplished significantly before conception and women must 

avoid contact with cigarette smoke long before they become pregnant in order not to 

expose the fetus to these powerful negative cytogenetic effects [58, 59]. 

A modest augmentation in the risk for childhood Non-Hodgkin Lymphoma among offspring 

of women who smoked during pregnancy was proposed by a meta-analysis from Greece, 

although further studies and investigations of dose-response correlations need to be done 

[60].  

1.5.2 Changes in the cellular level 

In a Dutch study from May 2012, investigating the effects of smoking on the maternal 

immune system by examining first-trimester decidual tissue and peripheral blood, 

researchers concluded that mothers smoking during pregnancy have an altered local and 

systemic immune system. Using real-time reverse transcription-polymerase chain reaction, 
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flow cytometry and immune-histochemical investigations, the study indicated that more 

natural-killer cells and inflammatory macrophages are present locally if the woman smokes 

tobacco. According to the study, smoking mothers have lower percentages of regulatory 

T-cells than pregnant women who do not smoke [46]. 

1.6 Diseases caused by smoking during pregnancy 

Cigarettes are legal narcotics which damage not only the health of the mother, but 

jeopardize the health of the unborn child as well. These smoking-induced damages for the 

unborn offspring manifest themselves at various times in life, some being clearly visible 

from birth on, others becoming evident only in the following generation. These diseases 

have one thing in common: the vast majority of them are permanent and for most only a 

very limited range of causal treatment exists. For many of these diseases only 

symptomatic therapeutic treatments are available at best [4-6]. 

1.6.1 Heart diseases and cardiovascular diseases 

The risk of fetal congenital heart defects was shown to be at least partially linked to 

exposure to maternal smoking in early pregnancy or to be directly linked to maternal 

smoking during pregnancy for some specific subtypes [61-64].  

A positive correlation between maternal smoking during pregnancy and the risk for 

congenital heart defects (Table 4) was observed by a study from Atlanta, USA [62] and 

reinforced by a British meta-analysis, which also detected a significant positive correlation 

between maternal cigarette smoking and fetal cardiovascular and heart defects (OR 1.09; 

95 % CI 1.02 - 1.17) (Table 4) [64]. Twelve of 17 subtypes of fetal congenital heart defects 

were proven to be more closely associated to maternal cigarette consumption than the 

other 5 subtypes. In the study, these 12 subtypes accounted for 71 % of fetal congenital 

heart defects. Fetal septal heart defects as a group were the highest risk for any subtype 

(Table 4). The incidence of septal defects as a group, atrial septal defects and 

atrioventricular septal defects correlated directly with the number of maternal cigarettes 

smoked [65]. The US Baltimore-Washington Infant Study reached similar conclusions, 

supporting the theory that maternal cigarette smoking in the first trimester is a modest risk 

factor for different congenital heart defects. In the study, the risks for secundum-type atrial 

septal defects, right ventricular outflow tract defects, pulmonary valve stenosis, truncus 

arteriosus and transposition of the great arteries were significantly increased (Table 4) [62]. 

Additionally, fetal valvar pulmonary stenosis was highly associated with mothers who 

smoked more than 20 cigarettes per day during their pregnancy (p = 0.03) [63]. 
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Table 4: Smoking and fetal congenital heart defects  

Congenital heart defect RR OR CI (95 %) Number of cases Source 

Congenital heart defects (total) 1.11 1.09 1.02 - 1.21 18,282 [64, 65] 

Septal heart defects 1.44 
 

1.16 - 1.79  2,977 [65] 

Secundum-type atrial septal defects  
 

1.36 1.04 - 1.78 
 

[62] 

Right ventricular outflow tract defects 
 

1.32 1.06 - 1.65 
 

[62] 

Pulmonary valve stenosis 
 

1.35 1.05 - 1.74 
 

[62] 

Truncus arteriosus  
 

1.90 1.04 - 3.45 
 

[62] 

Transposition of the great arteries 
 

1.79 1.04 - 3.10 
 

[62] 
 

RR = Relative Risk; OR = Odds Ratio; CI = Confidence Interval 

 

A study from the Netherlands using Doppler sonography linked smoking more than 

five cigarettes per day during pregnancy with an augmented resistance in a. uterina, 

a. umbilicalis and a. cerebri media. Additionally in the study, the flow and diameter of the 

ascending aorta were diminished. Adaptation of fetal arterial resistance in-utero may be 

involved in the pathogenesis of maternal smoking during pregnancy resulting in low birth 

weight and later cardiovascular developmental alterations in childhood in the offspring [66]. 

A study which included 58 pregnant women who had completed their 37th week of 

gestation also indicated that neonates born to smoking women have a predisposition 

towards vascular diseases later in life. In the umbilical cord blood, homocysteine levels 

were significantly elevated in comparison to the level of neonates born to non-smokers 

(p = 0.006). According to the study, abnormally high levels of homocysteine in blood 

plasma may cause dysfunction of the vascular endothelium. This, coupled with the likely 

continuation of passive smoking for the offspring after being born, may promote thrombus 

formations at later periods in life, which in turn lead to vascular diseases, strokes and 

myocardial infarcts [42]. A similar result was obtained by a case-control study from 

Delaware, USA which showed that maternal smoking in early pregnancy increased the 

odds of congenital heart defects caused by maternal alcohol consumption even further 

[67]. 

1.6.2 Kidney diseases and hypertension 

Maternal cigarette smoking during pregnancy also affects fetal kidney development and 

increases systolic and diastolic blood pressure [68, 69]. A dose-dependent relationship 

between the number of cigarettes consumed during pregnancy and the combined fetal 

kidney volume was observed by a Dutch prospective cohort study of 1,072 children. 

Researchers found that maternal smoking of ten cigarettes per day correlated with a 

decreased fetal combined kidney volume compared to women who smoked fewer than five 
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cigarettes per day (p = 0.002). This could predispose the offspring to the development of 

kidney disease and hypertension later in adult life [69]. These findings are supported by a 

Scandinavian study from Sweden. A small but significant increase in both systolic blood 

pressure 0.26 mm / Hg (95 % CI 0.09 - 0.44) and diastolic blood pressure 0.45 mm / Hg 

(95 % CI 0.31 - 0.59) existed in late adolescence for young men who had been exposed to 

cigarette smoke in-utero on a daily basis compared with male offspring of mothers who did 

not smoke [68]. 

1.6.3 Pulmonary diseases 

Smoking and pregnancy is significantly linked with a decrease in pulmonary function in 

offspring later in life [70]. This decrease is often combined with a significant increase in 

pediatric hospitalization and mortality because of respiratory infections in early childhood. 

A retrospective case-control analysis of infants born in Washington State from 1987 - 2004 

discovered the negative effects of having been exposed to maternal smoking in-utero to be 

valid independently of both birth weight and gestational age (AOR 1.69; 95 % CI 1.63 -

1.76) [45]. Studies from the New York University School of Medicine, USA and from the 

Karolinska Institute, Sweden, found that pregnant women who smoked tobacco increased 

the risk of wheezing and asthma for their children. If children have been exposed to 

maternal smoking in-utero, but not in the first year after birth, the AOR increased for 

wheezing and asthma. At the age of 4 to 6 years the OR increased to 1.39 for wheezing 

(95 % CI 1.08 - 1.77) and 1.65 for asthma (95 % CI 1.18 - 2.31). The likelihood of suffering 

from these two diseases in later childhood increased significantly in relation to the amount 

of exposure to maternal cigarette smoke in-utero during the first trimester of pregnancy 

[61, 71]. 

Fetal hypokinesia in ten-year-old children may be due to maternal chronic smoking of 

more than 20 cigarettes per day, a study from Croatia discovered. This study associated 

smoking-induced fetal hypokinesia with reduced overall perinatal outcome and an elevated 

frequency of the bronchoconstrictive syndrome and recurring infections [72]. 

An urban birth cohort study from Boston, USA evaluated data of 1,448 children with smoke 

exposure and concluded that in preterm babies who have been exposed to maternal 

smoke in-utero the risk of recurrent wheezing increased even further 

(OR 3.8; 95 % CI 1.8 - 8.0). These findings suggest that there is mutual agonistic effect 

between maternal smoking and prematurity upon episodes of wheezing (p = 0.049) [73]. 

A study from Detroit, USA investigating African-American children between the age of 

six to ten years indicated that a variety of maternal gene alterations amplify the negative 
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effect of smoking during pregnancy. For that reason, identifying the relationship between 

intra-uterine exposure to cigarette smoke and maternal genes in the fetal pulmonary 

development is of enormous importance. In the study, children whose mothers smoked 

during pregnancy and possessed the polymorphic genetic deletion of either the gene 

CYP1A1 or the gene Glutathione S-transferase Mu 1 (GSTM1) were affected the most 

(Table 5). For these children significant reductions in Forced Vital Capacity (FVC) (Table 5) 

and decreased Forced Expiratory Volume in the first second (FEV1) were observed. 

Similarly, being exposed to tobacco smoke in-utero and having a mother with a GSTM1 

deletion resulted in a noteworthy reduction of FVC later in life (Table 5). However, in 

children of mothers without these genetic deletions being exposed to maternal daily 

smoking during pregnancy was still connected with a diminished FVC (Table 5) and 

decreased FEV1 / FVC ratio [70]. 

 
Table 5: Forced Vital Capacity in children of smokers; modified after [70] 

Maternal gene defect Decrease in FVC (ml) CI (95 %) 

Absence of defects and smoking 131 245 - 17 

CYP1A1 and smoking 825 909 - 795 

CYP1A1 and reduced smoking 590 629 - 551 

GSTM1 and smoking 176 305 - 47 
 

FVC = Forced Vital Capacity; CI = Confidence Interval 

1.6.4 Infectious diseases 

Being exposed to maternal smoking in-utero is associated with hospitalization due to a 

broad range of infections in early childhood independent of both birth weight and 

gestational age. Maternal smoking was linked in a US study from 2012 with both increased 

frequency of hospitalization (AOR 1.52; 95 % CI 1.46 - 1.58) and increased mortality 

(AOR 1.51; 95 % CI 1.17 - 1.96) in early childhood due to infectious diseases. Pediatric 

hospitalization and mortality of infants whose mothers smoked during pregnancy was due 

to a wide range of infectious diseases including both respiratory (Chapter 1.6.3) and 

non-respiratory infectious diseases (AOR 1.27; 95 % CI 1.20 - 1.34) [45].  

1.6.5 Gastrointestinal diseases 

Maternal smoking during pregnancy increases the risk for infantile colic even after 

adjustment for factors like birth weight, gestational age, breastfeeding and paternal 

smoking [64, 74]. A two-fold increased risk for infantile colic was observed in offspring of 

women who smoked at least 15 cigarettes per day during their pregnancy (Table 6) [74]. 

These findings are consistent with a study from the UK on non-chromosomal birth defects, 
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which discovered that babies of mothers who smoked during pregnancy were also at 

higher risk for gastrointestinal defects, gastroschisis and anal atresia (Table 6) [64]. 

 

Table 6: Maternal smoking and gastrointestinal diseases in the offspring  

Gastrointestinal disease RR OR CI (95 %) Source 

Gastrointestinal defects 
 

1.27 1.18 - 1.36 [64] 

Infantile colic 2.1 
 

1.4 - 3.2 [74] 

Gastroschisis 
 

1.5 1.28 - 1.76 [64] 

Anal atresia 
 

1.2 1.06 - 1.36 [64] 
 

RR = Relative Risk; OR = Odds Ratio; CI = Confidence Interval 

1.6.6 Other diseases influenced by smoking 

Maternal smoking during fetal life results in a variety of diseases, most of whose 

pathogenesis modern medicine is increasingly capable of comprehension and 

understanding [1-4]. A threefold increase in Sudden Infant Death Syndrome (SIDS) cases 

in an Irish population was linked by a population based case control study to a dose 

response effect of smoking during pregnancy. The OR for SIDS augmented to 2.93 for 

children from mothers consuming up to ten cigarettes per day (95 % CI 1.50 - 5.71), and to 

4.36 for those from mothers smoking more than ten cigarettes per day (95 % CI 2.50 -

7.61) [75]. A 2012 cohort study from Baltimore, USA analyzing data from 119 opioid-

dependent pregnant patients pointed out that the expression of neonatal abstinence 

syndrome is predisposed by numerous factors. However, according to the study, every 

additional maternal cigarette per day augmented the risk for neonatal abstinence 

syndrome treatment by 12 % (95 % CI 1.02 - 1.23; p = 0.02) [76]. In a Danish cohort study 

of 3,169 singleton females, researchers indicated that heavy maternal cigarette smoking 

throughout the pregnancy alters prenatal programming and accelerates the age of 

menarche in female offspring. In comparison with the offspring of non-smokers, the age of 

menarche of female adolescents exposed in-utero to more than ten cigarettes per day 

throughout pregnancy was accelerated by 2.8 months (95 % CI (in months) -5.3 to -0.4) 

after adjustment for covariants. Similarly, the age of menarche was discovered to begin on 

average 4.1 months (95 % CI (in months) -7.7 to -0.5) earlier among those teenagers 

whose mothers gave up smoking at some point during pregnancy compared to 

non-smokers [77].  
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1.7 Body Mass Index and obesity 

Multiple studies agreed that maternal smoking during pregnancy harms linear growth, 

promotes increased Body Mass Index (BMI) in children and augments the risk for obesity 

in childhood and adult life [78-82]. Exposure to tobacco smoke in-utero causes increased 

mean BMI, pulse rate, waist circumference and waist-hip-ratio. Offspring of mothers who 

smoked at other times in the child's life but not during their pregnancy have similar mean 

risk factors compared to children whose mothers never smoked. Among children of 

mothers who smoked during pregnancy the degree of overweight children with an 

increased BMI is positively correlated with the duration of the maternal smoking, which is 

due to reduced height and increased amount of body fat [52, 79, 81, 83]. 

Similar findings were reported by a British study investigating childhood obesity in six 

countries in Central and Eastern Europe. Associations between childhood obesity in 8,926 

singleton children aged 9 to 12 years and maternal smoking during pregnancy ranged 

between 0.71 (95 % CI 0.32 - 1.57) in Poland and 5.49 (95 % CI 2.11 - 14.30) in Slovakia 

[84]. A similar British community based cross-sectional survey including 689 mothers who 

heavily smoked during pregnancy demonstrated a dose-dependent association between 

pregnancy smoking exposure, infantile short stature and infantile obesity (p < 0.001). In 

the study, the AOR for short stature in children of heavy maternal smokers was 2.76 

(95 % CI 1.21 - 6.33) and for obesity 1.61 (95 % CI 1.19 - 2.18) [85].  

Investigating the underlying cause for the increase in BMI in later life a population-based, 

prospective cohort study from the Netherlands concluded that exposure to tobacco smoke 

in-utero did not seem to influence subcutaneous body fat mass in early childhood [86]. 

According to a German study investigating the data of 12,383 children and adolescents 

between 3 and 17 years of age, the increased food efficiency or changes in the 

noradrenergic system seemed to be the underlying cause for the rise in BMI rather than 

the low birth weight itself [87]. 

A correlation between obese children aged nine and ten years and mothers who smoked 

during pregnancy was proven by a randomized controlled trial involving 1,366 children. 

The BMI was significantly more elevated in offspring whose mothers smoked tobacco 

during their pregnancy than in those children whose mothers have never smoked 

cigarettes (BMI (kg / m2): 17.2 +/- 2.7 vs. 16.9 +/- 2.5; p = 0.016). In addition, these 

children were at greater risk of being obese in adulthood compared to children of mothers 

who have never smoked tobacco [83]. 
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The early-life BMI of children exposed to cigarette smoke in-utero seems to differ by 

gender, although more studies need to be performed to further establish this link. A study 

by the University of Bristol, UK concluded that at the age of ten years, female offspring of 

women who have actively smoked during pregnancy were, after adjustment for 

confounding factors, on average 1.11 cm shorter than children whose mothers have not 

smoked [88]. These findings are supported by a Japanese study which indicated only 

weak evidence for an interaction between BMI and maternal smoking during pregnancy for 

female offspring (p = 0.054), as well as strong evidence for the increase in BMI for male 

children. These male offspring tended to be significantly more obese if exposed to 

maternal smoking during pregnancy (p < 0.0001) [89]. 

1.8 Alterations in neurological and psychological behavior 

Early child neurodevelopment plays a key role in the potential of preserving human 

intelligence and health in the next generation [90]. A review from Providence, USA 

concluded that the various adverse aspects of long-term in-utero exposure to active and 

passive smoking on the neurological development of the child and its behavior have 

become the focus of more and more investigations in recent years [91]. 

1.8.1 Decrease in fetal brain 

Maternal smoking during pregnancy has been linked to growth restriction and decrease in 

the size of the fetal brain by numerous studies. It was proven that the densities of 

important parts of the fetal brain, namely the cerebellum and the corpus callosum were 

diminished. A decrease in coordination within the different parts of the fetal brain during 

processing of information and a deceleration in the ability to adequately respond to 

external stimuli and subtly diminished motor competence predominantly on the 

non-dominant side were discovered [91-93]. 

A behavioral study from Spain using the Neonatal Behavior Assessment Scale at 48 - 72 h 

of life concluded similarly that newborns who have been exposed in-utero to either active 

or passive smoke presented significantly lower scores in the development of their motor 

system coordination. Compared to neonates of non-smoking mothers their ability to form 

habituation patterns was also decreased [94]. 

1.8.2 Decline of cognitive function 

Heavy cigarette consumption prior to pregnancy is linked with poor cognitive executive 

function proficiency in the offspring. In a 2011 Finnish cohort study investigating various 
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cognitive functions such as general reasoning, visual-motor integration, verbal 

competence and language comprehension in 1,019 infants, researchers found an 

inadequate infant performance even if the woman had ceased smoking before conception. 

After adjustment for different factors like the gender, birth weight, Apgar score, parental 

level of education, maternal age and breastfeeding, children of mothers who smoked more 

than ten cigarettes per day before pregnancy but none during pregnancy scored 

12.07 (95 % CI 4.07 - 20.08) age-standardized points less in general reasoning and 

11.23 (95 % CI 2.81 - 19.66) age-standardized points less in language comprehension 

tests compared to children of mothers who have never smoked [95]. Irrespective of 

maternal education levels, offspring born to smoking mothers were also more probable to 

achieve less in math (OR 2.78; 95 % CI 1.59 - 4.87) and reading (OR 2.00; 95 % CI 1.10 -

3.63) compared to children of non-smokers [96]. These results were supported by a 

Korean study which revealed that babies of non-smokers aged six months exposed to 

second-hand smoke in-utero were at risk for neuro-developmental retardation and a 

decreased mental developmental index score [97].  

1.8.3 Neurobehavioral changes 

Having been exposed to cigarette smoke in-utero increased the risk in children for several 

psychological disorders independently of each other [98-102]. According to a study from 

Norway, the risk for attention deficit / hyperactivity disorder and oppositional defiant 

disorder were higher in children of smoking mothers than in children of non-smoking 

mothers (Table 7) [99]. Correspondingly, a study from New Zealand linked exposure to 

cigarette smoke in-utero with increased risks of psychiatric symptom rates for alcohol and 

substance abuse, conduct disorder and depression in later life. In the study, the combined 

risk for offspring of mothers who smoked 20 or more cigarettes per day during their 

pregnancy increased between 1.4 and 2.5 times (median 2.0 times; p < 0.001) compared 

with offspring of non-smokers [100]. A multicenter study involving 1,625 individuals who 

have been followed up from pregnancy for more than 40 years concluded that children of 

mothers who smoked 20 or more cigarettes per day during pregnancy were at greater risk 

for neurobehavioral problems during infancy and childhood resulting in alcohol abuse 

disorder in later life (Table 7) [101]. These findings are supported by a recent psychological 

study from Texas, USA and the above mentioned study from New Zealand which both 

suggested that nicotine dependence in pregnant smokers may cause childhood trauma 

and risk of externalizing problems in their offspring later on. According to these studies, 

moderate to extreme levels of childhood trauma were significantly related to pregnant 
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women smoking in the morning within five minutes or less of waking. As negative behavior 

was more pronounced for male than female adolescents further studies need to explore 

the underlying patho-physiological pathways and the role of the gender of the child 

[98, 100]. Results from a US study from Harvard suggested a weak to moderate 

connection between heavy maternal smoking during pregnancy and long-term criminal 

behavior equally across both sexes. In the study, adults born to mothers who smoked 

more than 20 cigarettes per day during pregnancy were at the greatest risk for a criminal 

arrest record (Table 7) [102]. 

 

Table 7: Neurobehavioral psychological disorders in offspring of smoking mothers 

Psychological disorder RR OR CI (95 %) p Source 

Attention deficit / hyperactivity disorder 
 

2.59 1.50 - 4.34 0.001 [99] 

Oppositional defiant disorder 
 

2.69 1.84 - 3.91 0.020 [99] 

Alcohol use disorder  1.31 
 

1.08 - 1.59 
 

[101] 

Criminal arrest record  
 

1.31 1.06 - 1.62 
 

[102] 
 

RR = Relative Risk; OR = Odds Ratio; CI = Confidence Interval 

 

1.8.4 Fetal neurodevelopment 

Serotonin is participating in the creation of neural pathways modulating behavior; the 

serotonin transporter gene is located on the short allele of a 5-serotonin-transporter-linked 

polymorphic region (5-HTTLPR). When combined with environmental stressors such as 

maternal cigarette smoking during pregnancy, it plays a key role in the development of 

psycho-pathologies. Smoking interacts with both the fetal and the maternal 5-HTTLPR 

genotype and is associated with an increased risk for later child emotional difficulties and 

vulnerability. In offspring heterozygous at 5-HTTLPR and exposed to maternal prenatal 

smoking in-utero the danger of emotional problems augments with each additional s-allele 

the mother carries [92]. 

Fetal exposure to tobacco smoke modifies the fetal neurodevelopment and interferes with 

the development of the optic nerve. In a study from Spain, a significant decrease in the 

thickness of the retinal nerve fiber layer is present in infants aged 4 to 13 years exposed to 

cigarette smoke in-utero compared to children of non-smoking mothers 

(105.3 vs. 95.6; p = 0.002) [103]. Similar results were obtained by a British comprehensive 

systematic review from London, UK which concluded that babies born of mothers who 

smoked were at increased risk for eye defects (OR 1.25; 95 % CI 1.11 - 1.40) [64]. 
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Active and passive maternal smoking behavior during pregnancy also impacts in a 

negative way on the cochlear function of the offspring. A Brazilian study indicated by 

oto-acoustic emission testing that the mean total reaction levels and the mean frequency-

specific response levels were lower in babies of smokers compared to non-smokers 

(p < 0.001). The mean variation between offspring of smokers and non-smokers was 

2.47 dB sound pressure level (95 % CI 1.47 - 3.48) [104]. 

1.9 Smoking and pregnancy in animal studies 

Passive exposure of rats to smoke during pregnancy and lactation produces a negative 

impact on their number of offspring. Similarly to humans, the weight and body length of the 

offspring are decreased. Additionally, muscle development of the gastrocnemius muscle is 

delayed [105]. In mice, maternal allergen predisposition combined with exposure to 

tobacco smoke in-utero may be a significant risk factor for hepatic disease in adult male 

offspring. Male mice suffer from significantly increased liver fibrosis compared to the 

control group (9.2 % collagen content vs. < 4.0 %). These pathological changes 

manifested themselves on a cellular level as well, as the mice exposed to tobacco smoke 

in-utero have 1.8-fold greater collagen 1A1 messenger Ribonucleic acid (RNA) levels 

compared to the control group [61]. Additionally, if rats suffering from diabetes are 

exposed to cigarette smoke prior to pregnancy, their risk for fetal Deoxyribonucleic acid 

(DNA) damage is significantly increased [58]. 

1.10 Addiction and therapy 

Pregnancy functions as a motivator to quit smoking and is a good time to stop smoking 

since pregnant women are more probable to be in an advanced phase of behavioral 

change [106, 107]. This is true even for pregnant nicotine and opioid-dependent patients in 

substance abuse programs [107]. Pregnant women report decreased levels of nicotine use 

and lower level of self-reported cigarette cravings reaching a statistically significant level in 

comparison to non-pregnant female patients [106].  

