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Abstract

Background—The relationship between prenatal tobacco exposure and hyperactivity remains 

controversial. To mitigate limitations of prior studies, we used a strategy involving comparison of 

maternal and paternal smoking reports in a historical sample where smoking during pregnancy 

was common.

Method—Data were drawn from a longitudinally followed subsample of the Child Health and 

Development Study (n = 1752), a population-based pregnancy cohort ascertained in 1961–1963 in 

California. Maternal prenatal smoking was common (33.4%). Maternal and paternal smoking 

patterns were assessed at three time points by mother report. Hyperactivity was assessed at the 

mean of age of 10 years based on mother report to a personality inventory.

Results—Unadjusted, maternal smoking during pregnancy was associated with offspring 

hyperactivity [β = 0.22, 95% confidence interval (CI) 0.11–0.33] and, to a similar degree, when 

the father smoked (β = 0.18, 95% CI 0.07–0.30). After adjustment, maternal smoking remained 

robustly predictive of offspring hyperactivity (β = 0.25, 95% CI 0.09–0.40) but father smoking 

was not (β = 0.02, 95% CI −0.20 to 0.24). When examined among the pairs matched on propensity 

score, mother smoking was robustly related to offspring hyperactivity whether the father smoked 

(β = 0.26, 95% CI 0.03–0.49) or did not smoke (β = 0.30, 95% CI 0.04–0.57). By number of 

cigarettes, associations with hyperactivity were present for 10–19 and 20+ cigarettes per day 

among mothers.

Conclusions—In a pregnancy cohort recruited in a time period in which smoking during 

pregnancy was common, we document associations between prenatal smoking exposure and 
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offspring hyperactivity. Novel approaches to inferring causality continue to be necessary in 

describing the potential adverse consequences of prenatal smoking exposure later in life.
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Introduction

Prenatal exposure to tobacco smoke is causally linked to low birth weight and other neonatal 

health problems (Sexton & Hebel, 1984; Kramer, 1987; DiFranza et al. 2004; Tyrrell et al. 

2012). It is also associated with child hyperactivity as well as other childhood outcomes 

such as conduct problems and cognitive dysregulation (Knopik, 2009), but the causality of 

this association remains questionable. Many longitudinal cohort and case–control studies 

have found a robust association between maternal smoking during pregnancy and child 

offspring hyperactivity/inattention, whether measured by symptom scales (Denson et al. 

1975; Weitzman et al. 1992; Fergusson et al. 1993; Thapar et al. 2003), attention and 

reaction time to cued tests (Naeye & Peters, 1984; Streissguth et al. 1984; Kristjansson et al. 

1989; Fried et al. 1992), Diagnostic and Statistical Manual of Mental Disorders (DSM)-

defined attention deficit hyperactivity disorder (ADHD) (McGee & Stanton, 1994; 

Milberger et al. 1996; Mick et al. 2002; Langley et al. 2005), or International Classification 

of Diseases (ICD)-defined hyperkinetic disorder (Linnet et al. 2005). Animal studies have 

found that chronic nicotine exposure during pregnancy produced ‘hyperactivity’ (e.g. 

measured by spontaneous motor activity and rearing) in offspring, via an increase in brain 

nicotinic receptors that regulate anxiety responses (Johns et al. 1982; van de Kamp & 

Collins, 1994; DiPietro et al. 1996; Eriksson et al. 2000).

However, other studies have documented no association (Weissman et al. 1999; Hill et al. 

