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Impact of Maternal Stress, Depression, and Anxiety on Fetal Brain Cortical Development  

 

Background 

The importance of fetal brain development is well established with regards to the association 

between the fetal growth in the womb and later vulnerability to physical disorders. Several 

studies have shown that maternal stress and anxiety during pregnancy have been associated with 

higher incidence of preterm birth and increased risk of miscarriage. However, the effect of 

prenatal maternal stress on fetal cortical brain development remains unknown. 

 

Objective 

The objective of this study was to evaluate the association between maternal stress, depression 

and anxiety during pregnancy and in vivo human fetal brain cortical development. 

 

Methods 

A total of 95 healthy pregnant women were recruited prospectively, in which 133 fetal MR scans 

were performed (mean gestational age: 31.4±4.0 weeks). Multi-plane multi-phase single shot fast 

spin echo T2-weighted images with slice thickness of 2 mm were acquired on a GE Discovery 

MR450 1.5T Scanner. High-resolution 3D models of the fetal brain were reconstructed using 

slice-to-volume registration method and segmented by Draw-EM algorithm. Six cortical folding 

features were calculated on the inner surface of cortical grey matter: gyrification index, absolute 

mean curvature (absMC), absolute Gaussian curvature (absGC), curvedness, surface area, and 

sulcal depth. Three well-validated maternal measures were completed on the same day as each 

fetal MRI visit: Perceived Stress Scale (PSS), Edinburgh Postnatal Depression Scale (EPDS), 

and Spielberger Trait Anxiety Inventory (STAI). Generalized estimating equations (GEE) 

allowing for multiple measurements per subject were utilized to analyze the brain features 

predicted by maternal stress, depression and anxiety. 

 

Results 

GEE analysis showed that gyrification index of the temporal lobe was significantly increased 

with elevated maternal PSS, EPDS, and STAI. Similarly, sulcal depth was significantly increased 

in the frontal, parietal, and temporal lobes with higher EPDS in pregnant women, and in the 

frontal and temporal lobes with higher STAI in pregnant women. The absGC of the occipital 

lobe was significantly decreased with elevated maternal PSS and EPDS. There were no 

significant differences in absMC, curvedness, and surface area. 

 

Conclusion 

We report for the first time that elevated prenatal maternal mental distress was associated with 

altered fetal brain structures. Gyrification index and sulcal depth of fetal brain were higher in 

fetuses with stress and anxiety positive pregnancies. Ongoing studies are underway to determine 

the long-term neurodevelopmental impact of maternal stress on the offspring of our cohort. 