1.10.1 Addiction 

Several studies indicated that even if the pregnant woman has been able to quit or reduce 

smoking, the smoking rate increased again after giving birth. During pregnancy, 45 % of 

smoking women were able to quit smoking but at 24 weeks post-delivery only 34.6 % of 

women remained abstinent and almost 80 % continued to smoke within one year 

postpartum (Chapter 1.10.5) [3, 108, 109]. Unfortunately, quitting smoking during 
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pregnancy was proven by a study from Vermont, USA, investigating data from over 40,000 

adults, not to be significantly connected to the smoking status three years later [110]. 

Several studies concluded that smokers have a greater frequency of major depressive 

episodes and depressive symptoms compared to the general population. Smoking tobacco 

in pregnancy may be an indicator for symptoms of parenting stress and psychological 

distress in mothers [111-114]. A US study linked higher levels of depression, perceived 

stress, neuroticism and negative paternal support among African American pregnant 

women with higher odds of being a smoker than a non-smoker (p < 0.05) [115]. Especially 

women with low income who smoked heavily during pregnancy were discovered by a 

study from Buffalo, USA to be suffering from more elevated prenatal stress and associated 

negative symptoms than light smokers or non-smokers [116]. A randomized study from the 

UK confirmed that in many cases smoking tobacco was used to lighten these symptoms 

[112]. 

1.10.2 Evaluation of addiction 

Study questionnaires based on maternal self-reporting about active and passive smoking 

are answered generally correctly and most pregnant women disclose their smoking status, 

a study from Durham, USA discovered by comparing the prevalence of smoking with 

anonymous biochemical validation [117]. Even though underreporting of the smoking 

status or failure of smoking cessation occasionally occurred in studies, this did not alter the 

general results. Therefore, the questionnaire was proven to be a suitable technique to 

evaluate fetal exposure to cigarette smoke in-utero and to measure the efficacy of 

anti-smoking therapy [118, 119]. Similar results were reported by other validation studies 

from Honolulu, USA and Northern Japan using the scientific method of processing 

umbilical cord samples to obtain lysates whose cotinine levels were analyzed by Enzyme-

Linked Immunosorbent Assay (ELISA). A sensitivity of 27 % and specificity of 98 % 

(95 % CI 0.07 - 0.5) in comparison with maternal self-report was obtained [120, 121].  

1.10.3 Therapy 

Quitting smoking may have a greater impact on birth weight than refraining from illegal 

hard drug use. Among pregnant women who used hard illicit drugs and did not smoke, the 

adjusted mean birth weight increased 317 g compared to smokers who did not use any 

illegal drugs. These findings underline the importance of the fact that smoking cessation is 

at least as significant to reducing adverse pregnancy outcomes as refraining from illegal 

hard drug use [122]. Education of pregnant women, support and assistance in cessation of 
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smoking are of high importance to avoid maternal and fetal morbidity and mortality [40]. 

Reduction of smoking and cessation of smoking decreased the risk of a preterm delivery 

two fold in a retrospective analysis of pregnant smokers from 2006 to 2007. Patients who 

smoke tobacco during pregnancy should be educated and encouraged to quit smoking or 

at least reduce the amount of tobacco consumed prior to delivery. This provides amongst 

others the important clinical benefit of decreasing the likelihood of a preterm birth 

(Chapter 1.4) [123]. A retrospective study using routinely collected data of 40,193 births in 

Australia between 1997 and 2006 concluded that women who quit smoking before or 

during early pregnancy had a comparable risk to that of non-smoking women. In 

comparison to smokers recent quitters were at a reduced risk of SGA (AOR 0.43; 

95 % CI 0.33 - 0.57) (Chapter 1.4) [2]. Generally a low uptake of smoking cessation 

programs among pregnant females was observed by many different studies. Pregnant 

females with high levels of nicotine dependence and several occupational groups such as 

women in serving-related occupations and in food preparation were the least likely socio-

economic group to give up smoking during pregnancy or to take advantage of smoking 

cessation interventions (Chapter 1.1.1) [18, 24, 98, 124]. In particular, smoking cessation 

programs for pregnant low-income smokers were for the most part unsuccessful, a study 

from Buffalo, USA discovered [116].  

1.10.4 Counseling and education 

Pregnant women who smoke welcome receiving advice on how to quit or reduce smoking 

from midwives. Nevertheless, they tend to have negative expectations of smoking 

cessation programs services, even though the experiences of those who have participated 

are positive [125]. The way in which medical personnel communicate about the issue of 

smoking and pregnancy is of high importance. The existing traditional, paternalistic and 

authoritarian approach of communication was considered by a South African study on 

midwives as unsuitable for smoking cessation schooling and therapy. According to the 

study, the investigated traditional approach generated resistance and avoidance on the 

part of pregnant smokers and was principally unsuccessful. The most positive response 

from pregnant women was obtained by the patient-centered approach which is based on 

short motivational interviewing and a trusting and cooperative connection between midwife 

and patient. Medical personal practicing this modern approach were more successful in 

fulfilling their role in smoking cessation programs [126]. Theoretically, many of the 

perceived obstacles to providing anti-smoking education and counsel could be overcome 

by applying effective obligatory training for midwives. Yet practically, factors like lack of 
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time and work overload inhibit these theoretical thoughts from being put into action. 

Increasing attention to smoking cessation interventions for pregnant women is essential in 

enabling future mothers to make informed decisions about their health and the health of 

their offspring [125]. A longitudinal study from the University of Helsinki, Finland 

investigating children's cognitive abilities affirmed that anti-smoking counseling of heavy 

smoking females of child bearing age would improve not merely their likelihood of 

becoming pregnant but also protect the cognitive capacity of the next generation 

(Chapter 1.8) [95]. 

1.10.5 Social support and social network 

Smoking cessation campaigns should not only target the smoking future mother. Instead, 

the women’s social network should be included as well, especially in postpartum women 

[106]. Smoking cessation programs were discovered by a Californian study using in-depth, 

semi-structured interviews during the postpartum hospital stay to be most successful if 

they helped pregnant women reflect on reorganizing or reframing their social network 

[108]. This is of great importance as an Australian study underlined the fact that the 

probability of actively smoking among mothers significantly increased after giving birth 

(Chapter 1.10.1, Table 8) [19]. 

 

Table 8: Probability of smoking after giving birth; modified after [19] 

Months after giving birth AOR CI (95 %) 

6 months postpartum 3.96 1.30 - 12.10 

12 months postpartum  6.19 1.84 - 30.90 

24 months postpartum  6.58 1.86 - 23.23 
 

AOR = Adjusted Odds Ratio; CI = Confidence Interval 

 

A Romanian study on social support discovered it to be a crucial factor in motivating 

pregnant women to quit smoking and to stay abstinent. According to the study, women with 

no or little social support had increased odds of continued smoking vs. non-smoking 

(OR 2.3; p < 0.01), and vs. quitting (OR 2.3, p < 0.05) [14]. The significance of relation-

ships with other smokers and the alteration of these relationships after having stopped 

smoking tobacco were emphasized by a US study as well. Scientists discovered that most 

women trying to stop smoking were involved in social networks with prominent smoking 

traditions and norms. They were constantly encouraged to smoke by friends or family and 

quitting smoking changed the relationships with the smokers in their social networks [108].  

Similar results were obtained by a study from New Zealand about Maori women. The study 

indicated that most of the women lived in a smoking environment and more than 62 % of 
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the participating women predominantly socialized with people who smoke. For these 

women social acceptance of smoking was high, as almost everyone admitted in the study 

that it was easy to smoke in their social and occupational surroundings. These constant 

temptations reportedly made it harder to quit smoking. Male spouses and mothers were 

the most likely guidance in quitting; however, most of the time that support person also 

smoked tobacco [127]. This is especially important as a systematic literature review from 

Canada attributed a significant role to the male partner's smoking behavior. The male 

support for the woman's efforts to diminish or abstain from smoking tobacco may impact 

her success in doing so. However, regardless of the significance of partner smoking there 

are only a small number of effective anti-smoking programs for pregnant and postpartum 

females that take male partners into consideration [128]. 

1.10.6 Additional key elements of anti-smoking programs 

Counseling and education are major key elements of anti-smoking programs [129-132]. 

Yet, counseling by itself is believed not to be very effective in encouraging women to quit 

smoking. A US meta-analysis examining 3,290 women who relied on counseling alone to 

stop smoking reported an insufficient treatment because of only modest rates of 

abstinence. Six months after the end of the target quit date merely 4 % to 24 % among 

those randomized to counseling and from 2 % to 21 % among control women were able to 

stay abstinent. The total discrepancy in abstinence between the counseling group and the 

control group reached a maximum of only 4 % [129]. 

In contrast, an Iranian study concluded that instruction of pregnant females about the 

negative impacts of exposure to tobacco smoke was an efficient technique to amplify the 

theoretical constructs and that it was connected with a decrease in overall exposure to 

environmental tobacco smoke. After instructions perceived susceptibility, severity and 

perceived benefits increased and the weekly exposure to environmental tobacco smoke 

decreased (p < 0.05). These factors also significantly correlated with the weekly exposure 

to environmental tobacco smoke (p < 0.05) [130, 131]. Differences in cultural perception 

might be the explanation for these seemingly controversial results. 

In comparison to pregnant women who smoked who received only brief routine advice to 

quit, a US randomized controlled trial discovered that women who were additionally 

educated by a Commit to Quit video, a Pregnant Woman's Guide to Quit Smoking and 

counseling achieved a significantly higher cessation rate (17.3 % vs. 8.8 %) [132]. 

Unconventional methods can be effective if additionally added to established methods of 

treatment. A small Japanese study with 48 participants investigating the effectiveness of 
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an e-learning program which supported pregnant women willing to quit smoking by use of 

a cell phone internet connection reported a high achievement rate of 71.1 %. The maternal 

carbon monoxide exhalation levels were significantly reduced from 6.43 ppm (+/- 4.5) to 

0.29 ppm (+/- 1.08) after three months (p < 0.001) [133]. These findings certainly have to 

be regarded in the context of a technologically highly advanced society, but the very 

principle should be applicable to a country of the developing world as well.  

Two studies from Australia and Italy indicated that in addition to being significantly less 

likely to smoke tobacco in general (AOR 0.10; 95 % CI 0.02 - 0.68), women breast-feeding 

their children were in the short and long term more likely to stay abstinent or smoke less 

compared to non-breastfeeding women. Breastfeeding in itself may also indirectly support 

smoking cessation, even without the presence of specific anti-smoking campaigns and 

should therefore be widely promoted [19, 134]. 

Additionally to high quality educational programs the pharmacological aspect needs to be 

taken more into consideration [129]. Several studies emphasize the importance of using 

suitable drugs which include nicotine in different forms as replacement therapy and 

sustained-release bupropion. In the studies, nicotine replacement therapy and bupropion 

did not seem to augment the prenatal risk of malformations. For the additional drug 

varenicline, insufficient data has been collected to safely advise its use during pregnancy. 

Taking into consideration that these pharmacological agents on their own are only 

marginally successful in smoking cessation, their prescription should at all times be 

combined with behavioral counseling and education to optimize success rates [135-138]. 

A study from Massachusetts, USA concluded that indoor smoking regulations were 

connected to decreased prenatal smoking prevalence and that their positive effect 

increased over time. In comparison with pregnant women residing in municipalities without 

any sort of anti-smoking law, women living in areas with a smoking ordinance were at 

decreased risk for smoking in pregnancy (OR 0.72; 95 % CI 0.53 - 0.98). Additionally, 

pregnant women living in municipalities with ordinances enforced more than two years ago 

were less probable to smoke tobacco compared to women living in districts where 

anti-smoking laws have been enacted less than one year ago [139]. 

Financial incentives to reduce maternal smoking are complex and poorly understood. A 

recent study from the UK concluded that pregnant smokers given additional financial 

incentive to stop smoking showed greater engagement with the program than the control 

group [140]. However, providing financial incentives to smoking pregnant females received 

very little acceptance by the general public. In a survey 60 % of participants did not agree 
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that paying pregnant smokers to quit was a favorable solution. Among pregnant women 

who smoked the approval of using money as an incentive to stop smoking was more 

favorable compared to non-smokers (p < 0.0001). Payments of between 100 Australian $ 

and 1,000 Australian $ over the entire pregnancy period were considered acceptable as an 

encouragement for giving up smoking tobacco [141].  

A negative incentive against quitting smoking might be the publicly well known fact that 

continuation of smoking tobacco within the first six weeks postpartum is connected with 

decreased postpartum weight gaining. A US study assessing 183 mothers concluded that 

patients who remained abstinent throughout the 24-week period gained 4.7 kg (+/- 2.1) 

more than did mothers who had relapsed by six weeks after giving birth (p = 0.03). 

Therefore, interventions to sustain smoking abstinence need to be combined with 

components counteracting weight gain [109]. 

A US randomized controlled trial suggested that anti-smoking programs should include 

screening for depression, include anger management programs and build skills so that 

pregnant females are better able to deal with their social environment (Chapter 1.10.1) 

[113]. A similar US study from Buffalo believed these programs to be particularly helpful for 

low-income pregnant women who were heavy smokers and to be more useful in avoiding 

relapse than depression-focused interventions by themselves [116]. 

1.11 Smoking and pregnancy from an occupational health 
perspective 

From an occupational health perspective cigarettes are legal drugs, which damage not 

only the health of the consumer and their offspring, but also have a vastly negative impact 

on society due to direct and indirect health-economic costs [6, 142-147]. The financial 

burden of smoking for the entire USA was estimated by the Centers for Disease Control to 

be 50,000 million US-$ in the year 1993 [144]. Estimates for the cost for smoking during 

pregnancy in the USA in 1993 varied between 135 million US-$ and 1,400 million US-$ 

[142, 145]. Each pediatric treatment of a single complication of being exposed to cigarette 

smoke was estimated to cost between 1,142 US-$ and 1,358 US-$ [147]. In Germany the 

direct annual cost for smoking is estimated to be 8,660 million € in the year 2007; the 

indirect cost is estimated to be 24,890 million € per year [146]. The average additional 

medical cost for one child exposed to second-hand tobacco smoke is estimated between 

87 € and 144 € annually in 2007 [143]. These additional costs are not carried by the 

individual, but by society as a whole. 
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The epidemiology, pathogenesis and methods of education and prevention of smoking and 

pregnancy are of great interest and importance, as there are few other avoidable factors 

which influence a child's heath so profoundly throughout its life. Unfortunately, the 

knowledge-base of doctors and medical staff about smoking, its dangers and its therapy is 

insufficient and limits the efficacy of primary and secondary anti-smoking programs [148]. It 

is imperative that smoking control should be seen as a public health priority and that 

strategies for treating cigarette dependence should be devised [104]. In addition 

physicians and medical staff need to be educated and trained in order to be more efficient 

in counseling smoking patients. Non-smoking women should be encouraged not to take up 

smoking and educational teaching and prevention should be increased. Female smokers 

should be assisted to quit or reduce smoking by the help of readily available anti-smoking 

campaigns. Culturally and socio-economically sensitive smoking cessation programs need 

to be established for the ethnic and socio-economic groups of pregnant women most at 

risk.  

1.12 Aims and questions of this investigation 

In recent years smoking and pregnancy and its different negative effects on the health of 

mother and child have become the focus of numerous scientific works. This illustrates the 

current importance of this topic as a research area. Until now a detailed scientometric 

investigation about smoking and pregnancy has not been published. The aims of this 

dissertation are to detect the variety of existing research literature, to analyze and evaluate 

it according to quantitative and qualitative aspects by the means of precise scientometric 

and bibliographic methods and to present an interim assessment of the scientific 

development. 

 

The aims of this analysis are: 

1. To detect and evaluate the basic characteristics of publications such as publishing 

year, subject area, publishing institution and form of publication. 

 Quantitative analysis of publications performance and number of citations per 

year provide an overview of the evolution of research in the context of recent 

historical events. 

 The main publication languages are evaluated. 

 The main forms of publication are analyzed. 
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 The bibliography and its evolution are investigated. 

 The average citation rate per publication is investigated. 

 The most cited publications are analyzed and evaluated in detail. 

2. To analyze the geographical distribution of scientific research about this topic by the 

precise assignment of publications to their respective countries and institutions of 

origin.  

 National publication volumes, national citation volumes, national modified 

Hirsch-indices (H-indices) and national citation rates are used to make a 

quantitative and qualitative investigation about scientific works and their 

influence in the field of smoking and pregnancy. 

 A cartographic presentation based on various algorithms and parameters is used 

to illustrate the complex scientometric data about the geographical and national 

distribution of scientific research. Graphically this is shown by the help of 

Density Equalizing Map Projections (DEMP), which are falsified maps with 

artificially altered surfaces in relation to different underlying variables 

(Chapter 2.3.2). 

3. To register the most important authors. 

 Author productivity and citations are evaluated as well as the average citation 

rates and modified H-indices. First-, co- and senior-authorships are calculated 

and analyzed. 

 The genders of authors are investigated and compared. 

4. To point out the most productive and most cited institutions. 

 Number of institutions per country, institution productivity and institution citation 

rates are measured and evaluated. 

5. To investigate the most important subject areas. 

 Subject area analyses are performed to evaluate the most productive and most 

cited subject areas. 

6. To point out the most significant journals. 

 The most productive journals about smoking and pregnancy are analyzed and 

their citation rates are compared. 
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7. To investigate the quality and quantity of national and international cooperation. 

 The average number of authors per publication is evaluated within the historical 

context. 

 Volume of cooperation as well as most frequently cooperating countries, 

institutions, subject areas and authors are evaluated. 

 Graphically results are shown by spider charts (Chapter 2.3.2). 

 

The results are then discussed taking the general medical context into account. 
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2 Methods 

2.1 Scientometry and bibliometry 

The Russian mathematician Vasily Vasilyevich Nalimov published his scientific work 

Наукометрия (Naukometriya) in 1969 after his imprisonment in a labor camp [149]. The 

Russian word Naukometriya is derived from Наукa (Nauka) which is translated as science 

[150]. Naukometriya or scientometry (literally: measurement of science) is a scientific field 

examining the development, structure, productivity and interconnectivity of scientific work. 

Quantitative and qualitative analyses are performed by the help of scientometric 

instruments [151]. In 1971 the Naukometriya was translated into English by the US 

Foreign Technology Division of the US Airforce Systems Command [152]. Later most of 

Nalimov’s scientific work was edited by the Institute for Scientific Information (ISI), often 

before the publication of the Russian edition. Today the ISI is part of Thomson Reuters, 

which publishes the Science Citation Index (SCI) [153]. The development of the SCI began 

in 1961 by the US National Institute of Health (NIH) in order to catalogue the rising number 

of medical publications. Today the Science Citation Index Expanded (SCIE) serves as the 

basis for the annually published Impact Factor [153]. Alan Pritchard introduced one of the 

most important scientometric tools, the bibliometry in 1969. The word bibliometry 

originated from the Greek language: βίβλος (biblios), meaning book and μέτρον (metron) 

meaning measurement [154]. Until the 1990s bibliometric analyses were mainly employed 

by mathematicians and other highly specialized professions, but at the turn of the century 

bibliometric analyses became increasingly popular as an instrument of scientometry. Today 

this field grows in significance, as funding for many scientific projects is connected to their 

respective bibliometric achievement (Chapter 4.1.1) [155]. Well known and standardized 

scientometric methods, which have been previously established and used in a variety of 

scientometric publications of the Institut für Arbeitsmedizin (Institute for Occupational 

Medicine), Berlin, Germany, are employed in this dissertation [156-191]. This thesis is 

integrated into the New quality and quantity indices in science (NewQIS) studies and it is 

based on classic data bases [192]. Like numerous other MD and PhD thesis projects of 

NewQIS1 this dissertation uses this specific technology platform. 

                                                 
1
 Pleger, Niklas - Bakterielle Meningitis: Eine szientometrische Analyse, 2011; Uibel, Stefanie - Clostridium 

botulinum und seine Toxine - szientometrische Analyse zur Relevanz als Bakterium, Therapeutikum und 
Biowaffe, 2010; Zell, Hanna - Luftverschmutzung, Feinstaub und Schwefeldioxid: Szientometrische Analyse, 
2011; Wahrlich, Nour Natalie - Diabetische Retinopathie - eine szientometrische Analyse, 2012; Froehlich, 
Annette - Das Burnout-Syndrom: Eine szientometrische Analyse, 2009; Kreiter, Carolin Bettina - Die 
Bedeutung von SARS für das Gesundheitswesen - eine szientometrische Analyse, 2010 
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2.2 Data sources 

 

2.2.1 Institute for Scientific Information 

Most of the data used in this dissertation was obtained from the Web of Science (WoS) 

database of the ISI. This database is one of the largest scientific databases in the world 

and was established in 1960 by the US cofounder of the bibliometric analysis Eugene 

Garfield. In 1992 the Thompson Corporation acquired the ISI [153]. 

2.2.2 Web of Science 

The platform WoS was created in 1997 to better access and research scientific 

publications. More than 12,000 journals dating back up to the year 1900 and organized in 

more than 250 different categories are provided. New publications added to the WoS have 

to fulfill certain standard criteria [153]. Currently the WoS is the only multidisciplinary 

database in the field of medical science which provides bibliographic data in combination 

with citations. Annually only 10 % to 12 % of more than 2,000 screened publications match 

the high threshold of the admission criteria and are added to the WoS. Important objective 

criteria are publication on time, correct title, complete bibliographic information in footnotes 

and endnotes, existence of abstracts and key words in English language as well as Peer 

Reviews as a method of quality control. Next to the content of the publication a further 

important criterion is the total number of citations of the publication. If it contains new 

information of a relatively undiscovered subject, the publication is more likely to be 

admitted [193, 194]. The database is divided into three indices. The SCI depicts citations 

about natural science, while the Social Sciences Citation Index (SSCI) and the Arts and 

Human Citation Index (A&HCI) collect information about social sciences and art. 

Additionally, Conference Proceedings Citation Indices were created for the SCI and the 

SSCI to keep track of literature about conferences and workshops worldwide [153].  

In this work the SCI and the SSCI were used. By means of the Search function, the WoS 

enabled detailed searches according to author, subject area, source, year of publication, 

address and language. Using Cited Ref Search cited authors and published works were 

researched according to certain dates of publication. These results were further analyzed 

as the Citation Report enabled access to other publications quoting the original ones. This 

proved how often and in which way a certain publication is referenced and cited. 

Supplementary inquiries and refinements of the results were made by using the Analyze 

Results function [193, 194]. Similar functions are provided by the Scopus database by the 

Reed Elsevier Group, although this database is limited to information post-1996. Another 
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future alternative to the WoS could become the free Google-Scholar database by the US 

company Google Inc., but this catalogue is currently still under construction [194-196]. 

2.2.3 PubMed 

The PubMed database was used for the literary research in this dissertation. PubMed is a 

free internet search agent which accesses the Medical Literature Analysis and Retrieval 

System (MEDLINE) database. MEDLINE, a project of the U.S. National Library of 

Medicine (NLM), is the world’s largest medical library founded in 1836. More than 45 

years’ worth of scientific publications about medicine and dentistry, psychology, nursing, 

biochemistry and public health are provided in electronic form. MEDLINE grew out of the 

internal bibliography of the NLM, the Index Medicus. Published for the first time in 1879 the 

Index Medicus archives a variety of medical publications and books. Today MEDLINE 

includes more than 19 million publications and the corresponding bibliographic data. The 

database is updated on a daily basis and grows annually by about 700,000 publications. 

The majority of these publications include links to the journals in which they are published, 

where most of the full text publications can be reviewed [197-199]. 

The foundation of this work was the analysis of the Medical Subject Headings (MeSH) 

database which is continuously updated and contains more than 26,800 key words. The 

MeSH is a thesaurus organized by scientists of the NLM either hierarchically or 

alphabetically. Each additional new publication is linked to up to twelve MeSH key words to 

describe its main content. The Major Topic is further divided in to Sub-headings which in 

turn can be combined in the research procedure, allowing for better subdivision amongst 

special aspects such as epidemiology, pathogenesis, therapy and prevention [200-202]. 

 

2.3 Indices and maps 

2.3.1 The modified Hirsch-index 

The H-index was created by the US physicist Jorge E. Hirsch in 2005. It is used to 

objectively measure scientific achievements and is becoming increasingly popular. Hirsch 

defines the H-index as:  

“A scientist has index h if h of (his/her) Np papers have at least h citations each, and the 

other (Np - h) papers have at most h citations each.” (Fig. 4) [203]. 
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Figure 4: The Hirsch-index; modified after [197] 

 
An author is accredited the index (h) if the same number (h) out of the total sum of his 

publications (Np) is cited at least once again (h) times and his other publications (Np - h) 

are cited less than (h) times [203, 204]. A modified H-index based on the original H-index 

was used in this work to evaluate the scientific importance of authors and their publications 

about smoking and pregnancy. 