2000; Cornelius et al. 2001; Knopik et al. 2006, Agrawal et al. 2010; Ball et al. 2010), and 

studies designed to minimize or assess uncontrolled confounding by genetic and shared 

familial factors have suggested that the association between prenatal smoking and child 

hyperactivity is not causal (D’Onofrio et al. 2008; Thapar et al. 2009; Lindblad & Hjern, 

2010; Obel et al. 2011; Langley et al. 2012). In particular, in studies that compared siblings 

discordant for prenatal tobacco exposure, no strong associations were evident (D’Onofrio et 

al. 2008; Lindblad & Hjern, 2010; Obel et al. 2011). Sibling designs add strengths for causal 

inference but also have their own limitations (Susser et al. 2010; Donovan & Susser, 2011; 

Frisell et al. 2012). For example, these studies only control for stable features of the family 

context. Changes in the family context that relate to changes in smoking thus remain a threat 

to inferential validity because family factors are no longer stable (Susser et al. 2010; 

Donovan & Susser, 2011). In addition, recent methodological work has suggested that 

sibling designs may sometimes be more biased than non-sibling designs by factors that are 

non-shared between siblings and related to the outcome (Frisell et al. 2012; Keyes et al. 

2013a).

Smoking during pregnancy remains an important modifiable risk factor and diagnoses of 

hyperactivity in children continue to increase (Olfson et al. 2003). Additional studies using 
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an array of techniques to control confounding are needed in order to build consensus as to 

whether the association between prenatal smoking and child hyperactivity reflects a causal 

relationship. The approach of the present study combines three novel features. First, 

longitudinal data were collected over more than 15 years on both maternal and paternal 

smoking patterns in a prospective pregnancy cohort in Oakland, California. This allows for a 

comparison of the effect of maternal smoking with the effect of paternal smoking, which has 

been used previously to uncover potentially causal relationships between intrauterine 

exposures and offspring health (Leary et al. 2006a,b; Brion et al. 2007; Davey Smith, 2008, 

2012). An intrauterine causal relationship should be detectable by a stronger association of 

prenatal maternal than paternal smoking with child hyperactivity. Second, several studies of 

pregnant women in the early to mid-1960s have reported relatively modest associations with 

socio-economic indicators (Graham et al. 2006; Gilman et al. 2008; Dow & Rehkopf, 2010; 

Power & Jefferis, 2002), certainly less of an association with socio-economic indicators than 

is typically seen in the association between smoking in pregnancy and socio-economic status 

in samples collected more recently (Keyes et al. 2013b). In the present sample, 34% of the 

women reported smoking during pregnancy, indicating a relatively common exposure, and 

all pregnancies in this sample occurred during 1961–1963, prior to the landmark Surgeon 

General Report (United States Department of Health, 1964). Thus, the use of these historical 

data may offer a more robust approach to exploring the potential influence of the myriad 

difficult-to-measure factors that differ between women who smoke in pregnancy and those 

who do not. Third, offspring were prospectively followed from birth to adolescence. The 

follow-up at the mean age of 10 years of the child included an assessment of hyperactivity 

by report of the mother, and queries on maternal and paternal smoking.

Method

Study population and design

Data were drawn from the Child Health and Development Study (CHDS; van den Berg et al. 

1988), the first large epidemiologic sample of women in pregnancy assembled and studied at 

a single site. The CHDS included pregnant women participating in the Kaiser Permanente 

Health Plan and residing in the East Bay Area of California. Almost 100% of women 

receiving prenatal care from late 1959 to the fall of 1966 participated in the study (n = 

20754).

The present study focuses on those women and children who participated in a baseline 

survey during pregnancy and two follow-up studies into the child’s adolescence (CHDS-A; 

n = 1752). Demographic differences between mothers who did versus did not participate in 

the adolescent interview (and had complete demographic information at baseline) are given 

in Table 1. Compared with those who did not participate, the CHDS-A included a greater 

proportion of subjects who were white, completed fewer years of education, were married at 

original intake, and were older. We used these demographic variables to create an inverse 

probability weight of selection into the adolescent sample. Demographic distributions of the 

weighted CHDS-A sample are also reported in Table 1. Henceforth, all analyses reported in 

the present study incorporated this inverse probability weight. Not shown, maternal smoking 
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at baseline was unrelated to participation in the adolescent interview (χ2 = 4.1, degrees of 

freedom = 2, p = 0.13).

