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Abstract: The aim of this study is to investigate whether in addition to established early risk factors 

other, less studied pre-, peri-, and postnatal influences, like gestational hypertension or neonatal 

respiratory disorders and infections, may increase a child's risk of developing attention-

deficit/hyperactivity disorders (ADHD). In the IDEFICS study more than 18.000 children, aged 2 to 

11.9 years, underwent extensive medical examinations supplemented by parental questionnaires on 

pregnancy and early childhood. The present analyses are restricted to children whose parents also 

completed a supplementary medical questionnaire (n=15,577), including the question whether or 

not the child was ever diagnosed with ADHD. Multilevel multivariable logistic regression was used to 

assess the association between early life influences and the risk of ADHD. Our study confirms the 

well-known association between maternal smoking during pregnancy and a child's risk of ADHD. In 

addition, our study showed that children born to mothers younger than 20 years old were 3-4 times 

more likely to develop ADHD as compared to children born to mothers aged 25 years and older. 

Moreover, we found that children whose mothers suffered from pregnancy induced hypertension 

had an approximately twofold risk of ADHD (OR 1.95; 95% CI 1.09-3.48). This also holds true for 

infections during the first four weeks after birth (OR 2.06; 95% CI 1.05-4.04). In addition, although 

not statistically significant, we observed a noticable elevated risk estimate for neonatal respiratory 

disorders (OR 1.76; 95% CI 0.91-3.41). Hence, we recommend that these less often studied pre-, peri, 

and postnatal influences should get more attention when considering early indicators or predictors 

for ADHD in children. However, special study designs such as genetically sensitive designs may be 

needed to derive causal conclusions. 

 

Keywords: Attention-deficit/hyperactivity disorders, European children cohort, gestational 

hypertension, maternal age, neonatal respiratory disorders, smoking 
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Introduction 

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental condition with several 

behavioral symptoms, including inattention, restlessness, impulsive behavior, and impaired 

concentration, which can lead to severe academic and social problems for the affected individual, as 

well as an increased social and economic burden for their families and the society as a whole [1, 2]. 

ADHD occurs in about three to five percent of the population worldwide [3] with a slightly higher 

prevalence in children and adolescents (5.3%) as compared to adults (4.4%) [4]. A single, specific 

cause of ADHD has not been found yet. However, heritability seems to be considered as the 

strongest factor in the development of ADHD and it has been estimated that genetic factors are 

responsible for approximately three-quarters of the variability in ADHD [5].  

Several studies found that living conditions of children, e.g. permanent stress, inconsistent 

education, a poor living environment, or broken family relationships are associated with ADHD 

and/or aggravate the behavioral problems [6]. But it seems questionable whether they are 

independent primary underlying causes of the disease - rather they might be the result of the child’s 

disorder [7]. Several environmental factors also may increase the risk of developing ADHD. Some 

studies reported an association between childhood exposure to certain food additives or lead 

contamination with an increased risk and symptoms of ADHD, others suggested that cigarette and 

alcohol exposure during pregnancy may also play a role in the etiology of ADHD [8-17] whereas it is 

increasingly discussed whether such associations are the direct effect of tobacco or alcohol exposure 

in utero or the result of insufficient control for genetic and shared family environmental factors [18-

20]. Finally, several other causes such as preterm birth and/or low birthweight and also obstetric 

complications are suspected to increase the risk of ADHD [21-24]. Here as well, it is difficult to judge 

which of these (correlated) causes the main trigger is for ADHD – not at least since each of them 

“might reflect underlying foetal problems” [25]. The current study focusses on a specific set of pre-, 

perinatal and early life postnatal (e.g. neonatal) risk factors to pursue two objectives. First, we will 

examine the influence of established pre-, peri- and postnatal exposures, like smoking and/or alcohol 
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intake during pregnancy or low birthweight and/or premature delivery on the risk for ADHD. Second, 

we want to add further evidence regarding variables that have been examined in only few studies 

until now (primarily due to a lack of data) but are suspected to increase a child’s risk of ADHD. In 

particular our data enable us to investigate the potential influence of complications during 

pregnancy, e.g. gestational hypertension [24, 26], as well as the impact of health problems during the 

first four weeks after birth [27, 28].  

Methods  

Ethics Statement 

We certify that all applicable and governmental regulations concerning the ethical use of human 

volunteers were followed during this research (Helsinki Declaration). Ethical approval was obtained 

from the relevant local or national ethics committees by each of the eight study centers. Children 

and their parents were informed about all aspects of the study and parents gave their written 

informed consent prior inclusion in the study. Children and their parents could consent to single 

components of the study while abstaining from others. 

Study Population 

The European IDEFICS study (Identification and prevention of dietary- and lifestyle-induced health 

effects in children and infants) is a prospective multi-center cohort study that took place in eight 

European countries (Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain and Sweden) between 

2006 and 2012. The main focus of the study was to assess the health status of European children 

with special focus on overweight, obesity, and comorbid disorders. A more detailed description of 

the overall study design may be found in Ahrens et al. [29]. 

The initial study sample for this investigation includes in total 18,783 children, of whom 16,228 

children, aged 2 to 9.9 years, were recruited during the baseline survey (T0) between September 

2007 and May 2008, and additional 2,555 children, aged 2 to 11.9 years, were newly recruited during 
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the first follow-up survey (T1) two years later. All children completed the same survey protocol. The 

examination program included standard anthropometric measurements, the assessment of clinical 

parameters such as blood pressure, and the collection of urine, saliva, and blood. Additionally, a self-

administered questionnaire was filled by the parents to gather information, among others, on 

pregnancy, early childhood, and on sociodemographics (IDEFICS parental questionnaire). A second 

questionnaire on health-related and medical information was completed in course of the physical 

examination of the child (IDEFICS medical questionnaire). For filling this questionnaire, the help of 

medical personnel was offered directly at the survey sites. The present cross-sectional analyses are 

restricted to children whose parents also completed at least one medical questionnaire (n=15,577), 

either at T0 (80%) or T1 (69%). 

