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Project outline
Background
Non-alcoholic fatty liver disease (NAFLD) is characterized by accumulation of triglycerides (TG) in
hepatic cells1. NAFLD may develop into non-alcoholic steatohepatitis (NASH)2. NAFLD and NASH are
tightly associated with insulin resistance and cardiometabolic disease3. Recent Mendelian
Randomisation (MR) studies show that the relationship between NAFLD and cardiovascular disease
depends largely on cholesterol and TG levels4,5. A MR study of NAFLD risk alleles showed divergent
metabolic effects using nuclear magnetic resonance (NMR)6. We recently found that hepatic steatosis
and other liver-function parameters are associated with a metabolic shift in blood VLDL-and large HDLparticles, triglycerides, isoleucine and glycoprotein. This shift overlaps for 95% with that induced by a
change of gut microbial diversity7,8. In line with our findings, exposure to microbial products were
found to trigger steatosis and changes in branched-chain amino acids metabolism9.
Hypothesis
Metabolomic changes in blood may be associated with the risk and pathological consequences of
NAFLD and NASH. Integrating genetic, metagenomic and metabolomic data may elucidate (causal)
pathways that may be targets for interventions. Metabolites that change as a consequence of NAFLD
may be relevant as biomarkers for NASH and cardiometabolic morbidity.
Aims
(1) Delineate the changes in metabolomics pathways that are involved in the causal pathway of NAFLD
from those that are a consequence of NAFLD;
(2) Determine the role of these pathways in the risk of NASH, cardiometabolic disorders and mortality;
(3) Understand the role of the gut microbiome in the relation between metabolites, NAFLD, NASH and
cardiometabolic morbidity.
Description of the work to be undertaken
First, building upon genomic studies of the metabolome and the metabolomic studies of NAFLD
conducted to date10,11, we will perform two-sample, bi-directional MR to distinguish metabolites that
change either as a cause or consequence of NAFLD12. We will conduct sensitivity analyses to scrutinize

the MR results by: (I) performing heterogeneity tests and pleiotropy effects of the genetic variants
(MR-Egger); (II) identification of specific pathways involved in the associations by pathway-based GRS
of steatosis scores, (III) exclusion of pleiotropy by other metabolites using conditional analysis based
on summary statistics13. The deliverable of the analysis will be an atlas of metabolic changes that
precede and result from NAFLD (see reference 12 for an example). Second, we will follow a similar MR
scheme to determine whether the metabolites that change as a cause of consequence of NAFLD are
also relevant for NASH, cardiometabolic disorders and mortality. We will use summary statistics of
NMR metabolomics studies conducted to date and other metabolomics data that we and others are
generating at present in the CHARGE consortium, UK Biobank (UKB) and elsewhere. We will also
integrate epigenomic, transcriptomic and proteomic data. The fellow will conduct additional analyses
if necessary. To validate the findings of the MR and determine the clinical utility of the MR, the fellow
will further determine directly the relationship of circulating metabolites that change either as a cause
or consequence of NAFLD to NASH, diabetes, cardiovascular pathology and mortality in the UKB. The
deliverable of the analysis will be a detailed atlas of metabolic changes that are a cause of
consequence of NAFLD and predict NASH, cardiometabolic pathology and mortality. Third, building
upon our studies and that of others linking the gut microbiome, metabolome and hepatic steatosis7,8,9,
we will evaluate the relationship of the gut microbiome with specific metabolites identified in the first
and second step. Again, we will use the summary statistic of published data and those generated
during the project.
Contributions
Cornelia van Duijn will be responsible for the daily supervision of the fellow. Both Joanna Howson
and Cornelia van Duijn will supervise the progress of the fellow in regular meetings.
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