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Abstract

Metabolomic Profiles and Prostate Cancer Risk

By Zoe Grenville, University of Oxford, DPhil thesis, Hilary Term 2025

Pre-diagnostic blood metabolites may help identify novel risk factors for prostate cancer incidence, and these
metabolite profiles may be modifiable through lifestyle and dietary factors. For this thesis, I investigated
circulating metabolites in relation to (a) potential determinants and (b) prostate cancer risk, using EPIC and
the UK Biobank for two of the largest prospective studies to date of metabolites and prostate cancer risk.

In EPIC, plasma metabolites were measured by liquid chromatography-mass spectrometry. In 3,042 men from
EPIC free of cancer at blood draw, in a two-stage cross-sectional discovery (2,524 men) and validation (518
men) study, I estimated the associations of 24 dietary and lifestyle variables with three metabolite patterns
(and levels of the individual metabolites loading on each pattern). Intakes of alcohol and fish were positively
associated with Pattern 1 (64 phosphatidylcholines and two hydroxysphingomyelins). BMI was positively
associated with Pattern 2 (two acylcarnitines, glutamate, ornithine, and taurine), which appeared to be driven
by a strong positive BMI-glutamate association. Finally, both BMI and fatty fish were inversely associated
with Pattern 3 (8 lyso phosphatidylcholines). These results indicated robust associations of fish, alcohol, and
BMI with several individual metabolites, as well as three metabolite patterns previously found to be inversely
associated with risk of aggressive prostate cancer.

In an extended EPIC nested case-control study of 4,387 matched case-control pairs, I investigated the
associations of 148 individual metabolites and the three previously defined metabolite patterns with prostate
cancer risk, overall and by time since blood collection, tumour characteristics, and risk of prostate cancer
death. After correction for multiple testing, six phosphatidylcholines were inversely associated with risk of
advanced prostate cancer within ten years of blood collection (this association was weaker with longer follow-
up time). Patterns 1 and 2 were also inversely associated with advanced prostate cancer; these associations
were strongest for men diagnosed within 10 years of recruitment (OR;sp 0.80, 95% CI 0.66-0.96 and 0.76,
0.59—0.97, respectively). Pattern 3 was associated with prostate cancer death (0.82, 0.68—0.98). These results
suggest that plasma metabolite profiles change up to a decade before detection of advanced-stage disease.

Finally, in a prospective cohort analysis in UK Biobank (n=126,206 men), I assessed 249 metabolites
measured using nuclear magnetic resonance imaging in relation to risk of overall prostate cancer (n=6,575
cases) and death from prostate cancer (n=596). Men with a higher percentage of docosahexaenoic acid (DHA)
to total fatty acids had a higher risk of prostate cancer (HR per 1 SD 1.05, 95%CI 1.03-1.08). In addition, a
higher percentage of phospholipids to total lipids in small LDL was associated with higher risk of prostate
cancer (1.06, 1.02-1.09), with a greater magnitude of association in the first 3 years since blood collection
(1.12, 1.04-1.20). Men with higher circulating citrate concentrations had an increased risk of prostate cancer
death (1.18, 1.08-1.28). Finally, lower concentrations of glycoprotein acetyls (1.25, 1.14-1.4) and higher
concentrations of albumin (0.86, 0.79-0.93) were associated with lower risk of prostate cancer death, with a
greater magnitude of association closer to blood collection, likely indicating changes in blood metabolite
profiles in response to an existing tumour. In cross-sectional analyses, higher fish intake was strongly
associated with higher plasma DHA concentrations.

In conclusion, alcohol, fish intake, and BMI affect men’s blood metabolic profiles. Several metabolites and
metabolite patterns were inversely associated with advanced stage prostate cancer and death, possibly
reflecting that there are changes in men’s blood metabolic profiles in response to cancer up to ten years before
diagnosis, while DHA was associated with higher overall prostate cancer risk. Ultimately, I highlight
modifiable correlates of the metabolic landscape, offering further context into pathways that may be associated
with preclinical prostate cancer. Furthermore, the findings of a possible aetiological role of DHA in prostate
cancer risk contributes to previous observational research indicating an association between DHA (and other
long-chain omega-3 polyunsaturated acids) and prostate cancer risk. Future work should involve pooled
analyses of several cohorts (with longer follow-up time to investigate the temporality of these associations),
investigating potential mechanisms including lipid metabolism and inflammation, and assessing causality
using approaches such as Mendelian randomisation.
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1. Introduction

1.1 Rationale

Prostate cancer is the second-most commonly diagnosed cancer in men, with over 1.4 million cases
worldwide in 2022 [1]. To date, age, family history, ethnicity, and genetics are well-established, non-
modifiable prostate cancer risk factors [2]. Besides compelling evidence for free-testosterone and

insulin-like growth factor 1 (IGF-1), few potentially modifiable risk factors have been established [3].

Metabolomics is a rapidly evolving field in which large numbers of metabolites (small molecules in
body fluids and tissues), are measured in order to establish a metabolic fingerprint for different diseases
[4,5]. These metabolite profiles can be determined by internal (i.e. genetic and epigenetic,
physiological) or external (i.e. dietary and environmental) factors [6]. Several observational studies
have aimed to identify novel risk factors and pathways in prostate cancer aetiology by measuring
metabolite levels in in pre-diagnostic blood samples [4,6—15]. While many of these previous studies
have included investigation of associations between circulating metabolites and more aggressive
prostate cancer tumour subtypes, these studies have generally lacked statistical power due to limited

sample size, including in analyses stratified by follow-up time and tumour subtype [4,7-10,12].

Metabolites have a key role in homeostatic processes, both in their regulation and as a byproduct, and
in supporting the body’s biochemical processes. As byproducts of cellular metabolism, metabolites are
both involved in or result from essential functions including energy production, cellular signalling and
regulation, and the biosynthesis of proteins, nucleic acids, and lipids crucial for cell structure and
function. Metabolic profiles have been associated with prostate cancer development and progression;
Metabolic profiles have been linked to prostate cancer development; for instance, disruptions in fatty
acid metabolism (which plays a key role in energy production, membrane synthesis, and post-
translational modification of signalling molecules) have been implicated in the early stages of malignant
transformation [16-20]. In addition to evidence that changes in fatty acid metabolism may contribute
to early oncogenic processes, they may also arise as an effect of tumorigenesis, indicating a complex,

potentially bidirectional relationship [19]. Prostate cancer cells significantly rely on fatty acid



absorption and metabolism, especially for long-chain fatty acids, and have increased uptake of fatty
acids. Consequently, abnormal fatty acid metabolism has frequently been found in prostate cancer
patients. In addition, prostate cancer tissues demonstrate higher IGF-1 and fatty acid transport protein,
both which have a role in fatty acid metabolism [19]. Ultimately, the measurement and profiling of

metabolites may provide insight into the aetiology of prostate cancer [4,11].

1.2 Research Aims

The aims of this DPhil are to characterize the correlates of blood metabolic profiles in men, and to
investigate their associations with prostate cancer risk, using different metabolomics platforms and a
sample size large enough to provide robust estimates of risk. This will involve analyses of data from
two prospective cohorts (the European Prospective Investigation into Cancer and Nutrition (EPIC) and

the UK Biobank using two different metabolomics platforms.
This thesis comprises three main projects, detailed below:

1. The first project of this thesis aims to determine dietary and lifestyle correlates of three metabolite
patterns (and the circulating individual metabolites that comprise the patterns), which had already
been derived in a previous EPIC nested case-control study using the statistical method treelet
transform and been identified as being associated with aggressive prostate cancer risk [4].

2. The second project investigates the associations of the three metabolite patterns and circulating
individual metabolites with aggressive prostate cancer tumour subtypes and death from prostate
cancer using a larger sample size and longer follow-up in the EPIC cohort.

3. The third project aims to identify the associations between circulating metabolite concentrations
and prostate cancer risk and death from prostate cancer in the UK Biobank, in order to expand on

the previous project’s results using a different cohort and metabolomics platform.
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Figure 1.1 Aims of the thesis

This chart represents the three main aims of the thesis: (1) to investigate potentially modifiable correlates of
metabolites; (2) to investigate the association between metabolites and prostate cancer risk in the EPIC cohort;
and (3) to investigate the association between metabolites and prostate cancer risk in the UK Biobank.

1.3 Role of the author in the preparation of this thesis

Julie Schmidt, Ruth Travis, and Tim Key conceived the original idea to study circulating
metabolites and prostate cancer risk, with research design input throughout the thesis from Karl
Smith-Byrne. This work originated in order to follow up on the findings from Julie Schmidt’s
previous work on metabolites and prostate cancer, and with the guidance of my supervisors
(Julie Schmidt, Ruth Travis, and Karl Smith-Byrne), I have been involved in all aspects of the
research. 1 have led the literature review, data analysis and interpretation, manuscript
preparation, and writing. Funding for this thesis was secured by Tim Key and Ruth Travis from

Cancer Research UK.

I have written all the chapters, including reviewing all the available literature, and reporting
and interpreting my original analyses. However, beyond the guidance of my supervisors, co-
authors read and provided input for the two published manuscripts that were based on the

results in Chapters 3 and 4 [21,22].

All metabolomics assays for EPIC were conducted by laboratory personnel at the World Health

Organization’s International Agency for Research on Cancer (IARC), Lyon, France. All



metabolomics assays for UK Biobank were performed by laboratory personnel at Nightingale
Health, Helsinki, Finland. For Chapters 3 and 5, the dataset was cleaned by former CEU
statistician Urwah Noor before I began analyses, while Urwah and I cleaned the dataset (which
included new incoming data) for Chapter 4 together. Afterwards, I prepared all the analytic

datasets.

I conducted all statistical analyses for Chapters 3, 4, and 5 in Stata Statistical Package versions
17, 18, and 19 (StataCorp, Texas, USA) [23-25], and used R versions 4.1.0 to 4.3.2 (R Core
Team, Vienna, Austria) [26] for preparation of figures and plots. For Chapters 3 and 4, Urwah
advised with some technical questions, while for Chapter 5 CEU statisticians Georgina Fensom
and Mahboubeh Parsaeian advised with some additional technical questions. For Chapter 4, 1
modified and tailored treelet transform code originally written by Georgina Fensom to fit my
data and analytical specifications, while for Chapter 5 I similarly modified UK Biobank code

previously written by Urwah Noor.

I designed all figures and tables, with coding assistance for forest and/or volcano plots in R

provided by Karl Smith-Byrne (Chapter 3) and Mahboubeh Parsaeian (Chapters 4 and 5).

1.4 Publications arising from this thesis

The majority of the work presented in Chapters 3 and 4 has been published in Nutrients (2022)
and the International Journal of Cancer (2024), and I am the first author of both manuscripts.
Chapter 3 is a cross-sectional study of diet/lifestyle factors and metabolites/metabolite patterns
previously associated with prostate cancer, using EPIC data. Chapter 4 is a nested case-control
study of three metabolite patterns and individual metabolites with risk of more aggressive

prostate cancer tumour subtypes.



2. An overview of prostate cancer epidemiology and
metabolomics

2.1 Prostate cancer epidemiology

2.1.1 Geographical trends
In 2022, prostate cancer comprised 7.3% of total cancers diagnosed worldwide [11], with over
1.4 million new cases. It was the most commonly diagnosed cancer in 118 countries. In 52
countries, prostate cancer was the leading cause of cancer death, and approximately 396,000

men died from the disease [27].

There is geographic variation in incidence and mortality rates [27]. Most diagnoses are in
countries with a higher human development index (HDI), with the exception of the Caribbean,;
the top regions with the highest age-standardised incidence rates were (in descending order)
Northern Europe, Australia-New Zealand, Caribbean, and Northern America. The lowest age-
standardised rates were found in Asian and African regions. The highest age-standardised death
rates are found in some countries with a lower HDI, including (in descending order) southern
Africa, Caribbean, middle Africa, and western Africa, while the lowest age-standardised death

rates were in parts of Asia [27].

2.1.2 Temporal trends
Between 1973 and 1997, there was a global increase in prostate cancer incidence. During this
period, annual incidence rates in more-developed regions (often aligned with countries
classified as having a high Human Development Index [HDI]) were considerably higher than
those in less-developed regions, with North America reporting the highest rates. This likely
reflects greater PSA screening use in more developed countries, perhaps leading to higher
detection rates, including diagnoses of indolent disease [27]. In fact, evidence suggests that

prostate cancer is present in most older men: autopsy studies in several countries (including



western Europe, South Africa, and Japan) have identified prostate cancer in approximately 80
percent of men who died in their seventies from other causes [28]. In recent years, however,
there has been a general decrease in prostate cancer diagnoses in the US, Canada, and Australia,
compared to an increase in Europe. This variation is likely due to earlier and more widespread
adoption of widespread PSA testing in the former countries during the 1980s and 1990s. In
contrast, European countries have begun implementing PSA testing more broadly in more
recent decades, which may explain the continued increase in diagnoses [29]. Especially in the
US, PSA screening for early prostate cancer detection has remained a subject of controversy.
Two large randomised-controlled trials, the European Randomised Study of Screening for
Prostate Cancer (ERSPC) and the Prostate, Lung, Colorectal and Ovarian screening trial
(PLCO) cohort, both investigated the efficacy of PSA screening. While the ERSPC trial found
that PSA testing decreased prostate cancer mortality over 11 years of follow-up, the PLCO
cohort reported no difference. In fact, both trials also highlighted the adverse effects of PSA
screening, including false-positives, unnecessary biopsies, and detrimental effects from
treatment. In light of this evidence, the U.S. Preventive Services Task Force (USPSTF) updated
its PSA screening recommendations. In 2008, it recommended against PSA screening for men
75 years and older, and in 2012, updated this recommendation to include all men, deciding that
the risks of routine screening outweighed the benefits. This was largely in response to concerns
that men who were unlikely to benefit from early detection, including those with limited life
expectancy or at risk of overtreatment of low-risk disease, were being subjected to unnecessary

screening [30].

In general, there has been a decrease in age-standardised mortality rates in high-income
countries in the last thirty years, particularly in Northern America, Oceania, and Northern and
Western Europe [27]. The decrease in mortality is likely due in part to improved treatment

options, and possibly supported by earlier detection through PSA screening, though the latter



remains subject to ongoing debate. In countries in Central and Eastern Europe, Asia, and
Africa, age-standardised incidence and mortality rates increased, which may be attributed in
part to increased uptake of PSA testing in previously underdiagnosed population, and

persistently limited access to effective treatment compared to high-HDI countries [27].

2.1.3 Established risk factors

2.1.3.1 Age

Age is a non-modifiable, well-established prostate cancer risk factor. According to 2022 cancer
statistics, men’s risk of developing prostate cancer increases from 1.8 percent in men aged 60-
69 years old, to nine percent in men aged 70 years and older [2]. Globally, 55 percent of deaths

occur in men aged 65 years or older [29].

2.1.3.2 Family history

Family history has been established as another non-modifiable prostate cancer risk factor [31].
In a 2025 systematic review (which included observational and modelling studies), the odds of
detecting clinically significant prostate cancer in men with a family history ranged from 1.3-
to 8.4-fold across studies, with risk increasing further in individuals with multiple affected first-
degree relatives [31]. Family history of prostate cancer may not only indicate genetic factors,
but could also be a result of a shared environment of socioeconomic status, deprivation, diet,
stress, and other factors, including health behaviours, awareness of the disease and likelihood

of receiving testing [31].

2.1.3.3 Genetics

Genetics are also an established prostate cancer risk factor. Low-penetrance variants, or those
in which not everyone with a particular genotype will present with clinical symptoms by a

certain age [32], account for the majority of prostate cancer cases. Genome-wide association
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studies (GWAS) have identified common risk loci by analysing differences in the frequency of
single-nucleotide polymorphisms (SNPs) between cases and controls across the genome. The
most common variants are SNPs that are present in more than one percent of the population;
while individually these SNPs only confer a small increase in prostate cancer risk, their
cumulative effect can raise risk to a clinically significant level when combined [33]. For
example, four SNPs (rs111906923, rs11568818, rs2735839, rs10993994) that are located
within or near genes implicated in increased cancer risk may be associated with risk of
aggressive prostate cancer and metastatic disease [34]. The susceptibility region on
chromosome 8q24 has been estimated to contribute to 25 percent of total familial risk, more
than any other known locus, and has largely been identified in men with African ancestry [34—
36]. Overall, GWAS have identified 451 known prostate cancer-associated SNPs, including
269 SNPs mainly found in Europeans, and 187 novel SNPs from a recent multiethnic GWAS
[33,37]. Their cumulative effect can be used to generate a polygenic risk score (PRS), which
predicts an individual’s lifetime risk of prostate cancer depending on their genotype, helping

stratify individuals into categories of genetic risk [33].

Though rarer (found in less than 2 percent of the population), high-penetrance pathogenic
variants, which include autosomal-dominant DNA-repair gene variants or mismatch repair
(MMR) variants, also associated with increased prostate cancer risk and aggressiveness. For
example, variants in BRCAI and BRACA2, both tumour suppressor genes, are linked to
elevated prostate cancer risk compared to the general population [33]. In fact, high risk variants
in BRACA?2 have been associated with earlier age at diagnosis, 2.5-fold to 8.6-fold increased
risk of being diagnosed by age 65 in carriers compared to non-carriers, and more aggressive
prostate cancer phenotypes that have been associated with positive lymph nodes and distant
metastasis [33,38]. Similarly, BRCAI variants confer a 1.8- to 3.5-fold increased relative risk

of overall prostate cancer compared to the general population [33]. High risk BRCAI and
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BRACA?2 genetic variants are more prevalent in individuals of Ashkenazi Jewish descent [39]

than in the general White population.

Pathogenic germline variants in ATM and CHEK?2, both tumour suppressor genes involved in
apoptosis and DNA damage repair, respectively, have also been associated with increased risk,
including for more aggressive or metastatic disease. The Prostate Cancer Association Group to
Investigate Cancer Associated Alterations in the Genome (PRACTICAL) consortium reported

an odds ratio (OR) of 4.4 for prostate cancer risk for variants in the ATM gene [33].

In addition, HOXBI3 variants have been associated with prostate cancer risk and
aggressiveness. The HOXB13 gene is associated with prostate cancer development, encoding
the transcription factor homeobox B13 (HOXBI13), an androgen receptor repressor and
transcriptional regulator that modulates signals from androgen receptors [33]. A systematic
review and kin-cohort study found that HOXB13 G84FE carriers had a 3-6-fold increased risk
of prostate cancer, which increased further for those who additionally had a family history of
prostate cancer [40]. Similarly, in a Scandinavian population of approximately 5,000 cases, it
was reported that those who carried a pathogenic germline missense variant of the gene had a
33 percent risk of developing prostate cancer, in comparison to 12 percent risk in non-carriers

[38].

Finally, variants in PALB2 (which encodes a binding protein involved in involved in DNA
homologous recombination repair), MSH2, and MSH6 (both MMR genes that repair errors in
DNA replication) have been associated with more aggressive disease. Carriers of pathogenic
PALB?2 variants have an approximately 3.5-fold increased risk of developing prostate cancer,
while pathogenic variants in MSH2 and MSH6 have been associated with a 2-fold to 10-fold

increase in overall prostate cancer relative risk [33].
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2.1.3.4 Ancestry

There is variation in prostate cancer incidence amongst different ancestry groups. Black men
in the United States have approximately twice the risk of being diagnosed with and dying from
prostate cancer as White men [41]. Similarly, in the UK, Black British men have two-to-three
times higher lifetime risk of being diagnosed with prostate cancer compared to White men, and
twice the risk of prostate cancer death [42,43]. Incidence proportions reported in the UK (based
on prostate cancer incidence and mortality data provided by Public Health England) found that
the lifetime risk of being diagnosed with prostate cancer is 13.3% for White men, 29.3% for
Black men, and 7.9% for Asian men [43]. The lifetime risk of prostate cancer death was 4.2%
for White men, 8.7% for Black men, and 2.3% for Asian men [43]. A recent retrospective
cohort study in England also assessed the incidence of prostate cancer within one year
following a raised PSA test result in men from different ancestry groups, and reported that
Black men with a raised PSA are about 1.25 times more likely to be diagnosed with prostate
cancer than White men, and White men are approximately 1.48 times more likely to be

diagnosed than Asian men [42].

Studies have shown that on average, African-American men have higher PSA levels than White
men [29]. A large multi-ancestry GWAS published in 2021 identified 86 new prostate cancer
risk variants, and reported that men of African ancestry have approximately a 2.18-fold higher
genetic risk of prostate cancer compared to men of European ancestry [37]. This elevated risk
appears to be primarily due to a higher frequency of high-risk alleles (such as those at loci 8q24
and KLK3) in men of African ancestry, rather than stronger per-allele risk effects [37]. In
addition, the study developed and validated a genetic risk score (GRS) based on 269 variants
[37]. Although the odds ratio (OR) for prostate cancer in the top GRS decile (compared to men

with average genetic risk) was lower in African ancestry men (OR 3.74) than in European
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ancestry men (OR 5.06), the higher overall GRS distribution among African ancestry men
indicates that a much larger proportion of these individuals fall into high genetic risk categories
[37]. These findings are supported by other studies highlighting key variants, such as SNPs in
the 8q24 region, which have been strongly associated with earlier age at diagnosis in African
men [37], west African ancestry, increased risk of prostate cancer in African-American and
Puerto Rican men, and positive prostate biopsy in African-American men [29,44]. In addition,
a SNP in the HOXB13 gene called X285K, which is largely unique to men of west African

ancestry, has been found to be strongly associated with more aggressive prostate cancer [45].

In summary, these studies suggest that evaluating genetic ancestry, along with other risk
factors, could offer a more precise way to assess individual prostate cancer risk, rather than

using broad ethnic groups as proxies [45].

2.1.3.5 Free Testosterone

Supported by recent evidence [46], free testosterone is an established prostate cancer risk
factor. Testosterone is a steroid hormone that is mainly synthesised by the testes, and is the
most abundant androgen in men [47]. Free testosterone refers to testosterone that is not bound
to blood proteins, and is therefore biologically active. In an analysis in the Endogenous
Hormones, Nutritional Biomarkers and Prostate Cancer Collaborative Group (EHNBPCCG),
a pooled individual participant case-control dataset of prospective studies of prostate cancer
risk (including up to 25 studies, 14,944 cases and 36,752 controls, and including 1,870
aggressive prostate cancers), circulating free testosterone was positively associated with
overall (OR per 1 standard deviation [SD]) 1.03) and early-onset (OR per 1 SD 1.08) prostate
cancer risk [46]. Mendelian randomisation (MR) findings have further supported an association
with higher disease risk through genetic evidence (and are less susceptible to biases such as

confounding, reverse causation, or detection bias). Using genetic instruments that were
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identified through the UK Biobank (up to 194,453 men) and outcome data from PRACTICAL
(including up to 79,148 cases and 61,106 controls, which included 15,167 aggressive prostate
cancers), the authors reported that genetically predicted free testosterone was positively
associated with overall (OR per 1 SD 1.20), early-onset (OR per 1 SD 1.37), and aggressive

(OR per 1 SD 1.23) prostate cancer [46].

2.1.3.6 IGF-1

Men with higher circulating IGF-1 are at increased risk of prostate cancer [3]. Though the
exact biological role of IGF-1 in prostate cancer development is unclear, IGF-1 is involved in
promoting cell proliferation, and regulating differentiation and apoptosis [48]. In the most
robust prospective analyses to date using data from the EHNBPCCG, IGF-1 was associated
with overall (OR per 1 SD 1.09), aggressive (OR per 1 SD 1.09), and possibly early-onset
disease (OR per 1 SD 1.11) [3]. MR analyses using instruments identified via UK Biobank,
and outcome data obtained from PRACTICAL, reported a similar association between higher
IGF-1 and higher risk of overall (OR per 1 SD 1.07), aggressive (OR per 1 SD 1.10), and
possible early-onset disease (OR per 1 SD 1.13), complementing the observational findings
with genetic evidence [3]. This study represents the largest available collection of both
observational and genetic data on IGF-1 and prostate cancer risk, and the pooled analyses

represent nearly all of the available global data [3].

2.1.4 Body Mass Index

Prospective studies have demonstrated an inverse association between body mass index (BMI)
and risk of overall prostate cancer [49], but a positive association with risk of more advanced
disease and prostate cancer mortality [50,51]. Evidence from a recent MR analysis also
supports a protective association between higher BMI and overall prostate cancer risk [49].

However, the extent to which BMI biologically influences disease initiation and progression,
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or whether detection bias contributes to the observed associations with less aggressive tumours
(inverse association) and more aggressive tumour subtypes (positive association), remains

unclear.

For example, men with obesity are less likely to undergo a prostate biopsy, primarily because
higher BMI is associated with lower PSA concentrations, and also because obesity makes
thorough digital rectal examination more challenging. This can lead to later detection of
tumours, and worse prognosis. Additionally, because men with obesity often have enlarged
prostates, the sensitivity of biopsies is further reduced, also contributing to delayed cancer

diagnosis [51].

2.2 Metabolomics

The aim of omics approaches is largely to identify and quantify the biomolecules present in an
organism (e.g. in tissue, cell, fluid, etc.), generating large datasets that can be analysed via
bioinformatics and biostatistics. Metabolomics, which can be broadly defined as the
measurement of metabolites (small molecules) in a biological specimen, is an emerging field.
Meanwhile, the metabolome refers to the comprehensive set of metabolites expressed by an
organism. Enabling the profiling of much larger numbers of metabolites than those covered in
current standard clinical laboratory panels, metabolomics can provide promising insight into
metabolic pathways. When developing analytical procedures, researchers can employ a
combination of different metabolomics platforms to analyse metabolite subsets with shared
functional groups or similar structures. Thus, the metabolome can be profiled through

integrated methodologies [52,53].
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2.2.1 Multiplex Metabolomics Platforms

2.2.1.1 Mass Spectrometry

Mass spectrometry (MS) is an analytical technique used to quantity metabolites (present in
biological samples such as plasma, serum, urine, tissues, and cell extracts) by identifying the
molecular mass to charge ratio of compounds to determine their structure and abundance [54].
Liquid-chromatography-mass spectrometry (LC-MS) is the most commonly used method in
MS; the technique involves combining high-pressure liquid chromatography with mass
spectrometry, separating molecules depending on different physical and chemical properties
(including affinity towards other molecules, charge, polarity, and molecular size) [55].
Advantageous for its high sensitivity and specificity compared to other analytical methods, MS
studies the gas phase of ionized molecules [54,56]. This approach concentrates on the
quantification of selected metabolites, including those involved in a metabolic pathway of
interest. MS is particularly useful for targeted metabolomics, in which the metabolites being

investigated are already known.

2.2.1.1.1 Biocrates

The Biocrates Absolute/DO™ p180 kit is a commercially available high-throughput targeted
metabolomics assay, which uses tandem mass spectrometry (MS) to quantify metabolites. It
detects 21 amino acids, 21 biogenic amines, hexose, 40 acylcarnitines, 14
lysophosphatidylcholines, 76 phosphatidylcholines, and 15 sphingolipids (insert Biocrates

website source).

Several prospective cohorts have used the Biocrates Absolute/DO™ pl180 kit to quantify
metabolites, including the European Prospective Investigation into Cancer and Nutrition

(EPIC) and the Northern Sweden Health and Disease Study (NSHDS). Two of the three results
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chapters in this thesis will use data from the EPIC cohort, while the NSHDS will be referenced

in discussion chapters as a comparable cohort.

According to the manufacturer’s protocol, human plasma samples are first vortexed and
centrifuged to ensure proper mixing and separation. Using a 96-well plate with filter inserts,
10 pL of each prepared plasma sample is pipetted onto the filters, along with a zero sample
(phosphate-buffered saline), seven concentrations of calibration standards, and internal
standards that include quality control samples at low, medium, and high concentrations. After
the filters are dried in nitrogen stream, derivatisation solution (5% phenylisothiocyanate
reagent, PITC; 50 pL required) is added and the filters are dried again. Metabolites and internal
standards are then extracted using 5 mM ammonium acetate in methanol, and afterwards the

solution is centrifuged through the filter membrane.

Amino acids and biogenic amines are analysed using liquid chromatography (LC)-electrospray
ionization (ESI) coupled to tandem mass-spectrometry (MS/MS), and are validated using
external standards in seven different concentrations. The acylcarnitines, glycerophospholipids,
sphingolipids, and hexose are measured by flow injection analysis (FIA)-ESI-MS/MS, and are
quantified using a one-point internal standard calibration (compared to seven-point for the
amino acids and biogenic amines). Several acylcarnitines, lipids, and FIA-detected metabolites

are considered semi-quantitative because standards were not commercially available.

Assessment of the reproducibility of the kit on human plasma and serum samples following the
manufacturer’s procedure across six participating laboratories found it to be highly

reproducible [57].
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2.2.1.1.1.1 Information on Metabolites

Throughout this thesis, fatty acid side chains in acylcarnitines, glycerophospholipids and
sphingolipids are referred to “Cx:y”, (x and y respectively refer to the total number of carbon
atoms (x) and double bonds (y) in each molecule. This abbreviation reflects the specific fatty
acid side chain present for acylcarnitines. All measured glycerophospholipids in the Biocrates
chapters in this thesis are phosphatidylcholines, which are further sub-categorised based on
the type and number of fatty acid side chains: Lysophosphatidylcholines (lyso PC a) refer to
phosphatidylcholines with a single acyl chain; diacyl-phosphatidylcholine (PC aa) indicates
diacyl (two acyl chains); and acyl-alkyl phosphatidylcholine (PC ae) designates molecules
with one acyl and one alkyl side chain. The sphingolipids assessed are all sphingomyelins
(SM), which may contain a hydroxy (OH) group, and are also classified by their fatty acid
side chains. Finally, hexose refers to the combined measurement of several six-carbon

monosaccharides, such as glucose, fructose, and galactose [58,59].

2.2.1.1.2 Metabolon

Metabolon is a second platform that uses MS to analyse metabolites, quantifying them using
ultra high performance liquid chromatography/mass spectrometry (UHPLC/MS) and gas
chromatography/mass spectrometry (GC/MS). Metabolites are categorised according to eight
chemical classes: amino acids (including amino acid derivatives), carbohydrates, cofactors and
vitamins, energy metabolites, lipids, nucleotides, peptides, and xenobiotics [9,12]. The Alpha-
tocopherol, Beta-carotene Cancer Prevention Study (ATBC), PLCO (see Table 2), and Cancer
Prevention Study-II Nutrition Cohort (CPS-II) cohorts used the Metabolon platform to measure

a total of approximately 650 metabolites [8,9,14,60].
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2.2.1.2 NMR Spectroscopy

Nuclear magnetic resonance (NMR) spectroscopy is a second method used to identify
metabolites from a serum or plasma sample. In brief, NMR spectroscopy exposes nuclei in a
magnetic field to a radiofrequency pulse, causing their protons to temporarily transition to a
higher energy state. When they return to their normal state, this produces a distinctive
radiowave. Different metabolite have unique energy release patterns, which are demonstrated
as peaks in a chromatogram (while the area of the peaks shows the concentration of each
metabolite). In addition to being highly reproducible and quantitative, NMR is ideal for
identifying unknown metabolites (untargeted metabolomics), is low in cost, and requires

minimal sample preparation. [61,62].

2.2.1.2.1 Nightingale Health

Nightingale Health Plc market a metabolomics platform that uses NMR to identify metabolite
biomarkers of disease. Nightingale Health partnered with the UK Biobank, a prospective cohort
of 500,000 individuals who have voluntarily shared their health information with scientists in
order to advance health research. The Nightingale Health-UK Biobank initiative is one of the

largest metabolic profiling studies to date.

In 2021, the first tranche of data was released, which included detailed metabolomic assay
results for approximately 120,000 UK Biobank participants. The second tranche of analysed
blood samples for an additional 200,000 participants was released in 2023, with the ultimate

goal of releasing assay data for all UK Biobank participants.

Classes of metabolites measured by Nightingale Health (n = 249) include: lipids, fatty acid
composition metabolites, low-molecular weight metabolites (amino acids (n = 10), ketone
bodies and glycolysis metabolites), and 14 lipoprotein subclasses (triglycerides, phospholipids,

total cholesterol, cholesterol esters, and free cholesterol, and total lipid concentration within
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each subclass). In addition to absolute concentrations, the platform also provides derived

features, including metabolite ratios and percentages of total components [63,64].
2.2.1.3 How the techniques compare

LC-MS is a widely used metabolomics approach, ideal for a targeted approach where
metabolites are initially identified and quantitated. In addition to providing valuable insights
regarding the dynamics and fluxes of metabolites, this quantitative method allows for
identifying metabolite classes with better classification accuracy. Meanwhile, NMR’s high
resolution and reproducibility allow for the identification of a large number of metabolites and
accurate determination of their concentrations. NMR is ideal for identifying unknown
metabolites via an untargeted approach. NMR and LC-MS studies are complementary, in
tandem identifying larger numbers and more classes of metabolites, thus covering more of the

metabolome (the complete set of metabolites found in a biological sample) [61,62,65,66]

2.3 Prospective studies of circulating metabolites and prostate
cancer

There have been several prospective studies of circulating metabolites and prostate cancer,
using both MS and NMR (see Table 2.1). The MS studies reviewed here mainly used the

Biocrates and Metabolon platforms. This section will review the key findings.

2.3.1 Acylcarnitines
Acylcarnitines have been associated with more aggressive prostate cancer tumour subtypes in
prior prospective studies, particularly C18:2 and C18:0 [4,9,10]. Higher circulating
concentrations of acylcarnitine C18:2 were associated with a lower risk of more aggressive

disease in both EPIC and the NSHDS [4,10]. C18:0 was also implicated in prostate cancer
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risk, though in a different direction; in the PLCO cohort, stearoylcarnitine (C18:0) was

positively associated with overall and aggressive prostate cancer [9].

2.3.2 Lysophosphatidylcholines
Lysophosphatidylcholines (lyso PC a) have been associated with aggressive, advanced, and
lethal prostate cancer across several cohorts. The direction of association reported was mainly
inverse, with the exception of the NSHDS [4,10,14]. In EPIC, lysophosphatidylcholines C16:0,
Cl6:1, C18:0, and C18:1 were inversely associated with advanced prostate cancer, and in the
ATBC cohort, higher concentrations of lysolipid 1-linoleoyl-glycerophosphatidylcholine
(18:2) (also known as lysoPC a C18:2) were associated with lower risk of lethal prostate cancer
[4,14]. Contrastingly, in the NSHDS, lysophosphatidylcholines C17:0 and C18:0 were

positively associated with overall and aggressive disease [10].

2.3.3 Lipid metabolites

Higher levels of phosphatidylcholines and other lipid metabolites have also been implicated in
reduced risk of overall and more advanced tumour subtypes for several cohorts, with the
exception of one cohort, which reported a positive association [4,8,10,67]. In EPIC, two diacyl-
phosphatidylcholines (PC aas) associated inversely with aggressive disease, and 21 PC diacyl-
phosphatidylcholines and nine acyl-alkyl-phosphatidylcholines (PC aes) associated inversely
with advanced prostate cancer [4]. Similarly, in the ATBC cohort, higher levels of six
glycerophospholipids were associated with lower risk of tumour stage T3 prostate cancer [§],
which is included in the advanced cancer category in EPIC [4]. However, in the NSHDS, three

acyl-alkyl phosphatidylcholines were associated with greater risk of aggressive disease [10].

2.3.4 Sphingomyelins
For studies that found an association between sphingomyelins and sphingolipid-related

metabolites, the association has mainly been inverse, with the exception of one cohort. The
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EPIC and NSHDS cohorts both reported associations, which were inconsistent [4,13]. In EPIC,
sphingomyelins C16:1 and C24:0 were linked to advanced prostate cancer, with the former
associated with higher risk and the latter with lower risk [4]. Meanwhile, in the NSHDS, one
sphingomyelin was associated with greater risk of overall disease in the untargeted study [13].
In line with the EPIC findings, however, the CPS-II cohort reported an inverse association
between sphingomyelin d18:1/18:0 (also known as SM C36:1) and risk of prostate cancer death
[60]. Similarly, the supplementation en Vitamines et Mineraux Antioxydants Study
(SU.VLMAX) cohort reported an inverse association between two sphingolipid bases,
sphinganine and sphingosine, with overall prostate cancer risk (using MS to detect metabolites

via an in-house standard) [68].

2.3.5 Amino acids

Several cohorts have found an association between certain amino acids and overall or more
aggressive prostate cancer. However, the particular amino acids, and direction of risk, vary
within and across studies [9,10,14,15]. In the ATBC cohort, non-proteinogenic amino acids
such as thioproline, and thioproline combined with cysteine-related amino acids were inversely
associated with risk of prostate cancer death, while the dipeptide leucylglycine and three
gamma-glutamyl amino acids were positively associated with risk of prostate cancer death [14].
The NSHDS also reported an association between glycine and greater risk of overall prostate
cancer [10]. In the PLCO cohort, higher concentrations of Pyroglutamine, gamma-
glutamylphenylalanine, phenylpyruvate, and N-acetylcitrulline were associated with lower risk
of overall and aggressive prostate cancer [9]. Finally, in the SU.VL.MAX cohort, the amino
acids valine, tyrosine, histidine, methylhistidine, and phenylalanine were associated with

greater overall prostate cancer risk [15].
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2.3.6 Glycolysis metabolites
Two cohorts reported an inverse association between glycolysis-linked metabolites and
prostate cancer [10,67]. An analysis in the UK Biobank reported a strong inverse association
between glucose and citrate and overall prostate cancer [67], and similarly, the NSHDS found
an inverse association between the glycolysis metabolite pyruvate and overall prostate cancer
in men aged 40-50 years [10]. The ATBC cohort also reported an inverse association between

citrate and more aggressive prostate cancer [12]

2.3.7 Fatty acids

Previous work has also reported an association between fatty acids and prostate cancer risk,
especially a positive association of long-chain omega-3 fatty acids with overall risk. In an
individual participant meta-analysis, including 5,098 cases from seven studies, the saturated
fatty acid stearic acid was inversely associated with overall prostate cancer, while higher levels
of the omega-3 long chain polyunsaturated fatty acids eicosapentaenoic acid and
docosapentaenoic acid were each associated with a 14% and 16% increased risk of prostate
cancer, respectively (though there was heterogeneity in the latter two associations between
studies) [69]. Two prospective studies included in the analysis reported a positive role of
omega-3 long chain polyunsaturated fatty acids, including docosahexaenoic acid, with overall

prostate cancer risk [70,71].

2.3.8 Dimension-reduction methods in prospective studies
Analysing each metabolite individually can present statistical challenges, especially due to
correlations among metabolites. Dimension reduction methods (e.g. principal component
analysis (PCA) and treelet transform) can address these challenges, by summarising complex
metabolite data into a smaller number of components or patterns that capture the main sources

of variation within the data [72]. By grouping correlated metabolites into patterns, dimension
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reduction methods can improve statistical power and reduce noise. In particular, treelet
transform offers an advantage over traditional approaches like PCA by naturally producing
sparse, interpretable components and revealing the underlying structure of the data through its

combination of hierarchical clustering and dimension reduction [73].

In EPIC, three metabolite patterns derived using treelet transform were identified to associate
with prostate cancer risk (details in Chapters 3 and 4): a metabolite pattern characterized by 64
phosphatidylcholines (including PC aas and PC aes) and three hydroxysphingomyelins, as well
as a metabolite pattern of acylcarnitines C18:1 and C18:2, glutamate, ornithine, and taurine,
were both found to be associated inversely with advanced and aggressive prostate cancer risk.
Furthermore, a metabolite pattern of eight lysophosphatidylcholines was observed to be
associated inversely with risk of advanced prostate cancer and prostate cancer death [4]. Treelet
transform was previously applied in EPIC-Potsdam untargeted metabolomics and lipidomics
data, where a pattern characterised by positive loadings on a sphingomyelin, three
phosphatidylcholines and other glycerophospholipids (a metabolite class that includes
phosphatidylcholines) was identified [74]. Outside of EPIC, the PLCO cohort also applied
dimension-reduction methods to a full set of 695 metabolites, deriving ten metabolite patterns

that were found to not be associated with overall or aggressive prostate cancer [9].

2.3.9 Recent meta-analysis
Recently, a systematic review and meta-analysis of twelve pre-diagnostic circulating
metabolomic studies and prostate cancer risk identified several metabolites associated with
overall, high-risk, and lethal prostate cancer, including the previous work in EPIC, using MS
(including Metabolon and Biocrates) and NMR platforms [75]. In the study, the authors suggest
that the metabolite-prostate cancer associations identified may be useful for risk prediction

[75]. Three metabolites, including the amino acid-derived metabolites serotonin and
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tiglylcarnitine and the lipid sphinganine, were associated with reduced overall prostate cancer
risk after multiple testing. Higher concentrations of nine phosphatidylcholines and the carnitine
C18:2 were associated with reduced risk of high risk prostate cancer. Higher concentrations of
three lipids (androstenediol (3beta,17beta) disulfate (2), 3hydroxybutyrate, and glycerol), the
amino acids glutamate, taurine, C-glycosyltryptophan, and N-acetylserine, and three peptides
were associated with higher risk of death from prostate cancer. Meanwhile, higher
concentrations of the glycerophospholipid 1-linoleoyl-GPC, the amino acid cysteine, and non-
proteinogenic amino acid derivative 4hydroxyphenolpyruvate were found to associate with
lower risk of prostate cancer death. Finally, no metabolites associated with low- to
intermediate-risk prostate cancer after correction for multiple testing. Ultimately, lipids were
the metabolites most commonly associated with high and very high risk disease. There were
few common metabolite associations across outcomes, suggesting that there may be distinct
metabolic profiles associated with overall prostate cancer, high risk prostate cancer and risk of

prostate cancer death [75].

However, comparing results across different cohorts and metabolomics platforms is
challenging due to variations in analytical methods, populations, and metabolites.
Furthermore, several of the included studies in the meta-analysis were modest in size, and more
evidence is needed to confirm and interpret the magnitude of metabolite-prostate cancer risk
associations. To address this research need, for this thesis I have conducted analyses in two
distinct cohorts, using extended datasets to provide new prospective metabolomics and prostate
cancer data. A separate systematic review was not conducted as part of this thesis, because a
comprehensive meta-analysis has already been published, and because methodological
heterogeneity across studies (different platforms, populations, and metabolites assessed) makes

direct comparisons complex.
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Table 2.1 Studies in other cohorts investigating circulating metabolites and prostate cancer risk

Platform

Biocrates (MS)

Metabolon (MS)

UHPLC-HRMS
(MS, metabolites
detected via in-
house standard)

Cohort
EPIC

NSHDS

ATBC

PLCO

CPS-II

SU.VLMAX

Nightingale Health UK Biobank

(NMR)
BRUKER
AVANCE III
(NMR)

SU.VLMAX

Study
Schmidt et al. (2020) [4]

*Breeuer et al. (2022) [76]

*Schmidt et al. (2017) [6]
*Kuhn et al. (2016) [11]
Ostman et al. (2022) [13]
(Untargeted metabolomics)

Rohnisch et al. (2020) [10]
(Targeted metabolomics)

Huang et al. (2019) [14]

Huang et al. (2017) [8]

*Mondul et al. (2015) [12]
*Mondul et al. (2014) [7]
Huang et al. (2016) [9]
Wang et al. (2021) [60]

Lin et al. (2021) [68]

Hu et al. (2024) [67]

Lécuyer et al. (2021) [15]

Study Design

Case-control

Case-control

Case-control

Case-cohort

Case-control

Case-control

Case-control

Case-control

Case-control
Case-control
Case-control

Case-cohort

Case-control

Prospective
cohort
Case-control

Sample size
3,057 matched sets

533 advanced matched
sets

1,301 localized matched
sets
1,077 matched sets

310 incident cancer
cases

752 matched sets

777 matched sets

523 matched sets

T, (n=71), T; (n=51),
and T4 (n = 15) matched
to 200 controls

200 matched sets
74 matched sets
380 matched sets

241 incident cancer
cases

146 cases matched to
272 controls

83,290 participants
(1,436 cases)
171 matched sets

Table 2.1 Studies in other cohorts investigating circulating metabolites and prostate cancer risk. Studies with a *
indicate that the data included is a subset of data in the bolded study above, and thus will not be referred to here
forth. EPIC, European Prospective Study into Cancer and Nutrition; NSHDS, Northern Sweden Health and
Disease Study; ATBC, the Alpha-tocopherol, Beta-carotene Cancer Prevention Study; PLCO, the Prostate, Lung,
Colorectal, and Ovarian Screening Trial; CPS-II, the Cancer Prevention Study-II Nutrition Cohort; The
Supplementation en Vitamines et Mineraux Antioxydants Study. MS, mass spectrometry; UHPLC, ultra high
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Table 2.1 Studies in other cohorts investigating circulating metabolites and prostate cancer risk

performance liquid chromatography; HRMS, high-resolution mass spectrometry; NMR, nuclear magnetic
resonance; T, T3, and Ts; stage of tumour based on tumour node metastasis staging.
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3. A cross-sectional study of correlates of prostate-
cancer associated metabolites in men

3.1 Introduction

Blood metabolite concentrations are affected by both internal and external factors,
including modifiable factors, such as diet and body mass index (BMI) [77,78]. Previously in
an EPIC cross-sectional study of breast cancer-associated metabolites in women, higher total
and saturated fat intakes were associated with higher concentrations of four
phosphatidylcholines, while alcohol consumption was associated with lower concentrations of
one phosphatidylcholine [79]. In the UK Fenland Study cohort, which also used the Biocrates
platform to quantify metabolites, several components of the Mediterranean diet were associated
with variations in plasma acylcarnitines, amino acids, and phospholipids in a cross-sectional
study [80].

In the prior case-control study nested within the European Prospective Investigation
into Cancer and Nutrition (EPIC) cohort, three patterns were identified and assessed in relation
to risk for prostate cancer [4]; a metabolite pattern of 64 diacyl- and acyl-alkyl
phosphatidylcholines and three hydroxysphingomyelins, as well as a metabolite pattern of two
acylcarntines, glutamate, ornithine, and taurine, were both found to be inversely associated
with risk of advanced and aggressive prostate cancer. Furthermore, a metabolite pattern of eight
lysophosphatidylcholines was observed to be inversely associated with risk of advanced
prostate cancer and prostate cancer death [4]. Thus, a better understanding of how these
prostate cancer-related metabolite patterns can potentially be modifiable through dietary and

lifestyle factors might offer insights into possible avenues for prostate cancer prevention.
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3.2 Aims

In this cross-sectional study nested in the EPIC cohort, I aim to investigate the
associations of dietary variables and BMI with metabolite patterns previously found to be
inversely associated with more aggressive prostate cancer tumour subtypes. I will also
investigate whether these exposure-metabolite pattern associations are driven by specific

metabolites loading on each pattern.

3.3 Methods

3.3.1 Study population
EPIC is a multi-centre prospective cohort study, which recruited approximately 500,000
Europeans, including 153,457 men, between 1992 and 2000. The current analyses include men
mainly aged between the ages of 35 and 70 years at recruitment from 19 centres in seven
countries (Denmark, Germany, Italy, Netherlands, Spain, Sweden and United Kingdom) [81].
Detailed information on dietary, lifestyle, and anthropometric data was gathered at recruitment,
previously described in Riboli et al [81]. 139,600 men provided blood samples [81]. EPIC
participants signed an informed consent agreement, then were mailed two questionnaires, on
diet and lifestyle, respectively, both which were completed at home by most participants.
Participants were then invited to a study centre for an examination, which included collection
of the completed questionnaires, obtainment of blood samples, and measurement of

anthropometry [81].

In all EPIC centres (except the Oxford cohort), height, weight, and waist and hip circumference
were measured on all subjects using similar protocols. In Oxford, weight, height, and waist and

hip circumference were mainly self-reported in the questionnaires [81].
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Centres in Germany, Italy, The Netherlands, Spain, and the UK collected questionnaire
information on type of physical activity at work, physical exercise to keep fit, and vigorous
physical activity, as well as time spent on specific activities including walking, cycling,
gardening, housework, and number of stairs climbed per day. Meanwhile, non-dietary
questionnaire questions in Denmark and Sweden differed slightly from the other EPIC centres,
though Denmark had complete information, and Sweden had the majority of the information

available [81].

All EPIC centres had information on smoking status (current, past, never), as well as smoking
intensity (amount of cigarettes smoked). In addition, all centres used in this study (except those

in The Netherlands) have information on current and past cigar and pipe smoking.

For all EPIC centres, information on current alcohol consumption was available from the
dietary questionnaires. Centres in Germany, Italy, The Netherlands, Spain, and the UK had
information on past amount of wine, beer/cider, fortified wine and spirit/liquor consumed.
Sweden and Denmark had information on current alcohol consumption only. Non-dietary

questionnaire questions also included level of education [81].

All participants in the EPIC study provided written informed consent, and the study was
approved by the ethics committees of the International Agency for Research on Cancer (IARC)

and all participating centres [81].

Men were eligible for the current study if they (1) were free of cancer (except non-melanoma
skin cancer) at baseline; (2) had a known date of blood collection; (3) had been included as
control participants in one of four case-control studies on metabolite concentrations and cancer
risk nested within the EPIC cohort (on prostate [4], colorectal [82], kidney [83], and liver
cancer [84]) with available blood concentrations of all of the metabolites included in the
metabolite patterns that were previously found to be associated with more aggressive prostate
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cancer subtypes; and (4) had blood samples that were included in an analytical batch that had
at least 10 samples, to ensure proper normalization of metabolite concentrations. Thus, data for

3,198 men were available for this study.

3.3.2 Laboratory measurements
For participants from Germany, Italy, the Netherlands, Spain and the UK, biological samples
are stored at IARC in plastic straws at -196°C (details published elsewhere) [81]. In Sweden
and Denmark, blood samples are stored in tubes in local repositories; in Sweden, the samples

are kept in freezers at -80°C, and in Denmark in nitrogen vapour at -150°C [81].

All samples were previously assayed at IARC in Lyon, France using the Absolute/DQ p180
Kit (Biocrates Life Sciences AG, Innsbruck, Austria), and following the procedure
recommended by the vendor. To quantify metabolites, liquid chromatography mass
spectrometry (LC-MS) was applied. All samples were assayed using one LC instrument
(Agilent 1290, Santa Clara, CA) coupled with one of two different triple quadrupole MS
instruments (Triple Quad 4500, AB Sciex, Framingham, MA for prostate and colorectal cancer
[4,82] and Q-Trap 5500, AB Sciex, MA for liver and kidney cancer [84,85]). Of note, within
each cancer site-specific study a single pair of LC-MS instruments was used for all samples

(Appendix 3.2) [86]. 118 common metabolites were measured across all studies [86].

3.3.3 Diet, BMI, and covariate data

Detailed information on dietary, lifestyle, and anthropometric data was gathered at recruitment,
previously described in Riboli et al [81]. At baseline, lifestyle, socio-economic, and medical
factors were assessed via a questionnaire. In order to determine usual dietary intakes, centre-
or country-specific validated dietary questionnaires covering the previous 12 months were used
[87]. The dietary variables (continuous, consumption in g/day) investigated in this study were

intakes of total dairy (sum of milk, cheese, and yogurt), milk, cheese, yogurt, eggs, red meat,

32



poultry, processed meat, total fish products (refers to fish and shellfish combined), total fish
(subset of total fish products), fatty fish (subcategory of total fish), lean fish (subcategory of
total fish), fats and oils (sum of butter, margarine, and vegetable oils), butter, margarine,
vegetable oils, total vegetables (sum of leafy, root, and fruiting vegetables), leafy vegetables,
root vegetables, fruiting vegetables, total fruit, cereals and cereal products, and alcohol. In
order to reflect average daily consumption, increments were chosen for each dietary variable

to represent typical intakes in an average European male population (Table 3.1) [88-93].

Table 3.1 Increments for each dietary exposure variable

Dietary variable Increment (grams per
day)

Dairy 200 g
Milk 200 g
Cheese 30g
Yogurt 30g
Eggs g
Total fish products 30g
Total fish 30g
Lean fish 10g
Fatty fish 10g
Red meat 40 ¢
Poultry 20g
Processed meat 40¢g
Fats and oils 10g
Butter S5¢g
Margarine 5g
Vegetable oils 5¢g
Fruits 100 g
Vegetables 100 g
Leafy vegetables 25¢g
Root vegetables 25¢g
Fruiting Vegetables 100 g
Cereals and cereal products 200 g
Alcohol 10g

BMI (continuous, kg/m?) was also examined as a possible correlate of the metabolite patterns,
calculated from weight and height (measured, except self-reported in some participants in the

EPIC-Oxford cohort) [82].
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3.3.4 Statistical analysis

3.3.4.1 Participant characteristics

Participants’ characteristics at baseline were summarized using frequencies for categorical
variables and mean (standard deviation) for continuous variables. To further contextualise a
key finding, average total fish intake by country (mean and standard deviation) is also shown.
In order to evaluate whether fasting status could bias comparisons between the discovery and
validation sets, adjusted mean metabolite pattern scores were compared across fasting
categories in each dataset (Table 3.7). Adjusted means and 95% confidence intervals were
obtained from linear regression models with metabolite pattern scores as the outcome and
fasting status as the exposure, adjusted for age, time of day of blood collection, level of
education, physical activity, energy intake, alcohol intake, and BMI. Likelihood ratio tests were
used to evaluate heterogeneity across fasting categories within each dataset (overall, discovery,

and validation).

3.3.4.2 Normalization of metabolite concentrations

A statistical pipeline has been developed for the EPIC metabolomics data [86] and was applied
in this analysis to the raw metabolite concentrations. In brief, log-transformed concentrations
of the metabolites of interest were normalized to remove effects of analytical batch and study,
which were estimated as random effects in mixed-effects linear models correcting for possible
heteroscedasticity, while centre was a fixed effect to account for heterogeneity by centre [86].
Corrected metabolite concentrations investigated in this work correspond to residuals from the
model. This pipeline was shown to be efficient in removing unwanted variability and
improving the comparability of measurements acquired across the different cancer-specific

studies [86].

34



3.3.4.3 Metabolite patterns

Patterns in metabolite profiles were previously identified using treelet transform in an EPIC nested case-

control study of prostate cancer [4]. In summary, treelet transform is a linear dimension-reduction
method aiming at summarizing the metabolite variables into fewer latent variables that best
capture the observed variation in the overall set of metabolites [73,94]. Schmidt et al. identified
three treelet components (henceforth referred to in the text as metabolite patterns, which together
explained 31.4% of the total variance in metabolite concentrations), all of which were found to have
an inverse association with advanced and/or aggressive prostate cancer risk. The first treelet
component (Pattern 1) had positive loadings on all diacyl-phosphatidylcholines (PC aa; n=31)
and acyl-alkyl-phosphatidylcholines (PC ae; n=33), as well as three hydroxysphingomyelins
(SM(OH)): C14:1, Cl16:1, and C22:2. The second treelet component (Pattern 2) had positive
loadings on acylcarnitines C18:1 and C18:2, and the amino acids glutamate, ornithine, and
taurine. Finally, the third treelet component (Pattern 3) had positive loadings on eight
lysophosphatidylcholines (lyso PC a): C16:0, C16:1, C17:0, C18:0, C18:1, C18:2, C20:3, and
C20:4 (Table 3.2) [4]. Full details of each individual metabolite loading on each metabolite
pattern can be found in Appendix 3.1. Each metabolite pattern was scaled to units of one

standard deviation (SD) as done in the previous study [4].

Table 3.2 Metabolite patterns and their loadings

Metabolite Pattern Contributing metabolites all with  Percent explained variance (%)
positive loadings

All diacyl and acyl-alkyl
phosphatidylcholines;

! (SM (OH) C14:1, SM (OH) C16:1, 215
and SM (OH) C22:2)

) Acylcarnitines C18:1 and C18:2, 59
glutamate, ornithine, and taurine '
Lyso PCs C16:0, C16:1, C17:0,

3 1C18:0, C18:1, C18:2, C20:3, and 4.7

C20:4
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Table 3.2 Metabolite patterns and their loadings. SM(OH), hydroxysphingomyelin; lyso PC,
lysophosphatidylcholine.

3.3.4.4 Correlates of metabolites

After excluding participants with missing values for time at blood collection (78), fasting status
(65), energy intake (2), BMI (23), and level of education (31), the current cross-sectional
analysis included data from 3,042 participants. These data were subsequently split into a
discovery set (N=2,524; 83% of the population) and a validation set (N=518; 17.0% of the
population). Specifically, the discovery set included all controls from the EPIC prostate cancer
nested case-control study (used in the identification of metabolite patterns), while the validation
set comprised the male controls from the other three EPIC cancer sub-studies (kidney [83],
liver [84], and colorectal [82] cancer). Table 3.3 shows the distribution of controls from each

study, used to comprise the discovery and validation sets, tabulated by country.

Table 3.3 Distribution of control participants by study and country in the discovery and validation sets

Cancer Italy Spain UK Holland Germany Sweden Denmark Total
study

(Set)

Prostate 446 (16.9%) 572 (21.7%) 675 (25.6%) | 168 (6.4%) 779 (29.5%) - - 2,640
(Discovery)

Colorectal 75 (48.1%) 35(22.4%) @ 24 (15.4%) 4 (2.6%) 18 (11.5%) - - 156
(Validation)

Kidney 51 (18.4%) 72 (26.0%) | 47 (17.0%) 12 (4.3%) 95 (34.3%) - - 277
(Validation)

Liver 14 (11.2%) 17 (13.6%) 21 (16.8%) 1 (0.8%) 32 (25.6%)  20(16.0%) 20 (16.0%) 125
(Validation)

Total 586 (18.3%) 696 (21.8%) @ 767 (24.0%) @ 185 (5.8%) 924 (28.9%) 20 (0.6%) | 20 (0.6%) 3,198

Table 3.3. Distribution and percentage contribution of control participants by study and country in the discovery and validation
sets. Values are number of control participants, with percentages indicating the proportion contributed by each country within
that study/set. Percentages in the total row indicate the proportion across all controls combined (n = 3,198).

A discovery-validation set design was chosen to both reduce the in-sample bias from the
samples used to determine patterns, and to afford an external validation for any associations

that appeared statistically significant in initial analyses.

36



First, analyses were run in the discovery set. For each of the three metabolite patterns and each
dietary or lifestyle variable, a linear regression model was run with the metabolite pattern as
the dependent variable. Models were adjusted for age at blood collection (continuous), time of
day of blood collection (continuous), fasting status at blood collection (<3 hours since last
meal, 3—6 hours, > 6 hours, and missing), baseline education level (primary/no schooling,
secondary, professional/technical, university/higher, not specified, and missing), physical
activity (Cambridge index [95]: inactive, moderately inactive, moderately active, active, and
missing), smoking status (never, former, current, and missing), energy (continuous, kcal/day)
and alcohol intakes (continuous, g/day), and BMI (continuous, kg/m?). Models that examined
alcohol intake and BMI as main exposures were not adjusted for alcohol intake and BMI,
respectively.

In the discovery set, to account for multiple testing, I used a Benjamini-Hochberg false
discovery rate (FDR) by metabolite pattern at a 5% threshold to define statistical significance
[96]. Each statistically significant association in the discovery set was re-assessed in the
validation set, using the same variables and adjusted models. Results from the analyses in the
validation set were not corrected for multiple testing. Associations between exposures and
metabolites that passed the FDR threshold in the discovery set, and the significance threshold

in the validation set (P < 0.05), were considered robust (Appendix 3.3).

3.3.4.5 Individual metabolite analysis

A supplementary analysis was conducted of dietary exposures and BMI with the individual
metabolites that contributed to metabolite patterns with which they were robustly associated
(Appendix 3.4). Models were adjusted as described above for the main analysis. Individual
metabolite values were log-transformed. Linear regressions were run in the overall dataset (n

between 2,136 and 3,042, depending on exposure). To account for multiple testing, dietary and
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lifestyle correlates of metabolites that passed the FDR of 0.05 were determined to be

statistically significant.

3.4 Results

3.4.1 Participant characteristics

Main characteristics of the participants, overall and in the discovery and validation sets, are

shown in Table 3.4. 46.4% of men in the discovery set and 31.7% of men in the validation set

were not considered fasting at blood collection (< 3 hours since last meal), while 32.0% and

45.7% of men in the discovery and validation sets, respectively, were fasting (> 6 hours since

last meal). Otherwise, participant characteristics were relatively similar in the discovery and

validation sets.

Table 3.4 Main characteristics of men included in the analysis, overall and separately in discovery and
validation sets

Overall Discovery Validation
(n=3,198) (n=2,640) (n=558)
Age at blood collection (years) 57.2(7.2) 57.5(7.1) 56.0 (7.8)
Fasting status at blood collection (time since last meal)
(0 (%))
<3h 1402 (43.8) 1225 (46.4) 177 (31.7)
3-6h 631 (19.7) 526 (19.9) 105 (18.8)
>6h 1100 (34.4) 845 (32.0) 255 (45.7)
Missing 65 (2.0) 44 (1.7) 21 (3.8)
Socio-economic and lifestyle factors (n (%))
Education level
Primary/no schooling 1216 (38.0) 992 (37.6) 224 (40.1)
Secondary 347 (10.9) 289 (11.0) 58 (10.4)
Technical/professional 744 (23.3) 612 (23.2) 132 (23.7)
University or higher 761 (23.8) 633 (24.0) 128 (22.9)
Not specified 99 (3.1) 88 (3.3) 11 (2.0)
Missing 31(0.9) 26 (0.9) 5(0.9)
Physical activity (Cambridge Index)
Inactive 722 (22.6) 582 (22.1) 140 (25.1)
Moderately inactive 1048 (32.8) 869 (32.9) 179 (32.1)
Moderately active 731 (22.9) 609 (23.1) 122 (21.9)
Active 637 (19.9) 523 (19.8) 114 (20.4)
Missing 60 (1.9) 57 (2.2) 3(0.5)
Smoking status
Never 1025 (32.1) 843 (31.9) 182 (32.6)
Former 1374 (43.0) 1129 (42.8) 245 (43.9)
Current 765 (23.9) 640 (24.2) 125 (22.4)
Unknown 34 (1.1) 28 (1.1) 6 (1.1)

Alcohol consumption at recruitment
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Table 3.4 Main characteristics of men included in the analysis, overall and separately in discovery and
validation sets

Non-drinker (<0.1 g/day) 286 (8.9) 235 (8.9) 51(9.1)
>0.1-3 g/day 432 (13.5) 360 (13.6) 72 (12.9)
>3-12 g/day 730 (22.8) 605 (22.9) 125 (22.4)
>12-24 g/day 644 (20.1) 539 (20.4) 105 (18.8)
>24 g/day 1106 (34.6) 901 (34.1) 205 (36.7)
Anthropometric variables (mean (SD))
Height (cm) 172.7 (7.0) 172.7 (7.1) 173.0 (6.7)
BMI (kg/m?) 26.9 (3.4) 26.9 (3.4) 26.9 (3.3)
Dietary variables (g/day) (mean (SD))
Total energy (kcal/day) 2390 (649) 2375 (650) 2440(641)
Dairy 303 (229) 302 (227) 306 (237)
Milk 198 (205) 199 (204) 195 (212)
Cheese 34.5(35.2) 33.6 (34.1) 38.7 (39.6)
Yogurt 38.9(70.4) 37.5(67.2) 45.8 (83.5)
Egg 18.6 (17.9) 18.4 (18.1) 19.5 (16.7)
Fish and fish products 40.9 (41.8) 40.9 (41.8) 41.0 (41.6)
Fish 35.1(38.3) 35.2 (38.0) 34.8 (39.4)
Lean fish 24.9 (31.8) 25.1 (31.6) 24.2 (33.0)
Fatty fish 12.8 (18.2) 12.8 (18.4) 13.0 (17.5)
Red meat 49.6 (36.6) 49.0 (36.2) 52.5(38.2)
Processed meat 45.9 (42.7) 45.9 (43.4) 45.9 (38.8)
Poultry 21.9 (21.2) 21.9 (21.0) 21.8 (22.4)
Fats and oils 32.6 (17.4) 32.3(17.3) 33.9 (17.6)
Butter 5.24 (10.5) 5.45(10.6) 4.26 (9.68)
Margarine 9.74 (14.7) 9.69 (14.5) 9.93 (15.8)
Vegetable oil 16.5 (17.7) 16.1 (17.5) 18.4 (18.5)
Vegetables 190 (129) 191 (130) 186 (128)
Leafy vegetables 30.4 (49.0) 30.0 (49.1) 32.2 (48.6)
Fruiting vegetables 67.6 (56.3) 67.0 (56.1) 70.2 (57.1)
Root vegetables 19.6 (24.2) 20.1 (24.6) 17.5 (22.0)
Fruit 236 (206) 233 (204) 251 (214)
Cereal 257 (139) 253 (134) 273 (161)
Scores for metabolite patterns
Pattern 1 (geometric mean (SD)) 10.2 (1.3) 10.2 (1.3) 10.2 (1.2)
Pattern 2 (geometric mean (SD)) 1.98 (0.44) 1.98 (0.44) 1.98 (0.45)
Pattern 3 (geometric mean (SD)) 6.13 (0.61) 6.13 (0.61) 6.13 (0.61)

Table 3.4 Main characteristics of men included in the analysis, overall and separately in discovery and
validation sets. BMI, body mass index; SD, standard deviation.

The frequency of men from each country, in the overall dataset, and discovery and validation
groups, are depicted in Table 3.5. Numbers were broadly consistent between groups, though
Italy was more represented in the validation set (25.1% versus 16.9% in the discovery), while

the UK was more represented in the discovery set (25.6% versus 16.5% in the validation).
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Table 3.5. Total number (n) of men from each country and percentage (%) of total

Overall Discovery Validation

Country n % n % n %

Italy 586 18.3 446 16.9 140 25.1
Spain 696 21.8 572 21.7 124 22.2
UK 767 24.0 675 25.6 92 16.5
Netherlands 185 5.8 168 6.40 17 3.10
Germany 924 28.9 779 29.5 145 26.0
Sweden 20 0.63 20 3.58
Denmark 20 0.63 20 3.58
Total 3198 100 2640 100 558 100

The average fish intake of men from each country represented in this study is depicted in Table
3.6, including in the overall dataset, and in the discovery and validation sets. Spain had the
highest average fish consumption overall (84 g/day), while the Netherlands had the lowest

(11.4 g/day).

Table 3.6 Mean and SD of total fish intake (g/day) of men from each country

Overall Discovery Validation
Country Mean SD Mean SD Mean SD
Italy 30.0 22.1 30.1 22.3 29.5 21.5
Spain 84.0 53.5 85.0 524 79.2 58.7
UK 35.6 27.5 353 26.9 37.8 31.9
Netherlands 11.4 12.5 11.6 12.8 9.75 9.33
Germany 25.2 30.9 25.6 31.9 23.2 24.6
Sweden 43.3 24.8 43.3 24.8
Denmark 53.0 28.9 53.0 28.9

Table 3.6 Mean and SD of total fish intake (g/day) of men from each country. SD,
standard deviation; g/day, grams per day.

The association of fasting status with each metabolite pattern across the overall, discovery,
and validation datasets is shown in Table 3.7, to assess whether fasting status differed
between the discovery and validation sets. Adjusted means were very similar across fasting

categories within both the discovery and validation sets, and likelihood ratio tests provided no
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evidence of heterogeneity. These results indicate that fasting status is unlikely to explain

differences between the discovery and validation sets.
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Table 3.7 Adjusted means of metabolite pattern scores by fasting status (hours) in the overall, discovery, and validation sets

Overall (n=3,198) Discovery (n=2,640) Validation (n=558)
Pattern @ Fasting = Adj 95% CI | 95% CI | P-het Adj 95% CI  95% CI  P-het Adj 95% CI  95% CI  P-het
status mean LL UL mean LL UL mean LL UL
(hours)
1 0.79 0.71 0.93
0-3 11.8 11.8 119 11.8 11.8 119 11.8 11.6 12.0
3-6 11.8 11.7 11.9 11.8 11.7 12.0 11.8 11.5 12.0
>6 11.8 11.7 119 11.8 11.7 119 11.8 11.7 12.0
2 0.30 0.43 0.45
0-3 6.10 6.07 6.14 6.10 6.07 6.14 6.11 6.02 6.21
3-6 6.12 6.07 6.17 6.12 6.06 6.17 6.10 5.96 6.23
>6 6.13 6.08 6.17 6.13 6.08 6.18 6.12 6.03 6.20
3 0.67 0.67 0.98
0-3 6.00 5.97 6.03 6.00 5.96 6.03 6.01 5.92 6.09
3-6 6.01 5.96 6.06 6.00 5.94 6.05 6.11 5.99 6.24
>6 591 5.87 5.95 5.92 5.87 5.97 5.88 5.80 5.96

Adjusted means and 95% confidence intervals of metabolite pattern scores by fasting status (hours) in the overall, discovery, and validation sets. Models were adjusted for age, time of
day of blood collection, level of education, physical activity, energy intake, alcohol intake, and body mass index. Adj mean, adjusted mean; 95% CI LL, 95% confidence interval lower
limit; 95% CI UL, 95% confidence interval upper limit. P-het values are from likelihood ratio tests of heterogeneity across fasting categories within each dataset.
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3.4.2 Correlates of metabolite patterns
Figure 3.1 depicts the betas and 95% confidence intervals for associations between the
metabolite patterns and selected potential correlates in the discovery and validation sets.
Appendix 3.3 shows the full results for betas, p-values, and Padj values (p-values after
adjusting for multiple testing in the discovery set) for the exposure-metabolite pattern
associations in the discovery and validation sets. Associations with individual metabolites are

shown in Appendix 3.4.
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Figure 3.1 Association of dietary and lifestyle factors with metabolite patterns. Estimates presented in bold are for dietary and
lifestyle factors with significant Padj associations with at least one metabolite pattern in the discovery dataset (blue) and P < 0.05 in
the validation dataset (red). Estimates with associations that do not pass the false discovery rate threshold are presented with hollow
circles. FDR, false discovery rate.
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Of the nine exposures that passed the significance threshold after adjusting for multiple testing

in the discovery set, intakes of total fish products, total fish, lean fish, and alcohol all remained

statistically significantly (P < 0.05) positively associated with pattern 1 in the validation set

(Figure 3.1a). In the analysis of individual metabolites contributing to Pattern 1, the

associations with the lowest P-values included alcohol with PC aa C32:1, C34:1, and C36:4,

and total fish products, total fish, and lean fish with PC aa C42:2 (Figure 3.2; see Appendix 3.4

for full results).
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Figure 3.2. Volcano plot depicting the beta and -logl0(p-value) of the individual metabolites
loading on Pattern 1 associated with an increase in intake of alcohol, total fish products, and its
subtypes fish and lean fish. FFP, fish and fish products.
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For Pattern 2, seven exposures passed the significance threshold after multiple testing in the
discovery set, though only BMI remained positively and statistically significantly associated
with the metabolite pattern in the validation set (Figure 3.1b). This relationship appeared to be

strongly driven by a strong, positive BMI-glutamate association (Figure 3.3; Appendix 3.4).
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Figure 3.3 Volcano plot depicting the beta and -logl0(p-value) of the individual metabolites
loading on Pattern 2 associated with an increase in BMI. BMI, body mass index.