Measures

Smoking—Women were queried regarding their own and their husbands’ current and 

former smoking patterns (including daily amount) at the pregnancy interview and at the 

offspring mean age 10-years assessment (range of ages was 9–11 years; we refer to this as 

the ‘age 10’ assessment hereafter). There was a positive association between maternal and 

paternal smoking. Substantial evidence indicates that self-reported smoking status in 

pregnancy is highly correlated with serum cotinine concentration (Klebanoff et al. 1998; 

Pickett et al. 2005), including analyses of the women in this sample (Eskenazi et al. 1995), 

indicating the validity of self-reports for smoking during pregnancy.

There is likely to be more measurement error in father smoking than in mother smoking, 

because women were reporting on their husbands’ smoking status. Therefore we also 

conducted sensitivity analyses of potential misclassification of father smoking. Assuming 

that most misclassification would be women reporting their husbands do not smoke when 

they do, we first changed a random 5–25% of ‘nonsmoking’ husbands to be ‘smokers’. We 

then considered that women who smoke may be more accurate in reporting their husbands’ 

smoking, and in a second sensitivity analysis, reclassified 5% of ‘non-smoking’ husbands to 

be ‘smokers’ if the woman was a smoker, and then reclassified 10, 15, 20, and 25%, in 

separate analyses, of ‘non-smoking’ husbands to be ‘smokers’ if the woman was a non-

smoker. Results of maternal smoking and hyperactivity are shown in Supplementary Fig. 

S1; results of paternal smoking and hyperactivity are shown in Supplementary Fig. S2. In 

none of these scenarios would the conclusions presented here change: there remains an 

unadjusted association between paternal smoking and offspring hyperactivity that is no 

longer apparent when controlled for relevant confounders.

Hyperactivity—Hyperactivity at the age 10 assessment was culled from a 100-item battery 

of child characteristics, administered to the mother. Details on the origin and development of 

these questions can be found elsewhere (Tuddenham et al. 1974). Items assessing 

hyperactivity were assessed using factor analysis: hates to sit still, restless; butterfingers – 

spills things, drops things without meaning to; clumsy, falls over things; shows off, likes 

attention; is a dare-devil, wants to do things that are dangerous; gabby – talks, talks, talks; 

and two reverse coded items: takes good care of his/her possessions; tries to keep things 

neat. Items exhibited unidimensionality in an exploratory analytic framework [eigenvalue = 

4.78, comparative fit index (CFI) = 0.95, Tucker-Lewis index (TLI) = 0.94, root mean 

square error of approximation (RMSEA) = 0.07, standardized root mean square residual 

(SRMR) = 0.05] and high internal consistency (α = 0.71). The latent dimension factor score 

was extracted and standardized to a z-score (sample mean = 0.0, sample S.D. = 1.0). These 

items are classic indicators of attention deficit and hyperactivity, and the majority of these 

items correspond to ICD-9 hyperkinesis disorder.

Potential confounders—Potential confounding factors included maternal cognitive 

ability measured via the Peabody Picture Vocabulary Test at the child’s age 10 assessment, 
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post-birth smoking patterns in mother and father, socioeconomic position (maternal and 

paternal education, income, and father’s job status as manual or non-manual), as well as 

child age, race/ethnicity and gender. We also controlled for maternal self-reported alcohol 

and caffeine use (number of cups of coffee consumed in an average day) during pregnancy. 

Questions on alcohol and caffeine use were added to the interview after the start of data 

collection; 26.8% of respondents are missing data on caffeine use and 27.2% on alcohol use. 

Due to the high level of missingness, we controlled for these variables among the subset 

with data as an auxiliary to the main analysis.

Birth weight—We also examined the relationship of prenatal maternal smoking to hospital 

recorded offspring birth weight to test the validity of our approach given the well-

documented relationship between maternal smoking and offspring birth weight.

Statistical analysis

We first report the unadjusted associations of the covariates described above with mother 

and father prenatal smoking using odds ratios (ORs), as well as with offspring hyperactivity 

using linear regression.