2.3.2 Density equalizing map projections and spider charts 

Next to classic methods of visualization like pie charts (Fig. 11), curve charts (Fig. 13) and 

column charts (Fig. 19) additional special forms of depicting complex scientometric data 

were used in this dissertation. Anamorphous DEMP were used for better visualization of 

some of the results (Fig. 15). These were shaped by the technique of Density Equalizing 

Mapping. A geometric shape, e.g. a region or a state was attributed to a single parameter 

and then recalculated. The area of this geometric shape was then altered proportionally to 

the value of the parameter, creating an intentionally falsified world map. These DEMP 

allow for simple graphic visualization of complex data [205]. Primitive DEMP existed as far 

as the beginning of the 20th century, although being restricted by the boundary of the 

limited human calculating power. With the invention of computers more sophisticated and 

detailed DEMP could be designed. By the end of the 1960s a computer program divided 

the geometric shapes of different countries into smaller polygons which were 

independently reshaped. This premature and very cumbersome method produced a strong 

overlapping of the altered geometrical parts and made the recognition of the real 

geometrical shape - i.e. the country - rather difficult. The more modern approach of DEMP 

we know today was developed by the US physicists Michael Gastner and Mark Newman 

[205]. These anamorphous DEMP are based on simple DEMP. Applying the physical 
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principle of diffusion each region on the map was attributed a particular parameter of 

density based on the real number of population. The obtained parameters shifted between 

areas of high density and regions of low density in a linear fashion. The peripheral margins 

of the underlying countries fluctuated according to the movement of these parameters and 

according to the direction and quantity of diffusion. In order to maintain a recognizable 

image of the world the density of the oceans and the Antarctic was fixed to the neutral 

value of the mean global population density. These areas therefore did not vary in size and 

provided a basis for the smoothly reshaped countries [205].  

Spider charts were invented by Georg von Mayr in 1877. They are two-dimensional charts 

used to present multivariate data in the structure of three or more quantitative variables, 

which are represented on axes starting from the same point of origin. Interconnected lines 

join different values on all axes; because of this technique the chart resembles a spider 

web [206]. In this dissertation spider charts are used to display the cooperation between 

different authors, countries, institutions and subject areas. The color and thickness of the 

link represent the amount of mutual cooperation (Fig. 39). 

2.4 Data processing 

2.4.1 Research strategies within the Web of Science 

The research and download of the bibliographic data about smoking and pregnancy within 

the WoS was accomplished on December 5, 2012. In order to arrive as closely as possible 

at capturing all of the available scientometric data the combination of the termini tobac* 

and pregnanc* or cigar* and pregnanc* or smok* and pregnanc* was used in the search 

field (Fig. 5). The asterisk (*) was used as a wildcard and enabled the search of any letters 

in its place. The timeframe was restricted to data from 1900 until December 5, 2012; 

because of the incompleteness of the year 2012 its informative value has to be critically 

assessed (Chapter 4.1.4). The indices were limited to the SCI and the SSCI 

(Chapter 2.2.2) and 10,043 hits were obtained. 

 

 

Figure 5: Entering key words into the Web of Science search mask 
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This data was downloaded and saved in plain text files via the function Output Records. A 

maximum of 500 results could be downloaded from the WoS simultaneously. Therefore the 

data was stored in 20 plain text files containing 500 results each (1-500; 501-1,000; 

1,001-1,500; etc.) and 1 text file with 43 results. The acquired data about smoking and 

pregnancy was processed according to different parameters such as title, author, year of 

publication and origin. Because of the large amount of data this was not done manually, 

but via computer using the programs Microsoft Access and Borland C++. The downloaded 

data was combined and saved in a single database. The data was then analyzed and 

different access tables, e.g. Year, Journal, Country or Publication were created. Each of 

these tables contained different information about the analyzed publication. For example 

the table Year contained the information about the total number of works published in a 

certain year, whereas the table Journal included information about the total number of 

publications in a certain journal. So called tags were used to enable quick access to 

information about particular parameters (Table 9) [199]. 

 

Table 9: Web of Science tags; modeled after [199] 

Tag Function Tag Function Tag Function 

AB Abstract ED Editor PU Publisher 

AD Address EP Ending Page PY Year Published 

AF Author Full Name FN File Name RP Reprint Address 

AU Author GP Group Author SA Street Address 

BP Beginning Page LA Language SC Subject Category 

C1 Author Address NR Cited References SO Publication Name 

CI City OG Organization TC Times Cited 

CR Cited References PD Publication Date TI Title 

CU Country PG Page Count TS Topic 

DE Author Key words PS Province/State ZP Zip/Postal Code 

DT Document Type PT Publication Type 
   

2.4.2 Data correction 

In order to perform accurate scientometric analyses the obtained data had to be manually 

revised and corrected. This task was carried out from December 6, 2012 to December 12, 

2012. Data of no longer existing countries like the USSR or Yugoslavia was reassigned to 

the corresponding nations by hand2. 

The Federal Republic of Germany and the German Democratic Republic were combined 

to Germany. In some instances parts of different states had to be combined, as England, 

                                                 
2
 Former USSR: Russia, Ukraine, Kazakhstan, Belarus, Azerbaijan, Uzbekistan, Lithuania, Turkmenistan, 

Latvia, Estonia, Georgia, Armenia, Tajikistan, Kyrgyzstan and Moldova; former Yugoslavia: Bosnia and 
Herzegovina, Croatia, Macedonia, Montenegro, Serbia and Slovenia (as of 2012) [207] 



Methods 

35 

Scotland, Wales and Northern Ireland were categorized under United Kingdom. Another 

need for manual correction occurred due to the slight differences in the spelling of key 

words. Various variants like Aberdeen, ABERDEEN AB AS, Aberdeen AB QH, etc. were 

unified to Aberdeen (Fig. 6). This procedure was necessary to provide the basis for the 

correct assignment of data to the respective institutions.  

 

 

Figure 6: Correction of city names 
 

 

Similarly, the assignment of institutions had to be corrected as well. A threshold of a 

minimum of 20 publications per city was chosen and the data of these 222 cities was then 

corrected and unified. In the database several variations of the same institution like 

Catholic Univ Rome, Catholic Univ, Univ Cattolica, Univ Cattolica Sacro Cuore and Univ 

Sacred Heart were combined under Catholic University (Fig. 7). Likewise, affiliated 

hospitals and research facilities were assigned to the appropriate institution.  

 

 

Figure 7: Correction of institutions 
 
 

Next, a threshold of a minimum of ten publications per author was chosen and the data of 

their names as well as the subject areas were corrected and validated in a similar way. 
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2.5 Publication analyses 

The obtaining of results was performed on December 13, 2012. This was also the last 

update if not otherwise indicated. 

2.5.1 Publications by publishing year 

The methods described in Chapter 2.4 were used to analyze scientific works about 

smoking and pregnancy according to the year of publication. The results were depicted in 

a curve diagram (Fig. 9) [184, 189].  

2.5.2 Number of citations per year 

The techniques illustrated in Chapter 2.4 were used to examine the number of citations per 

year. Results were shown in a curve diagram (Fig. 10) [178]. 

2.5.3 Language of publication 

The scientometric modus operandi demonstrated in Chapter 2.4 was used to investigate 

the language of publication. Numbers below 50 were combined as Others (Table 10). The 

results were depicted in a pie chart (Fig. 11) [178, 188]. 

2.5.4 Forms of publication 

The different forms of publication were investigated by the help of different scientometric 

instruments (Chapter 2.4). Results below 50 were combined as Others (Table 11). For 

better visualization a pie chart was composed (Fig. 12) [188]. 

2.5.5 Development of the bibliography 

The techniques described in Chapter 2.4 were used to analyze the bibliography and its 

development over time. The data was investigated using the WoS tag NR (Table 9). 

Results were shown in a curve diagram (Fig. 13) [178].  

2.5.6 Average citation rate per publication 

The procedure exhibited in Chapter 2.4 was employed to calculate the quotient of the sum 

of citations and the sum of publications for each year, i.e. the average citation rate per 

publication. A threshold of 30 publications per year was set and results were shown in a 

curve diagram (Fig. 14) [188]. 
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2.5.7 Most cited publications 

The publications about smoking and pregnancy obtained by the method described in 

Chapter 2.4 were sorted according to the number of citations. The ten most cited 

publications were evaluated and presented with details in Table 12 [188]. 

 

2.6 Country specific analyses 

2.6.1 National publication volumes 

The countries of origin were identified and assigned to the respective publications about 

smoking and pregnancy using the strategies described in Chapter 2.4. Manual correction 

of the data was performed (Chapter 2.4.2). The WoS tag CI was used (Table 9) and in a 

separate step the city names were assigned to the corresponding nations. A table was 

then created and the information sorted according to countries, which served as a basis for 

creating DEMP (Chapter 2.3.2). The results were shown in Figure 15 and Table 13 [178]. 

2.6.2 National citation volumes 

The data was evaluated according to the national citation volume. In order to graphically 

present the results a DEMP was created (Chapter 2.3.2, Fig. 16) [168]. 

2.6.3 National modified Hirsch-indices 

The acquired data was further assessed to calculate a national modified H-index for each 

country, which were then investigated, compared and depicted in a DEMP (Chapter 2.3.2, 

Fig. 17) [178]. 

2.6.4 National citation rates 

The national citation rates for countries with more than 30 publications about smoking and 

pregnancy were calculated and the results were displayed in a DEMP (Chapter 2.3.2, 

Fig. 18) [168]. 

 

2.7 Author analyses 

Data obtained in Chapter 2.4 was evaluated via the function Analyze Results in order to 

investigate authors. 
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2.7.1 The most productive authors 

The authors contributing publications about smoking and pregnancy were investigated to 

determine the 15 most productive authors. Citation rates were evaluated and the 15 most 

cited scientists were determined. Column charts were designed to illustrate the results 

(Fig. 19, Fig. 20) [178, 188]. 

2.7.2 Author average citation rates 

The average citation rate for each particular author was calculated by dividing the total 

number of citations by the number of publications. A threshold of 30 publications was put 

into place and the results were presented in a column chart (Fig. 21) [178]. 

2.7.3 Author modified Hirsch-indices 

The modified H-indices of the 15 most productive specialists in the field of smoking and 

pregnancy were calculated and compared after applying a threshold of 15 publications. 

The results were shown in a column chart (Fig. 22) [178]. 

2.7.4 First-, co- and senior-authorships 

Similarly, the data was further analyzed to evaluate the different types of authorships 

among the 15 most productive scientists about smoking and pregnancy (Chapter 2.4). A 

column chart was chosen to depict the results (Fig. 23) [169, 188]. 

2.7.5 Gender analysis 

On December 13, 2012 and December 14, 2012 as well as January 31, 2013 the authors 

were manually assigned a gender according to their first names. The number 1 was given 

to male authors, whereas the number 2 indicated a female author. A 3 was assigned to 

unisex names and a zero indicated undetectable gender. Some first names were only 

initials and in a number of societies names did not permit the drawing of definite 

conclusions about gender. Additionally, unisex names also prevented gender assignments. 

These authors could not be assigned to a specific gender and therefore had to be 

excluded (Chapter 4.1.5). The obtained data was then combined with the results from the 

country specific analyses (Chapter 2.6), investigated and graphically depicted in charts 

(Fig. 24, Fig. 28). An analysis of the cooperation according to gender was performed as 

well; the results were shown in pie charts and were also included in the cooperation spider 

chart (Fig. 42, Fig. 44). 
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2.8 Institution analyses 

2.8.1 Number of institutions 

The function Analyze Results was used to process the data obtained in Chapter 2.4. The 

institutions contributing scientific research to the field of smoking and pregnancy were 

analyzed and evaluated to determine their respective countries of origin. A comparison 

between the national numbers of institutions was performed and the results were 

displayed in a DEMP (Chapter 2.3.2, Fig. 31) [188]. 

2.8.2 Institution publication volumes and citation rates 

The analyzed publications and citations were assigned to their respective institutions; the 

15 most important institutions were shown in Figure 32 [178]. 

 

2.9 Subject area analyses 

A scientometric analysis of the subject areas’ publication power about smoking and 

pregnancy was performed using the original WoS classification. The underlying data had 

to be corrected manually, then the most productive areas were determined and results 

were displayed (Chapter 2.4, Fig. 33). The remaining scientific publications were combined 

under Other subject areas (Table 14) [188]. 

 

2.10 Journal analyses 

The journals publishing scientific works about smoking and pregnancy were analyzed; the 

citation rate of each journal was evaluated and the 15 most cited journals were 

determined. Two column charts indicating productivity and citation rates were designed to 

illustrate results (Fig. 34, Fig. 35) [178]. 

 

2.11 Cooperation analyses 

2.11.1 Average number of authors per publication 

A time period from 1986 to December 5, 2012 was identified as relevant and publications 

within this time frame were examined about multiple authorships. Results were depicted in 

a curve diagram (Fig. 36) [188]. 
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2.11.2 Volume of cooperation 

The volume of scientific cooperation was investigated and the number of cooperation 

publications in the time period between 1935 and December 5, 2012 was assessed. The 

results were depicted in a curve chart (Fig. 37) [178]. 

2.11.3 Cooperation of countries 

Cooperation publications involving international teamwork were analyzed and evaluated; 

results were shown in a column chart (Fig. 38) [173, 182]. 

2.11.4 Most frequently cooperating countries 

The quality and quantity of international cooperation about smoking and pregnancy were 

investigated and results were graphically depicted in a spider chart (Fig. 39). A threshold of 

a minimum of ten publications involving international cooperation was put into place. Each 

nation was represented by its flag and arranged in a circle. Interconnected lines 

represented international cooperation, while the color and thickness illustrated the amount 

of international teamwork [178]. 

2.11.5 Cooperation of institutions 

The analysis of the cooperation between different institutions was performed to determine 

the institutions with the highest amount of teamwork. A threshold of 20 cooperation 

publications per institution was applied. The data obtained in Chapter 2.11.3 was analyzed 

and put into a new table in form of a matrix (Fig. 8). In order to graphically depict the 

cooperation between different institutions a net diagram was created. The thickness of 

interconnected lines represented the amount of mutual cooperation (Fig. 40) [188].  

 

 

Figure 8: The cooperation matrix 
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2.11.6 Combination of subject areas 

The different subject areas were investigated according to their combination using the 

original WoS classification. A threshold of 15 combination publications was chosen and the 

results were graphically presented in a spider chart. The colors and thickness of the 

interconnecting lines represented the amount of subject area combination, while the 

number in brackets showed the total number of publications for each area (Fig. 41) [188]. 

2.11.7 Cooperation of authors 

The cooperation publications were analyzed to determine the amount of teamwork 

between different authors. A threshold of 15 cooperation publications per author was 

chosen; the data was scanned and a table containing the results was created. These 

results were then analyzed, compared and graphically presented in a net chart. The 

authors’ nationalities were represented by flags and the respective genders were indicated 

by symbols. Numbers indicated the total amount of publications per author and the number 

of first- and senior-authorships. The first numbers in between authors indicate their 

combined publication volume; the second numbers indicate combined citations (Fig. 44) 

[178, 188]. 
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3 Results 

The results of this scientometric investigation about smoking and pregnancy are arranged 

according to analyses of publication activity, country-specific analyses, author and gender 

studies, investigations about institutions, subject area analyses, scientific journals and 

cooperative behavior. 

3.1 Publication analyses 

3.1.1 Publications by publishing year 

The investigated time period between 1900 and December 5, 2012 includes 10,043 

publications about smoking and pregnancy. Investigating the data chronologically, it is 

noticeable that publication numbers remain a single-digit until 1972, when they first reach 

the number of ten publications (Fig. 9). The numbers of publications about smoking and 

pregnancy remain multi-digit for the next subsequent years. In the year 1975 the number 

drops once more to 9, only to develop again into a multi-digit figure in the following year. 

For the next three years the number of publications stagnates until 1979, when 20 

publications are published. For the next years the number falls once more, until a slight 

increase is noticeable when the number of publications rises to 23 in 1985 and increases 

by 165 % to 38 in the subsequent year 1986. 

 

Figure 9: Publications by publishing year 
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In the year 1987 the number falls back to 19 and slowly increases again to 25 and 28 in 

the years 1988 and 1989. In the following year 1990 the number of publications about 

smoking and pregnancy remains on a relatively low level of 35 scientific works. In the year 

1990 / 1991 the WoS requires the authors to include abstracts, this significant event is 

indicated by the dotted line in Figure 9 [208]. From 1990 to 1991 the number of 

publications increases by 542 % from 35 to 190. After this sudden burst a continuous 

increase is seen for the next years. In the first year of the new millennium the number of 

publication briefly reaches 400, only to fall back to 354 and 379 for the subsequent years 

2001 and 2002. This stagnation continues through 2003 and 2004 with 401 and 

396 publications, respectively. In 2005 the number of publications reaches 517 for the first 

time. The number continues to increase in a linear fashion to 547 and 622 in the following 

years 2006 and 2007. This trend continues with 691 scientific works in 2008 as well as 

679 publications about smoking and pregnancy in 2009. In 2010 the number increases by 

additional 105 works and reaches 784 publications. The highest number of publications in 

the investigated time period is achieved in the year 2011 with 795 publications, accounting 

for 12.6 % of the entire scientific production about smoking and pregnancy. In the 

subsequent year the number reaches 685 publications until December 5, 2012. 

 

3.1.2 Number of citations per year 

This scientometric investigation focuses on the number of annual citations in the 77-year 

time period from 1935 to December 5, 2012. This analysis determines how often 

publications listed in the database are cited in a particular year (Fig. 10). The annual 

citation rate stagnates in the years until 1967 on a low level. With the exception of the 

years 1962 and 1965, when the number of citations briefly reaches 137 and 113, the 

citation rate remains a two-digit number. In the subsequent years of 1967 and 1968 the 

number increases to 124 and 166, but falls once more to 99 in the year 1969. In the 

beginning of the 1970s an obvious increase is seen; the citation rate rises by 497.0 % to 

472 annual citations in 1971. In the following year the rate increases by additional 192.8 % 

to 910 citations. This value is not reached again until the inclusion of abstracts into the 

WoS in 1990 / 1991 (Fig. 10) [208]. The citation rates for the subsequent years fall to 518 

(56.9 %) in 1973 and to 192 in the year 1974. The maximum of the recession is reached in 

the year 1975 with a citation rate of only 103, the lowest value since 1969. A slight 

increase is seen in the following years of 1976 and 1977 with 575 and 505 citations, 

respectively. For the rest of the decade the number stagnates around slightly above 300 
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citations per year. This tendency continues until well into the 1980s, when more than 500 

citations are reached in 1984 with 546 citations. A drop down to 194 citations in the 

subsequent year 1985 is followed by a significant increase to 820 citations (433.7 %) in 

1986. Before passing the threshold of 1,000 annual citations with 1,051 citations per year 

in 1990, the number of citations stagnates in the last three years of the 1980s between 

450 and 650. Simultaneously with the inclusion of abstracts into the WoS in 1990 / 1991 a 

sudden rise of citations is observed in 1991 [208]. Compared to the previous year the 

number increases by 727.0 % to 7,640 citations. This is the steepest increase within the 

observed time period. This overall exponential growth continues throughout the remaining 

years of the millennium. Despite a brief stagnation in the year 1992 (7,185 citations) the 

number grows to 7,938 citations in the year 1993. An increase of 712 citations (109.0 %) to 

8,650 citations is observed in 1994. In the subsequent year 1995 the citation rate reaches 

with 12,227 annual citations a five-digit number for the first time. Compared to the previous 

year the second highest increase (3,577 citations) within the analyzed time period is 

monitored. 

 

Figure 10: Number of citations per year 
 

This high plateau continues over the next seven years into the new millennium. In these 

years the citation rate fluctuates very little and stays within the limit of 11,000 and 13,000 

citations per year. The maximum is reached in 2002 when the number of annual citations 

attains 14,117. After this year a continuous decline in the number of annual citations is 
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observed. The numbers drop to 12,029 (85.2 %) in 2003 and to 10,688 in 2004. In the 

subsequent years 2005 and 2006 the citation rate still remains a five-digit number (11,818 

and 10,704), but drops down to 9,745 (91.0 %) in 2007. In the following years the numbers 

decrease to 8,359 in 2008 and to 5,911 (70.7 %) in 2009. This trend continues in 2010, 

when the number of annual citations falls to 3,586. In 2011, the last entire year of the 

investigated time period, the citation rate decreases to 1,363 (38.0 %). From the beginning 

of 2012 until December 5, 2012 the annual citation rate declines further to a meager 247 

citations. 

3.1.3 Languages 

The majority of publications about smoking and pregnancy are published in English with 

9,624 publications (95.8 %), whereas 131 publications (1.3 %) are written in German 

(Fig. 11). The French language ranks third with 108 publications (1.1 %), succeeded by 87 

works in Spanish (0.9 %). Other languages represented less than 50 times account for a 

small fraction only. In this category the highest number of scientific works is published in 

Portuguese with 47 publications, followed by 11 works in Turkish and 9 in Polish 

(Table 10). 

 

 

Figure 11: Languages of publication 
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Table 10: Other languages of publication 

Language Number 

Portuguese 47 

Turkish 11 

Polish 9 

Italian 5 

Croatian 4 

Korean 4 

Russian 3 

Arabic 2 

Japanese 2 

Serbian 2 

Czech 1 

Icelandic 1 

Lithuanian 1 

Romanian 1 

 

 

3.1.4 Forms of publication 

The most popular form of publication about smoking and pregnancy is the Article with 

8,356 works (83.2 %), succeeded by 530 Reviews (5.3 %), 419 Proceeding Papers 

(4.2 %) and 335 Meeting Abstracts (3.3 %) (Fig. 12). A total of 166 Letters (1.7 %) are 

published, followed by 152 Editorial Materials (1.5 %) and 46 Notes (0.5 %) (Fig. 12). The 

remaining 39 publications are combined under Other forms of publication (Table 11). 

 

Figure 12: Forms of publication 
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Table 11: Other forms of publication 

Form of publication Number 

News Item 17 

Correction 10 

Book Review 6 

Reprint 4 

Addition 1 

Book Chapter 1 

 

3.1.5 Development of the bibliography 

For the analysis of the bibliography a threshold of 35 publications per year is chosen, 

resulting in a time period of 26 years from 1985 until December 5, 2012. During this time 

span a predominantly continuous growth of the bibliography is observed (Fig. 13). In the 

beginning of the investigation in 1985 the average bibliography contains 15.6 sources, 

while in 1990 the typical bibliography is comprised of 25.2 sources (161.5 %). In the 

following year the size of the bibliography reaches more than 30 references for the first 

time with 30.3 sources (120.2 %) and remains around this size for the next three years 

until 1995. In this year a significant rise to a mean of 38.6 sources per bibliography 

(127.4 %) is observed. Over the next seven years the average size of the bibliography 

remains constant and fluctuates between 35 and 39 sources. In the year 2003 the mean 

size of the bibliography contains 39.6 sources and in the subsequent year of 2004 the 

usual bibliography contains for the first time more than 40 sources. In this year an average 

of 41.4 sources is listed per publication.  

 

Figure 13: Development of the bibliography 
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In the subsequent eight years the mean size of the bibliography remains relatively 

constant between 39 and 42 sources per publication, with the average varying less than 

10 %. In these years the lowest mean value of 39.0 is seen in 2010 and the largest 

average size of the bibliography is observed in the preceding year of 2009 with 

41.8 sources. This value is simultaneously the highest number within the investigated time 

frame. 

3.1.6 Average citation rate per publication 

The analysis of the average citation rate calculates the quotient of the sum of citations and 

the sum of publications for each year. A threshold of 30 publications per year is set and the 

results are displayed in a chart (Fig. 14). The first year with a combined scientific output of 

more than 30 publications about smoking and pregnancy is 1986. A typical publication 

from this year is cited 21.58 times. This number increases by 39.2 % to 30.03 in the year 

1990. In 1990 / 1991 the inclusion of abstracts into the WoS is required and the average 

citation rate increases to 40.21 in 1991 [208]. In the subsequent years a strong fluctuation 

is seen. The number drops to 35.93 (89.4 %) in 1992 and continues with 36.41citations in 

the next year 1993. A decrease to 33.02 citations per publication (90.7 %) is observed in 

1994, succeeded by a sharp increase by 36.6 % to 45.12 citations in 1995. This is the 

highest number of citations per publication about smoking and pregnancy in the observed 

time period. A relatively continuous decrease is noticed in the following years.  