Of the six exposures that were significant after multiple testing in the discovery set, fatty fish
intake and BMI remained statistically significantly inversely associated with Pattern 3 in the
validation set (Figure 3.1c). In the analysis of individual metabolites, BMI was strongly and

inversely associated with all eight lyso PCs loading on the metabolite pattern, while fatty fish
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was significantly inversely associated with lysophosphatidylcholines C16:1, C18:0, C18:1,

C20:3, and C20:4 (Figure 3.4; Appendix 3.4).

Association of BMI and diet with Metabolites Loading on Pattern Three
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Figure 3.4 Volcano plot depicting the beta and -logl0(p-value) of the individual metabolites
loading on Pattern 3 associated with an increase in BMI and fatty fish. BMI, body mass index.

3.5 Discussion

This large cross-sectional study identified several dietary and lifestyle correlates of metabolite
patterns that were inversely associated with more aggressive prostate cancer subtypes. The
intakes of alcohol, total fish products, and its subsets fish and lean fish, were all positively
associated with a metabolite pattern with higher concentrations of 31 PC aas, 33 PC aes, and
three hydroxysphingomyelins. BMI was positively associated with the second metabolite

pattern of two acylcarnitines, glutamate, ornithine, and taurine, and an individual metabolite
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analysis showed that this was driven by a specific association with glutamate. Finally, BMI
and fatty fish intake were inversely associated with scores of a third metabolite pattern of eight
lysophosphatidylcholines. No additional associations of dietary variables or BMI with

metabolite patterns were validated.

Comparing these results to previous studies is complex; this analysis primarily investigated
metabolite patterns rather than individual metabolites. Broadly in line with my results,
however, positive associations of some of the metabolites loading on metabolite Pattern 1
(phosphatidylcholines and hydroxysphingomyelins) with alcohol intake have previously been

reported in other analyses [79,97-99].

Though there are limited prior studies of associations between fish intake and metabolites, a
positive association between fish intake and certain phosphatidylcholines has also been
previously reported in an analysis in the TwinsUK cohort [97], and in an intervention study at
the University of Otago [100]. This may be partially attributed to fish being a dietary source of

choline, which is a requirement for hepatic phosphatidylcholine biosynthesis [101].

The positive association between BMI and the metabolites loading on metabolite pattern 2
(driven largely by glutamate) was consistent with findings in other studies, including the
Framingham Heart Study, and the Malmé Diet and Cancer Study [102]. Additionally, a
Mendelian randomization analysis suggested that the positive effect of BMI on circulating
glutamate may be causal [83]. Previous studies have also demonstrated that glutamate is

positively linked to visceral obesity [82,83,102,103].

This study found inverse associations of fatty fish intake and BMI with Pattern 3, which
comprised eight lysophosphatidylcholines. To date, there are still limited data available
regarding the effects of diet on lysophosphatidylcholine concentrations [104]. However, an

eight-week sequential therapy clinical trial for adults with diabetes mellitus found a reduction
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in levels of lyso PC a C16:1 after consistent fish oil supplementation [104], which may support
the current study’s findings that fatty fish is inversely associated with a metabolite pattern of

eight lyso PCs, including lyso PC a C16:1.

For BMI and metabolite pattern 3, similar to my study, the aforementioned Mendelian
randomization analysis on BMI and metabolites also found an inverse effect of BMI on blood

levels of lyso PCs C18:1 and C18:2 [83], both of which were included in the pattern.

The current analyses have identified dietary (fish and alcohol) and anthropometric (BMI)
correlates of three metabolite patterns that were previously found to be inversely associated
with more aggressive prostate cancer subtypes [4]. The implications of these associations are
not yet clear; fish [105-113] and alcohol intakes [114—123] are not established risk factors for
prostate cancer, while any associations of BMI with prostate cancer risk, of which positive
associations with advanced disease and death have previously been reported [124], might be
due to differences in timing of detection in men with obesity compared to men with a normal
BMI [57,79,125-128]. Furthermore, research is ongoing to determine whether the metabolite

pattern-prostate cancer associations previously reported are likely to be causal.

3.5.1 Exposures and prostate cancer risk in previous work
Previous results studies on the association between fish and prostate cancer have been mixed.
In a Swedish population-based prospective cohort study, an increased proportion of dietary fish
intake was associated with decreased risk of prostate cancer and death from prostate cancer
[105]; this is broadly consistent with the results of a United States prospective cohort study,
which found a decreased risk of prostate cancer, specifically metastatic, with greater overall
fish and marine fatty acid consumption [106]. In contrast, a Japanese prospective cohort study
found that higher fish consumption led to elevated risk of overall prostate cancer, [107] while

a Californian prospective study also reported a positive association between fish intake and
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prostate cancer, though this relationship was attenuated when adjusted for fruit and vegetable
consumption [108]. Meanwhile, several studies have reported no association between fish
intake and risk of prostate cancer [109—113]. Similarly, the association between alcohol intake
and prostate cancer risk has been inconclusive [114]. Limited studies have reported a moderate
positive association between alcohol intake and overall prostate cancer incidence [121-123].
Within EPIC, no association was observed between alcohol consumption (both current and
lifetime) and prostate cancer risk [115]. This was consistent with several epidemiological
studies in other cohorts [116—120], though one study did report a weak association between
increased alcohol intake and reduced risk of aggressive prostate cancer and prostate cancer

death [119].

In a recent EPIC study, higher BMI was associated with increased risk of high grade prostate
cancer and prostate cancer death [129]. Other prospective cohort studies that have investigated
an association between BMI and clinically relevant prostate cancer have largely found that
higher BMI was associated with increased risk of aggressive prostate cancer [125],
nonmetastatic high-grade prostate cancer and risk of metastatic or fatal prostate cancer [126],
and in a meta-analysis of prospective studies, death from prostate cancer [127]. However, one
study found that higher BMI (at age 21) was associated with reduced risk of advanced and

lethal prostate cancer [128].

3.6 Strengths and limitations

A major strength of this study is its large sample size owing to the pooling of metabolomics
data from four sub-studies within EPIC. Furthermore, using the metabolite patterns as outcome
variables accounted for correlations between metabolites [4]. In addition, having access to a
wide variety of collected exposure data allowed for the investigation of a range of potential
dietary variables and BMI, and adjustment for potential confounding factors. Finally, the

discovery/validation approach likely reduced the in-sample bias due to participant overlap
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between those used to derive treelets and those used to validate the diet- and BMI-metabolite

pattern associations.

One limitation of this study is the cross-sectional design, which prevents drawing any definitive
conclusions about the temporality and causality of the reported associations. Potential
heterogeneity in metabolite concentrations, such as between the four studies nested within the
EPIC cohort, was addressed by applying a dedicated pipeline to the data prior to statistical
analyses [86], and the analytical protocol used has demonstrated high reproducibility between
instruments [57]. To assess dietary intakes, food frequency questionnaires were used in most
EPIC centres, which can result in some measurement error due to misreporting of food
consumption, recall bias, or errors related to the food composition tables used. Despite this,
numerous pilot and cross-sectional studies have supported the reproducibility and validity of
the food frequency questionnaire method [79,130]. This study was conducted in a European
population, and while there is limited information on racial and ethnic diversity of the
participants, it is expected that the participants are primarily of European ancestry. This limited
diversity may hamper the generalizability of the current findings to non-European populations.
Future research should evaluate associations in different ethnic and racial groups to provide a

more generalisable understanding of determinants of the circulating metabolome.

3.7 Conclusion

I report in this large, cross-sectional study in European men that BMI and intakes of total fish
products, fish subtypes, and alcohol are associated with metabolite patterns that have been
previously linked to a lower risk of aggressive prostate cancer tumour subtypes. In particular,
fish and alcohol intake are positively associated with several phosphatidylcholines (including
PC aas and PC aes), while BMI strongly associates with the amino acid glutamate. The nature

and possible causality of these associations warrants further investigation.
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4. An EPIC nested case-control study of 4,387
matched pairs investigating the association of
metabolites and aggressive prostate cancer risk

4.1 Introduction

Several studies have investigated circulating metabolites and their associations with more
aggressive prostate cancer tumour subtypes [4,7,9,10,12,14]. In the most recent nested case-
control study of 3,057 matched pairs nested within EPIC, three metabolite patterns were
identified and assessed in relation to prostate cancer risk [4] (outlined in Chapter 3), including
Patterns 1 (64 diacyl- and acyl-alkyl phosphatidylcholines and three hydroxysphingomyelins)
and 2 (two acylcarntines, glutamate, ornithine, and taurine), which were both found to be
associated inversely with advanced and aggressive prostate cancer risk. Furthermore, Pattern 3
(eight lysophosphatidylcholines) was observed to be associated inversely with risk of advanced
prostate cancer and prostate cancer death [4]. In line with these results, other cohorts have
reported inverse associations of glycerophospholipids [8] and acylcarnitine C18:2 [10] with
aggressive prostate cancer risk [10]. While these previous studies have provided important
insights, their smaller sample sizes (<580 advanced cases) may limit their statistical power to
assess metabolite-prostate cancer associations by tumour characteristic [4,7,9,10,12,14]. Thus,
prospective studies with larger sample sizes in more aggressive subgroups could be useful to

more robustly assess the association between metabolites and prostate cancer risk.

I also had an a priori interest in the amino acids based on previous evidence that amino acids,
such as branched-chain and other essential amino acids, and serine, may have an integral role
in cancer cell proliferation [12,131-133], and could be a biomarker in distinguishing more

aggressive prostate cancer tumour subtypes [133,134].
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4.2 Aims

For the current analysis, the previous EPIC dataset was expanded considerably from 3,057 sets
[4] to 4,387 matched sets, with extended median follow-up from 9.7 years to 10.8 years, and
with 2,477 cases diagnosed more than 10 years after recruitment, compared to 1,391
previously. With this larger dataset, I investigated associations of 148 metabolites and three
previously determined metabolite patterns [4] with overall, aggressive, advanced, high grade,
and death from prostate cancer using the largest prospective sample size to date, stratified at

10 years of follow-up time.

4.3 Methods

4.3.1 Study Population
The EPIC study is a multi-centre prospective cohort study of >520,000 individuals including
153,400 men, aged mainly between 35 and 70, from 19 centres in eight countries (Denmark,
Germany, Greece (not used in this study), Italy, Netherlands, Spain, Sweden and United
Kingdom) who were recruited between 1992 and 2000 [81]. Detailed information on diet and
lifestyle was collected at recruitment, and 139,600 men provided a blood sample. Men were
eligible for the current study if they had blood stored at the central biobank at the International
Agency of Research on Cancer, Lyon, France (IARC; centres in Germany, Italy, Netherlands,
Spain and United Kingdom), or if recruited in Denmark, samples were stored locally only.
Further eligibility criteria were that the date of blood collection was known, and no cancer
(except non-melanoma skin cancer) had been diagnosed at the time of blood collection. As a

result, data for 4,387 cases and 4,387 matched controls were available for this study.

4.3.2 Follow up for cases and controls
In Denmark, Italy, the Netherlands, Spain, and the UK, information on cancer cases, tumour

subtypes, and vital status was identified through population cancer registries. In Germany, a
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combination of methods, such as cancer and pathology registries, and health insurance records,

and active follow-up of study subjects were used [81].

Men diagnosed with prostate cancer (defined as code C61 in the 10th revision of the
International Statistical Classification of Diseases and Related Health Problems [ICD-10]) after
blood collection and before the end of follow-up were categorized as cases [4]. Each case was
matched to one control participant, selected randomly from male cohort participants who were
alive and free of cancer (except non-melanoma skin cancer) at the time the case was diagnosed.
An incidence density sampling procedure was used, so that a control could become a case at a
later date, or be a control for multiple cases. Thus, the odds ratio provides an unbiased estimate
of the incidence rate ratio, which would have been obtained from the full cohort [135].
Matching criteria included study centre, length of follow-up and age (=6 months), time of day

(%1 hour) and fasting status (< 3 hours, 3—6, > 6) at blood collection.

Prostate cancer subtypes were categorised based on the tumour-node-metastasis (TNM) system
and histological grade as follows. Advanced (T3—4 and/or N1-3 and/or M1, or coded as
advanced, n=943), high grade (Gleason score 8+ or coded as undifferentiated tumours,
n=462), aggressive (advanced, and/or high grade, and/or preoperative PSA > 20ng/ml, and/or
death from prostate cancer as the underlying cause of death (n = 1,495). Overall, 453 men died
from prostate cancer as the underlying cause during follow-up. Figure 4.1 depicts the overlap

in cases among each tumour subtype (which are included in the broader aggressive definition).
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Figure 4.1 Case overlap of tumour subtypes included in the broader aggressive definition (n=1,495)

Advanced (n= 943 Death (n=453)

High grade (n=462) PSA > 20 (n=495)

4.3.3 Blood collection and laboratory analysis/assay
A standardised protocol was followed for blood collection and processing, and fasting was not
required (details published elsewhere) [81]. In brief, for participants from Germany, Italy, the
Netherlands, Spain and the UK, samples were stored at IARC in plastic straws at —196 °C. In
Denmark, blood samples were stored in tubes in local repositories, and kept in nitrogen vapor
at —150 °C. Samples were all assayed at IARC in Lyon, France using the AbsoluteIDQ® p180
Kit (Biocrates Life Sciences AG, Innsbruck, Austria), and following the procedure
recommended by Biocrates. To quantify metabolites, liquid chromatography mass
spectrometry (LC-MS) was applied. All samples were assayed using one LC instrument
(Agilent 1290, Santa Clara, CA, USA) coupled with a MS instrument (Triple Quad 4500, AB
Sciex, Framingham, MA, USA). Samples from matched case-control sets were assayed in the
same analytical batch, along with quality control samples from pooled plasma. Laboratory
personnel were blinded to sample category, which includes case, study control, or quality

control. A total of 148 metabolites were quantified.
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A majority of metabolites (119/148) were measured in all the participants. These were 8
acylcarnitines, 21 amino acids, five biogenic amines, 72 phosphatidylcholines
(lysophosphatidylcholines [lyso PC a, n = 8], diacyl phosphatidylcholines [PC aa, n=31] and
acyl-alkyl phosphatidylcholines [PC ae, n=33]), hexose and 12 sphingomyelins (denoted
hydroxysphingomyelins [SM(OH), n= 5] and sphingomyelins [SM, n=7]). In samples from
Denmark, additional data were available for 17 metabolites that had either been excluded in
the previous dataset due to not passing quality control thresholds (six acylcarnitines, one amino
acid, two biogenic amines, one lyso PC, two PC aas, and two PC aes) or were not previously
available (One lyso PC a and two sphingomyelins). However, I report them here for the Danish

data as they passed quality control in the Danish dataset.

4.3.4 Statistical analysis
Participants’ characteristics at baseline were summarised using frequencies for categorical
variables and mean (standard deviation) for continuous variables (Table 4.1). Participant
characteristics were also similarly summarised in Table 4.2, categorised by cases with complete
stage and grade data, incomplete stage and grade data, and incomplete stage or grade data. To
evaluate predictors of missing tumour stage and grade information, multinomial logistic
regression was used. The outcome had three categories: complete information (reference),
missing both stage and grade, and missing either stage or grade. Exposures of interest included
demographic, lifestyle, and recruitment characteristics. Models were adjusted for study centre
to account for variation across recruitment countries. Results are presented as odds ratios with
95% confidence intervals, comparing each incomplete category with the reference group of

complete information.

4.3.4.1 Individual metabolites

Metabolite measurements were logarithmically transformed for all analyses.
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To estimate the risk of prostate cancer per one standard deviation increase in log metabolite
concentration, conditional logistic regression was used conditioned on the matching factors.
The analysis was further adjusted for exact age at blood collection (continuous), baseline values
of body mass index (quartiles; unknown [0.5%]), smoking (never, past, current and unknown
[1%]), alcohol intake (<10, 10—19, 20-39 and >40 g of alcohol/day; unknown [0.1%]), attained
education level (primary, secondary, degree level and unknown [3.3%]) and marital status

(married or cohabiting, not married or cohabiting, and unknown [47%]).

The analyses were performed for the full data set (n case =4,387), and were also run by tumour
subtype (advanced, aggressive, high grade). To assess the potential for reverse causation in the
associations of metabolites with risk of more aggressive prostate cancer stages, analyses for
advanced, aggressive, and high grade prostate cancer, as well as death from prostate cancer,
were further stratified by time to diagnosis (<10/>10 years); this was done to assess the
potential for reverse causality in our analysis of the association of metabolites and metabolite

patterns with risk of prostate cancer.

For analyses of individual metabolites, I accounted for multiple testing using the false
discovery rate (FDR) as defined by Benjamini-Hochberg [96], with a threshold of 0.05. All
tests of statistical significance were two-sided. P-values after FDR are referred to as Padj (0.05

was considered as the conventional level for statistical significance).

4.3.4.2 Metabolite Patterns

To compare with the previous EPIC study [4], I projected the three treelet components
previously identified in 3,057 matched sets into the new data from Denmark (1,330 matched
sets). The treelet components were identified using treelet transform (as described by Gorst-
Rasmussen et al.) [4,73,94]. Full details of the individual metabolites contributing to each

metabolite pattern can be found in Appendix 3.1. Conditional logistic regression using the
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treelet components as exposure variables was conducted as described for individual metabolites

but without correction for multiple testing (P-value < 0.05).

All analyses were conducted in Stata Statistical Software Package, version 17 (StataCorp,

College Station, TX).

4.4 Results

Table 4.1 shows the main characteristics of the participants. On average, participants were 58
years old (SD=6.5 years) at blood collection. There were no marked differences between cases

and controls for selected characteristics.

Table 4.1 Characteristics of 4,387 prostate cancer patients and 4,387 controls from EPIC

Characteristic Cases (4,387) Controls (4,387)
Age at blood collection, years mean (SD) 57.8 (6.50) 57.7 (6.50)
Height, cm mean (SD) 173.7 (7.15) 173.8 (7.26)
Body Mass Index, kg/m? mean (SD) 26.7 (3.38) 26.8 (3.51)
Smoking, n (%)

Never 1433 (33.0) 1334 (30.7)

Former 1782 (41.1) 1813 (41.7)

Current 1123 (25.9) 1198 (27.6)
Alcohol consumption, 7 (%)

<10 g/day 1582(36.2) 1580(36.0)

10-19 g/day 950(21.7) 958(21.8)

20-40 g/day 961(22.0) 991(22.6)

>40 g/day 883(20.2) 857(19.5)
Physical activity, n (%)

Inactive 852 (19.7) 887 (20.5)

Moderately inactive 1350 (31.3) 1362 (31.5)

Moderately active 1028 (23.8) 1030 (23.8)

Active 1090 (25.2) 1045 (24.2)
Marital status, n (%)

Married or cohabiting 2051 (88.5) 2063 (88.9)

Not married or cohabiting 267 (11.5) 257 (11.1)
Educational attainment, 7 (%)

Primary or equivalent 1637 (38.6) 1615 (38.0)
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Table 4.1 Characteristics of 4,387 prostate cancer patients and 4,387 controls from EPIC

Secondary 1489 (35.2) 1529 (36.0)
Degree 1110 (26.2) 1107 (26.0)
Cases only
Year of diagnosis, median(range) 2006 (1994-2012)
Time to diagnosis, n (%)
<5 years 493 (11.5)
5-10 years 1316 (30.7)
10-15 years 1904 (44.4)
> 15 years 573 (13.4)
Data source, n (%)
Schmidt et al. (2020) 3,057 (69.7%) 3,057 (69.7%)
New Danish data 1,330 (30.3%) 1,330 (30.3%)

SD, standard deviation; g/day, grams per day

Table 4.2 shows the main characteristics of participants with complete stage and grade data,
stage and grade missing, and stage or grade missing. Among 4,387 prostate cancer cases, 2,041
(47%) had complete information on both stage and grade, 850 (19%) were missing both, and
1,496 (34%) were missing either stage or grade (Table 4.2). Cases with incomplete data were
generally similar to those with complete data in terms of demographic and lifestyle factors,
while the most pronounced differences were in year of diagnosis and time since blood
collection. Cases with incomplete stage and/or grade were more often diagnosed in later
calendar years and had longer follow-up times, reflecting variation in registry completeness
across countries. This appeared to be largely driven by the Danish data, which had the largest

number of incomplete cases, but extended follow-up.

Table 4.2 Characteristics of cases with complete stage and grade data compared to cases with incomplete
stage and/or grade data

Characteristic Complete stage and Stage and grade Stage or grade
grade data (2,041) missing (850) missing (1,496)
Age at blood collection, years 57.6(6.35) 58.2 (6.48) 57.7(6.71)
mean(SD)
Height, cm mean(SD) 173.0 (7.14) 174.4 (7.11) 174.1 (7.13)
Body Mass Index, kg/m? mean(SD) 27.2 (3.35) 26.3 (3.25) 26.4 (3.42)
Smoking, n (%)
Never 691 (33.9) 268 (31.5) 474 (31.7)
Former 805 (39.4) 365 (42.9) 612 (40.9)
Current 529 (25.9) 207 (24.4) 387 (25.9)
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Table 4.2 Characteristics of cases with complete stage and grade data compared to cases with incomplete
stage and/or grade data

Missing/unknown 54 (2.6) 27 (3.2) 70 (4.7)
Alcohol consumption, 7 (%)
<10 g/day 743 (36.4) 274 (32.2) 565 (37.8)
10-19 g/day 431 (21.1) 192 (22.6) 327 (21.9)
20-40 g/day 428 (21.0) 214 (25.2) 319 (21.3)
>40 g/day 433 (21.2) 168 (19.8) 282 (18.9)
Missing/unknown 54 (2.6) 27 (3.2) 70 (4.7)
Physical activity, n (%)
Inactive 399 (19.5) 143 (16.8) 310 (20.7)
Moderately inactive 630 (30.9) 258 (30.4) 462 (30.9)
Moderately active 517 (25.3) 192 (22.6) 319 (21.3)
Active 468 (22.9) 251 (29.5) 371 (24.8)
Missing/unknown 54 (2.6) 27 (3.2) 70 (4.7)
Marital status, 7 (%)
Married or cohabiting 137 (6.7) 44 (5.2) 86 (5.7)
Not married or cohabiting 1090 (53.4) 284 (33.4) 677 (45.3)
Missing/unknown 54 (2.6) 27 (3.2) 70 (4.7)
Educational attainment, 7 (%)
Primary or equivalent 843 (41.3) 296 (34.8) 498 (33.3)
Secondary 639 (31.3) 302 (35.5) 548 (36.6)
Degree 505 (24.7) 225 (26.5) 380 (25.4)
Missing/unknown 54 (2.6) 27(3.2) 70 (4.7)
Year of diagnosis, median (range) 2005 (1995-2011) 2009 (1994-2012) 2007 (1994-2012)
Time to diagnosis, n (%)
< 5 years 289 (14.2) 43 (5.006) 161 (10.8)
5-10 years 824 (40.4) 124 (14.6) 368 (24.6)
10-15 years 769 (37.7) 375 (44.1) 760 (50.8)
> 15 years 159 (7.80) 222 (26.1) 192 (12.8)
Country
Italy 168 (8.2) 96 (11.3) 218 (14.6)
Spain 461 (22.6) 47 (5.5) 141 (9.4)
UK 310 (15.2) 133 (15.6) 340 (22.7)
Holland 88 (4.3) 13 (1.5) 86 (5.7)
Greece 38(1.9) 27(3.2) 36 (2.4)
Germany 652 (31.9) 73 (8.6) 130 (8.7)
Denmark 324 (15.9) 461 (54.2) 545 (36.4)

SD, standard deviation; g/day, grams per day

To further evaluate predictors of missing stage and grade, multinomial logistic regression was
performed, adjusted for study centre, with complete data as the reference category (Table 4.3).

Consistent with the descriptive results, later year of diagnosis (p-value=9.9E-36) and longer
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time to diagnosis (p-value=8.3E-35) were strongly associated with incomplete stage/grade
information. Associations with age, BMI, height, smoking, alcohol intake, physical activity,

level of education, and marital status were weaker and largely not statistically significant.
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Table 4.3 Odds ratios and 95% confidence intervals from multinomial logistic regression of predictors of incomplete cancer stage and grade
compared with complete stage and grade (reference), adjusted for study centre

Complete stage and grade Stage and grade missing (n=850) Stage or grade missing (n=1,496)
data (n=2,041)
Characteristic OR 95% CI 95% CI OR 95% CI 95% CI Overall p-value for
LL UL LL UL association
Age at blood collection Ref. 1.02 1.00 1.03 1.00 0.99 1.01 0.035
Height Ref. 0.99 0.97 1.00 1.00 0.99 1.02 0.086
BMI Ref. 0.97 0.95 1.00 0.98 0.96 1.00 0.086
Smoking status Ref. 0.97 0.86 1.08 1.01 0.92 1.11 0.71
Alcohol intake (g/day) Ref. 1.01 0.93 1.09 1.01 0.94 1.07 0.97
Physical activity Ref. 0.96 0.88 1.05 0.95 0.88 1.01 0.29
Marital status Ref. 0.95 0.86 1.05 1.06 0.98 1.14 0.042
Level of education Ref. 0.98 0.92 1.05 0.99 0.94 1.04 0.81
Year of cancer Ref. 1.23 1.19 1.27 1.08 1.06 1.11 9.9E-36
diagnosis
Time to diagnosis Ref. 1.22 1.18 1.26 1.08 1.06 1.10 8.3E-35
Year of entry Ref. 0.99 0.91 1.08 1.00 0.94 1.08 0.92

Table 4.3 Odds ratios and 95% confidence intervals from multinomial logistic regression of predictors of incomplete cancer stage and/or grade information compared with
complete stage and grade (reference), adjusted for study centre. OR, odds ratio; CI LL, 95% confidence interval lower limit; CI UL, 95% confidence interval upper limit;
BMI, body mass index; g/day, grams per day
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4.4.1 Individual metabolites

There were no associations of the individual metabolites, including the amino acids, with
overall, aggressive, high grade prostate cancer, prostate cancer death, or advanced prostate
cancer before stratification by follow-up time, after adjustment for multiple testing

(Appendices 4.1 to 4.3, 4.5 to 4.10).

For men with advanced prostate cancer diagnosed at or within 10 years of blood collection, the
association with PC aas C42:4 (OR;sp =0.64, 95% CI 0.50—0.82, P-value =0.0003, Padj =
0.02), C40:2 (OR1sp=0.68, 95% CI 0.56—0.85, P-value =0.0005, Padj = 0.02), C40:3
(OR1sp=0.72, 95% CI 0.59—0.88, P-value =0.001, Padj = 0.04), and PC aes C38:2
(OR1sp=0.70, 95% CI 0.57—0.85, P-value = 0.0003, Padj = 0.02), C40:3 (OR1sp =0.67, 95%
CI0.53—0.86, P-value =0.001, Padj = 0.04), and C42:3 (ORsp = 0.74, 95% CI 0.60—0.89, P-
value =0.002, Padj = 0.05) passed correction for multiple testing (FDR < 0.05) (see Figure

4.2, Appendix 4.4).
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Phosphatidylcholines Cases Odds Ratios (95% Cl)  Padj

PC aa C40:2
Advanced 943 — 0.85 (0.76,0.95) 0.13
Advanced < 10 years 394 S 0.68 (0.56,0.85) 0.02
Advanced > 10 years 549 —— 0.91 (0.80,1.00) 0.73

PC aa C40:3
Advanced 943 . 0.85 (0.76,0.95) 0.13
Advanced <10 years 394 — 0.72 (0.59,0.88) 0.04
Advanced > 10 years 549 ——— 0.91 (0.80,1.00) 0.73

PC aa C42:4
Advanced 941 —— 0.85 (0.75,0.95) 0.14
Advanced < 10 years 393 e e 0.64 (0.50,0.82) 0.02
Advanced > 10 years 548 — . 0.93(0.81,1.10) 0.81

PC ae C38:2
Advanced 943 e il 0.90 (0.81,0.99) 0.30
Advanced < 10 years 394 — 0.70 (0.57,0.85) 0.02
Advanced > 10 years 549 — 1.00 (0.88,1.10) 0.99

PC ae C40:3
Advanced 943 —— 0.91(0.81,1.00) 0.32
Advanced < 10 years 394 —_— 0.67 (0.53,0.86) 0.04
Advanced > 10 years 549 —— 0.99 (0.87,1.10) 0.99

PC ae C42:3
Advanced 943 . 0.82(0.74,0.93) 0.10
Advanced <10 years 394 e e 0.74 (0.60,0.89) 0.05
Advanced > 10 years 549 — 1 0.88 (0.76,1.00) 0.62

0.5 0.6 07 08 09 1 11 1.2
Odds ratios and 95% CI

Figure 4.2 Odds ratios of advanced prostate cancer by concentration of six phosphatidylcholines.
Odds ratios of advanced prostate cancer associated with a one standard deviation increase in
concentration of six PCs. Stage and grade of prostate cancer were categorized using the tumour-node-
metastasis (TNM) system and Gleason score, respectively; advanced (T3-4 and/or Ni_3 and/or M, or
coded as advanced. CI, confidence interval; OR;sp, odds ratio for a one standard deviation increase in
metabolite concentration; PC aa, diacyl-phosphatidylcholine; PC ae, acyl-alkyl phosphatidylcholine.

Of the amino acids, eight (serine, threonine, aspartic acid, histidine, glutamine, proline,
arginine, and asparagine) were conventionally significantly (P-value < 0.05) associated with at
least one prostate cancer outcome (Appendices 4.1 to 4.10). The strongest association was

observed for serine, which associated positively with aggressive prostate cancer risk
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(ORisp=1.10,95% CI 1.01—1.19, P-value = 0.02, Padj = 0.49), including for diagnoses more
than 10 years after blood collection (OR;sp = 1.20, 95% CI 1.07-1.35, P-value = 0.002, Padj =

0.31).

4.4.2 Metabolite Patterns and Prostate Cancer Risk

Figure 4.3 and Appendices 4.11 to 4.23 show associations of metabolite patterns and risk of
prostate cancer. There were no associations found for prostate cancer overall, nor with

aggressive or high-grade prostate cancer.

Metabolite Pattern 1 (characterised by higher concentrations of diacyl- and acyl-alkyl
phosphatidylcholines and three hydroxysphingomyelins) was associated inversely with
advanced stage prostate cancer risk (odds ratio for a one standard deviation increase in treelet
component score ORisp=0.88, 95% CI 0.79-0.99, P-value=0.03). When stratifying by
follow-up time, the association only remained for men diagnosed at or within 10 years of blood
collection (ORisp =0.80, 95% CI 0.66-0.96, P-value = 0.02), while for men diagnosed later,

the odds ratio was 0.95 (95% CI 0.82-1.10, P-value = 0.47).

Pattern 2, which comprised higher acylcarnitines C18:1 and C18:2, glutamate, ornithine and
taurine, was also associated inversely with advanced stage prostate cancer risk (ORisp =0.80,
95% CI 0.68-0.94, P-value = 0.008). Similar to Pattern 1, the association was stronger in men
with 10 or fewer years of follow-up (ORisp =0.76, 95% CI 0.59-0.97, P-value = 0.03), than

for cases diagnosed later (ORsp =0.84, 95% CI 0.67-1.06, P-value = 0.15).

Men who scored higher on Pattern 3, which is characterized by eight lysophosphatidylcholines,
had a lower risk of prostate cancer death (ORisp =0.82, 95% CI 0.68-0.98, P-value = 0.03). In
those diagnosed at or within 10 years, the odds ratio was 0.77 (0.61, 0.99, P-value = 0.04), and

in those diagnosed after longer follow-up, the odds ratio was 0.87 (0.65, 1.18, P-value = 0.39).
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Pattern 1 Pattern 2 Pattern 3

Aggressive prostate cancer Cases Odds Ratios (95% CI) P-value Odds Ratios (95% CI) P-value Odds Ratios (95% CI) P-value
Aggressive subtypes
Aggressive 1495 —-— 0.95(0.87,1.03) 0.26 0.99 (0.88,1.11) 0.84 0.9 (0.88,1.06) 0.51
Aggressive < 10 years 669 —_— 0.97 (0.84,1.10) 0.60 £ 0.99 (0.83,1.17) 0.90 0.93 (0.80,1.07) 0.29
Aggressive > 10 years 790 —.— 0.96 (0.85,1.08) 0.50 1.01(0.85,1.20) 0.90 1.03 (0.91,1.17) 0.58
Advanced 930 —.— 0.88 (0.79,0.99) 0.03 —— 0.80 (0.68,0.94) 0.01 0.94 (0.84,1.06) 0.33
Advanced < 10 years 390 —_—lb 0.80 (0.66,0.96) L . 0.76 (0.59,0.97) 0.03 0.93 (0.77,1.13) 0.47
Advanced > 10 years 540 —— 0.95 (0.82,1.10) 0.47 —_—l 0.84 (0.67,1.06) 0.15 0.98 (0.84,1.15) 0.81
High grade 452 — 0.92 (0.78,1.08) 0.29 —;— 1.02 (0.82,1.27) 0.86 1.04 (0.88,1.23) 0.62
High grade < 10 years 176 el 0.94 (0.72,1.23) 0.67 1.03 (0.73,1.44) 0.86 1.00 (0.73,1.36) 1.00
High grade > 10 years 270 —_— 0.94 (0.76,1.16) 0.57 ——+—m——> 1.08(0.80,1.46) 0.60 ——&—> 1.10(0.89,1.37) 0.38
Death 448 0.97 (0.82,1.15) 0.73 #—> 1.11(0.89,1.40) 0.35 —_— 0.82 (0.68,0.98) 0.03
Death < 10 years 241 :._— 1.03 (0.83,1.29) 0.78 ——=—> 1.13(0.84,1.52) 0.41 e 0.77 (0.61,0.99) 0.04
Death > 10 years 171 = I 0.93 (0.69,1.25) 0.63 l. 1.03 (0.69,1.54) 0.89 L 0.87 (0.65,1.18) 0.39
06 07 08 09 1 111213 06 07 08 09 1 111213 06 07 08 09 1 111213
Odds ratios and 95% CI Odds ratios and 95% CI Odds ratios and 95% Cl

Figure 4.3 Odds ratio of prostate cancer subgroups associated with a one standard deviation increase in metabolite pattern scores. Odds ratio
of prostate cancer subtypes associated with a one standard deviation increase in metabolite pattern scores. Stage and grade of prostate cancer were
categorized using the tumour-node-metastasis (TNM) system and Gleason score, respectively; advanced (T34 and/or Ni_3 and/or M, or coded as
advanced), high grade (Gleason 8+ or coded as undifferentiated tumours), and aggressive (advanced, high grade, and death combined). Death from
prostate cancer during follow-up was defined as prostate cancer listed as the underlying cause of death on the death certificate. CI, confidence interval;
ORisp, odds ratio for a one standard deviation increase in metabolite pattern score.
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4.5 Discussion

In this large prospective case-control study of plasma metabolites and prostate cancer risk,
there were associations observed between six phosphatidylcholines (three PC aas and three PC
aes) and lower risk of advanced prostate cancer, in men diagnosed at or within ten years of
blood collection. For the amino acids, serine was associated with an increased risk of
aggressive prostate cancer after ten years of follow-up, though this association did not remain
after correction for multiple testing. Finally, using three metabolite patterns that were
previously identified [4], we observed a lower risk of advanced stage prostate cancer in men
with metabolite profiles characterized by higher concentrations of phosphatidylcholines and
hydroxysphingomyelins (Pattern 1) and acylcarnitines C18:1 and C18:2, glutamate, ornithine
and taurine (Pattern 2), diagnosed at or within ten years of blood collection. Furthermore,
higher levels of Pattern 3 (8 lysophosphatidylcholines) were associated with lower risk of death

from prostate cancer.

Previously in EPIC, metabolite patterns and prostate cancer risk were investigated, using a
subset of the current data (~70%) [4]. In this earlier analysis, it was reported that Patterns 1 and
2 were inversely associated with advanced prostate cancer overall, however in the current
extended analysis this association does not persist in men diagnosed more than ten years after
blood collection. PC aas C40:2, C40:3, and C42:4, which were associated with men diagnosed
with advanced stage disease at or within ten years of blood collection in our individual
metabolites analysis, were among several diacyl-phosphatidylcholines that were associated
with lower risk of advanced prostate cancer previously in EPIC [4]. However, in this previous
study associations were similar in cases by duration of follow-up. Similarly, higher levels of
several acyl-alkyl phosphatidylcholines were associated with lower risk of advanced prostate

cancer in the previous study, among them PC aes C38:2 and C42:3, which were associated with
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advanced disease in men with up to 10 years of follow-up in our current individual metabolites

analyses [4].

Finally, in line with my current findings, the previous study found Pattern 3 to be associated
with lower risk of death from prostate cancer [4]. In my current analyses by follow-up time,
however, Pattern 3 was associated with death only in men diagnosed within 10 years of blood
collection, though there were a relatively small number of deaths limiting the power of the

stratified analyses.

The weaker association in the subgroups with longer follow-up, despite the now larger sample
size and greater power to detect an association, suggests that the associations observed may be
due to reverse causation, with the presence of pre-clinical cancer altering metabolite levels

[14].

Comparing these results to other prospective cohort studies is complex, due to differing
analytical platforms and different classifications of aggressive prostate cancer tumour
subtypes. Though there are no other studies that applied dimension reduction methods to the
full set of metabolites available in this EPIC study, a principal component analysis conducted
in the ATBC cohort reported that the first principal components of metabolites in pathways of
uracil-containing pyrimidine, dipeptide, glycine/serine/threonine, gamma-glutamyl amino
acid, aminosugar, polyunsaturated fatty acid (n3 and n6), and endocannabinoid metabolism
were associated positively with risk of prostate cancer death [14]. In a gene set analysis, the
ATBC study reported strong inverse associations between lipid and energy metabolite chemical
classes and aggressive cancer [12]. Meanwhile, the PLCO cohort did not find any of their 10
calculated principal components to have an association with aggressive prostate cancer [9].
Regarding individual metabolite analyses, in the ATBC study higher glycerophospholipid

concentrations were associated with lower risk of tumour stage T3 prostate cancer [14]. In
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contrast, a nested case-control in the NSHDS found that higher concentrations of three
phosphatidylcholines (PC aes C38:3, C38:4, and C40:2) were associated with increased
aggressive prostate cancer risk, which included tumour stage T3 [10]. There have been few
studies on the metabolites loading on Pattern 2 and their associations with risk of advanced

prostate cancer.

The current analyses found that men with higher scores of Pattern 3 (eight
lysophosphatidylcholines) had a lower risk of death from prostate cancer. In line with this, in
an ATBC study, higher levels of lysolipid 1-linoleoyl-glycerophosphatidylcholine (18:2)
(which is comparable to lysophosphatidylcholine C18:2 included in Pattern 3) were also
associated with reduced risk of prostate cancer death [14]. In contrast, in the NSHDS, three
lysophosphatidylcholines (C17:0, C20:3, and C20:4) were associated positively with

aggressive prostate cancer risk [10].

My results by time to diagnosis suggest that the associations with advanced disease are likely
due to the influence of prostate cancer on the circulating metabolome, rather than the
circulating metabolome affecting risk of prostate cancer development. This is in line with
findings of marked changes in the metabolite profile of men with prostate cancer (as reviewed
in Kelly et al. (2016) and in Lima et al. (2016)), including in circulating levels of

glycerophospholipids and amino acids [136,137].

Many of the measured metabolites have been implicated in post-diagnostic prostate cancer
studies. For example, in a review of metabolomics biomarkers of prostate cancer, the author
noted that there was evidence of glutamate and taurine in distinguishing malignant from benign
prostatic tissue in a magnetic resonance spectroscopy (NMR) study [136]; a more recent NMR

study also found increased glutamate levels in tumours with progressively higher Gleason
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scores [138]. Men diagnosed with prostate cancer have also been found to have altered levels

of acylcarnitines, lysophosphatidylcholines, and phosphatidylcholines [137,139].

Following up on an a priori interest in the amino acids, none of the amino acids were
significantly associated with prostate cancer subtypes after correction for multiple testing.
However, serine was positively associated at conventional significance with aggressive disease
in men with more than ten years of follow-up; chance cannot be excluded as a possible
explanation, and replication and a larger sample size would be needed to further investigate
this. Several laboratory studies have suggested that serine may have an integral role in cancer
cell proliferation [133], and may be a biomarker in distinguishing more aggressive prostate
cancer tumour subtypes [134]. Serine is strongly interconnected with glycine metabolism,
which has been implicated in cancer cell growth and as a plausible predictor of metastatic
prostate cancer [140-142]. Furthermore, a case-control analysis that pooled five different
cancers (prostate included) observed that plasma-free amino acids, including serine, were

present in higher concentrations in those who had cancer [143].

4.6 Strengths and Limitations

Due to the large cohort size, this analysis provided greater statistical power than prior
prospective studies, including the previous EPIC analysis, especially for analyses by prostate
cancer subtype and time to diagnosis. For instance, | was particularly interested in advanced
prostate cancer; for men with advanced disease there were 350 additional cases in the current
study, including 62 new cases for men diagnosed within ten years of blood collection, and 288
new cases for men with advanced disease after ten years of blood collection [4]. Furthermore,
using both individual metabolites and metabolite patterns as exposure variables allowed for the
identification of specific metabolite risk associations, as well as investigating the associations

with groups of correlated metabolites which might implicate potential metabolic pathways.
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Limitations include different sample handling procedures between study centres, as well as the
use of non-fasting blood samples, both which may impact measured metabolite levels
[144,145]. In order to mitigate these effects, cases and controls were matched on study centre
and fasting status [146]. Furthermore, only one blood sample was available per participant,
which may lead to attenuation of risk estimates if a single measurement does not represent
long-term exposure [147,148]. Finally, the missing stage/grade information in cases with ler
follow-up (largely driven by the Danish data) should be taken into consideration in future

pooled/collaborative analyses.

Our work on an extended dataset emphasizes the importance of a large sample size for stable
risk estimates. These results may have implications for other nested case-control studies of

metabolites and cancer types.

4.7 Conclusion

These findings suggest that the results of the previous EPIC study between circulating
metabolites and prostate cancer risk may be explained by the effects of pre-clinical disease. I
identified several associations between metabolites and risk of advanced prostate cancer among
men diagnosed in the first ten years after blood collection. These results may indicate possible
reverse causation, and that the metabolite profile of blood starts to change in response to
prostate cancer up to a decade before the cancer is detected at an advanced stage. To further
understand these observations, it is important to investigate whether comparable metabolic
signals for prostate cancer risk can be replicated in an independent cohort with extended
follow-up and a different metabolomics platform. Validating these findings in another
population with long-term data could provide further evidence as to whether the observed
metabolite associations are indicative of reverse causality, or have a more stable role in prostate

cancer incidence or mortality.
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S. A prospective study of circulating metabolites and
prostate cancer risk in UK Biobank

5.1 Introduction

Several prospective studies have suggested that higher circulating concentrations of certain
lipids and other energy-containing metabolites may be associated with prostate cancer
[4,8,10,14,67]. Most of these studies were conducted using MS assays, including the nested
case-control analysis described in Chapter 4 of this thesis. A strength of the MS analytical
technique is that it can detect metabolites in low concentrations that NMR may not be able to
reliably quantify [149]. Using an NMR metabolomics platform can be complementary to MS
studies, as it allows for the identification of additional classes of metabolites. In comparison to
the Biocrates MS platform utilised to measure metabolites in Chapter 4, the Nightingale Health
Plc NMR-based metabolomics platform (utilised to measure metabolite profiles in UK Biobank
participants) provides detailed quantification of a wide range of biomarkers related to lipid and
lipoprotein metabolism, as well as amino acids, glycolysis-related metabolites, and markers of
inflammation such as albumin and glycoprotein acetyls [63]. The platform includes the size
and concentration of various lipoprotein particles (including high-density lipoprotein
cholesterol [HDL], low-density lipoprotein cholesterol [LDL] and very low-density lipoprotein
cholesterol [VLDL]), and the absolute and relative concentrations of abundant plasma fatty
acids (including omega-3, saturated, and monounsaturated) [63]. As a results, NMR-based
analyses allow for the investigation of other parts of the metabolome in relation to disease
associations, and potentially mechanistically relevant metabolic signatures [63]. One previous
NMR-based prospective cohort study reported that men with higher levels of the amino acids
valine, tyrosine, histidine, methylhistidine, phenylalanine, and albumin lysyl had a higher risk
of developing prostate cancer during follow-up [15], and in the UK Biobank, found lower

levels of glucose, citrate, and lipoproteins (HDL and other cholesterols [carrier molecules of
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phosphatidylcholines]) in prostate cancer cases compared to participants who did not develop

prostate cancer [67].

5.2 Aim

The aim of this chapter is to assess the association between 249 circulating metabolites and
overall prostate cancer risk (6,575 total incident cases of prostate cancer, compared to 1,436 in
the most recent UK Biobank analysis [67]) and risk of prostate cancer death (596 total deaths)
in the UK Biobank, using an NMR-based metabolomics platform, and conducting detailed
analyses by time from blood draw to diagnosis to assess reverse causality. Based on previous
NMR [15] and MS [4,150,151] findings, I had an a priori interest in the associations of the 10
available amino acids with disease risk, which will be discussed in this chapter. Finally, to
further contextualise key findings, additional cross-sectional analyses were conducted to
explore potential pathways, including by investigating dietary fish intake as an exposure, its
association with PSA testing and prostate cancer risk, and the association of the omega-3 fatty
acid docosahexaenoic acid (DHA) with IGF-1 (which has previously been associated with both

fish intake and prostate cancer risk [152]).

5.3 Methods

5.3.1 Study population
The UK Biobank is a large and detailed prospective cohort study, comprising over 500,000
participants aged approximately 40-69 years at recruitment, including 228,863 men.
Participants were first identified using National Health Service (NHS) records, and were
recruited between 2006 and 2010 in 22 assessment centres throughout the UK.
Sociodemographic, lifestyle, health, medical history, and dietary data were collected at
recruitment via questionnaires, while collection of blood, urine, and saliva samples also took

place at recruitment. Follow-up information was obtained using data-linkage to health records.
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All participants provided written informed consent. Full details of the study protocol are
available on the UK Biobank website. The NHS North West Multicentre Research Ethics

Committee (21/NW/0157) approved the UK Biobank study.

5.3.2 Exposure and outcome assessment
Nightingale Health Plc’ s metabolic biomarker platform uses high-throughput NMR to quantify
metabolic measures per plasma sample, following EN ISO 13485 certified procedures. Data
were available for 249 metabolites (including 168 absolute concentrations and 81 percentage
and ratio measures). Metabolites included routine lipids, lipoprotein subclass profiling with
lipid concentrations within 14 subclasses, fatty acid composition, and low-molecular weight
metabolites such as amino acids, ketone bodies and glycolysis metabolites. The 14 lipoprotein
subclasses include triglycerides, phospholipids, total cholesterol, cholesterol esters, and free
cholesterol, and total lipid concentration within each subclass [63]. To date, there are data on

metabolites for 274,187 individuals, including 126,206 men [64,67,153].

Cancer registration and death data were obtained through record linkage to national registries
(NHS Digital for England and Wales using participants’ NHS numbers, and NHS Central
Register in Scotland using the Community Health Index). Using the 10™ revision of the World
Health Organization’s International Statistical Classification of Diseases (ICD-10) codes,
participants were classified as having an event if they had an incident diagnosis of prostate

cancer/prostate cancer case first recorded in death certificates (C61).

5.3.3 Follow-up

The person-years of follow-up were calculated from baseline assessment until the first
registration of malignant cancer, date of death, loss to or end of follow-up (31 December 2020

for England and 31 December 2016 for Wales, 30 November 2021 for Scotland).
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5.3.4 Statistical analysis
Participants’ characteristics at baseline were summarised using frequencies for categorical

variables and mean (standard deviation) for continuous variables.

Metabolite measurements were logarithmically transformed for all analyses. Prostate cancer
and death from prostate cancer were treated as the respective endpoints in Cox proportional
hazards regression analyses, with age used as the underlying time variable, to determine the
association with prostate cancer risk and death from prostate cancer risk per 1 standard
deviation increase in log metabolite concentration, ratio, or percentage. Models were stratified
by age group at recruitment (<45, 45 to <50, 50 to <55, 55 to <60, 60 to <65 and >65 years),
geographical region of baseline assessment centre (ten regions: London, North-West, North-
East, Yorkshire and Humber, West Midlands, East Midlands, South-East, South-West, Wales,
Scotland), and Townsend deprivation score (quintiles). In addition, models were adjusted for
fasting status (< 3 hours, 3-6 hours, > 6 hours), body mass index (<25, 25-25.99, 30-34.99, >
35, missing/unknown), ethnicity (White, Asian or Asian British, Black or Black British, mixed
race or other, and missing/unknown), family history of prostate cancer (yes, no, and
missing/unknown), height (continuous), qualification obtained (O Level/GCSE/CSE, A-levels
or equivalent, professional qualification/national vocational qualification/higher national
diploma/higher national certificate/university degree or other professional qualification,
missing/unknown), smoking status (never, former, current, missing/unknown), total physical
activity ([MET hours per week] <10, 10 to <20, 20 to <40, 40 to <60, > 60), and alcohol intake
([grams/day] non-drinker, >0 to <1 g/day, 1 to <10 g/day, 10 to < 20 g/day , >20,
missing/unknown). As a sensitivity analysis, the full model was also run for all 249 metabolites
with an additional adjustment for (a) Type 2 diabetes (yes/no) and (b) ever had PSA test at

recruitment (yes, no, and missing/unknown).
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To guide covariate selection (particularly relevant for the glucose—prostate cancer analyses), a
directed acyclic graph (DAG; Figure 5.1) was specified. In this DAG, diabetes was considered
a potential confounder, as it influences circulating glucose concentrations and has been
inversely associated with prostate cancer risk in epidemiological studies [154—156]. Free
testosterone is shown in the DAG as a potential pathway variable through which diabetes may
influence prostate cancer, since diabetes has been linked to reduced free testosterone
concentrations [157], and lower free testosterone levels may in turn influence prostate cancer
risk [158]. Based on this framework, primary Cox models estimated the total effect of glucose;

a sensitivity model additionally adjusted for diabetes to evaluate potential confounding.

Diabetes

Free testosterone

> @©

Prostate cancer
Glucose

Figure 5.1 Directed acyclic graph for the glucose—prostate cancer analysis. Diabetes is depicted as
a potential confounder, influencing both glucose and prostate cancer risk. Diabetes is depicted as a
potential confounder, influencing both glucose and prostate cancer risk. Free testosterone is shown as a
potential pathway variable through which diabetes may influence prostate cancer. The primary model
estimated the total effect of glucose, while a sensitivity model additionally adjusted for diabetes to
account for confounding.

Analyses were further stratified by time to diagnosis (overall prostate cancer risk: <3 years, 3-
7 years, >7 years (median follow-up 12.5 years); risk of prostate cancer death: < 5 years, > 5

years (median follow-up 5.04 years); this was done to the potential for reverse causality in the

associations of metabolites with prostate cancer risk and mortality.

Multiple testing was accounted for using the FDR as defined by Benjamini—-Hochberg, with a

threshold of 0.05 [96]. All tests of statistical significance were two-sided. P-values after
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correction for FDR are referred to as Padj (0.05 was considered as the conventional level for

statistical significance).

Because metabolite levels fluctuate within individuals over time and single baseline
measurements are subject to measurement error, hazard ratios based only on baseline values
may underestimate the true associations with prostate cancer risk. [102,159]. To address this,
regression dilution bias was corrected using repeat metabolite measurements available from a
subsample of 7,438 men who provided a second blood sample, collected on average 4.3 years
after recruitment. Regression dilution ratios (RDR) were then applied to the log hazard ratios
from Cox models to obtain corrected estimates. This method was applied to the three
metabolites most strongly associated with prostate cancer death (glycoprotein acetyls, albumin,

and citrate).

For the cross-sectional analyses, linear regression was used to determine the associations of
DHA and percentage DHA to total fatty acids with IGF-1, and associations of fish intake with
mean DHA and mean percentage DHA to total fatty acids. All models were adjusted for age,
fasting status, body mass index, height, alcohol intake, ethnicity, level of education, smoking
status, and weekly physical activity. Multivariable logistic regression was used to estimate odds
ratios and 95% confidence intervals for the association between oily and non-oily fish intake
and ever having had a PSA test at baseline. Models were adjusted for the same covariates as
above, and additionally family history of prostate cancer. To determine the association of oily
fish and non oily fish intakes with prostate cancer risk, prostate cancer was treated as the
endpoint in Cox proportional hazards regression analyses, with age used as the underlying time

variable, and the same stratifications and adjustments as the main prospective analyses.

To further assess whether glucose and free testosterone may act in related pathways, a cross-

sectional analysis of glucose in relation to free testosterone was conducted. In this analysis,
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linear regression models were used to estimate geometric mean free testosterone concentrations

across fifths of glucose, adjusted for age, fasting status, body mass index, height, alcohol

intake, ethnicity, level of education, smoking status, and physical activity.

5.4 Results

5.4.1 Participant Characteristics

Participant characteristics are shown in in Table 5.1. While the baseline characteristics were

generally comparable between all participants and those who developed prostate cancer, some

characteristics differed. Notably, the mean age at blood collection was 56.8 years for the entire

population, and 61.5 years for men who developed prostate cancer. A higher percentage of men

who later developed prostate cancer reported having ever had a PSA test at recruitment (43.4%

versus 28.7% for all participants) and had a family history of prostate cancer (10.2% versus

6.8%). There was also some difference by Townsend Deprivation Index; the most affluent

group made up 20.6% of the overall population, but 24.1% of those who developed prostate

cancer were from the most affluent group. For both the overall cohort and men who developed

prostate cancer, most participants were of White ethnicity (approximately 95%).

Table 5.1 Characteristics of 126,206 men free from prostate cancer and 6,575 men who developed

prostate cancer in the UK Biobank

Characteristic All participants Participants who developed
(126,206) prostate cancer (6,575)

Age at blood collection, mean years (SD) 56.8 (8.19) 61.5(5.78)
Height, mean cm (SD) 175.6 (6.82) 175.1 (6.60)
Age at prostate cancer diagnosis, mean years (SD) N/A 67.0 (7.02)
Age at blood collection, n (%)

<45 years 13,116 (10.39%) 64 (0.97%)

45- <50 years 16,175 (12.82%) 232 (3.53%)

50- <55 years 18,143 (14.38%) 543 (8.26%)
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Table 5.1 Characteristics of 126,206 men free from prostate cancer and 6,575 men who developed

prostate cancer in the UK Biobank

55- <60 years
60- <65 years
>65 years

Townsend Deprivation Index
(range 1-5; most to least affluent), n (%)
1 (Most affluent)

2

3

4

5 (Most deprived)

Missing/unknown
Ethnicity, n (%)

White

Mixed race or other

Asian or Asian British

Black or Black British

Missing/unknown
Alcohol consumption, n (%)

<1 g/day

1-10 g/day

10-20 g/day

>20 g/day

Non-drinkers

Missing/unknown
Physical activity

< 10 METhrs/wk

10 - <20 METhrs/wk

20 - <40 METhrs/wk

40 - <60 METhrs/wk

> 60 METhrs/wk

22,034 (17.46%)
30,637 (24.28%)
26,101 (20.68%)

25992 (20.59%)
25617 (20.30%)
25178 (19.95%)
24733 (19.60%)
24528 (19.43%)
158 (0.13%)

119260 (94.50%)

1617 (1.28%)
3019 (2.39%)
1639 (1.30%)
671 (0.53%)

8493 (6.73%)
27362 (21.68%)
26720 (21.17%)
55023 (43.60%)
7964 (6.31%)
644 (0.51%)

25367 (20.10%)
20127 (15.95%)
24778 (19.63%)
12663 (10.03%)
20141 (15.96%)

1,136 (17.28%)
2,310 (35.13%)
2,290 (34.83%)

1585 (24.11%)
1428 (21.72%)
1406 (21.38%)
1173 (17.84%)
976 (14.84%)
7(0.11%)

6306 (95.91%)
56 (0.85%)

63 (0.96%)
119 (1.81%)
31 (0.47%)

419 (6.37%)
1429 (21.73%)
1507 (22.92%)
2867 (43.60%)
330 (5.02%)
23 (0.35%)

1256 (19.10%)
1068 (16.24%)
1346 (20.47%)
655 (9.96%)

1061 (16.14%)
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Table 5.1 Characteristics of 126,206 men free from prostate cancer and 6,575 men who developed

Missing/Unknown/PNTS

Level of education
O level/GCSE/CSE
A levels

Professional

qualification/NVQ/HND/HNC/Degree or
other professional qualification

Missing/unknown

Family history of prostate cancer

Yes

No
Ever had a PSA test

Yes

No

Missing/unknown
Smoking status, n (%)

Never

Former

Current

Missing/unknown
BMI, n (%)

<25 kg/m2

25- <30 kg/m2

30- <35 kg/m2

<35 kg/m2

Missing/unknown
Fasting status

< 3 hours

3-6 hours

> 6 hours

prostate cancer in the UK Biobank

23130 (18.33%)

17254 (13.67%)

6307 (5.00%)
78752 (62.40%)

23893 (18.93%)

8517 (6.75%)

117689 (93.25%)

36210 (28.69%)
83033 (65.79%)
6963 (5.52%)

61322 (48.59%)
48614 (38.52%)
15641 (12.39%)
629 (0.50%)

30860 (24.45%)
62276 (49.34%)
25279 (20.03%)
7331 (5.81%)
460 (0.36%)

32116 (25.45%)
85728 (67.93%)
8362 (6.63%)

1189 (18.08%)

794 (12.08%)
298 (4.53%)
4062 (61.78%)

1421 (21.61%)

669 (10.17%)
5906 (89.83%)

2851 (43.36%)
3412 (51.89%)
312 (4.75%)

3079 (46.83%)
2865 (43.57%)
597 (9.08%)
34 (0.52%)

1627 (24.75%)
3353 (51.00%)
1288 (19.59%)
289 (4.40%)
18 (0.27%)

1553 (23.62%)
4679 (71.16%)
343 (5.22%)
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Table 5.1 Characteristics of 126,206 men free from prostate cancer and 6,575 men who developed
prostate cancer in the UK Biobank

Diabetes
Yes 8882 (7.04%) 416 (6.33%)
No 116720 (92.48%) 6135 (93.31%)
Missing/unknown/PNTS 604 (0.48%) 24 (0.37%)

Table 5.1 Characteristics of 126,206 men free from prostate cancer and 6,575 men who developed prostate
cancer in the UK Biobank. SD, standard deviation; g/day, grams per day; MET, metabolic equivalent; GCSE,
General Certificate of Secondary Education; CSE, Certificate of Secondary Education; NVQ, national
vocational qualification, HNC, higher national certificate; PSA, prostate-specific antigen; BMI, body mass
index; PNTS, prefer not to say.

5.4.2 Metabolites and prostate cancer risk
The associations of 249 metabolite concentrations, ratios, and percentages with prostate cancer
risk are depicted in Figure 5.2. Seven metabolic features were associated with prostate cancer
risk after correction for multiple testing (Figure 5.3, Appendix 5.1). The positive associations
included docosahexaenoic acid (DHA) to total fatty acids percentage (HR per one standard
deviation = 1.05, 95% CI 1.03-1.08, P-value = 9.3E-05, Padj =0.023), degree of unsaturation
(HR =1.05, 95% CI 1.02-1.07, P-value = 4.1E-04, Padj = 0.034), phospholipids to total lipids
in small low-density lipoprotein (LDL) percentage (HR =1.06, 95% CI 1.02-1.09, P-value =
5.6E-04, Padj = 0.035), ratio of polyunsaturated fatty acids (PUFAs) to monounsaturated fatty
acids (MUFAs) (HR =1.05, 95% CI 1.02-1.08, P-value = 7.30E-04, Padj =0.036), and PUFAs
to total fatty acids percentage (HR = 1.05, 95% CI 1.02-1.08, P-value = 1.1E-03, Padj = 0.045).
Two metabolite features were inversely associated with prostate cancer risk after multiple
testing (Figure 5.3): glucose (HR =0.95, 95% CI 0.93-0.98, P-value = 1.8E-04, Padj = 0.023)
and the fatty acid feature monounsaturated fatty acids (MUFAs) to total fatty acids percentage
(HR =0.96, 95% CI 0.93-0.98, P-value = 1.3E-03, Padj = 0.045. Sensitivity analyses including

additional adjustment for PSA testing were generally similar, and can be seen in Appendix 5.2.
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Figure 5.2 Volcano plot depicting the hazard ratio and -logl0(p-value) of prostate cancer
associated with a one standard deviation increase in concentration, percentage, or ratio of 249
metabolic features. Metabolite features that associated with overall prostate cancer risk after correction
for multiple testing (Padj < 0.05) are labelled and in red. LDL, low-density lipoprotein cholesterol;
HDL, high-density lipoprotein cholesterol; MUFA, monounsaturated fatty acid; PUFA,
polyunsaturated fatty acid; DHA, docosahexaenoic acid.
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Metabolite Features Cases HR (95% CI) P-value Padj

Docosahexaenoic Acid to Total Fatty Acids percentage 6570 —— 1.05 (1.03, 1.08) 9e-05 0.02
Glucose 6560 — 0.95 (0.93, 0.98) 2e-04 0.02
Degree of Unsaturation 6570 —a— 1.05 (1.02, 1.07) 4e-04 0.03
Phospholipids to Total Lipids in Small LDL percentage 6575 —=—— 1.06 (1.02, 1.09) 6e-04 0.03
Polyunsaturated Fatty Acids to Monounsaturated Fatty Acids ratio 6570 —_— 1.05 (1.02, 1.08) 7e-04 0.04
Polyunsaturated Fatty Acids to Total Fatty Acids percentage 6570 —_— 1.05 (1.02, 1.08) 0.001 0.05
Monounsaturated Fatty Acids to Total Fatty Acids percentage 6575 — 0.96 (0.93, 0.98) 0.001 0.05
Omega-3 Fatty Acids to Total Fatty Acids percentage 6575 — 1.04 (1.02, 1.07) 0.002 0.05
Triglycerides to Total Lipids in Large LDL percentage 6570 —_— 0.96 (0.93, 0.99) 0.002 0.07
Triglycerides in HDL 6570 —— 0.96 (0.94,0.99)  0.004 0.07
Docosahexaenoic Acid 6575 —_— 1.04 (1.01, 1.07) 0.004 0.07
Triglycerides in Medium HDL 6575 —— 0.96 (0.94, 0.99) 0.005 0.07
Cholesterol to Total Lipids in Very Small VLDL percentage 6575 —_— 1.04 (1.01, 1.07) 0.005 0.07
Cholesteryl Esters to Total Lipids in Very Small VLDL percentage 6575 —_— 1.04 (1.01, 1.07) 0.005 0.07
Cholesteryl Esters to Total Lipids in IDL percentage 6575 —_— 1.04 (1.01,1.07) 0.004 0.07
0:9 1 1:1

HR (95% Cl)

Figure 5.3. Hazard ratios (95% confidence interval) for prostate cancer associated with a one
standard deviation increase in concentration, percentage, or ratio of 15 most significant
metabolites or metabolic features. HR, hazard ratio; CI, confidence interval; LDL, low-density
lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; IDL, intermediate-density
lipoprotein cholesterol. Padj refers to P-value adjusted for multiple testing using the Benjamini—
Hochberg false discovery rate (FDR) method.

In analyses stratified by time from blood draw to diagnosis (Table 5.2 and Appendix 5.3), the
association of DHA to total fatty acids percentage with risk was generally stable across follow-
up time group: < 3 years (HR =1.03, 95% CI 0.97-1.09, P-value = 0.32, Padj = 0.85); > 7 years

(HR=1.05,95% CI 1.01-1.09, P-value = 0.012, Padj = 0.44)

In contrast, the association of phospholipids to total lipids in small LDL percentage with
disease risk appeared mainly driven by the < 3 years since blood collection subgroup
(HR=1.12, 95% CI 1.04-1.20, P-value =0.0013, Padj=0.034) in comparison to > 7 years

(HR=1.02, 95% CI 0.97-1.07, P-value = 0.39, Padj = 0.77).
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Table 5.2. Hazard ratios and 95% CIs of top seven most significantly associated metabolite features with prostate cancer risk, stratified by time since blood collection

<3 years 3-7 years >7 years

Metabolite features Cases HR LL UL P-Value Padj Cases HR LL UL @ P-Value Padj Cases HR LL A UL P-Value Padj
DHA to Total FA % 1307 1.03 0.97 1.09 0.3 09 2159 1.08 1.03 1.13 0.002 03 3104 1.05 1.01 1.09 0.01 0.4
Glucose 1303 095 0.90 1.01 0.1 0.5 2157 095 091  0.99 0.02 03 3100 0.96 0.92  0.99 0.02 0.4
Degree of Unsaturation 1307 1.02 0.96 1.08 0.5 1.0 2159 1.07 1.02 1.12 0.003 03 3104 1.04 1.01 1.08 0.02 0.4
PLs to Total Lipids in Small LDL 1309  1.12 | 1.04 1.20 0.001 = 0.03 2159 1.07 1.01  1.13 0.01 03 | 3107 | 1.02 0.97  1.07 0.4 0.8
o

If)UFAs to MUFAS ratio 1307 1.03 097 1.10 0.3 0.8 2159 1.06 1.01 1.11 0.02 03 3104 1.05 1.01 1.09 0.02 0.4
PUFAs to Total FA % 1307 1.04 097 1.10 0.3 0.8 2159 1.06 1.01 1.11 0.03 0.3 3104 1.04 1.00 1.09 0.03 0.5
MUFAs to Total FA % 1307 097 091 1.03 0.3 09 2159 0.95 0.90 0.99 0.02 03 3104 096 092 1.00 0.03 0.5

Table 5.2 Hazard ratios and 95% confidence interval for prostate cancer associated with a one standard deviation increase in concentration, percentage, or ratio of 7 most significant
metabolites or metabolic features, stratified by time since blood collection. HR, hazard ratio; CI, confidence interval; LL, 95% confidence interval lower limit; UL, 95% confidence
interval upper limit; DHA, docosahexaenoic acid; FA, fatty acids; %, percentage; PL, phospholipid; LDL, low-density lipoprotein cholesterol; PUFA, polyunsaturated fatty acid;
MUFA, monounsaturated fatty acid. Padj refers to P-value adjusted for multiple testing using the Benjamini—-Hochberg false discovery rate (FDR) method.
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In the sensitivity analyses with additional adjustment for diabetes (hazard ratios for all 249
metabolite concentrations ratios, and percentages shown in Figure 5.4), the associations of
DHA to total fatty acids percentage (HR=1.06, 95% CI 1.03-1.09, P-value= 4.9E-
05, Padj =0.012) and phospholipids to total lipids in small LDL percentage (HR =1.07, 95%
CI 1.03-1.10, P-value = 1.4E-04, Padj=0.016) with risk of prostate cancer remained
significant after FDR correction (full results shown in Appendix 5.4, results stratified by

follow-up time in Appendix 5.5).

The glucose association (HR=0.97, 95% CI 0.94-0.99, P-value =0.018, Padj=0.18) was
attenuated after adjusting for diabetes, while the associations of degree of unsaturation
(HR=1.04, 95% CI 1.02-1.07, P-value = 8.5E-04, Padj =0.95), ratio of PUFAs to MUFAs
(HR =1.04, 95% CI 1.02-1.07, P-value = 2.0E-03, Padj=0.091), PUFAs to total fatty acids
percentage (HR =1.04, 95% CI 1.02-1.07, P-value =2.2E-03, Padj=0.091), and MUFAs to
total fatty acids percentage (HR=0.96, 95% CI 0.94-0.99, P-value =4.3E-03, Padj =0.10)

with prostate cancer risk were slightly weaker after adjustment for diabetes (Figure 5.5).
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Figure 5.4 Volcano plot depicting the hazard ratios (95% confidence interval) and -log10(p-value)
for prostate cancer associated with a one standard deviation increase in concentration,
percentage, or ratio of 249 metabolite features, with additional adjustment for diabetes.
Metabolite features that associated with overall prostate cancer risk after correction for multiple testing
(Padj < 0.05) are labelled and in red. LDL, low-density lipoprotein cholesterol; DHA, docosahexaenoic
acid.
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Metabolite Features Cases HR (95% CI) P-value Padj

Docosahexaenoic Acid to Total Fatty Acids percentage 6570 —a— 1.06 (1.03, 1.08) 5e-05 0.01
Phospholipids to Total Lipids in Small LDL percentage 6575 —=—1.06 (1.03, 1.10) 1e-04 0.02
Degree of Unsaturation 6570 — 1.04 (1.02, 1.07) 8e-04 0.06
Omega-3 Fatty Acids to Total Fatty Acids percentage 6570 — 1.04 (1.02, 1.07) 0.001 0.06
Polyunsaturated Fatty Acids to Total Fatty Acids percentage 6570 — 1.04 (1.02, 1.07) 0.002 0.09
Polyunsaturated Fatty Acids to Monounsaturated Fatty Acids ratio 6570 — 1.04 (1.02, 1.07) 0.002 0.09
Triglycerides in LDL 6575 — 0.96 (0.94, 0.99) 0.006 0.1
Triglycerides in HDL 6575 —— 0.96 (0.94, 0.99) 0.004 0.1
Monounsaturated Fatty Acids 6570 —— 0.96 (0.94, 0.99) 0.004 0.1
Docosahexaenoic Acid 6570 —a— 1.04 (1.01, 1.06) 0.006 0.1
Monounsaturated Fatty Acids to Total Fatty Acids percentage 6570 —_— 0.96 (0.94, 0.99) 0.004 0.1
Omega-6 Fatty Acids to Omega-3 Fatty Acids ratio 6569 — 0.97 (0.94, 0.99) 0.007 0.1
Triglycerides in Large LDL 6575 — 0.96 (0.94, 0.99) 0.006 0.1
Triglycerides in Medium LDL 6575 — 0.96 (0.94, 0.99) 0.007 0.1
Triglycerides in Large HDL 6575 — 0.96 (0.94, 0.99) 0.006 0.1
0:9 1 111

HR (95% CI)

Figure 5.5 Hazard ratios (95% confidence interval) for prostate cancer associated with a one
standard deviation increase in concentration, percentage, or ratio of 15 most significant
metabolite features, after additional adjustment for diabetes. HR, hazard ratios; CI, confidence
interval; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol. Padj
refers to P-value adjusted for multiple testing using the Benjamini—Hochberg false discovery rate (FDR)
method.

