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maternal age>35 years (aOR 1.41; p=0.14), pre-
pregnancy BMI>25 kg/m2 (aOR 2.34; p=0.13), or 
smoking (aOR 1.09; p=0.72). Similarly, no significant 
interactions were found between male fetal gender 
and uterine artery Doppler indices, including elevated 
uterine artery z-score (aOR 2.92; p=0.35) or bilateral 
artery notching (aOR 19.31; p=0.30).

Interaction analyses between fetal gender and 
pre-pregnancy BMI categories in relation to pre-
eclampsia risk are presented in Table 4. No statisti-
cally significant interactions were observed in any 
BMI category. Among underweight women, the joint 
effect estimate was aOR 1.43 (RERI –3.84; p=0.25). 
For women with normal BMI, the joint effect was aOR 
0.33 (RERI –0.34; p=0.31). In the overweight group, 
the joint effect was aOR 1.85 (RERI 1.15; p=0.10). 
Among obese women, the joint effect was aOR 1.09 
(RERI –0.03; p=0.95).

Discussion
Main findings
The present study showed that: 1) Fetal gender 

was not an independent risk factor for the develop-
ment of preeclampsia, 2) use of ART, higher pre-
pregnancy maternal BMI, and abnormal Doppler 
findings (elevated uterine artery z-score and bilateral 
artery notching) each independently increased the 
risk for preeclampsia, 3) smoking status, parity and 
maternal age were not significantly associated with 
preeclampsia, 4) no statistically significant interac-
tions were observed between fetal gender, maternal 

age greater than 35 years old, smoking, maternal 
BMI or uterine artery Doppler indices.

Interpretation of findings
This study contributes to the existing literature 

as it illustrates the complex relationship between 
fetal gender and preeclampsia and the effect that 
certain maternal and pregnancy-related factors such 
as BMI, use of ART and uterine artery Doppler have 
in the presentation and prediction of the pathology. 
The principal finding, that fetal gender alone is not 
significantly associated with the risk of preeclampsia 
agrees with Mirzakhani and Weiss’ study that found 
no association between the two24. Interestingly, the 
authors found an elevated risk for preeclampsia only 
in African American women carrying a male fetus, 
demonstrating that maternal race could possibly 
contribute, when combined with fetal gender, to 
the expression of preeclampsia. A 2016 systematic 
review and meta-analysis by Jaskolka et al. adds to 
this, as it was found that pregnant women, only in 
the non-Asian population, carrying a male fetus had 
a higher preeclampsia risk. However, when all 22 
studies of the meta-analysis were included in the 
results there was no significant association between 
fetal gender and maternal risk of preeclampsia. These 
deviations could also be attributed to the variability 
in the definition of preeclampsia among the studies, 
as well as diverse study methods and demographics 
such as maternal race. There was also high hetero-
geneity between the studies and a lot of them did 

Table 4. Interaction between fetal gender and maternal BMI categories on pre-eclampsia risk.
Exposure Combination Joint Effect (aOR) RERI p-value for Interaction

Male fetus × Underweight 1.43 –3.84 0.25

Male fetus × Normal BMI 0.33 –0.34 0.31

Male fetus × Overweight 1.85 1.15 0.10

Male fetus × Obese 1.09 –0.03 0.95

*�Joint Effect (aOR) refers to the odds ratio for the combined exposure (male fetus and specified BMI category). RERI: Relative Excess Risk due 
to Interaction. P-values represent significance of interaction on the multiplicative scale.