 

 

Figure 14: Average citation rate per publication 
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The number drops to 39.61 citations (87.8 %) in the year 1996 and rises briefly to 41.24 

citations in 1997, only to decrease even further to 37.39 citations in 1998. This tendency 

persists in the last year of the old millennium, as the number falls to 35.93 citations 

(96.1 %). In 2000 an average publication about smoking and pregnancy is cited 32.35 

times. This number rises by 3.4 % to 33.46 citations in 2001 and to 37.25 citations in 2002. 

In the subsequent years a steady decline of the mean citation rate is seen. The number 

falls to 30.00 citations in 2003 and 26.99 citations in 2004. In the year 2005 an average 

publication is cited only 22.86 times (84.7 %) and in 2006 this number falls by additional 

16.8 % to 19.57 citations. This tendency continues in 2007 with 15.67 citations (80.1 %) 

and in 2008 with 12.10 citations. In 2009 a typical publication is cited 8.71 times, while in 

2010 the average citation rate is 4.57 (52.5 %). This number decreases to 2.06 citations 

(45.1 %) in the following year 2011. Until December 5, 2012 the average citation rate falls 

down to 0.36 citations per publication. 

3.1.7 Most cited publications 

The ten most cited publications about smoking and pregnancy are presented with details 

in Table 12. 
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Table 12: The ten most cited publications 

Nr. of citations 

(Dec. 5, 2012) 

Authors Title Year Journal Subject area Cited 

references 

Country Type 

         

445 S. Cnattingius, R. Bergström, 
L. Lipworth, M. Kramer 

Pregnancy weight and the risk of 
adverse pregnancy outcomes 

1998 New England 
Journal of 
Medicine 

General & 
Internal Medicine 

31 Sweden, USA, Canada Article 

382 N. Poulter, C. Chang, 
T. Farley, O. Meirik, 

M. Marmot, D. Ribeiro, 
E. Medina, J. Artigas, S. He, 

Y. Zhong, D. Zhang, et al. 

Venous thromboembolic disease 
and combined oral contraceptives: 
results of international multicentre 

case-control study 

1995 The Lancet General & 
Internal Medicine 

48 Brazil, Chile, China, Colombia, UK, 
Germany, Hungary, Indonesia, Jamaica, 

Kenya, Mexico, Slovenia, Thailand, 
Serbia, Zambia, Zimbabwe 

Article 

340 N. Butler, H. Goldstein, 
E. Ross 

Cigarette Smoking in Pregnancy: 
Its Influence on Birth Weight and 

Perinatal Mortality 

1972 British Medical 
Journal 

General & 
Internal Medicine 

12 UK Article 

294 E. Mitchell, R. Scragg, 
A. Stewart, D. Becroft, 

B. Taylor, R. Ford, I. Hassall, 
D. Barry, E. Allen, A. Roberts 

Results from the first year of the 
New Zealand cot death study 

1991 New Zealand 
Medical Journal 

General & 
Internal Medicine 

38 New Zealand, Australia Article 

260 K. Linnet, S. Dalsgaard, 
C. Obel, K. Wisborg, 

T. Henriksen, A. Rodriguez, 
A. Kotimaa, I. Moilanen, 
P. Thomsen, J. Olsen, 

M. Jarvelin 

Maternal lifestyle factors in 
pregnancy risk of attention deficit 

hyperactivity disorder and 
associated behaviors: review of the 

current evidence 

2003 American Journal 
of Psychiatry 

Psychiatry 103 Denmark, Sweden, Finland, UK Review 

247 X. Wang, B. Zuckerman, 
C. Pearson, G. Kaufman, 
C. Chen, G. Wang, T. Niu, 

P. Wise, H. Bauchner, X. Xu 

Maternal cigarette smoking, 
metabolic gene polymorphism, and 

infant birth weight 

2002 Journal of the 
American Medical 

Association 

General & 
Internal Medicine 

42 USA, China Article 

220 N. Poulter, C. Chang, 
T. Farley, J. Keleghan, 
O. Meirik, M. Marmot, 
D. Ribeiro, E. Medina, 
J. Artigas, S. He, et al. 

Acute myocardial infarction and 
combined oral contraceptives: 

results of an international 
multicentre case-control study 

1997 The Lancet General & 
Internal Medicine 

37 Brazil, Chile, China, Colombia, Denmark, 
Germany, Hungary, Indonesia, Kenya, 

Mexico, Jamaica, Slovenia, Thailand, UK, 
USA, Serbia, Zambia, Zimbabwe 

Article 

204 B. Ji, X. Shu, M. Linet, 
W. Zheng, S. Wacholder, 

Y. Gao, D. Ying, F. Jin 

Paternal cigarette smoking and the 
risk of childhood cancer among 

offspring of nonsmoking mothers 

1997 Journal of the 
National Cancer 

Institute 

Oncology 43 USA, China Article 

203 J. Yerushalmy The relationship of parents' 
cigarette smoking to outcome of 
pregnancy-implications as to the 

problem of inferring causation from 
observed associations 

1971 American Journal 
of Epidemiology 

Public, 
Environmental & 

Occupational 
Health 

19 USA Article 

176 R. Šrám, B. Binková, 
J. Dejmek, M. Bobak 

Ambient air pollution and 
pregnancy outcomes: A review of 

the literature 

2005 Environmental 
Health 

Perspectives 

Environmental 
Sciences & 

Ecology Public / 
Environmental & 

Occupational 
Health 

74 Czech Republic, UK Review 
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3.2 Country specific analyses 

3.2.1 National publication volumes 

The largest number of scientific works about smoking and pregnancy is published by the 

USA with 4,284 (35.5 %). The USA is the only nation with more than 4,000 publications; it 

is depicted in a dark red color in the DEMP (Fig. 15). The nation with the second most 

published works and the single other country with a four-digit number is the UK with 1,203 

works (9.9 %), portrayed in a bright red color. The nation of Canada achieves 634 

publications (5.3 %) and is the solitary country shown in a dark orange. Sweden and 

Australia are the only other countries with numbers above 500 with 548 (4.6 %) and 531 

(4.6 %) scientific works, correspondingly. In the DEMP they are colored in a lighter orange 

tone. Germany completes 405 scientific works (3.4 %) about smoking and pregnancy and 

is the only nation shown in bright yellow. Places 7 to 9 are held by Denmark with 374 

publications (3.1 %) followed by the Netherlands with 341 works (3.1 %) and France with 

321 publications (2.7 %). These countries are depicted in a light green tone.  

 

 

Figure 15: National publication volumes 

 
Italy contributes 272 publications (2.3 %) and Norway 270 works (2.3 %); both countries 

are portrayed in a green color. Finland, Spain and Brazil are the only nations with 

publications between 200 and 250, achieving 241 (2.0 %), 234 (2.0 %) and 229 (1.9 %) 

publications, in that order. These countries are shown in a dark green color. The People’s 
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Republic of China accounts for 154 publications (1.3 %) and is the only nation colored in 

turquoise. The last countries with a three-digit number are Japan (147 publications), 

Turkey (144 publications), New Zealand (120 publications) and Poland (110 publications), 

depicted in a light blue color. The remaining countries achieve less than 100 publications 

each and account for less than 1.0 %, each. They are listed alphabetically in Table 13. 

 

Table 13: Countries with less than 100 publications (in alphabetical order) 

Country 

Argentina Indonesia Peru 

Austria Iran Portugal 

Bahamas Iraq Qatar 

Bahrain Ireland Romania 

Bangladesh Israel Russia 

Belgium Jamaica Rwanda 

Bolivia Jordan Saudi Arabia 

Bosnia Herzegovina Kenya Serbia 

Bulgaria Kuwait Seychelles 

Chile Latvia Singapore 

Colombia Lebanon Slovakia 

Costa Rica Lithuania Slovenia 

Croatia Luxembourg South Africa 

Cuba Macedonia South Korea 

Cyprus Madagascar Sri Lanka 

Czech Republic Malawi Switzerland 

Ecuador Malaysia Syria 

Egypt Malta Thailand 

Estonia Mauritius Trinidad and Tobago 

Fiji Mexico Tunisia 

Gambia Moldova Ukraine 

Georgia Morocco United Arab Emirates 

Greece Nepal Uruguay 

Guatemala Nicaragua Venezuela 

Honduras Nigeria Vietnam 

Hungary Pakistan Yemen 

Iceland Panama Zambia 

India Papua New Guinea Zimbabwe 

 

3.2.2 National citation volumes 

The national citation volumes of the different countries are calculated and a DEMP is 

created (Fig. 16). The USA achieves the highest total national citation volume with 112,136 

citations (41.4 %). It is the only nation with a citation volume larger than 100,000 and it is 

shown in a dark red color. At a considerable distance the UK is placed second with a 
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citation volume of 31,651 (8.6 %). The UK is the only country with a citation volume 

between 30,000 and 100,000 and is colored in bright red. The countries Canada 

(14,427 citations) and Sweden (13,334 citations) on the 3rd and 4th place achieve a citation 

volume between 10,000 and 30,000 and are depicted in dark orange. They accomplish 

5.3 % and 4.9 % of the total citations, respectively. The only nations with a citation volume 

between 7,500 and 10,000 are Denmark with 9,832 citations (3.6 %) and Australia with 

9,528 citations (3.5 %), shown in light orange. The yellow color is chosen for nations with a 

citation volume larger than 5,000, but smaller than 7,500. In this category there are 

four countries: Germany with 7,272 citations (2.7 %), the Netherlands with 6,522 citations 

(2.4 %), Norway with 6,227 citations (2.3 %) and Finland with 5,423 citations (2.0 %). The 

following countries arrive at a citation volume between 2,500 and 5,000 (0.9 % to 1.8 %) 

and are shown in light green: Italy (4,776), France (4,427), China (3,293), New Zealand 

(3,076), Brazil (2,905) and Spain (2,895). A green color is used to indicate the subsequent 

countries with a national citation volume between 1,000 and 2,500 (0.4 % to 0.9 %): 

Switzerland (1,629), Japan (1,575), Chile (1,430), Israel (1,369), Belgium (1,367), 

Mexico (1,314), Hungary (1,246), Poland (1,225), Greece (1,176), Thailand (1,152), 

Austria (1,147), Taiwan (1,059) as well as South Africa (1,043). A light green color is 

chosen to indicate nations with a citation volume between 800 and 1,000 (0.3 % to 0.4 %). 

In this category there are five countries: the Czech Republic (982), Serbia (982), 

Ireland (895), Turkey (887) and India (835).  

 

 

Figure 16: National citation volumes 
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A citation volume higher than 600, but lower than 800 (0.2 % to 0.3 %) is attained by the 

following nations: Jamaica (796), Colombia (781), Zimbabwe (778), Indonesia (776), 

Zambia (753), Kenya (743), Slovenia (739) and South Korea (630). These countries are 

colored in turquoise. The nations of Portugal, Singapore and Uruguay achieve a national 

volume of 495 (0.2 %), 435 (0.2 %) and 406 (0.1 %) citations about smoking and 

pregnancy, respectively. These nations are colored in light blue. The remaining nations 

possess a national citation volume of less than 400 (0.1 % or less) and are shown in dark 

blue, grey and white colors. 

 

3.2.3 National modified Hirsch-indices 

The national modified H-index is calculated for every country and depicted in a DEMP 

(Fig. 17). The USA achieves the highest modified H-index of 128 and is shown in a dark 

red color. The second highest modified H-index (79) is attained by the UK which is colored 

in light red. The third place is held by Canada with a modified H-index of 62, portrayed in 

dark orange. The Scandinavian countries Sweden (59) and Denmark (53) are the only 

other countries with a modified H-index larger than 50. They are both colored in light 

orange. The ranks seven to ten with modified H-indices of 40 to 50 are held by the four 

nations Australia (47), Germany (45), Norway (44) and the Netherlands (43). These 

counties are portrayed in yellow. Countries with modified H-indices between 30 and 40 are 

Finland (39), Italy (37) and France (37). They are shown in light green, whereas the 

nations of Spain (29), China (27), New Zealand (27) and Brazil (25) posses modified 

H-indices between 25 and 30. In the DEMP they are colored in green. A dark green color is 

chosen for the nations with modified H-indices ranging from 20 to 25. These are 

Switzerland (23), Israel (23), Japan (22), Austria (22) and Belgium (20). The turquoise 

color is used to represent nations with modified H-indices from 15 to 20. South Africa 

achieves a modified H-index of 19, succeeded by Poland, Greece, the Czech Republic 

and India with a modified H-index of 18 each. The nations of Mexico, Taiwan and Ireland 

accomplish modified H-indices of 17, while Hungary, Turkey and South Korea each arrive 

at a modified H-index of 15. A violet color indicates the following countries with a modified 

H-index between 10 and 15: Chile is ranked 34th with a modified H-index of 14. Thailand 

possesses a modified H-index of 13, while Portugal achieves a modified H-index of 12. 

Singapore, Lebanon and Croatia each accomplish a modified H-index of 11. Nations 

attaining a modified H-index of 6 to 10 are colored in blue. A modified H-index of 10 is 

reached by Serbia, Uruguay and Russia, followed by Saudi Arabia, Argentina and Iran with  
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Figure 17: Modified national Hirsch-indices 

 
a modified H-index of 9. Jamaica, Bulgaria, Estonia, Slovakia and Iceland arrive at a 

modified H-index of 8, while the countries Colombia, Egypt and Pakistan achieve a 

modified H-index of 7. Lithuania is the only country with a modified H-index of 6. A light 

gray color is chosen for nations with a modified H-index of 3 to 5. The African nations of 

Zimbabwe, Zambia, Kenya as well as Slovenia, Bahrain and Nepal each achieve a 

modified H-index of 5, followed by Guatemala, Sri Lanka and Malaysia with a modified 

H-index of 4. A modified H-index of 3 is accomplished by Rwanda, Nigeria, the Democratic 

Republic of Congo, Latvia and Romania. Jordan, Tunisia, Ecuador and Bosnia & 

Herzegovina earn a modified H-index of 2, while Peru, Georgia, Macedonia, Moldova, 

Morocco, Qatar and the Bahamas achieve a modified H-index of 1. These countries are 

colored in dark gray. 

 

3.2.4 National citation rates 

The national citation rates for countries with more than 30 publications are calculated and 

the results displayed in a DEMP (Fig. 18). The nations with the highest citation rates are 

Chile and Hungary with 30.43 and 30.39 citations. A dark red color is used to visually 

highlight these countries. The third place is held by Mexico, the only other nation with more 

than 27 citations per publication and the only country shown in a bright red color. A typical 

Mexican publication is cited 27.96 times. The Czech Republic achieves a rate of 26.54 

citations, followed by the UK with a citation rate of 26.31, Denmark with 26.29 and the USA 
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with 26.18 citations per publication. Together with New Zealand (25.63) and 

Sweden (24.33) these countries are displayed in dark orange. The light orange color is 

reserved for countries with a national citation rate of less than 24, but more than 21 

citations. These are Norway (23.06), Canada (22.76), Finland (22.50) and China (21.38). A 

typical scientific work published in Switzerland is cited 20.36 times, whereas a publication 

from the Netherlands is cited 19.13 times and a scientific work from Belgium is cited 18.99 

times. These nations are portrayed in yellow. A light green color is used to mark countries 

with a citation rate larger than 15 and smaller than 18, namely Germany (17.96), 

Australia (17.95), Italy (17.59) and Israel (17.55). These countries are followed by 

Portugal (15.00), South Africa (14.29), Austria (13.99), Taiwan (13.93), France (13.79), 

Greece (13.07), Brazil (12.69) as well as Spain (12.37), which are colored in green. 

Nations with a citation rate between 9 and 12 are painted in dark green. These are the 

nations India (11.93), Ireland (11.47), Poland (11.14), Japan (10.71), Croatia (9.76) and 

South Korea (9.26). A citation rate between 7 and 9 is not achieved; therefore the 

turquoise color is not used in the DEMP. Turkey is the only country with a national citation 

rate between 5 and 7 and the only nation marked in violet. A typical publication originating 

from this country is cited 6.16 times. The country with the lowest citation rate within the 

investigated group is the Iran, colored in dark blue. A typical publication created in this 

country is cited only 3.43 times. A citation index of 2, 1 or 0 is not accomplished.  

 

Figure 18: National citation rates 
Only countries with more than 30 publications (threshold) are included. Because of their proximity to 
countries with very low citation rates Israel is not shown and the nations of Turkey and Iran appear largely 
distorted (Chapter 4.1.8) [205]. 



Results 

57 

3.3 Author analyses 

3.3.1 Author productivity and citations 

The analysis of the overall publication volume and overall citations reveals that Jorn Olsen 

and Sven Cnattingius are the most productive scientists within the field of smoking and 

pregnancy. The publications and citations of the 15 most productive authors are presented 

in two bar charts (Fig. 19, Fig. 20). J. Olsen is the most productive author with 106 

publications and the second most cited scientist with 3,164 citations. S. Cnattingius is the 

second most productive author with 73 publications and the most cited author with 3,321 

citations. Gideon Koren achieves third most publications about smoking and pregnancy 

and is the 5th most cited researcher with 1,837 citations. On the 4th position Eric Steegers 

accomplishes 57 publications and 728 citations. The 5th most productive scientist is Albert 

Hofman with 56 publications and 708 citations. He is succeeded by Tine B. Henriksen 

(1,827 citations) and Vincent W. V. Jaddoe (626 citations) with 51 publications each. The 

author Kypros H. Nicolaides achieves 50 publications and 1,111 citations, followed by 

three authors with approximately equal productivity. However, the scientists Jake M. 

Najman (45 publications), David A. Savitz (43 publications) and Robert L. Goldenberg 

(41 publications) differ in their citation rate with 840, 1,344 and 1,617 citations, 

respectively.  

 

Figure 19: Most productive authors 
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The researcher Frederica P. Perera accomplishes 40 publications and is cited 1,302 times. 

The 13th position is shared by Nancy L. Day and Gary M. Shaw with 39 publications each 

as well as 1,565 and 1,469 citations, correspondingly. The 15th place is held by Gail M. 

Williams with 38 publications and 758 citations. Whereas the productivity of the remaining 

authors is significantly lower than the most productive scientists, a strong variation in their 

respective citation rates is observed. After the above mentioned authors J. Olsen and 

S. Cnattingius the scientist with the third highest number of citations (2,109) is Mark A. 

Klebanoff with 30 publications, succeeded by Jaime Jones with 1,970 citations and 7 

publications (Fig. 20). After the above mentioned G. Koren and T. Henriksen the scientist 

Robert W. Blum is ranked the 7th most cited author with 1,678 citations. Among the most 

cited authors this author achieves with 3 works the fewest number of publications. 

Following the above mentioned authors R. Goldenberg and N. Day the scientist 

Michael S. Kramer achieves 1,499 citations and 19 publications, followed by the above 

mentioned author G. Shaw. The positions 11 to 14 are occupied by the authors Joseph 

Biederman (1,459 citations), Theodore A. Slotkin (1,452 citations) and Charles R. 

Henderson (1,399 citations) with 16, 27 and 7 publications, in that order. The 15th place is 

held by D. Savitz. 

 

 

Figure 20: Most cited authors 

 



Results 

59 

3.3.2 Average author citation rates 

The average author citation rates are calculated after the insertion of an exclusion criterion 

of a minimum of 30 publications about smoking and pregnancy; the results are presented 

in a column chart (Fig. 21). The author with the highest mean citation rate is S. Cnattingius 

(73 publications) with 45.49 citations, succeeded by N. Day (39 publications) with 40.13 

citations. These authors are the only scientists with a mean citation rate larger than 40. 

They are pursued by R. Goldenberg (41 publications) with 39.44 citations per publication. 

G. Shaw’s scientific works (39 publications) are cited 37.67 times on average, while 

T. Henriksen (51 publications) achieves a mean citation rate of 35.82. The works by 

F. P. Perera (40 publications) are cited 32.55 times on average, whereas the 43 

publications by D. Savitz are cited 31.26 times. The author J. Olsen with the highest 

scientific output about smoking and pregnancy (106 publications) is ranked 8th according 

to mean citation rate with 29.85 citations. Similar average citation rates are reached by 

B. Kallen (38 publications) and C. Ananth (34 publications) with 29.79 and 28.12 citations, 

correspondingly. Typical publications by B. Lester (31 publications) and G. Koren 

(68 publications) are cited 27.03 and 27.01 times, respectively. Likewise, the works by 

G. Smith (35 publications) and K. Nicolaides (50 publications) are cited 22.26 and 22.22 

times. M. J. O’Callaghan (32 publications) accomplishes a mean citation rate of 22.56. 

 

 

Figure 21: Average citation rates of most productive authors 
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3.3.3 Author modified Hirsch-indices 

Amongst the most productive specialists in the investigated field of smoking and 

pregnancy the ranking of the three most productive authors correlates with their modified 

H-indices (Fig. 22). J. Olsen and S. Cnattingius both present a modified H-index of 32 

along with the third most industrious author G. Koren who possesses the third largest 

modified H-index of 27. However, he is sharing the third position with the 5th most 

productive scientist A. Hofman who also enjoys a modified H-index of 27. T. Henriksen 

holds a modified H-index of 26, followed by N. Day with the 6th largest modified H-index of 

25. The 7th place is occupied by D. Savitz with a modified H-index of 22, closely pursued 

by G. Shaw who possesses a modified H-index of 21. The scientists K. Nicolaides, 

J. Najman and R. Goldenberg claim the ranks 9 to 11 with a respective modified H-index of 

20. These places match their positions according to productivity. G. Williams enjoys a 

modified H-index of 19, succeeded by both E. Steegers and F. P. Perera with a modified 

H-index of 17 each. Accordingly, the 4th most productive author E. Steegers has the 

second lowest modified H-index of the investigated authors. The 15th and last position is 

occupied by V. Jaddoe with a modified H-index of 15. 

 

 

 

Figure 22: Modified Hirsch-indices of most productive authors 
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3.3.4 First-, co- and senior-authorships 

The investigation of the different types of authorship shows that the most cited and second 

most productive author S. Cnattingius achieves the highest absolute number of first-

authorships with 18 publications (24.6 %) (Fig. 23). He is senior-author of 25 works and 

among the investigated specialists he is the second most productive co-author with 48 

publications. He is followed by D. Savitz (30.2 % first-authorships) and G. Shaw (33.3 % 

first-authorships) who are first-authors of 13 publications each. D. Savitz is listed as 

senior-author of 8 publications and participated in 22 more as co-author. Being the first-

author in 33.3 % of his publications, G. Shaw accomplishes the highest relative percentage 

of first-authorship. He is senior-author of 6 works and contributes 20 works as co-author. 

The most productive author J. Olsen is first-author of 10 scientific works (9.4 %). However, 

he enjoys the second largest number of senior-authorships with 48 publications and 

participates equally often as co-author in additional 48 works. Like J. Olsen the third most 

productive scientist G. Koren is first-author of 10 publications, but because of his smaller 

total number of publications his percentage (14.7 %) is almost twice as high. He is senior-

author of 45 scientific publications and is involved in further 13 works as co-author. 

Similarly, R. Goldenberg enjoys first-authorship of 10 publications (24.3 %) and senior-

authorship of 9 works. He participates in further 22 works as co-author.  

 

 

Figure 23: First-, senior- and co-authorships 
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The scientists F. P. Perera (17.5 % first-authorships) and N. Day (17.9 % first-authorships) 

hold first-authorship of 7 works each. F. P. Perera is senior-author of 14 publications and 

contributes 19 more as co-author, whereas N. Day holds senior-authorship of 24 works 

and takes part in 8 more as co-author. V. Jaddoe and T. Henriksen are first-authors 

of 5 (9.8 %) and 4 (7.8 %) scientific works and senior-authors of 16 and 11 publications, 

respectively. V. Jaddoe participates in additional 30 works as co-author, while T. Henriksen 

is co-author of 36 works. They are succeeded by G. Williams with 1 publication (0.3 %) as 

first-author and 5 as senior-author. She takes part in additional 32 publications as 

co-author. The specialists E. Steegers, A. Hofman and K. Nicolaides have so far not yet 

appeared as a first-author of a scientific publication about smoking and pregnancy. 

E. Steegers is the senior-author of 8 works and co-author of 49. A. Hofman is senior-

author of 1 publication. Nevertheless, as co-author of 55 works he is the specialist with the 

highest number of co-authorship among the investigated scientists. The opposite is true for 

K. Nicolaides, who is listed as co-author of 1 publication, but senior-author of 49 scientific 

works. He is the specialist with the highest relative and absolute number of senior-

authorships, even surpassing the most productive authors S. Cnattingius and J. Olsen 

by 1. 