Outcome 

Children were considered as affected by ADHD if their parents (or caregivers) responded to the 

question “Has the child ever been diagnosed with any of the following diseases?” in the IDEFICS 

medical questionnaire by ticking the answer “Attention-deficit/hyperactivity disorder (ADHD)” in at 

least one of the two surveys. 

Exposures 

Information on pre-, peri- and postnatal factors was collected from the parental questionnaire, which 

was subdivided into several sections dealing with various aspects of the child’s development, 

lifestyle, and social environment. To assess pregnancy and early childhood we asked for prenatal 

exposures like mother’s age at child’s birth, her obstetric history regarding to following diagnoses 

during pregnancy: gestational hypertension (which is usually defined as having a blood pressure 

higher than 140/90 measured on two separate occasions, more than 6 hours apart), proteinuria, 

sugar in urine (glycosuria), and gestational diabetes, her consumption of alcoholic beverages during 

pregnancy (never, rarely (at maximum once a month), several occasions a week, daily), as well as her 

smoking behavior during pregnancy (never, rarely, almost daily). Further we asked for peri- and 
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postnatal factors like weight and height of the child at birth, potential health problems (respiratory 

adjustment disorders or infections) which might have occurred during the first four weeks after birth, 

the duration of breastfeeding (exclusive and in combination with other types of feeding), and, in case 

of preterm birth, the number of weeks the child was born before the estimated date of birth. Since 

some study centers could also provide additional child information from maternity cards or children’s 

routine check-ups, we were able to use this externally recorded information in cases where 

birthweight (n=223) and gestational age (n=196) were missing.  

Statistical Analysis 

The associations between pre-, peri-, and postnatal influences and ADHD were examined in two 

steps: In a first step, we used a ‘partially-adjusted’ multilevel logistic regression model for each 

separate independent variable to estimate sex- and age-adjusted odds ratios (OR) and 95% 

confidence intervals (95% CI) using the dichotomous outcome parent-reported diagnosis of ADHD as 

dependent variable and country as second-level random effect. Moreover, since several studies have 

shown that ADHD is more prevalent among socioeconomically disadvantaged groups [16, 21, 30], in 

this model we also accounted for socioeconomic status (SES) considering the highest ISCED-level of 

education (International Standard Classification of Education, UNESCO 2012) attained by father or 

mother as a proxy for SES in our analyses [31]. The educational level was classified as low, if the 

highest ISCED-level was between 0 and 2 (early childhood education, primary education, lower 

secondary education), as medium for ISCED-levels between 3 and 5 (upper secondary education, 

post-secondary non-tertiary education, short-cycle tertiary education), and as high for ISCED-levels 6 

to 8 (Bachelor's degree or equivalent, master's degree or equivalent, and doctoral degree or 

equivalent).  

For some exposure variables (e.g. complications during pregnancy and birth) it was mandatory that 

the questionnaire was completed by the biological mother. If this was not the case, the given 

information was treated as if it were missing. We introduced a separate category for missing values 
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without reporting risk estimates for this category. We prefer this approach since case-wise deletion 

(complete-case analysis) would have implied that all data for a child who has one or more missing 

values had to be removed, resulting in a reduced sample size, a loss of power, and therefore also a 

loss of precision of the estimates. 

In a second step, we constructed a fully adjusted model, simultaneously comprising all predictors and 

confounders in a final multivariable model. All models were estimated using the procedure GLIMMIX 

procedure in SAS 9.3 (SAS Institute, Cary, NC, USA). Please note that all tests were conducted at a 

significance level of α=0.05 without adjusting for multiple testing. This means that statistically 

significant results have to be interpreted with caution. We therefore report the respective p-values 

as additional exploratory measures.  

Results 

A total of 15,577 children from eight European countries were included in the analyses (age range: 2-

11.9 years, mean age: 6.2 years, SD: 1.9 years). Based on questionnaire information 192 (64 of them 

firstly reported at T0, and 128 reported at T1) out of 15.577 children (1.2%) were classified as 

affected by ADHD. While the ratio between the number of boys and girls without ADHD is nearly 1:1, 

we found that boys were three times more likely (OR 2.95; 95% CI 2.11-4.11, p<0.0001) to be 

diagnosed than girls (Table 1). The odds ratio for the continuous variable age (in years) was 1.32 (95% 

CI 1.21-1.45, p<0.0001). 

Table 1 

As might be expected from previous studies, the prevalence increased by age group (data not 

shown): 2-4 years (girls: 0.4%; boys: 0.5%), 4-6 years (girls: 0.4%; boys: 1.2%), 6-8 years (girls: 

0.8%; boys: 2.3%), 8-11.9 years: (girls: 0.7%, boys: 3.3%) and parents of children without ADHD 

tended to be higher educated. 
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With regard to prenatal influences (Table 2), our study did not show an association between 

maternal alcohol consumption during pregnancy and the child’s risk of being diagnosed with ADHD. 

However, the risk of ADHD was 1.8 times higher in children whose mothers smoked almost daily as 

compared to children whose mothers did not smoke during pregnancy. 

Table 2 

In addition to this well-established prenatal risk factor, we also observed that children whose 

mothers suffered from pregnancy induced hypertension had an approximately twofold risk of ADHD; 

whereas other pregnancy complications (proteinuria, sugar in urine, gestational diabetes, C-section) 

seem to play no role according to our data.  

Regarding perinatal and postnatal influences we found a very strong association between maternal 

age and the risk of being diagnosed with ADHD: Children born to mothers younger than 20 years old 

were 3-4 times more likely to develop ADHD as compared to children born to mothers aged 25 years 

and older (Table 3). Beyond this, it is also worth mentioning that we detected significantly elevated 

risk estimates for children with neonatal respiratory disorders and infections during the first four 

weeks after birth.  

Table 3 

In addition, our data suggest that preemies (children born three and more weeks preterm) are more 

susceptible to developing ADHD.  