5.4.3 Metabolite features and risk of death from prostate
cancer

The associations of 249 metabolite concentrations, ratios, and percentages with prostate cancer
death are depicted in Figure 5.6 (full results in Appendix 5.6). After multiple testing, three
metabolites were associated with risk of death from prostate cancer; glycoprotein acetyls
(HR=1.25,95% CI 1.14-1.4, P-value =4.9E-07, Padj = 1.2E-04) and citrate (HR =1.18, 95%
CI 1.08-1.28, P-value = 1.6E-04, Padj = 0.013) were positively associated with risk of prostate
cancer death while higher concentrations of albumin were associated with lower risk of prostate

cancer death (HR =0.86, 95% CI 0.79-0.93, P-value = 1.1E-04, Padj = 0.013) (Figure 5.7).
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Figure 5.6 Volcano plot depicting the hazard ratios (95% confidence interval) and -log10(p-value)
for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of 249 metabolites. Metabolite features that associated with risk of prostate cancer
death after correction for multiple testing (Padj < 0.05) are labelled and in red.
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Metabolite Features Cases HR (95% CI) P-value Padj

Glycoprotein Acetyls 596 —8—>1.25(1.14,1.36)  5e-07 1e-04
Albumin 596 <—a— 0.86 (0.79, 0.93) 1e-04 0.01
Citrate 596 —®&—— 1.18(1.08,1.28)  2e-04 0.01
Glucose 595 — 1.14 (1.05, 1.23) 0.001 0.06
Cholesteryl Esters to Total Lipids in Small HDL percentage 596 <—=&—— 0.87 (0.79, 0.95) 0.002 0.08
Phospholipids to Total Lipids in Small HDL percentage 596 —_— 1.14 (1.04, 1.24) 0.003 0.1
Histidine 596 —_— 0.90 (0.83, 0.97) 0.007 0.2
Triglycerides in IDL 596 —_— 1.12(1.03, 1.22) 0.008 0.2
Cholesterol to Total Lipids in Small HDL percentage 506 —&—— 0.89 (0.82, 0.97) 0.008 0.2
Phospholipids in Large HDL 596 — 1.13(1.03, 1.24) 0.009 0.2
Triglycerides in Large HDL 596 —_— 1.12 (1.03, 1.23) 0.01 0.2
Phospholipids in HDL 596 —_— 1.12(1.03, 1.23) 0.01 0.2
Phospholipids in Very Small VLDL 596 —_—a— 1.11(1.02, 1.21) 0.01 02
Phospholipids in Medium HDL 596 —_—a— 1.12(1.02, 1.22) 0.02 02
Total Lipids in Very Small VLDL 596 —_—— 1.10 (1.02, 1.20) 0.02 0.2
0:8 1 1:3

HR (95% CI)

Figure 5.7 Hazard ratios (95% confidence interval) for prostate cancer death associated with a
one standard deviation increase in concentration, percentage, or ratio of 15 most significant
metabolite features. HR, hazard ratios; CI, confidence interval; LDL, low-density lipoprotein
cholesterol; HDL, high-density lipoprotein cholesterol; IDL, intermediate-density lipoprotein
cholesterol; VLDL, very low-density lipoprotein cholesterol. Padj refers to P-value adjusted for
multiple testing using the Benjamini—Hochberg false discovery rate (FDR) method.

Table 5.3 shows the regression dilution bias (RDB) -corrected hazard ratios for the top three
most associated metabolites with risk of prostate cancer death. Regression dilution ratios
(RDRs) for the repeat metabolite measurements were modest to low, indicating varying levels
of within-person reproducibility (0.5 for glycoprotein acetyls, 0.4 for albumin, and 0.3 for
citrate). After correction for regression dilution bias, the associations with prostate cancer death
were strengthened (Table 5.3). For glycoprotein acetyls, the hazard ratio increased from 1.25
(95% CI: 1.14-1.36) to 1.51 (95% CI: 1.29-1.77). For albumin, the inverse association
strengthened from 0.86 (95% CI: 0.79-0.93) to 0.65 (95% CI: 0.52-0.82). For citrate, the
positive association was magnified from 1.18 (95% CI: 1.08-1.28) to 1.69 (95% CI: 1.29-

2.21). These findings suggest that baseline-only estimates underestimated the strength of
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associations due to within-person variability; however, metabolites with lower RDRs and
larger changes in RDB-corrected HRs (particularly citrate) should be interpreted more
cautiously, as their corrected estimates are more strongly influenced by measurement error and

short-term fluctuations.

Table 5.3 Correction of hazard ratios for regression dilution bias using repeat measures of
metabolites for top 3 metabolites associated with prostate cancer death

Metabolite RDR | New New New Original | Original Original
HR CILL CIUL HR CILL CI UL
Glycoprotein acetyls 0.5 1.51 1.29 1.77 1.25 1.14 1.36
Albumin 0.4 0.65 0.52 0.82 0.86 0.79 0.93
Citrate 0.3 1.69 1.29 221 1.18 1.08 1.28

Table 5.3 Correction of hazard ratios and confidence intervals for regression dilution bias using repeat
measures of metabolites for top 3 metabolites associated with prostate cancer death. RDR, regression

dilution ratio; HR, hazard ratio; CI, confidence interval; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit

For results stratified by time since blood collection (Table 5.4), the glycoprotein acetyls
(HR =1.40, 95% CI 1.24-1.57, P-value = 6.4E-08, Padj = 1.6E-05) and albumin (HR =0.79,
95% CI 0.71-0.88, P-value=2.6E-05, Padj=2.1E-03) associations with prostate cancer
mortality was stronger in men who died < 5 years since blood collection, compared to those
who died from prostate cancer > 5 years since blood collection (glycoprotein acetyls:
HR =1.11,95% CI 0.99-1.25, P-value = 0.084, Padj = 1.0; albumin: (HR =0.93,95% CI 0.83—
1.04, P-value=0.19, Padj = 1.0). Meanwhile, the association of citrate with prostate cancer
mortality by time since blood collection appeared stable in the <5 years subgroup (HR =1.18,

95% CI 1.05-1.33, P-value =0.01, Padj = 1.0) (Table 5.4 and Appendix 5.7).
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Table 5.4 Hazard ratios and 95% Cls of top three most significantly associated metabolite features with prostate cancer death, stratified by time since blood
collection

<5 years > 5 years
Metabolite features Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj
GlycA 290 1.40 1.24 1.57 6E-08 2E-05 306 1.11 0.99 1.25 0.1 1.0
Albumin 290 0.79 0.71 0.88 3E-05 0.002 306 0.93 0.83 1.04 0.2 1.0
Citrate 290 1.18 1.04 1.33 0.01 0.09 306 1.18 1.05 1.33 0.01 1.0

Hazard ratios and 95% confidence interval for prostate cancer death associated with a one standard deviation increase in concentration, percentage, or ratio of
three most significant metabolites or metabolic features, stratified by time since blood collection. HR, hazard ratio; CI, confidence interval; LL, 95% confidence
interval lower limit; UL, 95% confidence interval upper limit; GlycA, glycoprotein acetyls. Padj refers to p-value adjusted for multiple testing using the
Benjamini—Hochberg false discovery rate (FDR) method.
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The associations of the same three metabolites with risk of prostate cancer death were similar
in the sensitivity analyses with additional adjustment for diabetes: glycoprotein acetyls
(HR=1.24, 95% CI 1.14-1.35, P-value =6.8E-07, Padj = 1.7E-04); citrate (HR =1.17, 95% CI
1.08-1.28, P-value =2.8E-04, Padj = 0.023); albumin (HR =0.85, 95% CI 0.79-0.92, P-value
=9.3E-05, Padj =0.012) (Figure 5.8; full results in Appendix 5.8 and stratified by follow-up

time in Appendix 5.9).

Metabolite Features Cases HR (95% Cl)  P-value Padj
Glycoprotein Acetyls 596 —»1.24 (1.14, 1.35) 7e-07 2e-04
Albumin 596 <—a— 0.85(0.79,0.92) 9e-05 0.01
Citrate 596 —=—>1.17(1.08,1.28)  3e-04 0.02
Cholesteryl Esters to Total Lipids in Small HDL percentage 506 <«—&— 0.87 (0.79, 0.95) 0.002 0.1
Phospholipids in HDL 596 —a— 1.13(1.03, 1.23) 0.007 0.1
Histidine 596 —=—— 0.90 (0.83, 0.97) 0.007 0.1
Concentration of Very Small VLDL Particles 596 —a——— 1.12(1.03,1.22) 0.007 0.1
Total Lipids in Very Small VLDL 596 —a—— 1.13(1.04,1.23) 0.004 0.1
Phospholipids in Very Small VLDL 596 —&—— 1.14(1.05, 1.23) 0.003 0.1
Free Cholesterol in Very Small VLDL 596 —a—— 1.12(1.03,1.22) 0.006 0.1
Triglycerides in IDL 596 ——— 1.13(1.04,1.23) 0.005 0.1
Phospholipids in Large HDL 596 —a—1.14 (1.04, 1.25) 0.005 0.1
Phospholipids to Total Lipids in Small HDL percentage 596 —a—— 1.13(1.04,1.23) 0.005 0.1
Triglycerides in Large HDL 596 —a— 1.13(1.03, 1.23) 0.008 041
Free Cholesterol in HDL 596 —a—— 1.12(1.03, 1.22) 0.009 0.1
0:8 1 1.25

HR (95% CI)

Figure 5.8 Hazard ratios (95% confidence interval) for prostate cancer death associated with a
one standard deviation increase in concentration, percentage, or ratio of 15 most significant
metabolite features, after additional adjustment for diabetes. HR, hazard ratios; CI, confidence
interval; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; IDL,
intermediate-density lipoprotein cholesterol; VLDL, very low-density lipoprotein cholesterol. Padj
refers to P-value adjusted for multiple testing using the Benjamini—Hochberg false discovery rate (FDR)
method.
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5.4.4 Amino acids and prostate cancer risk
There were no associations that were significant after multiple testing for amino acids and
overall prostate cancer risk (Figure 5.9), or risk of prostate cancer death (Figure 5.10). For
associations that were conventionally significant, the relative risk of prostate cancer per
standard deviation increase in alanine was 0.97 (95% CI 0.95-1.00, P-value =0.03, Padj =0.2)

and for tyrosine was 0.97 (0.97, 95% CI 0.95-1.00, P-value =0.02, Padj=0.1).

Men with higher concentrations of histidine (HR=0.90, 95% CI 0.83-0.97, P-value
=0.007, Padj =0.2) and glutamine (HR =0.92, 95% CI 0.85-1.00, P-value =0.05, Padj=0.3)

had lower risk of death from prostate cancer, before correction for multiple testing.

Metabolite Features Cases HR (95% CI) P-value Padj
Alanine 6575 «—— 0.97 (0.95, 1.00) 0.02 0.1
Tyrosine 6575 «—=——— 0.97 (0.95, 1.00) 0.02 0.1
Valine 6575 «—=—— 0.98 (0.95, 1.00) 0.1 0.3
Leucine 6575 ————— 0.98 (0.96, 1.01) 02 04
BCAA 6575 ———1— 0.98 (0.96, 1.01) 02 04
Glutamine 6576 ————— 0.98 (0.96, 1.01) 02 04
Glycine 6570 ——1— 0.98 (0.96, 1.01) 02 0.5
Histidine 6575 ——— 1.01(0.99, 1.04) 03 0.5
Phenylalanine 6575 —— 0.99 (0.97, 1.02) 0.7 0.8
Isoleucine 6575 — 1.00 (0.97, 1.02) 0.8 0.9
0.|95 1 1.|05

HR (95% Cl)

Figure 5.9 Hazard ratios (95% confidence interval) for prostate cancer associated with a one
standard deviation increase in concentration of nine amino acids and one sum of amino acids.
HR, hazards ratio; CI, confidence interval, BCAA, total concentration of branched-chain amino acids
(leucine, isoleucine, and valine). Padj refers to P-value adjusted for multiple testing using the
Benjamini—Hochberg false discovery rate (FDR) method.

93



Amino Acids Cases HR (95% Cl)  p.value Padj

Histidine 596 «—=— 0.90 (0.83, 0.97) 0.01 0.2
Glutamine 595 ——=—— 0.92 (0.85, 1.00) 0.05 0.3
Tyrosine 596 +—=—>1.08 (0.99, 1.17) 01 04
Alanine 596 ——=— 1.05(0.97, 1.14) 02 0.6
Leucine 596 — 0.97 (0.89, 1.05) 04 0.9
Phenylalanine 596 ——=— 1.03(0.95, 1.12) 05 0.9
Valine 596 —=—— 1.01(0.93, 1.10) 09 1.0
BCAA 596 — 0.99 (0.92, 1.08) 09 1.0
Isoleucine 596 — - 1.01 (0.93, 1.09) 09 1.0
Glycine 588 — 1.00 (0.92, 1.09) 1.0 1.0
0.|85 1 1.|15

HR (95% CI)
Figure 5.10 Hazard ratios (95% confidence interval) for prostate cancer death associated with a
one standard deviation increase in concentration of nine amino acids and one sum of amino acids.
HR, hazards ratio; CI, confidence interval, BCAA, total concentration of branched-chain amino acids

(leucine, isoleucine, and valine). Padj refers to P-value adjusted for multiple testing using the
Benjamini—Hochberg false discovery rate (FDR) method.

5.4.5 Cross-sectional secondary analyses
Table 5.5 presents the associations of fish intakes with geometric mean concentration of DHA
and with DHA percentage to total fatty acids. Mean DHA concentrations increased with higher
intakes of both oily and non oily fish (P-value <0.001 for both) (Table 5.5). Participants
consuming oily fish >2 times per week had geometric mean DHA concentrations of 0.25
nmol/L (95% CI: 0.25-0.25), a 0.07 nmol/L increase from never to less than once a week. Men
consuming non oily fish >2 times per week had DHA concentrations of 0.22 nmol/L (95% CI:
0.22-0.22), a 0.03 nmol/L higher than in those consuming non oily fish never to less than once

a week. Likewise, the geometric mean of DHA to total fatty acids was higher with higher fish
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consumption; it was 2.19 nmol/L (95% CI: 2.18-2.20) among those who consumed oily fish
>2 times per week and 1.92 nmol/L (95% CI: 1.91-1.93) among those who consumed non oily

fish >2 times per week (Table 5.5).

Table 5.5 Intakes of oily fish and non oily fish in association with geometric mean concentration of
DHA and mean DHA percentage to total fatty acids.

Fish intake Number of men Geometric mean DHA P-value
concentration (nmol/L; 95% CI)

Oily fish
Never to less than 57,358 0.18 (0.18-0.18) p<0.001
once a week
Once a week 45,577 0.21 (0.21-0.21) p<0.001
> 2 times a week 22,085 0.25 (0.25-0.25) p<0.001
Non oily fish
Never to less than 42,593 0.19 (0.19-0.19) p<0.001
once a week
Once a week 62,322 0.21 (0.21-0.21) p<0.001
> 2 times a week 20,233 0.22 (0.22-0.22) p<0.001
Geometric mean percentage of
DHA to total fatty acids (95% CI)
Oily fish
Never to less than 57,358 1.57 (1.56-1.57) p<0.001
once a week
Once a week 45,577 1.83 (1.82-1.84) p<0.001
> 2 times a week 22,085 2.19 (2.18-2.20) p<0.001
Non oily fish
Never to less than 42,593 1.65 (1.64-1.65) p<0.001
once a week
Once a week 62,322 1.79 (1.78-1.79) p<0.001
> 2 times a week 20,233 1.92 (1.91-1.93) p<0.001

Table 5.5 Intakes of oily fish and non oily fish in association with geometric mean concentration of DHA
and mean DHA percentage to total fatty acids. Intakes of oily fish and non oily fish in association with
geometric mean concentrations of DHA and mean DHA percentage to total fatty acids. All models are
adjusted for age, fasting status, body mass index, height, alcohol intake, ethnicity, level of education,
smoking status, and weekly physical activity. CI, confidence interval; DHA, docosahexaenoic acid; p, P-
value.

Participants in the highest quintile of DHA intake had 1.3 nmol/L (95% CI: 1.2—-1.4) higher
circulating IGF-I concentrations than those in the lowest quintile (Table 5.6). Similarly, higher
percentages of DHA relative to total fatty acids were associated with elevated IGF-I levels

(Table 5.6). Mean IGF-I concentration for those in the highest fifths of DHA percentage was
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21.9 nmol/L (95% CI: 21.8-22.0), compared to 20.6 nmol/L (95% CI: 20.5-20.6) in men the

lowest quintile (p<0.001).

Table 5.6 Associations of DHA concentration and DHA percentage to total fatty acids with
geometric mean concentrations of IGF-1

Exposure (fifths) Number of Geometric mean IGF-1 concentration P-value
men (nmol/L; 95% CI)
DHA IGF-1
1 23,909 20.6 (20.5-20.6) p<0.001
2 23,903 21.1 (21.0-21.2) p<0.001
3 23,906 21.3 (21.2-21.3) p<0.001
4 23,908 21.5(21.4-21.6) p<0.001
5 23,902 21.9 (21.8-21.9) p<0.001
DHA percentage to Geometric mean IGF-1 concentration
total fatty acids (nmol/L; 95% CI)
1 24,208 20.6 (20.5-20.6) p<0.001
2 24,056 21.1 (20.1-21.1) p<0.001
3 23,924 21.3(21.2-21.4) p<0.001
4 23,803 21.5(21.4-21.5) p<0.001
5 23,537 21.9 (21.9-22.0) p<0.001

Table 5.6 Associations of DHA concentration and DHA percentage to total fatty acids with geometric
mean concentrations of IGF-1. All models are adjusted for age, fasting status, body mass index, height,
alcohol intake, ethnicity, level of education, smoking status, and weekly physical activity. CI, confidence
interval; DHA, docosahexaenoic acid; IGF-1, insulin-like growth factor-1; p, P-value.

Fish intake was associated with an increased likelihood of having ever previously undergone a
PSA test (Table 5.7). Compared to individuals consuming oily fish less than once per week,
those consuming oily fish > 2 times per week had a 17% higher likelihood of prior PSA testing
(OR =1.17, 95% CI: 1.13-1.21, P-value < 0.001). A similar though smaller magnitude trend
was observed for non-oily fish intake, where individuals consuming non-oily fish >2 times per
week had a 9% higher likelihood of PSA testing (OR = 1.09, 95% CI 1.05-1.13, P-value <

0.001).
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Table 5.7 Odds ratios of the associations of oily fish and non oily fish intakes with having
previously undergone a PSA test.

Fish intake Number of men Odds ratio ( 95% CI) P-value

Oily fish p<0.001

Never to less than once a 57,358 1.00

week

Once a week 45,577 1.07 (1.04-1.10)

> 2 times a week 22,085 1.17 (1.13-1.21)
Non oily fish p<0.001

Never to less than once a 42,593 1.00

week

Once a week 62,322 1.05 (1.02-1.08)

> 2 times a week 20,233 1.09 (1.05-1.13)

Table 5.7 Odds ratios (95% confidence interval) of the associations of oily fish and non oily fish intakes
with having previously undergone a PSA test. All models are adjusted for age, fasting status, body mass
index, height, alcohol intake, ethnicity, level of education, smoking status, and weekly physical activity.
Cl, confidence interval; PSA, prostate-specific antigen; p, P-value.

Compared to individuals consuming oily fish less than once per week, those consuming oily
fish > 2 times per week had no significant difference in prostate cancer risk (HR = 0.99, 95%
CI = 0.93-1.06) (Table 5.8). Similarly, non-oily fish intake was not associated with prostate
cancer risk, as those consuming non-oily fish > 2 times per week had a hazard ratio of 1.01

(95% CI1 0.94-1.09) compared to the lowest intake category.

Table 5.8 Association between categories of fish intake and prostate cancer risk

Prostate cancer cases

Fish intake Number of men HR (95% CI) P-
value

Oily fish 0.5
Never to less than once a week 2524 1.00 -
Once a week 2449 1.01 (0.96-1.07) 0.7
> 2 times a week 1245 0.99 (0.93-1.06) 0.7

Non oily fish 0.04
Never to less than once a week 1885 1.00 -
Once a week 3340 1.06 (1.00-1.12) 0.03
> 2 times a week 998 1.01 (0.94-1.09) 0.7

Table 5.8 Association between categories of fish intake and prostate cancer risk. Relative to a fish intake
of less than once a week, stratified by region and Townsend Deprivation Index with age as the underlying
time variable. Adjusted for fasting status, body mass index, height, alcohol intake, family history of
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Table 5.8 Association between categories of fish intake and prostate cancer risk

prostate cancer, ethnicity, level of education, smoking status, and weekly physical activity. CI,
confidence interval; HR, hazard ratio per one standard deviation from Cox regression models.

Table 5.9 presents the associations of glucose concentrations with geometric mean
concentration of free testosterone. Higher glucose concentrations were associated with lower
circulating free testosterone. Men in the highest quintile of glucose had 8% lower mean free

testosterone compared with those in the lowest quintile (p-het<0.001).

Table 5.9 Associations of glucose concentration with geometric mean concentrations of
free testosterone

Exposure (fifths) Number of Geometric mean free testosterone P-het
men concentration (nmol/L; 95% CI)
Glucose Free Testosterone p<0.001
1 22,082 205.9 (205.1-206.7)
2 22,087 204.6 (203.8-205.4)
3 22,013 202.0 (201.2-202.9)
4 22,011 197.9 (197.0-198.7)
5 21,848 189.8 (188.9-190.7)

Table 5.9 Associations of glucose concentration with geometric mean concentrations of free
testosterone. All models are adjusted for age, fasting status, body mass index, height, alcohol intake,
ethnicity, level of education, smoking status, and weekly physical activity. CI, confidence interval; p-
het, P-value for heterogeneity.

5.5 Discussion

This is the largest prospective study to date of these 249 circulating metabolite features in
relation to prostate cancer incidence. It also distinguishes itself from prior metabolite-prostate
cancer work in the UK Biobank by including subgroup analyses of time since blood collection
and assessing risk of prostate cancer death [67]. In this chapter, I report that men who had a
higher percentage of DHA to total fatty acids were at increased risk of developing overall
prostate cancer, as well as men with a higher percentage of phospholipids to total lipids in small
LDL. Both metabolite feature associations displayed heterogeneity by follow-up time, with the

former demonstrating a consistent risk association in longer time since blood collection,
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suggesting a possible aetiological role in disease risk, and the latter driven by shorter time since

blood collection.

Four other fatty acid metabolite features including degree of unsaturation (positive), ratio of
PUFAs to MUFAs (positive), PUFAs to total fatty acids percentage (positive), and MUFAs to
total fatty acids percentage (inverse), as well as glucose (inverse), were also associated with
risk of prostate cancer; however, weaker associations with risk in the sensitivity analyses
(especially for glucose) suggested that those results may have been due to confounding by

diabetes.

Higher levels of glycoprotein acetyls and citrate, and lower levels of albumin were associated
with risk of death from prostate cancer; the glycoprotein acetyls and albumin associations
appeared to be driven by the first 5 years since blood collection, suggesting possible reverse
causality. Meanwhile, the citrate association displayed little heterogeneity by time since blood
collection, suggesting a potential aetiological role.
5.5.1 Metabolite features and prostate cancer risk

The previous study in UK Biobank [67] with 1,436 incident cases (with a median follow-up of
11.3 years versus 6,575 incident cases in the current analyses that were diagnosed over a
median of 12.5 years) investigated associations between these metabolites and prostate cancer
risk, and found lower levels of glucose, citrate, and lipoproteins (including several
phospholipids) in men who were subsequently diagnosed with prostate cancer compared to
those who were not [67]. In addition to having a larger sample size of 6,575 total incident
prostate cancer cases, the current extended analyses differed from the previous study by
investigating associations by time from blood collection to prostate cancer diagnosis, including
sensitivity analyses that adjusted for diabetes, investigating prostate cancer death as an

outcome, and including metabolite percentages as exposure variables (in addition to absolute
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metabolite concentrations, thus extending the number of metabolite features from 168 to 249).
The current analyses showed a similar inverse association to that previous reported between
glucose and overall prostate cancer risk, however, after additional adjustment for diabetes, we
found the association to be attenuated. The metabolite exposure variable most strongly
associated with prostate cancer in the current analyses, i.e. DHA to total fatty acids percentage,
was not investigated in the previous study. In the previous study, a null association was reported
between DHA and prostate cancer risk, and no other fatty acids were found to be associated

with risk after accounting for multiple testing.

While the previous study focused exclusively on absolute concentrations of metabolites, in this
analysis percentages were also investigated. This dual approach provides a more
comprehensive understanding of DHA’s role in prostate cancer risk. Exclusively assessing the
association of DHA concentration with prostate cancer risk may not account for variation in
total fatty acids, as individuals with higher overall fatty acid levels may also have higher DHA
levels without a meaningful difference in DHA’s contribution to risk. Including percentage of
DHA to total fatty acids additionally accounted for these variations, providing a clearer picture
of DHA'’s role within the broader fatty acid profile. Similarly, while the percentage of
phospholipids to total lipids in small LDL (in which higher levels were found to be positively
associated with overall prostate cancer in this chapter) demonstrates a lipoprotein-related

finding, it represents a relative measure rather than an absolute concentration [67].

Regarding the higher prostate cancer risk observed in men with higher DHA levels relative to
total fatty acids, some comparable associations have been reported in previous cohorts [160].
DHA is a long-chain omega-3 polyunsaturated fatty acid (PUFA), meaning it is a long-chain
PUFA with one of its double bonds located 3 carbon atoms from the methyl end [161]. A case-

cohort study in the Selenium and Vitamin E Cancer Prevention Trial (SELECT) found that
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men with higher blood concentrations of long chain omega-3 PUFAs were at increased risk of
low-grade and overall prostate cancer [71]; likewise, a nested case-control study in the Prostate
Cancer Prevention Trial (PCPT) found that men with higher DHA levels were 2.5 times more
likely to develop high-risk prostate cancer than men with lower levels [70]. A 2014 individual
participant data meta-analysis of over 5,000 cases and 6,000 controls, which included data from
SELECT, PCPT, and the EPIC cohort, reported that men with higher circulating
docosapentaenoic acid (DPA) (another long-chain polyunsaturated omega-3 fatty acid) had a
slightly elevated risk of developing prostate cancer [69]. In subgroup analyses, there was
heterogeneity by grade, in which the association of DPA with risk was driven by low-grade
disease. Risk associations in subgroup analyses by stage, aggressive disease, and time to
diagnosis appeared stronger in the localised, non-aggressive, and less than 3 years groups,
though the formal test for heterogeneity in these three subgroup analyses was not statistically

significant [69].

The role of lipid dysregulation in tumour aetiology has previously been investigated, and may
provide a biological context to the findings reported in this chapter. In a 2018 review of prostate
cancer studies by Lima et al., metabolic alterations in fatty acid profiles were reported in serum
and plasma samples from prostate cancer patients [137]. These changes are thought to reflect
underlying disruptions in lipid metabolism, including increased lipogenesis, which supports
tumour growth by fuelling cell proliferation and modulating intercellular signalling pathways
[162]. A key component of this altered metabolic state is enhanced fatty acid synthesis and
lipid B-oxidation, which provide energy and biosynthetic material for abnormal cell
proliferation. DHA, a long-chain omega-3 polyunsaturated fatty acid, may be involved in this
metabolic reprogramming. Although DHA is typically considered anti-inflammatory [163],

observational evidence suggests that its role in prostate cancer is complex [70]. Altered DHA
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levels observed in prostate cancer may reflect a shift in fatty acid metabolism, possibly through

incorporation into membrane lipids or modulation of B-oxidation activity [137,162].

There were no associations between amino acids and prostate cancer risk in this study that
passed correction for multiple testing. In a nested case-control analysis in the SU.VIL.MAX
cohort, another prospective study (171 incident cases in a cohort of 5,141 men followed for an
average of 13 years) that used NMR to quantify metabolites, six amino acids were found to be
positively associated with overall prostate cancer risk, including tyrosine (OR = 1.40, 95% CI
1.06-1.85], p-value =0.02), as well as creatine and albumin lysyl; men with lower levels of
urea had a higher risk of developing prostate cancer. None of the metabolite-prostate cancer
associations from the SU.VL.MAX study met correction for multiple testing in the current
analyses [15]. It should be noted that in contrast to Nightingale Health’s targeted metabolomics
approach, the SU.VL.MAX study used an untargeted NMR metabolomics approach, and

therefore the metabolites investigated only partially overlap.

I reported that the inverse association between glucose and prostate cancer risk was attenuated
after adjustment for diabetes status, highlighting the potential role of diabetes as either a
potential confounder or mediator in this relationship. Previously, a systematic review and meta-
analysis (that included ten prospective cohort studies, one nested case-control study, one case-
cohort study and three case-control studies) investigated fasting glucose in relation to risk of
prostate cancer. The authors reported an inverse association in the subgroup of cohort studies
[164], in line with my findings (before adjustment for diabetes). Meanwhile, several meta-
analyses have reported an association between the presence of diabetes, which is associated
with hyperglycaemia, and reduced prostate cancer risk [155,156]. Elevated glucose, and
decreased testosterone and insulin in men with diabetes, may explain the inverse association

between glucose and prostate cancer risk reported in this chapter. There may be a detrimental
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effect of hyperglycaemia on testosterone production, as lower levels of testosterone are found
in men with diabetes [165]; meanwhile, epidemiological [158] and experimental studies have
presented strong evidence supporting the role of androgens in the development of prostate
cancer [154-156,166]. Consistent with these studies, I report in the cross-sectional analyses
that increased glucose concentrations were associated with a reduction in circulating free
testosterone. Diabetes influences insulin levels in a complex manner, with early-stage
hyperinsulinemia transitioning to hypoinsulinemia as pancreatic function declines [3,152]. In
summary, these findings warrant consideration of the complex interplay between glucose
metabolism, diabetes, and prostate cancer risk when interpreting associations between

metabolic biomarkers and prostate cancer outcomes.

5.5.2 Metabolite features and prostate cancer death
In analyses of prostate cancer death, glycoprotein acetyls, albumin, and citrate showed
associations that were stronger after correction for regression dilution bias. While these
findings may indicate that baseline-only estimates may underestimate the true magnitude of
associations, they should be interpreted cautiously. The regression dilution ratios (RDRs) for
albumin and citrate in particular were low (0.4 and 0.3, respectively), suggesting considerable
within-person variability. As a result, the corrected estimates for these metabolites are likely to
be less reliable, and the apparently stronger associations, particularly for citrate, should be

regarded with caution and not over-interpreted.

Regarding the association between glycoprotein acetyls and prostate cancer mortality,
glycoprotein acetyls have previously been identified as a marker of systemic inflammation
[167,168]. While glycoprotein acetyls are relatively novel NMR-identified biomarkers, and
there are limited prospective findings to establish an association with prostate cancer mortality,

a recent review of metabolic markers and prostate progression reported higher levels in men
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with prostate cancer [169]. Plasma samples were profiled from 41 South African men with high
risk, aggressive prostate cancer, and NMR spectroscopy determined that these men had higher
plasma glycoprotein acetyls [170]. Similarly, when stratifying by follow-up time, I reported
higher circulating glycoprotein acetyls in men who died within five years of blood collection,

suggesting possible reverse causality.

There is limited ability in the literature to compare the positive association between higher
circulating citrate and risk of prostate cancer death to other studies that have data on advanced
stage and grade. Previously in the UK Biobank, the authors reported that higher circulating
citrate contributed to lower overall prostate cancer risk [67]; in line with this, I found a
conventionally significant inverse association between citrate and overall prostate cancer risk
within three years of blood collection (Appendix 5.3). The only observational study that
reported a significant association between citrate and risk of more advanced disease was the
ATBC cohort, though in an opposite direction from this chapter’s findings. In a case-control
study of 200 matched pairs, lower levels of citrate were associated with more aggressive
tumour subtypes [171]. However, authors in the PLCO cohort did highlight a conventionally
significant positive association between citrate and aggressive prostate cancer in the 10-20
years since blood collection [9]. A large amount of citrate is produced and accumulated by
normal prostate epithelial cells, and is then secreted as a major component of prostatic fluid. In
comparison to normal prostate tissue, prostate cancer tissue often has decreased concentrations
of citrate [68,172—-174]. One possible mechanism for the current findings is that higher
circulating citrate concentrations may reflect broader metabolic alterations occurring in
advanced disease. Emerging research suggests that tumour cells may import extracellular
citrate for energy and lipid synthesis, potentially contributing to more aggressive disease
[68,173]. The observed positive association between baseline plasma citrate and prostate

cancer mortality may therefore indicate a broader metabolic phenotype predisposing to tumour
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progression, perhaps for example due to bone degradation or metastatic disease, rather than a

causal risk factor for prostate cancer initiation [175].

I found that lower concentrations of circulating albumin were associated with higher risk of
prostate cancer death, which was driven by the first 5 years since blood collection, suggesting
potential reverse causality. The previous UK Biobank study reported a positive association
with albumin and risk of overall prostate cancer, and in an EPIC-Heidelberg case-cohort study
(n=2,739, including 761 total cancer deaths,1,273 total men, and 554 prostate cancer cases),
albumin was inversely associated with overall cancer death, but not with incident prostate
cancer [176]. Lower albumin levels in aggressive prostate cancer patients have been well
documented, likely attributed to an inhibition of albumin synthesis caused by systemic
inflammation, malnutrition, and an elevated rate of albumin turnover driven by tumours [177—
179]. Decreased albumin may contribute to cancer progression and poorer outcomes, and
indicate poor nutrition, inflammation, and short survival within the body [177-179]. Thus, the
current study’s association may be driven by pre-existing aggressive cancer within 5 years of

blood collection.

5.5.3 Comparing these results to Chapter 4 (EPIC)

The association of phospholipids to total lipids in small LDL percentage with higher disease
risk was likely driven by tumour-related metabolic alterations up to 5 years before diagnosis.
This metabolite feature describes the relative phospholipid content of small LDL particles,
primarily composed of phosphatidylcholines. Meanwhile, in the previous chapter, I reported
that higher concentrations of a metabolite pattern characterized by 64 phosphatidylcholines
were associated with lower advanced disease risk; this association was stronger in the shorter
period since blood collection, suggesting plasma metabolic profile changes up to a decade

before diagnosis of advanced stage disease. Despite differences in direction, both associations
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were strongest shortly after blood collection, suggesting reverse causality in both cases. The
contrasting directions likely reflect differences in the biological context measured (total
circulating lipids versus lipoprotein composition) and tumour subtype outcomes. These
complementary findings further support the hypothesis that lipid alterations may reflect early

disease processes or undetected prostate cancer, rather than an aetiological role.

5.5.4 Cross-sectional secondary analyses investigating
correlates of DHA

I conducted the cross-sectional analyses in this chapter to provide greater dietary and metabolic
context to the DHA to total fatty acids percentage association with prostate cancer risk
highlighted in this chapter. The results demonstrated a positive association between higher
intakes of oily fish and mean blood DHA, which is in line with known evidence that fish oils
contain high levels of omega-3 long chain polyunsaturated fatty acids, including DHA [180].
Regarding how this relates to more established potential prostate cancer risk factors, circulating
IGF-1 has previously been associated with higher risk of prostate cancer, both in Mendelian
randomisation analyses [181] and in a pooled analysis of 17 prospective studies [48]. The cross-
sectional results in this chapter indicated a strong DHA-IGF-1 association, which may provide
greater physiological context to this chapter’s DHA-related prospective finding. A recent cross-
sectional study also found that higher intakes of both oily and non-oily fish led to increased
circulating insulin-like growth factor 1 (IGF-1) concentrations, and an association between
intake of polyunsaturated fat long chain omega-3 fatty acids and higher IGF-1 [152], in line
with the association reported in this chapter between DHA and IGF-1. However, in this
chapter’s prospective analyses of fish intake and overall prostate cancer risk, there was no
association with risk. This is consistent with the results of the most recent meta-analysis
evaluating fish intake and prostate cancer risk; out of 22 prospective cohort studies, with a

follow-up period ranging from six to 33 years, there was no significant association with overall
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prostate cancer risk (nor for advanced or localised prostate cancer). However, the authors did
report an association between higher fish intake and lower prostate cancer risk, including that
a daily increase in fish intake was associated with 12% lower risk of prostate cancer death in

dose-response analyses [182].

The cross-sectional analyses also provide additional context to a potential role of detection bias
(see section 6.4.2.2. Detection bias); higher fish intake was positively correlated with
undergoing a PSA test. Health-conscious individuals who consume more fish (which is
correlated with circulating DHA) are more likely undergo a PSA screening test, thus potentially

biasing the association of higher circulating DHA with higher prostate cancer incidence [69].

5.6 Strengths and Limitations

This study benefits from a prospective study design and large sample size, which strengthens
the reliability of the analyses. By measuring the metabolites before the onset of prostate cancer,
this design enhances the ability to establish the temporal sequence of events, reducing potential

biases and improving the inference of a causal relationship [183].

Adjusting for potential confounders enhanced the robustness of the analysis by isolating the
independent effects of the predictor variables, thereby reducing the likelihood of residual
confounding. This ensured that the observed associations are more likely to reflect true
relationships rather than the influence of unaccounted for variables. Moreover, adjusting for
diabetes in the sensitivity analyses reduced the risk of confounding, particularly for strongly

correlated metabolites like glucose.

The potential influence of reverse causation was assessed in risk analyses that stratified by

follow-up time, which was not previously done in the 2024 UK Biobank study [67].
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Although UK Biobank blood samples underwent minimal local processing that could affect
labile molecules, subsequent centralised, high-throughput processing using standardised
protocols helped minimise variability and ensured consistent, high-quality samples across the

cohort (see section 6.4.2.3.3.1 Processing) [184].

Dietary and lifestyle covariate data were self-reported, which can result in some measurement
error due to misreporting of food consumption or recall bias. Using a single dietary assessment
method at one time point, such as a food frequency questionnaire, may lead to measurement
errors and bias. However, several studies have supported the reproducibility and validity of

the food frequency questionnaire method [185,186].

In this study, I investigated circulating metabolites using targeted NMR. While targeted
metabolomics provides reliable, high-throughput quantification of a defined set of metabolites,
it has its limitations, as it only measures known metabolites and provides a partial view of the
metabolome. The pre-selected metabolite panel may miss important metabolic alterations
relevant to prostate cancer risk and progression. However, the NMR-based method offers
distinct advantages, providing better overall precision than untargeted metabolomics [55,66].
The use of a standardized panel of pre-defined metabolites ensures consistent, quantitative
measurement across all participants in a study, allowing for robust within-cohort comparisons.
Additionally, this standardization enhances the reproducibility and comparability of findings

across studies that use the same platform.

The UK Biobank does not provide information on tumour subtypes; however, in addition to
risk of overall prostate cancer, risk of death from prostate cancer was also investigated as a

proxy for more aggressive disease.

The majority of participants available for these analyses were of White ethnicity (which is

representative of the general UK population [187]), and the current study cannot assess
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metabolite-prostate cancer risk in other ethnicities. Finally, the mean follow-up time available
for all participants was 11.6 years, which may not be long enough to detect associations, as

prostate cancer can take decades to develop and progress.

5.7 Conclusion

In conclusion, this prospective study, which is the largest to date of these metabolites and
prostate cancer, demonstrates that men with a higher DHA to total fatty acid percentage had a
higher risk of prostate cancer. The association of higher phospholipids to total lipids in small
LDL percentage with higher disease risk was likely caused by pre-clinical cancer alterations.
Men with higher plasma albumin and lower glycoprotein acetyls had a lower risk of prostate
cancer mortality within the first five years of blood collection, suggesting early metabolic shifts
in response to aggressive disease up to five years before mortality. Triangulating evidence via
complementary approaches is warranted to establish causality and explore potential
mechanisms underlying these associations. Future work may include studies with a larger
sample size, including pooled analyses of several cohorts, MR genetic studies (see section 6.5.4

Genomics), and exploring potential mechanisms including lipid metabolism and inflammation.
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6. Discussion

6.1 Overview

This thesis assessed plasma metabolomics in relation to prostate cancer epidemiology, aiming
to characterise the correlates of plasma metabolic profiles in men, and to investigate
metabolomic associations with prostate cancer risk. This was done by first investigating
whether there were potentially modifiable dietary and lifestyle correlates of metabolites
previously found to be associated with prostate cancer in the EPIC cohort, then robustly further
assessing metabolite-prostate cancer associations using new data from EPIC and the UK

Biobank.

6.2 Summary of Findings

¢ In Chapter 3, cross-sectional analyses using 3,042 men in the EPIC cohort (split into 2,524
in the discovery set and 518 in the validation set) examined 24 dietary and lifestyle correlates
of three metabolite patterns (and the individual metabolites loading on those patterns).
Intakes of alcohol, total fish products, and its subsets total fish and lean fish were positively
associated with Pattern 1 (64 phosphatidylcholines [including PC aas and PC aes], and two
hydroxysphingomyelins). BMI was positively associated with Pattern 2, which appeared to
be driven by a strong positive BMI-glutamate association. Finally, both BMI and fatty fish
were inversely associated with Pattern 3 (eight lysophosphatidylcholines). In summary, these
analyses show that fish and its subtypes, alcohol, and BMI are associated with metabolite
patterns and several individual metabolites, which have in turn been linked to lower risk of
aggressive prostate cancer. While the directionality of the dietary/lifestyle factor-metabolite
associations cannot be established due to the cross-sectional design, this study identifies
modifiable correlates of metabolites and metabolite patterns that have been a key focus of

recent prostate cancer metabolomics research. These findings can help contextualise future
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research investigating relevant metabolic pathways potentially associated with early disease
processes.

Next, this thesis aimed to further investigate associations between metabolites and prostate
cancer risk by following up on the previous prospective study in EPIC; the prior nested case-
control study (n=3,057 matched pairs) had smaller sample sizes and limited statistical power
for analyses in the subgroups, especially when stratifying analyses by time since blood
collection to account for reverse causation. Incorporating an additional 1,330 matched pairs,
Chapter 4’s extended nested case-control study (n=4,387 matched pairs) increased the
reliability of estimates of the associations of 148 individual metabolite concentrations and
the three metabolite patterns with prostate cancer risk in aggressive tumour subtypes.
Overall, there were no statistically significant associations of specific metabolites or
metabolite patterns with overall, aggressive, or high grade prostate cancer. Six
phosphatidylcholines were inversely associated with advanced prostate cancer diagnosed at
or within 10 years of blood collection. Metabolite Patterns 1 (64 phosphatidylcholines [PC
aas and PC aes] and three hydroxysphingomyelins) and 2 (two acylcarnitines, glutamate,
ornithine, and taurine) were also inversely associated with advanced prostate cancer; when
stratified by follow-up time, these associations were observed for diagnoses at or within ten
years of recruitment but were weaker after longer follow-up. Pattern 3 (eight
lysophosphatidylcholines) was associated with prostate cancer death. These results suggest
that the plasma metabolite profile changes in response to the presence of prostate cancer up
to a decade before detection of advanced stage disease. The analyses in this chapter represent
the largest study to date of these metabolites and prostate cancer risk in the EPIC cohort.
For the final project of this thesis, I aimed to more broadly capture the metabolome and
investigate its associations with prostate cancer risk and mortality, by incorporating data

from an additional metabolomics platform and cohort, representing the largest prospective
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study to date of metabolites and prostate cancer risk. This prospective study of 126,206 men
in the UK Biobank (6,575 prostate cancer cases) assessed the association of 249 metabolites
with overall prostate cancer risk, as well as with risk for death from prostate cancer. Men
who had a higher percentage of DHA to total fatty acids had a higher risk of prostate cancer,
which displayed a consistent association with risk when stratified by follow-up time. In
addition, a higher percentage of phospholipids to total lipids in small LDL was associated
with higher risk of prostate cancer, with the greatest magnitude of association in the first 3
years since blood collection, suggesting metabolic alterations from an existing tumour. Men
with higher circulating citrate concentrations had an increased risk of prostate cancer death.
Finally, higher concentrations of glycoprotein acetyls and lower concentrations of albumin
were associated with increased risk of death from prostate cancer, with the strongest
association within 5 years of blood collection, likely indicating pre-clinical changes in blood
metabolite profiles in response to an existing tumour. This is the first study of these
metabolites and prostate cancer in the UK Biobank that includes robust subgroup analyses
by follow-up time, and investigates prostate cancer mortality as an outcome. In cross-
sectional analyses to further contextualise results, I also report that higher oily fish intake
was strongly associated with higher plasma DHA concentrations, and that plasma DHA
concentration was strongly positively associated with circulating IGF-I level (which is an

established prostate cancer risk factor).
6.3 Findings in Context

6.3.1 Correlates of metabolites

This thesis has helped contribute to the wider current work in metabolomics by providing a
greater understanding of the relationship between potentially modifiable dietary and lifestyle
factors and several metabolites and metabolite patterns. Using two distinct metabolomics

platforms, both Chapters 3 (EPIC) and 5 (UK Biobank) commonly found that dietary fish
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intake is reflected in plasma lipid profiles. In particular, fish intake had a considerable
association with higher concentrations of both plasma phosphatidycholines (PC aas and PC
aes) and DHA. Many phosphatidylcholines, including PC aas, contain DHA as one of their two
ester-linked fatty acid side chains, and thus can be carriers of DHA, supporting the consistent
findings across both chapters [188]. These results, especially in EPIC, are consistent with
another cross-sectional study using the Biocrates platform in the UK Fenland Study cohort
(n=10,806); the authors reported that fish consumption associated with higher phospholipids,
including PC aas and PC aes, which are fundamental components of cell membranes and
plasma lipoproteins [80]. While the study design investigating correlates of metabolites in this
thesis prevents drawing conclusions on the directionality of associations, these results are
further supported by dietary intervention studies. A meta-analysis of 34 fish intake dietary
intervention studies reported significant increases in plasma DHA (as well as other long-chain
omega-3 polyunsaturated fatty acids) in 31 studies post-intervention, especially with oily fish
consumption [189]. Two randomised controlled trials in the meta-analysis also reported
increases in DHA-containing phosphatidylcholines and other phospholipids with increasing
doses of weekly oily fish consumption [189]. The findings reported in Chapters 3 and 5,
supported by consistent associations across cohorts and dietary intervention studies, provide
strong support for an effect of fish intake on circulating lipid metabolite concentrations. In
Chapter 5, I also identified a positive correlation between circulating DHA and the prostate
cancer risk factor IGF-1. Previous cross-sectional studies in the UK Biobank [152] and smaller
cohorts [190] have also reported a positive association between fish intake and IGF-1,
suggesting the possibility of a shared metabolic pathway between fish intake, DHA, and IGF-
1. This work highlights modifiable dietary and lifestyle correlates of the metabolic landscape,
which includes plasma metabolite profiles that may reflect preclinical prostate cancer, offering

further context into tumour-associated pathways and the surrounding metabolic environment.
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Alcohol intake and BMI were also correlated with blood metabolic profiles in this thesis, and
notably in this thesis I found a particularly strong BMI-glutamate association. Several cross-
sectional studies across cohorts and platforms, including in EPIC (Biocrates) [191,192], the
Framingham Heart Study (custom LC-MS) [193], TwinsUK (Metabolon and Biocrates)
[97,98], the Cooperative Health Research in the Region of Augsburg (KORA) (Biocrates) [98],
and CARLA cohorts (Biocrates) [99] have reported a similar correlation between higher
alcohol intake and higher circulating phosphatidylcholines and other lipids. These include PC
aas [97-99,191-193], PC aes [191-193], hydroxysphingomyelins [191], and metabolite
patterns in men characterised by PC aas, and a combination PC aas and PC aes [192]. In line
with my findings of elevated phosphatidylcholine concentrations correlating with alcohol
intake, the prospective Framingham Heart Study (n=2,428) reported positive associations
between long-term alcohol consumption (measured over approximately 20 years) and
phosphatidylcholines, including PC 32:1 and PC 34:1 [193]. However, a prospective study in
the CARLA cohort (n=1,030) found decreased phosphatidylcholines, specifically four PC aes,
over a four year period of alcohol consumption [99]. These longitudinal results may indicate
potential longer-term metabolic responses to alcohol intake that cannot be concluded from
cross-sectional correlations. Prospective studies in other cohorts with large sample sizes, long
follow-up, and platforms using measurement methods besides LC-MS are warranted to validate
and better understand the alcohol-phosphatidylcholine associations. A combination of
Mendelian randomisation, longitudinal cohort studies with repeated measurements, and
controlled intervention studies can also be complementary to further elucidating these

metabolic associations in the future.

Several cohorts have identified a similar strong BMI-glutamate positive correlation in previous
cross-sectional work, providing external validation to the results reported in this thesis

[102,194]. Furthermore, two Mendelian randomisation analyses support a causal effect of BMI
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on circulating glutamate levels, using BMI-associated genetic variants from large-scale
genome-wide association studies (GWAS) conducted by the Genetic Investigation of
Anthropomorphic Traits (GIANT) consortium [83,195]. Thus, the findings presented in this
thesis are consistent with prior research, and provide additional observational evidence that
complements existing causal inferences between BMI and circulating glutamate levels.
Previously in EPIC, Pattern 2 (which included a positive glutamate loading) was inversely
associated with prostate cancer risk [4], which is also consistent with the observed inverse
association of BMI with overall risk of prostate cancer diagnosis [196]. These results may
contribute to a broader understanding of how BMI and systemic metabolic factors may interact
with the prostate cancer tumour microenvironment. Nevertheless, it also warrants consideration
that glutamate is a marker of higher BMI, which may affect timing of diagnosis (see section
6.4.2.2. Detection bias), rather than being an aetiological risk factor. In a recent MR analysis
of glutamate and prostate cancer risk, where instruments for glutamate were obtained from a
large-scale GWAS, and for prostate cancer from PRACTICAL, glutamate was not found to be
associated with risk [197]. However, assessing the genetic association between glutamate and
prostate cancer risk is challenging; in the study, there was only one SNP associated with
glutamate, and the authors were unable to test for horizontal pleiotropy in sensitivity analyses
(to ensure genetic instruments only influence the outcome through the exposure of interest; see
section 6.5.4. Genomics) [197]. Overall, while my reported results further validate the
observational association between circulating glutamate and BMI, understanding glutamate’s
potential involvement in prostate cancer pathways requires cautious interpretation and future

studies with more robust genetic instruments for glutamate.

6.3.2 Prospective findings
There were several metabolite feature-prostate cancer associations that were of greatest

magnitude (or only observed) for cases diagnosed soonest after blood collection compared to
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longer after blood collection in Chapters 4 and 5, which is suggestive of possible reverse
causation. This is particularly apparent for associations of several metabolites with more
aggressive tumour subtypes/mortality, including lipid-associated metabolic features like
glycerophospholipids (PC aas, PC aes, and lysophosphatidylcholines) and percentage of
phospholipids to total lipids in small LDL cholesterol, as well as the inflammatory biomarkers

glycoprotein acetyls and albumin.

Meanwhile, the association of higher circulating citrate with higher risk of prostate cancer
death was similar in subgroup analyses stratified by time since blood collection, which may be
consistent with a more stable aetiological role. There are inconsistencies in the literature
regarding the relationship between circulating citrate and prostate cancer risk by more
advanced stage and grade. One prospective cohort reported an association between citrate and
risk of advanced prostate cancer, though in contrast to my results, the association was inverse
[171]. However, another cohort did highlight a positive association between citrate and
aggressive disease that was strongest in cases diagnosed after longer follow-up, though this
association was only conventionally significant [9]. Citrate is essential to the production of
metabolic energy, and is involved in the synthesis of fatty acids and cholesterol, which may
have a role in tumour development [198]. The positive association between citrate and
mortality reported in this thesis may be indicative of a broader metabolic phenotype relating to
tumour development, such as bone degradation or metastatic disease [172—174], rather than a
causal risk factor for prostate cancer initiation. It is important to acknowledge that the observed
association in this thesis could also be due to chance, owing to the smaller sample size in the
analyses stratified by prostate cancer death, and requires validation from other prospective
cohorts with larger sample sizes and prostate cancer death as an outcome. To date, no single
SNP has been consistently associated with circulating citrate concentrations, though genetic

variants that influence related metabolic pathways such as citrate mitochondrial function or
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citrate transport may be relevant. Additional research, such as targeted GWAS focusing on
citrate concentrations (genes like LC1345 [Solute Carrier Family 13 Member 5], SLC2541
[citrate transporter], or SLC39A1 [Prostate-Specific Citrate Metabolism ZIP1]) may help
pinpoint genetic factors associated with citrate levels in future work, to better understand the

causal role of citrate in more aggressive disease [198].

In the prospective study in the UK Biobank, I also highlighted a potential role of fatty acids,
particularly a high percentage of the omega-3 fatty acid DHA, in overall prostate cancer risk.
The associations were stable when stratified by follow-up time, consistent with a possible role
in aetiology. This aligns with several observational studies [70,71] and an individual participant
meta-analysis of data on 5,098 cases from seven studies [69] in other cohorts (including EPIC,
SELECT, and PCPT), which have similarly reported associations between higher circulating
DHA and other long-chain omega-3 polyunsaturated fatty acids and increased prostate cancer
risk, including for overall [69,71], low-grade [69,71], and high-risk [70] disease. In the meta-
analysis, the absence of heterogeneity by follow-up time further supports a potential
aetiological role [69]. The metabolic feature percentage DHA to total fatty acids reported in
this thesis cannot be validated against the previous UK Biobank study, however, as the authors
did not include relative percentages as exposure variables [67]. Regarding genetic evidence, a
Mendelian randomisation (MR) analysis using data from the PRACTICAL consortium and UK
Biobank reported an inverse association between blood DHA and prostate cancer risk [199],
but this should be interpreted with caution. The MR estimate was based on a single genetic
instrument that explained less than one percent of the variance in DHA levels, potentially
limiting both precision and causal interpretation [199]. Moreover, my analysis assessed
percentage DHA to total fatty acids measured in mid-to-late adulthood (potentially more
reflective of recent and modifiable exposures), while the MR approach assessed lifelong,

genetically influenced DHA levels, and examined absolute concentrations. In summary, my
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finding that a higher percentage of DHA to total fatty acids is associated with increased prostate
cancer risk is consistent with several prior observational studies [69—71], and the stability of
associations by follow-up time suggests a possible aetiological role of this metabolic feature.
Differences in detection, however, are also important to consider when interpreting fatty acid
associations with risk (see 6.4.2.2. Detection Bias). In brief, men with higher DHA are more
likely to eat fish and adhere to other health conscious behaviours, such as undergo a PSA test,
resulting in increased prostate cancer diagnoses in these men compared to the general
population [69]. Without stage and grade data, interpretation of this finding is inherently
limited. Future studies should prioritise the inclusion of percentage-based fatty acid measures,
which may enhance epidemiological interpretation by accounting for the relative contribution
of individual fatty acids to overall lipid profiles. Cohort studies with larger sample sizes by
follow-up time and tumour subtype information, as well as MR studies incorporating more
comprehensive genetic instruments, are warranted to further clarify the temporality, causal

nature, and underlying metabolic pathways for this association.

In the recent systematic review and meta-analysis of 12 pre-diagnostic circulating metabolomic
studies and prostate cancer risk, several metabolites were associated with overall, high-risk,
and risk of death from prostate cancer, including those reporting in the previous work in EPIC,
and across a range of MS (including Metabolon and Biocrates) and NMR platforms [75].
Building on and extending this published literature, the work in this thesis contributes one of
the largest datasets to date for metabolite associations with prostate cancer risk. Including an
overlap of 3,057 EPIC cases from Schmidt et al. (using the Biocrates platform) [4] used in both
the meta-analysis summary results and this thesis, I present 10,962 prospective cases in total
between the EPIC and UK Biobank chapters (compared to 6,431 total cases in the meta-
analysis), which included 4,387 Biocrates-measured cases (compared to 3,834) and 6,575

NMR-measured cases (compared to 171) [75].
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Several findings from the recent meta-analysis summary results [75] are consistent with those
that I report in this thesis. In particular, in the meta-analysis nine phosphatidylcholines and one
carnitine (C18:2) were found to be inversely associated with high- to very high-risk prostate
cancer; taurine and glutamate associated with risk of prostate cancer death (though positively,
while my finding was inverse), and 1-linoleoyl-GPC (also known as lysophosphatidylcholine
C18:2) inversely associated with lethal prostate cancer [75]. In line with the meta-analysis
results, I reported in the EPIC nested case-control analyses (Chapter 4) associations with
prostate cancer risk and death. Specifically, I found that phosphatidylcholines were inversely
associated with advanced prostate cancer, and acylcarnitine C18:2, glutamate, and taurine were
among the metabolites contributing to a pattern inversely associated with advanced disease.
However, the associations I found were stronger in men diagnosed closer to blood collection,
suggesting possible reverse causation. Furthermore, in the UK Biobank analyses (Chapter 5),
my results also supported a possible role of lipid metabolism dysregulation (specifically a
higher percentage of phospholipids to total lipids in small LDL) in tumour development.
Similar to the Chapter 4 results, the association was strongest within 3 years of blood collection.
Though the systematic review did not explicitly stratify by time since blood collection, some
included studies had long follow-up periods [75], highlighting the need for future work to

examine temporal trends in more detail.

The authors of the recent review and meta-analysis suggested that metabolites associated with
higher risk and lethal disease, including glycerophospholipids and amino acids, may be useful
in a clinical context as biomarkers for early detection of disease with poor prognosis. While
their findings suggest a possible association of lipid and amino acid metabolic pathways with
prostate cancer risk, the magnitude of associations observed were generally modest [75]. In the
systematic review, relative risks were frequently close to 1.0, emphasising the need for caution

in regards to clinical applications [75]. In order to be useful for early detection, these metabolite
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biomarkers would need to provide meaningful prognostic information beyond already
established screening tools like PSA testing [200]. For example, future work should investigate
if these metabolites provide additional predictive information by incorporating them into
multivariable models adjusting for PSA, and using methods suited for high-dimensional data,
such as lasso or elastic net regression to perform variable selection while minimizing

overfitting.

6.3.3 Comparison of the cohorts
Table 6.1 compares characteristics of the EPIC and UK Biobank datasets. The EPIC and UK
Biobank cohorts differ in several important respects. Recruitment occurred more than a decade
apart, with EPIC men enrolled primarily in the 1990s and UK Biobank participants between
2006 and 2010. This temporal difference coincides with changes in diagnostic practices,
particularly the introduction and wider use of PSA testing in the 2000s [2,28-30]. As such, the
slightly higher incidence rate of prostate cancer observed in the UK Biobank may partly reflect

greater detection through PSA screening rather than true differences in underlying disease risk.

While sociodemographic and lifestyle factors were generally comparable, men in EPIC had
lower educational attainment and higher smoking prevalence than those in UK Biobank (Table
6.1). Despite these variations, mortality rates from prostate cancer were broadly similar across
the two cohorts, suggesting that differences in incidence may be more strongly driven by
diagnostic practices than by fatal disease burden. In particular, findings from UK Biobank
should be interpreted in light of the higher prevalence of PSA testing and the potential for

detection bias, whereas results from EPIC may reflect a setting with less PSA-driven diagnosis.
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Table 6.1 Characteristics of men in the EPIC and UK Biobank studies

Characteristic EPIC cohort UK Biobank (n=126,206)
(n=4,387 matched
sets)
Age at blood collection, mean years (SD) 57.7 (6.50) 56.8 (8.19)

Median year of recruitment (range) 1995 (1992-1999) 2008 (2006-2010)

Alcohol consumption, n (%)

<1 g/day
1-10 g/day
10-20 g/day
>20 g/day

Non-drinkers

Physical activity

UKB: < 10 METhrs/wk
EPIC: Inactive

UKB: 10 - <20 METhrs/wk
EPIC: Moderately inactive
UKB: 20 - <40 METhrs/wk
EPIC: Moderately active
UKB: > 40 METhrs/wk
EPIC: Active

Level of education

UKB: O level/GCSE/CSE
EPIC: Primary or equivalent
UKB: A levels

EPIC: Secondary

Professional
qualification/NVQ/HND/HNC/Degree or
other professional qualification

Smoking status, n (%)

Never
Former

Current

414 (4.71%)

2185 (24.9%)

1908 (21.7%)

3692 (42.1%)

563 (6.42%)

1739 (19.8%)

2712 (30.9%)

2058 (23.5%)

2135 (24.3%)

3252 (37.1%)

3018 (34.4%)

2217 (25.3%)

2767 (31.5%)
3595 (41.0%)
2321 (26.5%)

8493 (6.73%)

27362 (21.68%)

26720 (21.17%)

55023 (43.60%)

7964 (6.31%)

25367 (20.10%)

20127 (15.95%)

24778 (19.63%)

32,804 (25.9%)

17254 (13.67%)

6307 (5.00%)

78752 (62.40%)

61322 (48.59%)
48614 (38.52%)
15641 (12.39%)
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Table 6.1 Characteristics of men in the EPIC and UK Biobank studies

BMI, n (%)
<25 kg/m2 2520 (28.7%) 30860 (24.45%)
25- <30 kg/m2 4611 (52.6%) 62276 (49.34%)
30- <35 kg/m2 1234 (14.1%) 25279 (20.03%)
<35 kg/m2 180 (2.05%) 7331 (5.81%)
Prostate cancer incidence rate (per 100,000 353 451
person-years)
Prostate cancer death (per 100,000 person-years) = 47 42

Table 6.1 Characteristics of men in the EPIC (n=4,387 matched sets) and UK Biobank (n=126,206) cohorts.
EPIC prostate cancer incidence and death rates are found from relevant published work [50,201], since this
information was not available in nested case-control data. UK Biobank incidence and death rates are
calculated based on the entire cohort (not just NMR data) for comparability with EPIC information which
was from the whole cohort. SD, standard deviation; g/day, grams per day; MET, metabolic equivalent; GCSE,
General Certificate of Secondary Education; CSE, Certificate of Secondary Education; NVQ, national
vocational qualification, HNC, higher national certificate; BMI, body mass index.

6.4 Methodological considerations

Strengths of the research reported in this thesis include robust, well-described study
populations with extensive covariate data, comprehensive subgroup analyses, and the
utilisation of both individual metabolites from two different platforms and metabolite patterns
in risk associations. However, certain methodological limitations remain that make it
challenging to entirely exclude the potential influence of chance, bias, and confounding on the

findings.

6.4.1 The role of chance
When analysing high-dimensional data, such as numerous metabolites, a large number of
statistical tests increases the likelihood of Type 1 errors. Statistical analyses in this thesis were
designed to minimize Type 1 error due to chance while maintaining sufficient statistical power

to detect meaningful associations.
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6.4.1.1 Discovery-validation approach

In the cross-sectional analyses described in Chapter 3, I employed a discovery-validation set
approach to ensure the robustness and reproducibility of the findings. This method involved
splitting the data into a discovery set to identify potential associations (EPIC prostate cancer
study controls, n = 2,524; 83% of participants), then validating those findings in a separate
validation set (EPIC kidney, liver, and colorectal cancer nested case-control study controls, n
= 518; 17% of participants). This approach helped ensure that significant findings were
replicable across different datasets. Incorporating an independent validation set provided

stronger evidence of associations and reduced false positives.

6.4.1.2 False discovery rate

In the discovery set in Chapter 3, after determining associations between diet/lifestyle factors
and metabolite patterns, I applied FDR using the Benjamini-Hochberg method. This approach
allowed me to maintain a reasonable balance between discovering true associations and
controlling for false positives in the discovery phase, ensuring that the associations identified
were not likely due to random chance. Associations with a Padj value below the FDR threshold
of 0.05 were then validated in the independent validation set. Using an independent dataset for
validation provided additional confidence that the relationships were robust and reproducible,

minimizing the risk of overestimating the significance of potential associations.

For all associations of individual metabolites with prostate cancer risk in EPIC and the UK
Biobank, FDR was applied for each subgroup analysis using the Benjamini-Hochberg method
at a threshold of 0.05, to correct for multiple testing. All associations that passed the

significance threshold of Padj < 0.05 were considered statistically significant.
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6.4.1.3 Treelet transform

6.4.1.3.1 Chapters 3 and 4

Treelet transform identifies localised clusters of correlated metabolites, in contrast to principal
component analysis (PCA), which generates global linear combinations. By grouping
metabolites that are statistically correlated into sparse treelets, this approach can reduce noise
sensitivity and enhance interpretability, making it easier to link metabolite patterns to specific
pathways potentially involved in prostate cancer risk [73,94]. The same metabolite patterns
derived in Schmidt et al. (2020) [4] were used in both chapters, in order to compare findings in

this thesis with previous prostate cancer metabolomics results in EPIC.

6.4.1.4 Subgroup analyses

To investigate potential differences in associations between metabolic profiles and prostate
cancer risk across groups, subgroup analyses were run. These included EPIC analyses stratified
by time to diagnosis, as well as by tumour aggressiveness. While these subgroup analyses can
offer insights into how metabolite associations with prostate cancer may vary across different
groups or contexts, they contain smaller sample sizes, which may have reduced statistical

power and the increased potential for chance findings.

6.4.2 The role of bias

6.4.2.1 Selection of Participants

There is some selection bias in both the EPIC and UK Biobank cohorts, especially in regards
to ethnicity [67,81]. Ethnic group is associated with prostate cancer risk, so conducting
analyses on largely White populations may impact the generalisability of findings to non-White
populations [29,187,202,203]. The EPIC cohort provides limited information on ethnic

diversity in participants, though it is expected that participants are primarily of European
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descent [81]. Similarly, 94.6 percent of participants in the UK Biobank cohort are of White
ethnicity; while this is comparable to the 2001 UK Census (94.5 percent) [187], according to
2021 census data, 82 percent of people in England and Wales are White, and 18 percent identify
as Black, Asian, mixed, or other ethnic group [204]. Furthermore, UK Biobank participants are
more likely to own their own property, and less likely to have a mortgage or loan, live in rental
accommodation, or be a current smoker, in comparison to the general population, suggesting
socioeconomic bias in the dataset. On average, UK Biobank participants are more health-

conscious than the general population [187].

While the lack of diverse ethnic representation alone may not be a limitation when investigating
exposure-disease associations, particularly in such a large dataset, and does not affect
comparisons between cases and controls within the data, the UK Biobank and EPIC sample
sizes are very limited in regards to the role of non-White ethnicity in metabolite-prostate cancer

risk associations [81,187].

6.4.2.2 Detection Bias

One challenge in evaluating exposure-prostate cancer risk associations is the role of detection
bias, whereby certain characteristics may affect the likelihood of certain individuals or groups
to be screened, be present for testing, and/or have their cancer detected. This can lead to
apparent associations of biomarkers with prostate cancer risk, when in fact individuals with a
related characteristic are either more or less likely to be screened compared to other groups
[69]. For example, higher fish consumption is often associated with other health-conscious
behaviours, including undergoing PSA testing [69]. In the UK Biobank analyses (Chapter 5),
I reported a positive correlation between fish intake and plasma DHA, as well as a correlation
between higher fish intake and increased likelihood of having a PSA test compared to the

general population (and as a result, a higher chance of being diagnosed with prostate cancer).
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Thus, it is possible that the positive DHA-prostate cancer risk association could be partially
explained by health-conscious men with a high fish intake also having an increased likelihood
of having a PSA test. Detection bias may also play a role in observed associations when a
biomarker is both linked to likelihood of being tested and having a positive result on a PSA
test. For instance, a higher BMI has been associated with lower prostate cancer risk. When
evaluating this association, it is important to note that higher BMI is associated with lower PSA
levels, as well as decreased sensitivity in prostate exams and biopsies due to enlarged prostates
in obese men [205]. Notably, cancers diagnosed via PSA tests are often distinct from those that
are clinically significant [206]. Delayed tumour detection can result in worse prognoses,
offering a possible consideration when assessing why higher BMI is associated with lower
overall prostate cancer incidence, but higher risk of mortality in recent literature [205].
Ultimately, the role of detection bias is important to consider when interpreting observed
associations, as it may influence the apparent relationship between exposures and prostate

cancer risk [69].

6.4.2.3 Measurement of Metabolites

6.4.2.3.1 Assay platform

This thesis investigated metabolites quantified using targeted metabolomics methods, which
identify specific metabolites of interest. While this approach is valuable for its precision and
focus on metabolites and metabolite classes selected a priori, it is also inherently limited.
Specifically, it restricts the analysis to a predefined subset of the metabolome, only measuring
known metabolites and providing a partial view of the entire metabolomic landscape.
Furthermore, although targeted platforms often provide more consistent and reproducible data
compared to untargeted approaches, not all measurements are fully quantitative [207,208]. For

example, in Biocrates, absolute quantification using internal standards is typically limited to
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specific metabolite classes (e.g., amino acids), while many other metabolites are measured
semi-quantitatively (e.g. glycerophospholipids) [57]. Nevertheless, having pre-defined
metabolites allows for quantifiable comparisons between control and case groups, offering
insights into how metabolite levels shift in response to changing physiological states. In
comparison, untargeted metabolomics can detect a broader array of compounds, including
unknowns, but faces challenges such as lower precision and difficulties in metabolite

identification due to the lack of reference standards [207-211].