3.3.5 Gender analysis 

The gender analysis reveals that 6,935 scientists (55.1 %) contributing to the topic of 

smoking and pregnancy are female and 5,661 researchers (44.9 %) are male (Fig. 24).  

 

 

Figure 24: Gender of authors 

 

Female scientists contribute a total of 12,470 publications (49.7 %), which are cited 

172,733 times (42.8 %). The male scientists reach a publication output of 12,600 works 

(50.3 %) and a citation volume of 230,480 (57.2%) (Fig. 25).  
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Figure 25: Publications and citations by gender 

 
 
 

Each female scientist achieves on average 1.8 publications and 25 citations, while her 

male colleague arrives at an average of 2.2 works and 41 citations. Amongst the most 

productive scientists 4 researchers (26.7 %) are female, while 11 experts (73.3 %) are 

identified as male (Chapter 3.3.1, Fig. 26).  

 

 

Figure 26: Gender of the most productive authors 

 

These female researchers enjoy a publication volume of 168 works (21.1 %) and a citation 

volume of 5,452 citations (24.5 %). Their male colleagues accomplish 629 publications 

(78.9 %) and 16,765 citations (75.5 %) (Fig. 27). Amongst the most productive scientists a 

female researcher accounts for 42.0 publications and 1,363 citations, while a 

representative male scientist completes 57.2 publications and is cited 1,524 times. 
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Figure 27: Publications and citations of the most productive authors by gender 

 

The gender analysis by continents reveals for the continent of America a total of 1,587 

female researchers (57.1 %) about smoking and pregnancy and 1,194 male scientists 

(42.9 %) (Fig. 28). In Europe 1,266 female authors (51.6 %) work together with 1,187 male 

experts (48.4 %). The lowest percentage of female experts is found in Asia, where female 

authors account for only 41.9 %. These 165 female scientists conduct research with 229 

male scientists (58.1 %). The continent of Australasia enjoys the highest female author 

percentage with 60.7 %. These 213 female researchers work with 138 male scientists 

(39.3 %). In Africa 33 female scientists researching about smoking and pregnancy account 

for 53.2 %, while their 29 male colleagues arrive at 46.8 %. 

 

 

Figure 28: Gender according to continents 

 
In America female authors achieve the highest absolute and relative publication volume of 

3,881 (52.1 %), while their male colleagues arrive at 3,561 publications (47.9 %) (Fig. 29). 

In Europe female authors accomplish 2,691 publications (44.3 %) and male scientists 



Results 

65 

contribute 3,380 publications (55.7 %). The lowest relative publication output is found in 

Asia, where female scientists account with 773 works for only 38.3 % of the total 

publications about smoking and pregnancy. Accordingly, male authors in Asia accomplish 

447 works (61.7 %). In Australasia female authors hold a publication output of 459 

scientific works (50.7 %), while their male colleagues arrive at 447 works (49.3 %). In 

Africa 48 publications (43.2 %) are accomplished by female authors, whereas male 

scientists contribute 63 publications (56.8 %).  

 

 
Figure 29: Publications of genders according to continents 
 

Female authors in America are cited 59,687 times (42.1 %). Their male co-workers enjoy a 

citation rate of 82,207 (57.9 %) (Fig. 30). In Europe female scientists arrive at 31,705 

citations (36.8 %), whereas male authors are cited 54,392 times (63.2 %). 

 

 
Figure 30: Citations of genders according to continents 
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Female experts about smoking and pregnancy accomplish 2,130 citations (33.1 %) in Asia. 

Correspondingly, their male colleagues achieve 4,303 citations (66.9 %). In Australasia 

female scientists enjoy 4,830 citations (34.6 %), while male authors are cited 9,123 times 

(65.4 %). In Africa female authors achieve the lowest relative and absolute citation rate 

with only 414 citations (28.6 %), while male scientists in Africa are cited 1,033 times 

(71.4 %). 

3.4 Institution analyses 

3.4.1 Number of institutions 

The institutions contributing scientific research to the field of smoking and pregnancy are 

analyzed according to their country of origin. The results are displayed in a DEMP 

(Fig. 31). The highest number of 1,479 institutions is found in the USA. The USA is the 

only nation with more than 1,400 institutions and is colored in dark red. The UK possesses 

the second highest number; 341 British institutions contribute to the worldwide research 

about smoking and pregnancy. Together with France (326) and Germany (301) the UK is 

portrayed in bright yellow. Spain (255) is the only other country with more than 250 

institutions and is colored in dark orange, while Italy (202) is shown in light orange. The 

places 8 and 9 are held by Australia and Japan with 174 and 164 institutions, 

correspondingly; they are depicted in yellow. Canada enjoys 139 institutions researching 

about smoking and pregnancy, followed by Turkey with 124 institutions. China and Brazil 

each possess 115 institutions, closely followed by Sweden with 114 institutions. A total of 

109 research institutions are located in Denmark and 104 in the Netherlands. These 

countries with 100 to 150 institutions are shown in light green. Less than 100, but more 

than 50 institutions are located in the subsequent countries: India (91), Taiwan (75), 

Norway (68), Poland (62), Finland (60), South Korea (60), Belgium (59), Mexico (57), 

South Africa (55) and Greece (51). These nations are marked in green. A dark green color 

is chosen to depict countries with 26 to 50 institutions. These nations are Israel (47), 

New Zealand (46), Austria (44), Switzerland (40), Portugal (40), Iran (30), Hungary (28), 

Croatia (28), Argentina (28), the Czech Republic (26) and Ireland (26). They are followed 

by Serbia (23), the only nation with more than 20 and less than 25 institutions, shown in 

turquoise. Similarly, Russia (19), Chile (16) and Thailand (16) are the only other countries 

with more than 15 institutions. They are colored in violet. A dark blue color is utilized to 

mark countries with 11 to 14 institutions, namely: Singapore (14), Lebanon (14), 

Uruguay (14), Saudi Arabia (13), Egypt (13), Pakistan (13), Estonia (12), Lithuania (12), 

Nigeria (12), Romania (12) and Columbia (11).  
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Figure 31: Number of institutions per country 
 

At least 5, but not more than 10 institutions are found in Slovakia (9), Iceland (8), 

Guatemala (8), Malaysia (7), Jordan (7), Bulgaria (6), Tunisia (6), Bosnia & Herzegovina 

(6), Sri Lanka (5), Costa Rica (5) and Bangladesh (5). These nations are displayed in light 

gray. A darker gray is used to depict countries with less than 5, but at least 1 institution 

conducting research about smoking and pregnancy. The countries Kenya, Bahrain, Nepal, 

Rwanda, Peru, Cuba, Honduras and Papua New Guinea maintain 4 institutions each, 

while 3 institutions are located in each of the following countries: Jamaica, Zambia, 

Slovenia, Morocco, Indonesia, Kuwait, Venezuela and Malta. Merely 2 institutions are 

located in Zimbabwe, the Democratic Republic of Congo, Latvia, Ecuador, Macedonia, 

Qatar, Syria, the Philippines, Nicaragua, Panama, the United Arab Emirates, Cyprus, 

Luxembourg, Yemen, Greenland and Trinidad & Tobago, respectively. Only 1 institution 

publishing in the field of smoking and pregnancy is found in the following countries: 

Georgia, Moldova, the Bahamas, the Seychelles, Malawi, Bolivia, Vietnam, Iraq, 

the Ukraine, Gambia, Fiji, Madagascar, Mauritius and Nigeria. 

3.4.2 Institution publication volumes 

The analyzed publications about smoking and pregnancy are assigned to their respective 

institutions. The 15 most productive institutions are shown in Figure 32. The two 

institutions with the highest scientific output are the Harvard University in Boston, USA with 

352 publications and the University of London, UK with 351 publications. They are 

followed by the Centers for Disease Control and Prevention from Atlanta, USA with 264 
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scientific works. The 4th rank is held by the Karolinska Institute located in Stockholm, 

Sweden (221), followed by the University of North Carolina situated in Chapel Hill, USA 

with 211 publications about smoking and pregnancy. The University of Pittsburgh, also 

positioned in the USA, achieves 183 scientific publications. Aarhus University located in 

Denmark contributes 181 works, while Columbia University from New York, USA 

accomplishes 167 works. The 9th place is held by the University of Washington from 

Seattle, USA (158), followed by the University of Copenhagen located in Denmark and 

John Hopkins University sited in Baltimore, USA with 147 publications, each. The 

University of California, Los Angeles, USA contributes 132 publications, while the Bristol 

University located in the UK accomplishes 124 publications. A total of 123 scientific works 

is reached by the University of California, San Francisco, USA, followed by the Eunice 

Kennedy Shriver National Institute of Child Health and Human Development from Bethes-

da, USA with 118 publications. 

 

Figure 32: Most productive institutions 
(Aarhus Univ = Aarhus University; Columbia Univ = Columbia University; Ctr Dis Control & Prevent = 
Centers for Disease Control and Prevention; Eunice Kennedy Shriver Natl Inst = Eunice Kennedy Shriver 
National Institute of Child Health and Human Development; Harvard Univ = Harvard University; John 
Hopkins Univ = John Hopkins University; Karolinska Inst = Karolinska Institute; Univ Bristol = Bristol 
University; Univ Calif Los Angeles = University of California, Los Angeles; Univ Calif San Francisco = 
University of California, San Francisco; Univ Copenhagen = University of Copenhagen; Univ London = 
University of London; Univ N Carolina = University of North Carolina; Univ Pittsburgh = University of 
Pittsburgh; Univ Washington = University of Washington) 
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3.4.3 Institution citation rates 

The institutions with a scientific output of more than 30 publications about smoking and 

pregnancy are examined on their respective citation rate; the results are displayed in a 

column chart (Fig. 32). Harvard University and the University of London are the two 

institutions with the highest citation rates of 12,844 and 11,755 citations, respectively. The 

third place is held by the Centers for Disease Control and Prevention with 7,650 citations. 

The University of North Carolina is cited 6,598 times, whereas the works by the 

Karolinska Institute are referred to 6,305 times. Columbia University arrives at a citation 

rate of 5,763, followed by the University of Washington with 5,323 citations. The Eunice 

Kennedy Shriver National Institute of Child Health and Human Development (118 publica-

tions) is cited 5,018 times, while the Aarhus University achieves a citation rate of 4,843. 

The University of Pittsburgh is ranked 10th with 4,654 citations, followed by the 

University of California, San Francisco with 4,605 citations and John Hopkins University 

with 4,360 citations. Bristol University accomplishes 4,163 citations and the University of 

Copenhagen reaches 3,555 citations. Duke University located in Durham, USA achieves 

3,312 citations. 

 

3.5 Subject area analyses 

3.5.1 The most productive subject areas 

The scientometric analysis of the subject areas contributing publications about smoking 

and pregnancy is based on the original WoS classification. The majority of scientific works 

is distributed almost evenly between the subject area of Obstetrics & Gynecology with 

2,381 publications (17.5 %) and Public, Environmental & Occupational Health with 2,203 

publications (16.2 %) (Fig. 33). Public, Environmental & Occupational Health achieves the 

highest citation rate (47,773 citations), followed by Obstetrics & Gynecology with 45,419 

citations. The subject area of Pediatrics contributes 1,296 works (9.5 %) and is cited 

27,341 times, followed by General & Internal Medicine with 834 publications (6.1 %) and 

29,846 citations. Further 465 scientific works (3.4 %) and 10,386 citations are assigned to 

Toxicology, while 457 works (3.4 %) are published under Reproductive Biology, resulting in 

8,384 citations. Psychiatry contains 393 works (2.9 %) and 9,615 citations, while 

Substance Abuse arrives at 388 works (2.9 %) and 5,882 citations. The subject area of 

Psychology achieves 361 works (2.7 %) and 6,447 citations.  
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Figure 33: Most productive subject areas 

 
Additional 346 publications (2.5 %) and 8,937 citations are assigned to Neurosciences & 

Neurology, succeeded by 334 works about smoking and pregnancy (2.5 %) and 7,456 

citations assigned to the subject area of Endocrinology & Metabolism. A total number of 

289 publications (2.1 %) and 6,059 citations are achieved by Nutrition & Dietetics, while 

272 works (2.0 %) and 6,055 citations are assigned to Pharmacology & Pharmacy. The 

subject area of Respiratory System accomplishes 245 works (1.8 %) and 8,206 citations, 

while Environmental Sciences & Ecology arrives at 233 publications (1.7 %) and 5,500 

citations. The remaining scientific publications are combined under Other subject areas. 

Subject areas accounting for more than 1.0 % are shown in Table 14. 
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Table 14: Subject areas accounting for more than 1.0 % of publications each 

Subject area Publications Citations Percentage of publications 

Oncology 225 6,641 7,2 % 

Genetics & Heredity 209 3,273 6,7 % 

Cardiovascular System & Cardiology 194 3,297 6,2 % 

Immunology 176 4,163 5,7 % 

Nursing 164 1,205 5,3 % 

Research & Experimental Medicine 133 2,018 4,3 % 

Allergy 127 3,406 4,1 % 

Developmental Biology 127 2,572 4,1 % 

Surgery 110 1,353 3,5 % 

Health Care Sciences & Services 97 1,786 3,1 % 

Dentistry, Oral Surgery & Medicine 92 1,992 3,0 % 

Women’s Studies 81 686 2,6 % 

Biochemistry & Molecular Biology 78 865 2,5 % 

Science & Technology - Other Topics 72 611 2,3 % 

Infectious Diseases 72 1,591 2,3 % 

Biomedical Social Sciences 71 1,296 2,3 % 

Radiology, Nuclear Medicine & Medical Imaging 68 1,648 2,2 % 

Physiology 61 512 2,0 % 

Life Sciences & Biomedicine - Other Topics 53 714 1,7 % 

Gastroenterology & Hepatology 52 1,231 1,7 % 

Cell Biology 48 742 1,5 % 

Hematology 47 659 1,5 % 

Pathology 41 696 1,3 % 

Rheumatology 40 1,292 1,3 % 

Urology & Nephrology 35 489 1,1 % 

 

3.6 Journal analyses 

3.6.1 The most productive and most cited journals 

The American Journal of Obstetrics & Gynecology and the American Journal of Epidemi-

ology are the most productive scientific journals about the topic of smoking and pregnancy 

(Fig. 34). The American Journal of Obstetrics & Gynecology publishes 284 works and is 

cited 9,166 times (Fig. 35). This citation rate is exceeded only by the second most 

productive journal, the American Journal of Epidemiology, which enjoys a publishing value 

of 274 works and the highest citation rate of the investigated journals with 9,928 citations. 

The American Journal of Epidemiology holds a larger average citation index (36.23) in 

comparison to the more productive American Journal of Obstetrics & Gynecology, which 

possesses an average citation index of 32.27. In addition to being the third most 
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industrious journal with 230 publications, the Obstetrics and Gynecology maintains the 

third largest number of citations (8,513) and possesses the 4th largest average citation 

index (37.01). The Acta Obstetricia et Gynecologica Scandinavica is the 4th most 

productive journal with 201 publications and a citation rate of 3,124. However, its average 

citation index is quite low, with 15.54. It is followed by the Journal of Pediatrics which 

achieves 180 publications. Despite being the 5th most productive journal, the Journal 

of Pediatrics is cited 7,466 times and as a result enjoys the second highest average 

citation index of 41.48. The journal Paediatric and Perinatal Epidemiology publishes 151 

works, is cited 3,169 times and holds an average citation index of 20.98. The journals 

Epidemiology and Human Reproduction both achieve an output of 127 works. However, 

the journal Epidemiology accomplishes more citations (3,643) and a larger average citation 

index (28.69) in comparison to the Human Reproduction with 2,851 citations and an 

average citation index of 22.45. The 10th most productive journal, the Maternal and Child 

Health Journal, achieves 121 publications about smoking and pregnancy. It is cited merely 

710 times, placing it in the last position.  

 

Figure 34: Most productive scientific journals 
(ACTA OBSTET GYN SCAN = Acta Obstetricia et Gynecologica Scandinavica; ACTA PAEDIATR = Acta 
Paediatrica; AM J EPIDEMIOL = American Journal of Epidemiology; AM J OBSTET GYNECOL = American 
Journal of Obstetrics & Gynecology; AM J PUBLIC HEALTH = American Journal of Public Health; BJOG-INT 
J OBSTET GY = British Journal of Obstetrics and Gynaecology; ENVIRON HEALTH PERSP = 
Environmental Health Perspectives; EUR J OBSTET GYN R B = European Journal of Obstetrics & 
Gynecology and Reproductive Biology; HUM REPROD = Human Reproduction; INT J EPIDEMIOL = 
International Journal of Epidemiology; MATERN CHILD HLTH J = Maternal and Child Health Journal; 
OBSTET GYNECOL = Obstetrics and Gynecology; PAEDIATR PERINAT EP = Paediatric and Perinatal 
Epidemiology; PEDIATRICS = Journal of Pediatrics) 
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Additionally, the Maternal and Child Health Journal possesses the lowest average citation 

index of the most productive journals with 5.87.The last journal with a three-digit output 

performance is the European Journal of Obstetrics & Gynecology and Reproductive Bio-

logy with 100 publications and 1,118 citations. It possesses an average citation index of 

11.18. It is succeeded by the scientific journal Environmental Health Perspectives with 

99 publications, which is cited 3,982 times and maintains the third largest average citation 

index of 40.22. The medical journal Acta Paediatrica achieves a publishing output of 95 

and is cited 1,285 times; its average citation index is 13.53. The scientific journals 

British Journal of Obstetrics and Gynaecology and American Journal of Public Health 

publish about the same number of scientific works about smoking and pregnancy with 90 

and 89 publications, respectively. The American Journal of Public Health (4,707 citations) 

is cited more than three times as often as the British Journal of Obstetrics and 

Gynaecology (1,334 citations); its average citation index is with 52.89 one of the highest 

amongst the investigated journals. The average citation index of the British Journal 

of Obstetrics and Gynaecology is calculated at 14.82.  

 

Figure 35: Most cited scientific journals  
(ACTA OBSTET GYN SCAN = Acta Obstetricia et Gynecologica Scandinavica; AM J EPIDEMIOL = 
American Journal of Epidemiology; AM J OBSTET GYNECOL = American Journal of Obstetrics & 
Gynecology; AM J PUBLIC HEALTH = American Journal of Public Health; AM J RESP CRIT CARE = 
American Journal of Respiratory and Critical Care Medicine; BRIT MED J = British Medical Journal; 
ENVIRON HEALTH PERSP = Environmental Health Perspectives; HUM REPROD = Human Reproduction; 
JAMA-J AM MED ASSN = Journal of the American Medical Association; LANCET = The Lancet; 
NEUROTOXICOL TERATOL = Neurotoxicology and Teratology; OBSTET GYNECOL = Obstetrics and 
Gynecology; PAEDIATR PERINAT EP = Paediatric and Perinatal Epidemiology; PEDIATRICS = Journal of 
Pediatrics) 
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The 15th and last place is held by the International Journal of Epidemiology with 88 

publications, 2,419 citations and an average citation index of 27.49. The Journal of the 

American Medical Association (49 publications) is cited 5,871 times; with 49 publications it 

holds the highest average citation index of 119.82. The 8th largest citation rate is achieved 

by the British Medical Journal (46 publications) with 3,771 citations. Additionally, this 

scientific journal enjoys the second highest average citation index of 81.98. The medical 

journal Neurotoxicology and Teratology (84 publications) is cited 3,278 times, whereas 

The Lancet (52 publications) is cited 2,998 times. The Lancet enjoys the third highest 

average citation index of 57.65, while the Neurotoxicology and Teratology arrives at an 

index of 39.02. The American Journal of Respiratory and Critical Care Medicine (52 publi-

cations) is cited 2,850 times and accomplishes an average citation index of 54.81. 

 

3.7 Cooperation analyses 

3.7.1 Average number of authors per publication 

Over the examined time period from 1986 to December 5, 2012 the average number of 

authors per publication rises continuously, but fluctuates significantly (Fig. 36). In 1986 on 

average 2.74 scientists work together on a publication. This number increases by 34.7 % 

to 3.69 in the year 1990 and decreases again in the subsequent year 1991 to 3.52. In 

1992 the average number of specialists working together increases to 3.73. 

 

 

Figure 36: Average number of authors per publication 
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This upward trend is continued in 1993 (3.83 authors), 1994 (4.05 authors), 1995 

(4.29 authors) and 1996 (4.39 authors), resulting in a total increase by 14.6 % in these 

years. In the following years the average number decreases again from 4.24 in 1997 to 

4.07 in 1998 and to 3.94 in 1999. In the subsequent years of the new millennium the mean 

number of scientists per publication increases almost steadily. The number rises from 4.31 

in 2000 to 4.63 in 2001 (107.4 %) and to 4.92 in 2002 (106.3 %). In the year 2003 a 

decrease by 8.6 % to 4.53 is observed, followed by an increase to 4.57 in the following 

year 2004. This trend continues throughout 2005 (4.83 authors) and 2006 (4.98 authors). 

In 2007 for the first time more than 5 authors cooperate on a publication with an average 

of 5.01 scientists per publication. The mean number increases to 5.27 (105.2 %) in 2008 

and continues to grow to 5.33 in 2009. This tendency continues in the next year with an 

increase by 7.3 % to an average of 5.72 specialists per publication. The highest amount of 

cooperation is achieved in 2011 with a typical number of 5.76 cooperating experts. This 

number decreases slightly to 5.75 for the remaining time period until December 5, 2012. 

Despite the high fluctuation the overall mean number of authors per publication more than 

doubles from 2.74 to 5.75 (209.9 %) in the examined time period from 1986 to 

December 5, 2012. 

3.7.2 Volume of cooperation 

The analysis of the volume of cooperation investigates the number of publications written 

by more than one author in the years from 1935 until December 5, 2012. The volume of 

cooperation can be divided into two distinct phases (Fig. 37). During the time before the 

year 1991 the amount of teamwork is very low and the number of cooperation publications 

remains a single digit. The second period after 1991 is characterized by an exponential 

increase in cooperation. In each of the years 1935, 1954 and 1961 only 1 publication is 

created in group effort. In the subsequent years the number fluctuates between 1 and 3 

and increases to 7 in the year 1965, only to fall back to 1 for the following years. In 1972 a 

total of 8 publications is created in cooperation. This number decreases again to 4 in 1973. 

In the next eleven years the number of cooperation publications stagnates between 1 and 

3 publications annually. With the beginning of the second period in 1991 a sudden 

increase up to 14 publications marks the beginning of a continuous upward trend. In the 

subsequent years 1992 and 1993 the number of cooperation publications increases to 16 

and 19 works. In 1994 and 1995 a slight decrease down to 11 and 12 works is seen, 

whereas in the following year 1996 the number of cooperation publications rises by 

116.6 % to 26 and in 1997 by another 73.1 % to 45 works. This trend continues in 1998 
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with 46 publications written in collaboration. In the year 1999 a brief decrease to 43 works 

(93.5 %) is succeeded by an increase to 54 publications in 2000. After a short fall to 47 

works in 2001 the number rises to 62 in 2002 and to 65 in 2003. This tendency continues 

in 2004 with an increase by 21.5 % to 79 publications.  

 

Figure 37: Number of cooperation publications over time 

 

 
In the years 2005 and 2006 the number of cooperation publications remains a two-digit 

figure for the last time with 94 and 91 works, respectively. In 2007 the number of 

publications created in joint effort exceeds the threshold of 100 publications with 113 works 

(124.2 %). This number increases to 144 scientific works in 2008 and remains almost 

constant in the subsequent year 2009 with 143 publications. The highest number of 

cooperation publications about smoking and pregnancy is reached in 2010 with a total of 

194 works (135.7 %). In the following year 2011 this number falls by 19.0 % to 163 works. 

In the subsequent year until December 5, 2012 a total of 147 publications produced in 

cooperation are published. From 1935 until 2010 the overall productivity of cooperation 

publications increases from 1 to 194 works. 