To adequately account for all factors suggesting an elevated risk for ADHD, we carried out a 

simultaneous logistic regression including all predictors and confounders (covered by the present 

study) in one final multivariable model, i.e., alcohol consumption and smoking during pregnancy, 

young maternal age at birth, gestational hypertension, proteinuria, glycosuria, gestational diabetes, 

C-section, preterm birth, birthweight, breastfeeding, and neonatal respiratory disorders or infections 

during the first four weeks after birth, as well as sex, age, country, and SES.  
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Table 4 

As can be seen from Table 4, the risk estimates for maternal smoking during pregnancy, gestational 

hypertension and young maternal age (<20 years) only slightly decreased and remained statistically 

significant, whereas the risk estimates for preterm birth, low birthweight, neonatal respiratory 

problems and infections (though still significant) declined by up to 25% after full adjustment.  

Discussion 

Analyzing data from 15,577 children (2-11.9 years) from eight European countries, we estimated a 

prevalence of 1.2% for being diagnosed with ADHD. In comparison, the worldwide prevalence 

estimates for ADHD vary between 3% and 7% [32]. The overall prevalence in our study is somewhat 

below these estimates, but this can at least partly be explained by our very young study sample (45% 

of the children were 6 years or younger) and the fact that parental-reported information may 

underestimate the prevalence. Our data are consistent, however, with the well-known three-to-

fourfold male-to-female ratio in population-based studies [32-34], which is often explained by the 

fact that boys with ADHD have more externalizing symptoms, while girls with ADHD have fewer such 

impulsive/hyperactive and more inattentive symptoms (depression, anxiety, low self-esteem). Since 

the inattentive type of ADHD is harder to diagnose this might contribute to a gender bias and 

underdiagnoses of ADHD in girls [35]. 

Our study is also in line with several other epidemiological studies, suggesting that maternal smoking 

during pregnancy might raise children’s risk of developing ADHD [36-38]. Nevertheless, the final 

assessment of the risk potential of smoking during pregnancy is still a matter of debate. The designs 

of the studies vary greatly, the instruments and questionnaires differ among the surveys, age ranges 

of children involved show a large variability, and, not at least, there are differences in confounding 

factors considered in the analysis. In addition, it must be assumed that mothers who smoke during 

pregnancy are more likely to also have other unhealthy behaviors (e.g. poorer nutrition) that may 
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also have adverse effects on the fetus [39], but which have not been considered or controlled for in 

previous studies.  

However, in their recently published study [18], Palmer et al. were able to carefully consider a total 

of ten familial risk factors for maternal smoking during pregnancy by means of propensity score 

analysis. In fact, they found that controlling for familial confounding significantly attenuated the 

observed univariate effect of prenatal smoking on offspring externalizing problems, but some sub-

types of behavior (e.g. inattention, self-reported symptoms of DSM-IV conduct disorder) were still 

significantly increased, even when accounting for the effects of confounders by using a propensity 

score approach. Their findings thus suggest a direct association between maternal smoking during 

pregnancy and offspring externalizing problems. 

However, it is also important to note that there are also studies questioning that smoking may have a 

direct effect [40]. Likewise, Thapar et al. expressed their skepticism regarding a causal relationship 

between maternal smoking and ADHD.  By using in-vitro fertilization (IVF) techniques, the study was 

able to address genetic confounding and separate genetically-related and -unrelated mother-child 

pairs. The authors found found a significantly larger association between maternal smoking during 

pregnancy and ADHD symptoms in the related pairs as compared to the unrelated pairs, leading the 

authors to the conclusion that results from traditional observational studies could be misleading and 

might represent an inherited confound [41].  

Our results are consistent with some recently published studies, which reported that mothers of 

children with ADHD were significantly more likely to be younger [42, 43]. There may be several 

explanations for such an association: On the one hand, young mothers may be more impulsive or 

more stressed, which is perhaps transferred to their children. On the other hand, Chang et al. noted 

that teenage childbearing predicts offspring ADHD - but all offspring (particular also later-born 

siblings) born to mothers who began childbearing early were at increased risk of ADHD [44] . From 

our point of view, it seems most likely that children of young mothers (parents) may also be exposed 
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to a larger number of social and economic disadvantages (risk factors) [45, 46] which are also 

independently associated with poor outcomes for offspring, including anti-social behavior and ADHD 

[25, 30, 47, 48]. This association may get even stronger by shared genetic factors that trigger both 

teenage childbirth and the offspring behavior[48]. 

With respect to mothers’ obstetric history, we found that children, whose mothers were diagnosed 

with gestational hypertension, were twice as likely as their peers to develop ADHD. There are only 

very few other studies that reported such a relationship, which might be due to the fact that most 

studies lack necessary data to investigate this association. According to our knowledge, Mann and 

Dermott [24] were among the first to provide an indication that gestational hypertension could be a 

risk factor. Likewise, a recently published record-linkage case-control study indicates such an 

association [43]. Already in 2010, Pasker-de Jong et al [26] suggested that medication used in the 

treatment of mild-to-moderate hypertension (labetalol and methyldopa) may influence the 

functional development in children of primary school age. These results, however, should be 

interpreted with caution since a pregnancy induced hypertension can lead to serious complications 

(cardiovascular diseases, stroke, diabetes) if left untreated. In our study, we did not collect 

information about whether maternal gestational hypertension was treated with drugs, so we were 

not able to analyze the effect of antihypertensive medication.  However, since it generally appears to 

be difficult to distinguish the effects due to medication from those due to hypertension by means of 

retrospective or cross-sectional studies and since the mechanisms behind this association are still not 

fully understood, perhaps more well-designed (ethically justifiable) prospective studies are needed to 

evaluate the effects of different therapies and treatments whilst simultaneously considering the 

severity of gestational hypertension.    