6.4.2.3.2 Reproducibility

Only one blood sample was available per participant, which may limit the reliability of long-
term estimates. Previous research has shown that targeted metabolites generally demonstrate
good reproducibility over time [59,212], though it has been reported that non-fasting samples
of phosphatidylcholines, acylcarnitines, and sphingomyelins may be less stable over a two year
period [ 148]. As such, having multiple samples over time would provide more reliable data for
assessing the stability of metabolites and their use as long-term risk biomarkers, since unstable
metabolites could lead to exposure misclassification and attenuation of true associations with

disease outcomes. [11,148].

6.4.2.3.3 Pre-analytical considerations

There may be pre-analytical factors to consider when analysing data from measurements in
blood samples. For instance, different sample handling procedures between study centres in
EPIC (Chapters 3 and 4), the use of non-fasting blood samples, time of day at blood collection,
process delay, and freeze-thaw cycles may impact measured metabolite levels (Chapters 3-5),
as well as lead to heterogeneity in metabolite concentrations between different centres and
studies (Chapter 3) [144—146]. In Chapter 3, to address potential heterogeneity in metabolite

concentrations between the four cancer sub-studies arising from differences in pre-analytical
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conditions (such as sample handling or processing delays), I applied a previously developed
dedicated statistical pipeline before statistical analysis [86], which has demonstrated high

reproducibility even across datasets measured on instruments [79].

Fasting status was considered across all chapters to minimise potential bias due to its influence
on certain metabolite levels. In Chapters 3 and 5, models were adjusted for fasting status and
time of day at blood collection, while in Chapter 4, cases and controls were matched on study
centre and fasting status to reduce potential confounding from pre-analytical differences [146].
The UK Biobank (Chapter 5) did not require participants be fasting at recruitment, in order to
facilitate recruitment and ensure compliance in the large-scale study. While the scale of the
cohort (approximately 126,000 participants) helps mitigate the impact of the variability from
non-fasting status, I included fasting status as a covariate to control for its potential influence
on metabolite levels. Although fasting is a common consideration in metabolomics studies,
several studies, including a 2019 review of pre-analytical conditions, have suggested a limited
role of fasting status in metabolite variation [144,146,213,214]. Among the metabolites
measured in EPIC and UK Biobank, amino acids, hexoses, and some lipids are most affected

by fasting status [214], and potentially plasma fatty acids (including DHA) [215].

6.4.2.3.3.1 Processing

Blood samples were minimally processed locally before being transported to a central facility
for processing, which could cause degradation of cellular components and labile molecules
such as lipids. However, the use of standardized collection and processing protocols reduces
variability by ensuring consistency across all samples, including through centralised high-
throughput processing, which improves quality control. To prevent freeze-thaw degradation of

samples and preserve long-term stability, blood samples were stored in ultra-low temperatures
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ranging from -80°C and -180°C, and were also aliquoted into smaller volumes to avoid

repeated freeze-thaw cycles [81,184].

6.4.2.4 Measurement of Food Intake

Chapters 3 and 5 in this thesis both used data on food intake exposures, including 23 dietary
variables in Chapter 3, and on intake of oily and non oily fish intake in Chapter 5. More
information in available in the EPIC study on estimated nutrient intake, including the reporting
of grams per day, energy intake, and portion sizes, while the UK Biobank inquired about food
frequency only. While the latter is less detailed, there is also less recall burden for participants,

possibly reducing the likelihood of portion misreporting. Please see below for more details:

6.4.2.4.1 EPIC

In EPIC, the dietary intake data, which were used in the analyses in Chapter 3, was obtained
using detailed food frequency questionnaires (FFQs). While comprehensive, dietary date from
an FFQ is subject to well-recognised limitations including recall bias, misreporting, and errors
related to the food composition tables used. Measurement error in self-reported dietary intake
can attenuate associations between diet and metabolite levels or disease risk, particularly if
intake is misclassified or crudely estimated. Despite this, numerous pilot and cross-sectional
studies have supported the reproducibility and validity of the food frequency questionnaire

method [79,86,130].

6.4.2.4.2 UK Biobank

Dietary data in the UK Biobank were collected via a touchscreen food frequency questionnaire
at baseline, which has shown moderate to substantial reproducibility over a four-year period
[186]. Validation against repeated web-based 24-hour dietary assessments confirmed that the

questionnaire reliably ranks participants according to their intake of key food groups, including
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fish [186]. While the questionnaire is limited in its ability to estimate the exact quantities of
foods or nutrients consumed and may be affected by self-reporting bias, it performs well in
classifying individuals how frequently different foods are consumed (e.g. once per week, 2—4
times per week). This makes it suitable for prospective analyses that rely on comparing
participants across broad intake categories. Therefore, the associations observed in this study
between diet, circulating metabolites, and prostate cancer risk are unlikely to be substantially

biased by dietary misclassification [186].

6.4.2.5 Follow-up and Categorisation of Prostate Cancer

Loss to follow-up was likely minimal in all three studies, as participants in both EPIC [81] and
UK Biobank [216] were flagged for cancer and mortality outcomes through high-quality,
population-based national registries, making substantial bias from loss to follow-up unlikely.
Moreover, any losses would be expected to occur at random with respect to baseline metabolite
concentrations, and thus would more likely dilute associations rather than create spurious

findings.

Categorisation of prostate cancer may present a source of potential bias by introducing
misclassification of disease subtypes, particularly in EPIC. In both EPIC and UK Biobank,
prostate cancer cases were primarily identified through cancer registry data using ICD-10 codes
[81,216]. In EPIC, detailed data on tumour stage and grade were available for a subset of
prostate cancer cases, allowing stratification by tumour aggressiveness. However,
inconsistencies in staging across centres and missing data in some regions may have led to
misclassification, particularly in subtype analyses. While cases and controls were matched by
centre for the main risk analyses, misclassification of aggressive disease within centres could
bias subtype-specific associations. For example, if aggressive cases were incorrectly

categorised as non-aggressive, and this misclassification was unrelated to metabolite levels, it
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would likely dilute observed associations and bias estimates toward the null in analyses
stratified by tumour subtype. In the UK Biobank, no tumour aggressiveness markers such as
grade, stage, or Gleason score were available; use of prostate cancer death as an outcome,
determined via death certificates, likely provides high specificity, but if used as a proxy for
aggressive disease will miss non-fatal yet aggressive cases. Because this misclassification is
unlikely to be related to metabolite levels, it would likely reduce the contrast between groups,
making it harder to detect true associations and thereby biasing risk estimates toward the null

in subtype-specific analyses.

6.4.2.6 Reverse Causality

Reverse causality is a potential source of bias in prospective cohort studies, when preclinical
or undiagnosed prostate cancer may affect metabolite concentrations at baseline. Rather than
reflecting exposures that contribute to the development of cancer, altered metabolite levels may
instead reflect early biological alterations caused by the presence of disease. This is particularly
relevant for prostate cancer, where tumours can remain asymptomatic and undiagnosed for
years, and for metabolites that are sensitive to systemic changes such as inflammation or altered

energy metabolism [136,137].

To assess the potential impact of reverse causality, both studies included time-stratified
analyses based on the interval between blood collection and prostate cancer diagnosis. In EPIC,
analyses were stratified by time to diagnosis of <10 years versus >10 years. In the UK Biobank,
analyses were stratified by time to diagnosis (<3, 3—7, and >7 years) for prostate cancer risk,
and by <5 years and >5 years for prostate cancer death. This allowed for the investigation of
whether associations between metabolites and prostate cancer risk (or risk of death) were
stronger in the period closer to diagnosis, which would be more likely to reflect disease-driven

metabolic changes. Observed associations that persisted over longer follow-up periods would
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be less likely to reflect reverse causality and more likely to represent potential etiological
relationships. Although this approach cannot fully eliminate the possibility of reverse causality,
it can assess its potential influence and strengthen the interpretation of findings. The majority
of significant associations reported in this thesis were stronger in groups with shorter follow-
up time, suggesting possible reverse causality and the effects of preclinical cancer on the

metabolome.

6.4.3 The Role of Confounding

Metabolite concentrations can be influenced by a range of dietary, lifestyle, demographic, and
genetic factors. Some of these factors may also be associated with prostate cancer risk, creating
the potential for confounding in analyses of metabolite—risk associations. Both the EPIC [81]
cohort and UK Biobank [186,216] provide a range of unique, detailed information on several
lifestyle factors that helped inform the covariates chosen in this thesis. In all three studies, key
confounders were identified through a combination of considerations, including through
running different models, observational analyses, and a priori based on previous literature and
studies [2,4,50,79,98,98,103,115,127,192,215,217-220]. Covariates were then selected and

adjusted for in statistical models. For example:

e BMI, smoking, and alcohol intake have been shown to influence circulating metabolite
levels [79,98,103,192,221], and have also been linked (though inconsistently) to
prostate cancer risk [196,222,223].

¢ Education and deprivation may be associated with both metabolite profiles (via lifestyle
and health behaviours) [224] and differential access to prostate cancer screening or

diagnosis [218].
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e Age is an established prostate cancer risk factor [2], while marital status has previously
shown an association with prostate cancer risk, perhaps due to married men practising
healthier behaviours, and adherence to routine PSA testing [217].

e Variables such as time of day of blood collection, fasting status, and energy intake
primarily are associated with metabolite concentrations [148,214,215], and could
introduce bias if unevenly distributed between cases and controls.

Common covariates among all three studies included BMI, alcohol intake, smoking status,
level of education, fasting status (matching factor in Chapter 4), and alcohol intake. Additional
adjustment factors included age at recruitment (Chapters 3 and 4), energy intake (Chapter 3),
time of day of blood collection (covariate in Chapter 3, matching factor Chapter 4), physical
activity (Chapters 3 and 5), marital status (Chapter 4), family history of prostate cancer
(Chapter 5), and height (Chapter 5). In addition, age was used as the underlying time variable
in Cox proportional hazards models to control for age-related variation in prostate cancer risk,

and models were stratified by region and Townsend deprivation score.

In the nested case-control study (Chapter 4), potential confounding was reduced through
matching on key variables including age at blood collection, time of day, fasting status, study
centre, and length of follow-up. These factors are either directly associated with metabolite
levels, prostate cancer risk, or both, and could otherwise distort associations if unevenly
distributed. By matching cases and controls on these variables, the study ensured comparability
at baseline, minimized confounding by design, and reduced the need for extensive statistical
adjustment, strengthening the validity of observed associations between metabolites and

prostate cancer risk.

Chapter 5 included sensitivity analyses that adjusted for (a) diabetes and (b) history of PSA

testing.
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Diabetes mellitus is associated with the regulation of blood glucose levels [164]. Several
studies have indicated that men with diabetes may have a lower risk of being diagnosed with
prostate cancer [155,156,164]. In Chapter 5, glucose was associated with reduced overall
prostate cancer risk, after correction for multiple testing. In order to determine whether the
association with glucose was a result of residual confounding from diabetes, I conducted a
sensitivity analysis in which all outcomes were adjusted for presence of diabetes. The

association with glucose was attenuated after the adjustment.

The UK Biobank provides information about men’s history of PSA testing [225]. PSA testing
has an integral role in prostate cancer diagnosis, suggesting that observed associations between
risk factors and prostate cancer could be affected by detection bias [226]. For instance, men
who are screened are more likely to be diagnosed with prostate cancer. Also, healthier
individuals may be more likely to choose to undergo PSA tests, which may lead to biased
metabolite-prostate cancer risk associations. In the UK Biobank, 29 percent of men reported
that they had ever had a PSA test, which is higher than a prior study in the general UK
population, which was reported to be approximately six percent for men in the same age group
[225]. In most Western populations, PSA testing is often correlated with healthy behaviours
[225]. As a result, history of PSA testing was selected as an additional covariate for sensitivity
analyses. PSA testing was treated as a sensitivity analysis rather than a main covariate because
it is a detection factor rather than a fundamental biological confounder, affecting diagnosis
rates but not metabolite levels. Adjusting for BMI, smoking, alcohol, and deprivation already
accounted for major confounders, making PSA testing less necessary in primary models.
Including PSA testing in sensitivity analyses allowed assessment of whether screening
influenced metabolite associations without overcorrecting the main model. This approach
strengthened the study’s conclusions by ensuring that observed metabolite associations were

not artificially driven by differences in PSA screening rates.
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6.4.4 Summary of Limitations
This thesis contributed substantially to the literature on dietary/lifestyle correlates of
metabolites, and on the association of metabolites with prostate cancer risk via the two largest
prospective studies to date in the EPIC and UK Biobank cohorts, respectively. Nevertheless,
there are some key methodological limitations. Both cohorts comprised individuals of mainly
White ethnicity, and there was selection bias towards more health-conscious individuals. In
addition, Self-reported dietary and lifestyle data may be subject to measurement error. While
residual confounding is possible in all observational analyses, extensive adjustment for known

lifestyle and demographic covariates reduces this chance

Despite large sample sizes in each chapter, subgroup analyses had smaller sample sizes,
limiting the ability to detect modest associations. Tumour subtype misclassification in EPIC
may have biased associations toward the null, as it is possible that some aggressive tumours
were grouped with low-risk cases due to incomplete or inconsistent staging and grading across
centres. This would reduce the contrast between groups and attenuate observed associations.
In UK Biobank, the absence of tumour classification limited the ability to examine subtype-
specific associations; using prostate cancer mortality as a proxy for aggressiveness captures

only the most severe cases and may miss earlier or less fatal aggressive disease.

Finally, all metabolite measurements were based on a single blood sample per participant,
which may not fully capture long-term metabolic profiles or account for intra-individual

variability over time.

6.5 Future Research

6.5.1 Other metabolomics platforms
Expanding the range of metabolomics platforms used in prostate cancer research could help

quantify a broader spectrum of metabolites in relation to disease risk. While NMR and MS can
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each be employed in both targeted and untargeted assays, they differ in their analytical
strengths, with NMR offering high reproducibility and MS providing greater sensitivity,
particularly for low-abundance metabolites. Despite these advantages, each technique alone
offers only partial coverage of the metabolome [55,66]. Platforms such as Biocrates and
Metabolon apply these technologies distinctly, using pre-determined panels, metabolite
compound libraries, and workflows that prioritise different metabolite classes. As a result,
relying on a single platform may overlook important metabolic signals. Future studies should
consider integrating multiple, complementary platforms within the same analysis to enhance
metabolite coverage, improve quantification, and ultimately detect metabolites that are
currently underrepresented or absent in the current analyses. This approach could provide a
more comprehensive view of metabolomic variation and help uncover novel metabolic

pathways involved in prostate cancer risk.

6.5.2 Future work in the UK Biobank

Future analyses can investigate metabolite associations stratified by tumour characteristics,
such as stage and grade, once this data becomes available in UK Biobank. This will allow for
more direct comparisons with findings from EPIC, and better evaluation of potential

differences in associations by disease aggressiveness.

In addition, while this thesis primarily focused on individual metabolites in UK Biobank
(Chapter 5), future work can investigate the association of metabolite patterns with prostate
cancer risk, similar to Chapter 4. Utilising a pattern-based approach may capture underlying
metabolic processes more effectively than single-metabolite analyses, and better account for

correlations between metabolites.

Once both tumour subtype data become available, and more participant metabolite data are

released via the Nightingale platform, it would be valuable to investigate whether the
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metabolite patterns identified in EPIC (e.g. the three patterns originally derived by Schmidt et
al. [4]) can be replicated using the NMR platform. This could be done, for example, by
comparing how key loadings on each pattern (such as phosphatidylcholines) relate to NMR
features like lipid or fatty acid profiles. Exploring this overlap using datasets where both
metabolite platforms are available would help determine whether pattern-level associations

observed in EPIC might be applicable to UK Biobank.

6.5.3 Effect of the tumour on the metabolome

6.5.3.1 Temporality of the association between metabolites and prostate cancer risk

A key challenge in interpreting metabolite—prostate cancer risk associations is establishing
whether observed metabolic differences reflect causal risk factors for prostate cancer, or are
instead consequences of early, undiagnosed tumour development. Several results from the time
since blood collection-stratified analyses in Chapters 4 and 5 indicated that undetected prostate
cancer could be altering the metabolome. Local responses that are detectable in the blood
stream to a growing tumour, including inflammation, immune activation, or metabolic
reprogramming well before clinical diagnosis could be affecting men’s metabolic profiles
[136-139,162,227]. This is particularly relevant for cancers like prostate cancer, which often
have long latency periods and are frequently asymptomatic in early stages. Future studies can
further follow up on this thesis’s findings of the tumour’s effects on the metabolome. These
may include analyses with repeated metabolite measurements over time to track within-person
changes prior to diagnosis, as well as more detailed clinical information at each time point,

such as PSA levels, imaging findings, or biopsy results.
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6.5.3.2 Tumour Tissue

Future studies can incorporate metabolomic profiling of prostate tumour tissue to better
understand whether changes in circulating metabolites reflect an underlying tumour. Studies of
circulating metabolites may not fully capture the tumour microenvironment. If certain
metabolite alterations are detected both in tumour tissue and in blood samples close to
diagnosis, it may suggest that the tumour is actively contributing to the circulating metabolite
profile. This could help address the issue of reverse causality by identifying metabolites that
are elevated due to tumour metabolism. Comparing blood and tumour metabolite profiles may
clarify whether observed associations are systemic or tumour-specific, and offer insights into

metabolic pathways involved in cancer aetiology [228-230].

6.5.4 Genomics
To better understand which metabolites may play a causal role in prostate cancer development,
future research can aim to triangulate findings using complementary approaches. While
observational associations can highlight metabolic associations, they are susceptible to
confounding and reverse causality. Integrating genetic data through methods such as
Mendelian randomisation (MR) offers a way to strengthen causal inference by using genetic
variants as proxies for long-term metabolite levels, under the assumption that these variants are

not influenced by confounding or early disease processes [231].

MR analyses can help prioritise metabolites for future epidemiological analyses by identifying
those with genetic instruments that also associate with prostate cancer risk. Triangulating
evidence across observational, genetic, and mechanistic studies increases confidence in
identifying aetiological metabolites, and can inform research that explores the biological
pathways through which these metabolites may influence prostate tumour carcinogenesis. At

the time of writing, a study very recently used GWAS data to investigate 1,091 plasma
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metabolites and 309 ratios in relation to prostate cancer risk [232]. Studies such as this can
further elucidate the directional association between genetic variation, metabolites, and
prostate cancer risk [231,232]. Using genetic variants as proxies for metabolite levels in MR
studies can help determine whether observed associations reflect potential causal relationships,

rather than being consequences of pre-clinical disease.

Nevertheless, applying MR to metabolomics should be approached with caution. First, because
many metabolites are highly correlated, there are very few SNPs that are uniquely associated
with individual metabolites. As a result, many instruments used in MR analyses are pleiotropic,
reflecting broader metabolic pathways rather than specific metabolites [83,233]. Furthermore,
many SNPs associated with circulating metabolites also show pleiotropic associations with
other traits, including lifestyle-related risk factors and various disease endpoints. This type of
horizontal pleiotropy violates a core assumption of MR, in which genetic instruments influence
the outcome only through the exposure of interest. Thus, it may be difficult to elucidate whether
observed associations reflect a true causal effect of the metabolite or are instead driven by these
alternative pathways, potentially biasing MR estimates and weakening causal inference
[83,233]. A more comprehensive understanding of the genetic determinants of circulating
metabolites, combined with ongoing methodological developments, may facilitate more

reliable causal inference in future studies [83,233].

6.5.5 Collaborative work

Pooled analyses from large consortia can increase statistical power, including by enabling more
detailed analyses by subgroup and tumour subtype, and supporting replication of findings
across populations and platforms. This is especially useful for investigating associations across
a range of ethnicities, as the findings from this study, which included data from EPIC and the

UK Biobank, comprised mainly individuals of White ethnicity. One example of this is the

139



Consortium of Metabolomics Studies (COMETS), which includes 47 cohorts from Asia,
Europe, North America, and South America, adding to a total of 136,000 participants and 17

platforms [234].

6.5.6 Proteomics as an alternative approach
Beyond metabolomics, proteomics offers another complementary layer of insight into prostate
cancer mechanisms. Protein biomarkers are often more direct products of genetic variation
compared to metabolites. In addition, protein biomarkers can serve as potential drug targets,
and are increasingly being studied using Mendelian randomisation to strengthen causal
inference. Multiplex proteomic platforms now allow the simultaneous measurement of
thousands of proteins in large population cohorts, providing opportunities to combine

proteomic and metabolomic data to further probe disease mechanisms [235,236].

6.6 Conclusion

In conclusion, this thesis contributes substantially to research on metabolomics and prostate
cancer risk. Featuring the largest nested case-control and prospective cohort studies to date on
metabolites and prostate cancer risk, and investigating a broad range of metabolites measured
by two metabolomics platforms, the work reported here contributes to our understanding of
metabolites and prostate cancer risk, including for more aggressive disease or death. A key
finding is that men’s plasma metabolite profiles start to change in response to advanced stage
disease up to 10 years before diagnosis, and that several lipid-related metabolites are involved
in these alterations. In addition, higher plasma DHA was associated with increased risk of
prostate cancer, with stable risk associations by follow-up time, which may indicate a potential
aetiological role that needs further prospective and genetic evidence. Finally, men’s metabolic
profiles, including those that have previously been associated with disease risk, are modified

by alcohol and fish intake, and BMI. Future research can further investigate these findings
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through collaborative work, including the pooling of several studies with extended follow-up
time and a combination of metabolomics platforms, and the triangulation of findings using

complementary approaches like genetic MR studies to better assess causality.
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Appendix 3.1 Individual metabolites loading on each metabolite pattern

Metabolite Pattern

Contributing Metabolites

Diacyl-alkyl-phosphatidylcholines:

PC aa C28:1
PC aa C30:0
PC aa C32:0
PC aa C32:1
PC aa C32:3
PC aa C34:1
PC aa C34:2
PC aa C34:3
PC aa C34:4
PC aa C36:0
PC aa C36:1
PC aa C36:2
PC aa C36:3
PC aa C36:4
PC aa C36:5
PC aa C36:6
PC aa C38:0
PC aa C38:3
PC aa C38:4
PC aa C38:5
PC aa C38:6
PC aa C40:2
PC aa C40:3
PC aa C40:4
PC aa C40:5
PC aa C40:6
PC aa C42:0
PC aa C42:1
PC aa C42:2
PC aa C42:4
PC aa C42:5

Acyl-alkyl-phosphatidylcholines:

PC ae C30:0
PC ae C30:2
PC ae C32:1
PC ae C32:2
PC ae C34:0
PC ae C34:1
PC ae C34:2
PC ae C34:3
PC ae C36:0
PC ac C36:1
PC ae C36:2
PC ac C36:3
PC ac C36:4
PC ac C36:5
PC ae C38:2
PC ac C38:3

161



PC ac C38:4
PC ac C38:5
PC ae C38:6
PC ac C40:1
PC ae C40:2
PC ac C40:3
PC ac C40:4
PC ac C40:5
PC ae C40:6
PC ae C42:1
PC ae C42:2
PC ac C42:3
PC ae C42:4
PC ac C42:5
PC ae C44:4
PC ac C44:5
PC ac C44:6
Hydroxysphingomyelins:
SM (OH) C14:1
SM (OH) C16:1
SM (OH) C22:2
Acylcarnitines:
C18:1

2 C18:2

Amino acids:
Glutamate
Ornithine

Biogenic Amine:
Taurine
Lysophosphatidylcholines:
Lyso PC a C16:0
3 Lyso PCa Cl6:1
Lyso PCa C17:0
Lyso PC a C18:0
Lyso PC a C18:1
Lyso PC a C18:2
Lyso PC a C20:3
Lyso PC a C20:4
Individual metabolites loading on each metabolite pattern.
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Appendix 3.2 Instruments used to quantify metabolites in the study population

Method Instrument

Triple quadrupole mass  Triple Quad 4500,
spectrometry (MS) AB Sciex,
Framingham, MA

Q-Trap 5500, AB
Sciex, Framingham,

MA
Liquid chromatography Agilent 1290,
(LO) Agilent
Technologies, Santa
Clara, CA

Study

Prostate
Colorectal

Liver
Kidney

Prostate
Colorectal
Liver
Kidney
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Appendix 3.3 Associations of dietary exposures and BMI with metabolite patterns in the discovery and
validation sets

Metabolite Exposure i} P-value Padj B P-value
pattern
1 Alcohol 0.061 8.00E-11 1.90E-09 0.044 3.50E-02
Butter 0.047 2.40E-06 2.90E-05 0.026 2.60E-01
Total fish 0.076 4.20E-06 3.30E-05 0.12 3.80E-04
Total fish products 0.067 1.00E-05 4.80E-05 0.12 3.60E-04
Margarine -0.033 1.00E-05 4.80E-05 -0.0097 5.80E-01
Fatty fish 0.043 4.50E-04 1.80E-03 0.049 7.90E-02
Lean fish 0.026 1.00E-03 3.50E-03 0.044 8.70E-03
Cereals -0.11 3.20E-03 9.50E-03 -0.1 1.20E-01
BMI -0.015 1.50E-02 4.10E-02 0.0088 5.20E-01
Dairy 0.041 3.40E-02 8.10E-02
Cheese 0.035 6.90E-02 1.50E-01
Red meat 0.04 8.40E-02 1.70E-01
Milk 0.034 1.10E-01 2.00E-01
Vegetables (fruiting) | 0.046 2.10E-01 3.70E-01
Yogurt 0.011 2.30E-01 3.70E-01
Fruit 0.011 3.10E-01 4.70E-01
Eggs -0.0055 5.10E-01 7.20E-01
Vegetable oils 0.0044 5.70E-01 7.20E-01
Vegetables 0.0092 5.60E-01 7.20E-01
Vegetables (leafy) -0.0055 6.20E-01 7.40E-01
Fats -0.0042 7.60E-01 8.60E-01
Vegetables (root) -0.006 7.90E-01 8.60E-01
Poultry -0.0038 8.50E-01 8.80E-01
Processed meat 0.0022 9.10E-01 9.10E-01
2 BMI 0.039 5.90E-11 1.40E-09 0.046 1.00E-03
Butter -0.049 5.40E-07 6.40E-06 -0.046 5.50E-02
Dairy -0.078 5.00E-05 3.60E-04 -0.057 1.70E-01
Margarine 0.03 6.00E-05 3.60E-04 0.007 6.90E-01
Milk -0.073 4.80E-04 2.30E-03 -0.051 2.60E-01
Alcohol 0.029 1.80E-03 7.30E-03 -0.015 4.80E-01
Cereals 0.09 1.30E-02 4.30E-02 0.11 1.00E-01
Processed meat 0.028 1.60E-01 4.30E-01
Fats 0.019 1.50E-01 4.30E-01
Yogurt -0.01 2.40E-01 5.00E-01
Poultry 0.024 2.20E-01 5.00E-01
Vegetable oils 0.0086 2.50E-01 5.00E-01
Vegetables (leafy) -0.012 2.80E-01 5.20E-01
Cheese 0.016 4.10E-01 6.10E-01
Total fish products -0.013 3.90E-01 6.10E-01
Total fish -0.013 4.40E-01 6.10E-01
Lean fish -0.006 4.50E-01 6.10E-01
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Appendix 3.3 Associations of dietary exposures and BMI with metabolite patterns in the discovery and
validation sets

Metabolite Exposure i} P-value Padj B P-value
pattern
Vegetables -0.013 4.00E-01 6.10E-01
Vegetables (fruiting)  -0.023 5.40E-01 6.40E-01
Fruit 0.0066 5.30E-01 6.40E-01
Fatty fish -0.0067 5.90E-01 6.70E-01
Vegetables (root) 0.008 7.20E-01 7.80E-01
Red meat 0.0052 8.20E-01 8.60E-01
Eggs -0.0011 8.90E-01 8.90E-01
3 BMI -0.068 5.70E-32 1.40E-30 -0.036 7.40E-03
Alcohol 0.044 6.90E-07 8.30E-06 0.025 2.20E-01
Fatty fish -0.041 4.10E-04 3.30E-03 -0.071 9.70E-03
Total fish products -0.041 4.10E-03 2.40E-02 -0.026 4.20E-01
Eggs 0.021 8.90E-03 3.80E-02 0.015 4.40E-01
Total fish -0.041 9.60E-03 3.80E-02 -0.028 4.30E-01
Butter 0.016 8.10E-02 2.80E-01
Margarine -0.011 1.20E-01 3.20E-01
Vegetables (fruiting)  0.055 1.20E-01 3.20E-01
Cereals -0.05 1.50E-01 3.60E-01
Milk 0.026 1.90E-01 3.90E-01
Poultry -0.025 1.80E-01 3.90E-01
Dairy 0.021 2.50E-01 4.30E-01
Lean fish -0.0085 2.40E-01 4.30E-01
Cheese 0.015 4.10E-01 5.40E-01
Processed meat 0.016 4.10E-01 5.40E-01
Vegetables 0.013 3.90E-01 5.40E-01
Vegetables (leafy) 0.0098 3.50E-01 5.40E-01
Vegetables (root) -0.016 4.40E-01 5.60E-01
Red meat 0.0084 7.10E-01 8.20E-01
Vegetable oils 0.0026 7.20E-01 8.20E-01
Yogurt -0.0022 8.00E-01 8.70E-01
Fats -0.0014 9.10E-01 9.10E-01
Fruit 0.0016 8.80E-01 9.10E-01

Abbreviations: BMI, body mass index

All models were adjusted for age at blood collection, time of day of blood collection, energy intake
(kcal/day), fasting status, education level, physical activity, smoking status, baseline alcohol consumption,
and body mass index (BMI). Models that examined alcohol intake and BMI as main exposures were not
adjusted for alcohol intake and BMI, respectively. Variables are ordered by lowest Padj value by metabolite
pattern.

To account for multiple testing, only dietary correlates of metabolite patterns that passed the false-discovery
rate of 0.05 (Padj < 0.05), using the Benjamini-Hochberg method, were further analysed in the validation set.
Associations with a P-value < 0.05 in the validation set are bolded.
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Appendix 3.3 Associations of dietary exposures and BMI with metabolite patterns in the discovery and
validation sets

Metabolite Exposure B P-value Padj B P-value
pattern

B is per one unit described in Table 3.1 (excluding BMI, in which B is per one unit kg/m?).
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Appendix 3.4 Associations of validated dietary exposures and BMI with individual metabolites

Metabolite Exposure

pattern
1

Alcohol
Alcohol
Alcohol

Total fish
products
Total fish

Alcohol

Total fish
products
Alcohol

Total fish

Total fish
products
Alcohol

Total fish

Total fish
products
Total fish

Alcohol

Total fish
products
Alcohol

Total fish
products
Total fish

Alcohol
Alcohol

Total fish
products
Total fish
products
Total fish

Total fish
Total fish
Alcohol
Lean fish
Alcohol
Alcohol

Total fish
products
Alcohol

Alcohol
Total fish

loading on each metabolite pattern

Metabolite

PC aa C32:1
PC aa C34:1
PC aa C36:4
PC aa C42:2

PC aa C42:2
PC ae C36:0
PC aa C38:0

PC aa C32:0
PC aa C38:0
PC aa C38:6

PC ae C36:2
PC aa C38:6
PC aa C36:0

PC aa C36:0
PC aa C36:5
PC aa C40:6

SM(OH) C16:1

PC aa C36:6

PC aa C40:6
PC aa C30:0
PC aa C34:4
PC aa C36:5

PC ae C40:6

PC aa C36:6
PC ae C40:6
PC aa C36:5
PC ae C36:5
PC aa C42:2

SM(OH) C14:1

PC aa C36:1
PC ae C38:6

SM(OH) C22:2

PC aa C38:5
PC ae C42:3

p

0.082
0.038
0.029
0.048

0.052
0.03
0.049

0.023
0.052
0.054

-0.026
0.057
0.05

0.054
0.049
0.049

-0.023
0.057

0.052
0.029

0.03
0.071

0.034

0.061
0.037
0.076
0.022
0.018
-0.022
0.024
0.034

-0.019
0.022
0.032

P-value

5.80E-91
4.10E-68
3.50E-53
1.10E-47

1.50E-46
2.60E-46
3.10E-46

9.90E-46
8.60E-44
3.70E-43

1.90E-41
2.20E-39
2.10E-38

4.00E-36
2.60E-32
1.10E-31

7.80E-29
9.70E-29

9.50E-29
1.40E-28
1.30E-28
4.70E-28

7.10E-28

1.80E-27
3.30E-27
4.80E-27
6.10E-27
1.90E-26
1.10E-25
1.40E-25
1.80E-25

5.50E-25
7.00E-25
9.50E-25

Padj

1.50E-88
5.50E-66
3.10E-51
7.00E-46

8.30E-45
1.20E-44
1.20E-44

3.30E-44
2.60E-42
9.90E-42

4.70E-40
4.80E-38
4.40E-37

7.60E-35
4.70E-31
1.90E-30

1.20E-27
1.40E-27

1.40E-27
1.70E-27
1.70E-27
5.70E-27

8.20E-27

2.00E-26
3.50E-26
5.00E-26
6.10E-26
1.90E-25
1.00E-24
1.20E-24
1.60E-24

4.60E-24
5.70E-24
7.50E-24
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Total fish
products
Total fish
products
Total fish

Total fish
Total fish

Total fish
products
Total fish

Total fish
products
Alcohol

Alcohol
Alcohol
Alcohol
Alcohol
Lean fish

Total fish
products
Alcohol

Total fish

Total fish
products
Total fish

Total fish
products
Total fish

Total fish

Total fish
products
Total fish
products
Alcohol

Lean fish
Lean fish
Alcohol
Total fish
Alcohol

Total fish
products
Lean fish

Total fish

Total fish
products
Lean fish

Alcohol
Lean fish
Lean fish

PC ae C36:0

PC ae C42:3

PC ae C38:6
PC aa C42:0
PC aa C42:1
PC aa C42:0

PC ae C36:0
PC aa C42:1

PC aa C34:3
PC aa C40:4
PC ae C30:2
PC ae C38:3
PC aa C38:6
PC aa C38:0
PC aa C40:4

PC aa C40:5
PC aa C40:4
PC ae C40:1

PC ae C40:1
PC ae C42:2

PC ae C42:2
PC ae C32:2
PC ae C32:2

PC aa C40:2

PC aa C36:6
PC aa C36:0
PC ae C36:0
PC aa C38:4
PC aa C40:2
PC aa C34:2
PC ae C40:2

PC ae C42:3
PC ae C40:2
PC ae C38:4

PC aa C38:6
PC ae C40:6
PC ae C40:6
PC aa C42:1

0.033

0.029

0.036
0.036
0.036
0.033

0.035
0.032

0.021
0.02
-0.017
-0.016
0.021
0.015
-0.029

0.019
-0.03
0.024

0.027
0.024

0.026
0.024
0.021

0.027

0.024
0.015
0.012
0.015
0.028
0.009
0.022

0.01
0.024
-0.019

0.014
-0.013
0.011
0.011

3.10E-24

3.30E-24

5.10E-24
2.60E-23
4.00E-23
1.90E-22

2.90E-22
3.60E-22

4.20E-21
3.10E-20
4.90E-19
1.00E-18
3.00E-17
5.70E-17
6.30E-17

3.10E-16
2.40E-15
3.00E-15

3.00E-15
3.40E-15

6.10E-15
2.90E-14
4.90E-14

9.20E-14

9.70E-14
2.40E-13
1.20E-12
2.30E-12
2.50E-12
4.00E-12
4.10E-12

4.90E-12
7.70E-12
8.20E-12

1.20E-11
1.70E-11
7.70E-11
9.20E-11

2.40E-23

2.50E-23

3.70E-23
1.80E-22
2.80E-22
1.20E-21

1.90E-21
2.30E-21

2.60E-20
1.90E-19
2.90E-18
5.80E-18
1.70E-16
3.20E-16
3.40E-16

1.60E-15
1.30E-14
1.50E-14

1.50E-14
1.70E-14

3.00E-14
1.40E-13
2.30E-13

4.20E-13

4.40E-13
1.10E-12
5.30E-12
1.00E-11
1.10E-11
1.70E-11
1.70E-11

2.00E-11
3.10E-11
3.20E-11

4.80E-11
6.50E-11
2.90E-10
3.40E-10
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Alcohol
Total fish
Alcohol
Alcohol
Alcohol
Lean fish
Alcohol
Lean fish
Alcohol
Lean fish
Alcohol
Alcohol
Lean fish
Lean fish
Lean fish
Lean fish

Total fish
products
Total fish
products
Lean fish

Alcohol
Total fish
Total fish
Total fish
Alcohol
Alcohol

Total fish
products
Lean fish

Total fish
products
Total fish

Total fish
products
Total fish
products
Lean fish

Lean fish
Alcohol
Alcohol
Alcohol
Total fish
Total fish
Alcohol
Alcohol
Lean fish

PC ae C40:1
PC ae C38:4
PC ae C32:1
PC ae C34:2
PC aa C36:3
PC ae C32:2
PC ae C40:3
PC ae C38:6
PC aa C32:3
PC aa C40:6
PC ae C38:2
PC ae C42:1
PC aa C36:6
PC ae C40:1
PC aa C42:0
PC aa C36:5
PC aa C40:3

PC aa C38:4

PC ae C42:2
PC aa C42:2
PC aa C38:4
PC aa C40:3
PC ae C34:0
PC ae C36:4
PC ae C32:2
PC aa C36:4

PC ae C40:2
PC ae C34:0

PC aa C36:4
PC aa C42:5

PC ae C40:4

PC aa C40:2
PC ae C34:0
PC ae C38:6
PC ae C38:5
PC ae C40:4
PC aa C42:5
PC ae C30:2
PC aa C38:3
PC aa C42:4
PC ae C30:2

0.012
-0.019
0.01
-0.011
0.01
0.009
-0.009
0.01
-0.011
0.013
-0.01
0.009
0.015
0.009
0.01
0.019
0.019

-0.018

0.008
0.011
-0.019
0.02
0.02
0.01
0.009
-0.014

0.008
0.017

-0.015
0.017

-0.011

0.0081
0.0086
0.0091
0.007
-0.0068
0.017
0.013
0.0083
0.0072
0.006

2.80E-10
4.10E-10
9.00E-10
1.00E-09
1.10E-09
1.50E-09
1.80E-09
3.10E-09
4.60E-09
5.00E-09
1.90E-08
1.90E-08
2.40E-08
2.40E-08
2.70E-08
3.60E-08
6.30E-08

8.70E-08

9.60E-08
1.40E-07
1.70E-07
2.70E-07
5.50E-07
6.20E-07
1.40E-06
1.50E-06

2.40E-06
4.20E-06

4.60E-06
1.00E-05

1.00E-05

1.00E-05
1.00E-05
1.00E-05
2.00E-05
2.00E-05
3.00E-05
4.00E-05
4.00E-05
7.00E-05
9.00E-05

1.00E-09
1.50E-09
3.20E-09
3.60E-09
3.80E-09
5.10E-09
6.00E-09
1.10E-08
1.50E-08
1.60E-08
6.10E-08
6.10E-08
7.50E-08
7.50E-08
8.30E-08
1.10E-07
1.90E-07

2.60E-07

2.80E-07
4.00E-07
4.90E-07
7.70E-07
1.50E-06
1.70E-06
3.80E-06
4.10E-06

6.50E-06
1.10E-05

1.20E-05
2.50E-05

2.50E-05

2.50E-05
2.50E-05
2.50E-05
5.00E-05
5.00E-05
7.40E-05
9.70E-05
9.70E-05
1.70E-04
2.10E-04
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Alcohol

Total fish
products
Total fish
products
Lean fish

Alcohol
Total fish
Alcohol
Total fish
Alcohol
Alcohol

Total fish
products
Total fish

Lean fish

Total fish
products
Lean fish

Alcohol
Alcohol
Total fish
Total fish
Alcohol
Lean fish
Alcohol
Alcohol
Alcohol
Lean fish

Total fish
products
Alcohol

Total fish
Total fish

Total fish
products
Total fish
products
Lean fish

Lean fish
Lean fish
Total fish
Total fish
Lean fish
Alcohol

Total fish
products
Total fish

PC aa C42:0
PC ae C36:4

PC ae C30:2

PC ae C40:5
PC ae C38:4
PC ae C40:4
PC ae C42:4
PC aa C38:5
PC ae C42:5
PC aa C40:6
PC aa C38:5

PC ae C36:4
PC aa C40:4
PC aa C36:3

PC aa C40:3
PC ae C34:3
PC ae C36:3
PC aa C36:3

SM(OH) C22:2

PC aa C42:5

SM(OH) C22:2

PC aa C36:0
PC ae C36:1
PC ae C42:2
PC ae C30:0

SM(OH) C22:2

PC ae C30:0
PC ae C30:0
PC ae C38:2
PC ae C42:4

PC aa C34:3

PC ae C36:1
PC aa C32:3
PC ae C40:3
PC ae C44:6
PC ae C40:5
PC aa C36:4
PC ae C40:5
PC aa C40:5

PC ae C32:1

-0.0082
-0.012

0.011

0.005
-0.0066
-0.01
-0.0081
0.014
-0.0058
0.0097
0.012

-0.012
-0.0062
-0.0094

0.0061
0.0073
-0.0058
-0.0094
0.0099
0.0073
0.0047
0.0076
-0.0061
0.0058
0.0058
0.0087

-0.0069
0.012
0.009

-0.0102

-0.01

0.0048
0.0042
0.0035
0.01
0.0076
-0.0041
-0.0043
-0.01

0.0078

1.00E-04
1.20E-04

1.30E-04

1.40E-04
1.60E-04
2.00E-04
2.50E-04
2.70E-04
2.70E-04
2.80E-04
3.80E-04

4.00E-04
4.70E-04
5.10E-04

5.60E-04
8.50E-04
1.00E-03
1.40E-03
1.80E-03
1.80E-03
1.80E-03
2.10E-03
2.50E-03
2.50E-03
2.60E-03
2.70E-03

3.10E-03
3.60E-03
3.70E-03
4.00E-03

4.50E-03

4.90E-03
5.20E-03
5.70E-03
5.80E-03
6.10E-03
6.10E-03
6.20E-03
7.20E-03

7.60E-03

2.40E-04
2.80E-04

3.00E-04

3.20E-04
3.60E-04
4.50E-04
5.60E-04
5.90E-04
5.90E-04
6.10E-04
8.20E-04

8.60E-04
1.00E-03
1.10E-03

1.20E-03
1.80E-03
2.10E-03
2.90E-03
3.70E-03
3.70E-03
3.70E-03
4.10E-03
4.80E-03
4.90E-03
5.00E-03
5.30E-03

6.00E-03
6.90E-03
6.90E-03
7.60E-03

8.40E-03

9.10E-03
9.50E-03
1.00E-02
1.10E-02
1.10E-02
1.10E-02
1.10E-02
1.30E-02

1.30E-02
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Total fish
products
Lean fish

Lean fish
Total fish
Total fish
Lean fish

Total fish
products
Lean fish

Total fish
products
Total fish

Total fish
Total fish

Total fish
products
Alcohol

Lean fish
Lean fish

Total fish
products
Lean Total fish

Total fish

Total fish
products
Alcohol

Total fish
products
Lean fish

Total fish
products
Total fish
products
Lean fish

Total fish
products
Total fish

Total fish
Lean fish
Total fish
Total fish

Total fish
products
Lean fish

Alcohol
Lean fish
Alcohol

PC ae C38:2

PC ae C38:2
PC aa C38:4
PC aa C34:3
PC aa C40:5
PC ae C32:1
PC aa C38:3

PC aa C28:1
PC ae C30:0

PC ae C36:1
PC aa C32:0
PC aa C28:1
PC ae C40:5

PC ae C40:2
PC ae C38:4
PC aa C42:5
PC aa C28:1

SM(OH) C14:1

PC aa C38:3
PC ae C32:1

PC ae C42:3
PC ae C44:6

PC ae C42:1
PC aa C34:4

PC ae C36:1

PC aa C38:5
PC aa C32:0

PC aa C32:3
PC ae C40:3

SM(OH) C16:1

PCaa C34:4
PCae C42:4
PC aa C32:3

PC ae C34:2
PC aa C40:3
PC ae C34:1
PC aa C42:1

0.0075

0.0039
-0.0045
-0.0097

-0.01

0.0035

-0.0079

0.00412
0.0091

0.0085
0.0068
0.0084

0.006

-0.0047
-0.0034
0.0043
0.0075

0.0039
-0.0081
0.0061

0.0041
0.0077

0.003
-0.0097

0.0071

0.0038
0.0054

0.0066
0.0054
0.0033
-0.0094
-0.0076
0.0057

0.0029
0.0041
0.0027
-0.0038

7.90E-03

8.00E-03
8.10E-03
1.20E-02
1.20E-02
1.30E-02
1.40E-02

1.50E-02
1.60E-02

1.60E-02
1.70E-02
1.70E-02
1.80E-02

1.80E-02
1.90E-02
2.00E-02
2.10E-02

2.20E-02
2.30E-02
2.30E-02

2.40E-02
2.40E-02

2.60E-02
2.60E-02

2.70E-02

3.30E-02
3.70E-02

4.20E-02
4.50E-02
4.60E-02
4.90E-02
5.10E-02
5.30E-02

5.60E-02
6.30E-02
6.80E-02
7.00E-02

1.40E-02

1.40E-02
1.40E-02
2.10E-02
2.10E-02
2.10E-02
2.40E-02

2.40E-02
2.60E-02

2.60E-02
2.80E-02
2.80E-02
2.80E-02

3.00E-02
3.00E-02
3.10E-02
3.30E-02

3.40E-02
3.60E-02
3.60E-02

3.70E-02
3.70E-02

3.90E-02
4.00E-02

4.10E-02

4.90E-02
5.50E-02

6.20E-02
6.70E-02
6.80E-02
7.10E-02
7.40E-02
7.70E-02

8.10E-02
8.90E-02
9.60E-02
9.90E-02
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Total fish
products
Total fish
products
Lean fish

Total fish

Total fish
products
Total fish
products
Lean fish

Total fish
Total fish

Total fish
products
Lean fish

Lean fish
Total fish
Alcohol

Alcohol

Lean fish
Total fish
Total fish

Total fish
products
Lean fish

Lean fish

Total fish
products
Total fish

Total fish
products
Lean fish

Alcohol

Total fish
Lean fish
Lean fish

Total fish
products
Total fish

Total fish
Lean fish
Total fish
Lean fish
Total fish
Lean fish
Lean fish

PCaaC42:4

PC ae C38:3

PC aa C36:1

SM(OH) C14:1

PC aa C32:1

PC ae C38:5

PC aa C34:1

SM(OH) C16:1

PCaaC42:4
PC ae C40:3

PC ae C42:5
PC ae C44:6
PC ae C38:5
PC ae C44:6
PC aa C36:2
PC aa C34:3
PC aa C32:1
PC aa C34:1

SM(OH) C16:1

PCaa C34:4
PC ae C36:2
PC aa C34:1

PC ae C42:1

SM(OH) C14:1

PC aa C32:0
PC ac C44:5
PC ae C38:3
PC aa C40:5
PC ae C36:3
PC aa C36:1

PC aa C36:1
PC ac C34:2
PC ae C36:4
PC ae C36:2
PC ac C44:5
PC ae C36:5
PC aa C32:1
PC ae C34:3

-0.0052

-0.0051

0.0033
0.0064
-0.011

-0.0046

0.0031
0.0059
-0.0051
0.0039

0.0021
0.0027
-0.0045
-0.0033
0.0022
-0.0027
-0.0102
0.0054
0.0047

-0.0032
0.0022
0.0048

0.0042
0.0048

0.0019
0.003
-0.0042
-0.0025
0.0018
0.0044

0.0047
0.0038
-0.0018
0.0038
0.002
0.004
-0.0034
0.0018

7.40E-02

7.90E-02

8.00E-02
8.10E-02
8.50E-02

8.80E-02

9.00E-02
9.90E-02
1.10E-01
1.10E-01

1.20E-01
1.20E-01
1.20E-01
1.30E-01
1.30E-01
1.30E-01
1.40E-01
1.40E-01
1.50E-01

1.50E-01
1.50E-01
1.50E-01

1.50E-01
1.50E-01

1.60E-01
1.60E-01
1.90E-01
1.90E-01
2.10E-01
2.20E-01

2.30E-01
2.30E-01
2.40E-01
2.50E-01
2.70E-01
2.70E-01
3.00E-01
3.10E-01

1.00E-01

1.10E-01

1.10E-01
1.10E-01
1.20E-01

1.20E-01

1.20E-01
1.30E-01
1.50E-01
1.50E-01

1.60E-01
1.60E-01
1.60E-01
1.70E-01
1.70E-01
1.70E-01
1.80E-01
1.80E-01
1.90E-01

1.90E-01
1.90E-01
1.90E-01

1.90E-01
1.90E-01

2.00E-01
2.00E-01
2.30E-01
2.30E-01
2.60E-01
2.70E-01

2.80E-01
2.80E-01
2.80E-01
3.00E-01
3.20E-01
3.20E-01
3.50E-01
3.70E-01
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Total fish
products
Total fish
products
Total fish
products
Alcohol

Lean fish

Total fish
products
Lean fish

Lean fish
Lean fish

Total fish
products
Total fish

Alcohol
Lean fish

Total fish
products
Lean fish

Total fish
Lean fish
Alcohol

Total fish
Alcohol

Total fish
Total fish
Total fish
Alcohol

Total fish

Total fish
products
Total fish
products
Total fish
products
Alcohol
Total fish
products
Total fish

Total fish
products
Lean fish

Lean fish
Lean fish

Total fish
products
Total fish

PC ae C36:5

PC ae C42:1

PC ae C36:3

PC ae C34:0
PCaaC42:4
PC ae C36:2

PC aa C38:3
PC ae C36:5
PC aa C36:3
PC ac C34:2

PC ae C34:3
PC aa C38:0
PC ac C44:4
PC aa C34:2

PC aa C34:2
PC aa C34:2
PC ae C38:3
PC ae C34:1
PC aa C30:0
PC aa C40:2
PC ae C34:1
PC ae C42:5
PC ae C36:3
PC ac C44:4
PC aa C36:2
PC aa C36:2

PC ae C44:4

PC aa C30:0

PC aa C28:1
PC ae C34:3

PC ae C44:5
PC ae C44:5

PC ac C40:4
PC ae C38:5
PC ac C42:4
PC ac C34:1

PC ae C44:4

0.0033

0.0026

-0.0026

0.0021
-0.0013
0.0026

-0.0014
0.0014
-0.0012
0.0024

0.003
-0.0016
0.0012
-0.0015

-0.0008
-0.0016
0.001
0.0012
0.0029
-0.0014
0.0017
0.0015
-0.0015
0.0009
-0.0012
-0.001

-0.0012

0.0012

0.0006
0.0009

0.0009
-0.0008

-0.0003
0.0002
0.0003
0.0004

0.0004

3.30E-01

3.30E-01

3.50E-01

3.60E-01
3.80E-01
3.90E-01

4.00E-01
4.00E-01
4.10E-01
4.20E-01

4.40E-01
4.50E-01
4.70E-01
4.80E-01

4.80E-01
4.90E-01
4.90E-01
5.10E-01
5.20E-01
5.50E-01
5.90E-01
6.00E-01
6.30E-01
6.30E-01
6.50E-01
6.80E-01

6.90E-01

7.80E-01

7.80E-01
8.00E-01

8.10E-01
8.20E-01

8.20E-01
8.70E-01
8.70E-01
9.00E-01

9.00E-01

3.80E-01

3.90E-01

4.10E-01

4.10E-01
4.40E-01
4.50E-01

4.60E-01
4.60E-01
4.60E-01
4.70E-01

5.00E-01
5.10E-01
5.20E-01
5.30E-01

5.30E-01
5.40E-01
5.40E-01
5.50E-01
5.70E-01
5.90E-01
6.40E-01
6.40E-01
6.70E-01
6.70E-01
6.90E-01
7.20E-01

7.20E-01

8.10E-01

8.10E-01
8.40E-01

8.40E-01
8.50E-01

8.50E-01
8.90E-01
8.90E-01
9.10E-01

9.10E-01
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Lean fish PC aa C36:2 -0.0001 9.30E-01 9.40E-01

Total fish PC ae C42:5 0.0002 9.50E-01 9.60E-01
products
Lean fish PC aa C30:0 0.0001 9.70E-01 9.70E-01
2 BMI Glutamate 0.03 1.10E-52 5.30E-52
BMI C18:1 0.0027 9.30E-02 2.30E-01
BMI Ornithine 0.0017 2.30E-01 3.80E-01
BMI C18:2 -0.0015 4.60E-01 5.70E-01
BMI Taurine 0.0004 7.30E-01 7.30E-01
3 BMI Lyso PC a C18:1 -0.024 2.60E-58 4.20E-57
BMI Lyso PC a C18:2 -0.027 3.20E-57 2.50E-56
BMI Lyso PC a C17:0 -0.019 8.20E-35 4.40E-34
BMI Lyso PC a C18:0 -0.01 1.40E-17 5.80E-17
BMI Lyso PC a C20:4 -0.013 6.00E-17 1.90E-16
BMI Lyso PC a C16:0 -0.0081 8.60E-14 2.30E-13
Fatty fish Lyso PC a C20:4 -0.017 4.40E-08 1.00E-07
Fatty fish Lyso PC a C20:3 -0.017 1.60E-07 3.10E-07
Fatty fish Lyso PC a C16:1 -0.012 1.40E-04 2.50E-04
Fatty fish Lyso PC a C18:0 -0.0054 2.90E-02 3.50E-02
Fatty fish Lyso PC a C18:1 -0.0067 2.60E-02 3.50E-02
BMI Lyso PC a C16:1 -0.0034 2.70E-02 3.50E-02
BMI Lyso PC a C20:3 -0.0037 2.40E-02 3.50E-02
Fatty fish Lyso PC a C16:0 -0.0044 4.80E-02 5.30E-02
Fatty fish Lyso PC a C17:0 -0.0061 5.30E-02 5.30E-02
Fatty fish Lyso PC a C18:2 -0.0064 5.30E-02 5.30E-02

Abbreviations: BMI, body mass index; PC aa, diacyl-phosphatidylcholine; PC ae, acyl-alkyl
phosphatidylcholine; SM, sphingomyelin;, SM(OH), hydroxysphingomyelin; lyso PC a,
lysophosphatidylcholine.

All models were adjusted for age at blood collection, time of day of blood collection, energy intake
(kcal/day), fasting status, education level, physical activity, smoking status, baseline alcohol consumption,
and body mass index (BMI). Models that examined alcohol intake and BMI as main exposures were not
adjusted for alcohol intake and BMI, respectively. Variables are ordered by lowest Padj value by metabolite
pattern.

To account for multiple testing, only dietary correlates of treelets that passed the false-discovery rate of
0.05 (Padj < 0.05), using the Benjamini-Hochberg method, were further analysed in the validation set.
Associations with a Padj < 0.05 are bolded.

B is per one unit described in Table 3.1 (excluding BMI, in which P is per one unit kg/m?).
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Appendix 4.1 Full dataset: Risk of overall prostate cancer per 1 SD increase in log
metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease

PC aa C36:3 0.84 0.76 0.94 0.001 0.21 1809
PC aa C36:2 0.85 0.77 0.95 0.003 0.24 1809
PC ae C38:2 0.89 0.82 0.97 0.006 0.26 1809
PC aa C38:3 0.89 0.81 0.97 0.007 0.26 1809
PC aa C36:1 0.91 0.84 0.98 0.013 0.31 1809
PC ae C36:3 0.89 0.80 0.98 0.018 0.31 1809
PC aa C40:2 0.90 0.82 0.98 0.018 0.31 1809
PC aa C40:3 0.91 0.83 0.99 0.024 0.31 1809
Threonine 1.08 1.01 1.16 0.027 0.31 1809
Aspartic acid 0.81 0.67 0.98 0.028 0.31 244
Serotonin 1.25 1.02 1.53 0.028 0.31 244
PC ae C44:3 0.77 0.61 0.97 0.028 0.31 244
PC ae C40:3 0.89 0.80 0.99 0.030 0.31 1809
PC ae C38:3 0.91 0.84 0.99 0.031 0.31 1809
PC aa C42:4 0.89 0.81 0.99 0.032 0.31 1807
PC aa C34:3 0.91 0.83 0.99 0.038 0.35 1809
Cl4:1 0.93 0.87 1.00 0.043 0.37 1809
PC aa C40:4 0.93 0.86 1.00 0.051 0.41 1809
Lyso PC a C20:3 0.92 0.85 1.00 0.053 0.41 1809
PC aa C28:1 1.09 0.99 1.19 0.068 0.48 1809
Lyso PC aCl6:1 0.93 0.86 1.01 0.070 0.48 1809
C2 0.94 0.87 1.01 0.071 0.48 1809
PC ae C42:2 0.93 0.86 1.01 0.075 0.48 1809
PC ae C42:1 0.93 0.85 1.01 0.082 0.48 1809
Glutamine 0.91 0.82 1.01 0.085 0.48 1809
PC aa C38:4 0.93 0.85 1.01 0.086 0.48 1809
cit_orn 0.93 0.85 1.01 0.088 0.48 1565
PC aa C42:2 0.93 0.85 1.01 0.094 0.49 1809
C18:1 0.93 0.85 1.01 0.096 0.49 1809
PC ae C42:3 0.93 0.86 1.01 0.099 0.49 1809
Lyso PC aCl18:1 0.93 0.86 1.01 0.10 0.49 1809
PC ae C34:3 0.93 0.86 1.01 0.11 0.49 1809
PC aa C42:5 0.93 0.85 1.02 0.12 0.53 1809
PC ae C30:0 1.07 0.98 1.17 0.12 0.53 1808
SM(OH) C14:1 1.07 0.98 1.16 0.13 0.55 1809
PC ae C42:4 0.94 0.87 1.02 0.14 0.57 1809
C18 0.95 0.89 1.02 0.15 0.61 1809
PC ae C44:4 0.95 0.88 1.02 0.16 0.61 1809
SM C20:2 0.94 0.86 1.03 0.16 0.61 1809
PC aa C32:1 0.94 0.87 1.02 0.17 0.61 1809
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Appendix 4.1 Full dataset: Risk of overall prostate cancer per 1 SD increase in log
metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease

Hexose 0.94 0.86 1.03 0.17 0.61 1809
PC ae C36:2 0.94 0.85 1.03 0.17 0.61 1809
SM C24:1 1.09 0.96 1.25 0.18 0.63 1809
PC ae C36:1 0.95 0.88 1.03 0.19 0.64 1808
PC aa C34:1 0.94 0.87 1.03 0.20 0.64 1809
Glutamate 1.09 0.96 1.23 0.20 0.64 1809
isoleucine 1.05 0.98 1.13 0.20 0.64 1809
PC ae C40:4 0.95 0.88 1.03 0.21 0.64 1807
Alanine 1.05 0.97 1.13 0.23 0.70 1809
SDMA 1.14 0.92 1.41 0.24 0.71 244
ketoaa 1.05 0.97 1.13 0.24 0.71 1565
PC ae C34:2 0.95 0.86 1.04 0.26 0.72 1809
PC aa C32:3 0.95 0.87 1.04 0.26 0.72 1809
PC aa C34:2 0.93 0.82 1.06 0.27 0.72 1809
PC ae C40:5 0.96 0.88 1.04 0.28 0.72 1809
fisher ratio 1.04 0.97 1.12 0.28 0.72 1565
PC aa C40:5 0.96 0.89 1.04 0.28 0.72 1809
tyr_phe 0.96 0.89 1.03 0.28 0.72 1565
eaa 1.04 0.97 1.12 0.29 0.73 1565
PC ae C38:4 0.95 0.87 1.04 0.31 0.76 1809
Cs5 1.11 0.91 1.36 0.31 0.76 244
PC ae C32:2 0.96 0.88 1.05 0.33 0.80 1809
Ornithine 1.05 0.95 1.15 0.35 0.83 1809
Lyso PC a C18:0 0.96 0.88 1.05 0.36 0.83 1809
SM(OH) C22:2 1.05 0.95 1.15 0.36 0.83 1809
Cl6 0.97 0.91 1.04 0.37 0.83 1809
PC ae C36:4 0.96 0.87 1.05 0.38 0.83 1809
PC aa C34:4 0.96 0.89 1.05 0.39 0.83 1809
Leucine 1.03 0.96 1.11 0.40 0.83 1809
bcaa 1.03 0.96 1.11 0.41 0.83 1565
SM C24:0 0.96 0.86 1.06 0.42 0.83 1809
PC ae C36:0 0.97 0.90 1.04 0.42 0.83 1807
PC aa C36:5 1.03 0.96 1.11 0.43 0.83 1809
PC ae C38:5 0.96 0.87 1.06 0.43 0.83 1809
C18:2 0.97 0.89 1.05 0.43 0.83 1809
C4 0.91 0.73 1.15 0.44 0.83 244
PC aa C36:4 0.96 0.87 1.06 0.44 0.83 1809
PC ae C34:1 0.96 0.88 1.06 0.44 0.83 1809
Citrulline 0.97 0.91 1.04 0.44 0.83 1809
PC aa C38:6 1.03 0.96 1.11 0.45 0.83 1809
C3 1.03 0.96 1.10 0.45 0.83 1809
PC aa C30:0 1.03 0.95 1.12 0.46 0.83 1809
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Appendix 4.1 Full dataset: Risk of overall prostate cancer per 1 SD increase in log
metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease

Asparagine 1.03 0.95 1.13 0.47 0.84 1809
glucoaa 1.03 0.95 1.11 0.48 0.84 1565
SM(OH) C16:1 1.03 0.95 1.12 0.49 0.84 1809
cit_arg 0.96 0.87 1.07 0.49 0.84 1565
PC ae C30:2 1.03 0.94 1.14 0.50 0.84 1800
PC ae C40:1 0.97 0.90 1.05 0.50 0.84 1808
Co 0.98 0.91 1.05 0.51 0.84 1809
Proline 1.02 0.96 1.10 0.51 0.84 1809
PC aa C42:1 1.03 0.95 1.11 0.51 0.84 1809
PC aa C42:0 1.03 0.95 1.11 0.53 0.85 1809
Kynurenine 0.98 0.91 1.05 0.53 0.85 1809
Phenylalanine 1.02 0.95 1.10 0.54 0.85 1809
PC ae C40:6 1.02 0.95 1.10 0.55 0.85 1809
Lyso PC a C18:2 0.98 0.90 1.06 0.55 0.85 1809
PC aa C42:6 1.06 0.86 1.30 0.57 0.87 244
orn_arg 1.03 0.92 1.16 0.59 0.89 1565
PC ae C44:6 1.02 0.95 1.10 0.60 0.90 1809
Lyso PC a C16:0 1.02 0.94 1.11 0.60 0.90 1809
PC ae C42:5 0.98 0.91 1.06 0.61 0.90 1809
PC ae C36:5 0.98 0.89 1.07 0.63 0.91 1809
Lyso PC a C28:1 1.06 0.83 1.34 0.64 0.92 238
ureaaa 1.02 0.94 1.10 0.65 0.93 1565
Glycine 0.98 0.91 1.06 0.66 0.93 1809
SM(OH) C22:1 0.98 0.90 1.07 0.70 0.93 1809
Lyso PCaCl17:0 1.02 0.94 1.10 0.70 0.93 1809
Cl4 0.96 0.79 1.17 0.70 0.93 244
Arginine 0.98 0.89 1.08 0.71 0.93 1809
C12 0.96 0.79 1.17 0.72 0.93 244
PC aa C32:0 1.02 0.92 1.12 0.72 0.93 1809
PC aa C38:5 0.99 0.91 1.07 0.72 0.93 1809
nsaa 1.02 0.93 1.12 0.73 0.93 1565
PC aa C36:6 1.01 0.94 1.09 0.73 0.93 1809
PC ae C40:2 0.99 0.91 1.07 0.73 0.93 1809
Cl12:1 0.97 0.79 1.18 0.73 0.93 244
PC aa C38:0 0.99 0.91 1.07 0.74 0.93 1809
PC aa C32:2 0.97 0.80 1.17 0.75 0.93 244
SM C26:0 1.04 0.83 1.29 0.75 0.93 243
Lysine 1.01 0.94 1.09 0.76 0.93 1809
neaa 1.01 0.93 1.10 0.77 0.93 1565
PC ae C34:0 1.01 0.94 1.09 0.77 0.93 1809
Serine 1.01 0.94 1.09 0.77 0.93 1809
SM C16:0 1.01 0.93 1.11 0.78 0.93 1809
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Appendix 4.1 Full dataset: Risk of overall prostate cancer per 1 SD increase in log
metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease

Methionine 1.01 0.94 1.08 0.79 0.93 1809
SM C18:1 0.99 0.91 1.08 0.79 0.93 1809
PC ae C38:0 0.98 0.80 1.19 0.80 0.93 244
SM C18:0 1.01 0.92 1.11 0.81 0.93 1809
Taurine 0.99 0.89 1.09 0.81 0.93 1809
Valine 1.01 0.94 1.08 0.83 0.95 1809
SM C26:1 0.98 0.80 1.20 0.84 0.95 244
Sarcosine 1.01 0.94 1.08 0.85 0.95 1809
C10 0.98 0.78 1.23 0.86 0.95 244
Creatinine 1.01 0.94 1.08 0.86 0.95 1809
Histidine 0.99 0.92 1.07 0.87 0.96 1809
Tryptophan 1.01 0.94 1.08 0.88 0.96 1809
SM Cl16:1 1.01 0.92 1.10 0.89 0.96 1809
PC ae C38:6 1.00 0.92 1.08 0.92 0.98 1809
PC ae C44:5 1.00 0.93 1.07 0.92 0.98 1809
aromaa 1.00 0.93 1.08 0.94 0.99 1565
t4-hydroxyproline 1.00 0.94 1.07 0.95 0.99 1809
Tyrosine 1.00 0.93 1.07 0.95 0.99 1809
PC ae C32:1 1.00 0.91 1.09 0.96 0.99 1809
ADMA 1.00 0.93 1.07 0.96 0.99 1809
PC aa C36:0 1.00 0.91 1.10 0.97 0.99 1809
Lyso PC a C24:0 1.00 0.78 1.27 0.97 0.99 239
SM(OH) C24:1 1.00 0.91 1.11 0.97 0.99 1809
PC aa C40:6 1.00 0.93 1.08 0.99 0.99 1809
Lyso PC a C20:4 1.00 0.92 1.08 0.99 0.99 1809