For our main analysis, we examined the effect of maternal and paternal smoking on 

offspring hyperactivity using linear regression models; normality assumptions were met. We 

then conducted three additional analyses. First, we divided the sample into four groups: (1) 

during the pregnancy period both mother and father smoked; (2) during the pregnancy 

period only father smoked; (3) during the pregnancy period only mother smoked; and (4) 

during the pregnancy period neither mother nor father smoked. We then examined 

relationships with hyperactivity. Second, we examined the relationship between dose of 

smoking (1–9, 10–19, and 20+ cigarettes per day versus 0 cigarettes) during the pregnancy 

period among mothers and fathers. Third, we disaggregated non-smokers into lifetime 

abstainers and former smokers. All analyses used linear regression and controlled for 

aforementioned covariates.

We also created a propensity score using a binary variable of any maternal smoking during 

pregnancy versus none as the outcome. Covariates used to create the propensity score 

included aforementioned covariates as well as the inverse probability weight of selection 

into the sample (Little & Vartivarian, 2003). We then conducted a nearest-neighbor match 

based on propensity score (total matched pairs = 480). We then analysed the four-level 

parental dyad of smoking (both parents smoked, only one parent smoked, or neither parent 

smoked) with respondents matched on propensity score. The Stata PSMATCH2 program 

(StataCorp LP, USA) was used for propensity score matching. All other analyses were 

conducted using SAS 9.2 (SAS Institute Inc., USA).

Results

Association between maternal and paternal smoking during mother’s pregnancy and 
potential confounders

The unadjusted associations of the covariates with father and mother smoking are shown in 

Supplementary Table S1. Maternal age, caffeine use, and mother’s highest education level 
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were related to both mother and father smoking. Several covariates were associated with 

mother but not father smoking, including child non-white race [OR 0.55, 95% confidence 

interval (CI) 0.43–0.75] and male offspring (OR 0.78, 95% CI 0.62–0.97). Smoking was 

more common among fathers in a manual occupation (OR 1.76, 95% CI 1.40–2.22) and 

odds of father smoking decreased as maternal cognitive ability increased.

Association between potential confounders and hyperactivity

The unadjusted associations of the covariates with offspring hyperactivity are shown in 

Supplementary Table S2. Factors that were related to hyperactivity include child being male 

(β = 0.20, 95% CI 0.05–0.10) and child being non-white (β = 0.15, 95% CI 0.06–0.27). 

Further, mean hyperactivity was higher among children in low socio-economic positions as 

measured by father’s education, mother’s education, father’s job, with the strongest 

association for father’s less than high school compared with more than high school (β = 

0.27, 95% CI 0.07–0.13). Finally, mean hyperactivity was increased among women who 

reported consuming >2 drinks per day on average during pregnancy compared with those 

reporting no drinks (β = 0.16, 95% CI 0.04–0.27).

Maternal versus paternal smoking during mother’s pregnancy and offspring birth weight

In a replication of previous literature, we first demonstrated that birth weight is more 

strongly related to maternal smoking. In unadjusted analysis, mean birth weight was 

approximately 186 g lower in the offspring of women who smoked during pregnancy 

compared with non-smokers (b = −185.6, 95% CI −242.6 to −128.6) and adjusting for 

covariates increased the strength of the association (b = −228.3, 95% CI −295.3 to −161.3). 

In contrast, the association with paternal smoking was of substantially smaller magnitude, 

and was attenuated to a small degree when controlled for measured covariates (unadjusted: b 

= −62.7, 95% CI −122.0 to −3.3) and was slightly attenuated when controlled for measured 

covariates (adjusted: b = −54.2, 95% CI −150.6 to 42.3). When maternal alcohol and 

caffeine use were added as covariates and analysed among the subset with data, maternal 

smoking remained a robust predictor of low birth weight (maternal smoking: b = −177.9, 

95% CI −272.9 to −82.91). To specifically compare the maternal effect with the paternal 

effect, we separated the mothers and fathers into dyads of smoking (both smoked, mother 

only, father only, neither). We observed strong associations for mother smoking on offspring 

birth weight both when the father smoked (b = −139.9, 95% CI −26.1 to −253.45) and did 

not smoke (b = −129.2, 95% CI −20.1 to −278.5) directly compared with the effect for 

father-only smoking. Birth weight was unrelated to offspring hyperactivity (b = 0.0007, 95% 

CI −0.003 to 0.002) and thus did not mediate or confound associations between prenatal 

smoking and offspring hyperactivity.