Our data also suggest that preemies tend to be more susceptible to develop ADHD. However, since 

preterm birth might reflect underlying fetal problems, it is still not clear whether preterm birth may 

be considered to have a causal effect on ADHD [25]. Therefore, and since gestational hypertension is 

also known as a risk factor for preterm birth [49, 50], it might be reasonable to hypothesize, that 
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gestational hypertension is a trigger for ADHD and preterm birth, which would imply that at least 

part of the ADHD risk often attributed to preterm birth may be explained by its correlation with 

gestational hypertension. To check this assumption, we analyzed the association between maternal 

gestational hypertension and the most obvious influence factors for ADHD identified in our study.  

Figure 1 

Figure 1 shows differences in prevalence between mothers with/without gestational hypertension 

and indicates a strong and significant difference (p<0.0001) regarding preterm birth (3 weeks or 

more prior to the calculated date of birth). No differences were found for smoking behavior and 

mother’s age at birth, whereas children with a mother’s diagnosis of gestational hypertension 

suffered slightly more often from neonatal respiratory disorders (p=0.004) and infections (p=0.04) 

during the first four weeks after birth. To adequately account for all these influences and 

associations, we used a fully adjusted model, simultaneously comprising all predictors and 

confounders in a final multivariable logistic regression model. 

Here it became evident that the statistically significant odds ratios (derived from the partially 

adjusted model) for preterm birth, neonatal respiratory problems, and infections partly declined 

considerably, suggesting that at least parts of the risks attributed to these factors may be explained 

by relationships to other, often unrecognized influences. However, due to sparse data (few events) 

we are not able to disentangle direct and indirect effects of exposures (mediation effects).  

Nonetheless, in the results derived from the simultaneously adjusted regression still show an 

elevated but not statistically significant risk estimate for neonatal respiratory disorders (OR 1.76; 95% 

CI 0.91-3.41) and a statistically significant approximately twofold increase in risk for infections during 

the first four weeks after birth. To the best of our knowledge there are only few studies that reported 

and confirmed such associations. For instance, Pringsheim et al. [27] found that children with 

Tourette syndrome and ADHD had a greater odds of newborn breathing problems as compared to 

children with Tourette syndrome without ADHD and Rand et al. [28] showed that children with 
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confirmed infection had an increased risk for ADHD. Not at least, Silva et al. [51] demonstrated in 

their large population-based record-linkage study that early respiratory disorders and all infection-

related hospitalizations were significantly more common among children who were subsequently 

diagnosed with and treated for ADHD. Until today, not much is known about the underlying 

mechanism behind these associations. A simplified explanation may be based on the existing 

knowledge about the relationship between anomalous white-matter development and ADHD, 

demonstrated in a diffusion tensor imaging study in children with ADHD [52]. Together with the 

results derived by Inder et al. [53], who identified in an unselected population of premature infants 

(n=100) that the major perinatal risk factors for white-matter abnormality are related to perinatal 

infection, this could be the bridge which might explain the elevated risk for infections during the first 

four weeks after birth and ADHD in our study. 

Finally, our results are consistent with findings from Chau et al., who analyzed the microstructural 

and metabolic brain development in a prospective cohort of 117 premature newborns [54]. Chau et 

al. found that newborns who were exposed to postnatal infection were more likely to need 

respiratory support and were also neurologically more impaired. This underlines the relevance of 

postnatal infections as risk factor for altered brain development, but also underlines the preventable 

nature of these neurological impairments. 

A major strength of the current study is the large sample size of the IDEFICS cohort with participants 

from eight different European countries. All field measurements of the IDEFICS study were highly 

standardized, following detailed standard operating procedures. Despite the large sample size, we 

did not present sex-specific analyses, since only 48 girls suffered from ADHD. However, we see more 

pronounced effects for girls, which are -due to the small sample size- less reliable, i.e. confidence 

intervals are rather large. Moreover, since we had no information regarding parental mental health, 

we were not able to consider the effect of family history of ADHD in our analyses. The outcome 

variables as well as the influencing factors in our investigation are based on parents’ or caregivers’ 

reported questionnaire information. Therefore, on the one hand, it was not possible to distinguish 
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different subtypes of ADHD and, on the other hand, this might increase the risk of confounding by 

recall bias and social desirability bias. This is mainly true for variables like drinking behavior and 

cigarette consumption, because social desirability is likely to affect parental answers and to 

attenuate risk estimates. However, the majority of comparable studies had to rely on self-reported 

information regarding smoking during pregnancy [39]. Nevertheless, since several studies showed a 

high reliability and stability of reporting about events during pregnancy [55, 56] especially with 

regard to smoking [57, 58] there might be only minor concern about the validity of our study results. 

In conclusion, our results confirm several earlier studies suggesting that smoking during pregnancy 

and a maternal age below 20 years increase a child’s risk of developing ADHD. In addition, our 

findings yield further evidence supporting some recently identified, less studied risk factors for 

attention-deficit/hyperactivity disorder in children, namely pregnancy induced hypertension as well 

as neonatal respiratory disorders and infections during the first four weeks after birth. Hence, we 

recommend that these early exposures should get more attention when considering indicators or 

predictors for ADHD in children. 

 

Acknowledgements 

This work was done as part of the IDEFICS study (http://www.idefics.eu). We gratefully acknowledge 

the financial support of the European Community within the Sixth RTD Framework Programme 

Contract No. 016181 (FOOD) and the grant support from EU for IDEFICS study. We thank the children 

and their parents for their participation in the IDEFICS study. Finally, we would also like to thank the 

anonymous reviewers for their helpful comments and suggestions, which we have addressed in the 

revised manuscript. 

 

Conflict of interest 

On behalf of all authors, the corresponding author states that there is no conflict of interest. 



