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Introduction Several studies have reported an increased risk of wheezing in children of mothers who used 
paracetamol during pregnancy[1]–[4]. However, the lack of complete adjustment for confounding factors has 
been suggested as a possible explanation for the observed association[5]. Several factors can be associated 
with paracetamol use during pregnancy and, at the same time, may be related to wheezing in children. 
Traditional approaches for the estimation of the effect of an exposure on an outcome may be biased under 
model misspecification. For example, multivariable regression requires the correct specification of a 
parametric outcome model. Propensity score methods require the correct specification of both the exposure 
and, in some cases, the outcome model[6][7]. Targeted maximum likelihood estimation (TMLE) is a 
semiparametric doubly‐robust method that allows to obtain an unbiased estimator of the effect if either the 
exposure or the outcome model is correctly specified, but not necessarily both[8]–[11]. Furthermore, TMLE 
allows the integration of machine learning methods in the estimation process. Machine learning methods 
may be useful to alleviate the bias due to statistical model misspecification as they avoid the assumption 
that the data-generating process has a specific probability distribution, and are generally flexible: they can 
handle interactions and nonlinearities, exploring a wide range of possible relationships[12]. In particular, 
TMLE can rely on the SuperLearner, an ensemble learning algorithm that combines multiple machine 
learning methods to create a robust and accurate prediction model[13][14]. 

Objectives In this paper, we apply TMLE in a birth cohort study, in a framework with a binary exposure and 
a binary outcome. The aim is the estimation of the effect of maternal paracetamol use during the first 
trimester of pregnancy on the occurrence of wheezing symptoms in the first 18 months of child’ life in the 
NINFEA birth cohort.  

Methods We applied three different implementations of TMLE: (i) parametric TMLE, using logistic 
regression for the exposure and the outcome model, (ii) nonparametric TMLE, with the use of default 
SuperLearner library, (iii) nonparametric TMLE, with the use of a user-defined SuperLearner library. For the 
purpose of comparison, we also applied traditional statistical approaches: (i) multivariable regression, (ii) 
propensity score regression adjustment, (iii) inverse probability of treatment weighting. We evaluated the 
effect on the risk ratio scale, including an increasing set of covariates. Covariate Set 1 includes 
socioeconomic baseline variables and maternal characteristics and health conditions (asthma and maternal 
allergic rhinitis) potentially associated with infant wheezing and possibly associated with paracetamol use 
during pregnancy. Covariate Set 2 additionally includes maternal infections (or factors associated with 
maternal infections) in the first trimester of pregnancy. Covariate Set 3 includes also pre-pregnancy maternal 
mental health, namely anxiety and depression. Covariate Set 4 further includes post-exposure potential 
confounders that were considered in previous studies, excluding potential mediators, namely factors that 
may be in the causal pathway between the exposure and the outcome. All the models were adjusted for 
these 4 different sets of covariates. We additionally evaluated a minimally adjusted estimate, which accounts 
for the region of residence only that we assumed to be the crude association. 



Results We found that before adjustment, children exposed to paracetamol during pregnancy had a 26%  
increased risk of wheezing compared with those unexposed to paracetamol (RR 1.26; 95% CI (1.12;1.43)). 
After adjustment for gradually increasing set of covariates, the association between paracetamol and 
wheezing moves toward the null, and all statistical methods produce similar results. However, all the fully 
adjusted models, using both traditional and the 3 TMLE methods, suggest a positive, but weak, association 
(Table 1).  
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Set 2 
1.12 

(0.98;1.27) 
1.12 

(0.99;1.28) 
1.12 (0.97;1.28) 1.12 (0.98; 1.29) 1.13 (0.99;1.28) 1.13 (0.99;1.28) 

Set 3 
1.11 

(0.98;1.26) 
1.11 

(0.98;1.27) 
1.11 (0.96;1.27) 1.12 (0.97;1.29) 1.12 (0.99;1.28) 1.12 (0.99;1.27) 

Set 4 
1.11 

(0.98;1.26) 
1.12 

(0.98;1.27) 
1.11 (0.96;1.27) 1.12 (0.97;1.29) 1.11 (0.98;1.27) 1.12 (0.99;1.26) 

Table 1: Association of maternal paracetamol use during the first trimester of pregnancy and risk of child 
wheezing at 18 months of age 

Conclusion The association between maternal paracetamol use during pregnancy and infant wheezing is 
largely explained by confounding. However, a weak positive association remains. The use of TMLE paired 
with the SuperLearner can help to reduce concern about the bias due to statistical model misspecification. 
Residual confounding, potentially unmeasured, may explain the residual association, rather than any 
shortcomings in the statistical specification of the relationship between exposure, outcome, and 
confounders. 
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