Main effects of maternal and paternal smoking during mother’s pregnancy on 
hyperactivity

In unadjusted analysis, the mean hyperactivity score was approximately 0.22 standard 

deviations higher among offspring of mothers who smoked during pregnancy compared with 

offspring of mothers who did not (β = 0.22, 95% CI 0.11–0.33). The unadjusted regression 

coefficient for the effect of father smoking on offspring hyperactivity was similar (β = 0.18, 
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95% CI 0.07–0.30). When estimates were simultaneously adjusted for partner smoking 

patterns, socio-economic position and other demographics, we observed a stronger effect of 

maternal smoking on offspring hyperactivity than paternal smoking (Fig. 1). In contrast, we 

observed little effect of paternal smoking (Fig. 1). Supplementary Table S3 shows the β 

estimate from regression models in which each of the items used to measure a hyperactivity 

dimension is considered as an outcome separately; the strongest results were observed for 

‘butterfingers…’ and ‘shows off, likes attention’. We performed additional sensitivity 

analyses with alternative control variables and results did not change; for example, 

controlling for maternal alcohol and caffeine use among the subset with data, there remained 

an effect of maternal smoking (β = 0.25, 95% CI 0.09–0.40) but not paternal smoking (β = 

0.02, 95% CI −0.20 to 0.24).

Dose–response relationship between cigarette use and offspring hyperactivity

Fig. 2 shows the relationship between number of cigarettes smoked by mothers and fathers 

at the time of pregnancy and offspring hyperactivity. Each estimate among mothers is 

compared with non-smoking mothers; each estimate among fathers is compared with non-

smoking fathers. Mother’s amount of smoking is controlled for father’s amount of smoking 

and vice versa. In the adjusted model, the offspring of mothers who smoked 10–19 

cigarettes and those who smoked 20+ cigarettes during the pregnancy period had similarly 

elevated hyperactivity scores (β = 0.33, 95% CI 0.10–0.55 and β = 0.30, 95% CI 0.13–0.47, 

respectively); no increase was observable according to father smoking. When controlled for 

maternal alcohol and caffeine use among the subset with data, an elevation in hyperactivity 

symptoms remained observable among mothers (compared with 0 cigarettes per day: 20+ 

cigarettes per day: β = 0.41, 95% CI 0.22–0.61; 1–19 cigarettes per day: β = 0.40, 95% CI 

0.15–0.65) and remained unobserved among fathers. Hyperactivity symptoms showed no 

consistent association or dose–response relationship with paternal smoking.

Joint associations between maternal and paternal smoking during the pregnancy period 
(Table 2)

When the mother smoked during pregnancy and the father did not smoke during the 

pregnancy period, we see an effect of smoking on hyperactivity (unadjusted: β = 0.28, 95% 

CI 0.06–0.50; adjusted: β = 0.29, 95% CI 0.04–0.53). When the mother and the father both 

smoked, we see an effect of mother smoking on hyperactivity in an unadjusted model (β = 

0.28, 95% CI 0.13–0.43); in the adjusted model the estimate is in the direction of a 

detrimental effect but the CI is wide (β = 0.15, 95% CI −0.10 to 0.41). When the father 

smoked but the mother did not, we see no effect on offspring hyperactivity in any model 

(see Table 2). These results held in magnitude when additionally controlled for maternal 

alcohol and caffeine use among the subset with data (compared with neither parent smoking, 

both parent smoked: β = 0.28, 95% CI −0.02 to 0.59; mother only smoked: β = 0.22, 95% CI 