15 
 

References 

1. Harpin VA (2005) The effect of ADHD on the life of an individual, their family, and community 
from preschool to adult life. Archives of Disease in Childhood 90 Suppl 1:i2-7 

2. Matza LS, Paramore C, Prasad M (2005) A review of the economic burden of ADHD. Cost 
Effectiveness and Resource Allocation 3:5 

3. Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA (2007) The worldwide prevalence 
of ADHD: a systematic review and metaregression analysis. American Journal of Psychiatry 
164:942-948 

4. Polanczyk G, Rohde LA (2007) Epidemiology of attention-deficit/hyperactivity disorder across 
the lifespan. Current Opinion in Psychiatry 20:386-392 

5. Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren MA, Sklar P (2005) 
Molecular genetics of attention-deficit/hyperactivity disorder. Biological Psychiatry 57:1313-
1323 

6. Scahill L, Schwab-Stone M, Merikangas KR, Leckman JF, Zhang H, Kasl S (1999) Psychosocial 
and clinical correlates of ADHD in a community sample of school-age children. Journal of the 
American Academy of Child and Adolescent Psychiatry 38:976-984 

7. Edwards MC, Schulz EG, Long N (1995) The role of the family in the assessment of attention 
deficit hyperactivity disorder. Clinical Psychology Review 15:375-394 

8. Banerjee TD, Middleton F, Faraone SV (2007) Environmental risk factors for attention-deficit 
hyperactivity disorder. Acta Paediatrica 96:1269-1274 

9. Langley K, Holmans PA, van den Bree MB, Thapar A (2007) Effects of low birth weight, 
maternal smoking in pregnancy and social class on the phenotypic manifestation of Attention 
Deficit Hyperactivity Disorder and associated antisocial behaviour: investigation in a clinical 
sample. BMC Psychiatry 7:26 

10. Obel C, Linnet KM, Henriksen TB, Rodriguez A, Jarvelin MR, Kotimaa A, Moilanen I, Ebeling H, 
Bilenberg N, Taanila A, Ye G, Olsen J (2009) Smoking during pregnancy and hyperactivity-
inattention in the offspring--comparing results from three Nordic cohorts. International 
Journal of Epidemiology 38:698-705 

11. Zhu JL, Olsen J, Liew Z, Li J, Niclasen J, Obel C (2014) Parental smoking during pregnancy and 
ADHD in children: the Danish national birth cohort. Pediatrics 134:e382-388 

12. Biederman J, Martelon M, Woodworth KY, Spencer TJ, Faraone SV (2014) Is Maternal 
Smoking During Pregnancy a Risk Factor for Cigarette Smoking in Offspring? A Longitudinal 
Controlled Study of ADHD Children Grown Up. Journal of Attention Disorders DOI: 
10.1177/1087054714557357 

13. Han JY, Kwon HJ, Ha M, Paik KC, Lim MH, Gyu Lee S, Yoo SJ, Kim EJ (2015) The effects of 
prenatal exposure to alcohol and environmental tobacco smoke on risk for ADHD: a large 
population-based study. Psychiatry Research 225:164-168 

14. Sagiv SK, Epstein JN, Bellinger DC, Korrick SA (2013) Pre- and postnatal risk factors for ADHD 
in a nonclinical pediatric population. Journal of Attention Disorders 17:47-57 

15. Melchior M, Hersi R, van der Waerden J, Larroque B, Saurel-Cubizolles MJ, Chollet A, Galera C 
(2015) Maternal tobacco smoking in pregnancy and children's socio-emotional development 
at age 5: The EDEN mother-child birth cohort study. European Psychiatry 30:562-568 

16. Kovess V, Keyes KM, Hamilton A, Pez O, Bitfoi A, Koc C, Goelitz D, Kuijpers R, Lesinskiene S, 
Mihova Z, Otten R, Fermanian C, Pilowsky DJ, Susser E (2015) Maternal smoking and offspring 
inattention and hyperactivity: results from a cross-national European survey. European Child 
& Adolescent Psychiatry 24:919-929 

17. Button TM, Maughan B, McGuffin P (2007) The relationship of maternal smoking to 
psychological problems in the offspring. Early Hum Dev 83:727-732 

18. Palmer RH, Bidwell LC, Heath AC, Brick LA, Madden PA, Knopik VS (2016) Effects of Maternal 
Smoking during Pregnancy on Offspring Externalizing Problems: Contextual Effects in a 
Sample of Female Twins. Behav Genet 46:403-415 



16 
 

19. Bidwell LC, Palmer RH, Brick L, Madden PA, Heath AC, Knopik VS (2016) A Propensity Scoring 
Approach to Characterizing the Effects of Maternal Smoking During Pregnancy on Offspring's 
Initial Responses to Cigarettes and Alcohol. Behav Genet 46:416-430 

20. Boutwell BB, Beaver KM (2010) Maternal cigarette smoking during pregnancy and offspring 
externalizing behavioral problems: a propensity score matching analysis. Int J Environ Res 
Public Health 7:146-163 

21. D'Onofrio BM, Class QA, Rickert ME, Larsson H, Langstrom N, Lichtenstein P (2013) Preterm 
birth and mortality and morbidity: a population-based quasi-experimental study. JAMA 
Psychiatry 70:1231-1240 

22. Pettersson E, Sjolander A, Almqvist C, Anckarsater H, D'Onofrio BM, Lichtenstein P, Larsson H 
(2015) Birth weight as an independent predictor of ADHD symptoms: a within-twin pair 
analysis. Journal of Child Psychology and Psychiatry 56:453-459 

23. Hultman CM, Torrang A, Tuvblad C, Cnattingius S, Larsson JO, Lichtenstein P (2007) Birth 
weight and attention-deficit/hyperactivity symptoms in childhood and early adolescence: a 
prospective Swedish twin study. Journal of the American Academy of Child & Adolescent 
Psychiatry 46:370-377 

24. Mann JR, McDermott S (2011) Are maternal genitourinary infection and pre-eclampsia 
associated with ADHD in school-aged children? Journal of Attention Disorders 15:667-673 

25. Thapar A, Cooper M, Eyre O, Langley K (2013) What have we learnt about the causes of 
ADHD? J Child Psychol Psychiatry 54:3-16 

26. Pasker-de Jong PC, Zielhuis GA, van Gelder MM, Pellegrino A, Gabreels FJ, Eskes TK (2010) 
Antihypertensive treatment during pregnancy and functional development at primary school 
age in a historical cohort study. BJOG 117:1080-1086 

