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Abstract
Several epidemiological studies have reported an association between maternal
cardiometabolic conditions and increased offspring autism risk, an association
that can arise through multiple mechanisms simultaneously, including direct
pregnancy effects, shared familial environment, and shared genetic liability.
Disentangling these mechanisms in large population registers requires statistical
models capable of explicitly partitioning maternal and offspring genetic compo-
nents, validated under controlled conditions before application to real data.

This thesis develops a generalizable simulation pipeline, built on the Al-
phaSimR R package, for generating multi-generation pedigrees resembling hu-
man population registers across stratified generations.
Although motivated by the Danish population and the iPSYCH cohort, the
workflow is designed to be adaptable to different populations, demographic
structures, and trait pairs with minimal modification.
Realistic founder haplotypes are generated using a coalescent Markov chain sim-
ulation approach and expanded to a founder pool of 850,000 individuals through
random crossing.
From the resulting population of approximately 6 million individuals, an iPSYCH-
like genotyped cohort of 150,000 individuals is drawn from the two most recent
generations, including 25,000 autism cases selected through a relatedness-aware
greedy sampling algorithm.

Joint maternal and offspring phenotypes are simulated under a liability
threshold model, partitioning the offspring liability into direct additive genetic
effects, maternal genetic effects, shared maternal environment, and the effect of a
maternal condition during pregnancy on offspring risk.
This framework has been built with CMC and autism in mind, but can be gener-
alized and applied to any joint mother-child trait pair.

The BLUPF90 software suite is evaluated on the simulated data using four
model configurations, from a simple pedigree-based model to a full bivariate
single-step GBLUP model.
The results show that BLUPF90 can correctly estimate maternal genetic effects
and direct offspring heritability when the model is correctly specified, while also
highlighting the challenges of estimating permanent environment effects and ge-
netic correlations in human-like pedigree structures.
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