−0.07 to 0.51; father only smoked: β = −0.04, 95% CI −0.34 to 0.27), but were 

underpowered to detect robust effects. When examined among the pairs matched on 

propensity score, mother smoking was robustly related to offspring hyperactivity, and to a 

similar degree whether the father smoked (β = 0.26, 95% CI 0.03–0.49) or did not smoke (β 

= 0.30, 95% CI 0.04–0.57).
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Former smoking and its relationship with offspring hyperactivity

Finally, we also disaggregated lifetime abstainers from former smokers to examine whether 

there was heterogeneity in the effect. For maternal smoking, there was an effect of both 

current smoking versus lifetime abstention (adjusted: β = 0.35, 95% CI 0.09–0.61) and 

former smoking versus lifetime abstention (adjusted: β = 0.25, 95% CI 0.03–0.48). There 

was no effect of current or former smoking versus lifetime abstention among fathers. We 

then evaluated time since quitting among mothers, comparing those who quit just before 

pregnancy, 1–2 years before pregnancy, and 3 or more years before pregnancy with those 

who never smoked. Quitting just prior to pregnancy was associated with offspring 

hyperactivity (β = 0.32, 95% CI 0.01–0.63), whereas quitting 3 or more years before the 

pregnancy was less associated (β = 0.12, 95% CI −0.18 to 0.42). These results held when 

additionally controlled for maternal alcohol and caffeine use among the subset with data. 

Associations between time since quitting and study covariates are provided in 

Supplementary Table S4.

Discussion

These data provide some support for the hypothesis that maternal prenatal smoking exposure 

exerts a causal effect on symptoms of hyperactivity during childhood, especially smoking at 

high levels. First, we demonstrate that maternal smoking during the gestational period is 

associated with offspring hyperactivity, after controls for subsequent maternal and paternal 

smoking during the childhood period, maternal cognitive ability, maternal alcohol and 

caffeine use in pregnancy, and other important confounders. Second, among women 

matched on a propensity score predicting smoking during pregnancy, there remained a 

robust association between maternal smoking and offspring hyperactivity. Third, using 

paternal smoking during the gestational period as a marker of background confounding due 

to the shared family context, we demonstrate a stronger association for maternal smoking 

than for paternal smoking, as would be consistent with an intrauterine pathway for the effect 

of smoking on offspring hyperactivity (Davey Smith, 2008). However, this difference is 

only evident after adjustment for covariates. Fourth, we observed an increase in the 

relationship between maternal prenatal smoking and offspring hyperactivity among those 

smoking 10–19 and 20+ cigarettes per day, but observed no such relationship for paternal 

smoking during the pregnancy period at any level of cigarette use. These data offer unique 

strengths for this research question, including comprehensive prospectively collected 

information on mothers, fathers and their children beginning at birth, and assessments 

during a historical time period in a sample in which smoking was common.

As noted in a recent review of the literature on offspring effects of maternal smoking by 

Knopik (2009) and emphasized by others (Davey Smith, 2008), associations between 

maternal smoking in pregnancy have been documented with a range of outcomes including 

cognitive dysfunction, conduct and other behavioral problems, obesity, and other health 

outcomes. Constraints on causal inference are common across all of these studies; thus 

innovative approaches that mitigate sources of confounding are critical to advancing our 

understanding of child health. One increasingly common strategy is to compare outcomes 

among siblings that were discordant for maternal smoking during pregnancy, which 
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mitigates sources of confounding that are shared within families. With regarding to 

hyperactivity, our results differ from sibling match studies, which have generally suggested 

that the link between prenatal smoking and offspring hyperactivity largely reflects shared 

familial confounding (D’Onofrio et al. 2008; Lindblad & Hjern, 2010; Obel et al. 2011). 

Sibling matched studies provide a within-family estimate whereas the parameters estimated 

in the present study combine within- and across-family effects. However, if there is a causal 

relationship between intrauterine exposure to tobacco smoke and offspring hyperactivity, we 

would expect consistent results. While sibling match studies are a powerful approach to use 

observational data for better causal inference, there are limitations to the design and unique 

potential biases (Susser et al. 2010; Donovan & Susser, 2011; Frisell et al. 2012). 