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at a = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.
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Appendix 4.2. Full dataset: Risk of overall prostate cancer per 1 SD increase in log

metabolite concentrations in EPIC' by > 10 years of follow-up time time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C32:1 0.91 0.85 0.97 0.0063 0.7595 2477
Creatinine 1.08 1.01 1.15 0.0257  0.7595 2477
Histidine 1.08 1.01 1.15 0.0263 0.7595 2477
PC aa C32:0 0.91 0.84 0.99 0.0345  0.7595 2477
SM(OH) C22:2 1.09 1.00 1.19 0.0400  0.7595 2477
Lyso PC aCl6:1 0.93 0.87 1.00 0.0461 0.7595 2477
Hexose 0.92 0.84 1.00 0.0486  0.7595 2477
SM(OH) C22:1 1.08 1.00 1.17 0.0593 0.7595 2477
PC aa C40:4 0.94 0.88 1.00 0.0652  0.7595 2477
PC aa C34:4 0.94 0.87 1.01 0.0686  0.7595 2477
cit_orn 1.10 0.99 1.21 0.0750  0.7595 1391
C4 1.09 0.99 1.21 0.0798  0.7595 1086
PC aa C42:2 1.07 0.99 1.15 0.0824  0.7595 2476
SM C26:0 1.08 0.99 1.17 0.0835  0.7595 1086
PC aa C36:4 0.93 0.85 1.01 0.0925  0.7595 2477
PC aa C40:5 0.95 0.89 1.01 0.0942  0.7595 2477
SM(OH) C14:1 1.06 0.99 1.15 0.1027  0.7595 2477
Glutamine 1.07 0.99 1.15 0.1042  0.7595 2477
Tryptophan 1.05 0.99 1.12 0.1043 0.7595 2477
Phenylalanine 1.05 0.99 1.13 0.1089  0.7595 2477
PC aa C34:1 0.94 0.87 1.01 0.1138  0.7595 2477
SM(OH) C24:1 1.07 0.98 1.17 0.1220  0.7595 2477
PC aa C38:4 0.94 0.87 1.02 0.1224  0.7595 2477
Cs5 1.09 0.98 1.21 0.1236  0.7595 1086
orn_arg 0.91 0.80 1.03 0.1327  0.7595 1391
PC aa C30:0 0.95 0.89 1.02 0.1376  0.7595 2477
SM(OH) Cl16:1 1.06 0.98 1.14 0.1376  0.7595 2477
Lyso PC a C18:2 1.05 0.98 1.12 0.1449  0.7713 2477
PC ae C44:3 1.07 0.98 1.16 0.1534  0.7750 1084
PC aa C36:1 0.96 0.90 1.02 0.1560  0.7750 2477
PC aa C42:5 0.95 0.88 1.02 0.1727  0.7772 2477
Asparagine 1.05 0.98 1.12 0.1736  0.7772 2477
Serine 1.05 0.98 1.11 0.1771 0.7772 2477
PC aa C38:3 0.95 0.88 1.02 0.1817  0.7772 2477
Proline 1.04 0.98 1.11 0.1923 0.7772 2477
Serotonin 1.06 0.97 1.17 0.1997  0.7772 1086
nsaa 0.93 0.84 1.04 0.2026  0.7772 1391
PC ae C38:0 1.06 0.97 1.16 0.2043 0.7772 1084
Lyso PC a C28:1 1.07 0.96 1.19 0.2072  0.7772 1073
Lyso PC a C17:0 1.05 0.98 1.12 0.2087  0.7772 2477
PC ae C36:2 1.05 0.97 1.14 0.2366  0.8591 2477
PC ae C40:2 1.04 0.97 1.12 0.2422  0.8591 2477
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Appendix 4.2. Full dataset: Risk of overall prostate cancer per 1 SD increase in log

metabolite concentrations in EPIC' by > 10 years of follow-up time time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C28:1 1.05 0.97 1.13 0.2597  0.9000 2477
PC aa C34:3 0.96 0.89 1.03 0.2769  0.9289 2477
PC ae C36:0 1.04 0.97 1.10 0.2806  0.9289 2474
Ornithine 0.96 0.88 1.04 0.2976  0.9641 2477
PC ae C36:4 0.96 0.88 1.04 03175 09832 2477
Cl4 1.05 0.95 1.16 0.3321 0.9832 1086
PC aa C42:6 1.04 0.96 1.14 0.3370  0.9832 1086
PC ae C30:2 1.04 0.96 1.14 0.3419  0.9832 2462
PC aa C40:6 0.97 0.91 1.03 0.3421 0.9832 2477
PC aa C36:3 0.96 0.88 1.05 0.3587  0.9832 2477
tyr_phe 0.96 0.88 1.05 0.3597  0.9832 1391
PC aa C36:0 1.03 0.96 1.11 0.3679  0.9832 2476
PC ae C34:1 0.96 0.89 1.05 0.3733 0.9832 2477
PC ae C38:5 0.96 0.88 1.05 0.3777  0.9832 2477
Cl4:1 0.97 0.90 1.04 0.3852  0.9832 2477
Arginine 1.04 0.95 1.15 0.3920  0.9832 2477
Cl2 1.04 0.95 1.14 0.4012  0.9832 1086
ADMA 0.97 0.91 1.04 0.4222 09832 2477
Sarcosine 0.98 0.92 1.04 0.4254 09832 2477
Tyrosine 0.98 0.92 1.04 0.4419  0.9832 2477
SM C24:0 1.04 0.95 1.13 0.4443 0.9832 2477
PC ae C40:3 1.02 0.96 1.09 0.4485  0.9832 2476
PC ae C36:1 1.02 0.96 1.09 0.4714  0.9832 2476
PC ae C34:2 1.03 0.95 1.12 0.4762  0.9832 2477
C12:1 1.03 0.94 1.13 0.4780  0.9832 1086
fisher ratio 0.97 0.89 1.06 0.4889  0.9832 1391
PC ae C38:2 1.02 0.96 1.08 0.5153 0.9832 2476
PC aa C38:5 0.98 0.92 1.04 0.5267  0.9832 2477
PC ae C42:1 0.98 0.92 1.04 0.5337 09832 2476
PC ae C34:3 1.02 0.95 1.10 0.5756  0.9832 2477
SM C16:0 1.02 0.94 1.11 0.5757  0.9832 2477
PC ae C38:4 0.98 0.90 1.06 0.5787  0.9832 2477
aromaa 1.02 0.94 1.12 0.6077  0.9832 1391
Lysine 1.02 0.95 1.09 0.6082  0.9832 2477
PC ae C40:4 1.02 0.96 1.08 0.6124 09832 2477
Lyso PC a C18:0 1.02 0.95 1.10 0.6159  0.9832 2477
SDMA 1.02 0.93 1.12 0.6191 0.9832 1086
PC aa C42:1 1.02 0.95 1.09 0.6208  0.9832 2476
cit_arg 0.97 0.87 1.09 0.6495  0.9832 1391
PC aa C38:0 1.02 0.95 1.09 0.6502  0.9832 2477
PC ae C30:0 1.02 0.94 1.10 0.6517  0.9832 2477
PC ae C34:0 1.02 0.95 1.09 0.6548  0.9832 2477
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Appendix 4.2. Full dataset: Risk of overall prostate cancer per 1 SD increase in log

metabolite concentrations in EPIC' by > 10 years of follow-up time time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C32:3 1.02 0.94 1.10 0.6584  0.9832 2477
Glycine 0.99 0.92 1.05 0.6689  0.9832 2477
C18:2 0.98 0.90 1.07 0.6764  0.9832 2477
Valine 1.01 0.95 1.08 0.6789  0.9832 2477
PC aa C42:0 1.01 0.95 1.09 0.6860  0.9832 2477
Cl18:1 0.99 0.91 1.06 0.7053 0.9832 2477
Lyso PC a C24:0 0.98 0.87 1.10 0.7072  0.9832 1048
Lyso PC a C20:4 0.99 0.92 1.06 0.7149  0.9832 2477
ureaaa 0.98 0.90 1.08 0.7154  0.9832 1391
Lyso PC a C20:3 0.99 0.92 1.06 0.7269  0.9832 2477
PC ae C38:3 1.01 0.95 1.07 0.7376  0.9832 2477
Leucine 1.01 0.95 1.08 0.7415 09832 2477
Citrulline 1.01 0.95 1.08 0.7454  0.9832 2477
PC aa C36:6 0.99 0.93 1.05 0.7473 0.9832 2477
Methionine 1.01 0.95 1.08 0.7511 0.9832 2477
PC ae C40:1 0.99 0.93 1.06 0.7550  0.9832 2477
Cl6 0.99 0.92 1.06 0.7570  0.9832 2477
Taurine 1.01 0.93 1.10 0.7651 0.9832 2477
SM C24:1 1.02 0.91 1.14 0.7665  0.9832 2477
Kynurenine 0.99 0.93 1.06 0.7728  0.9832 2477
isoleucine 1.01 0.95 1.08 0.7741 0.9832 2477
PC ae C36:3 1.01 0.93 1.10 0.7791 0.9832 2477
PC ae C32:2 1.01 0.94 1.09 0.7795  0.9832 2477
PC ae C36:5 0.99 0.92 1.07 0.7896  0.9832 2477
Lyso PC a C16:0 1.01 0.94 1.08 0.7905  0.9832 2477
Glutamate 0.99 0.88 1.10 0.7957  0.9832 2477
PC ae C42:3 1.01 0.94 1.08 0.7957  0.9832 2477
PC ae C42:5 0.99 0.93 1.06 0.8067  0.9832 2477
PC ae C40:5 1.01 0.95 1.07 0.8079  0.9832 2476
SM C20:2 1.01 0.93 1.10 0.8190  0.9832 2477
PC aa C32:2 0.99 0.91 1.08 0.8262  0.9832 1086
PC ae C42:4 0.99 0.93 1.06 0.8266  0.9832 2477
t4-hydroxyproline  1.01 0.95 1.07 0.8296  0.9832 2477
Aspartic acid 1.01 0.92 1.11 0.8348  0.9832 1086
PC aa C36:5 1.01 0.95 1.07 0.8381 0.9832 2477
Threonine 0.99 0.93 1.06 0.8384  0.9832 2477
PC ae C38:6 1.01 0.94 1.08 0.8404  0.9832 2476
C3 0.99 0.91 1.08 0.8425  0.9832 2477
C2 0.99 0.94 1.06 0.8570  0.9832 2477
PC ae C40:6 1.01 0.94 1.07 0.8585  0.9832 2477
PC aa C42:4 0.99 0.93 1.06 0.8593 0.9832 2475
PC ae C44:6 1.01 0.94 1.07 0.8781 0.9832 2477
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Appendix 4.2. Full dataset: Risk of overall prostate cancer per 1 SD increase in log
metabolite concentrations in EPIC' by > 10 years of follow-up time time

Metabolite OR LL UL P-value? Padj? Nease
PC ae C32:1 0.99 0.92 1.07 0.8800  0.9832 2477
Lyso PC a Cl18:1 0.99 0.93 1.06 0.8826  0.9832 2477
SM C18:0 1.01 0.93 1.09 0.8876  0.9832 2477
PC aa C36:2 0.99 0.91 1.09 0.8950  0.9832 2477
SM C18:1 1.00 0.94 1.08 0.8958  0.9832 2477
PC ae C44:4 1.00 0.93 1.08 0.8987  0.9832 2477
PC aa C38:6 1.00 0.94 1.06 09106  0.9832 2477
ketoaa 1.00 0.92 1.10 0.9234  0.9832 1391
PC ae C44:5 1.00 0.93 1.06 0.9245 09832 2477
neaa 1.00 0.92 1.10 0.9250  0.9832 1391
C10 1.00 0.92 1.10 0.9256  0.9832 1086
PC aa C40:3 1.00 0.94 1.07 0.9343 0.9832 2477
PC aa C34:2 1.00 0.90 1.12 0.9347 09832 2477
caa 1.00 0.92 1.10 0.9390  0.9832 1391
Co 1.00 0.94 1.07 0.9397 09832 2477
bcaa 1.00 0.91 1.09 0.9419  0.9832 1391
SM Cl16:1 1.00 0.93 1.08 0.9436  0.9832 2477
glucoaa 1.00 0.92 1.09 0.9611 0.9898 1391
SM C26:1 1.00 0.91 1.09 0.9681 0.9898 1086
Alanine 1.00 0.94 1.07 0.9717  0.9898 2477
C18 1.00 0.92 1.08 0.9794  0.9898 2477
PC ae C42:2 1.00 0.93 1.07 0.9831 0.9898 2477
PC aa C40:2 1.00 0.94 1.07 0.9924  0.9924 2476

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.
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Appendix 4.3. Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
PC ae C42:3 0.83 0.74 0.93 0.0013 0.0989 943
C18:2 0.79 0.69 0.91 0.0013 0.0989 943
PC aa C40:2 0.85 0.76 0.95 0.0030  0.1258 943
PC aa C40:3 0.85 0.76 0.95 0.0034  0.1258 943
PC aa C32:1 0.84 0.75 0.95 0.0053 0.1430 943
PC aa C42:4 0.85 0.75 0.95 0.0058  0.1430 941
Serotonin 1.27 1.07 1.52 0.0067  0.1430 363
Lyso PC a Cl6:1 0.86 0.77 0.96 0.0078  0.1459 943
PC aa C42:5 0.85 0.76 0.96 0.0104  0.1652 943
Lyso PC a C28:1 1.27 1.06 1.53 0.0113 0.1652 356
PC ae C42:2 0.87 0.77 0.97 0.0129  0.1652 943
SM(OH) C14:1 1.17 1.03 1.32 0.0133 0.1652 943
PC aa C34:3 0.86 0.76 0.97 0.0185  0.2119 943
PC aa C42:2 0.87 0.78 0.98 0.0241 0.2342 943
SM(OH) Cl16:1 1.15 1.02 1.30 0.0248  0.2342 943
PC aa C40:6 0.89 0.81 0.99 0.0251 0.2342 943
PC ae C40:1 0.88 0.79 0.99 0.0291 0.2550 943
PC ae C38:2 0.90 0.81 0.99 0.0388  0.2957 943
nsaa 0.84 0.72 0.99 0.0397  0.2957 580
SM C26:0 1.18 1.01 1.37 0.0410  0.2957 362
SM(OH) C22:2 1.16 1.01 1.34 0.0417  0.2957 943
PC ae C32:2 0.88 0.77 1.00 0.0440  0.2982 943
PC ae C42:1 0.90 0.82 1.00 0.0567  0.3227 943
PC aa C38:0 0.90 0.80 1.00 0.0588  0.3227 943
PC aa C36:1 0.90 0.81 1.00 0.0609  0.3227 943
PC aa C36:6 0.91 0.82 1.00 0.0615 03227 943
PC aa C34:1 0.88 0.77 1.01 0.0617 03227 943
PC aa C28:1 1.13 0.99 1.28 0.0689  0.3227 943
PC aa C32:0 0.88 0.76 1.01 0.0704  0.3227 943
Cl12:1 1.17 0.99 1.39 0.0711 0.3227 363
Co 0.91 0.83 1.01 0.0715 03227 943
orn_arg 0.82 0.65 1.02 0.0742  0.3227 580
PC aa C42:1 0.90 0.80 1.01 0.0745 03227 943
PC ae C36:0 0.91 0.82 1.01 0.0800  0.3227 941
PC aa C40:4 0.91 0.81 1.01 0.0813 0.3227 943
cit_arg 0.84 0.70 1.02 0.0818  0.3227 580
PC ae C44:4 0.90 0.80 1.01 0.0819 03227 943
PC ae C40:3 0.91 0.81 1.01 0.0844 03227 943
PC aa C32:3 0.89 0.78 1.02 0.0910 03227 943
Cl18:1 0.88 0.77 1.02 0.0934 03227 943
Lyso PC a C24:0 0.84 0.69 1.03 0.0936 03227 345
C12 1.16 0.97 1.38 0.0952 03227 363
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Appendix 4.3. Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
PC aa C42:0 0.91 0.81 1.02 0.0980  0.3227 943
PC aa C34:4 0.90 0.80 1.02 0.1000  0.3227 943
PC aa C40:5 0.91 0.82 1.02 0.1041 0.3227 943
PC ae C42:5 0.92 0.82 1.02 0.1046 | 0.3227 943
PC aa C38:6 0.92 0.83 1.02 0.1049  0.3227 943
Cl4:1 0.92 0.83 1.02 0.1054 | 0.3227 943
PC aa C36:0 0.90 0.80 1.02 0.1061 0.3227 942
Asparagine 1.10 0.98 1.23 0.1165 0.3436 943
PC aa C38:3 0.91 0.80 1.02 0.1176  0.3436 943
Glycine 0.92 0.82 1.02 0.1236  0.3502 943
PC aa C36:5 0.92 0.83 1.02 0.1246 | 0.3502 943
PC ae C40:5 0.93 0.84 1.02 0.1272 | 0.3502 942
PC aa C36:2 0.89 0.77 1.03 0.1307  0.3502 943
PC aa C36:3 0.90 0.78 1.03 0.1316  0.3502 943
PC aa C38:5 0.92 0.82 1.03 0.1353 0.3538 943
ureaaa 0.90 0.79 1.03 0.1386  0.3561 580
PC ae C30:0 1.10 0.96 1.25 0.1644  0.4151 942
Cl4 1.13 0.95 1.35 0.1719  0.4213 363
Serine 1.07 0.97 1.19 0.1725 0.4213 943
C10 1.13 0.95 1.34 0.1790  0.4301 363
PC ae C42:4 0.93 0.84 1.04 0.1922 | 0.4545 943
ADMA 0.93 0.84 1.04 0.2125 0.4923 943
Lyso PCa C17:0 1.07 0.96 1.20 0.2147 | 0.4923 943
Lyso PCa Cl18:1 0.93 0.83 1.04 0.2212 | 0.4993 943
PC ae C38:6 0.93 0.83 1.05 0.2328 0.5178 942
Glutamine 1.08 0.95 1.23 0.2412 | 0.5275 943
SM(OH) C22:1 1.08 0.95 1.22 0.2443 0.5275 943
Lyso PC a C16:0 0.93 0.83 1.05 0.2650  0.5537 943
Lyso PC a C18:0 0.93 0.83 1.05 0.2709  0.5537 943
C18 0.94 0.85 1.05 0.2711 0.5537 943
PC ae C38:4 1.08 0.94 1.23 0.2713 0.5537 943
Glutamate 0.90 0.75 1.09 0.2750  0.5537 943
Arginine 1.10 0.93 1.29 0.2832  0.5625 943
SM C24:0 0.92 0.80 1.07 0.2883 0.5652 943
SM C18:0 1.07 0.94 1.21 0.3262 | 0.6313 943
t4-hydroxyproline | 1.05 0.95 1.16 0.3462 0.6613 943
PC ae C32:1 0.94 0.83 1.07 0.3515 0.6630 943
PC aa C36:4 0.93 0.81 1.08 0.3638 0.6645 943
PC ae C44:6 0.95 0.86 1.06 0.3639  0.6645 943
PC aa C34:2 0.92 0.76 1.11 0.3657  0.6645 943
PC ae C34:3 0.95 0.84 1.07 0.3738 0.6710 943
PC ae C40:4 0.96 0.87 1.06 0.3983 0.7066 942
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Appendix 4.3. Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
Citrulline 0.96 0.87 1.06 0.4104  0.7122 943
neaa 0.95 0.83 1.08 0.4229  0.7122 580
PC ae C38:3 0.96 0.87 1.06 0.4232  0.7122 943
Aspartic acid 0.94 0.81 1.09 0.4250  0.7122 363
PC ae C36:2 1.06 0.92 1.21 0.4254  0.7122 943
PC ae C34:2 1.06 0.92 1.22 0.4333 0.7173 943
Proline 1.04 0.94 1.15 0.4411 0.7222 943
aromaa 0.95 0.84 1.08 0.4480  0.7255 580
glucoaa 0.95 0.84 1.08 0.4565  0.7313 580
fisher ratio 1.05 0.92 1.19 0.4666  0.7396 580
PC aa C38:4 0.95 0.84 1.09 0.4799  0.7527 943
Lyso PC a C20:3 0.96 0.86 1.07 0.4925  0.7529 943
C3 0.96 0.87 1.07 0.4930  0.7529 943
C2 0.96 0.87 1.07 0.4952  0.7529 943
PC aa C30:0 0.96 0.86 1.08 0.5045  0.7593 943
SM C24:1 0.94 0.77 1.14 0.5186  0.7697 943
PC ae C36:5 0.96 0.84 1.09 0.5217  0.7697 943
PC ae C40:6 0.97 0.87 1.07 0.5309  0.7755 943
C4 1.06 0.89 1.26 0.5416  0.7835 363
Cl6 0.97 0.88 1.07 0.5717  0.8190 943
Ornithine 0.96 0.84 1.11 0.5846  0.8296 943
Histidine 1.03 0.93 1.14 0.5962  0.8379 943
Tyrosine 0.97 0.88 1.07 0.6017  0.8379 943
PC ae C38:0 1.04 0.89 1.23 0.6133 0.8390 362
PC ae C36:3 0.97 0.84 1.11 0.6146  0.8390 943
Lyso PC a C18:2 1.03 0.92 1.15 0.6243 0.8390 943
PC aa C42:6 1.04 0.88 1.23 0.6250  0.8390 363
SM(OH) C24:1 1.03 0.90 1.19 0.6435  0.8561 943
caa 0.97 0.86 1.10 0.6518  0.8595 580
SM C26:1 0.97 0.83 1.13 0.6679  0.8650 363
Taurine 1.03 0.89 1.19 0.6767  0.8650 943
ketoaa 0.97 0.86 1.10 0.6802  0.8650 580
SM C20:2 0.97 0.85 1.11 0.6831 0.8650 943
Threonine 1.02 0.92 1.13 0.6851 0.8650 943
tyr_phe 0.98 0.86 1.11 0.6980  0.8740 580
Valine 0.98 0.89 1.08 0.7050  0.8754 943
Phenylalanine 0.98 0.89 1.08 0.7120  0.8756 943
SM Cl16:1 0.98 0.86 1.11 0.7170  0.8756 943
Kynurenine 0.98 0.88 1.09 0.7237  0.8767 943
Hexose 1.02 0.90 1.17 0.7400  0.8892 943
PC ae C34:0 1.02 0.91 1.14 0.7497  0.8937 943
Creatinine 1.02 0.91 1.13 0.7755  0.9163 943
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Appendix 4.3. Full dataset: Risk of advanced prostate cancer per 1 SD increase in
log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
cit_orn 1.02 0.88 1.19 0.7810  0.9163 580
PC ae C38:5 0.98 0.85 1.13 0.7888 09182 943
isoleucine 0.99 0.89 1.09 0.8061 0.9311 943
SM C18:1 1.01 0.90 1.14 0.8183 0.9364 943
Lysine 0.99 0.89 1.10 0.8233 0.9364 943
Leucine 0.99 0.90 1.09 0.8428  0.9421 943
PC ae C36:4 1.01 0.88 1.16 0.8499  0.9421 943
Methionine 1.01 091 1.12 0.8522  0.9421 943
PC aa C32:2 1.02 0.87 1.19 0.8536  0.9421 363
Sarcosine 1.01 0.91 1.11 0.9008  0.9859 943
bcaa 0.99 0.88 1.12 09119  0.9859 580
PC ae C44:5 1.00 0.89 1.11 0.9357 09859 943
PC ae C30:2 1.01 0.87 1.16 0.9435  0.9859 935
SDMA 0.99 0.85 1.17 0.9445 09859 363
PC ae C44:3 1.01 0.86 1.18 0.9471 0.9859 362
Cs5 1.01 0.85 1.18 0.9491 0.9859 363
PC ae C36:1 1.00 0.90 1.12 0.9515 09859 941
Tryptophan 1.00 0.91 1.11 0.9528  0.9859 943
PC ae C40:2 1.00 0.89 1.12 0.9826  0.9970 943
Lyso PC a C20:4 1.00 0.89 1.13 0.9827  0.9970 943
Alanine 1.00 0.89 1.12 0.9837  0.9970 943
SM C16:0 1.00 0.88 1.14 0.9915 0.9976 943
PC ae C34:1 1.00 0.87 1.15 0.9976  0.9976 943

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.
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Appendix 4.4 Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj’ Nease
PC aa C42:4 0.64 0.50 0.82 0.0003  0.0237 393
PC ae C38:2 0.70 0.57 0.85 0.0003  0.0237 394
PC aa C40:2 0.69 0.56 0.85 0.0005  0.0237 394
PC aa C40:3 0.72 0.59 0.88 0.0010  0.0377 394
PC ae C40:3 0.67 0.53 0.86 0.0013  0.0377 394
PC ae C42:3 0.73 0.60 0.89 0.0019  0.0465 394
PC aa C42:2 0.75 0.61 0.91 0.0034  0.0730 394
PC aa C42:5 0.73 0.59 0.90 0.0040  0.0742 394
PC aa C36:2 0.73 0.58 0.93 0.0119  0.1900 394
PC ae C40:5 0.79 0.66 0.95 0.0142  0.1900 394
PC ae C42:2 0.80 0.66 0.96 0.0168  0.1900 394
PC aa C36:3 0.75 0.59 0.95 0.0173  0.1900 394
PC aa C34:3 0.78 0.64 0.96 0.0178  0.1900 394
PC ae C32:2 0.78 0.64 0.96 0.0193  0.1900 394
PC aa C32:3 0.78 0.63 0.96 0.0204  0.1900 394
PC ae C42:5 0.81 0.68 0.97 0.0216  0.1900 394
C18:2 0.79 0.65 0.97 0.0217  0.1900 394
PC aa C42:0 0.81 0.67 0.98 0.0282  0.2337 394
nsaa 0.78 0.63 0.98 0.0364  0.2844 328
PC aa C36:1 0.84 0.71 0.99 0.0389  0.2844 394
PC aa C34:2 0.73 0.54 0.99 0.0415  0.2844 394
PC ae C40:1 0.83 0.69 0.99 0.0433  0.2844 394
PC ae C38:3 0.83 0.69 1.00 0.0453  0.2844 394
PC aa C38:0 0.82 0.68 1.00 0.0463  0.2844 394
PC ae C42:4 0.82 0.68 1.00 0.0514  0.2844 394
C18 0.87 0.76 1.00 0.0518  0.2844 394
PC aa C36:0 0.81 0.66 1.00 0.0529  0.2844 394
Cl4:1 0.87 0.76 1.00 0.0534  0.2844 394
PC aa C38:3 0.83 0.68 1.01 0.0567  0.2900 394
PC ae C44:4 0.82 0.67 1.01 0.0585  0.2900 394
PC ae C36:0 0.85 0.72 1.01 0.0603  0.2900 393
PC ae C40:4 0.84 0.70 1.02 0.0783  0.3590 393
PC ae C42:1 0.85 0.70 1.02 0.0795  0.3590 394
C18:1 0.82 0.66 1.03 0.0827  0.3597 394
Lyso PC a Cl16:1 0.86 0.72 1.02 0.0864  0.3597 394
PC aa C40:4 0.85 0.71 1.03 0.0904  0.3597 394
PC aa C34:1 0.84 0.69 1.03 0.0910  0.3597 394
Glutamine 0.82 0.65 1.03 0.0946  0.3597 394
Aspartic acid 0.73 0.50 1.06 0.0958  0.3597 66
SM C24:0 0.82 0.64 1.04 0.0966  0.3597 394
PC aa C40:5 0.86 0.72 1.03 0.1038  0.3613 394
PC ae C30:2 0.83 0.66 1.04 0.1044  0.3613 392
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Appendix 4.4 Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C40:6 0.87 0.73 1.03 0.1047  0.3613 394
PC ae C32:1 0.84 0.68 1.04 0.1067  0.3613 394
PC aa C42:1 0.86 0.71 1.04 0.1111 0.3618 394
PC ae C36:3 0.83 0.66 1.05 0.1131 0.3618 394
ureaaa 0.86 0.71 1.04 0.1164  0.3618 328
PC aa C38:5 0.86 0.72 1.04 0.1182  0.3618 394
PC aa C36:6 0.88 0.74 1.04 0.1226  0.3618 394
PC aa C32:1 0.86 0.72 1.04 0.1248  0.3618 394
Glycine 0.87 0.73 1.04 0.1249  0.3618 394
PC ae C38:6 0.86 0.71 1.04 0.1263 0.3618 394
Ornithine 0.84 0.66 1.06 0.1334  0.3750 394
Serotonin 1.44 0.89 2.33 0.1401 0.3867 66
PC aa C32:0 0.85 0.68 1.06 0.1447 03920 394
Lyso PC a Cl18:1 0.87 0.72 1.05 0.1514  0.3975 394
PC ae C44:3 0.71 0.45 1.13 0.1521 0.3975 66
Lyso PC a C28:1 1.42 0.86 2.35 0.1704  0.4255 63
Histidine 0.89 0.76 1.05 0.1709  0.4255 394
Lysine 0.89 0.75 1.05 0.1718  0.4255 394
PC ae C36:1 0.89 0.75 1.05 0.1742  0.4255 393
Tryptophan 0.90 0.76 1.05 0.1837  0.4415 394
neaa 0.88 0.73 1.07 0.2027  0.4795 328
Lyso PC a C18:0 0.88 0.72 1.08 0.2127  0.4881 394
PC ae C34:3 0.88 0.73 1.07 0.2129  0.4881 394
glucoaa 0.89 0.74 1.07 0.2195  0.4956 328
Valine 0.90 0.76 1.07 0.2288  0.5059 394
cit_arg 0.86 0.66 1.10 0.2310  0.5059 328
Co 0.91 0.78 1.06 0.2351 0.5059 394
C4 1.42 0.79 2.55 0.2377  0.5059 66
SM C24:1 0.83 0.60 1.14 0.2420  0.5079 394
PC aa C38:6 0.91 0.77 1.08 0.2678  0.5473 394
SM C26:0 1.30 0.82 2.05 0.2682  0.5473 65
SM Cl16:1 0.89 0.73 1.09 0.2725  0.5486 394
Lyso PC a C24:0 0.73 0.41 1.30 0.2854  0.5625 65
SM C16:0 0.89 0.72 1.10 0.2869  0.5625 394
orn_arg 0.86 0.64 1.15 03112  0.6021 328
PC aa C36:5 0.92 0.78 1.09 0.3198  0.6033 394
Phenylalanine 0.92 0.79 1.08 0.3217  0.6033 394
aromaa 0.92 0.78 1.09 0.3250  0.6033 328
PC ae C40:2 0.91 0.76 1.10 0.3280  0.6033 394
Cl4 0.80 0.51 1.27 0.3525  0.6321 66
PC aa C34:4 0.91 0.75 1.11 0.3548  0.6321 394
PC ae C34:1 0.90 0.73 1.12 0.3564  0.6321 394
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Appendix 4.4 Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
Serine 0.93 0.79 1.09 03612  0.6331 394
eaa 0.93 0.78 1.10 0.3856  0.6680 328
PC aa C30:0 0.92 0.77 1.11 0.4084 | 0.6954 | 394
Citrulline 0.94 0.81 1.09 0.4148 0.6954 | 394
PC ae C36:2 0.92 0.74 1.13 04154  0.6954 | 394
SM(OH) C24:1 0.91 0.73 1.14 0.4221 0.6968 394
Kynurenine 1.07 0.90 1.28 0.4256 | 0.6968 394
PC ae C40:6 0.93 0.79 1.11 0.4339 | 0.7028 394
isoleucine 0.94 0.81 1.10 0.4492  0.7198 394
ketoaa 0.94 0.79 1.12 0.4775 0.7405 328
t4-hydroxyproline = 0.95 0.81 1.10 0.4821 0.7405 394
Clé6 0.95 0.84 1.09 0.4846 | 0.7405 394
SM(OH) C22:1 0.93 0.76 1.14 0.4936 | 0.7405 394
SM C20:2 0.93 0.75 1.15 0.4963 0.7405 394
PC ae C36:5 0.93 0.75 1.15 0.4963 0.7405 394
Lyso PC a C20:4 1.07 0.88 1.29 0.5042 | 0.7405 394
PC aa C38:4 0.93 0.76 1.15 0.5055 0.7405 394
C2 0.94 0.80 1.12 0.5069 | 0.7405 394
tyr_phe 0.95 0.80 1.12 0.5210 | 0.7479 328
Proline 0.95 0.81 1.11 0.5266 | 0.7479 394
bcaa 0.95 0.80 1.12 0.5270 | 0.7479 328
Methionine 0.95 0.81 1.12 0.5341 0.7507 394
PC ae C44:6 0.95 0.80 1.13 0.5461 0.7578 394
PC ae C34:2 0.93 0.74 1.17 0.5493 0.7578 394
PC ae C30:0 1.06 0.87 1.30 0.5571 0.7616 393
Tyrosine 0.96 0.82 1.11 0.5743 0.7678 394
SM(OH) C16:1 1.06 0.87 1.29 0.5776  0.7678 394
Lyso PC a C16:0 0.94 0.77 1.16 0.5787  0.7678 394
Cl2 0.87 0.54 1.41 0.5832  0.7678 66
Alanine 0.95 0.79 1.14 0.5874 | 0.7678 394
ADMA 0.95 0.80 1.13 0.5960 | 0.7722 394
PC aa C36:4 0.94 0.74 1.19 0.6036  0.7753 394
Lyso PC a C20:3 0.96 0.80 1.14 0.6174 | 0.7863 394
Sarcosine 1.04 0.89 1.21 0.6433 0.8107 394
Lyso PCa C17:0 1.04 0.87 1.24 0.6475 0.8107 394
PC ae C34:0 0.96 0.81 1.14 0.6643 0.8249 394
Creatinine 0.97 0.83 1.13 0.6779  0.8264 | 394
PC ae C44:5 0.96 0.81 1.15 0.6801 0.8264 | 394
Leucine 0.97 0.83 1.13 0.6843 0.8264 | 394
PC aa C42:6 1.10 0.70 1.73 0.6877  0.8264 66
Taurine 0.96 0.76 1.21 0.7201 0.8519 394
PC ae C38:4 1.04 0.84 1.29 0.7231 0.8519 394
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Appendix 4.4 Full dataset: Risk of advanced prostate cancer per 1 SD increase in
log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
SM(OH) C14:1 1.04 0.85 1.26 0.7261 0.8519 394
SM C18:1 0.97 0.80 1.18 0.7368  0.8577 394
PC ae C38:0 1.08 0.68 1.71 0.7604  0.8783 66
Asparagine 0.97 0.78 1.20 0.7684  0.8807 394
SM(OH) C22:2 1.03 0.82 1.29 0.7848  0.8927 394
PC ae C36:4 1.03 0.82 1.29 0.7953 0.8949 394
fisher ratio 1.02 0.87 1.20 0.7988  0.8949 328
SM C18:0 1.03 0.83 1.27 0.8148  0.9060 394
C12:1 0.95 0.57 1.57 0.8300 09112 66
LysoPCaCl8:2  0.98 0.82 1.18 0.8346 09112 394
PC ae C38:5 0.98 0.77 1.23 0.8378 09112 394
Threonine 1.01 0.87 1.19 0.8577  0.9261 394
C10 1.05 0.55 1.99 0.8902  0.9471 66
PC aa C32:2 1.03 0.67 1.60 0.8939  0.9471 66
SDMA 1.03 0.65 1.63 0.8962  0.9471 66
Hexose 1.01 0.83 1.23 09111 0.9561 394
cit_orn 0.99 0.81 1.22 0.9231 0.9590 328
Glutamate 1.01 0.75 1.36 0.9268  0.9590 394
PC aa C28:1 0.99 0.81 1.22 0.9419  0.9678 394
C3 1.00 0.87 1.15 0.9539  0.9735 394
Cs5 0.99 0.68 1.45 0.9696  0.9828 66
SM C26:1 1.01 0.66 1.54 0.9766  0.9832 66
Arginine 1.00 0.79 1.27 0.9853 0.9853 394

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order. Associations with Padj < 0.05 are bolded.
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Appendix 4.5 Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
SM(OH) C14:1 1.28 1.09 1.51 0.0033 0.3284 549
Glutamine 1.27 1.07 1.51 0.0073 0.3284 549
SM(OH) C22:2 1.30 1.07 1.57 0.0091 0.3284 549
Serotonin 1.29 1.06 1.57 0.0110  0.3284 297
SM(OH) C16:1 1.23 1.05 1.44 0.0110  0.3284 | 549
Lyso PC a C28:1 1.30 1.05 1.61 0.0152 03447 293
PC aa C28:1 1.23 1.04 1.46 0.0176 | 0.3447 549
Serine 1.18 1.03 1.36 0.0185 0.3447 549
PC aa C32:1 0.83 0.71 0.98 0.0249  0.4129 549
SM(OH) C22:1 1.21 1.02 1.43 0.0290 | 0.4160 549
Asparagine 1.17 1.01 1.36 0.0307 0.4160 549
Histidine 1.16 1.01 1.33 0.0410  0.5091 549
PC ae C36:2 1.21 1.00 1.46 0.0450  0.5157 549
C18:2 0.81 0.65 1.00 0.0514  0.5475 549
t4-hydroxyproline  1.14 0.99 1.30 0.0641 0.5697 549
SM C26:0 1.17 0.99 1.38 0.0701 0.5697 297
Lyso PC a Cl6:1 0.87 0.75 1.01 0.0737  0.5697 549
CI12 1.19 0.98 1.45 0.0742  0.5697 297
Cl12:1 1.19 0.98 1.43 0.0752  0.5697 297
Lyso PCaCl17:0 1.15 0.99 1.35 0.0765 0.5697 549
PC ae C34:2 1.18 0.98 1.42 0.0825 0.5856 549
PC ae C42:3 0.88 0.76 1.02 0.0946  0.6197 549
Cl4 1.19 0.97 1.45 0.0960  0.6197 297
PC ae C30:2 1.17 0.97 1.42 0.0998 0.6197 543
PC ae C30:0 1.15 0.96 1.38 0.1176  0.6683 549
Arginine 1.21 0.95 1.55 0.1198 0.6683 549
Glutamate 0.82 0.64 1.05 0.1243 0.6683 549
SM(OH) C24:1 1.15 0.96 1.39 0.1320  0.6683 549
orn_arg 0.76 0.53 1.09 0.1377  0.6683 252
PC aa C40:6 0.91 0.80 1.03 0.1389  0.6683 549
Proline 1.11 0.97 1.27 0.1390  0.6683 549
cit_arg 0.80 0.60 1.08 0.1491 0.6940 252
PC ae C38:4 1.13 0.95 1.35 0.1650  0.7271 549
PC ae C36:1 1.11 0.96 1.28 0.1738 0.7271 548
PC aa C40:3 0.91 0.80 1.04 0.1783 0.7271 549
PC aa C40:2 0.91 0.80 1.04 0.1790  0.7271 549
C10 1.13 0.94 1.36 0.1806  0.7271 297
Co 0.92 0.81 1.05 0.1993 0.7816 549
Tryptophan 1.09 0.95 1.25 0.2146  0.7984 549
SM C18:0 1.11 0.94 1.31 0.2242 | 0.7984 | 549
PC ae C40:1 0.91 0.79 1.06 0.2244  0.7984 | 549
PC aa C36:6 0.92 0.80 1.05 0.2280  0.7984 549
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Appendix 4.5 Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C36:5 0.92 0.80 1.06 0.2304  0.7984 549
PC aa C34:4 0.91 0.77 1.07 0.2394  0.8061 549
PC aa C38:6 0.92 0.80 1.06 0.2484  0.8061 549
PC ae C42:2 0.92 0.79 1.06 0.2545  0.8061 549
C18 1.12 0.92 1.35 0.2577  0.8061 549
PC aa C42:4 0.93 0.81 1.06 0.2790  0.8061 548
Creatinine 1.09 0.94 1.26 0.2800  0.8061 549
Lyso PC a C24:0 0.88 0.70 1.11 0.2823 0.8061 280
Lyso PC a C18:2 1.08 0.94 1.25 0.2835  0.8061 549
PC ae C34:1 1.11 0.92 1.34 0.2853 0.8061 549
PC ae C34:0 1.09 0.93 1.28 0.2867  0.8061 549
PC ae C42:1 0.94 0.82 1.06 0.2950  0.8139 549
PC aa C42:5 0.93 0.80 1.07 0.3100  0.8258 549
PC aa C32:0 0.91 0.76 1.09 0.3104  0.8258 549
PC aa C42:1 0.93 0.80 1.08 0.3307  0.8339 549
PC aa C34:3 0.92 0.78 1.09 0.3315 0.8339 549
PC ae C40:2 1.08 0.92 1.26 0.3325 0.8339 549
SM C16:0 1.09 0.92 1.28 0.3358  0.8339 549
Kynurenine 0.93 0.81 1.08 0.3623 0.8849 549
ADMA 0.94 0.81 1.08 0.3793 09115 549
PC aa C34:1 0.92 0.77 1.11 0.3881 09179 549
PC aa C38:0 0.94 0.81 1.09 0.4003 0.9225 549
SM C18:1 1.07 0.91 1.25 0.4027  0.9225 549
fisher ratio 1.09 0.89 1.34 0.4131 0.9225 252
Taurine 1.08 0.90 1.29 0.4155  0.9225 549
PC ae C36:3 1.08 0.90 1.29 0.4210  0.9225 549
Lysine 1.06 0.92 1.21 0.4293 0.9271 549
PC ae C36:0 0.95 0.82 1.09 0.4534  0.9652 548
PC aa C40:4 0.95 0.82 1.10 0.4648 09754 549
Methionine 1.05 0.92 1.20 0.4892  0.9868 549
Citrulline 0.96 0.84 1.09 0.4922  0.9868 549
PC aa C34:2 1.09 0.85 1.40 0.4967  0.9868 549
Threonine 1.05 0.92 1.20 0.5004  0.9868 549
nsaa 0.92 0.72 1.18 0.5047  0.9868 252
C3 0.95 0.80 1.12 0.5140  0.9868 549
PC aa C42:2 0.95 0.81 1.11 0.5236  0.9868 549
Glycine 0.96 0.83 1.10 0.5437  0.9868 549
PC ae C32:2 0.95 0.80 1.12 0.5447  0.9868 549
PC aa C36:0 0.95 0.82 1.11 0.5500  0.9868 548
PC ae C44:6 0.96 0.84 1.10 0.5527  0.9868 549
SM Cl16:1 1.05 0.89 1.24 0.5545  0.9868 549
PC ae C44:4 0.95 0.82 1.11 0.5563 0.9868 549
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Appendix 4.5 Full dataset: Risk of advanced prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C36:1 0.96 0.83 1.11 0.5694  0.9895 549
PC aa C38:5 0.96 0.83 1.11 0.5831 0.9895 549
C18:1 0.95 0.78 1.15 0.5862  0.9895 549
PC aa C40:5 0.96 0.83 1.11 0.6106  0.9895 549
PC aa C36:4 0.95 0.78 1.16 0.6250  0.9895 549
PC aa C42:6 1.05 0.87 1.26 0.6322 09895 297
PC ae C44:3 1.04 0.88 1.24 0.6388  0.9895 296
SM C26:1 0.96 0.81 1.14 0.6445 09895 297
Ornithine 1.04 0.87 1.25 0.6455  0.9895 549
Lyso PC a C16:0 0.96 0.82 1.13 0.6520  0.9895 549
Sarcosine 0.97 0.85 1.11 0.6631 0.9895 549
bcaa 1.04 0.86 1.26 0.6633 0.9895 252
PC aa C42:0 0.97 0.84 1.12 0.6852  0.9895 549
PC aa C38:3 0.97 0.82 1.14 0.7054  0.9895 549
PC ae C44:5 1.03 0.89 1.19 0.7075  0.9895 549
ureaaa 0.96 0.78 1.19 0.7167  0.9895 252
PC ae C38:0 1.03 0.86 1.24 0.7169  0.9895 296
Phenylalanine 1.02 0.90 1.17 0.7215  0.9895 549
PC ae C38:3 1.02 0.91 1.15 0.7268  0.9895 549
C4 1.03 0.85 1.26 0.7313 0.9895 297
Tyrosine 0.98 0.86 1.12 0.7757  0.9895 549
PC ae C36:4 1.03 0.86 1.22 0.7827  0.9895 549
PC ae C32:1 1.02 0.87 1.21 0.7877  0.9895 549
PC aa C36:2 1.03 0.84 1.25 0.7911 0.9895 549
Alanine 1.02 0.88 1.18 0.7921 0.9895 549
caa 1.03 0.85 1.24 0.7940  0.9895 252
Aspartic acid 0.98 0.82 1.16 0.8115 09895 297
SDMA 0.98 0.82 1.17 0.8171 0.9895 297
PC ae C40:5 0.99 0.88 1.11 0.8184  0.9895 548
PC ae C38:6 0.98 0.85 1.14 0.8233 0.9895 548
PC ae C42:4 0.99 0.86 1.12 0.8281 0.9895 549
Cs5 1.02 0.84 1.24 0.8291 0.9895 297
SM C24:1 1.03 0.80 1.33 0.8305  0.9895 549
Valine 1.01 0.89 1.16 0.8319  0.9895 549
C2 0.99 0.86 1.13 0.8347  0.9895 549
Lyso PC a C20:3 0.98 0.85 1.14 0.8379  0.9895 549
isoleucine 1.01 0.89 1.16 0.8400  0.9895 549
PC ae C34:3 1.02 0.87 1.19 0.8409  0.9895 549
glucoaa 1.02 0.84 1.24 0.8493 0.9895 252
SM C24:0 1.02 0.84 1.24 0.8644  0.9895 549
cit_orn 1.02 0.80 1.30 0.8665  0.9895 252
PC ae C40:4 1.01 0.90 1.14 0.8679  0.9895 549
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Appendix 4.5 Full dataset: Risk of advanced prostate cancer per 1 SD increase in
log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
Cl14:1 0.99 0.84 1.15 0.8720  0.9895 549
PC ae C42:5 0.99 0.86 1.13 0.8809  0.9895 549
neaa 1.02 0.83 1.25 0.8818  0.9895 252
PC aa C38:4 0.99 0.83 1.17 0.8837  0.9895 549
PC aa C32:2 1.01 0.85 1.21 0.8877 09895 297
PC ae C40:3 0.99 0.87 1.13 0.8941 0.9895 549
ketoaa 1.01 0.83 1.23 0.8959  0.9895 252
PC ae C38:5 1.01 0.84 1.21 0.9083 0.9895 549
aromaa 0.99 0.81 1.20 0.9121 0.9895 252
Lyso PC a Cl18:1 0.99 0.85 1.16 0.9140  0.9895 549
Lyso PC a C20:4 0.99 0.85 1.16 0.9142  0.9895 549
PC ae C36:5 0.99 0.84 1.18 0.9270  0.9895 549
Hexose 1.01 0.83 1.22 0.9285  0.9895 549
tyr_phe 0.99 0.81 1.22 0.9524 09895 252
PC aa C36:3 1.01 0.83 1.21 0.9543 0.9895 549
Lyso PC a C18:0 1.00 0.86 1.18 0.9572  0.9895 549
PC ae C38:2 1.00 0.88 1.13 0.9605  0.9895 549
PC aa C32:3 1.00 0.83 1.19 0.9615  0.9895 549
Cl6 1.00 0.85 1.19 0.9647  0.9895 549
SM C20:2 1.00 0.83 1.19 0.9746  0.9895 549
PC aa C30:0 1.00 0.86 1.16 0.9762  0.9895 549
Leucine 1.00 0.88 1.14 0.9852  0.9919 549
PC ae C40:6 1.00 0.87 1.15 0.9925  0.9925 549

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.
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Appendix 4.6 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
PC ae C42:3 0.89 0.81 0.97 0.0076  0.3963 1481
Serotonin 1.23 1.05 1.43 0.0089  0.3963 468
PC aa C28:1 1.14 1.03 1.27 0.0091 0.3963 1481
SM(OH) C14:1 1.14 1.03 1.25 0.0106  0.3963 1481
PC aa C40:3 0.90 0.82 0.98 0.0134  0.4002 1481
PC aa C40:2 0.90 0.82 0.98 0.0172  0.4267 1481
Serine 1.10 1.01 1.19 0.0237  0.4894 1481
Cl12:1 1.18 1.02 1.37 0.0272  0.4894 468
PC aa C42:4 0.90 0.82 0.99 0.0296  0.4894 1479
Lyso PC a C28:1 1.19 1.01 1.40 0.0377  0.5398 460
Cl12 1.17 1.01 1.36 0.0398  0.5398 468
PC aa C42:2 0.91 0.83 1.00 0.0447  0.5545 1481
PC ae C42:2 0.92 0.84 1.00 0.0504  0.5771 1481
PC ae C44:4 0.92 0.84 1.01 0.0721 0.7245 1481
Cl4 1.14 0.98 1.33 0.0830  0.7245 468
Proline 1.07 0.99 1.16 0.0840  0.7245 1481
PC aa C42:5 0.92 0.84 1.01 0.0879  0.7245 1481
Taurine 1.10 0.99 1.24 0.0893 0.7245 1481
C10 1.14 0.98 1.33 0.0970  0.7245 468
PC ae C38:2 0.93 0.86 1.01 0.0973 0.7245 1481
Threonine 1.07 0.99 1.15 0.1079  0.7654 1481
PC ae C40:1 0.93 0.86 1.02 0.1130  0.7654 1481
SM C26:0 1.11 0.97 1.27 0.1253 0.7752 467
SM(OH) Cl16:1 1.08 0.98 1.18 0.1275  0.7752 1481
C18:2 0.92 0.83 1.02 0.1327  0.7752 1481
PC ae C30:0 1.08 0.97 1.19 0.1450  0.7752 1480
Lysine 1.06 0.98 1.15 0.1535  0.7752 1481
t4-hydroxyproline  1.06 0.98 1.14 0.1550  0.7752 1481
Lyso PC aCl6:1 0.94 0.86 1.02 0.1556  0.7752 1481
PC aa C36:6 0.94 0.87 1.02 0.1561 0.7752 1481
SM(OH) C22:2 1.08 0.97 1.21 0.1701 0.8126 1481
PC aa C38:0 0.94 0.86 1.03 0.1908  0.8126 1481
PC aa C36:0 0.94 0.85 1.03 0.1919  0.8126 1480
Lyso PC a C24:0 0.89 0.74 1.06 0.1919  0.8126 449
PC aa C38:3 0.94 0.85 1.03 0.1945  0.8126 1481
Asparagine 1.06 0.97 1.17 0.2019  0.8126 1481
Glutamine 1.07 0.96 1.19 0.2254  0.8126 1481
PC aa C42:1 0.95 0.87 1.04 0.2293 0.8126 1481
Cl4:1 0.95 0.88 1.03 0.2415  0.8126 1481
PC aa C42:0 0.95 0.87 1.04 0.2469  0.8126 1481
PC ae C38:4 1.06 0.96 1.18 0.2484  0.8126 1481
cit_arg 0.93 0.81 1.06 0.2503 0.8126 1013
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Appendix 4.6 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj’ Nease
PC ae C40:3 0.95 0.87 1.04 0.2513  0.8126 1481
PC aa C40:6 0.96 0.88 1.03 0.2566  0.8126 1481
Tryptophan 1.05 0.97 1.13 0.2658  0.8126 1481
PC aa C32:1 0.95 0.86 1.04 0.2665  0.8126 1481
PC ae C30:2 1.07 0.95 1.19 0.2702  0.8126 1472
Arginine 1.07 0.95 1.21 0.2764  0.8126 1481
PC ae C34:0 1.05 0.96 1.15 0.2814  0.8126 1481
PC aa C34:3 0.95 0.86 1.05 0.2830  0.8126 1481
PC aa C34:4 0.95 0.86 1.05 0.2970  0.8126 1481
Histidine 1.05 0.96 1.14 0.2991 0.8126 1481
PC ae C42:5 0.96 0.88 1.04 0.2997  0.8126 1481
PC ae C42:1 0.96 0.88 1.04 0.3029  0.8126 1481
Lyso PC a C18:1 0.95 0.87 1.04 0.3095  0.8126 1481
PC ae C32:2 0.95 0.86 1.05 0.3134  0.8126 1481
Co 0.96 0.89 1.04 0.3142  0.8126 1481
PC aa C36:1 0.96 0.88 1.04 0.3200  0.8126 1481
orn_arg 0.93 0.80 1.08 0.3301 0.8126 1013
Cl6 1.04 0.96 1.12 0.3364  0.8126 1481
SM C24:0 0.94 0.84 1.06 0.3379  0.8126 1481
neaa 1.05 0.95 1.16 0.3390  0.8126 1013
Lyso PCaC17:0 1.04 0.95 1.14 0.3600  0.8126 1481
PC aa C36:3 0.95 0.85 1.06 0.3643  0.8126 1481
Lyso PC a C20:3 0.96 0.88 1.05 0.3647  0.8126 1481
Methionine 1.04 0.96 1.12 0.3759  0.8126 1481
glucoaa 1.04 0.95 1.15 0.3764  0.8126 1013
SM C18:0 1.05 0.95 1.16 0.3822  0.8126 1481
SM C26:1 0.94 0.82 1.08 0.3872  0.8126 468
PC ae C34:3 0.96 0.87 1.05 0.3903  0.8126 1481
ketoaa 1.04 0.95 1.14 0.3978  0.8126 1013
Glycine 0.96 0.88 1.05 0.3980  0.8126 1481
PC ae C36:4 1.05 0.94 1.17 0.3981 0.8126 1481
PC ae C40:5 0.97 0.90 1.05 0.4092  0.8239 1480
C5 1.06 0.92 1.23 0.4226  0.8326 468
Glutamate 1.06 0.92 1.22 0.4247  0.8326 1481
C4 1.06 0.91 1.25 0.4490  0.8575 468
PC ae C38:6 0.97 0.88 1.06 0.4511 0.8575 1480
Alanine 1.03 0.95 1.12 0.4568  0.8575 1481
Citrulline 0.97 0.90 1.05 0.4629  0.8575 1481
PC aa C34:2 1.06 0.91 1.22 0.4661 0.8575 1481
PC aa C36:5 0.97 0.90 1.05 0.4744  0.8620 1481
PC ae C42:4 0.97 0.89 1.06 0.4970  0.8923 1481
PC aa C40:4 0.97 0.89 1.06 0.5092  0.9011 1481
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Appendix 4.6 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj’ Nease
PC ae C38:3 0.97 0.90 1.06 0.5141 0.9011 1481
nsaa 0.96 0.86 1.09 0.5374  0.9159 1013
PC aa C36:2 0.96 0.86 1.09 0.5466  0.9159 1481
PC ae C36:2 1.03 0.93 1.15 0.5500  0.9159 1481
PC ae C36:0 0.98 0.90 1.06 0.5517  0.9159 1477
PC ae C34:2 1.03 0.92 1.15 0.5659  0.9159 1481
PC ae C36:3 0.97 0.87 1.08 0.5777 09159 1481
caa 1.03 0.94 1.13 0.5813  0.9159 1013
SM C24:1 0.96 0.82 1.12 0.5894  0.9159 1481
SM Cl18:1 1.03 0.93 1.13 0.5901 0.9159 1481
SM(OH) C22:1 1.03 0.93 1.14 0.6003  0.9159 1481
PC aa C36:4 1.03 0.92 1.15 0.6030  0.9159 1481
PC aa C38:6 0.98 0.90 1.06 0.6108  0.9159 1481
PC aa C32:3 0.97 0.88 1.08 0.6116  0.9159 1481
ADMA 1.02 0.94 1.11 0.6160  0.9159 1481
Kynurenine 0.98 0.90 1.06 0.6187  0.9159 1481
PC ae C44:6 0.98 0.90 1.06 0.6239  0.9159 1481
Lyso PC a C16:0 1.02 0.93 1.12 0.6270  0.9159 1481
Sarcosine 1.02 0.94 1.10 0.6436  0.9290 1481
C18 1.02 0.94 1.11 0.6485  0.9290 1481
PC ae C38:0 1.03 0.90 1.19 0.6582  0.9295 467
Ornithine 1.02 0.92 1.14 0.6631 0.9295 1481
PC ae C44:3 0.97 0.84 1.12 0.6677  0.9295 467
Lyso PC a C20:4 1.02 0.93 1.12 0.6757  0.9295 1481
isoleucine 1.02 0.94 1.10 0.6919  0.9295 1481
SM Cl6:1 1.02 0.92 1.13 0.6938  0.9295 1481
tyr_phe 0.98 0.89 1.08 0.6951 0.9295 1013
PC aa C38:5 0.98 0.90 1.07 0.7059  0.9295 1481
PC ae C34:1 1.02 0.92 1.14 0.7076 ~ 0.9295 1481
PC ae C40:6 0.98 0.91 1.07 0.7112  0.9295 1481
Leucine 1.01 0.94 1.10 0.7222  0.9319 1481
PC ae C38:5 1.02 0.91 1.14 0.7307  0.9319 1481
C18:1 0.98 0.89 1.09 0.7373  0.9319 1481
Tyrosine 0.99 0.91 1.07 0.7380  0.9319 1481
SM C20:2 1.02 0.92 1.13 0.7555  0.9418 1481
PC aa C40:5 0.99 0.90 1.08 0.7585  0.9418 1481
PC ae C36:1 1.01 0.93 1.10 0.7711 0.9428 1479
SM(OH) C24:1 1.02 0.91 1.14 0.7720  0.9428 1481
Lyso PC a C18:0 0.99 0.90 1.08 0.8022  0.9718 1481
C3 0.99 0.91 1.08 0.8160  0.9746 1481
Phenylalanine 1.01 0.93 1.09 0.8302  0.9746 1481
PC aa C34:1 0.99 0.90 1.09 0.8486  0.9746 1481
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Appendix 4.6 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in
log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
C2 1.01 0.93 1.09 0.8563 0.9746 1481
PC aa C42:6 0.99 0.86 1.14 0.8682 09746 468
SM C16:0 0.99 0.90 1.10 0.8754  0.9746 1481
SDMA 0.99 0.86 1.14 0.8825  0.9746 468
PC ae C40:2 1.01 0.92 1.10 0.8900  0.9746 1481
bcaa 1.01 0.92 1.10 0.8973 0.9746 1013
PC aa C32:0 1.01 0.90 1.12 0.9041 0.9746 1481
Lyso PC a C18:2 1.01 0.92 1.10 0.9089  0.9746 1481
Hexose 1.01 0.91 1.11 0.9102  0.9746 1481
PC aa C38:4 1.01 0.91 1.11 09176  0.9746 1481
PC ae C40:4 1.00 0.92 1.08 0.9202  0.9746 1480
aromaa 1.00 0.92 1.10 0.9231 0.9746 1013
PC ae C36:5 1.00 0.90 1.10 0.9333 0.9746 1481
Aspartic acid 0.99 0.87 1.14 0.9391 0.9746 468
cit_orn 1.00 0.89 1.12 0.9396  0.9746 1013
fisher ratio 1.00 0.91 1.10 0.9409  0.9746 1013
PC ae C44:5 1.00 0.92 1.09 0.9430  0.9746 1481
PC aa C32:2 1.00 0.87 1.16 0.9461 0.9746 468
PC aa C30:0 1.00 0.91 1.10 0.9531 0.9746 1481
Creatinine 1.00 0.93 1.09 0.9550  0.9746 1481
ureaaa 1.00 0.90 1.10 0.9667  0.9799 1013
PC ae C32:1 1.00 0.91 1.11 0.9820  0.9886 1481
Valine 1.00 0.92 1.08 0.9989  0.9989 1481

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order. Associations with Padj < 0.05 are bolded.
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Appendix 4.7 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC ae C38:2 0.82 0.71 0.95 0.0069  0.6589 674
Serotonin 1.59 1.12 2.26 0.0088  0.6589 111
PC aa C40:2 0.84 0.72 0.97 0.0199  0.7444 674
PC aa C42:4 0.82 0.69 0.98 0.0259  0.7444 673
PC ae C42:3 0.86 0.75 0.98 0.0284  0.7444 674
PC aa C40:3 0.86 0.75 0.99 0.0364  0.7444 674
PC ae C40:3 0.84 0.71 0.99 0.0377  0.7444 674
PC aa C36:3 0.83 0.70 1.00 0.0440 0.7444 674
PC aa C42:2 0.86 0.74 1.00 0.0450  0.7444 674
Lyso PC aCl18:1 0.87 0.75 1.00 0.0521 0.7763 674
PC ae C44:3 0.73 0.52 1.03 0.0728  0.8711 111
PC ae C36:4 1.17 0.99 1.38 0.0742  0.8711 674
PC aa C36:2 0.85 0.71 1.02 0.0760  0.8711 674
Lyso PC a Cl6:1 0.89 0.78 1.02 0.0963 0.9054 674
PC ae C44:4 0.89 0.77 1.03 0.1152  0.9054 674
PC aa C34:3 0.88 0.76 1.03 0.1154 09054 674
SM C26:0 1.34 0.93 1.95 0.1202  0.9054 110
cit_orn 0.89 0.76 1.04 0.1368  0.9054 563
SM(OH) C14:1 1.11 0.96 1.29 0.1482  0.9054 674
PC ae C30:0 1.12 0.96 1.30 0.1492  0.9054 673
PC ae C38:5 1.13 0.95 1.35 0.1519  0.9054 674
PC aa C28:1 1.12 0.96 1.30 0.1525 0.9054 674
PC ae C42:2 0.91 0.80 1.04 0.1758  0.9054 674
Glycine 0.92 0.80 1.04 0.1758  0.9054 674
Lyso PC a C18:0 0.91 0.79 1.05 0.1798  0.9054 674
PC aa C36:1 0.92 0.81 1.04 0.1818  0.9054 674
Aspartic acid 0.84 0.64 1.09 0.1822  0.9054 111
PC ae C38:3 0.91 0.80 1.04 0.1822  0.9054 674
Threonine 1.08 0.96 1.21 0.1842  0.9054 674
Lyso PC a C28:1 1.29 0.88 1.88 0.1885  0.9054 107
PC ae C40:1 0.92 0.80 1.05 0.1940  0.9054 674
Sarcosine 1.08 0.96 1.21 0.1945  0.9054 674
PC ae C38:4 1.10 0.94 1.29 0.2140  0.9292 674
PC aa C38:3 0.91 0.79 1.06 0.2201 0.9292 674
Cl4:1 0.94 0.85 1.04 0.2288  0.9292 674
PC ae C42:4 0.92 0.80 1.06 0.2494 09292 674
Citrulline 0.94 0.84 1.05 0.2502  0.9292 674
Lyso PC a C20:3 0.92 0.81 1.06 0.2505  0.9292 674
PC aa C42:5 0.92 0.79 1.07 0.2596  0.9292 674
Kynurenine 1.07 0.95 1.20 0.2796  0.9292 674
Co 0.94 0.83 1.06 0.2839  0.9292 674
ADMA 1.07 0.95 1.21 0.2871 0.9292 674
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Appendix 4.7 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC ae C36:5 1.09 0.93 1.27 0.2890  0.9292 674
LysoPCaCl8:2  0.93 0.81 1.06 0.2904 09292 674
PC ae C34:0 1.07 0.94 1.22 0.2951 0.9292 674
PC aa C36:4 1.09 0.92 1.29 0.2972 09292 674
SM C24:0 0.91 0.76 1.09 0.2987  0.9292 674
Taurine 1.09 0.92 1.30 0.2993 0.9292 674
Histidine 0.94 0.83 1.06 0.3099  0.9423 674
PC aa C32:2 1.19 0.84 1.68 0.3238  0.9581 111
Cl6 1.05 0.95 1.17 0.3414  0.9581 674
SDMA 1.18 0.83 1.68 0.3452  0.9581 111
PC aa C32:0 1.08 0.92 1.28 0.3590  0.9581 674
PC ae C36:3 0.92 0.78 1.10 0.3657  0.9581 674
Lyso PC a C24:0 0.84 0.58 1.22 0.3696  0.9581 109
C18:2 0.94 0.81 1.08 0.3708  0.9581 674
SM(OH) Cl16:1 1.07 0.92 1.24 0.3736  0.9581 674
Glutamine 0.92 0.78 1.10 0.3744  0.9581 674
PC aa C42:0 0.94 0.82 1.08 0.3815  0.9581 674
Lyso PC a C20:4 1.06 0.93 1.22 0.3864  0.9581 674
Glutamate 1.10 0.89 1.36 0.3923 0.9581 674
PC ae C42:1 0.94 0.82 1.08 0.4071 0.9704 674
Cs5 1.12 0.85 1.47 0.4136  0.9704 111
SM C18:0 1.07 0.91 1.25 04168 09704 674
PC ae C42:5 0.95 0.84 1.08 0.4500  0.9838 674
SM(OH) C22:2 1.07 0.90 1.26 0.4549  0.9838 674
PC aa C42:1 0.95 0.83 1.09 0.4574  0.9838 674
Lysine 1.05 0.93 1.18 0.4592  0.9838 674
Alanine 1.05 0.92 1.20 0.4761 0.9838 674
PC ae C32:2 0.95 0.82 1.10 0.4903 0.9838 674
PC ae C36:1 0.96 0.84 1.09 0.4909  0.9838 673
PC aa C32:3 0.95 0.81 1.11 0.4924  0.9838 674
ketoaa 1.04 0.92 1.18 0.5042  0.9838 563
orn_arg 1.07 0.87 1.31 0.5242  0.9838 563
PC aa C38:4 1.05 0.91 1.21 0.5287  0.9838 674
PC ae C40:5 0.96 0.84 1.09 0.5355  0.9838 674
C18 0.97 0.87 1.07 0.5394  0.9838 674
PC ae C30:2 1.05 0.89 1.25 0.5395  0.9838 671
PC aa C32:1 0.96 0.83 1.10 0.5473 0.9838 674
PC ae C34:3 0.96 0.83 1.10 0.5518  0.9838 674
Tryptophan 1.03 0.92 1.16 0.5668  0.9838 674
PC aa C40:4 0.96 0.84 1.10 0.5690  0.9838 674
PC aa C30:0 1.04 0.90 1.20 0.5722  0.9838 674
C3 1.03 0.93 1.14 0.5758  0.9838 674
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Appendix 4.7 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
tyr_phe 0.96 0.85 1.10 0.5802  0.9838 563
PC aa C38:0 0.96 0.84 1.10 0.5820  0.9838 674
Leucine 1.03 0.92 1.16 0.5826  0.9838 674
SM C18:1 1.04 0.90 1.20 0.5901 0.9838 674
Arginine 0.96 0.80 1.14 0.6037  0.9838 674
PC aa C34:2 0.94 0.76 1.18 0.6080  0.9838 674
PC aa C36:0 0.96 0.83 1.12 0.6084  0.9838 674
Asparagine 1.04 0.89 1.21 0.6101 0.9838 674
PC aa C36:5 1.03 0.91 1.17 0.6141 0.9838 674
Creatinine 1.03 0.92 1.15 0.6255 09874 674
PC ae C36:2 0.96 0.82 1.13 0.6513 09874 674
PC aa C36:6 0.97 0.86 1.10 0.6602 09874 674
PC ae C44:5 1.03 0.91 1.16 0.6626 09874 674
Valine 0.97 0.86 1.10 0.6631 0.9874 674
PC ae C40:6 1.03 0.91 1.16 0.6763 09874 674
cit_arg 0.96 0.80 1.15 0.6767 09874 563
C2 0.97 0.86 1.10 0.6862 09874 674
PC aa C38:6 1.03 0.91 1.16 0.6896 09874 674
C10 1.08 0.73 1.60 0.6925 0.9874 111
isoleucine 1.02 0.91 1.15 0.6937 09874 674
Cl4 0.94 0.70 1.28 0.6993 0.9874 111
C18:1 0.97 0.83 1.13 0.7024 09874 674
Ornithine 1.03 0.87 1.22 0.7107  0.9897 674
eaa 1.02 0.90 1.15 0.7309  0.9966 563
Methionine 1.02 0.91 1.15 0.7416  0.9966 674
C4 1.06 0.72 1.57 0.7602  0.9966 111
PC aa C34:1 0.98 0.84 1.13 0.7603 0.9966 674
PC aa C38:5 1.02 0.89 1.17 0.7662  0.9966 674
SM Cl16:1 1.02 0.88 1.19 0.7768 0.9966 674
PC ae C40:4 0.98 0.86 1.12 0.7795 0.9966 673
PC ae C40:2 1.02 0.89 1.16 0.7959  0.9966 674
SM(OH) C22:1 0.98 0.84 1.15 0.8122  0.9966 674
PC ae C34:2 1.02 0.86 1.21 0.8163 0.9966 674
ureaaa 0.98 0.86 1.13 0.8210  0.9966 563
Proline 1.01 0.90 1.14 0.8276  0.9966 674
PC ae C36:0 0.99 0.88 1.11 0.8339  0.9966 672
PC ae C34:1 1.02 0.87 1.19 0.8404  0.9966 674
Serine 1.01 0.90 1.14 0.8442  0.9966 674
PC ae C38:6 1.01 0.88 1.16 0.8491 0.9966 674
SM C16:0 0.99 0.84 1.15 0.8523 0.9966 674
PC ae C32:1 1.01 0.87 1.18 0.8524  0.9966 674
t4-hydroxyproline | 1.01 0.90 1.14 0.8583 0.9966 674
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Appendix 4.7 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in
log metabolite concentrations in EPIC' by < 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
glucoaa 1.01 0.89 1.16 0.8605  0.9966 563
SM C24:1 1.02 0.81 1.27 0.8926  0.9966 674
Hexose 1.01 0.88 1.16 0.8964  0.9966 674
PC ae C38:0 1.02 0.76 1.37 0.9011 0.9966 111
nsaa 0.99 0.84 1.16 0.9063 0.9966 | 563
C12 0.98 0.72 1.34 0.9081 0.9966 111
SM C20:2 0.99 0.85 1.16 09127  0.9966 674
Cl12:1 1.02 0.74 1.40 0.9181 0.9966 111
PC aa C40:6 1.00 0.88 1.12 0.9378  0.9966 674
neaa 1.00 0.87 1.15 0.9446  0.9966 563
PC aa C34:4 0.99 0.86 1.15 0.9452  0.9966 674
SM C26:1 0.99 0.73 1.34 0.9523 0.9966 111
Phenylalanine 1.00 0.89 1.12 0.9550  0.9966 674
Lyso PC a C16:0 1.00 0.86 1.15 0.9652  0.9966 674
PC aa C42:6 0.99 0.73 1.36 0.9674  0.9966 111
fisher ratio 1.00 0.89 1.13 0.9740  0.9966 563
bcaa 1.00 0.89 1.13 0.9773 0.9966 | 563
PC aa C40:5 1.00 0.88 1.15 0.9829  0.9966 674
Lyso PC a C17:0 1.00 0.87 1.15 0.9856  0.9966 674
Tyrosine 1.00 0.89 1.12 0.9856  0.9966 @ 674
PC ae C44:6 1.00 0.88 1.13 0.9916  0.9966 674
aromaa 1.00 0.89 1.13 0.9943 0.9966 | 563
SM(OH) C24:1 1.00 0.85 1.18 0.9966  0.9966 674