3.7.3 Cooperation of countries 

The cooperation analysis reveals 1,540 publications about smoking and pregnancy 

involving international teamwork. With 1,240 publications produced in bilateral cooperation 

(80.5 %), most cooperative work is the result of collaboration between 2 countries 

(Fig. 38).  
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Figure 38: Number of cooperating countries 

 
More than 2 different nations are involved in the remaining 300 publications (19.5 %), out 

of which the largest part of 196 publications (12.7 %) includes the scientific input of 3 

different nations. Four countries are cooperating together in 56 publications (3.6 %) and a 

team effort of 5 nations is seen in 13 publications (0.8 %). More than 5 countries are 

cooperating in a total of 35 publications (0.2 %), out of which 6 publications are generated 

by 6 countries and only 3 publications are created by 7 nations. Eight countries produce 9 

publications in cooperation. Two publications are the result of the teamwork of 9 states and 

5 publications involve the input of 10 countries. Eleven nations cooperate 2 times together, 

while 12 countries cooperate only once. Two publications are produced by the team effort 

of 13 nations. One publication each involves the cooperation of 15 and 16 states and 

2 publications are the product of 18 countries working together. The highest number of 

cooperating countries is 19, resulting in 1 publication about smoking and pregnancy. 

3.7.4 Most frequently cooperating countries 

The international cooperation on smoking and pregnancy is investigated and the results 

are graphically depicted in a spider chart (Fig. 39). A threshold of a minimum of 

10 publications involving international cooperation is set. Each nation is represented by its 

flag and arranged in a circle. The first number in brackets corresponds to the total volume 

of national publication, while the second number indicates the number of works produced 
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in international cooperation. Interconnected lines represent international cooperation, while 

the color and thickness indicate the amount of cooperation. The USA achieves the highest 

amount of overall international cooperation, as it produces 126 publications together with 

Canada, 111 scientific works in cooperation with the UK, 85 works with Denmark and 

81 publications in cooperation with Sweden. Significantly fewer publications (51) are 

produced by the UK and Australia working together. The combined efforts of the USA and 

China lead to 50 publications, followed by the teamwork of the UK with Finland (47), with 

Canada (46) and with the Netherlands (46). The cooperation of the USA and Norway 

results in 44 scientific publications, succeeded by the combined Scandinavian effort of 

Denmark and Sweden with 42 publications. An equal number of publications is produced 

by the team project of the UK with Germany. Almost the same number of publications (40) 

is produced by the cooperation of the USA with Germany as well as by the combined 

authorship of the USA and Italy. The teamwork of the USA with Australia and the joint effort 

of the UK and Sweden result in 38 publications about smoking and pregnancy each. The 

combined authorship of Sweden and Norway results in 35 publications; the same 

productivity is also achieved by the USA and Poland. Sweden and Finland working 

together results in 33 publications about smoking and pregnancy, a number that is also 

achieved by Italy and Spain. A scientific output of 31 publications is the result of three 

alliances: the UK with Denmark, the UK with France as well as the USA with Spain. The 

cooperation of Denmark and Norway results in 30 scientific works, followed by the bilateral 

efforts of the USA with Finland and with the Netherlands, resulting in 28 works each. A 

scientific output of 25 works is reached by the USA cooperating with Brazil as well as by 

the UK working with Italy. The USA and France publish 23 works together, a number which 

is also achieved by Germany cooperating with the Netherlands. The British work effort with 

Ireland and with Spain leads to 22 publications each, while a scientific productivity of 

21 works is achieved by the USA with Greece, by the USA with South Africa as well as by 

the UK in combination with Norway. The Mediterranean countries of Greece and Spain 

produce 20 publications together; this number is reached by the UK working with 

New Zealand as well. A combined productivity of 19 works is attained by the UK 

cooperating with Brazil, by Canada working with France as well as by France conducting 

research with Italy. Similarly, 18 publications are achieved by Australia and New Zealand, 

by the USA and Israel as well as by the USA and South Korea. A combined productivity of 

18 works is accomplished by Denmark and Finland, by Germany and Italy, by Germany 

and Switzerland as well as by Italy and the Netherlands. 
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Figure 39: Cooperation of nations 
(Colors and thickness represent the frequency of cooperation. The first numbers in brackets indicate publication volume; the second numbers indicate volume of 
cooperation publications.) 
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3.7.5 Cooperation of institutions 

The cooperation between different institutions is analyzed using a threshold of 20 

publications. A spider chart is used to visualize the obtained results (Fig. 40). Countries are 

represented by their flags; the first numbers correspond to the total publication volume of 

the respective institutions, whereas the second numbers indicate the number of 

cooperation publications. The amount of cooperation is depicted by the color and 

thickness of the connections. The first numbers in between institutions indicate the 

combined publication volume, the second numbers combined citations. The highest 

number of cooperation publications about smoking and pregnancy is achieved by two 

Danish institutions, the University of Copenhagen and Aarhus University with 44 

publications and 960 citations. The second most successful cooperation is realized by two 

institutions from Boston, USA. Harvard University and Boston University publish 37 

scientific works about smoking and pregnancy and reach the second highest citation rate 

with 1,401 citations. Two cooperating Swedish institutions, Uppsala University and the 

Karolinska Institute accomplish 32 publications and 1,360 citations. Two institutions from 

Atlanta, USA, the Centers for Disease Control & Prevention and Emory University publish 

31 works together (717 citations). They are succeeded by the University of Helsinki and 

the Finnish National Public Health Institution with 28 publications and 585 citations. A total 

of 27 publications is achieved by the University of Amsterdam and the University of 

Rotterdam (389 citations) as well as by Harvard University, Boston and Columbia 

University, New York (395 citations). The latter institution additionally publishes 23 

scientific works together with the New York State Psychiatric Institution, achieving 958 

citations. The same number of publications is accomplished by the University of Oslo and 

the Norwegian Institute for Public Health (293 citations). The British institutions University 

of London and University of Bristol working together results in 22 publications and in the 

highest citation rate of 1,442 citations. The same output performance is reached by the 

international cooperation of Columbia University, New York and the Jagiellonian University 

from Krakow, Poland (392 citations). The teamwork of the University of North Carolina and 

Duke University from Durham, USA, results in 21 scientific works about smoking and 

pregnancy (548 citations). A scientific output of 20 publications is achieved by the 

Karolinska Institute cooperating with Lund University from Sweden (364 citations), by the 

University of London working with the Imperial College London (681 citations) as well as 

by the latter cooperating with the Finnish University of Oulu (695 citations). 
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Figure 40: Cooperation of institutions 
(Colors and thickness represent the frequency of cooperation. The first numbers in brackets show the total amount of publications, the second numbers illustrate the 
number of publications in cooperation. The first numbers in between institutions indicate their combined publication volume; the second numbers indicate combined 
citations. Aarhus Univ = Aarhus University; Boston Univ = Boston University; Columbia Univ = Columbia University; Ctr Dis Control & Prevent = Centers for Disease 
Control & Prevention; Duke Univ = Duke University; Emory Univ = Emory University; Harvard Univ = Harvard University; Imperial Coll London = Imperial College 
London; Jagiellonian Univ = Jagiellonian University; Karolinska Inst = Karolinska Institute; Lund Univ = Lund University; Natl Publ Hlth Inst = National Public Health 
Institution; New York State Psychiat Inst = New York State Psychiatric Institution; Norwegian Inst Publ Hlth = Norwegian Institute for Public Health; Univ Amsterdam = 
University of Amsterdam; Univ Bristol = University of Bristol; Univ Copenhagen = University of Copenhagen; Univ Helsinki = University of Helsinki; Univ London = 
University of London; Univ N Carolina = University of North Carolina; Univ Oulu = University of Oulu; Univ Oslo = University of Oslo: Univ Rotterdam = University of 
Rotterdam; Uppsala Univ = Uppsala University) 
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3.7.6 Combination of subject areas 

The different subject areas are analyzed according to their combination and the results are 

graphically presented in a spider chart. A threshold of 15 publications is chosen; the 

numbers in brackets show the total number of publications for each subject area while the 

numbers in between subject areas show the number of combination publications. Color 

and thickness of the interconnecting lines represent the amount of combination (Fig. 41). 

The analysis reveals a total of 3,571 publications attributed to more than one subject area. 

Amongst these the highest amount of combination exists between the areas of Obstetrics 

& Gynecology and Pediatrics with a publication power of 397 scientific works (11.1 %). The 

second highest amount of combination is achieved by the areas of Obstetrics & 

Gynecology and Reproductive Biology with 366 publications (10.2 %). The areas of Public, 

Environmental & Occupational Health combined with Environmental Sciences & Ecology 

results in 166 publications (4.6 %), followed by the combination of Psychology and 

Substance Abuse with 100 scientific works (2.8 %). The combined research of 

Immunology and Allergy leads to 96 publications (2.7 %), whereas the works of Toxicology 

and Developmental Biology result in 95 publications about smoking and pregnancy 

(2.7 %). The combination of the scientific fields of General & Internal Medicine and Public, 

Environmental & Occupational Health results in 92 publications (2.6 %) together, 

succeeded by the latter in combination with Substance Abuse resulting in 85 works 

(2.4 %). Toxicology and Neurosciences & Neurology arrive at 84 publications (2.4 %) and 

Psychiatry cooperating with Substance Abuse results in 83 works (2.3 %). Toxicology and 

Pharmacology & Pharmacy reach 72 publications (2.0 %), followed by 71 works (2.0 %) as 

a result of the combination of Endocrinology & Metabolism and Nutrition & Dietetics. 

General & Internal Medicine working with Respiratory System accomplishes 67 works 

(1.9 %). They are closely succeeded by the combination of Obstetrics & Gynecology and 

Genetics & Heredity with 65 publications (1.8 %). Public, Environmental & Occupational 

Health and Oncology possess a combined publishing power of 60 works (1.7 %), followed 

by 58 publications (1.6 %) attributed to Toxicology and Reproductive Biology. The 

combination of Public, Environmental & Occupational Health with Biomedical Social 

Sciences results in 55 publications (1.5 %). The same number is reached by the areas of 

Psychology and Psychiatry. The field of Obstetrics & Gynecology produces 48 publications 

(1.3 %) in combination with Radiology, Nuclear Medicine & Medical Imaging and 47 works 

(1.8 %) in combination with Women’s Studies. The same number of publications is 

achieved by the areas of Public, Environmental & Occupational Health and Pediatrics as 
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well. The combined scientific output of Psychiatry and Neurosciences & Neurology 

reaches 46 works (1.3 %) and the combination of Public, Environmental & Occupational 

Health and Health Care Sciences & Services results in 45 publications (1.3 %). The 

combination of Pediatrics and Immunology leads to 41 publications about smoking and 

pregnancy (1.1 %), while the combined efforts of Toxicology and Genetics & Heredity 

result in 38 works (1.1 %). The combination of Pediatrics and Psychiatry results in 33 

publications (0.9 %). This number is attained by Endocrinology & Metabolism combined 

with Biochemistry & Molecular Biology as well. The combination of Obstetrics & 

Gynecology and Nursing results in 32 publications (0.9 %). 
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Figure 41: Combination of subject areas 
(Colors and thickness represent the frequency of combination. The numbers in brackets indicate publication volume, while the numbers in between subject areas 
show the number of combination publications.) 
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3.7.7 Cooperation of authors 

The cooperation publications are analyzed according to authors. The author’s nationality is 

represented by a flag and the respective gender indicated by a symbol. The first numbers 

show the total publications per author, the second numbers illustrate first-authorships and 

the third numbers demonstrate senior-authorships. The first numbers next to the 

interconnected lines demonstrate the number of publications, while the second numbers 

indicate the number of citations (Fig. 44). A minimum of 15 cooperation publications is 

defined. The highest amount of cooperation is achieved by V. Jaddoe and A. Hofman with 

49 publications and 620 citations. The latter also produces 43 publications in cooperation 

with E. Steegers (603 citations), while the co-authorship of V. Jaddoe and E. Steegers 

results in 41 publications and 596 citations. The author J. Najman cooperates with 

G. Williams, M. J. O’Callaghan and W. Bor, leading to 37 publications (751 citations), 31 

publications (657 citations) and 29 publications (590 citations), respectively. G. William’s 

combined efforts with M. J. O’Callaghan and W. Bor produce 28 publications 

(604 citations) and 24 publications (534 citations), correspondingly. A scientific output of 24 

publications is reached by A. Hofman and J. P. Mackenbach as well; they are cited 460 

times. The collaboration of M. J. O’Callaghan and W. Bor leads to 23 publications 

(532 citations). The same number is achieved by N. Day and G. A. Richardson; however, 

they achieve the highest number of citations (1,120) among the investigated authors. The 

authors G. Shaw and E. J. Lammer also produce 23 publications in cooperation; they 

accomplish the second highest number of citations (962). The combined effort of 

J. P. Mackenbach and E. Steegers leads to 22 publications about smoking and pregnancy 

(451 citations), succeeded by the cooperation of the former with V. Jaddoe resulting in 21 

publications (444 citations). Likewise, the teamwork of T. Henriksen and N. J. Secher 

produces 21 scientific works. A scientific output of 20 publications is achieved by the 

following teams: H. Moll and A. Hofman (350 citations), F. P. Perera and W. Jedrychowski 

(457 citations), L. Goldschmidt and N. Day (755 citations) as well as J. Olsen and 

J. P. Bonde (476 citations). The following pairs of authors arrive at 19 publications in 

cooperation: H. Moll and V. Jaddoe (336 citations), E. Flak and W. Jedrychowski 

(245 citations), C. G. Victora and F. C. Barros (321 citations), T. Henriksen and K. Wisborg 

(920 citations) as well as M. Cornelius and N. Day (589 citations). A combined scientific 

output of 18 publications is attained by the following pairs of specialists: F. P. Perera and 

E. Flak (193 citations), S. W. Wen and M. C. Walker (233 citations) as well as A. Hofman 

and H. Tiemeier (210 citations). Similarly, 17 publications are the result of the team effort 
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of the following scientists: R. Goldenberg and S. P. Cliver (589 citations), E. Mroz and 

E. Flak (95 citations), V. Jaddoe and H. Tiemeier (201 citations), J. Thyrian and U. John 

(129 citations) as well as K. E. Pickett and L. S. Wakschlag (486 citations). The 

subsequent authors possess a combined scientific output of 16 works: F. C. Verhulst and 

A. Hofman (239 citations), W. Hannover and U. John (111 citations), W. Hannover and 

K. Roske (111 citations), A. Hofman and A. Raat (161 citations), V. Jaddoe and A. Raat 

(161 citations), H. Moll and E. Steegers (336 citations), J. Olsen and T. Henriksen (770 

citations), W. Hannover and J. Thyrian (111 citations), A. Raat and E. Steegers (165 

citations), K. Roske and U. John (111 citations), T. Slotkin and F. J. Seidler (588 citations), 

J. Najman and R. Alanti (321 citations) as well as J. Thyrian and K. Roske (111 citations). 

Lastly, a joint publication power of 15 scientific works is accomplished by the following 

couples: S. T. Higgins and S. H. Heil (276 citations), J. M. D. Thompson and E. A. Mitchell 

(669 citations), F. P. Perera and E. Mroz (85 citations), F. P. Perera and V. Rauh (1,005 

citations), G. D. Smith and D. A. Lawlor (346 citations), G. Shaw and S. L. Carmichael 

(234 citations), J. L. Jacobson and S. W. Jacobson (529 citations), V. Jaddoe and 

F. C. Verhulst (230 citations) as well as J. Olsen and A. M. N. Andersen (230 citations). 

The highest number of citations among the investigated teams is reached by N. Day and 

G. A. Richardson with 1,220 citations (23 publications), followed by F. P. Perera and 

V. Rauh with 1,005 citations (15 publications) and the team of G. Shaw and E. J. Lammer 

with 962 citations (23 publications). 

After applying a threshold of 15 publications the gender analysis reveals a total of 

42 cooperating pairs of scientists, out of which 8 pairs (14.8 %) consist of two female 

experts, 26 teams (48.1 %) include only male partners and 20 teams (37.0 %) are of mixed 

origin (Fig. 42).  

 

 

Figure 42: Cooperation by gender 
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The entirely female cooperation results in 143 publications (13.0 %) and 4,493 citations 

(19.4 %), while the male cooperation produces 572 scientific works (52.2 %) and 10,266 

citations (44.3 %) (Fig. 43). The mixed team efforts contribute 381 publications (34.8 %) 

and 8,419 citations (36.3 %). The average cooperation within a female team results in 17.9 

publications and 562 citations, whereas a representative male team arrives at 22.0 

publications and 395 citations. An average mixed team achieves 19.0 publications and 421 

citations. 

 

 

   

Figure 43: Cooperation publications and citations by gender 
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Figure 44: Cooperation of authors 
(The first numbers in brackets show the total amount of publications per author, the second numbers illustrate the number of first-authorships. The third numbers 
demonstrate the number of senior-authorships. The first numbers in between authors indicate their combined publication volume; the second numbers indicate 
combined citations.) 
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4 Discussion 

4.1 Methodic discussion 

4.1.1 Scientometric analyses 

The scientometric analyses used in this dissertation were aimed at investigating two 

important aspects of science: quality and quantity of the global available data on smoking 

and pregnancy. This work is limited to publications in scientific journals, as these possess 

the most theoretical and practical relevance on this topic. The productivity and resonance 

of different countries, authors, institutions, subject areas and scientific journals about this 

topic was assessed using a variety of scientometric instruments. Different foci were 

chosen and in-depth analyses of these areas of interest were performed. The significance 

of scientometric analyses of scientific activity and productivity is undeniable, as funding 

and therefore indirectly the very existence of institutions are often linked to their scientific 

output and performance. Important financial support for costly scientific projects is often 

only provided to those institutions which manage to return the most scientific value for the 

invested funding [209]. The scientific value can be broken down to the two main elements 

of quantity (i.e. productivity) and quality (i.e. citation rate), both of which can be measured 

to a large degree by the help of scientometric tools. Even if the following discussion 

identifies the strong and weak points of the used scientometric techniques, the numerous 

benefits of an objective scientometric investigation about smoking and pregnancy cannot 

be denied. 

4.1.2 Data sources and research strategies 

Smoking and pregnancy is a wide field which is not only limited by the nine months of 

pregnancy and the smoking of tobacco, but combines a variety of influences and covers 

topics such as socio-economic questions, different intercultural factors, globalization and 

shifting paradigms as well as long-term effects over more than one generation [6, 7, 210]. 

The basis for the data used in this investigation is the WoS database, which is one of the 

largest indexed interdisciplinary scientific databases (Chapter 2.2.2). The WoS tag Cited 

References enabled the analysis of citations (Table 9). 

Research was limited to publications about smoking and pregnancy containing those 

key words in the topic, i.e. in the title, in the abstract and / or in the key words 

(Chapter 2.4.1). This deliberate restriction has the advantage of not adding a bias towards 

works published after 1990 / 1991, as it became mandatory for scientist to combine 
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publications with an abstract and key words in these years [208]. An unrestricted research 

would result in far fewer publications from before 1990 / 1991, which would in turn distort 

the obtained results. The key words described in Chapter 2.4.1 were entered into the WoS, 

selecting therefore only publications where the author chose to indicate a connection to 

smoking and pregnancy. Presumably several other publications contributed in one way or 

the other towards this topic without key words or abstracts indicating so. These works were 

unintentionally excluded from this scientometric survey. However, up to this date a 

database which allows for a complete full text search of key words does not exist. The 

performed scanning of key words and abstracts has to be accepted as the best currently 

available option of selecting relevant publications [155, 211]. 

The quality of a publication to be admitted into the WoS is assessed by evaluating the 

quantity of its citations. This very important admission criterion shifts the focus away from 

new and relatively unknown journals towards large traditional and established journals 

which have acquired a greater number of readers. This larger pool of readers increases 

the likelihood of being cited, which in turn augments the assessed quality of a publication. 

This selection bias is described in scientometric science as the Matthew Effect [155, 212]. 

The likelihood of being cited correlates with the level of prominence and importance of the 

scientific journal. This general principle was also observed in Biblical times and is written in 

the Gospel of Matthew: “For unto every one that hath shall be given, and he shall have 

abundance: but from him that hath not shall be taken even that which he hath” [213]. 

Approximately 90 % of published journals in the WoS are publishing in English [214]. This 

can be interpreted as an additional advantage over other non-English journals, as it is 

generally easier for publications written in English to be accepted into scientific journals 

(Chapter 4.2.3). Studies from less developed countries are negatively affected the most. 

Before a publication is accepted into the WoS it has to pass a Peer Review where the 

reviewers should be independent, but knowledgeable specialists. In reality this high ideal 

is not always achieved, as friendly experts tend to provide mutual support and competing 

scientists dislike each other. This principle is formulated as the old boy hypothesis [215]. 

Furthermore, publications revealing significant results are published more often than 

publications without statistical novelties or ground breaking results. In addition, a high 

rejection rate is likely to be interpreted as a sign of the journal’s quality. On the other hand 

Peer Reviews guarantee a certain standard of quality and help to filter useful information 

out of the many more or less valuable publications. It is advantageous for the researcher 

not to be confronted with qualitative less valuable journals which are deliberately excluded 

from the WoS database; this limits the amount of potential useless information and greatly 
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increases the specificity of the publications which are shown as results. To increase 

efficiency it is imperative that the most relevant publications about a topic are accessed 

quickly and smoothly; a flood of irrelevant data of doubtful scientific quality hiding the 

desired useful information is very disadvantageous [211, 216, 217]. In conclusion, a 

scientometric investigation can be only as informative as the underlying available material 

[193, 215]. 

4.1.3 Choice of specific indices within the Web of Science 

Within the WoS the researcher is presented with the option of choosing up to three 

different citation indices. The SCI depicting citations about natural science and the SSCI 

collecting information about social sciences were chosen, as this dissertation analyzed 

publications about biomedical information. The SSCI was included, because it contained 

works with a psychological or social background which was added to the pure medical 

results. The A&HCI was excluded, as it represented scientific data without any medical 

relevance [153].  

4.1.4 Time span of analysis 

The scientific data used in this dissertation was obtained on December 5, 2012 and 

included data up to that date. A total number of 10,043 scientific works published between 

the year 1900 and December 5, 2012 were included. The first scientific work about 

smoking and pregnancy was published in 1935. Because of the constant update of the 

WoS and additional admissions of scientific works a different number of publications and 

citations could be obtained if the same research termini would be entered into the WoS 

search mask in the future. This is especially noteworthy for the year 2012, as it was not 

entirely included in the analysis; its informative significance therefore has to be critically 

judged (Chapter 2.4.1) [199]. 

4.1.5 Data correction and incomplete bibliometric information 

The fundamental conditions of scientometric research are the quality and the 

completeness of the bibliography. Bibliographies were analyzed by the help of tags 

(Table 9) [199]; if these tags were incomplete or incorrect, most of the missing or false 

information could be manually recovered and corrected. For example, it was possible to 

deduct the country of origin via the address of the author if this information was missing in 

the original WoS tag. The assignment of data to the respective country and city was a 

prerequisite to the next step of identifying and correctly assigning data to the 

corresponding institutions, which were often comprised of many different subdivisions, 
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affiliated hospitals and research facilities. Many scientists preferred to use the label of 

these subdivisions instead of the one of the overlying institution, which rendered the task 

of correctly assigning data to the institutions difficult. It was possible in most of the cases to 

use the internet as a source of information about the affiliation of various hospitals, 

facilities and other subdivisions with the institutions. The assignment of nations as well as 

incorrect spelling and abbreviations of names had to be identified and manually corrected 

and reassigned (Chapter 2.4.2). Because of initials and double names, publications by an 

author could be misfiled under different names; additionally, homonyms were responsible 

for adding the works of different scientists together under one name. The author’s genders 

were determined according to first names whenever possible; however, in more than 50 % 

of the data the author’s first names were only indicated by initials. In some societies like in 

Chinese culture names did not allow the drawing of definite conclusions about gender and 

therefore these authors had to be excluded. Some unisex names also prevented a definite 

gender assignment. Unconventional first names were investigated on the internet and 

assigned a gender whenever applicable. The genders were also evaluated according to 

continents; for this purpose the nations of Russia, Turkey and Israel were assigned to 

Europe. The necessity of manual correction of key elements included by nature the 

possibility of an element of error (Chapter 2.4.2). This bias has to be kept in mind; 

however, it does not influence the principle statement of the obtained results. 

