
Fig. 1 Healthy Birth Growth and Development Lifecycle diagram.  
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Objectives 

Methods 
Functional Principal Component 
Analysis (fPCA)2 was used to 
model head circumference growth 
trajectories using nonparametric 
functions to characterize:  
•  Mean trajectory 
•  Subject-level random effects 
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Results 

•  Microcephaly thresholds that did 
not account for gestational age 
ignored an important source of 
biological variation.  

•  Factors associated with maternal 
health also contributed to 
population and subject-level 
deviations from international 
standards, which accounted for 
gestational age.3  

 

Conclusions 
•  Establishing fixed cutoffs for microcephaly in terms of newborn 

head circumference size ignores important sources of variation. 

•  This variation can be accounted for using a model-based approach. 
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•  An increase in the number of microcephaly cases in Brazil has been associated with exposure to Zika virus.  

•  Screening thresholds for microcephaly have been published in terms of newborn head circumference.1  

•  We evaluated these criteria based on modeling of data about: 

•  Longitudinal fetal growth trajectories.  

•  Newborn size.  

Estimated covariance function based on fetal ultrasound data. 
Principal eigenfunctions derived from the covariance function that are 
orthogonal functions characterizing fetal growth phenotypes.  
Abbreviation: FPC, functional principal component. 

Relation between head circumference and gestational age at birth. 

Yi t( ) = µ t( )+ Xi t( )+εi t( )
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Relation between births below Zika threshold and gestational age at birth. 
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