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.
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Appendix 4.8 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
Serine 1.20 1.07 1.35 0.0024  0.3351 800
Histidine 1.17 1.04 1.32 0.0070  0.3351 800
Cl12:1 1.26 1.06 1.51 0.0102  0.3351 357
CI12 1.27 1.06 1.52 0.0107  0.3351 357
Glutamine 1.21 1.04 1.40 0.0119  0.3351 800
PC aa C28:1 1.19 1.03 1.37 0.0151 0.3351 800
SM(OH) C14:1 1.18 1.03 1.35 0.0161 0.3351 800
Cl4 1.25 1.04 1.51 0.0180  0.3351 357
Proline 1.13 1.01 1.27 0.0266  0.4403 800
Arginine 1.20 1.00 1.44 0.0443 0.6089 800
Lyso PC a C28:1 1.22 1.00 1.47 0.0449  0.6089 353
C18 1.15 1.00 1.33 0.0549  0.6814 800
orn_arg 0.80 0.63 1.02 0.0766  0.8222 443
C10 1.16 0.98 1.38 0.0934  0.8222 357
Lysine 1.10 0.98 1.24 0.0977  0.8222 800
Lyso PCaCl17:0 1.11 0.98 1.26 0.1004  0.8222 800
t4-hydroxyproline  1.10 0.98 1.22 0.1028 0.8222 800
Serotonin 1.16 0.97 1.39 0.1037  0.8222 357
PC aa C34:2 1.18 0.96 1.44 0.1107 | 0.8222 800
SM(OH) C16:1 1.11 0.97 1.26 0.1221 0.8222 800
Asparagine 1.10 0.97 1.24 0.1234 0.8222 800
PC ae C36:2 1.12 0.97 1.30 0.1277  0.8222 800
PC ae C42:3 0.91 0.81 1.03 0.1327  0.8222 800
SM(OH) C22:2 1.13 0.96 1.32 0.1349  0.8222 800
PC aa C36:6 0.92 0.83 1.03 0.1380  0.8222 800
Kynurenine 0.92 0.81 1.03 0.1486  0.8407 800
PC aa C40:3 0.92 0.82 1.03 0.1564  0.8407 800
PC aa C36:5 0.92 0.83 1.03 0.1596  0.8407 800
Lyso PC a C18:0 1.10 0.96 1.24 0.1636  0.8407 800
Threonine 1.08 0.97 1.20 0.1796  0.8557 800
PC ae C30:2 1.11 0.95 1.30 0.1802  0.8557 794
neaa 1.11 0.95 1.29 0.1841 0.8557 443
Tryptophan 1.08 0.96 1.21 0.2131 0.8557 800
PC ae C36:1 1.08 0.96 1.21 0.2142  0.8557 799
Lyso PC a C18:2 1.08 0.96 1.21 0.2148 0.8557 800
Taurine 1.10 0.94 1.28 0.2185 0.8557 800
SM(OH) C22:1 1.09 0.95 1.26 0.2192  0.8557 800
PC aa C40:6 0.94 0.84 1.04 0.2254  0.8557 800
cit_orn 1.12 0.93 1.34 0.2298 0.8557 443
PC ae C42:2 0.93 0.83 1.05 0.2393 0.8557 800
PC aa C40:2 0.94 0.84 1.05 0.2409  0.8557 800
glucoaa 1.09 0.94 1.27 0.2412 | 0.8557 443
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Appendix 4.8 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C34:4 0.93 0.81 1.06 0.2515  0.8715 800
Lyso PC a C16:0 1.07 0.95 1.22 0.2683 0.8891 800
PC aa C42:5 0.93 0.82 1.06 0.2685  0.8891 800
cit_arg 0.89 0.73 1.10 0.2753 0.8917 443
SM C26:0 1.08 0.93 1.26 0.2843 0.8946 357
PC aa C36:2 1.09 0.93 1.28 0.2939  0.8946 800
Methionine 1.06 0.95 1.18 0.2992  0.8946 800
PC aa C32:1 0.94 0.82 1.06 0.3057  0.8946 800
PC aa C38:0 0.94 0.84 1.06 0.3062  0.8946 800
PC aa C36:0 0.94 0.82 1.07 0.3292 09432 799
SM C26:1 0.93 0.79 1.08 0.3411 0.9588 357
PC aa C38:6 0.95 0.85 1.06 0.3553 0.9741 800
PC aa C42:4 0.95 0.84 1.07 0.3730  0.9741 799
SM(OH) C24:1 1.07 0.92 1.25 0.3763 0.9741 800
Sarcosine 0.95 0.86 1.06 0.3926  0.9741 800
C3 0.94 0.81 1.09 0.3976  0.9741 800
C4 1.08 0.90 1.30 0.4019  0.9741 357
PC ae C34:2 1.07 0.92 1.24 0.4019  0.9741 800
PC ae C38:6 0.95 0.85 1.07 04115  0.9741 799
C2 1.04 0.94 1.16 0.4197  0.9741 800
PC ae C40:1 0.95 0.85 1.07 0.4239  0.9741 800
PC ae C38:4 1.06 0.92 1.23 0.4258  0.9741 800
PC ae C34:0 1.05 0.93 1.19 0.4401 0.9741 800
SM C18:0 1.05 0.92 1.21 0.4460  0.9741 800
SDMA 0.94 0.80 1.11 0.4493 0.9741 357
PC ae C30:0 1.05 0.92 1.21 0.4619  0.9741 800
PC aa C36:3 1.06 0.91 1.24 0.4703 0.9741 800
C18:2 0.94 0.81 1.11 0.4725  0.9741 800
Cl6 1.04 0.93 1.17 0.4820  0.9741 800
PC ae C44:4 0.96 0.84 1.09 0.4904  0.9741 800
PC ae C34:1 1.05 0.91 1.23 0.4971 0.9741 800
ketoaa 1.05 0.91 1.22 0.5036  0.9741 443
PC aa C42:1 0.96 0.85 1.08 0.5069  0.9741 800
SM Cl16:1 1.05 0.91 1.21 0.5213 0.9741 800
Lyso PC a C24:0 0.93 0.76 1.15 0.5225  0.9741 340
PC aa C42:2 0.96 0.85 1.09 0.5250  0.9741 800
caa 1.05 0.90 1.22 0.5332  0.9741 443
Cs5 1.06 0.88 1.28 0.5434  0.9741 357
Aspartic acid 1.05 0.89 1.24 0.5450  0.9741 357
SM C18:1 1.04 0.91 1.19 0.5468  0.9741 800
Lyso PC a Cl18:1 1.04 0.92 1.17 0.5474  0.9741 800
PC ae C36:5 0.96 0.83 1.10 0.5492  0.9741 800
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Appendix 4.8 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC aa C42:0 0.96 0.85 1.09 0.5621 0.9794 800
SM C24:1 0.94 0.76 1.16 0.5768  0.9794 800
nsaa 0.95 0.79 1.14 0.5782  0.9794 443
PC ae C42:5 0.97 0.87 1.08 0.5784  0.9794 800
Valine 1.03 0.92 1.15 0.5853 0.9799 800
Phenylalanine 1.03 0.92 1.15 0.6015  0.9879 800
SM C20:2 1.04 0.89 1.21 0.6181 0.9879 800
PC ae C32:2 0.97 0.85 1.11 0.6203 0.9879 800
PC ae C40:6 0.97 0.87 1.09 0.6225  0.9879 800
Ornithine 1.04 0.89 1.21 0.6232  0.9879 800
PC aa C38:5 0.97 0.87 1.09 0.6329  0.9883 800
PC ae C38:0 1.04 0.88 1.23 0.6421 0.9883 356
PC ae C36:0 0.98 0.87 1.09 0.6675  0.9883 798
PC ae C42:1 0.98 0.88 1.09 0.6676  0.9883 800
ureaaa 1.03 0.88 1.21 0.6704  0.9883 443
Co 0.98 0.88 1.09 0.7020  0.9883 800
Tyrosine 0.98 0.88 1.09 0.7066 | 0.9883 800
PC aa C38:3 0.97 0.85 1.11 0.7091 0.9883 800
Lyso PC aCl6:1 0.98 0.87 1.10 0.7136  0.9883 800
PC ae C38:5 0.97 0.83 1.13 0.7142  0.9883 800
SM C16:0 1.03 0.89 1.18 0.7238  0.9883 800
PC ae C44:6 0.98 0.88 1.10 0.7310  0.9883 800
PC ae C36:3 1.03 0.89 1.19 0.7340  0.9883 800
PC aa C32:0 0.98 0.84 1.13 0.7424  0.9883 800
PC ae C38:3 1.02 0.92 1.13 0.7454  0.9883 800
Cl18:1 1.02 0.88 1.19 0.7458  0.9883 800
PC ae C40:5 0.98 0.89 1.09 0.7516  0.9883 799
Alanine 1.02 0.91 1.14 0.7547  0.9883 800
PC ae C40:4 1.02 0.92 1.13 0.7557  0.9883 800
bcaa 1.02 0.88 1.18 0.7562  0.9883 443
PC aa C30:0 0.98 0.87 1.11 0.7660  0.9891 800
fisher ratio 1.02 0.88 1.19 0.7826  0.9891 443
PC ae C32:1 1.02 0.89 1.16 0.7908  0.9891 800
isoleucine 1.01 0.91 1.13 0.7944  0.9891 800
PC aa C32:3 1.02 0.88 1.17 0.8226  0.9891 800
Glutamate 1.02 0.84 1.25 0.8308  0.9891 800
Hexose 0.98 0.85 1.13 0.8319  0.9891 800
ADMA 0.99 0.87 1.12 0.8496  0.9891 800
Leucine 1.01 0.91 1.13 0.8530  0.9891 800
PC ae C36:4 0.99 0.85 1.15 0.8637  0.9891 800
PC ae C40:2 1.01 0.89 1.15 0.8697  0.9891 800
aromaa 1.01 0.87 1.18 0.8712  0.9891 443
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Appendix 4.8 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in
log metabolite concentrations in EPIC' by > 10 years of follow-up time

Metabolite OR LL UL P-value? Padj? Nease
PC ae C44:5 0.99 0.88 1.11 0.8784  0.9891 800
PC aa C34:1 1.01 0.88 1.16 0.8801 0.9891 800
PC ae C42:4 1.01 0.90 1.12 0.8860  0.9891 800
PC ae C44:3 1.01 0.86 1.18 0.8889  0.9891 356
PC ae C38:2 1.01 0.91 1.12 0.8987  0.9891 800
tyr_phe 1.01 0.86 1.18 0.9041 0.9891 443
PC aa C36:1 1.01 0.90 1.13 0.9222  0.9891 800
Lyso PC a C20:4 1.01 0.89 1.14 0.9241 0.9891 800
PC aa C32:2 0.99 0.84 1.17 0.9338  0.9891 357
Cl4:1 0.99 0.88 1.12 0.9352  0.9891 800
PC ae C40:3 1.00 0.90 1.12 0.9482  0.9891 800
Glycine 1.00 0.89 1.13 0.9553 0.9891 800
PC aa C38:4 1.00 0.87 1.14 0.9581 0.9891 800
PC aa C34:3 1.00 0.87 1.14 0.9678  0.9891 800
Creatinine 1.00 0.89 1.12 0.9709  0.9891 800
PC ae C34:3 1.00 0.88 1.14 0.9716  0.9891 800
SM C24:0 1.00 0.85 1.18 0.9728  0.9891 800
Citrulline 1.00 0.90 1.12 0.9739  0.9891 800
PC aa C42:6 1.00 0.85 1.17 0.9758  0.9891 357
PC aa C36:4 1.00 0.85 1.17 0.9791 0.9891 800
PC aa C40:4 1.00 0.89 1.12 0.9792  0.9891 800
PC aa C40:5 1.00 0.89 1.12 0.9877  0.9891 800
Lyso PC a C20:3 1.00 0.89 1.13 0.9891 0.9891 800

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.
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Appendix 4.9 Full dataset: Risk of high grade prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
Lyso PC a C24:0 0.69 0.47 1.02 0.0644  0.9740 132
PC aa C28:1 1.19 0.98 1.44 0.0794  0.9740 462
Aspartic acid 0.80 0.62 1.03 0.0853 0.9740 137
PC aa C42:0 0.87 0.74 1.02 0.0863 0.9740 462
PC aa C40:3 0.87 0.74 1.02 0.0868  0.9740 462
C10 1.26 0.96 1.63 0.0908  0.9740 137
PC ae C42:3 0.87 0.75 1.02 0.0909  0.9740 462
PC aa C38:0 0.88 0.75 1.03 0.1022  0.9740 462
PC aa C36:6 0.89 0.77 1.03 0.1144 09740 462
PC aa C42:4 0.86 0.72 1.04 0.1179 09740 461
Lyso PC a C17:0 1.14 0.97 1.35 0.1194  0.9740 462
SM(OH) C14:1 1.15 0.96 1.39 0.1268  0.9740 462
PC aa C42:5 0.88 0.74 1.04 0.1314  0.9740 462
PC aa C40:2 0.89 0.76 1.04 0.1337  0.9740 462
Cl4:1 0.89 0.76 1.04 0.1454 09740 462
SM C24:1 0.82 0.62 1.08 0.1499  0.9740 462
PC aa C40:6 0.90 0.78 1.04 0.1502  0.9740 462
Cl12:1 1.21 0.93 1.55 0.1515  0.9740 137
Cl2 1.20 0.93 1.54 0.1614  0.9740 137
PC ae C38:4 1.15 0.94 1.40 0.1618  0.9740 462
SM(OH) Cl16:1 1.14 0.95 1.36 0.1715  0.9740 462
SM C26:0 1.19 0.93 1.53 0.1717  0.9740 137
Kynurenine 0.90 0.77 1.05 0.1882  0.9740 462
Taurine 1.15 0.93 1.42 0.1912  0.9740 462
SDMA 1.20 0.91 1.59 0.1933 0.9740 137
Cl4 1.18 0.92 1.51 0.1934  0.9740 137
PC aa C38:6 0.91 0.79 1.05 0.1939  0.9740 462
PC aa C42:1 0.90 0.76 1.06 0.1972 09740 462
PC aa C32:3 0.88 0.73 1.07 0.2025  0.9740 462
PC aa C42:2 0.90 0.76 1.06 0.2097  0.9740 462
PC ae C34:0 1.11 0.94 1.31 0.2265  0.9740 462
Serine 1.09 0.94 1.27 0.2318  0.9740 462
Serotonin 1.17 0.89 1.53 0.2531 0.9740 137
PC ae C38:6 0.91 0.78 1.07 0.2543 0.9740 462
PC ae C34:3 0.91 0.77 1.07 0.2578  0.9740 462
PC ae C40:3 0.91 0.77 1.08 0.2649  0.9740 462
Cl6 1.07 0.95 1.22 0.2732  0.9740 462
PC aa C36:0 0.91 0.77 1.08 0.2764  0.9740 462
PC ae C36:3 0.90 0.74 1.09 0.2777 09740 462
PC ae C42:5 0.92 0.79 1.07 0.2813 0.9740 462
SM(OH) C24:1 1.12 0.91 1.37 0.2888  0.9740 462
Lyso PC a C20:4 1.09 0.92 1.29 03114 09740 462
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Appendix 4.9 Full dataset: Risk of high grade prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
C4 1.18 0.85 1.63 0.3257  0.9740 137
PC ae C42:2 0.93 0.80 1.08 0.3280  0.9740 462
PC ae C36:2 1.10 0.91 1.34 0.3291 0.9740 462
Valine 0.93 0.79 1.08 0.3359  0.9740 462
PC ae C30:0 1.09 0.91 1.31 0.3428  0.9740 461
PC aa C34:3 0.92 0.77 1.10 0.3497  0.9740 462
PC aa C36:4 1.10 0.90 1.35 0.3504  0.9740 462
PC ae C40:5 0.93 0.81 1.08 0.3549 09740 461
PC aa C36:5 0.93 0.80 1.08 0.3578  0.9740 462
Hexose 0.92 0.78 1.09 0.3602  0.9740 462
PC ae C42:4 0.93 0.80 1.08 0.3607  0.9740 462
PC ae C38:0 1.13 0.87 1.47 0.3681 0.9740 136
PC aa C40:5 0.93 0.80 1.09 0.3839  0.9740 462
PC aa C34:2 1.13 0.86 1.48 0.3899  0.9740 462
aromaa 0.92 0.77 1.11 0.3918  0.9740 325
Tyrosine 0.94 0.81 1.09 0.3980  0.9740 462
Leucine 0.94 0.81 1.09 0.4085  0.9740 462
PC ae C38:2 0.94 0.81 1.09 0.4371 0.9740 462
SM C18:0 1.08 0.89 1.29 0.4444 09740 462
PC ae C40:6 0.95 0.82 1.09 0.4550  0.9740 462
PC ae C44:6 0.95 0.82 1.10 0.4611 0.9740 462
PC aa C38:5 0.94 0.81 1.10 0.4627  0.9740 462
Threonine 1.06 0.91 1.22 0.4635  0.9740 462
PC aa C34:4 0.94 0.79 1.11 0.4641 0.9740 462
SM(OH) C22:2 1.08 0.88 1.32 0.4684  0.9740 462
isoleucine 0.95 0.82 1.10 0.4694  0.9740 462
bcaa 0.94 0.79 1.12 0.4843 0.9740 325
PC aa C32:2 0.90 0.68 1.20 0.4902  0.9740 137
PC ae C40:1 0.95 0.82 1.10 0.5031 0.9740 462
PC aa C32:1 0.94 0.80 1.12 0.5060  0.9740 462
Lyso PC a C16:0 1.06 0.89 1.26 0.5073 0.9740 462
Phenylalanine 0.95 0.82 1.10 0.5074  0.9740 462
Lyso PC a C28:1 1.13 0.79 1.60 0.5089  0.9740 132
SM C26:1 1.09 0.84 1.42 0.5147  0.9740 137
SM C16:0 0.94 0.79 1.13 0.5169  0.9740 462
PC ae C36:0 0.95 0.82 1.11 0.5329  0.9740 460
C3 0.94 0.78 1.14 0.5412  0.9740 462
PC ae C36:1 1.05 0.90 1.22 0.5442 09740 462
SM(OH) C22:1 1.06 0.88 1.28 0.5585  0.9740 462
Ornithine 1.06 0.87 1.28 0.5640  0.9740 462
SM C24:0 0.94 0.76 1.17 0.5751 0.9740 462
Lyso PC a C18:0 1.05 0.88 1.24 0.5974 09740 462
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Appendix 4.9 Full dataset: Risk of high grade prostate cancer per 1 SD increase in

log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
PC aa C38:4 1.05 0.88 1.25 0.5978  0.9740 462
PC aa C32:0 0.95 0.78 1.16 0.6028  0.9740 462
SM Cl16:1 0.95 0.79 1.14 0.6040  0.9740 462
Cs5 1.07 0.83 1.38 0.6125  0.9740 137
caa 0.96 0.80 1.14 0.6303 0.9740 325
PC ae C34:2 0.95 0.78 1.16 0.6371 0.9740 462
PC aa C30:0 0.96 0.81 1.14 0.6377 09740 462
Alanine 1.04 0.89 1.21 0.6486  0.9740 462
Lyso PC a C18:2 1.04 0.89 1.21 0.6550  0.9740 462
PC aa C38:3 0.96 0.81 1.14 0.6660  0.9740 462
PC ae C44:4 0.96 0.82 1.14 0.6663 0.9740 462
PC aa C36:1 0.97 0.83 1.13 0.6670  0.9740 462
PC ae C30:2 1.04 0.84 1.29 0.6885  0.9740 455
tyr_phe 0.96 0.80 1.16 0.6890  0.9740 325
PC ae C32:2 0.97 0.82 1.14 0.6988  0.9740 462
PC aa C40:4 0.97 0.83 1.13 0.7012  0.9740 462
PC ae C36:4 1.04 0.85 1.27 0.7182  0.9740 462
glucoaa 0.97 0.81 1.16 0.7242 09740 325
Lyso PC aCl6:1 0.97 0.83 1.14 0.7288  0.9740 462
C2 1.02 0.89 1.18 0.7313 0.9740 462
PC ae C44:5 0.97 0.83 1.14 0.7421 0.9740 462
Asparagine 1.03 0.86 1.24 0.7501 0.9740 462
PC aa C42:6 0.96 0.75 1.23 0.7598  0.9740 137
Sarcosine 1.02 0.88 1.19 0.7627  0.9740 462
Co 0.98 0.86 1.12 0.7635  0.9740 462
Glycine 0.98 0.84 1.14 0.7777 09740 462
C18 1.02 0.88 1.18 0.7895  0.9740 462
PC ae C42:1 0.98 0.85 1.13 0.7952  0.9740 462
cit_orn 1.03 0.84 1.26 0.7958  0.9740 325
Lyso PC a C20:3 1.02 0.87 1.19 0.7966  0.9740 462
C18:1 0.98 0.81 1.18 0.7971 0.9740 462
ketoaa 0.98 0.82 1.17 0.7975  0.9740 325
neaa 0.98 0.81 1.18 0.7977 09740 325
Lysine 1.02 0.88 1.18 0.8042  0.9740 462
PC ae C34:1 1.02 0.84 1.25 0.8069  0.9740 462
t4-hydroxyproline  0.98 0.85 1.13 0.8071 0.9740 462
PC ae C38:5 0.97 0.79 1.20 0.8090  0.9740 462
Creatinine 1.02 0.88 1.18 08114  0.9740 462
ADMA 1.02 0.87 1.20 0.8121 0.9740 462
C18:2 1.02 0.84 1.25 0.8161 0.9740 462
cit_arg 1.03 0.82 1.29 0.8171 0.9740 325
Tryptophan 0.98 0.84 1.14 0.8242 09746 462

209



Appendix 4.9 Full dataset: Risk of high grade prostate cancer per 1 SD increase in
log metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
SM C18:1 1.02 0.86 1.21 0.8387  0.9794 462
Lyso PC a Cl18:1 0.98 0.84 1.16 0.8413 0.9794 462
PC ae C38:3 0.99 0.85 1.14 0.8510  0.9829 462
Citrulline 1.01 0.87 1.17 0.8729  0.9897 462
PC ae C36:5 0.99 0.82 1.18 0.8799  0.9897 462
PC ae C40:4 0.99 0.85 1.15 0.8808  0.9897 461
nsaa 0.98 0.79 1.22 0.8843 0.9897 325
Histidine 0.99 0.85 1.15 0.8963 0.9897 462
PC aa C34:1 0.99 0.83 1.18 0.9029  0.9897 462
PC aa C36:2 1.01 0.82 1.25 0.9143 0.9897 462
PC aa C36:3 0.99 0.81 1.21 09166  0.9897 462
Methionine 0.99 0.87 1.14 0.9202  0.9897 462
PC ae C40:2 1.01 0.86 1.18 0.9233 0.9897 462
PC ae C32:1 1.01 0.85 1.20 0.9354  0.9909 462
Proline 0.99 0.86 1.15 0.9392  0.9909 462
Glutamate 1.01 0.78 1.30 0.9443 0.9909 462
Arginine 1.01 0.82 1.24 0.9555  0.9913 462
SM C20:2 1.00 0.83 1.20 0.9580  0.9913 462
orn_arg 1.01 0.78 1.30 0.9693 0.9934 325
ureaaa 1.00 0.82 1.20 0.9734  0.9934 325
fisher ratio 1.00 0.84 1.19 0.9844  0.9951 325
PC ae C44:3 1.00 0.76 1.32 0.9943 0.9951 136
Glutamine 1.00 0.83 1.20 0.9951 0.9951 462

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.
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Appendix 4.10 Full dataset: Risk of prostate cancer death per 1 SD increase in log

metabolite concentrations in EPIC!

Metabolite OR LL UL P-value? Padj? Nease
Lyso PC a C18:1 0.80 0.67 0.96 0.0141 0.6474 | 417
Taurine 1.32 1.05 1.66 0.0168 0.6474 | 417
LysoPCaCl18:2  0.82 0.70 0.97 0.0234  0.6474 | 417
PC ae C42:3 0.82 0.69 0.98 0.0271 0.6474 | 417
SM C26:0 1.47 1.04 2.09 0.0312  0.6474 119
Serotonin 1.41 1.02 1.96 0.0379 | 0.6474 120
PC ae C34:3 0.82 0.68 1.00 0.0448 0.6474 | 417
C3 1.16 1.00 1.36 0.0527 | 0.6474 | 417
PC aa C40:3 0.85 0.72 1.01 0.0626 | 0.6474 | 417
cit_orn 0.81 0.65 1.01 0.0667 | 0.6474 | 297
PC ae C38:2 0.86 0.74 1.01 0.0676 | 0.6474 | 417
Lyso PCa Cl6:1 0.85 0.71 1.01 0.0677 | 0.6474 | 417
C10 1.34 0.98 1.84 0.0698 0.6474 120
Lyso PCaCl17:0 0.86 0.74 1.01 0.0733 0.6474 | 417
isoleucine 1.14 0.99 1.32 0.0770 | 0.6474 | 417
cit_arg 0.79 0.61 1.03 0.0791 0.6474 | 297
(O8] 1.35 0.96 1.90 0.0847 | 0.6474 120
PC aa C38:4 1.19 0.98 1.46 0.0852 | 0.6474 | 417
PC aa C42:4 0.84 0.70 1.02 0.0864 | 0.6474 416
Lyso PC a C16:0 0.85 0.71 1.02 0.0890 | 0.6474 | 417
PC aa C38:3 1.18 0.97 1.44 0.1034  0.6474 | 417
tyr_phe 1.18 0.97 1.43 0.1076 | 0.6474 | 297
PC aa C40:2 0.87 0.73 1.03 0.1145 0.6474 | 417
Cl12:1 1.26 0.94 1.69 0.1153 0.6474 120
Cl2 1.26 0.94 1.68 0.1176  0.6474 120
Ornithine 1.18 0.96 1.45 0.1240 | 0.6474 | 417
Valine 1.13 0.97 1.32 0.1275 0.6474 | 417
PC ae C36:3 0.85 0.68 1.05 0.1286 | 0.6474 | 417
Lyso PC a C18:0 0.87 0.73 1.04 0.1299  0.6474 417
PC ae C34:2 0.85 0.68 1.05 0.1304 | 0.6474 | 417
Glycine 0.88 0.75 1.04 0.1350 | 0.6489 417
Cl4 1.24 0.93 1.65 0.1394 | 0.6492 120
Methionine 1.12 0.96 1.30 0.1457 | 0.6578 417
SM C26:1 0.82 0.61 1.09 0.1746 | 0.7097 120
CI18 1.11 0.95 1.29 0.1770  0.7097 | 417
Hexose 1.12 0.95 1.33 0.1835 0.7097 417
t4-hydroxyproline  1.10 0.95 1.28 0.1938 0.7097 417
ADMA 1.12 0.94 1.32 0.1980 | 0.7097 | 417
PC ae C44:4 0.89 0.74 1.07 0.2038 0.7097 417
PC aa C32:0 1.15 0.93 1.43 0.2065 0.7097 417
ketoaa 1.12 0.94 1.34 0.2094  0.7097 | 297
C2 1.11 0.94 1.32 0.2160 | 0.7097 | 417
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Appendix 4.10 Full dataset: Risk of prostate cancer death per 1 SD increase in log

metabolite concentrations in EPIC!

Metabolite OR LL UL P-value? Padj? Nease
Leucine 1.10 0.95 1.27 0.2174  0.7097 417
Tyrosine 1.10 0.94 1.29 0.2186  0.7097 417
PC aa C36:4 1.15 0.92 1.44 0.2201 0.7097 417
C4 1.28 0.86 1.89 0.2213 0.7097 120
Lysine 1.10 0.94 1.29 0.2239  0.7097 417
fisher ratio 1.11 0.93 1.33 0.2437  0.7195 297
glucoaa 1.11 0.93 1.34 0.2482  0.7195 297
Lyso PC a C20:4 0.90 0.75 1.08 0.2510  0.7195 417
Proline 1.09 0.94 1.27 0.2620  0.7195 417
PC aa C42:2 0.90 0.75 1.08 0.2621 0.7195 417
eaa 1.11 0.93 1.32 0.2625  0.7195 297
ureaaa 1.12 0.92 1.35 0.2642  0.7195 297
bcaa 1.10 0.93 1.31 0.2656  0.7195 297
neaa 1.11 0.92 1.33 0.2945  0.7568 297
SM C18:0 1.11 0.91 1.35 0.2949  0.7568 417
SM C18:1 1.11 0.91 1.35 0.2964  0.7568 417
Lyso PC a C20:3 0.91 0.76 1.09 0.3018  0.7568 417
PC aa C40:5 1.10 0.92 1.32 0.3107  0.7568 417
PC aa C40:6 1.08 0.93 1.26 03118  0.7568 417
Cl6 1.10 0.92 1.31 0.3149  0.7568 417
PC ae C42:4 0.92 0.77 1.09 0.3224  0.7596 417
Alanine 1.09 0.92 1.28 0.3263 0.7596 417
Tryptophan 1.08 0.92 1.26 0.3431 0.7763 417
Arginine 1.12 0.89 1.41 0.3439  0.7763 417
PC aa C40:4 1.09 0.90 1.32 0.3576  0.7852 417
PC ae C40:5 0.93 0.80 1.09 0.3585  0.7852 417
PC ae C38:4 1.09 0.90 1.33 0.3677  0.7852 417
PC aa C38:5 1.08 0.91 1.28 0.3741 0.7852 417
PC ae C44:3 0.87 0.64 1.18 0.3742  0.7852 120
Co 1.07 0.92 1.25 0.3896  0.8064 417
Threonine 1.06 0.92 1.24 04119  0.8408 417
PC aa C34:2 1.12 0.85 1.48 0.4260  0.8577 417
PC aa C38:6 1.06 0.91 1.24 0.4627 09116 417
Asparagine 1.07 0.89 1.28 0.4687 09116 417
nsaa 1.08 0.87 1.35 0.4954 09116 297
PC ae C40:3 0.94 0.79 1.12 0.4999 09116 417
PC ae C32:2 0.94 0.78 1.13 0.5142 09116 417
PC aa C36:0 0.94 0.77 1.14 0.5205 09116 417
C18:1 1.07 0.88 1.30 0.5272 09116 417
Lyso PC a C28:1 1.13 0.78 1.63 0.5278 09116 118
PC ae C38:5 1.07 0.86 1.33 0.5309 09116 417
PC aa C30:0 1.06 0.89 1.26 0.5344 09116 417
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Appendix 4.10 Full dataset: Risk of prostate cancer death per 1 SD increase in log

metabolite concentrations in EPIC!

Metabolite OR LL UL P-value? Padj? Nease
PC ae C40:1 0.95 0.81 1.12 0.5425 09116 417
PC aa C32:3 0.94 0.78 1.14 0.5496 09116 417
PC ae C40:2 0.95 0.81 1.12 0.5563 09116 417
PC ae C36:1 0.96 0.82 1.11 0.5571 09116 416
PC aa C34:3 0.94 0.78 1.15 0.5603 09116 417
PC ae C30:2 1.06 0.86 1.32 0.5604 09116 414
Citrulline 0.96 0.82 1.12 0.5726 09116 417
PC ae C42:2 0.95 0.81 1.13 0.5836 09116 417
PC ae C36:2 0.95 0.78 1.15 0.5844 09116 417
PC ae C34:0 1.04 0.89 1.23 0.5898 09116 417
Serine 1.04 0.89 1.22 0.5927 09116 417
PC aa C36:2 1.06 0.85 1.34 0.5947 09116 417
PC ae C36:4 1.06 0.86 1.30 0.6033 09116 417
PC aa C34:1 1.05 0.87 1.26 0.6047 09116 417
PC aa C36:6 0.96 0.82 1.12 0.6057 09116 417
PC ae C42:5 0.96 0.82 1.12 0.6214 09177 417
SDMA 0.92 0.67 1.27 0.6274 09177 120
PC aa C36:3 1.06 0.84 1.33 0.6358 09177 417
PC ae C44:5 1.04 0.89 1.21 0.6400 09177 417
PC aa C36:5 1.04 0.88 1.23 0.6485 09177 417
SM Cl16:1 1.05 0.86 1.28 0.6500 09177 417
PC aa C28:1 1.04 0.87 1.26 0.6549 09177 417
Sarcosine 1.03 0.89 1.21 0.6618 09177 417
Creatinine 0.97 0.83 1.12 0.6665 09177 417
Glutamate 1.06 0.81 1.39 0.6754 09177 417
aromaa 1.04 0.87 1.25 0.6775 09177 297
PC ae C44:6 1.03 0.89 1.20 0.6851 09196 417
PC aa C34:4 0.96 0.80 1.16 0.7033 0.9263 417
SM(OH) Cl16:1 1.04 0.86 1.25 0.7040  0.9263 417
Glutamine 1.04 0.85 1.27 0.7088  0.9263 417
PC ae C38:6 0.97 0.82 1.15 0.7195 09322 417
PC aa C32:1 1.03 0.86 1.25 0.7276  0.9346 417
orn_arg 0.95 0.71 1.27 0.7434 09467 297
SM(OH) C22:1 0.97 0.80 1.18 0.7522  0.9498 417
SM(OH) C14:1 1.03 0.86 1.23 0.7593 0.9508 417
Aspartic acid 0.96 0.72 1.29 0.7906  0.9816 120
SM C24:1 0.96 0.72 1.29 0.8078  0.9905 417
SM C24:0 0.97 0.78 1.21 0.8144  0.9905 417
PC aa C38:0 0.98 0.82 1.16 0.8176  0.9905 417
SM C16:0 0.98 0.80 1.19 0.8287  0.9929 417
PC aa C36:1 1.02 0.86 1.20 0.8468  0.9929 417
SM C20:2 0.98 0.80 1.21 0.8557  0.9929 417
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Appendix 4.10 Full dataset: Risk of prostate cancer death per 1 SD increase in log
metabolite concentrations in EPIC'

Metabolite OR LL UL P-value? Padj? Nease
Histidine 0.99 0.84 1.16 0.8575 0.9929 | 417
Lyso PC a C24:0 1.04 0.70 1.52 0.8594 | 0.9929 115
Cl4:1 1.01 0.87 1.17 0.8640 | 0.9929 417
PC ae C40:6 1.01 0.86 1.19 0.8663 0.9929 | 417
Kynurenine 0.99 0.85 1.16 0.9049  0.9935 417
PC ae C40:4 1.01 0.86 1.18 0.9052 | 0.9935 416
PC aa C42:1 1.01 0.85 1.20 0.9055 0.9935 417
PC aa C42:0 0.99 0.83 1.18 09110 | 0.9935 417
Phenylalanine 1.01 0.87 1.17 0.9112 0.9935 417
PC aa C42:6 1.02 0.75 1.38 09147 | 0.9935 120
PC ae C36:5 1.01 0.83 1.24 0.9195 0.9935 417
PC ae C34:1 0.99 0.81 1.21 09212 | 0.9935 417
PC ae C36:0 1.01 0.86 1.18 0.9275 0.9935 415
PC aa C32:2 1.01 0.75 1.36 0.9467 | 0.9935 120
PC ae C38:0 0.99 0.73 1.34 0.9487 | 0.9935 120
SM(OH) C24:1 1.01 0.82 1.23 0.9582 | 0.9935 417
PC ae C38:3 1.00 0.85 1.16 0.9706 | 0.9935 417
SM(OH) C22:2 1.00 0.81 1.25 0.9715 0.9935 417
C18:2 1.00 0.82 1.22 0.9773 0.9935 417
PC aa C42:5 1.00 0.83 1.20 0.9819 | 0.9935 417
PC ae C42:1 1.00 0.85 1.17 0.9830 | 0.9935 417
PC ae C32:1 1.00 0.82 1.22 09912 | 0.9935 417
PC ae C30:0 1.00 0.83 1.21 0.9935 0.9935 416

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD,
standard deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95%
confidence interval upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time
of day (£1 hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further
adjusted for exact age at blood collection (continuously), and baseline values for body
mass index (quartiles; unknown), smoking (never; past; current; unknown), alcohol
intake (<10; 10-19; 20-39; >40 g of alcohol per day; unknown), education (primary;
secondary; degree level; unknown) and marital status (married or cohabiting; not married
or cohabiting; unknown).

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). P-values are
sorted in ascending order.

214



Appendix 4.11 Full dataset: Risk of overall prostate cancer per 1 SD increase in metabolite
pattern score in EPIC'

Metabolite pattern OR LL UL P-value? Nease
1 0.96 0.92 1.01 0.1453 4314
3 0.98 0.93 1.03 0.4269 4314
2 0.97 0.91 1.04 0.4693 4314

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.

Appendix 4.12 Full dataset: Risk of advanced prostate cancer per 1 SD increase in metabolite
pattern score in EPIC'

Metabolite pattern OR LL UL P-value? Nease
2 0.80 0.68 0.94 0.0077 930
1 0.88 0.79 0.99 0.0297 930
3 0.94 0.84 1.06 0.3278 930

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order. Associations that have a p-value < 0.05 are bolded.
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Appendix 4.13 Full dataset: Risk of advanced prostate cancer per 1 SD increase in metabolite
pattern score in EPIC' by < 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
1 0.80 0.66 0.96 0.0162 390
2 0.76 0.59 0.97 0.0273 390
3 0.93 0.77 1.13 0.4683 390

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order. Associations that have a p-value < 0.05 are bolded.

Appendix 4.14 Full dataset: Risk of advanced prostate cancer per 1 SD increase in metabolite
pattern score in EPIC' by > 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
2 0.84 0.67 1.06 0.1495 540
1 0.95 0.82 1.10 0.4692 540
3 0.98 0.84 1.15 0.8069 540

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.
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Appendix 4.15 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in metabolite
pattern score in EPIC'

Metabolite pattern OR LL UL P-value? Nease
1 0.95 0.87 1.04 0.2609 1495
3 0.97 0.88 1.06 0.5114 1495
2 0.99 0.88 1.11 0.8371 1495

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.

Appendix 4.16 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in metabolite
pattern score in EPIC' by < 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
3 0.93 0.80 1.07 0.2947 669
1 0.97 0.84 1.10 0.6020 669
2 0.99 0.83 1.17 0.8967 669

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.
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Appendix 4.17 Full dataset: Risk of aggressive prostate cancer per 1 SD increase in metabolite
pattern score in EPIC' by > 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
1 0.96 0.85 1.08 0.4972 790
3 1.04 0.91 1.17 0.5767 790
2 1.01 0.85 1.20 0.8997 790

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.

Appendix 4.18 Full dataset: Risk of high grade prostate cancer per 1 SD increase in metabolite
pattern score in EPIC'

Metabolite pattern OR LL UL P-value? Nease
1 0.92 0.78 1.08 0.2886 452
3 1.04 0.88 1.23 0.6204 452
2 1.02 0.82 1.27 0.8558 452

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.
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Appendix 4.19 Full dataset: Risk of high grade prostate cancer per 1 SD increase in metabolite
pattern score in EPIC' by < 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
1 0.94 0.72 1.23 0.6652 176
2 1.03 0.73 1.45 0.8578 176
3 1.00 0.73 1.36 0.9988 176

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.

Appendix 4.20 Full dataset: Risk of high grade prostate cancer per 1 SD increase in metabolite
pattern score in EPIC' by > 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
3 1.10 0.89 1.37 0.3765 270
1 0.94 0.76 1.16 0.5689 270
2 1.08 0.80 1.46 0.6024 270

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.
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Appendix 4.21 Full dataset: Risk of prostate cancer death per 1 SD increase in metabolite
pattern score in EPIC'

Metabolite pattern OR LL UL P-value? Nease
3 0.82 0.68 0.98 0.0278 448
2 1.11 0.89 1.40 0.3507 448
1 0.97 0.82 1.15 0.7265 448

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order. Associations with a P-value < 0.05 are bolded.

Appendix 4.22 Full dataset: Risk of prostate cancer death per 1 SD increase in metabolite
pattern score in EPIC' by < 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
3 0.77 0.61 0.99 0.0400 241
2 1.13 0.84 1.52 0.4110 241
1 1.03 0.83 1.29 0.7750 241

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order. Associations with a P-value < 0.05 are bolded.
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Appendix 4.23 Full dataset: Risk of prostate cancer death per 1 SD increase in metabolite
pattern score in EPIC' by > 10 years of follow-up time

Metabolite pattern OR LL UL P-value? Nease
3 0.87 0.65 1.18 0.3864 171
1 0.93 0.69 1.25 0.6267 171
2 1.03 0.69 1.54 0.8935 171

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard
deviation; OR, odds ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval
upper limit.

1 All analyses were matched on centre, length of follow-up, and age (6 months), time of day (£1
hour) and fasting status (<3, 3—6, >6 hours) at blood collection and further adjusted for exact age at
blood collection (continuously), and baseline values for body mass index (quartiles; unknown),
smoking (never; past; current; unknown), alcohol intake (<10; 10-19; 20-39; >40 g of alcohol per day;
unknown), education (primary; secondary; degree level; unknown) and marital status (married or
cohabiting; not married or cohabiting; unknown).

2 P-values are sorted in ascending order.
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Appendix 5.1 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank'

Metabolite Cases HR LL UL P-value? Padj?
Docosahexaenoic Acid to Total
Fatty Acids percentage 6570  1.05 1.03 1.08 9.3E-05 | 2.3E-02
Glucose 6560  0.95 0.93 0.98 1.8E-04 | 2.3E-02
Degree of Unsaturation 6570 | 1.05 1.02 1.07 4.1E-04  3.4E-02
Phospholipids to Total Lipids in
Small LDL percentage 6575  1.06 1.02 1.09 5.6E-04  3.5E-02
Polyunsaturated Fatty Acids to
Monounsaturated Fatty Acids
ratio 6570  1.05 1.02 1.08 7.3E-04  3.6E-02
Polyunsaturated Fatty Acids to
Total Fatty Acids percentage 6570  1.05 1.02 1.08 1.1E-03 4.5E-02
Monounsaturated Fatty Acids to
Total Fatty Acids percentage 6575  0.96 0.93 0.98 1.3E-03  4.5E-02
Omega-3 Fatty Acids to Total
Fatty Acids percentage 6575 | 1.04 1.02 1.07 1.8E-03 5.5E-02
Triglycerides to Total Lipids in
Large LDL percentage 6570  0.96 0.93 0.99 2.4E-03 6.6E-02
Triglycerides in HDL 6570 | 0.96 0.94 0.99 4.3E-03 6.8E-02
Docosahexaenoic Acid 6575 1.04 1.01 1.07 4.3E-03 6.8E-02
Triglycerides in Medium HDL 6575 | 0.96 0.94 0.99 4.9E-03 6.8E-02
Cholesterol to Total Lipids in Very
Small VLDL percentage 6575 1.04 1.01 1.07 5.2E-03 6.8E-02
Cholesteryl Esters to Total Lipids
in Very Small VLDL percentage = 6575  1.04 1.01 1.07 5.2E-03 6.8E-02
Cholesteryl Esters to Total Lipids
in IDL percentage 6575  1.04 1.01 1.07 4.4E-03 6.8E-02
Triglycerides to Total Lipids in
IDL percentage 6575 | 0.96 0.94 0.99 5.0E-03 6.8E-02
Triglycerides to Total Lipids in
Medium LDL percentage 6575 | 0.96 0.94 0.99 4.1E-03 6.8E-02
Triglycerides to Total Lipids in
Small LDL percentage 6575 | 0.96 0.94 0.99 4.2E-03 6.8E-02
Cholesteryl Esters to Total Lipids
in Large HDL percentage 6575 | 1.05 1.02 1.09 5.0E-03 6.8E-02
Free Cholesterol to Total Lipids in
Medium LDL percentage 6575 | 1.07 1.02 1.12 5.7E-03 7.1E-02
Cholesterol to Total Lipids in IDL
percentage 6575  1.04 1.01 1.06 6.2E-03 7.4E-02
Triglycerides in LDL 6575 |1 0.97 0.94 0.99 1.1E-02 8.7E-02
Monounsaturated Fatty Acids 6570 | 0.97 0.94 0.99 7.8E-03 8.7E-02
Triglycerides in Large LDL 6575 | 0.97 0.94 0.99 1.1E-02 8.7E-02
Triglycerides in Medium LDL 6575  0.97 0.94 0.99 1.1E-02 8.7E-02
Triglycerides in Large HDL 6575 | 0.97 0.94 0.99 8.4E-03 8.7E-02
Triglycerides in Small HDL 6575  0.97 0.94 0.99 1.1E-02 8.7E-02
Cholesterol to Total Lipids in
Medium VLDL percentage 6575 | 1.04 1.01 1.06 8.8E-03 8.7E-02
Cholesteryl Esters to Total Lipids
in Medium VLDL percentage 6575 1.04 1.01 1.07 9.4E-03 8.7E-02
Free Cholesterol to Total Lipids in
Small VLDL percentage 6575  1.04 1.01 1.06 8.8E-03 8.7E-02
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Appendix 5.1 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank'

Metabolite Cases HR LL UL P-value? Padj?
Cholesterol to Total Lipids in
Large LDL percentage 6575  1.20 1.04 1.39 1.1E-02 8.7E-02
Free Cholesterol to Total Lipids in
Small LDL percentage 6570 | 1.05 1.01 1.10 1.1E-02 8.7E-02
Cholesterol to Total Lipids in
Large HDL percentage 6575 | 1.05 1.01 1.08 1.1E-02 8.7E-02
Triglycerides to Total Lipids in
Very Small VLDL percentage 6575 | 0.97 0.94 0.99 1.2E-02 9.0E-02
Omega-6 Fatty Acids to Omega-3
Fatty Acids ratio 6575 | 0.97 0.94 0.99 1.4E-02 9.7E-02
Phospholipids to Total Lipids in
Small VLDL percentage 6575 | 1.03 1.01 1.06 1.5E-02 1.0E-01
Free Cholesterol to Total Lipids in
Very Small VLDL percentage 6575 | 1.03 1.01 1.06 1.7E-02 1.2E-01
Alanine 6575 | 0.97 0.95 1.00 2.1E-02 1.4E-01
Tyrosine 6575 | 0.97 0.95 1.00 2.2E-02 1.4E-01
Triglycerides in IDL 6575 |1 0.97 0.95 1.00 2.3E-02 1.4E-01
Triglycerides in Small LDL 6575  0.97 0.95 1.00 2.4E-02 1.4E-01
Free Cholesterol to Total Lipids in
Medium VLDL percentage 6575 | 1.03 1.00 1.06 2.3E-02 1.4E-01
Triglycerides to Total Lipids in
Very Large HDL percentage 6572 0.97 0.95 1.00 2.4E-02 1.4E-01
Triglycerides to Total Lipids in
Large HDL percentage 6575 | 0.97 0.94 1.00 2.5E-02 1.4E-01
Cholesterol to Total Lipids in
Small HDL percentage 6575 | 1.03 1.00 1.06 2.4E-02 1.4E-01
Cholesterol in Chylomicrons and
Extremely Large VLDL 6575 | 0.97 0.95 1.00 2.9E-02 1.5E-01
Cholesteryl Esters in Medium
VLDL 6570 | 1.03 1.00 1.06 2.9E-02 1.5E-01
Phospholipids in Small HDL 6568 | 0.97 0.95 1.00 2.9E-02 1.5E-01
Saturated Fatty Acids 6575 | 0.97 0.95 1.00 3.4E-02 1.7E-01
Cholesteryl Esters in
Chylomicrons and Extremely
Large VLDL 6575 |1 0.97 0.95 1.00 3.5E-02 1.7E-01
Omega-6 Fatty Acids to Total
Fatty Acids percentage 6575 | 1.03 1.00 1.06 3.7E-02 1.7E-01
Triglycerides in Very Small
VLDL 6575 |1 0.97 0.95 1.00 3.6E-02 1.7E-01
Triglycerides in Very Large HDL 6575 | 0.97 0.95 1.00 3.7E-02 1.7E-01
Average Diameter for LDL
Particles 6570 | 1.03 1.00 1.05 3.8E-02 1.7E-01
Cholesteryl Esters to Total Lipids
in Small HDL percentage 6571 | 1.03 1.00 1.06 3.8E-02 1.7E-01
Cholesterol to Total Lipids in
Small VLDL percentage 6575 | 1.03 1.00 1.05 3.9E-02 1.7E-01
Total Lipids in Small HDL 6575 | 0.97 0.95 1.00 4.2E-02 1.8E-01
Free Cholesterol to Total Lipids in
Large LDL percentage 6569 | 1.06 1.00 1.12 4.5E-02 1.9E-01
Cholesterol to Total Lipids in
Medium LDL percentage 6575 1.14 1.00 1.29 4.6E-02 1.9E-01
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Appendix 5.1 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank'

Metabolite Cases HR LL UL P-value? Padj’
Total Fatty Acids 6575 | 0.97 0.95 1.00 4.9E-02 | 2.0E-01
Free Cholesterol in Chylomicrons
and Extremely Large VLDL 6575  0.98 0.95 1.00 4.9E-02 2.0E-01
Phospholipids in Medium HDL 6575 | 0.97 0.95 1.00 53E-02  2.1E-01
Cholesteryl Esters to Total Lipids
in Very Large VLDL percentage 6575 | 1.03 1.00 1.05 5.6E-02 2.2E-01
Cholesteryl Esters to Total Lipids
in Medium HDL percentage 6570 | 1.03 1.00 1.06 5.6E-02 2.2E-01
Triglycerides to Total Lipids in
Medium HDL percentage 6575  0.98 0.95 1.00 5.9E-02 2.2E-01
Triglycerides to Total Lipids in
Small HDL percentage 6575 | 0.98 0.95 1.00 5.8E-02 2.2E-01
Citrate 6575 | 0.98 0.95 1.00 6.6E-02  24E-01
Cholesteryl Esters to Total Lipids
in Large LDL percentage 6575 | 1.11 0.99 1.25 6.6E-02 2.4E-01
Cholesteryl Esters to Total Lipids
in Large VLDL percentage 6570  1.02 1.00 1.05 7.5E-02 2.6E-01
Phospholipids to Total Lipids in
Medium VLDL percentage 6575 | 1.03 1.00 1.06 7.5E-02 2.6E-01
Triglycerides to Total Lipids in
Medium VLDL percentage 6548  0.98 0.95 1.00 7.3E-02 2.6E-01
Triglycerides to Total Lipids in
Small VLDL percentage 6575 | 0.98 0.95 1.00 7.3E-02 | 2.6E-01
Phosphoglycerides 6575 | 0.98 0.95 1.00 8.0E-02  2.7E-01
Total Lipids in Medium HDL 6570 | 0.98 0.95 1.00 8.0E-02 | 2.7E-01
Cholesterol to Total Lipids in
Medium HDL percentage 6575 | 1.03 1.00 1.06 8.0E-02 2.7E-01
Free Cholesterol in Small HDL 6575 | 0.98 0.95 1.00 8.2E-02 2.7E-01
Total Triglycerides 6575 | 0.98 0.95 1.00 9.1E-02 2.9E-01
Free Cholesterol in Small LDL 6575 | 1.02 1.00 1.05 9.2E-02 2.9E-01
Phospholipids to Total Lipids in
Medium LDL percentage 6570  1.02 1.00 1.05 9.3E-02 2.9E-01
Omega-3 Fatty Acids 6575 | 1.02 1.00 1.05 9.6E-02 3.0E-01
Cholesteryl Esters to Total Lipids
in Very Large HDL percentage 6575 1.03 0.99 1.06 9.8E-02 3.0E-01
Phosphatidylcholines 6575 | 0.98 0.95 1.00 1.1E-01 3.3E-01
Valine 6575 | 0.98 0.95 1.00 1.1E-01 3.3E-01
Saturated Fatty Acids to Total
Fatty Acids percentage 6570 | 0.98 0.95 1.01 1.1E-01 3.4E-01
Cholesterol in Medium VLDL 6572 | 1.02 0.99 1.04 1.2E-01 3.5E-01
Cholesterol to Total Lipids in Very
Large VLDL percentage 6575 | 1.02 0.99 1.05 1.2E-01 3.5E-01
Apolipoprotein Al 6575 | 0.98 0.95 1.01 1.2E-01 3.6E-01
Cholesteryl Esters in Very Large
HDL 6548 | 1.02 0.99 1.05 1.3E-01 3.6E-01
Cholesterol in Very Large HDL 6575  1.02 0.99 1.05 1.3E-01 3.6E-01
Concentration of Medium HDL
Particles 6575 | 0.98 0.96 1.01 1.3E-01 3.6E-01
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Appendix 5.1 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank'

Metabolite Cases HR LL UL P-value? Padj’
Cholesteryl Esters to Total Lipids
in Small VLDL percentage 6575  1.02 0.99 1.05 1.3E-01 3.7E-01
Phospholipids in Chylomicrons
and Extremely Large VLDL 6575 | 0.98 0.96 1.01 1.4E-01 3.8E-01
Phospholipids in HDL 6570 | 0.98 0.95 1.01 1.5E-01 3.9E-01
Average Diameter for VLDL
Particles 6575 | 0.98 0.96 1.01 1.5E-01 3.9E-01
Cholesteryl Esters in Large HDL 6570 | 1.02 0.99 1.05 1.5E-01 3.9E-01
Free Cholesterol to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6575 | 0.98 0.96 1.01 1.6E-01 4.2E-01
Leucine 6575 | 0.98 0.96 1.01 1.6E-01 4.2E-01
Concentration of Chylomicrons
and Extremely Large VLDL
Particles 6575 | 0.98 0.96 1.01 1.7E-01 4.2E-01
Triglycerides in Small VLDL 6570 | 0.98 0.96 1.01 1.7E-01 4.2E-01
Glycoprotein Acetyls 6549 | 1.02 0.99 1.04 1.7E-01 4.3E-01
Albumin 6575 | 0.98 0.96 1.01 1.7E-01 4.3E-01
Total Concentration of Branched-
Chain Amino Acids (Leucine +
Isoleucine + Valine) 6575 | 0.98 0.96 1.01 1.8E-01 4.3E-01
Total Cholines 6367 | 0.98 0.96 1.01 1.8E-01 4.3E-01
Phospholipids to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6575 | 0.98 0.96 1.01 1.8E-01 4.3E-01
Free Cholesterol to Total Lipids in
Large HDL percentage 6575  1.02 0.99 1.05 1.8E-01 4.3E-01
Cholesterol to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6575 | 0.98 0.96 1.01 1.8E-01 4.3E-01
Triglycerides in VLDL 6574 | 0.98 0.96 1.01 2.0E-01 4.5E-01
Concentration of HDL Particles 6575 | 0.98 0.96 1.01 2.0E-01 4.5E-01
Total Lipids in Chylomicrons and
Extremely Large VLDL 6575 | 0.98 0.96 1.01 2.0E-01 4.5E-01
Phospholipids to Total Lipids in
Small HDL percentage 6575 | 0.98 0.96 1.01 1.9E-01 4.5E-01
Glutamine 6575 | 0.98 0.96 1.01 2.0E-01 4.5E-01
Free Cholesterol in Medium HDL = 6367 | 0.98 0.96 1.01 2.0E-01 4.5E-01
Concentration of Small HDL
Particles 6367 | 0.98 0.96 1.01 2.0E-01 4.5E-01
Glycine 6570 | 0.98 0.96 1.01 2.1E-01 4.6E-01
Cholesterol in Large HDL 6575  1.02 0.99 1.04 2.2E-01 4.7E-01
Free Cholesterol in LDL 6575 | 1.02 0.99 1.05 2.2E-01 4.7E-01
Total Lipids in HDL 6575 | 0.98 0.96 1.01 2.2E-01 4.7E-01
Apolipoprotein B to
Apolipoprotein Al ratio 6575 | 1.02 0.99 1.04 2.3E-01 4.7E-01
Linoleic Acid 6575 | 0.98 0.96 1.01 2.3E-01 4.7E-01
Free Cholesterol in Large LDL 6367 | 1.02 0.99 1.04 2.3E-01 4.7E-01
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Appendix 5.1 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank'

Metabolite Cases HR LL UL P-value? Padj’
Free Cholesterol in Medium LDL 6575 | 1.02 0.99 1.05 2.3E-01 4.7E-01
Phospholipids in Very Large HDL 6575 | 1.02 0.99 1.04 2.3E-01 4.7E-01
Free Cholesterol in Very Large

HDL 6575  1.02 0.99 1.04 2.2E-01 4.7E-01
Omega-6 Fatty Acids 6570 | 0.99 0.96 1.01 2.4E-01 4.7E-01
Linoleic Acid to Total Fatty Acids

percentage 6540  1.02 0.99 1.04 24E-01 4.7E-01
Cholesteryl Esters in IDL 6575 | 1.01 0.99 1.04 2.4E-01 4.7E-01

Triglycerides to Total Lipids in
Chylomicrons and Extremely

Large VLDL percentage 6570  1.02 0.99 1.04 2.4E-01 4.7E-01
Triglycerides to
Phosphoglycerides ratio 6575 | 0.98 0.96 1.01 2.4E-01 4.8E-01
Total Concentration of
Lipoprotein Particles 6575  0.98 0.96 1.01 2.5E-01 4.8E-01
Free Cholesterol to Total Lipids in
IDL percentage 6575 | 1.02 0.99 1.04 2.5E-01 4.8E-01
Histidine 6575  1.01 0.99 1.04 2.6E-01 4.8E-01
Cholesterol in IDL 6575  1.01 0.99 1.04 2.6E-01 4.8E-01
Phospholipids in Small LDL 6575  1.01 0.99 1.04 2.6E-01 4.8E-01
Cholesterol in Small HDL 6367 | 0.99 0.96 1.01 2.6E-01 4.8E-01
Phospholipids to Total Lipids in
Very Large VLDL percentage 6575 | 0.99 0.97 1.01 2.5E-01 4.8E-01
Cholesterol to Total Lipids in Very
Large HDL percentage 6575 | 1.02 0.99 1.04 2.6E-01 4.8E-01
Cholesterol to Total Lipids in
Large VLDL percentage 6572  1.01 0.99 1.04 2.7E-01 4.9E-01

Cholesteryl Esters to Total Lipids
in Chylomicrons and Extremely

Large VLDL percentage 6572 | 0.99 0.96 1.01 2.8E-01 5.1E-01
Total Phospholipids in

Lipoprotein Particles 6575  0.99 0.96 1.01 2.9E-01 5.1E-01
Total Lipids in VLDL 6575 |1 0.99 0.96 1.01 3.0E-01 5.3E-01
Concentration of Very Large

VLDL Particles 6575 | 0.99 0.96 1.01 3.2E-01 5.6E-01
Cholesterol in Large LDL 6575 | 1.01 0.99 1.04 3.2E-01 5.6E-01
Cholesterol in Medium HDL 6517 | 0.99 0.96 1.01 3.2E-01 5.6E-01
Phospholipids to Total Lipids in

Very Large HDL percentage 6575 | 1.01 0.99 1.04 3.2E-01 5.6E-01
Phospholipids to Total Lipids in

Very Small VLDL percentage 6575 | 0.99 0.96 1.01 3.4E-01 5.8E-01
Total Lipids in Very Large HDL | 6570  1.01 0.99 1.04 3.4E-01 5.8E-01
Total Lipids in Very Large VLDL 6570 | 0.99 0.96 1.01 3.4E-01 5.8E-01
Free Cholesterol in IDL 6567  1.01 0.99 1.04 3.5E-01 5.8E-01
Clinical LDL Cholesterol 6575  1.01 0.99 1.04 3.6E-01 5.9E-01

Abbreviations: SD, standard deviation; HR, hazard ratio; LL, 95% confidence interval lower
limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol; HDL,
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Appendix 5.1 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank'

Metabolite Cases HR LL UL P-value? Padj?

high-density lipoprotein cholesterol; IDL, intermediate-density lipoprotein cholesterol; VLDL,
very low-density lipoprotein cholesterol.

1 Hazard ratios (95% confidence interval) for prostate cancer associated with a one standard
deviation increase in concentration, percentage, or ratio of metabolite features. Analyses were
stratified by region and Townsend Deprivation Index with age as the underlying time variable.
Adjusted for fasting status, body mass index, height, alcohol intake, family history of prostate
cancer, ethnicity, level of education, smoking status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). Padj values are sorted in
ascending order. Associations with Padj < 0.05 are bolded.
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Appendix 5.2 Hazard ratios for prostate cancer associated with a one standard deviation

increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for PSA testing.

Metabolite Cases HR LL UL P-value? Padj?
Docosahexaenoic Acid to Total
Fatty Acids percentage 6570  1.06 1.03 1.09 9.1E-05  1.7E-02
Glucose 6560  0.95 0.93 0.98 1.3E-04 | 1.7E-02
Degree of Unsaturation 6570  1.05 1.02 1.08 6.3E-04  3.9E-02
Phospholipids to Total Lipids in
Small LDL percentage 6575  1.06 1.02 1.09 5.3E-04  3.9E-02
Polyunsaturated Fatty Acids to
Total Fatty Acids percentage 6570  1.05 1.02 1.08 1.1E-03 4.6E-02
Polyunsaturated Fatty Acids to
Monounsaturated Fatty Acids
ratio 6570 | 1.05 1.02 1.08 1.1E-03 | 4.6E-02
Triglycerides to Total Lipids in
Large LDL percentage 6575  0.96 0.93 0.98 1.4E-03 4.8E-02
Triglycerides in HDL 6575 | 0.96 0.94 0.99 3.2E-03 5.7E-02
Docosahexaenoic Acid 6570  1.04 1.01 1.07 3.7E-03 5.7E-02
Monounsaturated Fatty Acids to
Total Fatty Acids percentage 6570 | 0.96 0.93 0.99 2.7E-03 5.7E-02
Triglycerides in Medium HDL 6575  0.96 0.94 0.99 3.5E-03 5.7E-02
Cholesteryl Esters to Total Lipids
in Medium VLDL percentage 6575 | 1.04 1.01 1.07 4.6E-03 5.7E-02
Cholesterol to Total Lipids in Very
Small VLDL percentage 6575  1.04 1.01 1.07 4.5E-03 5.7E-02
Cholesteryl Esters to Total Lipids
in Very Small VLDL percentage = 6575  1.04 1.01 1.07 4.6E-03 5.7E-02
Cholesterol to Total Lipids in IDL
percentage 6575  1.04 1.01 1.07 4.8E-03 5.7E-02
Cholesteryl Esters to Total Lipids
in IDL percentage 6575 | 1.04 1.01 1.07 3.9E-03 5.7E-02
Triglycerides to Total Lipids in
IDL percentage 6575 | 0.96 0.93 0.99 3.4E-03 5.7E-02
Cholesterol to Total Lipids in
Large LDL percentage 6575 | 1.25 1.08 1.45 3.5E-03 5.7E-02
Free Cholesterol to Total Lipids in
Medium LDL percentage 6575  1.08 1.03 1.13 2.4E-03 5.7E-02
Triglycerides to Total Lipids in
Medium LDL percentage 6575 | 0.96 0.93 0.99 2.7E-03 5.7E-02
Triglycerides to Total Lipids in
Small LDL percentage 6575 | 0.96 0.93 0.99 3.1E-03 5.7E-02
Free Cholesterol to Total Lipids in
Small VLDL percentage 6575  1.04 1.01 1.07 5.3E-03 6.1E-02
Omega-3 Fatty Acids to Total
Fatty Acids percentage 6570  1.04 1.01 1.06 6.6E-03 6.1E-02
Triglycerides in Large HDL 6575 | 0.96 0.94 0.99 6.5E-03 6.1E-02
Cholesterol to Total Lipids in
Medium VLDL percentage 6575  1.04 1.01 1.07 5.9E-03 6.1E-02
Free Cholesterol to Total Lipids in
Small LDL percentage 6575 | 1.06 1.02 1.11 6.5E-03 6.1E-02
Cholesteryl Esters to Total Lipids
in Large HDL percentage 6575 | 1.05 1.02 1.09 5.7E-03 6.1E-02
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Appendix 5.2 Hazard ratios for prostate cancer associated with a one standard deviation

increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for PSA testing.

Metabolite Cases HR LL UL P-value? Padj?
Triglycerides to Total Lipids in
Very Small VLDL percentage 6575 | 0.97 0.94 0.99 8.6E-03 7.6E-02
Triglycerides in Small HDL 6575  0.97 0.94 0.99 8.9E-03 7.7E-02
Phospholipids to Total Lipids in
Small VLDL percentage 6575  1.04 1.01 1.06 9.3E-03 7.7E-02
Triglycerides in LDL 6575 | 0.97 0.94 0.99 1.1E-02 8.6E-02
Monounsaturated Fatty Acids 6570 | 0.97 0.94 0.99 1.2E-02 8.6E-02
Triglycerides in Large LDL 6575  0.97 0.94 0.99 1.2E-02 8.6E-02
Triglycerides in Medium LDL 6575 | 0.97 0.94 0.99 1.1E-02 8.6E-02
Free Cholesterol to Total Lipids in
Very Small VLDL percentage 6575 | 1.03 1.01 1.06 1.3E-02 8.6E-02
Cholesterol to Total Lipids in
Large HDL percentage 6575 | 1.05 1.01 1.09 1.2E-02 8.6E-02
Cholesterol to Total Lipids in
Small HDL percentage 6575 1.03 1.01 1.06 1.3E-02 8.6E-02
Triglycerides to Total Lipids in
Large HDL percentage 6575 | 0.97 0.94 0.99 1.6E-02 1.0E-01
Average Diameter for LDL
Particles 6575 | 1.03 1.01 1.06 1.7E-02 1.0E-01
Cholesteryl Esters in Medium
VLDL 6575 | 1.03 1.01 1.06 1.6E-02 1.0E-01
Free Cholesterol to Total Lipids in
Medium VLDL percentage 6575 | 1.03 1.01 1.06 1.8E-02 1.1E-01
Cholesteryl Esters to Total Lipids
in Small HDL percentage 6575 | 1.04 1.01 1.07 1.9E-02 1.1E-01
Triglycerides to Total Lipids in
Very Large HDL percentage 6572 0.97 0.94 1.00 2.1E-02 1.2E-01
Triglycerides in IDL 6575 |1 0.97 0.94 1.00 2.3E-02 1.3E-01
Triglycerides in Small LDL 6575  0.97 0.94 1.00 2.4E-02 1.3E-01
Free Cholesterol to Total Lipids in
Large LDL percentage 6575 | 1.07 1.01 1.13 2.4E-02 1.3E-01
Omega-6 Fatty Acids to Total
Fatty Acids percentage 6570 | 1.03 1.00 1.06 2.5E-02 1.3E-01
Tyrosine 6568 | 0.97 0.95 1.00 2.7E-02 1.4E-01
Cholesterol to Total Lipids in
Small VLDL percentage 6575 | 1.03 1.00 1.06 2.7E-02 1.4E-01
Cholesterol to Total Lipids in
Medium LDL percentage 6575 | 1.16 1.02 1.32 2.8E-02 1.4E-01
Cholesteryl Esters to Total Lipids
in Medium HDL percentage 6575  1.04 1.00 1.07 3.1E-02 1.5E-01
Phospholipids in Small HDL 6575 |1 0.97 0.95 1.00 3.2E-02 1.6E-01
Cholesteryl Esters to Total Lipids
in Large LDL percentage 6575 1.14 1.01 1.28 3.4E-02 1.6E-01
Saturated Fatty Acids 6570 | 0.97 0.95 1.00 3.6E-02 1.6E-01
Alanine 6571 | 0.97 0.95 1.00 3.6E-02 1.6E-01
Triglycerides in Very Small
VLDL 6575 | 0.97 0.95 1.00 3.6E-02 1.6E-01
Triglycerides in Very Large HDL = 6575 | 0.97 0.95 1.00 3.8E-02 1.7E-01
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Appendix 5.2 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for PSA testing.

Metabolite Cases HR LL UL P-value? Padj’
Omega-6 Fatty Acids to Omega-3
Fatty Acids ratio 6569 | 0.97 0.95 1.00 4.0E-02 1.7E-01
Cholesterol in Chylomicrons and
Extremely Large VLDL 6575 | 0.97 0.95 1.00 4.0E-02 1.7E-01
Triglycerides to Total Lipids in
Medium HDL percentage 6575 | 0.97 0.95 1.00 4.0E-02 1.7E-01
Triglycerides to Total Lipids in
Small HDL percentage 6575 | 0.97 0.95 1.00 4.3E-02 1.7E-01
Cholesterol to Total Lipids in
Medium HDL percentage 6575 | 1.03 1.00 1.07 4.4E-02 1.7E-01
Cholesteryl Esters in
Chylomicrons and Extremely
Large VLDL 6575 | 0.97 0.95 1.00 4.5E-02 1.8E-01
Valine 6570 | 0.97 0.95 1.00 4.7E-02 1.8E-01
Total Lipids in Small HDL 6575 | 0.97 0.95 1.00 4.9E-02 1.9E-01
Triglycerides to Total Lipids in
Small VLDL percentage 6575 | 0.97 0.95 1.00 53E-02  2.0E-01
Triglycerides to Total Lipids in
Medium VLDL percentage 6575  0.98 0.95 1.00 5.6E-02 2.1E-01
Phospholipids in Medium HDL 6575 |1 0.97 0.95 1.00 5.9E-02 | 2.2E-01
Total Fatty Acids 6570 | 0.98 0.95 1.00 6.1E-02  2.2E-01
Free Cholesterol in Small LDL 6575 | 1.03 1.00 1.06 6.2E-02 2.2E-01
Cholesteryl Esters to Total Lipids
in Very Large VLDL percentage 6548 | 1.03 1.00 1.05 6.3E-02 2.2E-01
Phospholipids to Total Lipids in
Medium VLDL percentage 6575 | 1.03 1.00 1.06 6.6E-02 2.3E-01
Cholesteryl Esters to Total Lipids
in Large VLDL percentage 6575  1.02 1.00 1.05 6.8E-02 2.3E-01
Saturated Fatty Acids to Total
Fatty Acids percentage 6570 | 0.98 0.95 1.00 7.1E-02 2.4E-01
Free Cholesterol in Chylomicrons
and Extremely Large VLDL 6575  0.98 0.95 1.00 7.2E-02 2.4E-01
Phospholipids to Total Lipids in
Medium LDL percentage 6575 | 1.02 1.00 1.05 7.6E-02 2.5E-01
Leucine 6575 | 0.98 0.95 1.00 8.5E-02  2.8E-01
Total Triglycerides 6575 | 0.98 0.95 1.00 8.7E-02 2.8E-01
Total Concentration of Branched-
Chain Amino Acids (Leucine +
Isoleucine + Valine) 6570 | 0.98 0.95 1.00 8.8E-02  2.8E-01
Cholesterol in Medium VLDL 6575 | 1.02 1.00 1.05 9.6E-02 | 2.9E-01
Total Lipids in Medium HDL 6575 | 0.98 0.95 1.00 9.6E-02  2.9E-01
Free Cholesterol in Small HDL 6575 | 0.98 0.95 1.00 9.8E-02 3.0E-01
Cholesteryl Esters to Total Lipids
in Small VLDL percentage 6575  1.02 1.00 1.05 1.0E-01 3.1E-01
Phosphoglycerides 6570 | 0.98 0.95 1.00 1.1E-01 3.3E-01
Cholesteryl Esters to Total Lipids
in Very Large HDL percentage 6572  1.03 0.99 1.06 1.1E-01 3.3E-01
Cholesterol in Very Large HDL 6575 | 1.02 0.99 1.05 1.2E-01 3.5E-01
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Appendix 5.2 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for PSA testing.

Metabolite Cases HR LL UL P-value? Padj?
Glycoprotein Acetyls 6575 | 1.02 0.99 1.05 1.2E-01 3.6E-01
Cholesterol to Total Lipids in Very
Large VLDL percentage 6548 | 1.02 0.99 1.05 1.3E-01 3.6E-01
Average Diameter for VLDL
Particles 6575 | 0.98 0.95 1.01 1.3E-01 3.7E-01
Cholesteryl Esters in Very Large
HDL 6575 | 1.02 0.99 1.05 1.3E-01 3.7E-01
Cholesteryl Esters in Large HDL 6575 | 1.02 0.99 1.05 1.3E-01 3.7E-01
Free Cholesterol in LDL 6575 | 1.02 0.99 1.05 1.6E-01 4.0E-01
Phosphatidylcholines 6570 | 0.98 0.96 1.01 1.5E-01 4.0E-01
Apolipoprotein Al 6575 | 0.98 0.95 1.01 1.6E-01 4.0E-01
Linoleic Acid to Total Fatty Acids
percentage 6570 | 1.02 0.99 1.05 1.6E-01 4.0E-01
Citrate 6575 | 0.98 0.96 1.01 1.5E-01 4.0E-01
Triglycerides in Small VLDL 6575 | 0.98 0.96 1.01 1.6E-01 4.0E-01
Concentration of Medium HDL
Particles 6575 | 0.98 0.96 1.01 1.6E-01 4.0E-01
Omega-3 Fatty Acids 6570 | 1.02 0.99 1.05 1.7E-01 4.1E-01
Glutamine 6549 | 0.98 0.96 1.01 1.7E-01 4.1E-01
Free Cholesterol in Large LDL 6575  1.02 0.99 1.05 1.7E-01 4.1E-01
Free Cholesterol in Medium LDL 6575 | 1.02 0.99 1.05 1.7E-01 4.1E-01
Cholesterol to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367  0.98 0.96 1.01 1.6E-01 4.1E-01
Free Cholesterol to Total Lipids in
Large HDL percentage 6575 | 1.02 0.99 1.05 1.7E-01 4.1E-01
Phospholipids to Total Lipids in
Small HDL percentage 6575 | 0.98 0.96 1.01 1.6E-01 4.1E-01
Phospholipids in HDL 6575 | 0.98 0.96 1.01 1.8E-01 4.2E-01
Albumin 6574 | 0.98 0.96 1.01 1.8E-01 4.2E-01
Free Cholesterol to Total Lipids in
IDL percentage 6575 | 1.02 0.99 1.04 1.9E-01 4.4E-01
Cholesteryl Esters in IDL 6575 | 1.02 0.99 1.04 1.9E-01 44E-01
Triglycerides in VLDL 6575 | 0.98 0.96 1.01 1.9E-01 4.4E-01
Cholesterol in Large HDL 6575  1.02 0.99 1.05 2.0E-01 4.4E-01
Free Cholesterol to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367 | 0.98 0.96 1.01 2.0E-01 4.4E-01
Triglycerides to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367  1.02 0.99 1.04 2.0E-01 4.4E-01
Triglycerides to
Phosphoglycerides ratio 6570 | 0.98 0.96 1.01 2.0E-01 4.4E-01
Cholesterol in IDL 6575 | 1.02 0.99 1.04 2.1E-01 44E-01
Phospholipids in Small LDL 6575 | 1.02 0.99 1.04 2.1E-01 44E-01
Phospholipids in Chylomicrons
and Extremely Large VLDL 6575  0.98 0.96 1.01 2.1E-01 4.5E-01
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Appendix 5.2 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for PSA testing.