27. Pringsheim T, Sandor P, Lang A, Shah P, O'Connor P (2009) Prenatal and perinatal morbidity 
in children with Tourette syndrome and attention-deficit hyperactivity disorder. Journal of 
Developmental & Behavioral Pediatrics 30:115-121 

28. Rand KM, Austin NC, Inder TE, Bora S, Woodward LJ (2016) Neonatal Infection and Later 
Neurodevelopmental Risk in the Very Preterm Infant. Journal of Pediatrics 170:97-104 

29. Ahrens W, Bammann K, Siani A, Buchecker K, De Henauw S, Iacoviello L, Hebestreit A, Krogh 
V, Lissner L, Marild S, Molnar D, Moreno LA, Pitsiladis YP, Reisch L, Tornaritis M, Veidebaum 
T, Pigeot I, Consortium I (2011) The IDEFICS cohort: design, characteristics and participation 
in the baseline survey. International Journal of Obesity 35 Suppl 1:S3-15 

30. Russell G, Ford T, Rosenberg R, Kelly S (2014) The association of attention deficit 
hyperactivity disorder with socioeconomic disadvantage: alternative explanations and 
evidence. Journal of Child Psychology and Psychiatry 55:436-445 

31. UNESCO (2012) International Standard Classification of education ISCED 2011 In:UNESCO 
Institute for Statistics Montreal, Canada 

32. Skogli EW, Teicher MH, Andersen PN, Hovik KT, Oie M (2013) ADHD in girls and boys--gender 
differences in co-existing symptoms and executive function measures. BMC Psychiatry 
13:298 

33. Barkley RA (2006) Attention-deficit hyperactivity disorder: A handbook for diagnosis and 
treatment. The Guilford Press 

34. Polanczyk GV, Salum GA, Sugaya LS, Caye A, Rohde LA (2015) Annual Research Review: A 
meta-analysis of the worldwide prevalence of mental disorders in children and adolescents. 
Journal of Child Psychology and Psychiatry 56:345-365 

35. Rucklidge JJ (2010) Gender differences in attention-deficit/hyperactivity disorder. Psychiatric 
Clinics of North America 33:357-373 

36. Langley K, Rice F, van den Bree MB, Thapar A (2005) Maternal smoking during pregnancy as 
an environmental risk factor for attention deficit hyperactivity disorder behaviour. A review. 
Minerva Pediatrica 57:359-371 

37. Linnet KM, Dalsgaard S, Obel C, Wisborg K, Henriksen TB, Rodriguez A, Kotimaa A, Moilanen I, 
Thomsen PH, Olsen J, Jarvelin MR (2003) Maternal lifestyle factors in pregnancy risk of 



17 
 

attention deficit hyperactivity disorder and associated behaviors: review of the current 
evidence. Am Journal of Psychiatry 160:1028-1040 

38. Roza SJ, Verhulst FC, Jaddoe VW, Steegers EA, Mackenbach JP, Hofman A, Tiemeier H (2009) 
Maternal smoking during pregnancy and child behaviour problems: the Generation R Study. 
International Journal of Epidemiology 38:680-689 

39. Knopik VS (2009) Maternal smoking during pregnancy and child outcomes: real or spurious 
effect? Developmental Neuropsychology 34:1-36 

40. Obel C, Zhu JL, Olsen J, Breining S, Li J, Gronborg TK, Gissler M, Rutter M (2016) The risk of 
attention deficit hyperactivity disorder in children exposed to maternal smoking during 
pregnancy - a re-examination using a sibling design. Journal of Child Psychology and 
Psychiatry 57:532-537 

41. Thapar A, Rice F, Hay D, Boivin J, Langley K, van den Bree M, Rutter M, Harold G (2009) 
Prenatal smoking might not cause attention-deficit/hyperactivity disorder: evidence from a 
novel design. Biological Psychiatry 66:722-727 

42. Chudal R, Joelsson P, Gyllenberg D, Lehti V, Leivonen S, Hinkka-Yli-Salomaki S, Gissler M, 
Sourander A (2015) Parental age and the risk of attention-deficit/hyperactivity disorder: a 
nationwide, population-based cohort study. Journal of the American Academy of Child and 
Adolescent Psychiatry 54:487-494.e481 

43. Silva D, Colvin L, Hagemann E, Bower C (2014) Environmental risk factors by gender 
associated with attention-deficit/hyperactivity disorder. Pediatrics 133:e14-22 

44. Chang Z, Lichtenstein P, D'Onofrio BM, Almqvist C, Kuja-Halkola R, Sjolander A, Larsson H 
(2014) Maternal age at childbirth and risk for ADHD in offspring: a population-based cohort 
study. International Journal of Epidemiology 43:1815-1824 

45. Mersky JP, Reynolds AJ (2007) Child maltreatment and violent delinquency: disentangling 
main effects and subgroup effects. Child Maltreat 12:246-258 

46. Xie H, Cairns BD, Cairns RB (2001) Predicting teen motherhood and teen fatherhood: 
Individual characteristics and peer affiliations. Social Development 10:488-511 

47. Russell AE, Ford T, Russell G (2015) Socioeconomic Associations with ADHD: Findings from a 
Mediation Analysis. PLoS One 10:e0128248 

48. Coyne CA, Långström N, Rickert ME, Lichtenstein P, D’Onofrio BM (2013) Maternal age at 
first birth and offspring criminality: Using the children-of-twins design to test causal 
hypotheses. Dev Psychopathol 25:17-35 

49. Allen VM, Joseph K, Murphy KE, Magee LA, Ohlsson A (2004) The effect of hypertensive 
disorders in pregnancy on small for gestational age and stillbirth: a population based study. 
BMC Pregnancy and Childbirth 4:17 

50. Groom KM, North RA, Poppe KK, Sadler L, McCowan LM (2007) The association between 
customised small for gestational age infants and pre-eclampsia or gestational hypertension 
varies with gestation at delivery. BJOG 114:478-484 