Examinations across multiple study designs of the effects of prenatal smoking exposure on 

offspring health are beneficial in developing consensus regarding the strength and validity of 

these associations (Keyes et al. 2013a).

Several other studies have provided evidence suggesting that the association between 

maternal smoking and hyperactivity is the result of confounding (Thapar et al. 2009; 

Langley et al. 2012), and recent maternal/paternal comparisons have been inconsistent 

(Nomura et al. 2010; Langley et al. 2012). Studies exhibit differences in time period of data 

collection, which could yield different results due to secular trends in rearing practices 

across time, or from differences in outcome measurement. Compared with studies initiated 

in the past several decades, the present study was conducted in a time period in which 

mothers may have had a greater role in child rearing, given that women are increasingly 

pursuing careers outside of the home. This may introduce additional confounding in the 

present study, though the present study has the benefit of being conducted in a time period in 

which smoking during pregnancy was less socially sanctioned. With regard to outcome 

measurement, we also note that additional analyses in our data examining each item as a 

singular outcome produced similar results to our main analyses (i.e. an effect of maternal 

smoking that was greater in magnitude than the effect of paternal smoking; see 

Supplementary Table S3).

Three additional findings in these data warrant discussion as they suggest that other 

pathways may also be operable in the effect of maternal smoking on offspring health. First, 

women who reported quitting smoking just prior to pregnancy also had offspring with 

increased hyperactivity symptoms compared with never smokers. Preconception smoking 

could have effects on the developing fetus by altering metabolite pathways in the mother in 

ways that persist during at least the early part of pregnancy (Foley et al. 2009). However, 

this association could also be indicative of residual confounding or underreporting of 

cigarette use. The hypothesis that preconception smoking could affect offspring outcomes 

should be further investigated before strong conclusions are attached. Second, when 

controlled for relevant confounders, only the association between maternal smoking in the 

absence of paternal smoking was strongly related to hyperactivity in offspring. It is possible 

that these women had a greater accumulation of risk factors that influence the risk for 

offspring hyperactivity. This raises the possibility that non-intrauterine pathways might also 

contribute to the difference in child hyperactivity risk for maternal versus paternal smoking 

during pregnancy. Third, our data suggest somewhat different patterns of confounding for 
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maternal smoking than for paternal smoking. For example, some socio-economic indicators 

as well as offspring race were associated with paternal smoking but not maternal smoking. 

The validity of the approach comparing the strengths of the estimates of maternal versus 

paternal smoking relies on paternal smoking as a marker for shared environmental 

confounding; to the extent that these indicators have unique confounding structures, the 

approach will yield less valid inference.

These data and the validity of the present analysis should be viewed with several important 

limitations. First, the adolescent subsample of the CHDS represents approximately 8% of 

the original cohort, and sociodemographic factors were associated with participation in the 

adolescent interview. Thus, the subsample is not fully representative of the source sample, 

limiting generalizability. However, our main exposure, maternal smoking, was unrelated to 

participation in the subsample, and we incorporated an inverse probability weight based on 

baseline sociodemographic factors that increase the representativeness of the adolescent 

subsample. Second, the validity of the maternal/paternal comparison rests on the assumption 

that paternal smoking is an adequate marker for confounding via familial context, and that 

there are not factors that are unshared between mothers and fathers than may influence 

offspring hyperactivity (Davey Smith, 2008). While this threat cannot be evaluated 

systematically, we note that in these and other data (Davey Smith, 2008), the approach 

consistently shows maternal but not paternal smoking effects on outcomes such as birth 

weight, where we know there is an intrauterine effect. However, as noted earlier, our data 

suggest that some correlates of maternal and paternal smoking were not shared, suggesting 

the potential for residual confounding. Further, the present results rely on mother reporting 

about the hyperactivity in her offspring; it is possible that women who smoke have a 

different reporting style than women who do not smoke. Third, we did not have a diagnostic 

measure of ADHD or hyperkinetic disorder. However, our scale was made up of items that 

are classically representative of hyperkinetic disorders, and an itemlevel analysis indicated 

that the relationships presented here were approximately equal across indicators used in our 

scale (Supplementary Table S3), such that the results are not dependent on the any one of 

the scaled items. Finally, we did not have information on parental history of hyperactivity or 

any information on other parental psychopathology, which could confound the relationship 

between parental smoking and offspring hyperactivity (Griesler et al. 2008; Agrawal et al. 