Metabolite Cases HR LL UL P-value? Padj’
Apolipoprotein B to
Apolipoprotein Al ratio 6575 | 1.02 0.99 1.04 2.1E-01 4.5E-01
Phospholipids in Very Large HDL 6575 | 1.02 0.99 1.05 2.1E-01 4.5E-01
Cholesteryl Esters to Total Lipids
in Chylomicrons and Extremely
Large VLDL percentage 6367 | 0.98 0.96 1.01 2.2E-01 4.6E-01
Free Cholesterol in Very Large
HDL 6575 | 1.02 0.99 1.04 2.2E-01 4.6E-01
Phospholipids to Total Lipids in
Medium HDL percentage 6575 | 0.99 0.96 1.01 2.3E-01 4.7E-01
Concentration of Chylomicrons
and Extremely Large VLDL
Particles 6575 | 0.98 0.96 1.01 2.4E-01 4.8E-01
Total Cholines 6570 | 0.98 0.96 1.01 2.5E-01 4.9E-01
Glycine 6540 | 0.99 0.96 1.01 2.5E-01 4.9E-01
Free Cholesterol in Medium HDL 6575 | 0.98 0.96 1.01 2.5E-01 4.9E-01
Sphingomyelins 6570 | 1.02 0.99 1.04 2.5E-01 4.9E-01
Cholesterol to Total Lipids in
Large VLDL percentage 6575 | 1.01 0.99 1.04 2.5E-01 4.9E-01
Cholesterol in Large LDL 6575 | 1.02 0.99 1.05 2.6E-01 5.0E-01
Concentration of HDL Particles 6575 | 0.98 0.96 1.01 2.6E-01 5.0E-01
Concentration of Small HDL
Particles 6575 | 0.98 0.96 1.01 2.6E-01 5.0E-01
Total Lipids in Chylomicrons and
Extremely Large VLDL 6575 1 0.99 0.96 1.01 2.6E-01 5.0E-01
Free Cholesterol in IDL 6575  1.01 0.99 1.04 2.7E-01 5.0E-01
Phospholipids to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367 | 0.99 0.96 1.01 2.7E-01 5.0E-01
Total Lipids in HDL 6575 | 0.99 0.96 1.01 2.7E-01 5.1E-01
Clinical LDL Cholesterol 6575  1.01 0.99 1.04 2.8E-01 5.1E-01
Phospholipids to Total Lipids in
Very Large HDL percentage 6572 | 1.02 0.99 1.04 2.9E-01 5.2E-01
Cholesterol to Total Lipids in Very
Large HDL percentage 6572 | 1.01 0.99 1.04 3.0E-01 5.4E-01
Total Lipids in VLDL 6575 | 0.99 0.96 1.01 3.1E-01 5.5E-01
Cholesteryl Esters in Very Small
VLDL 6575  1.01 0.99 1.04 3.1E-01 5.5E-01
Total Lipids in Very Large HDL | 6575  1.01 0.99 1.04 3.1E-01 5.5E-01
Cholesteryl Esters in Large LDL | 6575  1.01 0.99 1.04 3.2E-01 5.5E-01
Acetoacetate 6517  1.01 0.99 1.04 3.2E-01 5.6E-01
Concentration of IDL Particles 6575 | 1.01 0.99 1.04 3.2E-01 5.6E-01
Total Concentration of
Lipoprotein Particles 6575 | 0.99 0.96 1.01 3.4E-01 5.6E-01
Omega-6 Fatty Acids 6570 | 0.99 0.96 1.01 3.3E-01 5.6E-01
Linoleic Acid 6570 | 0.99 0.96 1.01 3.3E-01 5.6E-01
Histidine 6567  1.01 0.99 1.04 3.3E-01 5.6E-01
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Appendix 5.2 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for PSA testing.

Metabolite Cases HR LL UL P-value? Padj?
Concentration of Very Large
VLDL Particles 6575  0.99 0.96 1.01 3.3E-01 5.6E-01

Abbreviations: PSA, prostate-specific antigen; SD, standard deviation; HR, hazard ratio; LL,
95% confidence interval lower limit; UL, 95% confidence interval upper limit; LDL, low-density
lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; IDL, intermediate-density
lipoprotein cholesterol; VLDL, very low-density lipoprotein cholesterol.

1 Hazard ratios (95% confidence interval) for prostate cancer associated with a one standard
deviation increase in concentration, percentage, or ratio of metabolite features, after additional
adjustment for PSA testing. Analyses were stratified by region and Townsend Deprivation Index
with age as the underlying time variable. Adjusted for PSA testing, fasting status, body mass
index, height, alcohol intake, family history of prostate cancer, ethnicity, level of education,
smoking status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). Padj values are sorted in
ascending order. Associations with Padj < 0.05 are bolded.
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Concentration of HDL 1309 091 0.85 0.96 8.0E-04 3.1E-02 2159  1.00 = 0.96 1.05 8.4E-01 9.7E-01 = 3107 @ 1.00 097 1.04 8.7E-01 9.9E-01
Particles
Leucine 1309 = 091 0.86 0.96 8.1E-04 3.1E-02 2159 098 | 094 1.03 4.4E-01 8.1E-01 | 3107 1.02 098 1.05 4.1E-01 | 7.9E-01
Concentration of Small 1309 091 0.86 0.96 6.6E-04 3.1E-02 2159  1.00 = 0.96 1.05 8.5E-01 9.7E-01 = 3107 @ 1.00 097 1.04 8.1E-01 9.9E-01
HDL Particles
Total Lipids in Small HDL 1309 090 | 0.85 0.96 5.6E-04 3.1E-02 2159 099 @ 095 1.03 6.3E-01 9.2E-01 = 3107 | 0.99 096  1.03 @ 7.8E-01 @ 9.9E-01
Phospholipids in Small 1309 090 0.85 0.96 6.5E-04  3.1E-02 2159 099 094 1.03 5.2E-01 8.6E-01 3107 099 095 1.03 6.9E-01 9.5E-01
HDL
Cholesterol in Small HDL 1309 = 091 0.86 0.96 7.0E-04 3.1E-02 2159 1.01 | 0.96 1.06 7.0E-01 9.4E-01 = 3107 | 1.01 | 097 1.04 7.9E-01 9.9E-01
Cholesteryl Esters in Small 1309 091 0.85 0.96 8.7E-04 3.1E-02 2159  1.01 = 097 1.06 5.4E-01 8.6E-01 3107 1.01 097 1.05 6.8E-01 @ 9.5E-01
HDL
Total Concentration of 1309 = 091 0.86 0.96 1.1E-03 3.3E-02 2159 1.01 | 0.96 1.05 8.2E-01 9.7E-01 = 3107 | 1.01 | 0.97  1.05  7.6E-01 @ 9.8E-01
Lipoprotein Particles
Albumin 1308 091 0.87 0.97 1.2E-03 3.4E-02 2159  1.00 = 0.96 1.04 9.6E-01 9.9E-01 3107 @ 1.00 097 1.04 83E-01 9.9E-01
Phospholipids to Total 1309 1.12 1.04 1.20 1.4E-03 3.4E-02 2159 1.07 | 1.01 1.13 1.4E-02 2.7E-01 = 3107 | 1.02 | 097 1.07 @ 3.9E-01 7.8E-01
Lipids in Small LDL
percentage
Apolipoprotein Al 1309 091 0.86 0.97 2.5E-03 4.4E-02 2159 1.00 095 1.04 9.0E-01 9.7E-01 = 3107 @ 1.00 0.96 1.04 9.0E-01 9.9E-01
BCAA 1307 = 092  0.86 0.97 2.4E-03 4.4E-02 2159 098 | 094 1.03 4.6E-01 8.2E-01 | 3104 1.01 098 1.05 5.3E-01 | 8.4E-01
Concentration of Medium 1309 093  0.89 0.97 2.4E-03 4.4E-02 2159  1.00 = 0.96 1.04 9.5E-01 9.9E-01 3107 @ 1.00 096 1.04 83E-01 9.9E-01
HDL Particles
Free Cholesterol in Small 1309 = 091 0.86 0.97 2.0E-03 4.4E-02 2159 1 099 095 1.04 7.3E-01 9.4E-01 3107 1.00 0.96 1.03 83E-01 9.9E-01
HDL
Total Lipids in Medium 1309 091 0.86 0.97 2.7E-03 4.5E-02 2159 099 095 1.04 8.1E-01 9.7E-01 = 3107 099 095 1.03 7.1E-01 9.6E-01
HDL
Phospholipids in Medium 1309 092 0.86 0.97 3.5E-03 5.0E-02 2159 © 099 @ 095 1.04 6.8E-01 9.4E-01 3107 099 0.95 1.03 5.8E-01 8.7E-01
HDL
Cholesterol in Medium 1309 093 0.88 0.98 3.7E-03 5.0E-02 2159  1.01 = 0.96 1.06 7.3E-01 9.4E-01 3107 @ 1.00 096 1.04 92E-01 9.9E-01
HDL
Cholesteryl Esters in 1309 093 0.88 0.98 3.6E-03 5.0E-02 2159 1.01 | 0.96 1.06 6.9E-01 9.4E-01 3107 1.00 0.96 1.04 8.6E-01 9.9E-01
Medium HDL
Free Cholesterol in 1309 093 0.88 0.98 5.2E-03 6.8E-02 2159  1.00 = 0.96 1.05 9.1E-01 9.7E-01 = 3107 @ 1.00 0.96 1.04 8.6E-01 9.9E-01
Medium HDL
Isoleucine 1308 093  0.88 0.98 6.7E-03 8.3E-02 2159 1.00 | 0.96 1.05 9.0E-01 9.7E-01 = 3107 1.02 0.99 1.06 19E-01 6.8E-01
Valine 1307 092  0.87 0.98 7.6E-03 9.1E-02 2159 098 ' 094 1.02 3.5E-01 7.5E-01 3104 1.00 097 1.04 8.5E-01 9.9E-01
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Phosphatidylcholines 1307 093 0.88 0.98 9.5E-03 1.1E-01 2159 099 @ 095 1.03 6.3E-01 9.2E-01 = 3104 1.00 0.96 1.03 8.3E-01 9.9E-01
Phosphoglycerides 1307 093  0.88 0.98 1.0E-02 1.1E-01 2159 099 @ 094 1.03 5.7E-01 8.7E-01 3104 099 096 1.03 7.1E-01 @ 9.6E-01
Total Lipids in HDL 1309 093 0.87 0.98 1.3E-02 1.3E-01 2159 | 1.00 = 0.95 1.05 9.8E-01 1.OE+00 = 3107 @ 1.00  0.96  1.04 9.2E-01 @ 9.9E-01
Glutamine 1304 093 0.88 0.98 1.2E-02 1.3E-01 2151 1.01 | 0.96 1.05 7.8E-01 9.5E-01 = 3094 099 096 1.03 64E-01 9.4E-01
Phospholipids in HDL 1309 093 0.88 0.98 1.4E-02 1.3E-01 2159 © 1.00 095 1.04 8.4E-01 9.7E-01 = 3107 | 0.99 096  1.03 @ 7.6E-01 @ 9.8E-01
Total Cholines 1307 093  0.88 0.99 1.4E-02 1.3E-01 2159 099 095 1.04 7.3E-01 9.4E-01 3104 1.00 0.96 1.04 9.7E-01 1.0E+00
Citrate 1309 093 0.88 0.99 1.4E-02 1.3E-01 2159 © 1.00 095 1.04 9.0E-01 9.7E-01 = 3107 | 098 | 095 1.02 | 34E-01 7.2E-01
Pyruvate 1302 094 0.89 0.99 1.6E-02 1.4E-01 2152 1.01 = 097 1.05 7.1E-01 9.4E-01 3095 1.02 0.99 1.06 22E-01 6.8E-01
Cholesteryl Esters in HDL 1309 093 0.88 0.99 2.1E-02 1.8E-01 2159 1.02 | 097 1.07 4.2E-01 8.0E-01 & 3107  1.01 097 1.05 5.8E-01 | 8.7E-01
HDL Cholesterol 1309 093 0.88 0.99 2.3E-02 1.9E-01 2159 1.02 097 1.06 5.0E-01 8.6E-01 3107 1.01 097 1.05 64E-01 9.4E-01
Total Phospholipids in 1309 094 0.89 0.99 3.0E-02 2.3E-01 2159 © 099 @ 0.95 1.04 7.4E-01 9.4E-01 = 3107 | 1.00 097 1.04 @ 8.6E-01 @ 9.9E-01
Lipoprotein Particles
Lactate 1305 094 0.89 1.00 3.5E-02 2.6E-01 2156 = 099 095 1.04 7.6E-01 94E-01 3102 1.01 097 1.04 7.0E-01 9.5E-01
Free Cholesterol in HDL 1309 094 0.89 1.00 4.2E-02 3.1E-01 2159 1.00 | 0.96 1.05 8.8E-01 9.7E-01 = 3107 | 1.00 A 0.96 1.04 @ 9.2E-01 @ 9.9E-01
Triglycerides to Total 1269  1.07 1.00 1.15 4.4E-02 3.1E-01 2084 1.03 099 1.08 1.7E-01 6.0E-01 3014 099 0.96 1.02 4.6E-01 8.0E-01
Lipids in Chylomicrons
and Extremely Large
VLDL percentage
Phospholipids to Total 1309  1.06 1.00 1.12 5.3E-02 3.6E-01 2159 © 099 @ 095 1.04 7.5E-01 9.4E-01 = 3107 | 098 094 1.01 @ 1.9E-01 @ 6.8E-01
Lipids in IDL percentage
Phospholipids to Total 1309  1.05 1.00 1.12 6.9E-02 4.7E-01 2159 098 ' 094 1.02 3.4E-01 7.5E-01 = 3107 097 093 1.00 6.8E-02 5.6E-01
Lipids in Very Small
VLDL percentage
Total Esterified 1309 095 0.90 1.01 8.1E-02 5.1E-01 2159 1.01 | 097 1.06 5.5E-01 8.6E-01 = 3107  1.02 098 1.06 2.7E-01 | 6.9E-01
Cholesterol
Total Lipids in Lipoprotein 1309 095 0.90 1.01 8.1E-02 5.1E-01 2159 099 095 1.03 6.6E-01 9.2E-01 = 3107 @ 1.00 097 1.04 82E-01 9.9E-01
Particles
Total Fatty Acids 1307 = 095  0.90 1.01 8.8E-02 5.1E-01 2159 097 093 1.02 2.6E-01 6.8E-01 = 3104 098 095 1.02 4.2E-01 | 7.9E-01
Omega-6 Fatty Acids 1307 = 095 0.90 1.01 9.0E-02 5.1E-01 2159 098 ' 094 1.03 4.7E-01 83E-01 | 3104 1.00 096 1.04 1.0E+00 1.0E+00
Saturated Fatty Acids 1307 = 095 0.90 1.01 9.0E-02 5.1E-01 2159 097 093 1.02 2.1E-01 6.6E-01 = 3104 098 095 1.02 3.7E-01 | 7.6E-01
Glucose 1303 095 0.90 1.01 9.0E-02 5.1E-01 2157 095 091 0.99 1.9E-02 2.7E-01 = 3100 096 092 099 1.8E-02 4.4E-01
Triglycerides in Medium 1309 095 0.90 1.01 8.3E-02 5.1E-01 2159 095 | 091 1.00 3.6E-02 2.7E-01 = 3107 | 098 094 1.01 @ 23E-01 @ 6.8E-01

HDL
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Cholesterol to Total Lipids 1269 095 0.90 1.01 9.5E-02 5.3E-01 2084 099 094 1.03 5.0E-01 8.6E-01 3014 099 096 1.03 7.6E-01 @ 9.8E-01
in Chylomicrons and
Extremely Large VLDL
percentage
Tyrosine 1307 = 095 0.90 1.01 1.0E-01 5.4E-01 2158 095 | 0091 0.99 2.7E-02 2.7E-01 = 3103 | 0.99 096 1.03 @ 6.6E-01 @ 9.5E-01
Cholesteryl Esters to Total 1269 095 0.90 1.01 1.0E-01 5.4E-01 2084 098 094 1.03 4.5E-01 82E-01 3014 1.00 097 1.04 9.0E-01 @ 9.9E-01
Lipids in Chylomicrons
and Extremely Large
VLDL percentage
Total Cholesterol 1309 = 096  0.90 1.01 1.0E-01 5.4E-01 2159 1.01 | 097 1.06 6.2E-01 9.2E-01 = 3107 1.02 098 1.06 28E-01 6.9E-01
Monounsaturated Fatty 1307 = 095  0.90 1.01 1.1E-01 5.4E-01 2159 096 @ 092 1.01 9.2E-02 3.8E-01 3104 097 094 1.01 1.6E-01 6.8E-01
Acids
Triglycerides in HDL 1309 = 096  0.90 1.01 1.2E-01 6.1E-01 2159 095 | 091 0.99 2.8E-02 2.7E-01 = 3107 | 098 094 1.01 @ 1.9E-01 6.8E-01
Free Cholesterol to Total 1309 097 @ 093 1.01 1.2E-01 6.1E-01 2159 1.02 097 1.07 3.7E-01 7.6E-01 = 3107 @ 1.01 097 1.05 7.6E-01 9.8E-01
Lipids in Medium HDL
percentage
Phospholipids to Total 1309  1.06 = 098 1.14 1.3E-01 6.1E-01 2159 098 @ 0.95 1.01 1.9E-01 6.3E-01 | 3107 098 096 1.01 1.5E-01 | 6.8E-01
Lipids in Medium HDL
percentage
Polyunsaturated Fatty 1307 096 091 1.01 1.4E-01 6.5E-01 2159  1.00 = 0.96 1.04 9.2E-01 9.8E-01 = 3104 1.00 097 1.04 8.1E-01 9.9E-01
Acids
Total Lipids in Large LDL 1309 096 091 1.02 1.6E-01 7.3E-01 2159 1.02 | 097 1.06 4.8E-01 8.4E-01 = 3107  1.02 098 1.06 2.8E-01 | 7.0E-01
Total Free Cholesterol 1309 096 091 1.02 1.9E-01 7.4E-01 2159  1.00 = 0.96 1.05 8.2E-01 9.7E-01 = 3107 @ 1.02 098 1.06 3.0E-01 7.1E-01
Total Lipids in LDL 1309 096 091 1.02 1.8E-01 7.4E-01 2159 1.01 | 097 1.05 6.6E-01 9.2E-01 = 3107 | 1.02 098  1.06 @ 3.3E-01 @ 7.1E-01
Sphingomyelins 1307 096 091 1.02 1.7E-01 7.4E-01 2159  1.03 098 1.07 2.4E-01 6.7E-01 3104 1.02 0.99 1.06 2.1E-01 6.8E-01
Linoleic Acid 1307 = 096 091 1.02 1.8E-01 7.4E-01 2159 098 093 1.02 2.6E-01 6.8E-01 | 3104 1.00 097 1.04 9.5E-01 | 1.0E+00
3-Hydroxybutyrate 1280 096 091 1.02 1.9E-01 7.4E-01 2109  1.00 = 0.96 1.04 1.0E+00 1.OE+00 = 3038 1.02 098 1.05 4.3E-01 7.9E-01
Triglycerides in 1309  1.04 098 1.10 1.8E-01 7.4E-01 2159 098 | 094 1.02 3.9E-01 7.7E-01 = 3107 | 1.00 A 0.96 1.03 | 8.5E-01 @ 9.9E-01
Chylomicrons and
Extremely Large VLDL
Phospholipids in Large 1309 096 091 1.02 1.7E-01 7.4E-01 2159  1.01 = 097 1.06 5.2E-01 8.6E-01 = 3107 1.02 099 1.06 2.3E-01 6.8E-01
LDL
Total Lipids in Medium 1309 096 091 1.02 1.9E-01 7.4E-01 2159 1.00 | 0.96 1.04 1.0E+00 1.OE+00 = 3107 @ 1.01  0.98  1.05 4.4E-01 @ 8.0E-01
LDL
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Phospholipids in Medium 1309 096 091 1.02 1.9E-01 7.4E-01 2159  1.01 = 0.96 1.05 8.1E-01 9.7E-01 = 3107 @ 1.02 098 1.05 4.0E-01 7.8E-01
LDL
Triglycerides in Large 1309 096 091 1.02 1.9E-01 7.4E-01 2159 095 | 091 1.00 3.6E-02 2.7E-01 = 3107 | 098 094 1.01 @ 22E-01 @ 6.8E-01
HDL
Free Cholesterol to Total 1269 096 091 1.02 1.8E-01 7.4E-01 2084  1.00 = 0.96 1.04 9.6E-01 9.9E-01 3014 098 094 1.01 22E-01 6.8E-01
Lipids in Chylomicrons
and Extremely Large
VLDL percentage
Clinical LDL Cholesterol 1309 097 @ 092 1.02 2.7E-01 8.0E-01 2159 1.02 | 097 1.06 4.8E-01 8.4E-01 = 3107  1.03 099 1.07 14E-01 @ 6.8E-01
LDL Cholesterol 1309 098  0.94 1.02 2.5E-01 8.0E-01 2159 1.02 097 1.07 5.2E-01 8.6E-01 3107 1.02 098 1.07 25E-01 @ 6.9E-01
Triglycerides in LDL 1309 097 091 1.02 2.5E-01 8.0E-01 2159 © 096 | 0091 1.00 5.7E-02 3.2E-01 = 3107 | 097 094 1.01 1.7E-01 @ 6.8E-01
Phospholipids in LDL 1309 097 092 1.02 2.3E-01 8.0E-01 2159  1.01 = 097 1.06 6.0E-01 9.1E-01 = 3107  1.02 098 1.06 2.8E-01 6.9E-01
Cholesteryl Esters in LDL 1309 098  0.94 1.02 2.5E-01 8.0E-01 2159 1.01 | 0.96 1.06 6.3E-01 9.2E-01 = 3107 | 1.02 | 098  1.06 @ 3.0E-01 @ 7.1E-01
Apolipoprotein B to 1309  1.03 098 1.09 2.7E-01 8.0E-01 2159  1.00 = 0.96 1.05 8.8E-01 9.7E-01 = 3107 @ 1.02 098 1.05 3.7E-01 7.6E-01
Apolipoprotein A1 ratio
Polyunsaturated Fatty 1307 1.04 097 1.10 2.7E-01 8.0E-01 2159 1.06 = 1.01 1.11 2.5E-02 2.7E-01 = 3104 1.04 1.00 1.09 3.1E-02 4.6E-01
Acids to Total Fatty Acids
percentage
Glycine 1305 097 092 1.02 2.6E-01 8.0E-01 2147 = 1.00 095 1.04 8.8E-01 9.7E-01 = 3088 098 095 1.02 33E-01 7.1E-01
Acetate 1303  1.03 098 1.09 2.4E-01 8.0E-01 2150 099 095 1.04 7.7E-01 9.4E-01 = 3090 | 1.00 096 1.03 @ 82E-01 @ 9.9E-01
Acetone 1309 097 091 1.02 2.5E-01 8.0E-01 2159  1.01 = 097 1.05 6.4E-01 9.2E-01 = 3107 @ 1.02 099 1.06 19E-01 6.8E-01
Creatinine 1281  1.03 098 1.09 2.3E-01 8.0E-01 2114 = 1.00 | 0.96 1.05 8.8E-01 9.7E-01 = 3051 ' 1.00  0.96  1.04 9.7E-01 | 1.0E+00
Cholesteryl Esters in IDL 1309 097 092 1.02 2.6E-01 8.0E-01 2159 1.02 098 1.07 3.5E-01 7.5E-01 = 3107  1.03 099 1.07 94E-02 6.1E-01
Cholesteryl Esters in Large 1309 097 | 093 1.02 2.6E-01 8.0E-01 2159 1.02 | 098 1.07 3.6E-01 7.5E-01 = 3107 | 1.02 | 099 1.07 @ 2.2E-01 @ 6.8E-01
LDL
Triglycerides in Large 1309 096 091 1.02 2.2E-01 8.0E-01 2159 096 @ 092 1.00 7.1E-02 34E-01 3107 097 094 1.01 1.7E-01 6.8E-01
LDL
Cholesterol in Medium 1309 098 | 0.93 1.02 2.6E-01 8.0E-01 2159 1.00 | 0.96 1.05 8.9E-01 9.7E-01 = 3107 | 1.02 | 098  1.06 @ 3.3E-01 @ 7.1E-01
LDL
Cholesteryl Esters in 1309 098  0.94 1.02 2.6E-01 8.0E-01 2159 1.00 095 1.04 8.6E-01 9.7E-01 = 3107 @ 1.02 098 1.05 43E-01 7.9E-01
Medium LDL
Triglycerides in Medium 1309 097 091 1.03 2.6E-01 8.0E-01 2159 096 | 0091 1.00 5.1E-02 3.0E-01 = 3107 | 097 094 1.01 1.8E-01 @ 6.8E-01
LDL
Triglycerides in Small 1309 096 091 1.02 2.3E-01 8.0E-01 2159 095 091 1.00 4.0E-02 2.7E-01 = 3107 098 094 1.02 24E-01 6.9E-01

HDL
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Cholesteryl Esters to Total 1309  1.04 098 1.11 2.2E-01 8.0E-01 2159 1.03 | 098 1.08 2.3E-01 6.6E-01 | 3107 1.04 1.00 1.09 5.0E-02 | 5.2E-01
Lipids in Medium VLDL
percentage
Polyunsaturated Fatty 1307 1.03 097 1.10 2.8E-01 8.1E-01 2159  1.06 @ 1.01 1.11 1.8E-02 2.7E-01 3104 1.05 1.01 1.09 2.5E-02 4.4E-01
Acids to Monounsaturated
Fatty Acids ratio
Total Lipids in IDL 1309 097 @ 092 1.02 2.8E-01 8.1E-01 2159 = 1.01 | 097 1.06 5.3E-01 8.6E-01 = 3107  1.02 099 1.06 2.1E-01 | 6.8E-01
Total Cholesterol Minus 1309 097 092 1.03 2.9E-01 8.2E-01 2159  1.01 = 097 1.05 7.5E-01 94E-01 3107  1.02 098 1.06 2.7E-01 6.9E-01
HDL-C
Cholesterol in IDL 1309 097 @ 092 1.03 2.9E-01 8.2E-01 2159 1.02 | 098 1.06 3.6E-01 7.5E-01 = 3107 | 1.03 | 0.99 1.07 @ 1.1E-01 @ 6.6E-01
Free Cholesterol in Very 1309  1.03 097 1.09 2.9E-01 8.2E-01 2159  1.01 = 097 1.06 6.4E-01 9.2E-01 3107 1.01 098 1.05 4.8E-01 8.0E-01
Large HDL
Free Cholesterol in Large 1309 098  0.94 1.02 3.0E-01 8.3E-01 2159 1.03 | 098 1.08 2.4E-01 6.7E-01 & 3107  1.03 099 1.07 14E-01 | 6.8E-01
LDL
Free Cholesterol in LDL 1309 098  0.94 1.02 3.2E-01 8.5E-01 2159  1.03 098 1.08 2.5E-01 6.8E-01 3107 1.03 0.99 1.08 1.3E-01 6.8E-01
Docosahexaenoic Acid to 1307  1.03 = 097 1.09 3.2E-01 8.5E-01 2159 © 1.08 1.03 1.13 2.2E-03 2.7E-01 = 3104 1.05 1.01 1.09 1.3E-02 4.4E-01
Total Fatty Acids
percentage
Cholesterol in Large LDL 1309 098  0.94 1.02 3.2E-01 8.5E-01 2159 1.02 098 1.08 3.2E-01 7.5E-01 = 3107  1.03 099 1.07 19E-01 6.8E-01
Cholesteryl Esters in Small 1309 098  0.94 1.02 3.2E-01 8.5E-01 2159 © 099 @ 0.95 1.04 8.0E-01 9.6E-01 = 3107 1.02 098 1.06 4.6E-01 8.0E-01
LDL
Free Cholesterol to Total 1309  1.03 097 1.09 3.2E-01 8.5E-01 2159  1.04 099 1.08 1.3E-01 5.0E-01 3107 1.03 099 1.07 1.2E-01 @6.7E-01
Lipids in Very Small
VLDL percentage
Monounsaturated Fatty 1307 = 097 091 1.03 3.3E-01 8.6E-01 2159 095 | 0.90 0.99 2.2E-02 2.7E-01 = 3104 | 096 092  1.00 @ 3.1E-02 @ 4.6E-01
Acids to Total Fatty Acids
percentage
Glycoprotein Acetyls 1309  1.03 097 1.09 3.3E-01 8.6E-01 2159  1.03 098 1.08 2.2E-01 6.6E-01 3107 @ 1.01 097 1.05 7.5E-01 9.8E-01
Free Cholesterol in 1309 098  0.94 1.02 3.5E-01 8.7E-01 2159 1.03 | 098 1.08 2.9E-01 7.1E-01 = 3107 1.03 0.99 1.08 1.4E-01 6.8E-01
Medium LDL
Triglycerides to Total 1306 1.03 097 1.10 3.5E-01 8.7E-01 2150 097 @ 094 0.99 2.1E-02 2.7E-01 = 3092  1.01 097 1.05 6.1E-01 9.1E-01
Lipids in Very Large
VLDL percentage
Cholesterol to Total Lipids 1309  1.03 097 1.09 3.4E-01 8.7E-01 2159 1.03 | 0.99 1.08 1.8E-01 6.2E-01 | 3107 1.04 1.00 1.08 3.7E-02 | 4.8E-01
in Medium VLDL
percentage
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Free Cholesterol to Total 1309  1.03 097 1.09 3.6E-01 8.8E-01 2159 1.02 098 1.07 3.2E-01 7.5E-01 3107 1.04 1.00 1.08 6.0E-02 5.2E-01
Lipids in Medium VLDL
percentage
Free Cholesterol in IDL 1309 098 ' 092 1.03 3.7E-01 9.1E-01 2159 1.02 | 098 1.06 4.1E-01 7.9E-01 = 3107 | 1.02 099 1.06 @ 2.0E-01 @ 6.8E-01
Cholesteryl Esters to Total 1309 098 092 1.03 3.9E-01 9.3E-01 2159  1.05 @ 1.00 1.10 3.9E-02 2.7E-01 3107 1.06 1.02 1.10 2.6E-03 4.4E-01
Lipids in IDL percentage
Saturated Fatty Acids to 1307 098 ' 092 1.03 4.0E-01 9.3E-01 2159 097 093 1.02 2.5E-01 6.8E-01 = 3104 098 095 1.02 4.3E-01 | 7.9E-01
Total Fatty Acids
percentage
Cholesteryl Esters in 1309 1.02 097 1.08 4.1E-01 9.3E-01 2159 1.02 097 1.06 4.3E-01 8.1E-01 | 3107 1.04 1.00 1.08 4.8E-02 5.2E-01
Medium VLDL
Phospholipids in IDL 1309 098 | 0.93 1.03 4.1E-01 9.3E-01 2159 1.01 | 097 1.06 5.4E-01 8.6E-01 = 3107  1.02 098 1.06 2.7E-01 | 6.9E-01
Cholesterol in Small LDL 1309 098  0.94 1.03 4.1E-01 9.3E-01 2159  1.00 = 0.96 1.05 8.9E-01 9.7E-01 = 3107 @ 1.02 098 1.06 3.2E-01 7.1E-01
Cholesteryl Esters to Total 1309  1.02 097 1.08 4.0E-01 9.3E-01 2159 1.03 | 098 1.07 2.2E-01 6.6E-01 = 3107  1.02 098 1.06 3.1E-01 | 7.1E-01
Lipids in Large VLDL
percentage
Triglycerides to Total 1309 098 092 1.03 4.1E-01 9.3E-01 2159 097 @ 092 1.01 1.3E-01 5.0E-01 3104 097 093 1.01 14E-01 6.8E-01
Lipids in Very Large HDL
percentage
Total Lipids in Large HDL 1309 098 ' 092 1.04 4.2E-01 9.5E-01 2159 = 1.01 | 097 1.06 6.4E-01 9.2E-01 = 3107 | 1.01 | 097 1.05  7.5E-01 @ 9.8E-01
Omega-6 Fatty Acids to 1307 1.02  0.96 1.09 4.3E-01 9.5E-01 2159  1.03 098 1.08 2.6E-01 6.8E-01 3104 1.03 099 1.07 1.1E-01 6.6E-01
Total Fatty Acids
percentage
Triglycerides in IDL 1309 098 ' 092 1.04 4.4E-01 9.5E-01 2159 096 | 091 1.00 6.0E-02 3.2E-01 = 3107 | 098 094 1.01 @ 2.1E-01 @ 6.8E-01
Cholesterol in Very Large 1309  1.02 097 1.08 4.3E-01 9.5E-01 2159 1.02 097 1.06 4.6E-01 82E-01 3107 1.02 098 1.06 2.6E-01 @ 6.9E-01
HDL
Phospholipids in Large 1309 098 ' 092 1.04 4.3E-01 9.5E-01 2159 1.01 | 097 1.06 6.3E-01 9.2E-01 = 3107 | 1.00 096 1.04 8.9E-01 @ 9.9E-01
HDL
Cholesteryl Esters to Total 1309 099 0.96 1.02 4.5E-01 9.5E-01 2159 099 097 1.02 4.5E-01 82E-01 3107 1.00 095 1.06 9.0E-01 @ 9.9E-01
Lipids in Small LDL
percentage
Cholesteryl Esters to Total 1309 098  0.94 1.03 4.5E-01 9.5E-01 2159 1.03 | 097 1.09 3.6E-01 7.5E-01 3104 1.09 1.01 1.18 2.5E-02 4.4E-01
Lipids in Very Large HDL
percentage
Free Cholesterol to Total 1309 1.03  0.96 1.10 4.5E-01 9.5E-01 2159  1.03 097 1.08 3.4E-01 7.5E-01 = 3107 @ 1.01 097 1.06 5.0E-01 &.1E-01
Lipids in Large HDL
percentage
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Remnant Cholesterol 1309 098 | 0.93 1.03 4.7E-01 9.5E-01 2159 | 1.00 = 0.96 1.04 9.8E-01 1.OE+00 = 3107 @ 1.02  0.98  1.06 3.2E-01 @ 7.1E-01
(Non-HDL, Non-LDL -
Cholesterol)
VLDL Cholesterol 1309 099 0.94 1.05 8.0E-01 9.5E-01 2159 099 095 1.03 5.3E-01 8.6E-01 3107 1.01 097 1.04 6.7E-01 @ 9.5E-01
Total Triglycerides 1309 098 | 0.93 1.04 5.7E-01 9.5E-01 2159 096 | 092 1.01 1.0E-01 4.1E-01 = 3107 1 0.99 095 1.02 4.8E-01 8.0E-01
Triglycerides in VLDL 1309 099 093 1.05 7.2E-01 9.5E-01 2159 097 093 1.01 1.4E-01 52E-01 3107 099 096 1.03 6.7E-01 @ 9.5E-01
Phospholipids in VLDL 1309 099 0.94 1.05 7.3E-01 9.5E-01 2159 098 | 094 1.02 2.9E-01 7.1E-01 = 3107 | 1.00 A 0.96  1.03 | 9.0E-01 @ 9.9E-01
Cholesteryl Esters in 1309 1.00 0.94 1.05 8.7E-01 9.5E-01 2159 099 095 1.03 6.9E-01 9.4E-01 3107 @ 1.01 098 1.05 49E-01 &.1E-01
VLDL
Free Cholesterol in VLDL 1309 099 0.94 1.05 7.4E-01 9.5E-01 2159 098 | 094 1.02 3.8E-01 7.6E-01 = 3107 | 1.00 097  1.04  9.1E-01 @ 9.9E-01
Total Lipids in VLDL 1309 099 093 1.05 6.9E-01 9.5E-01 2159 097 093 1.02 2.2E-01 6.6E-01 =~ 3107 @ 1.00 096 1.03 8.1E-01 9.9E-01
Concentration of VLDL 1309 099 0.94 1.05 7.7E-01 9.5E-01 2159 098 | 094 1.03 4.1E-01 7.9E-01 3107  1.00 0.97  1.04 9.6E-01 1.0E+00
Particles
Concentration of LDL 1309 099 093 1.04 5.9E-01 9.5E-01 2159  1.00 = 0.96 1.05 8.6E-01 9.7E-01 = 3107 @ 1.02 098 1.05 3.8E-01 7.6E-01
Particles
Average Diameter for 1309 098 | 0.93 1.04 5.7E-01 9.5E-01 2159 097 093 1.01 1.8E-01 6.2E-01 = 3107 099 095 1.03 53E-01 | 8.4E-01
VLDL Particles
Average Diameter for 1309  1.00  0.95 1.06 8.6E-01 9.5E-01 2159  1.06 @ 1.01 1.11 1.3E-02 2.7E-01 = 3107 @ 1.02 098 1.05 4.1E-01 7.9E-01
LDL Particles
Average Diameter for 1309 099 0.94 1.05 8.5E-01 9.5E-01 2159 | 1.00 = 0.96 1.05 9.5E-01 9.9E-01 3107  1.00 0.96  1.04 9.9E-01 | 1.0E+00
HDL Particles
Triglycerides to 1307 1.02  0.96 1.08 5.7E-01 9.5E-01 2159 096 @ 092 1.01 1.0E-01 4.2E-01 3104 099 095 1.02 4.8E-01 8.0E-01
Phosphoglycerides ratio
Apolipoprotein B 1309 099 | 0.93 1.04 5.9E-01 9.5E-01 2159 1.00 | 0.96 1.05 9.3E-01 9.9E-01 = 3107 | 1.02 098  1.05  3.7E-01 @ 7.6E-01
Degree of Unsaturation 1307 1.02  0.96 1.08 4.9E-01 9.5E-01 2159 1.07 @ 1.02 1.12 3.3E-03 2.7E-01 3104 1.04 1.01 1.08 2.5E-02 4.4E-01
Omega-3 Fatty Acids 1307 099 | 0.93 1.05 7.2E-01 9.5E-01 2159 1.04 | 1.00 1.09 6.1E-02 32E-01 3104 1.02 098 1.06 2.7E-01 6.9E-01
Omega-3 Fatty Acids to 1307 1.02  0.96 1.08 5.7E-01 9.5E-01 2159 1.07 @ 1.02 1.12 4.1E-03 2.7E-01 3104 1.03 1.00 1.07 7.3E-02 5.6E-01
Total Fatty Acids
percentage
Linoleic Acid to Total 1307 = 1.02 0.96 1.08 6.2E-01 9.5E-01 2159 © 1.00 095 1.05 9.3E-01 9.9E-01 3104 1.03 0.99 1.07 1.5E-01 6.8E-01
Fatty Acids percentage
Omega-6 Fatty Acids to 1306 098 @ 0.93 1.04 5.2E-01 9.5E-01 2159 095 091 0.99 1.8E-02 2.7E-01 = 3104 098 094 1.01 23E-01 6.8E-01
Omega-3 Fatty Acids ratio
Alanine 1307 099 | 0.93 1.04 6.5E-01 9.5E-01 2159 099 | 094 1.03 5.3E-01 8.6E-01 & 3105 095 092 099 1.1E-02 | 4.4E-01
Histidine 1307 098 = 0.93 1.04 4.8E-01 9.5E-01 2158 | 1.00  0.96 1.04 9.9E-01 1.OE+00 = 3102 | 1.04 1.00 1.08 3.6E-02 4.8E-01
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Phenylalanine 1308 = 1.00 0.94 1.05 9.0E-01 9.5E-01 2158 ' 098 093 1.02 2.6E-01 6.8E-01 = 3107  1.01 097 1.04 69E-01 @ 9.5E-01
Acetoacetate 1294 099 0.94 1.05 7.7E-01 9.5E-01 2146 = 099 095 1.04 7.7E-01 9.4E-01 3077 @ 1.03 099 1.07 1.1E-01 6.5E-01
Concentration of 1309 @ 1.01 0.95 1.06 8.3E-01 9.5E-01 2159 097 | 092 1.01 1.1E-01 4.2E-01 | 3107 | 0.99 095 1.02 4.3E-01 7.9E-01
Chylomicrons and
Extremely Large VLDL
Particles
Total Lipids in 1309  1.00  0.95 1.06 8.6E-01 9.5E-01 2159 096 @ 092 1.00 6.2E-02 3.2E-01 3107 099 096 1.03 6.7E-01 9.5E-01
Chylomicrons and
Extremely Large VLDL
Phospholipids in 1309 @ 1.01 0.96 1.07 6.5E-01 9.5E-01 2159 096 093 1.01 8.8E-02 3.8E-01 = 3107 | 098 095 1.02 @ 3.0E-01 @ 7.1E-01
Chylomicrons and
Extremely Large VLDL
Cholesterol in 1309 098 = 0.93 1.04 5.8E-01 9.5E-01 2159 095 091 0.99 1.5E-02 2.7E-01 = 3107 099 095 1.02 43E-01 7.9E-01
Chylomicrons and
Extremely Large VLDL
Cholesteryl Esters in 1309 098 | 0.93 1.04 5.0E-01 9.5E-01 2159 095 | 091 0.99 1.3E-02 2.7E-01 = 3107 | 0.99 095 1.03 @ 5.8E-01 @ 8&.7E-01
Chylomicrons and
Extremely Large VLDL
Free Cholesterol in 1309 099 0.94 1.05 7.6E-01 9.5E-01 2159 096 @ 092 1.00 4.6E-02 2.8E-01 = 3107 098 095 1.02 3.2E-01 7.1E-01
Chylomicrons and
Extremely Large VLDL
Concentration of Very 1309 099 0.94 1.05 7.3E-01 9.5E-01 2159 097 093 1.02 2.2E-01 6.6E-01 = 3107  1.00 096 1.03 83E-01 | 9.9E-01
Large VLDL Particles
Total Lipids in Very Large 1309 099 0.94 1.05 8.5E-01 9.5E-01 2159 097 093 1.01 1.9E-01 6.3E-01 3107  1.00 096 1.03 8.8E-01 9.9E-01
VLDL
Phospholipids in Very 1309 1.01 0.95 1.06 8.4E-01 9.5E-01 2159 098 | 094 1.02 2.2E-01 6.6E-01 = 3107  1.00 096 1.03 8.0E-01 | 9.9E-01
Large VLDL
Cholesterol in Very Large 1309 099 0.94 1.05 8.5E-01 9.5E-01 2159 098 ' 094 1.02 2.8E-01 7.1E-01 = 3107 | 1.00 0.97 1.04 94E-01 1.0E+00
VLDL
Cholesteryl Esters in Very 1309 1.00 0.94 1.05 8.8E-01 9.5E-01 2159 098 | 094 1.02 4.0E-01 7.9E-01 = 3107 | 1.01 A 097 1.04 6.9E-01 9.5E-01
Large VLDL
Triglycerides in Very 1309  1.01 0.95 1.07 7.7E-01 9.5E-01 2159 096 @ 092 1.01 9.1E-02 3.8E-01 3107 @ 1.00 097 1.04 93E-01 9.9E-01
Large VLDL
Concentration of Large 1309 099 0.94 1.05 7.4E-01 9.5E-01 2159 097 093 1.02 2.5E-01 6.8E-01 = 3107  1.00 096 1.03 8&.7E-01 | 9.9E-01
VLDL Particles
Total Lipids in Large 1309 099 0.94 1.05 7.6E-01 9.5E-01 2159 098 ' 094 1.02 3.2E-01 7.5E-01 = 3107 @ 1.00 096 1.04 1.0E+00 1.0E+00
VLDL
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Phospholipids in Large 1309  1.00 | 0.95 1.06 8.9E-01 9.5E-01 2159 099 095 1.03 6.6E-01 9.2E-01 = 3107 | 1.00 | 0.97 1.04 1.0E+00 1.0E+00
VLDL
Cholesterol in Large 1309 099 0.94 1.05 8.3E-01 9.5E-01 2159 098 ' 094 1.03 4.4E-01 8.1E-01 3107  1.00 097 1.04 8.8E-01 9.9E-01
VLDL
Free Cholesterol in Large 1309 099 0.94 1.05 6.9E-01 9.5E-01 2159 098 094 1.02 3.4E-01 7.5E-01 = 3107  1.00 096 1.04 9.6E-01 @ 1.0E+00
VLDL
Triglycerides in Large 1309 099 0.94 1.05 7.5E-01 9.5E-01 2159 098 @ 094 1.02 3.6E-01 7.5E-01 = 3107 1.00 096 1.04 9.8E-01 1.0E+00
VLDL
Concentration of Medium 1309 099 0.94 1.05 7.6E-01 9.5E-01 2159 099 @ 095 1.04 7.4E-01 9.4E-01 3107 @ 1.01 098  1.05 4.8E-01 @ 8.0E-01
VLDL Particles
Total Lipids in Medium 1309 099 0.94 1.05 7.1E-01 9.5E-01 2159 099 095 1.03 6.7E-01 9.2E-01 = 3107 @ 1.01 097 1.05 5.6E-01 8&.7E-01
VLDL
Phospholipids in Medium 1309 1.00 0.94 1.05 8.9E-01 9.5E-01 2159  1.00  0.95 1.04 8.2E-01 9.7E-01 = 3107 | 1.02 | 098  1.05 3.6E-01 & 7.5E-01
VLDL
Cholesterol in Medium 1309  1.01 0.95 1.06 7.9E-01 9.5E-01 2159  1.01 = 097 1.05 6.5E-01 9.2E-01 = 3107 1.03  1.00 1.07 8.5E-02 6.1E-01
VLDL
Triglycerides in Medium 1309 099 | 0.93 1.04 6.1E-01 9.5E-01 2159 098 094 1.02 3.6E-01 7.5E-01 = 3107 | 1.00 | 0.96 1.04 1.0E+00 1.0E+00
VLDL
Concentration of Small 1309 1.00 0.94 1.05 9.0E-01 9.5E-01 2159 098 094 1.02 3.6E-01 7.5E-01 = 3107 @ 1.00 096 1.04 9.6E-01 1.0E+00
VLDL Particles
Total Lipids in Small 1309 = 099 0.94 1.05 7.8E-01 9.5E-01 2159 098 094 1.02 3.9E-01 7.7E-01 = 3107 | 1.00 | 0.96 1.04 9.9E-01 @ 1.0E+00
VLDL
Phospholipids in Small 1309 099 0.94 1.05 8.4E-01 9.5E-01 2159 099 095 1.04 7.3E-01 9.4E-01 3107 1.01 097 1.05 6.0E-01 @9.0E-01
VLDL
Free Cholesterol in Small 1309 1.00 0.94 1.05 8.9E-01 9.5E-01 2159 1.00 = 0.96 1.04 9.7E-01 9.9E-01 @ 3107  1.02 098  1.06 2.8E-01 @ 7.0E-01
VLDL
Triglycerides in Small 1309 099 0.94 1.05 8.2E-01 9.5E-01 2159 097 @ 092 1.01 1.4E-01 5.0E-01 3107 099 095 1.03 5.4E-01 8.5E-01
VLDL
Concentration of Very 1309 = 099 0.94 1.05 8.1E-01 9.5E-01 2159 099  0.95 1.03 5.5E-01 8.6E-01 3107 | 1.00 097 1.04 8.5E-01 | 9.9E-01
Small VLDL Particles
Total Lipids in Very Small 1309 099 0.94 1.05 8.3E-01 9.5E-01 2159 099 095 1.03 5.3E-01 8.6E-01 3107 1.00 097 1.04 93E-01 9.9E-01
VLDL
Cholesterol in Very Small 1309 1.00 0.94 1.05 8.9E-01 9.5E-01 2159 1.00 | 0.96 1.05 8.7E-01 9.7E-01 = 3107 | 1.02 | 098  1.05 3.7E-01 | 7.6E-01
VLDL
Cholesteryl Esters in Very 1309 1.00 0.94 1.05 8.7E-01 9.5E-01 2159  1.01 = 097 1.05 6.9E-01 9.4E-01 3107 1.02 098 1.06 2.6E-01 6.9E-01
Small VLDL
Triglycerides in Very 1309 099 | 0.93 1.05 7.0E-01 9.5E-01 2159 095 0091 1.00 4.7E-02 2.8E-01 = 3107 098 094 1.02 2.5E-01 @ 6.9E-01
Small VLDL
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Concentration of IDL 1309 098 @ 0.93 1.04 5.7E-01 9.5E-01 2159  1.01 = 097 1.05 7.0E-01 9.4E-01 3107  1.03 099 1.06 1.7E-01 6.8E-01
Particles
Concentration of Large 1309 099 0.94 1.04 6.5E-01 9.5E-01 2159 = 1.01 | 097 1.06 5.8E-01 8.8E-01 = 3107  1.02 098 1.06 3.3E-01 @ 7.1E-01
LDL Particles
Concentration of Medium 1309 098  0.93 1.03 4.6E-01 9.5E-01 2159 099 095 1.03 6.5E-01 9.2E-01 = 3107 @ 1.01 098 1.05 4.8E-01 8.0E-01
LDL Particles
Concentration of Small 1309 099 | 0.93 1.04 6.3E-01 9.5E-01 2159 099 @ 095 1.04 7.3E-01 9.4E-01 = 3107 | 1.01 | 098  1.05  4.6E-01 @ 8.0E-01
LDL Particles
Total Lipids in Small LDL 1309 098 @ 0.93 1.03 4.7E-01 9.5E-01 2159  1.00 = 0.96 1.05 9.5E-01 9.9E-01 3107  1.02 098 1.05 4.1E-01 7.9E-01
Free Cholesterol in Small 1309 1.00 0.94 1.05 8.6E-01 9.5E-01 2159 1.03 | 098 1.08 2.8E-01 7.1E-01 = 3107 | 1.04 099 1.08  9.2E-02 @ 6.1E-01
LDL
Triglycerides in Small 1309 098 092 1.04 5.0E-01 9.5E-01 2159 095 091 1.00 4.2E-02 2.7E-01 = 3107 098 094 1.02 25E-01 6.9E-01
LDL
Concentration of Very 1309 1.01 0.96 1.07 6.2E-01 9.5E-01 2159 1.00 | 0.96 1.05 9.3E-01 9.9E-01 = 3107 | 1.01 | 097 1.05  6.6E-01 @ 9.5E-01
Large HDL Particles
Total Lipids in Very Large 1309  1.02 097 1.08 4.6E-01 9.5E-01 2159  1.00 = 0.96 1.05 8.4E-01 9.7E-01 = 3107 @ 1.01 098 1.05 4.5E-01 8.0E-01
HDL
Phospholipids in Very 1309 @ 1.01 0.95 1.07 7.1E-01 9.5E-01 2159 1.02 | 098 1.07 3.4E-01 7.5E-01 = 3107 | 1.01 A 098  1.05  4.7E-01 @ 8.0E-01
Large HDL
Cholesteryl Esters in Very 1309  1.01 0.95 1.07 7.4E-01 9.5E-01 2159  1.02 098 1.07 3.6E-01 7.5E-01 = 3107  1.03 099 1.07 2.0E-01 6.8E-01
Large HDL
Triglycerides in Very 1309 099 | 0.93 1.05 6.7E-01 9.5E-01 2159 095 | 091 1.00 4.1E-02 2.7E-01 = 3107 | 098 094 1.02  29E-01 7.1E-01
Large HDL
Concentration of Large 1309 098 @ 0.93 1.04 5.4E-01 9.5E-01 2159  1.01 = 097 1.06 5.4E-01 8.6E-01 3107 1.01 097 1.05 7.5E-01 @ 9.8E-01
HDL Particles
Cholesterol in Large HDL 1309 = 099 0.94 1.05 8.0E-01 9.5E-01 2159 1.03 | 098 1.08 2.3E-01 6.6E-01 = 3107  1.02 098 1.06 3.2E-01 | 7.1E-01
Cholesteryl Esters in Large 1309 099 0.94 1.05 8.2E-01 9.5E-01 2159  1.03 ' 099 1.08 1.7E-01 59E-01 3107 1.02 098 1.06 25E-01 @ 6.9E-01
HDL
Free Cholesterol in Large 1309 1.00 0.94 1.05 8.9E-01 9.5E-01 2159 1.02 | 097 1.07 4.2E-01 8.0E-01 = 3107  1.01 097 1.05 5.8E-01 | 8.7E-01
HDL
Phospholipids to Total 1269  1.02  0.96 1.07 5.8E-01 9.5E-01 2084 099 095 1.03 7.2E-01 9.4E-01 3014 097 094 1.00 4.1E-02 4.8E-01
Lipids in Chylomicrons
and Extremely Large
VLDL percentage
Phospholipids to Total 1306 = 099 0.94 1.03 5.9E-01 9.5E-01 2150 098 | 094 1.01 1.5E-01 5.4E-01 & 3092  1.00 096 1.03 9.1E-01 | 9.9E-01
Lipids in Very Large
VLDL percentage
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years

3-7 years

> 7 years

Metabolites

Cholesterol to Total Lipids
in Very Large VLDL
percentage

Cholesteryl Esters to Total
Lipids in Very Large
VLDL percentage

Free Cholesterol to Total
Lipids in Very Large
VLDL percentage
Phospholipids to Total
Lipids in Large VLDL
percentage

Cholesterol to Total Lipids
in Large VLDL percentage
Free Cholesterol to Total
Lipids in Large VLDL
percentage

Phospholipids to Total
Lipids in Medium VLDL
percentage

Triglycerides to Total
Lipids in Medium VLDL
percentage

Phospholipids to Total
Lipids in Small VLDL
percentage

Cholesterol to Total Lipids
in Small VLDL percentage
Cholesteryl Esters to Total
Lipids in Small VLDL
percentage

Free Cholesterol to Total
Lipids in Small VLDL
percentage

Cholesterol to Total Lipids
in Very Small VLDL
percentage

Cases
1306

1306

1306

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

HR
1.01

1.01

1.01

1.02

1.01

0.98

1.03

0.99

1.01

1.01

1.01

1.01

1.00

LL
0.95

0.95

0.95

0.96

0.96

0.94

0.96

0.94

0.95

0.95

0.96

0.95

0.95

UL
1.07

1.07

1.06

1.08

1.07

1.04

1.09

1.04

1.07

1.07

1.07

1.07

1.06

P-value
7.9E-01

7.4E-01

8.0E-01

5.7E-01

7.1E-01

5.5E-01

4.5E-01

6.9E-01

8.2E-01

7.3E-01

6.9E-01

8.1E-01

8.8E-01

Padj
9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

Cases
2150

2150

2150

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

HR
1.04

1.04

1.02

1.01

1.02

1.00

1.02

0.97

1.04

1.03

1.02

1.04

1.05

LL
0.99

1.00

0.98

0.97

0.98

0.96

0.97

0.94

1.00

0.98

0.97

0.99

1.00

UL
1.09

1.09

1.06

1.05

1.07

1.04

1.07

1.01

1.09

1.07

1.06

1.09

1.10

P-value
9.0E-02

6.8E-02

3.9E-01

7.6E-01

3.5E-01

9.1E-01

5.4E-01

2.1E-01

7.5E-02

2.3E-01

4.5E-01

9.1E-02

4.4E-02

Padj
3.8E-01

3.4E-01

7.7E-01

9.4E-01

7.5E-01

9.7E-01

8.6E-01

6.6E-01

3.4E-01

6.6E-01

8.2E-01

3.8E-01

2.8E-01

Cases
3092

3092

3092

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

HR
1.01

1.02

0.99

1.00

1.01

0.99

1.04

0.98

1.04

1.03

1.02

1.04

1.05

LL
0.98

0.98

0.96

0.97

0.97

0.96

0.99

0.94

1.00

1.00

0.99

1.01

1.01

UL
1.05

1.06

1.03

1.03

1.05

1.03

1.08

1.01

1.08

1.07

1.06

1.09

1.09

P-value
5.1E-01

3.0E-01

6.7E-01

9.6E-01

5.6E-01

7.6E-01

1.1E-01

1.9E-01

5.7E-02

7.7E-02

2.0E-01

2.4E-02

2.1E-02

Padj
8.1E-01

7.1E-01

9.5E-01

1.0E+00

8.7E-01

9.8E-01

6.5E-01

6.8E-01

5.2E-01

5.6E-01

6.8E-01

4.4E-01

4.4E-01
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years

3-7 years

> 7 years

Metabolites

Triglycerides to Total
Lipids in Very Small
VLDL percentage
Cholesterol to Total Lipids
in IDL percentage

Free Cholesterol to Total
Lipids in IDL percentage
Triglycerides to Total
Lipids in IDL percentage
Phospholipids to Total
Lipids in Large LDL
percentage

Cholesterol to Total Lipids
in Large LDL percentage
Cholesteryl Esters to Total
Lipids in Large LDL
percentage

Triglycerides to Total
Lipids in Large LDL
percentage

Phospholipids to Total
Lipids in Medium LDL
percentage

Cholesterol to Total Lipids
in Medium LDL
percentage

Cholesteryl Esters to Total
Lipids in Medium LDL
percentage

Free Cholesterol to Total
Lipids in Medium LDL
percentage

Triglycerides to Total
Lipids in Medium LDL
percentage

Cholesterol to Total Lipids
in Small LDL percentage

Cases
1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

HR
0.99

0.98

1.01

1.01

1.02

1.02

1.03

1.01

1.01

1.01

1.01

1.01

1.01

0.99

LL
0.94

0.93

0.95

0.95

0.96

0.90

0.86

0.95

0.95

0.88

0.92

0.94

0.95

0.96

UL
1.05

1.04

1.07

1.07

1.07

1.24

1.07

1.06

1.16

1.10

1.09

1.07

1.03

P-value
7.8E-01

5.7E-01

7.9E-01

7.4E-01

5.6E-01

8.0E-01

7.7E-01

7.8E-01

8.1E-01

8.8E-01

8.8E-01

7.9E-01

8.5E-01

6.4E-01

Padj
9.5E-01

9.5E-01
9.5E-01
9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

Cases
2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

HR
0.95

1.05

1.02

0.95

0.99

1.35

1.19

0.94

1.05

0.99

1.12

0.95

1.01

LL
0.91

1.00

0.98

0.90

0.95

1.04

0.97

0.90

1.01

0.89

0.97

1.03

0.91

0.90

UL
1.00

1.10

1.07

0.99

1.03

1.76

1.46

0.99

1.10

1.37

1.02

1.22

0.99

1.14

P-value
4.1E-02

3.9E-02

2.9E-01

1.9E-02

5.5E-01

2.2E-02

9.2E-02

1.1E-02

2.7E-02

3.6E-01

5.6E-01

9.0E-03

2.5E-02

8.3E-01

Padj
2.7E-01

2.7E-01
7.2E-01
2.7E-01

8.6E-01

2.7E-01

3.8E-01

2.7E-01

2.7E-01

7.5E-01

8.7E-01

2.7E-01

2.7E-01

9.7E-01

Cases
3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

HR
0.97

1.05

1.01

0.95

1.01

1.24

1.10

0.95

1.01

1.25

1.02

1.06

0.95

1.12

LL
0.93

1.01

0.98

0.92

0.98

1.00

0.93

0.91

0.97

1.03

0.93

0.99

0.92

0.97

UL
1.00

1.10

1.05

0.99

1.05

1.53

1.30

0.99

1.04

1.51

1.14

0.99

1.30

P-value
7.7E-02

8.2E-03

5.3E-01

1.8E-02

5.1E-01

5.2E-02

2.5E-01

1.2E-02

6.7E-01

2.6E-02

6.9E-01

7.0E-02

1.5E-02

1.3E-01

Padj
5.6E-01

4.4E-01
8.4E-01
4.4E-01

8.1E-01

5.2E-01

6.9E-01

4.4E-01

9.5E-01

4.4E-01

9.5E-01

5.6E-01

4.4E-01

6.8E-01
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years

3-7 years

> 7 years

Metabolites

Free Cholesterol to Total
Lipids in Small LDL
percentage

Triglycerides to Total
Lipids in Small LDL
percentage

Phospholipids to Total
Lipids in Very Large HDL
percentage

Cholesterol to Total Lipids
in Very Large HDL
percentage

Phospholipids to Total
Lipids in Large HDL
percentage

Cholesterol to Total Lipids
in Large HDL percentage
Cholesteryl Esters to Total
Lipids in Large HDL
percentage

Triglycerides to Total
Lipids in Large HDL
percentage

Cholesterol to Total Lipids
in Medium HDL
percentage

Cholesteryl Esters to Total
Lipids in Medium HDL
percentage

Phospholipids to Total
Lipids in Small HDL
percentage

Cholesterol to Total Lipids
in Small HDL percentage
Cholesteryl Esters to Total
Lipids in Small HDL
percentage

Cases
1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

HR
1.02

1.00

0.99

0.99

1.01

1.02

1.02

0.99

0.98

0.99

0.99

1.00

0.99

LL
0.95

0.94

0.94

0.95

0.93

0.96

0.96

0.93

0.93

0.93

0.94

0.94

0.93

UL
1.10

1.06

1.05

1.04

1.10

1.10

1.09

1.05

1.03

1.04

1.05

1.05

1.06

P-value
5.9E-01

8.7E-01

7.8E-01

7.9E-01

7.8E-01

5.0E-01

5.2E-01

7.2E-01

4.7E-01

6.5E-01

7.9E-01

8.7E-01

7.6E-01

Padj
9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

9.5E-01

Cases
2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

HR
1.07

0.94

1.03

1.04

1.00

1.07

1.08

0.95

1.05

1.05

0.97

1.06

1.06

LL
0.99

0.90

0.98

0.99

0.95

1.00

1.01

0.91

1.00

1.00

0.93

1.01

1.01

UL
1.15

0.99

1.08

1.09

1.05

1.14

1.00

1.02

1.12

P-value
7.2E-02

1.5E-02

3.3E-01

1.4E-01

9.6E-01

5.2E-02

2.8E-02

3.4E-02

6.0E-02

6.3E-02

2.6E-01

2.1E-02

2.7E-02

Padj
3.4E-01

2.7E-01

7.5E-01

5.2E-01

9.9E-01

3.0E-01

2.7E-01

2.7E-01

3.2E-01

3.2E-01

6.8E-01

2.7E-01

2.7E-01

Cases
3107

3107

3104

3104

3107

3107

3107

3107

3107

3107

3107

3107

3107

HR
1.06

0.96

1.02

1.01

0.99

1.05

1.05

0.98

1.03

1.04

0.99

1.03

1.03

LL
1.00

0.93

0.98

0.97

0.96

0.99

1.00

0.94

0.99

0.99

0.95

0.99

0.99

UL
1.12

1.00

1.06

1.05

1.02

1.10

1.01

1.08

1.08

1.02

1.07

1.08

P-value
6.1E-02

4.2E-02

4.1E-01

5.0E-01

4.5E-01

8.8E-02

5.9E-02

2.0E-01

1.4E-01

1.2E-01

4.5E-01

1.5E-01

1.7E-01

Padj
5.2E-01

4.8E-01

7.9E-01

8.1E-01

8.0E-01

6.1E-01

5.2E-01

6.8E-01

6.8E-01

6.8E-01

8.0E-01

6.8E-01

6.8E-01
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of

metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Free Cholesterol to Total 1309  1.01 0.96 1.07 6.6E-01 9.5E-01 2159  1.01 = 0.96 1.05 7.6E-01 9.4E-01 3107 @ 1.00 097 1.04 8.8E-01 9.9E-01
Lipids in Small HDL
percentage
Triglycerides to Total 1309 @ 1.01 0.95 1.07 7.1E-01 9.5E-01 2159 095 | 091 1.00 3.3E-02 2.7E-01 = 3107 | 098 094 1.01 @ 22E-01 @ 6.8E-01
Lipids in Small HDL
percentage
Cholesterol in Small 1309  1.00 0.94 1.05 9.0E-01 9.6E-01 2159 099 095 1.04 7.6E-01 9.4E-01 3107 @ 1.01 098 1.05 4.8E-01 8.0E-01
VLDL
Free Cholesterol in Very 1309 1.00 0.94 1.05 9.3E-01 9.7E-01 2159 097 093 1.02 2.4E-01 6.7E-01 & 3107  1.00 096 1.03 8&.7E-01 | 9.9E-01
Large VLDL
Cholesteryl Esters in Small 1309 1.00 0.94 1.05 9.2E-01 9.7E-01 2159 099 095 1.03 6.2E-01 9.2E-01 = 3107 @ 1.01 097 1.05 63E-01 9.4E-01
VLDL
Triglycerides to Total 1309  1.00 | 0.95 1.05 9.3E-01 9.7E-01 2159 1.00 | 0.96 1.05 8.5E-01 9.7E-01 = 3107 | 1.00 A 0.96 1.04 @ 9.2E-01 @ 9.9E-01
Lipids in Large VLDL
percentage
Free Cholesterol to Total 1309 1.00 0.94 1.07 9.2E-01 9.7E-01 2159 1.09 = 0.99 1.21 7.2E-02 34E-01 3107  1.07 099 1.16 1.0E-01 6.5E-01
Lipids in Large LDL
percentage
Docosahexaenoic Acid 1307 = 1.00  0.94 1.06 9.8E-01 9.9E-01 2159 1.06 = 1.01 1.11 1.3E-02 2.7E-01 = 3104 | 1.04 1.00 1.08  3.8E-02 @ 4.8E-01
Cholesteryl Esters in Large 1309 1.00 095 1.06 9.8E-01 9.9E-01 2159 099 095 1.03 5.8E-01 8.8E-01 3107 1.01 097 1.05 6.8E-01 @ 9.5E-01
VLDL
Free Cholesterol in 1309  1.00 | 0.95 1.05 9.9E-01 9.9E-01 2159 1.00 | 0.96 1.04 9.7E-01 9.9E-01 = 3107 | 1.02 | 099 1.06 @ 24E-01 @ 6.9E-01
Medium VLDL
Phospholipids in Very 1309  1.00 095 1.06 9.9E-01 9.9E-01 2159 098 ' 094 1.03 4.6E-01 82E-01 3107 1.00 096 1.03 89E-01 @ 9.9E-01
Small VLDL
Free Cholesterol in Very 1309  1.00 | 0.95 1.05 9.7E-01 9.9E-01 2159 © 099 095 1.04 7.3E-01 9.4E-01 = 3107 | 1.01 | 097 1.04 7.3E-01 9.7E-01
Small VLDL
Triglycerides to Total 1309 1.00 0.94 1.06 9.8E-01 9.9E-01 2159 096 @ 092 1.01 1.1E-01 4.3E-01 = 3107 098 0.94 1.01 2.0E-01 6.8E-01
Lipids in Small VLDL
percentage
Cholesteryl Esters to Total 1309  1.00 0.94 1.06 9.7E-01 9.9E-01 2159 1.05 | 1.00 1.10 4.1E-02 2.7E-01 = 3107 | 1.05  1.01  1.09  1.9E-02 4.4E-01
Lipids in Very Small
VLDL percentage
Free Cholesterol to Total 1309 1.00 0.94 1.06 9.7E-01 9.9E-01 2159  1.00 = 0.96 1.05 8.8E-01 9.7E-01 = 3104 098 095 1.02 33E-01 7.1E-01
Lipids in Very Large HDL
percentage
Triglycerides to Total 1309 1.00 0.94 1.06 9.9E-01 9.9E-01 2159 095 | 091 1.00 4.0E-02 2.7E-01 = 3107 | 098 094 1.02  29E-01 7.1E-01
Lipids in Medium HDL
percentage
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Appendix 5.3 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank', stratified by time since blood collection

<3 years 3-7 years > 7 years
Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR  LL | UL @ P-value Padj
Phospholipids in Small 1309  1.00 095 1.06 9.9E-01 9.9E-01 2159  1.01 = 097 1.06 5.1E-01 8.6E-01 3107 1.02 098 1.06 2.8E-01 @ 6.9E-01

LDL
Abbreviations: HR, hazard ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; IDL,
intermediate-density lipoprotein cholesterol; VLDL, very low-density lipoprotein cholesterol; BCAA, Total concentration of branched-chain amino acids (Leucine + Isoleucine + Valine).