51. Silva D, Colvin L, Hagemann E, Stanley F, Bower C (2014) Children diagnosed with attention 
deficit disorder and their hospitalisations: population data linkage study. Eur Child Adolesc 
Psychiatry 23:1043-1050 

52. Silk TJ, Vance A, Rinehart N, Bradshaw JL, Cunnington R (2009) White-matter abnormalities in 
attention deficit hyperactivity disorder: a diffusion tensor imaging study. Hum Brain Mapp 
30:2757-2765 

53. Inder TE, Wells SJ, Mogridge NB, Spencer C, Volpe JJ (2003) Defining the nature of the 
cerebral abnormalities in the premature infant: a qualitative magnetic resonance imaging 
study. J Pediatr 143:171-179 

54. Chau V, Brant R, Poskitt KJ, Tam EW, Synnes A, Miller SP (2012) Postnatal infection is 
associated with widespread abnormalities of brain development in premature newborns. 
Pediatr Res 71:274-279 

55. Reich W, Todd RD, Joyner CA, Neuman RJ, Heath AC (2003) Reliability and Stability of 
Mothers' Reports about their Pregnancies with Twins. Twin Research 6:85-88 



18 
 

56. Tomeo CA, Rich-Edwards JW, Michels KB, Berkey CS, Hunter DJ, Frazier AL, Willett WC, Buka 
SL (1999) Reproducibility and validity of maternal recall of pregnancy-related events. 
Epidemiology 10:774-777 

57. Heath AC, Knopik VS, Madden PA, Neuman RJ, Lynskey MJ, Slutske WS, Jacob T, Martin NG 
(2003) Accuracy of mothers' retrospective reports of smoking during pregnancy: comparison 
with twin sister informant ratings. Twin Res 6:297-301 

58. Patrick DL, Cheadle A, Thompson DC, Diehr P, Koepsell T, Kinne S (1994) The validity of self-
reported smoking: a review and meta-analysis. Am J Public Health 84:1086-1093 



Table 1 Sociodemographic characteristics 

Demographic 

characteristics 

ADHD diagnosis
a
 

All 
Non-ADHD ADHD 

n % n % n % 

Sex 

Male 7740 50.3 144 75.0 7884 50.6 

Female 7645 49.7 48 25.0 7693 49.4 

Age at diagnosis 

<=4 2787 18.1 13 6.8 2800 18.0 

4-<=6 4118 26.8 34 17.7 4152 26.7 

6-<=8 5904 38.4 93 48.4 5997 38.5 

8+ 2576 16.7 52 27.1 2628 16.9 

Country 

Estonia 2058 13.4 22 11.5 2080 13.4 

Sweden 1787 11.6 9 4.7 1796 11.5 

Germany 2147 14.0 42 21.9 2189 14.1 

Belgium 912 5.9 15 7.8 927 6.0 

Hungary 3051 19.8 35 18.2 3086 19.8 

Italy 2430 15.8 8 4.2 2438 15.7 

Spain 1474 9.6 33 17.2 1507 9.7 

Cyprus 1526 9.9 28 14.6 1554 10.0 

Weight status
b
 

Thin/Normal 12272 79.8 152 79.2 12424 79.8 

Overweight 1978 12.9 28 14.6 2006 12.9 

Obese 1135 7.4 12 6.3 1147 7.4 

Highest level of education of spouse or partner (ISCED-Level)
c
 

Low SES 1068 6.9 15 7.8 1083 7.0 

Medium SES 6919 45.0 104 54.2 7023 45.1 

High SES 7028 45.7 66 34.4 7094 45.5 

Missing 370 2.4 7 3.6 377 2.4 

All 15385 100.0 192 100.0 15577 100.0 

a
 Parent-reported ADHD diagnosis by a physician or medical health professional 

b 
According to Cole and Lobstein (2012) 

c 
International Standard Classification of Education (UNESCO, 2012) 

 



Table 2 Adjusted odds ratios and 95% confidence intervals for the association between ADHD and 
prenatal influences 

 

ADHD classification
a
 

 

 

Non-ADHD ADHD  

N % N % OR
b
 (95% CI) p-value 

Mothers consumption of alcoholic beverages during pregnancy  

Never  9900 98.8 117 1.2 1.00 (Reference)  

<=1x/month  2730 98.8 32 1.2 1.06 (0.71-1.60) 0.763 

Several occasions a month (week)  324 99.1 3 0.9 0.79 (0.24-2.54) 0.686 

Missing or not the child's biol. mother 2431 98.4 40 1.6 - - 

Mothers consumption of cigarettes or other sorts of tobacco during pregnancy  

Never  11078 99.0 111 1.0 1.00 (Reference)  

Rarely (at maximum once a month) 526 98.3 9 1.7 1.43 (0.71-2.85) 0.316 

Several occasions a week / daily  1333 97.7 32 2.3 1.80 (1.18-2.74) 0.006 

Missing or not the child's biol. mother 2448 98.4 40 1.6 - - 

Mother has been diagnosed during pregnancy with gestational hypertension  

No 12473 98.9 140 1.1 1.00 (Reference)  

Yes 727 98.0 15 2.0 2.03 (1.18-3.51) 0.011 

Not the child's biol. mother 2185 98.3 37 1.7 - - 

Mother has been diagnosed during pregnancy with proteinuria  

No 12920 98.8 151 1.2 1.00 (Reference)  

Yes 280 98.6 4 1.4 1.33 (0.48-3.66) 0.584 

Not the child's biol. mother 2185 98.3 37 1.7 - - 

Mother has been diagnosed during pregnancy with glycosuria  

No 12968 98.8 151 1.2 1.00 (Reference)  

Yes 232 98.3 4 1.7 1.40 (0.51-3.87) 0.512 

Not the child's biol. mother 2185 98.3 37 1.7 - - 

Mother has been diagnosed during pregnancy with gestational diabetes  

No 12773 98.9 147 1.1 1.00 (Reference)  

Yes 427 98.2 8 1.8 1.42 (0.69-2.95) 0.344 

Not the child's biol. mother 2185 98.3 37 1.7 - - 

C-section  

No 9923 98.8 119 1.2 1.00 (Reference)  