4.1.6 The citation rate as a criterion for the quality of publications 

In this dissertation a connection is established between the quality of a scientific 

publication and the quantity of its citation based on data obtained from the WoS, generally 

assuming that a large citation rate and therefore a large scientific resonance is an indicator 

of scientific quality (Chapter 4.1.1). This was attained using a function which allows 

evaluating the total sum of citations of a given source. The obtained number of citations 

was interpreted as a criterion for the amount of publicity and resonance a publication 

obtained. This functioned as a marker for the usefulness and importance of a publication in 

its respective field of science. As a general rule, the higher a publication’s citation rate, the 

higher its importance for science. The reversal is not true, as a low citation rate does not 

automatically equal a low importance for science. This is due to several reasons. Firstly, a 

publication within a very specialized scientific field has a much lower citation rate because 

of the low number of possible publications. Secondly, if a publication of high quality is 

written in a small language, it will not be cited as often, as there are fewer scientists able to 

read and cite it. And thirdly, it has to be kept in mind that citing cannot be performed 
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without any error. Unfortunately even in scientific journals with a high reputation a large 

number of printing editions increase the amount of error in citations, which makes a 

precise analysis of citations difficult [218]. The quantity of publications can contribute to 

error as well; if the total number of publications is small, very few publications which are 

cited often can take up an unrealistically large proportion. However, as the total amount of 

processed data is large this does not falsify the obtained results in a relevant manner. This 

bias was seen more prominently during the process of creating DEMP with citation rates of 

different countries (Fig. 18). In order to avoid a falsification of the DEMP a threshold of 30 

publications per country was established and only these results were compared 

(Chapter 3.2.2). The citation rate is a powerful scientometric instrument allowing for a 

variety of analyses about very different scientific aspects and questions, but has to be 

regarded in the context of the complete scientometric picture [194, 205, 218]. 

4.1.7 The Hirsch-index and Impact Factor as criteria for the quality of 
publications 

The H-index was invented by the scientist J. E. Hirsch as an additional scientometric 

instrument [203]. It allows for analyzing the scientific quality of a given author in a simple, 

yet objective way. The largest advantage over other scientometric instruments is the fact 

that using the modified H-index the author’s total sum of publications about smoking and 

pregnancy is relevant and not only a few highly cited publications. If regarded in 

combination with the production achievement it becomes clear that the modified H-index is 

a reliable indicator of resonance and scientific importance. It is less susceptible to single 

distorting publications leading to incorrect high average citation rates misrepresenting the 

obtained results [219]. However, this is also the biggest Achilles’ heel of the modified 

H-index, as qualitatively superior publications with a high impact on the scientific 

community are underrepresented [204]. The modified H-index is largely reliant on the 

author’s age and the correct way of citation; additionally, a great discrepancy between 

different scientific fields is observed. The Matthew Effect (Chapter 4.1.2) influences the 

modified H-index as well [220]. Because of these limitations the modified H-index is used 

in this dissertation only to evaluate the rank of different authors and countries within their 

respective reference groups. A general ranking of authors and countries according to an 

unmodified H-index is not done. 

The Impact Factor is a further scientometric instrument introduced by E. Garfield. This 

indicator measures the sum of citations and the total number of publications in a journal 

over a given time span, evaluating the quality of the scientific work [153, 221]. The Impact 

Factor is calculated up to three decimal points suggesting an accuracy which is not 
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obtained, as the Impact Factor is biased heavily by a few very popular publications which 

are cited out of proportion [222]. The Impact Factor is rejected as an instrument to 

evaluate the quality of scientific publications by many scientists including E. Garfield 

himself. Because of these limitations the Impact Factor is not used in this dissertation 

[223, 224]. 

4.1.8 Density equalizing map projections illustrating data 

The DEMP used in this dissertation are based on calculating mean values and deviations 

from these mean values (Chapter 2.3.2). The numerator is attributed with the value to be 

investigated, e.g. the citation rate of a country; the denominator is put in relation to the 

entire global land mass. The resulting mean value is attributed to the ocean parts of the 

map in order to depict these as naturally as possible. The mean value is further put into 

relation to the quotient of every country. Regions possessing the same or similar values 

are untouched or altered very little in their size, whereas countries with a high value are 

proportionally inflated. Similarly, countries with a low value are shrunk in size. This causes 

countries with large areas like Russia, Canada, China and the USA to be underrated in 

comparison to smaller countries. Generally countries with small areas and a high value are 

proportionally overinflated in comparison to large countries [205, 207]. Another difficulty 

arises from depicting countries surrounded entirely by water, e.g. Australia. These are in 

general less deformed than landlocked countries, as oceans are based on the mean value 

and therefore constant. If the value of the landlocked country deviates from the global 

mean attributed to oceans it reshapes the area of this country evenly on all sides and as a 

result conserves its shape and size quite well. Countries neighboring one or several 

countries attributed a value that differs largely from the global mean are considerably more 

influenced and reshaped (Fig. 18) [205, 207]. Despite these shortcomings DEMP are 

chosen to depict the various scientometric results as they allow quick and simplified 

presentation of complex and interconnected scientometric information. Additional color 

coding of the DEMP is used to lessen these shortcomings and illustrate the results as 

accurately as possible.  

4.2 Discussion about content 

4.2.1 Publications by publishing year 

Since the first publication about smoking and pregnancy within the WoS in the year 1935 

the amount of publications increases slowly at first and exponentially later on 

(Chapter 3.1.1). The chronological development can be divided into two distinct phases: 
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the first from 1900 to 1990 with a continued growth succeeded by the second phase 

post-1990 with a dynamic growth. A multitude of reasons is responsible for these 

progresses. Until the beginning of the 1990s the large negative effects of smoking were 

mostly unknown to the public and society. The slow increase in the subsequent years is 

explained by the growing medical knowledge about smoking and about fetal development, 

allowing for a better understanding of pathophysiological processes and pathways. Public 

awareness and alertness about smoking increased and the first anti-smoking campaigns 

and smoke free areas were established [5]. The rapid exponential growth of scientific 

publications is explained firstly by the inclusion of abstracts into the WoS in 1990 / 1991 

[208]. Secondly, political changes in the beginning of the 1990s and the abrupt implosion 

of the Soviet Empire resulting in the fall of the Iron Curtain suddenly connected a great 

number of highly qualified scientists with the rest of the world [225, 226]. Thirdly, the global 

interconnection between scientists increased by the help of the World Wide Web, allowing 

for efficient accessing and sharing of valuable information. Rising globalization combined 

with an increased public interest on health issues and easy access to medical information 

fueled the motor of scientific development in the early years of the new millennium even 

further [5, 227, 228]. Considering the multitude of factors which provided a constant rise in 

the quantity and quality of scientific publications about smoking and pregnancy in the past 

years a constant continuation of research in this scientific field is highly probable. 

4.2.2 Number of citations per year 

The annual citation rate continuously increases over the years and reaches its maximum 

towards the latter part of the investigated time period in the year 2002 (Chapter 3.1.2). The 

decrease in the end of the analyzed period post-2002 is explained by the fact that 

publications which have been published in the last ten years cannot obtain as many 

citations as older publications made public 20 or more years ago. This makes a reliable 

prediction for the future very complicated, and it is difficult to say whether this observed 

decrease is real and continues or whether it is simply the result of the biased point of view. 

Arguments against a real decrease are the increasing number of publications from almost 

all fields of science and the growing interest and awareness about smoking and pregnancy 

of both scientists and the public [5, 159, 178, 188]. 

4.2.3 Languages 

The analysis of the language of publication reveals that the vast majority (95.8 %) of 

publications about smoking and pregnancy are published in English. The bias towards the 

English language (Chapter 4.1.2) has to be considered, even if a publication’s language 
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should not be a criterion of quality by itself. However, authors of statistically relevant 

publications generally try to publish in English speaking journals [229]. The most 

productive countries are the English speaking nations USA, UK and Canada [207]. 

International publications including one of these important partners are necessarily written 

in English and therefore increase the total amount of publications in this globally dominant 

language. This is to a much lesser degree also true for German, the second most 

prominent language (1.3 %). German is spoken by scientists in Germany, Austria, 

Switzerland and to some extent Eastern Europe [207, 230]. Similarly, 1.1 % of publications 

are written in French, as productive francophone countries like France, Switzerland, 

Belgium and the French part of Canada frequently cooperate. Spanish is spoken in Spain, 

but also widely used in Central- and South-American countries; it is used in 0.9 % of the 

publications. Considering the world-wide dominance of the English language, most authors 

prefer to publish their works in English instead of their native language [207, 231]. 

4.2.4 Forms of publication 

An analysis of the different forms of publication and their connection to scientific 

productivity requires at first a definition of the meaning of the terms employed. Most 

scientific data is published as an Article. These articles serve as the basis for further forms 

of publication. The majority of articles about smoking and pregnancy represent the 

scientific interest in this field. Various scientific novelties and breakthroughs are connected 

with the existing articles and further processed and improved. New information in the fields 

of Public, Environmental & Occupational Health, Obstetrics & Gynecology, Pediatrics and 

General & Internal Medicine is acquired, combined and adapted to investigate deeper into 

the field of smoking and pregnancy (Chapter 3.5.1). These results are united with 

Proceedings Papers. Additionally, the results of various congresses about smoking and 

pregnancy are published in form of Meeting Abstracts. Further scientific data is available in 

the form of Scientific Letters. Miscellaneous empiric data from clinical trials is further 

investigated by Reviews in the context of current medical science [232]. 

4.2.5 Development of the bibliography 

The size of the literature databases continuously increases over time, although the growth 

fluctuates and becomes increasingly dynamic. Until the year 1990 a slow linear growth is 

observed. A sudden dynamic change occurs in 1990 / 1991 with the inclusion of abstracts 

into the WoS and the invention of the World Wide Web (Chapter 4.2.1) [208, 228]. In this 

year the size of the bibliography increases by 542 % from 35 to 190 (Fig. 13). These two 

important changes make access to information significantly easier, not only for scientists, 
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but for the general public as well. These developments lead in turn to an increase of the 

amount of interconnected and newly produced data, which is seen as an increase in the 

amount of citations in the following years. Scientific quality increases especially in the early 

1990s due to a higher demand for the citation of an increasing number of references [227]. 

The increase in size of the scientific bibliography is likely to be continued in the future, 

especially considering the increasing amount of processed data thanks to computers and 

electronic storage [227, 228, 233]. 

4.2.6 Average citation rate per publication 

The examination of the average citation rate shows how often a publication is cited up to 

today (Chapter 3.1.2). The threshold of 30 publications per year results in the year 1986 as 

the beginning of the investigation; a typical scientific work published in this year is cited 

21.58 times up to today. In the following years the mean citation rate slowly increases, 

most likely due to the increasing number of publications and the increasing number of 

different scientific disciplines contributing to smoking and pregnancy. An abrupt forceful 

change takes place in the years 1990 / 1991 with the enclosure of abstracts into the WoS 

and the innovation of the World Wide Web (Chapter 4.2.1, Chapter 4.2.5) [153, 228]. The 

average citation rate increases until 1995 to 45.12 citations (147.8 %), the highest value in 

the observed time period. After 1995 the mean citation rate starts to decline; until 

December 5, 2012 the average rate decreases down to 0.36 (1.7 %). A typical publication 

achieves only a fraction of its total citations within the first year of publication; the peak of 

scientific resonance and therefore the maximum of citations are accomplished usually after 

three to four years. Compared to older publications, most of the more recently published 

scientific works have not had time to accumulate large total numbers of citations. This 

implies for newer publications that they will most likely arrive at their scientific peak in the 

future, justifying a prognosis for a further rise in the average citation rate.  

4.2.7 Most cited publications 

Out of the 10 most cited publications 8 are written as an Article and 2 are published as 

Reviews (Table 12). The majority of 6 publications belong to the subject area of General & 

Internal Medicine. The scientific works are published between 1971 and 2005. The most 

cited publication is a cooperation article between the USA, GB and Sweden; its first-author 

is S. Cnattingius, one of the leading experts in the field of smoking and pregnancy 

(Chapter 3.3). The article is published under the subject area of General & Internal 

Medicine in 1998 in the New England Journal of Medicine; it is cited 445 times. The 

second most cited publication (382 citations) is an article published in The Lancet in 1995 
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under the subject area of General & Internal Medicine. It is the result of a multinational 

cooperation between a multitude of authors from more than 15 countries. The third most 

cited publication is an article from the UK. It appears in 1972 in the British Medical Journal, 

belongs to the subject area of General & Internal Medicine and is cited 340 times.  

4.2.8 National publication and citation volumes 

Analyzing the data on international scientific productivity a scientific dominance of the 

USA, the UK and Canada is observed (Chapter 3.2). The USA accomplishes a publication 

power of 4,284 scientific works (35.5 %) and a national volume of 112,136 citations 

(41.4 %). The UK achieves 1,203 publications (9.9 %) and 31,651 citations (8.6 %), 

whereas Canada arrives at 634 scientific works (5.3 %) and 14,427 citations (5.3 %). 

Together these three leading nations contribute 50.7 % of the total publications which 

account for 55.3 % of the overall citations. This is due to different reasons; firstly, these 

developed countries enjoy a large number of well established scientific research facilities. 

A large and developed country like the USA can maintain a large number of modern and 

well equipped research facilities which generate a significantly higher scientific output 

compared to less developed countries with fewer scientific facilities [207]. Secondly, these 

countries enjoy a high level of general public education and are well known for their 

scientific traditions. Therefore they attract more foreign scientists who are eager to perform 

research in internationally well known scientific facilities. This phenomenon is explained by 

the Matthew Effect (Chapter 4.1.2) [207, 212]. Thirdly, a strong bias towards publications in 

the English language is observed (Chapter 4.1.2), as scientific works written in this 

language have a significantly higher probability of being admitted into scientific databases 

[155, 212, 234]. The international cooperation is highest among the most productive 

countries, which in turn increases their productivity (Chapter 3.7.4, Chapter 4.2.14). In 

these countries the public and economic interest about health is most prominent, which 

plays an important role in further promoting and facilitating research for prophylaxis and 

therapies. Considering all these factors, it is likely that the USA, the UK and Canada will 

stay the predominant nations with the highest scientific importance about smoking and 

pregnancy. With rapidly increasing globalization and development it is to be expected that 

the global scientific output in this field further increases in the future [207, 228]. 

4.2.9 National citation rates and modified Hirsch-indices 

The qualities of national scientific works are measured by national citation rates. Without 

the inclusion of a threshold of a minimum of 30 publications several countries would reach 

exceptionally high national citation rates. Nations like Zimbabwe, Slovenia, Indonesia, 
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Zambia and Kenya arrive at citation rates up to 155, exceeding well established countries 

like the USA, UK or Canada. The Seychelles which contribute only 1 publication about 

smoking and pregnancy are cited 54 times. This points out a distinct weakness of the 

national citation rate and illustrates why a threshold of 30 publications was chosen. 

Because of the very low number of publications of countries like the Seychelles, Panama 

and Malawi in combination with the strong preference of scientists to cite national 

colleagues a large bias is created. After the introduction of the threshold both Chile and 

Hungary obtain the highest national citation rate of 30, but considering the weaknesses of 

the results a definite conclusion about the superiority of their scientific works in the field of 

smoking and pregnancy would not be entirely correct. Because of these shortcomings the 

analysis of the modified H-index is performed, resulting in a completely different 

representation. The USA, the UK and Canada are positioned in the first places. Countries 

like Chile and Hungary, whose high citation rates are only attributed to low publication 

output, are not present in the leading group anymore. To evaluate the quality of scientific 

work a combination of different scientometric instruments is needed. The countries with the 

highest quality of scientific work about smoking and pregnancy are identified as the USA, 

the UK and Canada. 

4.2.10 Author productivity, resonance and gender 

Among 27,955 authors contributing to smoking and pregnancy only 292 authors (1.0 %) 

achieve more than ten publications and are regarded as the most productive experts. The 

Scandinavian authors Jorn Olsen and Sven Cnattingius are identified as the two leading 

experts about smoking and pregnancy. In terms of total publications J. Olsen from the 

University of Southern Denmark is with 106 publications the most productive scientist in 

this field. He is first-author of 10 publications (9.4 %) and senior-author of 48 publications 

(42.5 %). He additionally participates in further 48 works (42.5 %) as co-author. In terms of 

recognition he achieves a close second place with a citation rate of 3,164. The Swedish 

scientist S. Cnattingius from the Karolinska Institute is the second most productive 

scientist in this field with 73 works. He is the first-author of 18 publications (24.7 %), 

senior-author of 25 publications (34.2 %) and co-author of further 30 works (41.1 %). 

Amongst the investigated scientists he is the author with the highest citation rate; his 

scientific publications are of outstanding quality, as he is cited 3,321 times. Both J. Olsen 

and S. Cnattingius possess a modified H-index of 32. The third most productive author is 

the Israeli-born scientist Gideon Koren from the University of Toronto. He publishes 68 

works, of them 10 as first-author (14.7 %), 45 as senior-author (66.2 %) and 13 as 
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co-author (19.1 %). G. Koren is cited 1,837 times and enjoys a modified H-index of 27. 

These numbers reveal that three most productive experts about smoking and pregnancy 

possess first-authorships of less than 25 % of their publications, whereas all are senior-

authors of at least 33.3 % of their works. G. Koren and to a lesser degree J. Olsen and 

S. Cnattingius as well profit from their long careers in the scientific community and their 

reputation, which explains the large percentage of their senior-authorships. Assuming that 

the first- and senior-authorships are the more important and responsible positions, the role 

of the co-author has to be scrutinized carefully. Especially with an increasing number of 

co-authors the significance of the scientific contribution of each participant cannot be 

satisfactorily evaluated. Amongst the most productive experts about smoking and 

pregnancy, the scientists with the highest relative co-authorships are Albert Hofman 

(98.2 %), Eric Steegers (85.9 %) and Gail Williams (84.2 %). The author with the lowest 

relative co-authorships (2.0 %) is Kypros Nicolaides from the King’s College in London, 

UK. He is also the scientist with the highest relative senior-authorships (98.0 %) amongst 

the most productive experts and the only specialist who does not contribute a single 

publication as first-author. Similarly to G. Koren, his age and reputation explain the high 

percentage of his senior-authorships. Karumanchi Ananth from the Harvard Medical 

School is the scientist with the highest relative number of first-authorships (58.8 %), but his 

34 publications are only cited 956 times, his citation rate is 28.12 and his modified H-index 

is 18. Amongst the most influential specialists in the investigated field of smoking and 

pregnancy the ranking of the most productive authors correlates with their modified 

H-indices (Chapter 3.3.3). If the threshold of 15 publications would not have been applied, 

several authors with a low publication output about this topic would have been included in 

the results. The author Ronald Wapner holds with 45 the highest modified H-index of all 

the investigated authors, followed by Hendree Jones with a modified H-index of 41. These 

high indices have to be seen in the context of a low productivity of 8 and 11 publications, 

respectively. However, there are several more experts with a sufficient production 

achievement and a modified H-index of 20 or higher. For these authors the modified 

H-index is a reliable indicator of resonance and scientific importance (Chapter 4.1.7).  

Out of the total number of 27,955 authors contributing to smoking and pregnancy 12,596 

authors can be assigned a specific gender, resulting in the assignment of 25,070 

publications and 403,213 citations to either a female or male author (Chapter 3.3.5). More 

than half of the investigated authors (55.1 %) are female, but only 49.7 % of the 

publications are achieved by female scientists. In addition, no more than 42.8 % of the 

citations are accomplished by female authors. Accordingly, male researchers accounting 
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for 44.9 % of scientists accomplish a publication output of 50.3 % and a citation volume of 

57.2 %. Each female scientist contributes on average 1.8 works, while a representative 

male scientist accomplishes 2.2 publications. These figures show that male scientists tend 

to publish more works compared to their female co-workers. Additionally, they are cited 

almost twice as often as their female colleagues (41 citations vs. 25 citations). These 

numbers can be explained by several factors. Firstly, medicine itself becomes more 

female; in the year 2012 in Germany 64 % of medicine students were women. Secondly, 

female doctors tend to choose certain specialties. In Germany, Gynecology & Obstetrics 

enjoys currently more than 90 % female doctors and approximately 75 % female doctors 

are employed in the field of Pediatrics [235, 236]. These are two of the three main subject 

areas publishing about smoking and pregnancy (Chapter 3.5). This relatively young and 

inexperienced new generation of female doctors already achieves a certain number of 

publications and is therefore included in this scientometric investigation. However, for 

female researchers it is more difficult to organize the numerous demands of an academic 

career in combination with a family. The most demanding times of scientists’ lives are their 

20’s and 30’s when the foundation for their careers is laid. For female scientists this 

corresponds to the period in life when women traditionally start a family, whereas male 

scientists can postpone having children longer. As women traditionally handle most of the 

work related to family and children, male authors are less restricted and have more time to 

be scientifically productive [237-239]. The previous generation of scientists is still mainly 

composed of male doctors. Because of their scientific experience and their high reputation 

they are more productive and are cited more often [237, 238, 240]. This phenomenon is 

noticeably visible amongst the most productive scientists, as only 26.7 % are female, while 

73.3 % are identified as male. These female researchers merely achieve a publication 

volume of 21.1 % and a citation volume of 24.5 %, while their male colleagues accomplish 

the majority of 78.9 % of the publications and 75.5 % of the citations. Amongst the most 

productive scientists a female author accomplishes 42.0 scientific works and 1,363 

citations, while a representative male scientist completes 57.2 publications and is cited 

1,524 times. This numbers show that the glass ceiling and the old-boys club are still 

existent and that leading female authorities in medical science are underrepresented 

[238, 240]. 

Amongst the 12,596 identified authors, a total of 6,041 scientists can be further linked to a 

specific country and analyzed according to continents (Chapter 3.3.5). The highest 

percentage of female authors about smoking and pregnancy is found in Australasia 

(60.7 %), while the lowest percentage of female scientists is present in Asia, where female 
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authors account for only 41.9 %. Accordingly, male scientists make up 39.3 % in 

Australasia and 58.1 % in Asia. In this gender analysis the continent of Australasia is 

represented exclusively by Australia and New Zealand, which are both modern western 

nations. In their societies women have achieved a high level of gender equality in the 

past3. In Asia the traditions and the high workload might incapacitate female scientists from 

being more productive (see above). In America female authors achieve the highest relative 

publication volume of 52.1 %. The lowest relative female publication output is found in 

Asia, where female scientists achieve only 38.3 % of the total publications. 

Correspondingly, male authors in America achieve 52.1 % and in Asia 61.7 % of the 

publications. These numbers are explained by the dominance of the western nations of the 

USA and Canada, which achieve the first and third highest global publication output and 

together account for 40.8 % of all scientific works about smoking and pregnancy 

(Chapter 3.2). Within the total gender-assignable American publications (7,442) the USA 

and Canada account for 7,004 scientific works (94.1 %). A comparatively high level of 

gender equality is implemented in these Northern American societies, leading to evenly 

balanced female production. Central- and South-American countries with a lower level of 

gender equality are less important due to their low percentage of publications. For the 

above mentioned reasons the opposite is true for the continent of Asia [207]. The highest 

percentage of female citations is achieved by authors in America with 42.1 % of the 

citations, whereas in Africa female authors achieve the lowest relative citation rate of 

28.6 %. The USA and Canada account for 138,932 out of 141,894 American citations 

(97.9 %) and for 46.7 % of global citations. In Africa the more traditional role of women is 

likely to be the reason for their low citation rates and resonances. 

4.2.11 Comparison of institutions 

A total of 5,471 institutions participate in research about smoking and pregnancy. The 

majority of the institutions (1,479) are located in the USA, accounting for 27.0 % of the 

global research facilities (Chapter 3.4.1). The second highest number of institutions is 

located in the UK with 341 research facilities (6.2 %), followed by France with 326 

institutions (6.0 %). The most productive institutions about smoking and pregnancy are two 

of the world’s famous and renowned universities, the Harvard University in Boston, USA 

with 352 publications and the University of London, UK with 351 publications. The third 

most productive institution is the Centers for Disease Control and Prevention located in 

Atlanta, USA with 264 scientific works. These three most productive institutions also gain 

                                                 
3
 New Zealand and Australia were the first countries to grant women’s suffrage in 1893 and 1902 [241]. 
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the most attention within the scientific community of smoking and pregnancy, as they 

achieve the highest citation rates of 12,844; 11,755 and 7,650 citations, in that order. 

Together they achieve 11.9 % of the total citations. Harvard University employs several of 

the most productive scientists about smoking and pregnancy like Joseph Biederman 

(1,459 citations), whereas the leading expert Kypros Nicolaides (1,111 citations) works at 

the University of London (Chapter 3.3). The Centers for Disease Control and Prevention is 

a US federal agency with the aim to observe and promote public health, research and 

implement prevention strategies and create safe and healthful environments [242]. 

