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Background 

While worldwide tobacco  use is gradually declining among men, its use among women is rising: one in 

five women are expected to be tobacco users by 2025.(1) This trend is a cause for concern – particularly 

since smoking during pregnancy is considered a key avoidable risk factor for adverse pregnancy and birth 

outcomes, such as congenital abnormalities, stillbirth, sudden infant death syndrome, preterm birth and 

low birth weight.(2-9) Maternal smoking has also been linked to overweight, obesity and changes in body 

composition in childhood.(10, 11)  

Despite what appears to be a clear link between maternal smoking and adverse child health, 

different studies into the effects of different smoking patterns during pregnancy have showed 

contradictory results. It is thought that assessing the different patterns of smoking during pregnancy could 

help to identify critical time windows. On the one hand, most studies have reported that children born to 

mothers who stopped smoking in early pregnancy do not have a higher risk of adverse birth outcomes, 

childhood overweight or obesity.(7, 8, 12-14) However, smoking only in early pregnancy has also been 

linked to fetal growth restriction and increased childhood BMI.(15-18) Little attention has been paid so 

far to dose-response relationships in the separate pregnancy trimesters and to the effects of a change in 

smoking habits during pregnancy. (12, 13, 19) 

Child health may also be at risk when pregnant women are exposed to passive smoking, which 

can be measured using self-reported exposure, serum cotinine levels or paternal smoking. However, it is 

not yet clear whether exposure to passive smoking during pregnancy adversely affects birth outcomes.(12, 

20-22) Paternal exposure is used not only for determining levels of passive smoking in the mother, but 

also for determining whether any associations found between maternal smoking and child health 

outcomes can be explained by direct intrauterine effects or simply reflect unmeasured confounders.(13) 

Direct intrauterine effects are assumed when effect estimates for maternal smoking with child health 

outcomes are stronger than effect estimates for paternal smoking, while similar effect estimates suggest 

that the associations are explained by unmeasured environmental or lifestyle factors. Previous studies 

show inconsistent results.(13, 23, 24)  

 To determine the associations between patterns of smoking during pregnancy and trimester-

specific doses of maternal smoking on the one hand and birth outcomes and childhood BMI outcomes on 

the other, we will conduct an individual participant data meta-analysis among participants from 

pregnancy and birth cohort studies in America, Europe and Oceania. We also aim to determine the effects 



of changes in maternal smoking habits and the effects of paternal smoking in non-smoking mothers on the 

aforementioned outcomes.  

 

Methods 

Inclusion criteria and participating cohorts 

For this individual participant data meta-analysis we will use data from an existing collaboration on 

maternal obesity and childhood outcomes. Pregnancy & birth cohort studies participated if they included 

mothers with singleton live-born children born from 1989 onwards, had information available on maternal 

pre/early-pregnancy body mass index and at least one offspring measurement and were approved by their 

local institutional review boards. All cohort studies will provide written consent for using their data. 

Participants with no information on maternal smoking patterns and cohorts without variation in smoking 

patterns will be excluded from the analyses.  

 

Parental smoke exposure 

We will use trimester-specific maternal smoking information to categorize smoking during pregnancy in 

three groups (non-smoking; first trimester only smoking; continued smoking (as being any second or third 

trimester smoking)). Trimester-specific maternal smoking information will be categorized into non-

smoking, ≤4 cigarettes/day, 5-9 cigarettes/day, and ≥10 cigarettes/day. We will combine the information 

about maternal smoking in first and third trimester to examine the change in smoking behavior. 

Information on paternal non-smoking/smoking will be used to explore the combined effects of maternal 

and paternal smoking. We combined the maternal and paternal smoking information into six categories: 

maternal and paternal non-smoking (used as reference category); maternal non-smoking and paternal 

smoking; maternal first trimester only smoking and paternal non-smoking; maternal first trimester only 

smoking and paternal smoking; maternal continued smoking and paternal non-smoking; and maternal 

continued smoking and paternal smoking. 

 

Birth outcomes 

We will create sex- and gestational age-adjusted birth weight standard deviation scores based on a North 

European reference chart.(25) Small size for gestational age at birth will be defined as sex- and 

gestational age-adjusted birth weight below the 10th percentile for each cohort specifically. 

 

Childhood body mass index 

We will create sex- and age-adjusted standard deviation scores (SDS) for early, mid- and late childhood 

BMI (2-5, >5-10 and >10-18 years, respectively) using WHO reference growth charts (Growth Analyzer 



4.0, Dutch Growth Research Foundation).(26, 27) Childhood underweight, overweight and obesity will be 

defined using WHO cut offs.  

 

Covariates 

We will consider as potential confounders: child’s sex, maternal age (years), educational level (low, 

medium, high), ethnicity (European/White, non-European/non-White), parity (nulliparous, multiparous), 

pre- or early pregnancy BMI (kg/m2), paternal BMI (kg/m2), alcohol consumption during pregnancy (yes, 

no), breastfeeding (never; <3 months; 3 - 6 months; ≥6 months), time of introduction of solid foods (<6 

months; ≥6 months), television watching (≤2 hours/day; >2 hours/day), and paternal smoking (yes, no).  

 

Statistical analysis 

We will analyze the individual participant data from all cohorts simultaneously whilst accounting for 

clustering of participants within cohorts in multilevel model analyses.(28) First, we will use multilevel 

linear, binary and multinomial logistic mixed effects models to examine the associations of maternal 

smoking, explored across the trimesters of pregnancy and dose-response relationships within the first and 

third trimester separately, with birth outcomes and childhood BMI. Second, we will use similar models to 

investigate the associations of change in maternal smoking behavior between the first and third trimester 

of pregnancy with birth outcomes and childhood BMI. Third, we will use similar models to investigate 

the combined associations of maternal and paternal smoking with the risks of these outcomes. We will 

assess whether the risk estimates between categories statistically differed using the formula 𝑍 =

β1− β2

√(𝑆𝐸𝛽1)2+(𝑆𝐸𝛽2)2
 .We will adjust all models potential confounders. All analyses focused on combined 

maternal and paternal smoking will be adjusted for the same covariates and paternal BMI. As sensitivity 

analyses, we will conduct a 2-stage random effects meta-analysis to study the same associations. To 

prevent exclusion of non-complete cases, for categorical variables missing values will be used as an 

additional group and in continuous variables missing values will be replaced by the median within the 

cohort or in the total variable if cohort specific measures are missing. We will conduct a sensitivity 

analysis with complete cases only. Also, to explore the influence on our results of using maternal age and 

BMI as categorical covariates, we will repeat the complete cases analysis using these covariates 

continuously. Statistical analyses will be performed using the Statistical Package of Social Sciences 

version 21.0 for Windows (SPSS Inc, Chicago, IL, USA).  
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