Yes 3277 98.9 36 1.1 1.04 (0.71-1.52) 0.859 

Not the child's biol. mother 2185 98.3 37 1.7 - - 

All children 15385  98.8 192 1.2   
a
 Parent-reported ADHD diagnosis by a physician or medical health professional 

b Adjusted for sociodemographics (sex, age, and SES), and country as random effect 



Table 3 Adjusted odds ratios and 95% confidence intervals for the association between ADHD and 
peri- and postnatal influences 

 

ADHD classification
a
 

 

 

Non-ADHD ADHD  

N % N % OR
b 
(95% CI) p-value 

Maternal age at childbirth  

25 years and older 10580 98.9 121 1.1 1.00 (Reference)  

20-24 years  1921 98.8 24 1.2 0.93 (0.59-1.46) 0.737 

15-19 years  303 95.3 15 4.7 3.54 (1.98-6.31) <0.0001 

Missing 2581 98.8 32 1.2 - - 

Weeks before calculated date of birth  

In time 10609 98.9 117 1.1 1.00 (Reference)  

1-2 weeks before 2452 98.6 36 1.4 1.19 (0.81-1.75) 0.374 

3-4 weeks before 1136 98.4 19 1.6 1.45 (0.88-2.37) 0.145 

5+ weeks before 559 97.9 12 2.1 1.79 (0.98-3.28) 0.060 

Missing 629 98.7 8 1.3 - - 

Birthweight  

<2500 gr 939 98.4 15 1.6 1.37 (0.80-2.38) 0.255 

2500-<3000 gr 2374 98.6 33 1.4 1.23 (0.83-1.82) 0.307 

3000-<4000 gr 9843 98.8 116 1.2 1.00 (Reference)  

4000+ gr 1642 98.9 18 1.1 0.87 (0.52-1.44) 0.590 

Missing 587 98.3 10 1.7 - - 

Duration of breastfeeding  

Not breastfed 1943 98.3 34 1.7 1.00 (Reference)  

>0-<=6 months breastfed 6401 98.8 79 1.2 0.87 (0.57-1.31) 0.496 

>6 months breastfed 4444 99.1 39 0.9 0.64 (0.39-1.05) 0.075 

Missing or not the child’s biol. mother 2597 98.5 40 1.5 - - 

Neonatal respiratory disorders  

No 12787 98.9 143 1.1 1.00 (Reference)  

Yes 413 97.2 12 2.8 2.42 (1.32-4.43) 0.004 

Not the child's biol. mother 2185 98.3 37 1.7 - - 

Infection during the first 4 weeks after birth  

No 12832 98.9 144 1.1 1.00 (Reference)  

Yes 368 97.1 11 2.9 2.62 (1.39-4.95) 0.003 

Not the child's biol. mother 2185 98.3 37 1.7 - - 

Highest level of education of spouse or partner (ISCED-Level)
c
  

Low SES 1068 98.6 15 1.4 1.72 (0.95-3.09) 0.072 

Medium SES 6919 98.5 104 1.5 1.69 (1.23- 2.33) 0.001 

High SES 7028 99.1 66 0.9 1.00 (Reference)  

Missing 370 98.1 7 1.9 - - 

All children 15385 98.8 192 1.2   
a Parent-reported ADHD diagnosis by a physician or medical health professional 
b Adjusted for sociodemographics (sex, age, and SES), and country as random effect 
c Not additionally adjusted for SES 
 



Table 4 Univariable (partially adjusted) and simultaneously adjusted (for all other covariates and 
confounder) odds ratios and 95% confidence intervals for pre-, peri- and postnatal risk factors for 
ADHD 

 

Model 1
a
: 

Univariable (partially 

adjusted) model 

Model 2
b
: 

Simultaneously adjusted 

model 

 

 Odds Ratio 95% CI Odds Ratio 95% CI p-value 

Prenatal influences      

Alcohol during pregnancy
c
 0.79  (0.24-2.54) 0.76 (0.23-2.48) 0.652 

Smoking during pregnancy
d
 1.80  (1.18-2.74) 1.74 (1.13-2.67) 0.015 

Gestational hypertension 2.03  (1.18-3.51) 1.95 (1.09-3.48) 0.025 

Proteinuria 1.33 (0.48-3.66) 0.86 (0.29-2.52) 0.781 

Glycosuria 1.40 (0.51-3.87) 1.05 (0.35-3.14) 0.933 

Gestational diabetes 1.43 (0.69-2.95) 1.28 (0.59-2.80) 0.536 

C-section 1.04 (0.71-1.52) 0.88 (0.59-1.32) 0.541 

Peri- and postnatal influences      

Maternal age <=19 years 3.54  (1.98-6.31) 3.31 (1.83-5.97) <0.0001 

Preterm birth (5+ weeks before) 1.79 (0.98-3.28) 1.47 (0.65-3.29) 0.353 

Low birthweight (<2500 gr) 1.37 (0.80-2.38) 0.87 (0.42-1.78) 0.694 

Breastfeeding (>6 months) 0.64 (0.39-1.05) 0.75 (0.46-1.25) 0.270 

Respiratory problems 2.42  (1.32-4.43) 1.76 (0.91-3.41) 0.092 

Infections 2.62  (1.39-4.95) 2.06 (1.05-4.04) 0.035 

Sociodemographics      

Sex (boys vs. girls)   2.95 (2.11-4.11) <0.0001 

Age (years)   1.32 (1.21-1.45) <0.0001 

Low SES   1.39 (0.75-2.56) 0.298 

Medium SES   1.48 (1.06-2.06) 0.021 
a Model 1: Adjusted for sociodemographics (sex, age, and SES), and country as random effect 
b Model 2: Adjusted like Model 1 and further adjustment for all other covariates in this table 
c Mother consumed alcoholic beverages (several occasions month/week) during pregnancy  
d Mother smoked (almost daily) during pregnancy  
 


