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•  Prenatal Exposure to PAH are clinically shown to affect fetal 
growth, development and survival  

•  Adverse fetal environment linked to long-term consequences 

Window of Vulnerability: 
–  Variable Rate of Development for different organs 
–  Immature Immune Functions 
–  Greater Exposure per Body Weight 
 

Hypothesis:  
high exposure to airborne polycyclic aromatic hydrocarbons (PAHs) during 

the first trimester most significantly impairs fetal growth.  

1st trimester                                          2nd trimester                       3rd trimester 



Birth cohort study, prenatal care clinics in 
Krakow, Poland (2000-2003) 

•  Outcome Data 
•  Birth weight,  Birth length,  Birth head circumference 

•  Exposure Data 
•  Personal exposure to PAH 
•  Longitudinally measured over different gestational age 







Periodic Semiparametric Stochastic 
Mixed Model 

•  Outcome: the log of PAH measurement of the ith subject 
at time point tij. (i=1,…,m, j=1…ni) 

•  ni : number of observations of subject i, vary individually. 

•  Model: 

     x : subject-level covariates 
      t  : calendar month, changes within a subject 
      f  : a smooth periodic function (period length=12) 
      b : subject-specific random intercept 
      U : mean 0 stochastic process with periodic variance 
      e : independent error 
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•  Semiparametric-mixed Effect Model: 
Yij = xij

Tβ+ f (tij )+ bi + Zij
Tb+ eij
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Prediction Model for Fetal Growth 

•  Functional Linear Model: 

 
      Zi :  birth outcome of baby i, e.g. birth weight. 

 

      Yi(s) :  the PAH exposure curve of the ith subject                                           
        evaluated at gestational age s. 

   

          x   :  other covariates 
 

  epsilon :  measurement error 
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Recap Statistical Inference and Findings 
•  Using longitudinal semiparametric mixed effect 

model and functional linear models 
–  We minimize the penalized least squares objective function using 

a spline-based expansion of the nonparametric functions.  
–  The smoothing parameters are selected using GCV criteria. 

•  This study suggests that the vulnerability of fetus 
against high prenatal PAH exposure varies across 
different gestational age. 
–  Hint a couple of critical windows of vulnerability for fetal weight 

and height development, during which the PAH exposure yields 
significant impairment. 

–  Thus, reducing PAH exposure during these gestational windows 
may help for fetal weight and length development.  

–  For birth head circumference, it appears to be affected more and 
more detrimentally across the gestational age, but no statistical 
significance is found. 



Other Discussion Points…. 
•  Treat time (e.g. gestational age) as a totally continuous 

variable, with day as unit, not month. 
•  Fixed integral bounds v.s. Random?  Note actually the 

time interval from getting pregnant to delivery varies 
individually. 

•  e.g. 

                   s1  :  time got pregnant 
  

                   s2  :  time for delivery 

•  Sparse of longitudinal measurements 

•  Potential bias from excluding non-full-term babies 
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Thank you! 