2010). This information is important to collect in future studies examining the impact of 

prenatal exposures with offspring mental health.

Much remains to be understood about the potential mechanisms through which maternal 

smoking may potentially cause health consequences such as hyperactivity and ADHD in 

offspring. While animal models can suggest plausible biological pathways (Johns et al. 

1982; van de Kamp & Collins, 1994; DiPietro et al. 1996; Eriksson et al. 2000), 

observational data are inconsistent in demonstrating an effect of prenatal smoking within 

human populations. We believe that the case for a potentially intrauterine effect of maternal 

smoking on offspring hyperactivity should continue to be investigated, and that further 

research using novel study designs (including Mendelian randomization; Davey Smith & 

Ebrahim, 2003) providing insight into this issue is warranted.
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Fig. 1. 
Effect of maternal and paternal smoking during the pregnancy period on offspring 

hyperactivity at the mean age of 10 years. β Estimates were derived from linear regressions 

comparing each category with no smoking in either mother or father; adjusted estimates are 

also shown controlling for partner smoking during pregnancy period, father’s education, 

manual job, maternal smoking at child’s age 10 assessment, paternal smoking at child’s age 

10 assessment, offspring race/ethnicity, child gender, maternal cognition, maternal age and 

child age.
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Fig. 2. 
Effect of maternal and paternal level of smoking during the pregnancy period on offspring 

hyperactivity at the mean age of 10 years. Each estimate was derived comparing with no 

smoking in the parent group (e.g. effect of mother smoking 1–9 cigarettes compared with 

mothers who did not smoke at all). β Estimates were derived from linear regressions 

comparing each category with no smoking in either mother or father; adjusted estimates are 

also shown controlling for partner smoking during pregnancy period, father’s education, 

manual job, maternal smoking at child’s age 10 assessment, paternal smoking at child’s age 

10 assessment, offspring race/ethnicity, child gender, maternal cognition, maternal age and 

child age.
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Table 1

Characteristics of children and their parents in the Child Health and Development Study, comparing those who 

participated in the adolescent follow-up (CHDS-A) versus all others

CHDS-A
(n = 1752), %

All others
(n = 12041), % Test statistic, df, p

Re-weighted
CHDS-A sample, %

Mother self-reported race

  White 73.1 67.0 χ2 = 27.2, df = 2, p<0.01 66.3

  Black 19.1 22.8 23.3

  Other 7.8 10.2 10.4

Mother’s highest level of education

  Less than high school 55.0 50.3 χ2 = 49.9, df = 2, p<0.01 50.8

  High school 33.4 31.9 32.2

  More than high school 11.4 17.8 16.9

Father’s highest level of education

  Less than high school 57.5 55.1 χ2 = 12.3, df = 2, p<0.01 49.1

  High school 28.1 27.1 38.0

  More than high school 14.4 17.9 12.9

Mother’s marital status

  Not married 0.9 2.4 χ2 = 18.6, df = 1, p<0.01 2.2

  Married 99.2 97.6 97.8

Age, years

  14–19 4.0 6.4 χ2 = 111.77, df = 3, p<0.01 6.1

  20–29 53.0 63.0 61.7

  30–39 39.0 27.3 28.7

  40–50 4.1 3.4 3.5

Child’s gender

  Male 50.3 50.9 χ2 = 0.04, df = 1, p = 0.84 50.8

  Female 49.7 49.1 49.2

df, Degrees of freedom.
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