4.2.12 Comparison of subject areas 

As the title of this dissertation implies, the majority of scientific work is almost evenly 

distributed between the two subject areas of Public, Environmental & Occupational Health 

and Obstetrics & Gynecology. A total number of 2,381 publications (17.5 %) is assigned to 

Obstetrics & Gynecology, whereas 2,203 publications (16.2 %) are assigned to Public, 

Environmental & Occupational Health (Fig. 33). These two subject areas achieve the 

highest citation rates of 45,419 and 47,773 citations, respectively. Together these subject 

areas account for approximately one third of the published works and one third of the 

overall citations. The third highest number of publications is held by the subject area of 

Pediatrics with 1,296 publications (9.5 %). Additionally, 27,341 citations are achieved by 

this subject area. This is not surprising, as Obstetrics as well as Pediatrics are two 

specialties focusing on the same human beings in different stages of their unborn and 

newborn lives. Exposure to maternal cigarette smoke affects children in every stage of 

their intra- and extra-uterine lives (Chapter 1) and therefore the subject area of Pediatrics 

is able to contribute a significant amount of scientific knowledge to this topic. Exposure to 

cigarette smoke has a negative effect on almost every organ system, this is seen in the 

high number of 834 publications (6.1 %) and 29,846 citations attributed to the subject area 

of General & Internal Medicine. The remaining subject areas are also connected to either 

smoking or pregnancy to a variable extent. Toxicology (3.4 %), Substance Abuse (2.9 %), 

Psychiatry (2.9 %) and Neurosciences & Neurology (2.5 %) are predominantly related to 

smoking, while Reproductive Biology (3.4 %) and Endocrinology Metabolism (2.5 %) focus 

more on pregnancy. The involved subject areas can be strongly connected to either of the 

main termini smoking or pregnancy; amongst those key termini the number of affiliated 

contributions is approximately evenly distributed. 
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4.2.13 Comparison of scientific journals  

A total of 6,529 journals and their respective publication output, citation rates and citation 

indices are analyzed. Amongst the 15 most important journals the first of the two main 

termini of the title smoking and pregnancy is represented by 6 gynecological & obstetrical 

journals, while the second terminus is represented by 3 epidemiological journals and 2 

public health journals (Chapter 4.2.12). The subject area of Pediatrics is represented quite 

strongly by 3 journals, whereas 1 journal can be linked to the subject area of Reproductive 

Medicine. The most significant scientific journals within the field of smoking and pregnancy 

are the two US journals American Journal of Obstetrics & Gynecology and American 

Journal of Epidemiology which contribute the highest number of 284 and 274 publications, 

respectively (Chapter 3.6.1). The American Journal of Epidemiology is a journal for 

empirical research findings and enjoys with 9,928 citations the highest citation rate of the 

journals analyzed in this dissertation [243]. It achieves a high average citation rate of 

36.23. The American Journal of Obstetrics & Gynecology is nicknamed the Gray Journal 

and achieves 9,166 citations and a citation rate of 32.27 [244]. The 3rd and 4th most 

productive journals are two gynecological & obstetrical journals, the Obstetrics and 

Gynecology (230 publications) and Acta Obstetricia et Gynecologica Scandinavica (201 

publications). The US journal Obstetrics and Gynecology is also known as the Green 

Journal. As the official publication of the American College of Obstetricians and Gyneco-

logists it has been published since 1953 and enjoys an average citation index of 37.01 

[245]. The Acta Obstetricia et Gynecologica Scandinavica is the leading non-US journal in 

the field of smoking and pregnancy and is a combined team production of Denmark, 

Finland, Iceland, Norway and Sweden. However, it accomplishes only an average citation 

index of 15.54 [246]. The 5th most productive journal and the most productive pediatric 

journal about smoking and pregnancy is the US Journal of Pediatrics which is published 

monthly since 1932 [247]. It achieves 180 publications and the second highest citation 

index of 41.48 with 7,466 citations.  

These journals obtain a high standard of quality and attain a large number of readers from 

different scientific backgrounds. This multitude of dissimilar scientists serves as the basis 

for their high number of citations [243-247]. 

 

4.2.14 Cooperation 

The scientific cooperation on smoking and pregnancy between 1935 and 

December 5, 2012 is divided into two distinct phases (Chapter 3.7.2). In the first phase 

from 1935 to 1990 / 1991 the number of international scientific publications stagnates on a 
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low level. After 1990 / 1991 a rapid increase in cooperation between different scientists, 

institutions and countries follows. Examination of the average number of authors per 

publication begins at the end of the first phase in the year 1986. A general growth of the 

mean number of participating scientists is observed over the investigated time span of 

almost 26 years. The fluctuation is significant, but until the end of the examination period 

the average number of scientists more than doubles from 2.74 to 5.75 (Fig. 36). This 

phenomenon reflects historical and geo-political events in the recent past (Chapter 4.2.1). 

The invention and rapid success of the internet and the World Wide Web is a major factor 

in international cooperation, as it eases communication across different countries and 

continents. Being limited to the USA at first, the internet starts to facilitate a vast increase 

in communication and cooperation between scientists and specialists and the amplification 

of the average number of authors positively correlates with the augmentation in electronic 

communication [227, 228]. The end of the cold war and the lifting of travel restrictions 

further increases international cooperation. Modern medicine becomes more and more 

interdisciplinary and interconnected which helps the investigation of a multidisciplinary 

topic like smoking and pregnancy. Another important factor is the continuing increase in 

scientific quality which demands more international cooperation of leading scientific 

nations [248, 249]. This tendency also manifests itself in the fact that increasingly more 

complex, expensive and more resource intensive studies are carried out which need more 

simultaneously working and supervising scientists. The ever rising degree of globalization 

and international cooperation additionally enhances the average number of scientists per 

publication. For these reasons a further increase in the mean number of scientists per 

publication can be predicted for the future. 

Amongst the 1,540 publications involving international cooperation 1,240 publications 

(80.5 %) are the result of bilateral cooperation. The highest amount of cooperation on 

smoking and pregnancy is achieved by the USA with its partners Canada and the UK 

(Chapter 3.7.4). The distribution shares are explained by the fact that these nations display 

a scientific dominance within the field of smoking and pregnancy (Chapter 3.2, 

Chapter 4.2.8). An additional factor favoring the cooperation between these countries 

might be the fact that English is widely spoken in the USA, the UK and Canada and 

language barriers do not exist. Publications involving more than two countries are 

relatively rare, only 196 publications involve three partners (12.7 %) and the cooperation of 

more than three nations (6.8 %) is exceptional (Chapter 3.7.3). 
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The analysis of author cooperation reveals that the majority of cooperation is done on a 

national level in small groups or in pairs. Mostly the cooperating scientists also work in the 

same institution. The highest amount of cooperation is achieved by three Dutch scientists 

from the Erasmus Medical Center. Vincent W. V. Jaddoe and Albert Hofman working in the 

Department of Epidemiology produce 49 publications in cooperation and achieve 

620 citations. Eric Steegers, a professor in Obstetrics and Prenatal Medicine working in 

the same institution, achieves 41 publications (596 citations) in cooperation with V. Jaddoe 

and 43 publications (603 citations) in cooperation with A. Hofman. Other scientists in this 

group are Stijn Verhulst (26 publications), Johan P. Mackenbach (25 publications), 

Henriette Moll (20 publications), Henning Tiemeier (18 publications) and Hein Raat 

(18 publications). However, as these publication and citation numbers are very close to 

one another and as A. Hofman is the scientist with the highest surveyed co-authorship of 

55 out of 56 publications the informative value of the individual input within this 

cooperation remains indistinguishable (Chapter 4.2.10).  

The second most productive group consists of Jake M. Najman, Gail M. Williams, 

Michael J. O'Callaghan and William Bor from the University of Queensland, Australia. 

Together they achieve a scientific output of 23 to 31 publications, which are cited between 

532 and 751 times. Similarly to the Dutch team it is difficult to assess the input of each 

individual within the scientific group. As J. Najman is the expert with the highest number of 

4 first-authorships and 14 senior-authorships he is most likely to be in the leading position. 

This assumption is further supported by the fact that he cooperates in 16 cases with Rosa 

Alati, a 5th scientist from this institution. The third most productive group performs research 

at the University of Pittsburgh, USA and consists of Nancy L. Day, Gale A. Richardson, 

Lidush Goldschmidt and Marie Cornelius. N. Day and G. Richardson achieve 23 publi-

cations and the highest number of citations (1,120) among the investigated cooperating 

authors. Considering the fact that N. Day is first-author of 7 works and senior-author of 

further 8 publications she has to be regarded as the core member of the team. The 

remaining three scientists are involved in approximately 12 publications with roughly 550 

citations. Once more, the close proximity of the numbers suggests a simultaneous 

involvement as co-authors. This leads to the above mentioned uncertainty of the individual 

contribution. The largest amount of international cooperation is achieved by 

Frederica P. Perera from the Columbia University in New York, USA and Wieslaw 

Jedrychowski from the Jagiellonian University in Krakow, Poland. Their teamwork results in 

20 publications about smoking and pregnancy and together they achieve 457 citations. 

Both are active participants of the Mother and Child Study in Krakow, studying the 
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developmental and respiratory effects as well as the potential cancer risk from air 

pollutants in a group of 400 pregnant women and their children [250-254]. Cooperation of 

institutions generally takes place on a national level. The highest number of cooperation 

publications is accomplished by two Danish universities, the University of Copenhagen 

and the Aarhus University with 44 publications and 960 citations, followed by the team 

effort of the US Harvard University and the Boston University with 37 scientific works and 

1,401 citations. The third most fruitful cooperation is accomplished by two Swedish 

institutions, the Uppsala University and the Karolinska Institute resulting in 32 publications 

and 1,360 citations. The cooperation of the two traditional and respected British 

universities, the University London and the University Bristol, results in the highest number 

of citations (1,442). All of the above mentioned national cooperation is achieved by 

institutions situated in relative close physical proximity within one another. From a global 

perspective the distances vary slightly from 5.3 km (Harvard University and Boston 

University) to 192 km (University London and University Bristol), but it is surprising that in 

a modern globalized and interconnected world scientists obviously still prefer to cooperate 

with a team located physically within driving distance [255]. The most successful 

international and intercontinental cooperation is achieved by the Columbia University, 

New York, USA and the Jagiellonian University from Krakow, Poland with 22 publications 

and 392 citations. This is explained by the flourishing cooperation of Frederica P. Perera 

and Wieslaw Jedrychowski (see above). 

In concordance with the two main communities of subject areas described in 

Chapter 4.2.12, the highest amount of combination exists in between those two groups 

amongst associated subject areas. The largest combined publication power of 397 

scientific works (11.1 %) is held by the related subject areas of Obstetrics & Gynecology 

and Pediatrics. The second most successful combination is accomplished by the 

interconnected areas of Obstetrics & Gynecology and Reproductive Biology with 366 

publications (10.2 %). The combination of the two similar areas Public, Environmental & 

Occupational Health and Environmental Sciences & Ecology results in 166 publications 

(4.6 %), followed by the combination of Psychology and Substance Abuse with 100 

scientific works (2.8 %). This tendency continues, as the combination of the related subject 

areas of Immunology and Allergy results in 96 publications (2.7 %) and the combination of 

Toxicology with Developmental Biology leads to 95 publications (2.7 %). The largest part of 

the combination occurs between related and similar subject areas; however, the allocation 

of subject areas within the WoS cannot be fully reconstructed and multiple assignments of 

subject areas are likely to distort the obtained results to some degree. 
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The gender cooperation analysis reveals a total of 54 cooperating scientists with more 

than 15 cooperation publications (Chapter 3.7.7). Amongst these 22 are female (40.7 %) 

and 32 are male (59.3 %). Out of these pairs 14.8 % are entire female cooperation efforts, 

resulting in 13.0 % of the publications and 19.4 % of the citations. Exclusively male 

teamwork accounts for 48.1 % and achieves 52.2 % of the scientific works and 44.3 % of 

the citations. Mixed cooperation makes up 37.0 % and results in 34.8 % of publications 

and 36.3 % of citations. Although female scientists account for more than 40 % of the 

cooperation partners, less than 15 % of the cooperation efforts are entirely female 

teamwork. These female cooperation efforts are less productive, with 17.9 publications, 

than mixed and male joint efforts with 19.0 and 22.0 publications, respectively. The 

question whether female specialists tend to prefer to cooperate with male partners or 

rather work with scientifically experienced authors with high reputations who happen to be 

mostly male cannot be fully answered (Chapter 4.2.10). One argument against the former 

theory is the fact that female cooperation efforts achieve significantly higher citation rates 

(562 citations) than male teamwork (395 citations). The cooperation of the female 

researchers N. Day and G. Richardson results in the highest number of citations (1,120). 

In conclusion, the amount of cooperation is believed to improve greatly, as the geographic 

distances are increasingly less important due to the rising significance of worldwide 

electronic communication (see above). More people will be concerned with the health 

benefits of a smoke free environment and more potential cooperation partners will exist 

[5, 210].  

In the future medicine and scientific research will become increasingly specialized while 

the quality of scientific work in a global community will increase further. As a result 

research will become even more expensive, requiring more international communication 

and cooperation. The combination of these facts leads to a prognosis of an increase in 

international communication about smoking and pregnancy in the future [256, 257]. 
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5 Summary 

Smoking tobacco throughout pregnancy is one of the single most important avoidable 

causes of adverse pregnancy outcomes. If compared with other risk factors in the perinatal 

period, exposure to tobacco smoke is considered to be amongst the most harmful. It is 

associated with high rates of long and short term morbidity and mortality for mother and 

child. Despite this importance until now a scientometric analysis about the development 

and the state of scientific knowledge about smoking and pregnancy has not been 

published. In order to close this gap this work was conceived. In this dissertation 

quantitative and qualitative data on this topic was analyzed using a variety of objective 

scientometric methods like the number of scientific contributions, the number of citations 

and the modified Hirsch-index (H-index). A collective volume of 10,043 entries covering a 

time period from 1900 to December 5, 2012 was obtained from the Web of Science (WoS) 

data base. Publishing activities of authors, institutions and countries, their cooperation, 

reception within the international scientific community and its reactions were interpreted 

and illustrated.  

The analysis of publications reveals an overall increase in scientific productivity. Over a 

time period of 60 years the scientific development remains stable, but sharply increases at 

the beginning of the 1990s with the inclusion of Abstracts into the WoS and continues to 

increase in the present time. A similar development is seen with the annual citation rates. A 

predominantly continuous growth of the mean bibliography is observed from 15.6 sources 

in 1985 to 41.8 sources up to the present. Despite high fluctuation the overall average 

number of authors per publication increases by 109.9 % from 2.74 in the year 1986 to 5.75 

in 2012. The most important language of publication is English (95.8 %). Scientific 

information is predominantly provided as Articles (83.2 %), followed by Reviews (5.3 %) 

and Proceeding Papers (4.2 %). Most scientific works are published in the USA (35.5 %), 

succeeded by the UK (9.9 %) and Canada (5.3 %). These nations also achieve the highest 

modified H-indices of 128, 79 and 62 and the highest citation rates of 41.4 %, 8.6 % and 

5.3 %, respectively. The scientific leadership of these countries is seen in their 

international cooperation as well. The most important scientists with the highest modified 

H-indices of 32 each are Sven Cnattingius from the Karolinska Institute, Sweden 

and Jorn Olsen from the University of Southern Denmark. J. Olsen achieves 106 

publications and 3,164 citations while S. Cnattingius accomplishes 73 publications and 

3,321 citations. S. Cnattingius achieves the highest absolute number of first-authorships 

with 18 publications (24.6 %), while Gary M. Shaw from the Stanford University, USA 
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accomplishes the highest relative first-authorships (33.3 %). Kypros H. Nicolaides from the 

King's College, UK accomplishes the highest absolute and relative number of senior-

authorships with 49 scientific works (98 %). A total of 55.1 % of scientists are female. They 

achieve 49.7 % of publications, which account for 42.8 % of the citations. Male scientists 

constitute 44.9 % and arrive at 50.3 % of the publications and 57.2 % of the citations. The 

highest percentage of female experts about smoking and pregnancy is found in Australasia 

(60.7 %), while the lowest percentage of female scientists is positioned in Asia, where 

female authors account for only 41.9 %. The highest number of research institutions is 

found in the USA (1,479), followed by the UK with 341 institutions and France with 326 

institutions. The most productive scientific institutions are the Harvard University in Boston, 

USA with 352 publications and the University of London, UK with 351 publications. They 

also achieve the highest citation rates of 12,844 and 11,755 citations, respectively. The two 

termini smoking and pregnancy are almost evenly represented by two core subject areas 

Obstetrics & Gynecology (17.5 % of publications) and Public, Environmental & Occupatio-

nal Health (16.2 % of publications). The greater part of the scientific works is made public 

by the journals American Journal of Obstetrics & Gynecology (284 works) as well as by the 

American Journal of Epidemiology (274 works). They also achieve the highest citation 

rates of 9,166 and 9,928 citations, in that order. Most cooperative work is the result of 

team work within the same institution around one core scientist. International collaboration 

generally involves only two nations. The exclusively female cooperation (14.8 %) results in 

13.0 % of the publications and 19.4 % of the citations, while the male cooperation (48.1 %) 

produces 52.2 % of the scientific works and 44.3 % of the citations. The mixed team efforts 

(37.0 %) result in 34.8 % of the publications and 36.3 % of the citations. The continuous 

increase in quality and quantity of scientific research about smoking and pregnancy is a 

reliable indicator for the increasing dynamics of this subject, proving the growing 

development of research and a higher public interest.  

This scientometric analysis presents an interim assessment of the scientific development 

and provides a contribution to the ongoing mission to understand, prevent and fight 

smoking and pregnancy. 
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6 Zusammenfassung 

Das Rauchen von Zigaretten während der Schwangerschaft ist eine der wichtigsten 

vermeidbaren Ursachen von Schwangerschaftskomplikationen. Verglichen mit anderen 

Risikofaktoren in der Perinatalperiode wird die Exposition von Tabakrauch als einer der 

schädlichsten angesehen, welcher mit hoher kurz- und langfristiger Morbidität und 

Mortalität für Mutter und Kind verbunden ist. Trotz dieser Bedeutung wurde eine sziento-

metrische Analyse über die Entwicklung und den Stand der wissenschaftlichen Erkennt-

nisse über das Rauchen während der Schwangerschaft bisher noch nicht veröffentlicht. 

Um diese Lücke zu schließen, wurde diese Arbeit konzipiert. Dabei wurden quantitative 

und qualitative Daten zu diesem Thema mit objektiven szientometrischen Methoden wie 

der Anzahl der wissenschaftlichen Beiträge, der Anzahl der Zitierungen und dem modi-

fizierten Hirsch-Index (H-Index) ausgewertet. Aus der Web of Science (WoS) Datenbank 

wurden 10.043 Datensätze erfasst, die einen Zeitraum von 1900 bis zum 5. Dezember 

2012 umschließen. Die wissenschaftlichen Aktivitäten von Autoren, Institutionen und 

Ländern sowie deren Zusammenarbeit als auch deren Rezeption innerhalb der inter-

nationalen wissenschaftlichen Gemeinschaft wurden interpretiert und illustriert.  

Zusammenfassend ergibt die Analyse folgende Ergebnisse: die Auswertung der 

Publikationen zeigt insgesamt eine Steigerung der wissenschaftlichen Produktivität. Über 

einen Zeitraum von 60 Jahren bleibt die wissenschaftliche Entwicklung stabil, steigt jedoch 

zu Beginn der 1990er mit der obligatorischen Einführung des Abstracts in die Suche des 

WoS deutlichen an. Eine ähnliche Entwicklung manifestiert sich bei der durchschnittlichen 

Zitationsrate. Das durchschnittliche Literaturverzeichnis wächst kontinuierlich von 15,6 

Quellen im Jahr 1985 bis auf 41,8 Quellen in der heutigen Zeit. Trotz einer hohen 

Fluktuationsrate erhöht sich der Gesamtdurchschnitt der Autoren pro Publikation von 2,74 

im Jahr 1986 auf 5,75 im Jahr 2012 um 109,9 %. Die wichtigste Veröffentlichungssprache 

ist Englisch (95,8 %). Wissenschaftliche Informationen werden überwiegend als Articles 

(83,2 %) veröffentlicht, gefolgt von Reviews (5,3 %) und Proceeding Papers (4,2 %). Die 

meisten wissenschaftlichen Arbeiten stammen aus den USA (35,5 %), gefolgt von Groß-

britannien (9,9 %) und Kanada (5,3 %). Diese Nationen erreichen auch die höchsten 

modifizierten H-Indizes von 128, 79 und 62 und die höchsten Zitationsraten mit 41,4 %, 

sowie 8,6 % und 5,3 %. Die wissenschaftliche Dominanz dieser Länder offenbart sich 

ebenfalls in deren Zusammenarbeit. Die wichtigsten Wissenschaftler mit den höchsten 

modifizierten H-Indizes von jeweils 32 sind Sven Cnattingius des Karolinska Instituts, 

Schweden und Jorn Olsen der Süddänischen Universität. J. Olsen erreicht 106 Publi-
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kationen und 3.164 Zitierungen, während S. Cnattingius 73 Publikationen und 3.321 

Zitierungen erzielt. S. Cnattingius erreicht auch die höchste absolute Zahl der Erst-

autorenschaften mit 18 Publikationen (24,6 %), während Gary M. Shaw der Stanford 

Universität, USA die höchsten relativen Erstautorenschaften (33,3 %) erzielt. Mit 49 

wissenschaftlichen Arbeiten (98,0 %) erreicht Kypros H. Nicolaides (King's College, GB) 

die höchste absolute und relative Anzahl von Letztautorenschaften. Die Analyse der 

Geschlechter ergibt einen Anteil von 55,1 % an weiblichen Wissenschaftlerinnen. Diese 

realisieren 49,7 % der Publikationen und vereinen 42,8 % der Zitierungen auf sich. 

Männliche Wissenschaftler stellen 44,9 % und erreichen 50,3 % der Publikationen und 

57,2 % der Zitierungen. Der höchste Anteil der weiblichen Experten ist auf dem Kontinent 

Australien / Ozeanien zu finden (60,7 %), der niedrigste Prozentsatz von Wissenschaftler-

innen in Asien (41,9 %). Die höchste Zahl von Forschungseinrichtungen befindet sich den 

USA (1.479), gefolgt von Großbritannien mit 341 Institutionen und Frankreich mit 326 

Institutionen. Als produktivste wissenschaftliche Institutionen stellen sich die Harvard 

University in Boston, USA mit 352 Publikationen und die University of London, Groß-

britannien mit 351 Publikationen heraus. Diese erzielen auch die höchsten Zitationsraten 

von 12.844 und 11.755 Zitierungen. Die beiden Termini smoking und pregnancy sind fast 

gleichmäßig durch die beiden Kernfächer Obstetrics & Gynecology mit 17,5 % der 

Publikationen und Public, Environmental & Occupational Health mit 16,2 % der Publikatio-

nen vertreten. Die wichtigsten wissenschaftliche Fachzeitschriften sind das American 

Journal of Obstetrics & Gynecology (284 Publikationen, 9.166 Zitierungen) und das 

American Journal of Epidemiology (274 Publikationen, 9.928 Zitierungen). Die meisten 

Kooperationspublikationen sind das Ergebnis von Teamarbeit innerhalb der gleichen Insti-

tution um einen Kernwissenschaftler. An der internationalen Zusammenarbeit sind im 

Allgemeinen nur zwei Nationen beteiligt. Die exklusiv weibliche Kooperationen (14,8 %) 

resultieren in 13,0 % der Publikationen und 19,4 % der Zitierungen, die männlichen 

Zusammenarbeiten (48,1 %) ergeben 52,2 % der Arbeiten und 44,3 % der Zitierungen. Die 

gemischte Teamarbeiten (37,0 %) resultieren in 34,8 % der Publikationen und 36,3 % der 

Zitierungen. Die kontinuierliche Steigerung der Qualität und Quantität der wissenschaft-

lichen Forschung über das Rauchen in der Schwangerschaft ist ein zuverlässiger Indikator 

für die zunehmende Dynamik dieses Themas. Dies beweisen auch die wachsende 

Entwicklung der Forschung und ein deutlich gestiegenes öffentliches Interesse. 

Diese szientometrische Analyse liefert eine Zwischenbilanz der wissenschaftlichen 

Entwicklung und leistet einen Beitrag zum Verständnis, zur Prävention und zur 

Eliminierung des Rauchens in der Schwangerschaft. 
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