1 Hazard ratios (95% confidence interval) for prostate cancer associated with a one standard deviation increase in concentration, percentage, or ratio of metabolite features by time since blood collection.
Analyses were stratified by region and Townsend Deprivation Index with age as the underlying time variable. Adjusted for fasting status, body mass index, height, alcohol intake, family history of prostate
cancer, ethnicity, level of education, smoking status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). Padj values are sorted in ascending order in the
< 3 years group. Associations with a Padj < 0.05 in both the overall dataset and in this dataset are bolded.
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Appendix 5.4 Hazard ratios for prostate cancer associated with a one standard deviation

increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj?
Docosahexaenoic Acid to Total

Fatty Acids percentage 6570  1.06 1.03 1.08 4.9E-05 1.2E-02
Phospholipids to Total Lipids in

Small LDL percentage 6575  1.06 1.03 1.10 14E-04 | 1.7E-02
Degree of Unsaturation 6570  1.04 1.02 1.07 8.5E-04 5.9E-02
Omega-3 Fatty Acids to Total

Fatty Acids percentage 6570 | 1.04 1.02 1.07 9.5E-04 5.9E-02
Polyunsaturated Fatty Acids to

Total Fatty Acids percentage 6570  1.04 1.02 1.07 2.2E-03 9.1E-02
Polyunsaturated Fatty Acids to

Monounsaturated Fatty  Acids

ratio 6570  1.04 1.02 1.07 2.0E-03 9.1E-02
Triglycerides in LDL 6575 | 0.96 0.94 0.99 5.9E-03 1.0E-01
Triglycerides in HDL 6575 | 0.96 0.94 0.99 4.3E-03 1.0E-01
Monounsaturated Fatty Acids 6570 | 0.96 0.94 0.99 4.3E-03 1.0E-01
Docosahexaenoic Acid 6570 | 1.04 1.01 1.06 5.8E-03 1.0E-01
Monounsaturated Fatty Acids to

Total Fatty Acids percentage 6570 | 0.96 0.94 0.99 4.0E-03 1.0E-01
Omega-6 Fatty Acids to Omega-3

Fatty Acids ratio 6569 | 0.97 0.94 0.99 6.7E-03 1.0E-01
Triglycerides in Large LDL 6575  0.96 0.94 0.99 5.5E-03 1.0E-01
Triglycerides in Medium LDL 6575 | 0.96 0.94 0.99 6.7E-03 1.0E-01
Triglycerides in Large HDL 6575  0.96 0.94 0.99 5.6E-03 1.0E-01
Triglycerides in Medium HDL 6575 | 0.96 0.94 0.99 5.2E-03 1.0E-01
Saturated Fatty Acids 6570 | 0.97 0.94 0.99 1.1E-02 1.6E-01
Triglycerides in IDL 6575 |1 0.97 0.94 0.99 1.2E-02 1.7E-01
Phosphoglycerides 6570 | 0.97 0.94 0.99 1.8E-02 1.8E-01
Total Fatty Acids 6570 | 0.97 0.94 0.99 1.5E-02 1.8E-01
Tyrosine 6568 | 0.97 0.95 1.00 2.0E-02 1.8E-01
Glucose 6560 | 0.97 0.94 0.99 1.8E-02 1.8E-01
Cholesterol in Chylomicrons and

Extremely Large VLDL 6575 | 0.97 0.95 1.00 2.1E-02 1.8E-01
Cholesteryl Esters in

Chylomicrons and Extremely

Large VLDL 6575 | 0.97 0.95 1.00 2.1E-02 1.8E-01
Triglycerides in Small LDL 6575  0.97 0.94 0.99 1.7E-02 1.8E-01
Triglycerides in Very Large HDL 6575 | 0.97 0.95 0.99 1.9E-02 1.8E-01
Phospholipids in Small HDL 6575 | 0.97 0.94 1.00 2.0E-02 1.8E-01
Triglycerides in Small HDL 6575 | 0.97 0.94 0.99 1.5E-02 1.8E-01
Free Cholesterol to Total Lipids in

Medium LDL percentage 6575  1.06 1.01 1.11 1.7E-02 1.8E-01
Cholesteryl Esters to Total Lipids

in Large HDL percentage 6575 | 1.04 1.01 1.08 1.8E-02 1.8E-01
Phosphatidylcholines 6570  0.97 0.95 1.00 2.4E-02 1.8E-01
Triglycerides to Total Lipids in

Large LDL percentage 6575 | 0.97 0.94 1.00 2.5E-02 1.8E-01
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Appendix 5.4 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj’
Free Cholesterol to Total Lipids in
Small LDL percentage 6575 | 1.05 1.01 1.09 2.5E-02 1.8E-01
Triglycerides to Total Lipids in
Small LDL percentage 6575 | 0.97 0.94 1.00 2.4E-02 1.8E-01
Total Lipids in Small HDL 6575 | 0.97 0.95 1.00 2.6E-02 1.9E-01
Triglycerides in Very Small
VLDL 6575 | 0.97 0.95 1.00 3.0E-02  2.1E-01
Free Cholesterol in Small HDL 6575  0.97 0.95 1.00 3.3E-02 2.2E-01
Triglycerides to Total Lipids in
Medium LDL percentage 6575 | 0.97 0.95 1.00 3.6E-02 2.4E-01
Total Cholines 6570 | 0.97 0.95 1.00 3.8E-02 24E-01
Cholesterol to Total Lipids in
Large HDL percentage 6575 | 1.04 1.00 1.07 3.9E-02 2.4E-01
Linoleic Acid 6570 | 0.97 0.95 1.00 4.0E-02 | 2.4E-01
Phospholipids in Medium HDL 6575 |1 0.97 0.95 1.00 4.2E-02 | 2.5E-01
Omega-6 Fatty Acids 6570 | 0.97 0.95 1.00 4.7E-02 | 2.6E-01
Free Cholesterol in Chylomicrons
and Extremely Large VLDL 6575 | 0.97 0.95 1.00 4.5E-02 2.6E-01
Cholesteryl Esters to Total Lipids
in IDL percentage 6575 | 1.03 1.00 1.05 4.7E-02 | 2.6E-01
Phospholipids to Total Lipids in
Medium LDL percentage 6575 | 1.03 1.00 1.05 4.6E-02 2.6E-01
Triglycerides to Total Lipids in
Large HDL percentage 6575  0.97 0.95 1.00 4.9E-02 2.6E-01
Cholesterol to Total Lipids in
Small HDL percentage 6575 | 1.03 1.00 1.05 5.2E-02 2.7E-01
Total Phospholipids in
Lipoprotein Particles 6575  0.98 0.95 1.00 5.4E-02 2.7E-01
Triglycerides to Total Lipids in
IDL percentage 6575 |1 0.97 0.95 1.00 5.5E-02 | 2.7E-01
Cholesteryl Esters to Total Lipids
in Small HDL percentage 6575 | 1.03 1.00 1.06 5.6E-02 2.7E-01
Total Lipids in Medium HDL 6575 |1 0.97 0.95 1.00 5.9E-02 | 2.8E-01
Triglycerides to Total Lipids in
Very Large HDL percentage 6572 | 0.97 0.95 1.00 5.8E-02 2.8E-01
Apolipoprotein Al 6575 | 0.98 0.95 1.00 6.4E-02 | 2.9E-01
Total Triglycerides 6575 | 0.98 0.95 1.00 7.4E-02 3.1E-01
Omega-6 Fatty Acids to Total
Fatty Acids percentage 6570 | 1.03 1.00 1.05 7.0E-02 3.1E-01
Cholesterol to Total Lipids in Very
Small VLDL percentage 6575  1.02 1.00 1.05 7.4E-02 3.1E-01
Cholesterol to Total Lipids in IDL
percentage 6575 | 1.03 1.00 1.05 6.9E-02 3.1E-01
Cholesterol to Total Lipids in
Large LDL percentage 6575 1.14 0.99 1.31 7.1E-02 3.1E-01
Cholesteryl Esters to Total Lipids
in Medium HDL percentage 6575 | 1.03 1.00 1.06 7.2E-02 3.1E-01
Triglycerides to Total Lipids in
Medium HDL percentage 6575  0.98 0.95 1.00 7.5E-02 3.1E-01
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Appendix 5.4 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj’
Total Lipids in Lipoprotein
Particles 6575 | 0.98 0.95 1.00 7.8E-02 3.1E-01
Cholesteryl Esters to Total Lipids
in Very Small VLDL percentage = 6575 | 1.02 1.00 1.05 7.8E-02 3.1E-01
Phospholipids in HDL 6575 | 0.98 0.95 1.00 8.7E-02 3.2E-01
Total Concentration of
Lipoprotein Particles 6575  0.98 0.95 1.00 9.0E-02 3.2E-01
Concentration of HDL Particles 6575 | 0.98 0.95 1.00 9.2E-02 3.2E-01
Average Diameter for LDL
Particles 6575 | 1.02 1.00 1.05 9.4E-02 3.2E-01
Saturated Fatty Acids to Total
Fatty Acids percentage 6570 | 0.98 0.95 1.00 8.8E-02 3.2E-01
Alanine 6571 | 0.98 0.95 1.00 8.9E-02 3.2E-01
Concentration of Medium HDL
Particles 6575 | 0.98 0.95 1.00 8.4E-02 3.2E-01
Cholesteryl Esters to Total Lipids
in Medium VLDL percentage 6575  1.02 1.00 1.05 9.3E-02 3.2E-01
Free Cholesterol to Total Lipids in
Small VLDL percentage 6575 | 1.02 1.00 1.05 9.3E-02 3.2E-01
Triglycerides to Total Lipids in
Small HDL percentage 6575 | 0.98 0.95 1.00 8.9E-02 3.2E-01
Free Cholesterol to Total Lipids in
Very Small VLDL percentage 6575 | 1.02 1.00 1.05 9.9E-02 3.3E-01
Cholesterol to Total Lipids in
Medium VLDL percentage 6575  1.02 1.00 1.05 1.0E-01 3.3E-01
Omega-3 Fatty Acids 6570 | 1.02 1.00 1.05 1.1E-01 3.6E-01
Citrate 6575 | 0.98 0.96 1.01 1.2E-01 3.6E-01
Free Cholesterol in Medium HDL 6575 | 0.98 0.95 1.00 1.1E-01 3.6E-01
Concentration of Small HDL
Particles 6575 | 0.98 0.95 1.00 1.1E-01 3.6E-01
Cholesterol to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367 | 0.98 0.96 1.00 1.2E-01 3.6E-01
Triglycerides to Total Lipids in
Very Small VLDL percentage 6575 | 0.98 0.95 1.01 1.1E-01 3.6E-01
Total Lipids in HDL 6575 | 0.98 0.95 1.01 1.2E-01 3.6E-01
Glutamine 6549 | 0.98 0.96 1.01 1.2E-01 3.7E-01
Phospholipids to Total Lipids in
Small VLDL percentage 6575 | 1.02 0.99 1.05 1.3E-01 3.7E-01
Cholesterol to Total Lipids in
Medium HDL percentage 6575 | 1.02 0.99 1.06 1.3E-01 3.8E-01
Cholesteryl Esters to Total Lipids
in Large LDL percentage 6575 | 1.09 0.97 1.22 1.3E-01 3.8E-01
Glycoprotein Acetyls 6575 | 1.02 0.99 1.05 1.4E-01 3.9E-01
Phospholipids in Chylomicrons
and Extremely Large VLDL 6575 | 0.98 0.96 1.01 1.4E-01 4.0E-01
Total Lipids in VLDL 6575 | 0.98 0.96 1.01 1.5E-01 4.1E-01
Cholesterol in Small HDL 6575 | 0.98 0.96 1.01 1.5E-01 4.1E-01
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Appendix 5.4 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',

after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj’
Cholesteryl Esters to Total Lipids
in Chylomicrons and Extremely
Large VLDL percentage 6367  0.98 0.96 1.01 1.5E-01 4.1E-01
Free Cholesterol to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367 | 0.98 0.96 1.01 1.5E-01 4.1E-01
Cholesteryl Esters to Total Lipids
in Very Large HDL percentage 6572  1.02 0.99 1.06 1.5E-01 4.1E-01
Triglycerides in Small VLDL 6575 | 0.98 0.96 1.01 1.6E-01 4.2E-01
Phospholipids in VLDL 6575 | 0.98 0.96 1.01 1.6E-01 4.2E-01
Concentration of Chylomicrons
and Extremely Large VLDL
Particles 6575 | 0.98 0.96 1.01 1.6E-01 4.2E-01
Triglycerides in VLDL 6575 | 0.98 0.96 1.01 1.7E-01 4.3E-01
Free Cholesterol to Total Lipids in
Large LDL percentage 6575 | 1.04 0.98 1.09 1.7E-01 4.3E-01
Glycine 6540 | 0.98 0.96 1.01 1.8E-01 4.5E-01
Phospholipids to Total Lipids in
Very Large VLDL percentage 6548 | 0.99 0.96 1.01 1.8E-01 4.5E-01
Total Lipids in Chylomicrons and
Extremely Large VLDL 6575 | 0.98 0.96 1.01 1.9E-01 4.5E-01
Cholesteryl Esters to Total Lipids
in Very Large VLDL percentage 6548 | 1.02 0.99 1.04 1.9E-01 4.5E-01
Free Cholesterol in HDL 6575 | 0.98 0.96 1.01 1.9E-01 4.6E-01
Phospholipids in Very Small
VLDL 6575 | 0.98 0.96 1.01 1.9E-01 4.6E-01
Average Diameter for VLDL
Particles 6575 | 0.98 0.96 1.01 2.0E-01 4.7E-01
Albumin 6574 | 0.98 0.96 1.01 2.0E-01 4.7E-01
Total Lipids in Very Small VLDL 6575 | 0.98 0.96 1.01 2.0E-01 4.7E-01
Free Cholesterol to Total Lipids in
Medium VLDL percentage 6575 | 1.02 0.99 1.04 2.0E-01 4.7E-01
Phospholipids to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367  0.99 0.96 1.01 2.1E-01 4.7E-01
Polyunsaturated Fatty Acids 6570 | 0.98 0.96 1.01 2.1E-01 4.7E-01
Free Cholesterol in VLDL 6575 | 0.98 0.96 1.01 2.2E-01 4.8E-01
Concentration of VLDL Particles = 6575 | 0.98 0.96 1.01 2.2E-01 4.8E-01
Concentration of Very Small
VLDL Particles 6575 | 0.98 0.96 1.01 2.1E-01 4.8E-01
Triglycerides to Total Lipids in
Chylomicrons and Extremely
Large VLDL percentage 6367 | 1.02 0.99 1.04 2.2E-01 4.9E-01
Cholesterol in Medium HDL 6575 | 0.98 0.96 1.01 2.4E-01 5.1E-01
Cholesterol to Total Lipids in
Medium LDL percentage 6575 | 1.08 0.95 1.23 2.4E-01 5.1E-01
Valine 6570 | 0.98 0.96 1.01 2.4E-01 5.1E-01
Concentration of Very Large
VLDL Particles 6575 |1 0.99 0.96 1.01 2.5E-01 5.2E-01
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Appendix 5.4 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj’
Concentration of Large VLDL
Particles 6575 | 0.99 0.96 1.01 2.5E-01 5.2E-01
Cholesterol to Total Lipids in Very
Large HDL percentage 6572 | 1.02 0.99 1.04 2.5E-01 5.2E-01
Total Lipids in Small VLDL 6575  0.99 0.96 1.01 2.6E-01 5.2E-01
Histidine 6567 | 1.01 0.99 1.04 2.6E-01 5.3E-01
Cholesteryl Esters in Small HDL | 6575 @ 0.98 0.96 1.01 2.6E-01 5.3E-01
Cholesterol to Total Lipids in
Small VLDL percentage 6575 | 1.02 0.99 1.04 2.6E-01 5.3E-01
Total Lipids in Very Large VLDL 6575 | 0.99 0.96 1.01 2.7E-01 5.3E-01
Free Cholesterol in Very Large
VLDL 6575 1 0.99 0.96 1.01 2.7E-01 5.3E-01
Cholesterol in Very Large VLDL 6575 | 0.99 0.96 1.01 2.8E-01 5.4E-01
Cholesteryl Esters in Medium
HDL 6575 | 0.99 0.96 1.01 2.8E-01 5.4E-01
Cholesteryl Esters to Total Lipids
in Large VLDL percentage 6575  1.01 0.99 1.04 2.8E-01 5.4E-01
Concentration of Small VLDL
Particles 6575 1 0.99 0.96 1.01 2.9E-01 5.5E-01
Concentration of Medium LDL
Particles 6575 | 0.99 0.96 1.01 2.9E-01 5.5E-01
Leucine 6575 1 0.99 0.96 1.01 2.9E-01 5.5E-01
Cholesteryl Esters in Medium
VLDL 6575  1.01 0.99 1.04 2.9E-01 5.5E-01
VLDL Cholesterol 6575 1 0.99 0.96 1.01 3.0E-01 5.6E-01
Free Cholesterol in Large VLDL | 6575 | 0.99 0.96 1.01 3.1E-01 5.6E-01
Phospholipids to Total Lipids in
Small HDL percentage 6575 | 0.99 0.96 1.01 3.1E-01 5.7E-01
Triglycerides to
Phosphoglycerides ratio 6570 | 0.99 0.96 1.01 3.2E-01 5.8E-01
Phospholipids in Very Large
VLDL 6575 |1 0.99 0.96 1.01 3.3E-01 5.9E-01
Triglycerides in Medium VLDL 6575 | 0.99 0.96 1.01 3.3E-01 5.9E-01
Total Concentration of Branched-
Chain Amino Acids (Leucine +
Isoleucine + Valine) 6570 | 0.99 0.96 1.01 3.4E-01 6.0E-01
Total Lipids in Medium LDL 6575 | 0.99 0.96 1.01 3.4E-01 6.0E-01
Cholesterol to Total Lipids in Very
Large VLDL percentage 6548 | 1.01 0.99 1.04 3.4E-01 6.0E-01
Free Cholesterol in Very Small
VLDL 6575 | 0.99 0.96 1.01 3.4E-01 6.0E-01
Cholesteryl Esters in Very Large
HDL 6575 | 1.01 0.99 1.04 3.5E-01 6.0E-01
Total Lipids in Large VLDL 6575  0.99 0.96 1.01 3.5E-01 6.0E-01
Cholesteryl Esters in Small LDL 6575 | 0.99 0.97 1.01 3.5E-01 6.0E-01
Triglycerides to Total Lipids in
Small VLDL percentage 6575  0.99 0.96 1.01 3.5E-01 6.0E-01
Cholesteryl Esters in Large HDL = 6575 | 1.01 0.99 1.04 3.6E-01 6.0E-01
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Appendix 5.4 Hazard ratios for prostate cancer associated with a one standard deviation
increase in concentration, percentage, or ratio of metabolite features in the UK Biobank',
after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj?
Cholesteryl Esters in Medium
LDL 6575 | 0.99 0.97 1.01 3.6E-01 6.1E-01

Abbreviations: SD, standard deviation; HR, hazard ratio; LL, 95% confidence interval lower
limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol; HDL,
high-density lipoprotein cholesterol; IDL, intermediate-density lipoprotein cholesterol; VLDL,
very low-density lipoprotein cholesterol.

1 Hazard ratios (95% confidence interval) for prostate cancer associated with a one standard
deviation increase in concentration, percentage, or ratio of metabolite features, after additional
adjustment for diabetes. Analyses were stratified by region and Townsend Deprivation Index
with age as the underlying time variable. Adjusted for diabetes, fasting status, body mass index,
height, alcohol intake, family history of prostate cancer, ethnicity, level of education, smoking
status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). Padj values are sorted in
ascending order. Associations with Padj < 0.05 are bolded.
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years > 7 years

Metabolites Cases HR LL UL P-value Padj Cases HR LL UL P-value Padj Cases HR LL UL  P-value Padj
Total Concentration of
Lipoprotein Particles 1309  0.901 0.850 | 0.955 4.4E-04 2.0E-02 2159 | 1.00 | 0.95 1.04 9.3E-01 1.OE+00 = 3107 @ 1.00 | 0.96 1.04 0.94 1.00
Concentration of HDL
Particles 1309  0.900 0.849 @ 0.954 4.2E-04 2.0E-02 2159 = 1.00 = 0.95 1.05 9.8E-01 1.OE+00 3107 @ 1.00 0.96 1.04 0.92 1.00
Concentration of Small
HDL Particles 1309  0.902 0.852 | 0.955 3.9E-04 2.0E-02 2159  1.00 = 0.96 1.05 9.9E-01 1.OE+00 = 3107 | 1.00 | 0.96 1.04 0.98 1.00
Total Lipids in Small HDL 1309  0.901 0.850 @ 0.955 4.1E-04 2.0E-02 2159 099 094 1.03 5.5E-01 9.1E-01 = 3107 0.99 095 1.03 0.68 1.00
Phospholipids in Small
HDL 1309  0.902 0.851 | 0.956 5.2E-04 2.0E-02 2159 098 094 1.03 4.7E-01 8.8E-01 | 3107 099 095 1.03 0.62 1.00
Cholesterol in Small HDL 1309  0.902 0.852  0.955 4.2E-04 2.0E-02 2159 1.01  0.96 1.05 8.3E-01 9.8E-01 = 3107 | 1.00 096 1.04 0.95 1.00
Cholesteryl Esters in Small
HDL 1309  0.902 0.850 | 0.956 5.6E-04 2.0E-02 2159  1.01 = 0.96 1.06 6.4E-01 94E-01 = 3107 | 1.00 0.97 1.05 0.82 1.00
Phospholipids to Total
Lipids in Small LDL
percentage 1309 | 1.126 1.050 @ 1.206 7.9E-04 2.5E-02 2159 1.08 1.02 1.14 7.7E-03 3.5E-01 3107 1.03 098  1.08 0.27 1.00
Leucine 1309  0.912  0.862 | 0.964 1.2E-03 3.0E-02 2159 | 099 | 0.95 1.03 5.6E-01 9.1E-01 | 3107 | 1.02 | 098 | 1.06 0.28 1.00
Free Cholesterol in Small
HDL 1309  0.909 0.858 @ 0.963 1.1E-03 3.0E-02 2159 099 094 1.03 5.7E-01 9.1E-01 = 3107 0.99 095 1.03 0.63 1.00
Albumin 1308  0.914 0.866 @ 0.966 1.3E-03 3.0E-02 2159 © 1.00 0.96 1.04 1.0E+00 1.0E+00 = 3107 | 1.01 | 0.97  1.04 0.78 1.00
Apolipoprotein Al 1309  0.909 0.857 @ 0.965 1.6E-03 3.3E-02 2159 099 @ 0.95 1.04 7.6E-01 9.7E-01 = 3107 0.99 0.96 1.03 0.73 1.00
Concentration of Medium
HDL Particles 1309  0.928 0.885 | 0.973 1.9E-03 3.6E-02 2159 | 1.00 | 0.95 1.04 8.6E-01 1.OE+00 = 3107 0.99 0.96 1.03 0.73 1.00
Total Lipids in Medium
HDL 1309  0.913 0.861 @ 0.968 2.2E-03 3.9E-02 2159 099 @ 0.95 1.04 7.4E-01 9.7E-01 = 3107 0.99 095 1.03 0.65 1.00
Phospholipids in Medium
HDL 1309  0.914 0.862 | 0.970 3.1E-03 4.5E-02 2159 099 094 1.04 6.4E-01 94E-01 = 3107 | 099 095 1.03 0.54 1.00
Cholesterol in Medium
HDL 1309 0.927 0.882 @ 0.974 2.8E-03 4.5E-02 2159 1.01 0.96 1.05 8.1E-01 9.8E-01 = 3107 @ 1.00 096 1.04 0.98 1.00
Cholesteryl Esters in
Medium HDL 1309  0.927 0.882 | 0.975 2.9E-03 4.5E-02 2159  1.01 = 0.96 1.05 7.6E-01 9.7E-01 | 3107 | 1.00 | 0.96 @ 1.04 0.95 1.00
Free Cholesterol in
Medium HDL 1309  0.926 0.879 @ 0.975 3.4E-03 4.8E-02 2159 = 1.00 @ 0.95 1.05 9.6E-01 1.0E+00 3107 099 0.95 1.03 0.70 1.00
BCAA 1307  0.919 0.868 | 0.973 3.7E-03 4.9E-02 2159 | 099 | 0.95 1.03 6.1E-01 9.3E-01 = 3104 1.02 098 | 1.06 0.36 1.00
Phosphatidylcholines 1307 | 0.920 0.869 0.974 4.1E-03 5.1E-02 2159 098 094 1.03 4.0E-01 8.4E-01 3104 099 095 1.03 0.51 1.00
Phosphoglycerides 1307 | 0.921 0.870 @ 0.975 4.7E-03 5.5E-02 2159 098 094 1.02 3.6E-01 8.0E-01 | 3104 098 095  1.02 0.43 1.00
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Total Cholines 1307  0.922 0.871 @ 0.977 5.5E-03 6.2E-02 2159 098 094 1.03 4.5E-01 8.6E-01
Total Lipids in HDL 1309  0.923  0.870 | 0.980 8.4E-03 9.0E-02 2159 099 095 1.04 8.3E-01 9.8E-01
Glutamine 1304  0.929 0.879 @ 0.982 9.2E-03 9.2E-02 2151 1.00  0.96 1.05 8.9E-01 1.0E+00
Isoleucine 1308  0.929  0.879 | 0.982 9.2E-03 9.2E-02 2159  1.01 = 0.96 1.05 7.7E-01 9.7E-01
Phospholipids in HDL 1309  0.925 0.872 | 0.982 1.0E-02 9.7E-02 2159 099 @ 0.95 1.04 7.2E-01 9.7E-01
Total Phospholipids in
Lipoprotein Particles 1309  0.929 0.878 | 0.983 1.1E-02 1.0E-01 2159 098 094 1.03 4.1E-01 8.4E-01
Valine 1307  0.929 0.876 @ 0.984 1.2E-02 1.1E-01 2159 098 094 1.03 4.9E-01 8.9E-01
Cholesteryl Esters in HDL 1309  0.928 0.874 | 0.985 1.4E-02 1.2E-01 2159 1.01 097 1.06 5.6E-01 9.1E-01
HDL Cholesterol 1309  0.928 0.875 @ 0.985 1.4E-02 1.2E-01 2159 1.01 096 1.06 6.7E-01 9.5E-01
Pyruvate 1302 0.936 0.887 | 0.989 1.9E-02 1.5E-01 2152 1.01 = 097 1.06 6.5E-01 9.4E-01
Citrate 1309  0.935 0.883 | 0.989 1.9E-02 1.5E-01 2159  1.00 0.96 1.05 9.8E-01 1.0E+00
Free Cholesterol in HDL 1309  0.935  0.882 | 0.991 2.4E-02 1.8E-01 2159 1.00 095 1.04 8.8E-01 1.0E+00
Total Esterified
Cholesterol 1309  0.938 0.886 = 0.992 2.5E-02 1.9E-01 2159  1.00  0.96 1.05 9.8E-01 1.0E+00
Total Cholesterol 1309  0.941 0.889 | 0.996 3.4E-02 2.3E-01 2159 | 1.00 | 0.95 1.04 9.0E-01 1.0E+00
Total Lipids in Lipoprotein
Particles 1309  0.941 0.890 = 0.996 3.4E-02 2.3E-01 2159 098 094 1.02 3.5E-01 7.9E-01
Phospholipids to Total
Lipids in IDL percentage 1309  1.064 | 1.005 @ 1.126 3.3E-02 2.3E-01 2159 1.00 = 0.96 1.04 9.4E-01 1.0E+00
Phospholipids to Total
Lipids in Very Small
VLDL percentage 1309 1.063 1.003 = 1.126 4.0E-02 2.6E-01 2159 099 094 1.03 5.2E-01 9.1E-01
Triglycerides to Total
Lipids in Chylomicrons
and Extremely Large
VLDL percentage 1269  1.072  1.003 | 1.146 4.2E-02 2.7E-01 2084  1.03 = 0.99 1.08 1.7E-01 5.9E-01
Omega-6 Fatty Acids 1307  0.944 0.892  0.998 4.4E-02 2.7E-01 2159 097 @ 093 1.02 2.4E-01 6.8E-01
Lactate 1305  0.945 0.894 | 0.999 4.5E-02 2.8E-01 2156 1.00 095 1.04 8.9E-01 1.0E+00
Total Fatty Acids 1307  0.946 0.893 | 1.002 6.0E-02 3.5E-01 2159 097 @ 093 1.01 1.7E-01 5.9E-01
Saturated Fatty Acids 1307  0.946 0.892 | 1.003 6.3E-02 3.5E-01 2159 097 @ 092 1.01 1.3E-01 5.4E-01
Total Lipids in Large LDL 1309  0.948 0.897 @ 1.003 6.2E-02 3.5E-01 2159  1.00 0.96 1.05 9.0E-01 1.0E+00
Phospholipids in Large
LDL 1309  0.948 0.897 | 1.003 6.4E-02 3.5E-01 2159 1.00 | 0.96 1.05 9.7E-01 1.0E+00
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Cholesteryl Esters to Total
Lipids in Chylomicrons
and Extremely Large
VLDL percentage 1269  0.949 0.896 @ 1.004 6.7E-02 3.6E-01 2084 098 094 1.02 3.4E-01 7.8E-01
Total Free Cholesterol 1309  0.950 0.898 | 1.005 7.4E-02 3.8E-01 2159 099 095 1.04 6.9E-01 9.5E-01
Cholesterol to Total Lipids
in Chylomicrons and
Extremely Large VLDL
percentage 1269  0.949 0.896 @ 1.005 7.3E-02 3.8E-01 2084 098 0.94 1.03 4.2E-01 8.4E-01
Free Cholesterol to Total
Lipids in Medium HDL
percentage 1309  0.964 0.927 | 1.003 7.3E-02 3.8E-01 2159 1.01 097 1.06 5.8E-01 9.2E-01
Total Lipids in LDL 1309  0.951 @ 0.900 1.006 7.8E-02 3.8E-01 2159  1.00 095 1.04 9.0E-01 1.0E+00
Sphingomyelins 1307  0.950 0.898 | 1.006 7.9E-02 3.8E-01 2159 1.02 097 1.06 5.0E-01 8.9E-01
Polyunsaturated Fatty
Acids 1307  0.951 0.898 | 1.006 7.8E-02 3.8E-01 2159 099 095 1.03 6.2E-01 9.3E-01
Monounsaturated Fatty
Acids 1307  0.951 0.897 | 1.008 9.1E-02 4.0E-01 2159 096 092 1.00 7.1E-02 4.2E-01
Linoleic Acid 1307  0.953 0.902 1.008 9.3E-02 4.0E-01 2159 096 092 1.01 1.1E-01 5.2E-01
Total Lipids in Medium
LDL 1309  0.954 | 0.902 = 1.008 9.3E-02 4.0E-01 2159 099 095 1.03 6.1E-01 9.3E-01
Phospholipids in Medium
LDL 1309  0.953  0.902 1.007 9.0E-02 4.0E-01 2159 099 @ 0.95 1.04 7.9E-01 9.7E-01
Triglycerides in Medium
HDL 1309  0.951 | 0.897 1.007 8.6E-02 4.0E-01 2159 095 @ 0091 1.00 3.7E-02 3.5E-01
Phospholipids to Total
Lipids in Medium HDL
percentage 1309  1.064 0.990 1.144 9.1E-02 4.0E-01 2159 098 095 1.02 3.0E-01 7.5E-01
Cholesteryl Esters in IDL 1309  0.953  0.901 | 1.009 9.6E-02 4.1E-01 2159 1.01 = 0.96 1.05 8.0E-01 9.7E-01
Phospholipids in LDL 1309  0.954 0.903 @ 1.009 1.0E-01 4.1E-01 2159  1.00 0.96 1.04 9.6E-01 1.0E+00
Tyrosine 1307  0.954 0.901 | 1.009 1.0E-01 4.1E-01 2158 095 0091 0.99 2.6E-02 3.5E-01
Total Lipids in IDL 1309  0.955  0.903 1.010 1.1E-01 4.3E-01 2159  1.00 0.96 1.04 9.6E-01 1.0E+00
Cholesterol in IDL 1309  0.955 | 0.902 1.010 1.1E-01 4.3E-01 2159 1.01 = 0.96 1.05 8.2E-01 9.8E-01
Clinical LDL Cholesterol 1309  0.956 0904 1.011 1.1E-01 4.4E-01 2159  1.00 0.96 1.05 9.3E-01 1.0E+00
LDL Cholesterol 1309  0.972 0937 | 1.007 1.1E-01 4.4E-01 2159 1.00 = 0.96 1.05 9.1E-01 1.0E+00
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Total Cholesterol Minus
HDL-C 1309 0.958  0.906 1.013 1.3E-01 4.6E-01 2159 099 095 1.04 7.7E-01 9.7E-01
Triglycerides in HDL 1309  0.956 | 0.902 @ 1.013 1.3E-01 4.6E-01 2159 095 0091 0.99 2.7E-02 3.5E-01
Cholesteryl Esters in LDL 1309 0973 | 0.939 1.007 1.2E-01 4.6E-01 2159  1.00 095 1.05 9.7E-01 1.0E+00
Cholesteryl Esters in Large
LDL 1309  0.968 | 0.929 1.009 1.2E-01 4.6E-01 2159 1.01 = 0.96 1.06 6.9E-01 9.5E-01
Cholesterol in Medium
LDL 1309  0.970 @ 0.933  1.009 1.3E-01 4.6E-01 2159 099 095 1.04 7.2E-01 9.7E-01
Cholesteryl Esters in
Medium LDL 1309 0971 | 0.934 1.009 1.3E-01 4.7E-01 2159 099 095 1.03 5.0E-01 8.9E-01
Free Cholesterol in Large
LDL 1309 0971  0.934 1.010 1.4E-01 4.9E-01 2159 1.02 097 1.07 5.3E-01 9.1E-01
Free Cholesterol in LDL 1309 0971 | 0.933 | 1.011 1.5E-01 5.2E-01 2159 1.01 097 1.07 5.5E-01 9.1E-01
Free Cholesterol in IDL 1309  0.960 @ 0.907 1.016 1.6E-01 5.3E-01 2159  1.00 0.96 1.05 8.9E-01 1.0E+00
Cholesterol in Large LDL 1309  0.975 0942 | 1.011 1.7E-01 5.6E-01 2159 1.01 = 0.96 1.06 6.4E-01 9.4E-01
Triglycerides in Large
HDL 1309  0.960 0.906 1.018 1.7E-01 5.6E-01 2159 095 0091 0.99 2.9E-02 3.5E-01
Cholesteryl Esters in Small
LDL 1309  0.974 | 0.939 | 1.011 1.7E-01 5.6E-01 2159 098 095 1.02 4.4E-01 8.6E-01
Free Cholesterol to Total
Lipids in Chylomicrons
and Extremely Large
VLDL percentage 1269 0963 0911 1.017 1.8E-01 5.7E-01 2084 1.00 0.96 1.04 9.8E-01 1.0E+00
Triglycerides in
Chylomicrons and
Extremely Large VLDL 1309 | 1.040  0.982 | 1.101 1.8E-01 5.7E-01 2159 098 @ 0.94 1.02 3.9E-01 8.4E-01
Phospholipids in IDL 1309 0962 0910 1.018 1.8E-01 5.7E-01 2159  1.00 0.96 1.04 9.5E-01 1.0E+00
Triglycerides in Large
LDL 1309 | 0.962 | 0.907 1.020 1.9E-01 5.8E-01 2159 096 @ 0091 1.00 5.1E-02 3.5E-01
Free Cholesterol in
Medium LDL 1309 0973  0.934 1.014 1.9E-01 5.8E-01 2159 1.01 097 1.06 5.6E-01 9.1E-01
Cholesteryl Esters to Total
Lipids in IDL percentage 1309  0.964 | 0.910 1.020 2.0E-01 6.1E-01 2159 1.04 099 1.09 1.1E-01 5.4E-01
3-Hydroxybutyrate 1280  0.965 0911 @ 1.021 2.1E-01 6.3E-01 2109 1.00 0.96 1.05 9.3E-01 1.0E+00
Triglycerides in LDL 1309  0.964 | 0.909 @ 1.023 2.2E-01 6.5E-01 2159 095 0091 1.00 4.3E-02 3.5E-01
Cholesterol in Small LDL 1309 0976  0.939 1.015 2.2E-01 6.5E-01 2159 099 095 1.04 7.1E-01 9.7E-01
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Creatinine 1281  1.034 | 0.979 1.092 2.3E-01 6.5E-01 2114 = 1.00 = 0.96 1.05 8.9E-01 1.0E+00
Remnant Cholesterol
(Non-HDL, Non-LDL -
Cholesterol) 1309  0.967 00915 @ 1.022 2.4E-01 6.5E-01 2159 099 094 1.03 5.3E-01 9.1E-01
Glucose 1303  0.963  0.906 | 1.024 2.3E-01 6.5E-01 2157 096  0.92 1.01 1.2E-01 5.4E-01
Triglycerides in Medium
LDL 1309  0.965 0.910 1.023 2.4E-01 6.5E-01 2159 095 0091 1.00 4.0E-02 3.5E-01
Glycine 1305  0.968 | 0918 1.022 2.4E-01 6.5E-01 2147 = 1.00 095 1.04 8.5E-01 9.9E-01
Triglycerides in Small
HDL 1309 0966 0912 1.024 2.4E-01 6.6E-01 2159 095 0091 1.00 4.4E-02 3.5E-01
Acetate 1303  1.033 0977 | 1.093 2.5E-01 6.8E-01 2150 099 095 1.04 7.4E-01 9.7E-01
Concentration of Medium
LDL Particles 1309  0.969 00916 @ 1.024 2.6E-01 6.9E-01 2159 098 094 1.02 3.1E-01 7.6E-01
Acetone 1309  0.969 00916 | 1.025 2.7E-01 6.9E-01 2159 1.01 097 1.06 5.9E-01 9.3E-01
Total Lipids in Small LDL 1309  0.969 00917 @ 1.025 2.7E-01 6.9E-01 2159 099 @ 0.95 1.03 6.4E-01 9.4E-01
Triglycerides to Total
Lipids in Very Large
VLDL percentage 1306  1.038 | 0.972 1.109 2.7E-01 6.9E-01 2150 097 094 1.00 3.9E-02 3.5E-01
Concentration of IDL
Particles 1309  0.970 00917 | 1.026 2.9E-01 7.3E-01 2159 099 @ 0.95 1.04 7.6E-01 9.7E-01
Docosahexaenoic Acid to
Total Fatty Acids
percentage 1307  1.032 0973 | 1.095 3.0E-01 7.4E-01 2159  1.08 1.03 1.13 1.6E-03 3.5E-01
Glycoprotein Acetyls 1309 1.031 0973 @ 1.092 3.0E-01 7.5E-01 2159  1.03 098 1.08 2.0E-01 6.2E-01
Polyunsaturated Fatty
Acids to Total Fatty Acids
percentage 1307  1.033 0971 | 1.098 3.1E-01 7.5E-01 2159 1.05  1.00 1.11 3.3E-02 3.5E-01
Total Lipids in Large HDL 1309 0.970 00915 @ 1.030 3.2E-01 7.9E-01 2159 1.01 096 1.05 8.3E-01 9.8E-01
Cholesterol to Total Lipids
in IDL percentage 1309 0971 | 0917 1.029 3.3E-01 7.9E-01 2159 1.04 099 1.09 1.2E-01 5.4E-01
Apolipoprotein B 1309  0.973  0.920 @ 1.029 3.4E-01 8.0E-01 2159 099 @ 0.95 1.03 6.2E-01 9.3E-01
Polyunsaturated Fatty
Acids to Monounsaturated
Fatty Acids ratio 1307 | 1.030 | 0.969 @ 1.095 3.4E-01 8.0E-01 2159 1.05 1.0l 1.11 2.8E-02 3.5E-01
Concentration of LDL
Particles 1309  0.973  0.920 @ 1.029 3.4E-01 8.0E-01 2159 099 @ 0.95 1.04 6.9E-01 9.5E-01
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Phospholipids in Large
HDL 1309 0973 | 0917 1.032 3.6E-01 8.4E-01 2159 1.01 = 0.96 1.06 7.8E-01 9.7E-01
Cholesteryl Esters to Total
Lipids in Very Large HDL
percentage 1309  0.981 0940 1.023 3.7E-01 8.5E-01 2159 1.02 097 1.08 4.4E-01 8.5E-01
Saturated Fatty Acids to
Total Fatty Acids
percentage 1307  0.974 0919 | 1.033 3.8E-01 8.6E-01 2159 097 093 1.02 2.2E-01 6.6E-01
Cholesteryl Esters to Total
Lipids in Medium VLDL
percentage 1309  1.029  0.966 1.095 3.8E-01 8.6E-01 2159 1.02 097 1.07 5.0E-01 8.9E-01
Concentration of Large
LDL Particles 1309 0976 | 0.923 1.032 3.9E-01 8.6E-01 2159 1.00 @ 0.96 1.04 9.9E-01 1.0E+00
Triglycerides in IDL 1309  0.975 0.920 1.034 3.9E-01 8.6E-01 2159 095 0091 1.00 4.4E-02 3.5E-01
Concentration of Small
LDL Particles 1309 0976 | 0.923 1.032 3.9E-01 8.6E-01 2159 098 @ 0.94 1.02 3.8E-01 8.2E-01
Concentration of Large
HDL Particles 1309 0975  0.920 1.033 4.0E-01 8.6E-01 2159  1.01 = 0.96 1.06 7.7E-01 9.7E-01
Apolipoprotein B to
Apolipoprotein Al ratio 1309  1.024 | 0.968 1.084 4.1E-01 8.7E-01 2159 099 095 1.04 7.7E-01 9.7E-01
Monounsaturated Fatty
Acids to Total Fatty Acids
percentage 1307  0.975 00918 @ 1.035 4.1E-01 8.7E-01 2159 095 0091 1.00 3.6E-02 3.5E-01
Free Cholesterol in Very
Large HDL 1309 | 1.025 | 0.967 1.086 4.1E-01 8.7E-01 2159 1.00 = 0.96 1.05 9.2E-01 1.0E+00
Cholesterol to Total Lipids
in Medium HDL
percentage 1309  0.980 0.934 1.028 4.1E-01 8.7E-01 2159  1.05 0.99 1.11 7.9E-02 4.5E-01
Cholesteryl Esters to Total
Lipids in Small LDL
percentage 1309  0.989 | 0.964 1.015 4.2E-01 8.8E-01 2159 099 097 1.01 4.0E-01 8.4E-01
VLDL Cholesterol 1309  0.984 0.931 @ 1.040 5.6E-01 9.0E-01 2159 098 093 1.02 2.6E-01 6.9E-01
Total Triglycerides 1309 | 0.982 | 0.927 | 1.041 5.5E-01 9.0E-01 2159 096 092 1.01 9.0E-02 4.7E-01
Triglycerides in VLDL 1309  0.989 0.933 | 1.047 7.0E-01 9.0E-01 2159 097 092 1.01 1.3E-01 5.4E-01
Phospholipids in VLDL 1309  0.984  0.931 | 1.041 5.8E-01 9.0E-01 2159 097 093 1.01 1.7E-01 5.9E-01
Cholesteryl Esters in
VLDL 1309 0984  0.932  1.040 5.8E-01 9.0E-01 2159 098 094 1.02 3.3E-01 7.7E-01
Free Cholesterol in VLDL 1309 | 0.984 | 0.930 1.040 5.6E-01 9.0E-01 2159 097 093 1.02 2.1E-01 6.3E-01
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Total Lipids in VLDL 1309  0.984  0.930 1.042 5.8E-01 9.0E-01 2159 097 093 1.01 1.5E-01 5.6E-01
Concentration of VLDL
Particles 1309  0.984 | 0.931 | 1.041 5.8E-01 9.0E-01 2159 097 093 1.02 2.3E-01 6.7E-01
Average Diameter for
VLDL Particles 1309  0.985  0.930 1.044 6.1E-01 9.0E-01 2159 097 093 1.02 2.1E-01 6.5E-01
Triglycerides to
Phosphoglycerides ratio 1307 | 1.019 | 0.961 | 1.081 5.2E-01 9.0E-01 2159 096 092 1.01 1.3E-01 5.4E-01
Degree of Unsaturation 1307 1.018 0.961 @ 1.079 5.4E-01 9.0E-01 2159 1.07  1.02 1.12 4.7E-03 3.5E-01
Omega-3 Fatty Acids 1307  0.989 | 0.934 1.047 7.0E-01 9.0E-01 2159 1.04 1.00 1.09 6.7E-02 4.2E-01
Omega-3 Fatty Acids to
Total Fatty Acids
percentage 1307  1.019 0962 1.078 5.3E-01 9.0E-01 2159 1.07  1.02 1.12 2.9E-03 3.5E-01
Omega-6 Fatty Acids to
Total Fatty Acids
percentage 1307 | 1.021 | 0.961 1.086 5.0E-01 9.0E-01 2159 1.02 098 1.07 3.4E-01 7.7E-01
Omega-6 Fatty Acids to
Omega-3 Fatty Acids ratio 1306 0979 @ 0.925 1.036 4.6E-01 9.0E-01 2159 095 090 099 1.3E-02 3.5E-01
Histidine 1307  0.980 | 0.928 1.036 4.8E-01 9.0E-01 2158 1.00 = 0.96 1.04 9.9E-01 1.0E+00
Phospholipids in
Chylomicrons and
Extremely Large VLDL 1309 1.013 | 0.958 1.072 6.4E-01 9.0E-01 2159 096 093 1.01 8.7E-02 4.7E-01
Cholesterol in
Chylomicrons and
Extremely Large VLDL 1309  0.983 | 0.930 1.040 5.5E-01 9.0E-01 2159 095 0091 0.99 1.2E-02 3.5E-01
Cholesteryl Esters in
Chylomicrons and
Extremely Large VLDL 1309 0979  0.927 1.035 4.6E-01 9.0E-01 2159 095 0091 0.99 9.6E-03 3.5E-01
Concentration of Very
Large VLDL Particles 1309  0.989 | 0.935 1.045 6.9E-01 9.0E-01 2159 097 093 1.01 1.9E-01 6.2E-01
Cholesterol in Very Large
VLDL 1309  0.990  0.937 1.046 7.2E-01 9.0E-01 2159 097 093 1.01 1.9E-01 6.2E-01
Cholesteryl Esters in Very
Large VLDL 1309  0.990 | 0.938 @ 1.045 7.1E-01 9.0E-01 2159 098 @ 0.94 1.02 2.4E-01 6.8E-01
Concentration of Large
VLDL Particles 1309 0.988  0.934 1.045 6.8E-01 9.0E-01 2159 097 093 1.02 2.0E-01 6.3E-01
Total Lipids in Large
VLDL 1309  0.989 | 0.935 1.046 7.0E-01 9.0E-01 2159 098 093 1.02 2.6E-01 6.9E-01
Cholesterol in Large
VLDL 1309  0.990  0.937 1.046 7.1E-01 9.0E-01 2159 098 094 1.02 3.1E-01 7.6E-01
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Free Cholesterol in Large
VLDL 1309  0.986 | 0.933 1.042 6.2E-01 9.0E-01 2159 098 093 1.02 2.7E-01 7.0E-01
Triglycerides in Large
VLDL 1309  0.990  0.935 1.047 7.2E-01 9.0E-01 2159 098 094 1.02 3.2E-01 7.7E-01
Concentration of Medium
VLDL Particles 1309  0.983 | 0.930 1.038 5.3E-01 9.0E-01 2159 098 094 1.03 4.3E-01 8.5E-01
Total Lipids in Medium
VLDL 1309 0.982  0.930 1.038 5.3E-01 9.0E-01 2159 098 094 1.03 4.2E-01 8.4E-01
Phospholipids in Medium
VLDL 1309  0.987 | 0.936 1.042 6.4E-01 9.0E-01 2159 098 @ 0.94 1.03 4.7E-01 8.9E-01
Cholesteryl Esters in
Medium VLDL 1309 1.012 0954 1.073 6.9E-01 9.0E-01 2159  1.00 0.96 1.05 9.0E-01 1.0E+00
Free Cholesterol in
Medium VLDL 1309  0.989 | 0.936 1.045 7.0E-01 9.0E-01 2159 099 095 1.03 5.6E-01 9.1E-01
Triglycerides in Medium
VLDL 1309  0.983 | 0.929 1.040 5.6E-01 9.0E-01 2159 098 094 1.02 3.0E-01 7.4E-01
Total Lipids in Small
VLDL 1309  0.986 | 0.933 | 1.043 6.3E-01 9.0E-01 2159 097 093 1.02 2.5E-01 6.8E-01
Phospholipids in Small
VLDL 1309 0986  0.933 1.042 6.1E-01 9.0E-01 2159 098 094 1.03 4.3E-01 8.5E-01
Cholesterol in Small
VLDL 1309  0.987 | 0.934 | 1.043 6.5E-01 9.0E-01 2159 098 @ 0.94 1.03 4.2E-01 8.4E-01
Cholesteryl Esters in Small
VLDL 1309  0.988  0.936 1.044 6.8E-01 9.0E-01 2159 098 094 1.02 3.3E-01 7.7E-01
Free Cholesterol in Small
VLDL 1309  0.986 | 0.933 1.042 6.1E-01 9.0E-01 2159 099 095 1.03 6.1E-01 9.3E-01
Concentration of Very
Small VLDL Particles 1309 0.983 | 0.930 1.039 5.5E-01 9.0E-01 2159 098 093 1.02 2.6E-01 6.9E-01
Total Lipids in Very Small
VLDL 1309  0.984  0.931 | 1.041 5.8E-01 9.0E-01 2159 098 093 1.02 2.5E-01 6.9E-01
Cholesterol in Very Small
VLDL 1309  0.983 | 0.930 1.040 5.6E-01 9.0E-01 2159 099 095 1.03 6.2E-01 9.3E-01
Cholesteryl Esters in Very
Small VLDL 1309  0.982 | 0.928 1.038 5.2E-01 9.0E-01 2159 099 095 1.04 7.6E-01 9.7E-01
Free Cholesterol in Very
Small VLDL 1309 0.989  0.935 1.045 6.8E-01 9.0E-01 2159 098 094 1.02 3.6E-01 8.1E-01
Triglycerides in Very
Small VLDL 1309  0.988 | 0.932 1.047 6.9E-01 9.0E-01 2159 095 @ 0091 1.00 4.2E-02 3.5E-01
Phospholipids in Small
LDL 1309  0.990  0.935 1.048 7.2E-01 9.0E-01 2159  1.00  0.96 1.05 8.7E-01 1.0E+00
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years

3-7 years

Free Cholesterol in Small
LDL

Triglycerides in Small
LDL

Total Lipids in Very Large
HDL

Cholesterol in Very Large
HDL

Triglycerides in Very
Large HDL

Cholesterol in Large HDL
Cholesteryl Esters in Large
HDL

Free Cholesterol in Large
HDL

Phospholipids to Total
Lipids in Chylomicrons
and Extremely Large
VLDL percentage
Phospholipids to Total
Lipids in Very Large
VLDL percentage
Phospholipids to Total
Lipids in Large VLDL
percentage

Cholesteryl Esters to Total
Lipids in Large VLDL
percentage

Free Cholesterol to Total
Lipids in Large VLDL
percentage

Phospholipids to Total
Lipids in Medium VLDL
percentage

Cholesterol to Total Lipids
in Medium VLDL
percentage

Free Cholesterol to Total
Lipids in Medium VLDL
percentage
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years

3-7 years

Triglycerides to Total
Lipids in Small VLDL
percentage

Cholesteryl Esters to Total
Lipids in Very Small
VLDL percentage

Free Cholesterol to Total
Lipids in Very Small
VLDL percentage
Triglycerides to Total
Lipids in IDL percentage
Phospholipids to Total
Lipids in Large LDL
percentage

Triglycerides to Total
Lipids in Large LDL
percentage

Phospholipids to Total
Lipids in Medium LDL
percentage

Triglycerides to Total
Lipids in Medium LDL
percentage

Cholesterol to Total Lipids
in Small LDL percentage
Free Cholesterol to Total
Lipids in Small LDL
percentage

Phospholipids to Total
Lipids in Very Large HDL
percentage

Triglycerides to Total
Lipids in Very Large HDL
percentage

Phospholipids to Total
Lipids in Large HDL
percentage

Cholesterol to Total Lipids
in Large HDL percentage
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years

3-7 years

Cholesteryl Esters to Total
Lipids in Large HDL
percentage

Free Cholesterol to Total
Lipids in Large HDL
percentage

Cholesteryl Esters to Total
Lipids in Medium HDL
percentage

Cholesteryl Esters to Total
Lipids in Small HDL
percentage

Triglycerides to Total
Lipids in Small HDL
percentage

Free Cholesterol in
Chylomicrons and
Extremely Large VLDL
Average Diameter for
HDL Particles
Triglycerides in Very
Large VLDL
Concentration of Small
VLDL Particles
Phospholipids in Very
Small VLDL

Cholesterol to Total Lipids
in Very Small VLDL
percentage

Cholesterol to Total Lipids
in Very Large HDL
percentage

Cholesterol to Total Lipids
in Small HDL percentage
Linoleic Acid to Total
Fatty Acids percentage

Acetoacetate
Total Lipids in Very Large
VLDL

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1307
1294

1309

1.016

1.019

0.986

0.987

1.014

0.991

0.991

1.008

0.991

0.992

0.991

0.993

0.991

1.008
0.993

0.993

0.952

0.953

0.932

0.925

0.956

0.936

0.936

0.953

0.937

0.938

0.934

0.947

0.935

0.948
0.938

0.939

1.084

1.090

1.042

1.054

1.075

1.049

1.050

1.066

1.049

1.049

1.052

1.041

1.051

1.071
1.050

1.050

6.3E-01

5.8E-01

6.1E-01

7.0E-01

6.5E-01

7.5E-01

7.7E-01

7.8E-01

7.6E-01

7.7E-01

7.8E-01

7.7E-01

7.7E-01

8.0E-01
7.9E-01

8.0E-01

9.0E-01

9.0E-01

9.0E-01

9.0E-01

9.0E-01

9.3E-01

9.4E-01

9.4E-01

9.4E-01

9.4E-01

9.4E-01

9.4E-01

9.4E-01

9.4E-01
9.4E-01

9.4E-01

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159
2146

2159

1.07

1.02

1.05

1.06

0.95

0.96

1.00

0.96

0.97

0.97

1.04

1.04

1.05

0.99
0.99

0.97

1.00

0.97

1.00

1.00

0.91

0.92

0.95

0.92

0.93

0.93

0.99

0.99

1.00

0.94
0.95

0.93

1.14

1.07

1.12

1.00

1.00

1.04

1.01

1.02

1.02

1.09

1.09

1.10

1.04
1.04

1.01

5.1E-02

5.2E-01

7.2E-02

3.4E-02

4.2E-02

4.4E-02

9.2E-01

8.6E-02

2.4E-01

2.3E-01

1.4E-01

1.3E-01

3.2E-02

6.6E-01
8.0E-01

1.6E-01

3.5E-01

9.1E-01

4.2E-01

3.5E-01

3.5E-01

3.5E-01

1.0E+00

4.7E-01

6.8E-01

6.8E-01

5.5E-01

5.4E-01

3.5E-01

9.4E-01
9.7E-01

5.9E-01

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3104

3107

3104
3077

3107

> 7 years

1.04

1.01

1.03

1.03

0.98

0.98

1.00

1.00

0.99

0.99

1.03

1.01

1.02

1.02
1.03

0.99

0.99

0.97

0.99

0.98

0.94

0.95

0.96

0.96

0.96

0.95

0.99

0.98

0.99

0.98
0.99

0.96

1.09

1.05

1.08

1.07

1.02

1.02

1.03

1.04

1.03

1.02

1.07

1.05

1.06

1.06
1.07

1.03

0.12

0.78

0.14

0.21

0.27

0.30

0.83

0.96

0.70

0.48

0.11

0.48

0.22

0.32
0.10

0.79

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
1.00

1.00
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years

3-7 years

Cholesteryl Esters to Total
Lipids in Large LDL
percentage

Triglycerides in Small
VLDL

Triglycerides to Total
Lipids in Large HDL
percentage

Alanine

Concentration of
Chylomicrons and
Extremely Large VLDL
Particles

Concentration of Very
Large HDL Particles
Cholesterol to Total Lipids
in Large LDL percentage
Free Cholesterol to Total
Lipids in Small HDL
percentage

Free Cholesterol in Very
Large VLDL
Cholesteryl Esters in Large
VLDL

Cholesterol in Medium
VLDL

Total Lipids in
Chylomicrons and
Extremely Large VLDL
Phospholipids in Very
Large HDL

Free Cholesterol to Total
Lipids in Medium LDL
percentage

Free Cholesterol to Total
Lipids in Small VLDL
percentage
Phospholipids to Total
Lipids in Small VLDL
percentage

1309

1309

1309
1307

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1309

1.020

0.993

0.993
0.994

1.006

1.006

1.010

1.006

0.995

0.995

0.995

1.005

1.005

1.006

0.995

0.996

0.881

0.937

0.935
0.940

0.951

0.951

0.922

0.952

0.941

0.942

0.941

0.950

0.948

0.939

0.938

0.939

1.180

1.052

1.054
1.052

1.065

1.065

1.107

1.063

1.051

1.051

1.052

1.063

1.066

1.078

1.056

1.056

7.9E-01

8.1E-01

8.1E-01
8.4E-01

8.3E-01

8.2E-01

8.3E-01

8.3E-01

8.5E-01

8.6E-01

8.6E-01

8.7E-01

8.6E-01

8.7E-01

8.8E-01

8.9E-01

9.4E-01

9.5E-01

9.5E-01
9.6E-01

9.6E-01

9.6E-01

9.6E-01

9.6E-01

9.6E-01

9.7E-01

9.7E-01

9.7E-01

9.7E-01

9.7E-01

9.7E-01

9.7E-01

2159

2159

2159
2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

2159

1.17

0.97

0.95
0.99

0.96

0.99

1.28

1.00

0.97

0.98

1.00

0.96

1.02

1.03

1.03

0.95

0.92

0.91
0.95

0.92

0.95

0.99

0.96

0.93

0.94

0.95

0.92

0.97

1.02

0.98

0.98

1.43

1.01

1.00
1.04

1.01

1.04

1.67

1.04

1.01

1.02

1.04

1.00

1.06

1.21

1.08

1.08

1.3E-01

1.3E-01

4.9E-02
8.0E-01

1.0E-01

7.4E-01

6.0E-02

9.7E-01

1.8E-01

3.8E-01

8.4E-01

6.0E-02

5.0E-01

1.7E-02

2.5E-01

2.0E-01

5.4E-01

5.4E-01

3.5E-01
9.7E-01

5.2E-01

9.7E-01

3.9E-01

1.0E+00

6.1E-01

8.3E-01

9.9E-01

3.9E-01

8.9E-01

3.5E-01

6.8E-01

6.3E-01

3107

3107

3107
3105

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

3107

> 7 years

1.08

0.99

0.98
0.96

0.99

1.00

1.16

0.99

0.99

1.00

1.02

0.99

1.01

1.05

1.03

1.03

0.92

0.95

0.94
0.93

0.95

0.96

0.94

0.96

0.96

0.96

0.98

0.96

0.97

0.99

0.99

0.99

1.28

1.03

1.02
1.00

1.02

1.04

1.44

1.03

1.03

1.04

1.06

1.03

1.05

1.13

1.07

1.07

0.36

0.52

0.28
0.03

0.42

0.93

0.16

0.77

0.71

0.98

0.35

0.65

0.72

0.12

0.11

0.21

1.00

1.00

1.00
0.98

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

266



Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years

3-7 years

Phospholipids to Total
Lipids in Small HDL
percentage

Phospholipids in Very
Large VLDL

Cholesterol to Total Lipids
in Large VLDL percentage
Cholesteryl Esters in Very
Large HDL

Cholesteryl Esters to Total
Lipids in Very Large
VLDL percentage
Triglycerides to Total
Lipids in Very Small
VLDL percentage
Cholesteryl Esters to Total
Lipids in Medium LDL
percentage

Free Cholesterol to Total
Lipids in Very Large HDL
percentage

Triglycerides to Total
Lipids in Small LDL
percentage

Phenylalanine
Phospholipids in Large
VLDL

Free Cholesterol to Total
Lipids in Very Large
VLDL percentage
Triglycerides to Total
Lipids in Large VLDL
percentage

Triglycerides to Total
Lipids in Medium VLDL
percentage

Cholesterol to Total Lipids
in Small VLDL percentage

1309

1309

1309

1309

1306

1309

1309

1309

1309
1308

1309

1306

1309

1309

1309

0.996

1.004

1.004

1.003

1.003

1.003

1.003

1.003

1.003
0.998

1.002

1.001

1.002

0.999

0.999

0.940

0.950

0.950

0.947

0.947

0.945

0.939

0.948

0.945
0.943

0.949

0.948

0.947

0.943

0.942

1.055

1.060

1.061

1.062

1.062

1.064

1.073

1.062

1.064
1.055

1.058

1.057

1.060

1.057

1.058

8.9E-01

9.0E-01

9.0E-01

9.2E-01

9.2E-01

9.2E-01

9.2E-01

9.1E-01

9.3E-01
9.4E-01

9.4E-01

9.7E-01

9.5E-01

9.6E-01

9.6E-01

9.7E-01

9.8E-01

9.8E-01

9.8E-01

9.8E-01

9.8E-01

9.8E-01

9.8E-01

9.8E-01
9.8E-01

9.8E-01

9.8E-01

9.8E-01

9.8E-01

9.8E-01

2159

2159

2159

2159

2150

2159

2159

2159

2159
2158

2159

2150

2159

2159

2159

0.98

0.97

1.01

1.01

1.03

0.96

0.99

1.01

0.95
0.98

0.99

1.01

1.01

0.98

1.02

0.94

0.93

0.97

0.97

0.99

0.92

0.97

0.96

0.91
0.94

0.95

0.97

0.96

0.94

0.97

1.02

1.01

1.06

1.06

1.08

1.01

1.01

1.06

1.00
1.02

1.03

1.06

1.06

1.03

1.06

3.4E-01

1.8E-01

5.6E-01

5.6E-01

1.4E-01

1.3E-01

5.1E-01

6.9E-01

3.7E-02
3.0E-01

5.8E-01

5.9E-01

6.8E-01

4.5E-01

5.0E-01

7.7E-01

6.1E-01

9.1E-01

9.1E-01

5.4E-01

5.4E-01

9.0E-01

9.5E-01

3.5E-01
7.4E-01

9.2E-01

9.2E-01

9.5E-01

8.6E-01

8.9E-01

3107

3107

3107

3107

3092

3107

3107

3104

3107
3107

3107

3092

3107

3107

3107

> 7 years

0.99

0.99

1.00

1.02

1.01

0.98

1.01

0.99

0.97
1.01

1.00

0.98

1.01

0.99

1.02

0.95

0.96

0.97

0.98

0.97

0.94

0.94

0.95

0.93
0.97

0.96

0.95

0.97

0.95

0.98

1.03

1.03

1.04

1.06

1.05

1.02

1.08

1.03

1.01
1.05

1.03

1.02

1.05

1.03

1.06

0.58

0.68

0.89

0.40

0.54

0.27

0.82

0.51

0.11
0.63

0.89

0.41

0.68

0.51

0.27

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
1.00

1.00

1.00

1.00

1.00

1.00
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Appendix 5.5 Hazard ratios and 95% ClIs of prostate cancer risk associated with a one standard deviation increase in concentration, percentage, or ratio of
metabolite features in the UK Biobank' after additional adjustment for diabetes, stratified by time since blood collection

<3 years 3-7 years
Cholesteryl Esters to Total
Lipids in Small VLDL
percentage 1309  1.002 0.947 @ 1.060 9.6E-01 9.8E-01 2159 1.01  0.96 1.05 8.0E-01 9.7E-01
Free Cholesterol to Total
Lipids in IDL percentage 1309  1.001  0.945 @ 1.060 9.7E-01 9.8E-01 2159  1.02 097 1.06 4.8E-01 8.9E-01
Free Cholesterol to Total
Lipids in Large LDL
percentage 1309  0.999 0947 1.053 9.7E-01 9.8E-01 2159  1.07 097 1.18 1.7E-01 5.9E-01
Cholesterol to Total Lipids
in Medium LDL
percentage 1309 | 1.003  0.922 @ 1.092 9.4E-01 9.8E-01 2159 | 1.05 | 0.85 1.30 6.5E-01 9.4E-01
Triglycerides to Total
Lipids in Medium HDL
percentage 1309  1.002 0.945 1.063 9.4E-01 9.8E-01 2159 096 @ 091 1.00 4.7E-02 3.5E-01
Cholesterol to Total Lipids
in Very Large VLDL
percentage 1306 | 1.001  0.945 @ 1.060 9.8E-01 9.9E-01 2150  1.03 = 0.99 1.08 1.8E-01 6.1E-01
Average Diameter for
LDL Particles 1309 | 1.000 0.945 1.059 9.9E-01 1.0E+00 2159  1.05 @ 1.01 1.10 2.4E-02 3.5E-01
Docosahexaenoic Acid 1307  1.000 0.944 | 1.059 1.0E+00 = 1.0E+00 2159 @ 1.06 @ 1.01 1.11 1.5E-02 3.5E-01

Abbreviations: HR, hazard ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; IDL,
intermediate-density lipoprotein cholesterol; VLDL, very low-density lipoprotein cholesterol; BCAA, Total concentration of branched-chain amino acids (Leucine + Isoleucine + Valine).

3107

3107

3107

3107

3107

3092

3107
3104

> 7 years
1.01 | 0.98
1.00 | 0.97
1.05 | 0.97
1.18 | 0.97
0.98  0.94
1.00 | 0.97
1.01 | 0.97
1.04 | 1.00

1.05

1.04

1.13

1.43

1.02

1.04

1.05
1.08

0.50

0.86

0.26

0.10

0.33

0.81

0.59
0.05

1.00

1.00

1.00

1.00

1.00

1.00

1.00
0.98

1 Hazard ratios (95% confidence interval) for prostate cancer associated with a one standard deviation increase in concentration, percentage, or ratio of metabolite features by time since blood collection, after
additional adjustment for diabetes. Analyses were stratified by region and Townsend Deprivation Index with age as the underlying time variable. Adjusted for diabetes, fasting status, body mass index, height,
alcohol intake, family history of prostate cancer, ethnicity, level of education, smoking status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). Padj values in the < 3 years group are sorted in

ascending order.
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Appendix 5.6 Hazard ratios for prostate cancer death associated with a one standard

deviation increase in concentration, percentage, or ratio of metabolite features in the UK

Biobank'

Metabolite Cases HR LL UL P-value? Padj?
Glycoprotein Acetyls 596 1.25 1.14 1.36 4.9E-07  1.2E-04
Albumin 596 0.86 0.79 0.93 1.1E-04 | 1.3E-02
Citrate 596 1.18 1.08 1.28 1.6E-04  1.3E-02
Glucose 595 1.14 1.05 1.23 1.0E-03 6.3E-02
Cholesteryl Esters to Total Lipids

in Small HDL percentage 596 0.87 0.79 0.95 1.5E-03 7.6E-02
Phospholipids to Total Lipids in

Small HDL percentage 596 1.14 1.04 1.24 3.1E-03 1.3E-01
Histidine 596 0.90 0.83 0.97 7.3E-03 2.1E-01
Triglycerides in IDL 596 1.12 1.03 1.22 8.0E-03 2.1E-01
Cholesterol to Total Lipids in

Small HDL percentage 596 0.89 0.82 0.97 8.0E-03 2.1E-01
Phospholipids in Large HDL 596 1.13 1.03 1.24 9.3E-03 2.1E-01
Triglycerides in Large HDL 596 1.12 1.03 1.23 9.9E-03 2.1E-01
Phospholipids in HDL 596 1.12 1.03 1.23 1.0E-02 | 2.1E-01
Phospholipids in Very Small

VLDL 596 1.11 1.02 1.21 1.2E-02  2.2E-01
Phospholipids in Medium HDL 596 1.12 1.02 1.22 1.6E-02 | 2.4E-01
Total Lipids in Very Small VLDL 596 1.10 1.02 1.20 1.7E-02  2.4E-01
Average Diameter for HDL

Particles 596 1.11 1.02 1.20 1.8E-02 | 2.4E-01
Pyruvate 595 1.11 1.02 1.21 1.9E-02  24E-01
Saturated Fatty Acids to Total

Fatty Acids percentage 596 1.11 1.02 1.21 1.9E-02 2.4E-01
Linoleic Acid to Total Fatty Acids

percentage 596 0.90 0.83 0.98 2.0E-02 | 24E-01
Total Lipids in Large HDL 596 1.11 1.02 1.22 2.0E-02 | 2.4E-01
Free Cholesterol in HDL 596 1.11 1.02 1.21 2.1E-02 | 2.4E-01
Total Lipids in HDL 596 1.11 1.02 1.21 22E-02 | 24E-01
Triglycerides to Total Lipids in

Medium LDL percentage 596 1.10 1.01 1.20 2.3E-02 2.4E-01
Triglycerides in Very Small

VLDL 596 1.11 1.01 1.21 2.3E-02 | 2.4E-01
Triglycerides in Medium HDL 596 1.11 1.01 1.21 2.4E-02 2.4E-01
Triglycerides in HDL 596 1.10 1.01 1.20 2.7E-02 | 2.4E-01
Free Cholesterol in Large HDL 596 1.12 1.01 1.24 2.7E-02 2.4E-01
Triglycerides in Very Large HDL | 596 1.10 1.01 1.20 2.8E-02 2.4E-01
Concentration of Large HDL

Particles 596 1.11 1.01 1.22 3.0E-02  2.4E-01
Free Cholesterol in Very Small

VLDL 596 1.09 1.01 1.19 3.1E-02  2.4E-01
Concentration of Very Small

VLDL Particles 596 1.09 1.01 1.19 3.1E-02  24E-01
Triglycerides in Large LDL 596 1.10 1.01 1.20 3.2E-02 2.4E-01
Total Lipids in Medium HDL 596 1.10 1.01 1.20 3.3E-02 24E-01
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Appendix 5.6 Hazard ratios for prostate cancer death associated with a one standard

deviation increase in concentration, percentage, or ratio of metabolite features in the UK

Biobank'
Metabolite Cases HR LL UL P-value? Padj’
Omega-6 Fatty Acids to Total
Fatty Acids percentage 596 0.91 0.84 0.99 3.3E-02 2.4E-01
Phosphoglycerides 596 1.09 1.01 1.19 3.8E-02  2.7E-01
Polyunsaturated Fatty Acids to
Total Fatty Acids percentage 596 0.91 0.84 1.00 3.9E-02 2.7E-01
Free Cholesterol in Medium HDL = 596 1.10 1.01 1.21 3.9E-02 2.7E-01
Triglycerides to Total Lipids in
Large LDL percentage 596 1.09 1.00 1.19 4.2E-02 2.7E-01
Phosphatidylcholines 596 1.09 1.00 1.19 4.3E-02 2.7E-01
Saturated Fatty Acids 596 1.09 1.00 1.19 43E-02 | 2.7E-01
Sphingomyelins 596 1.09 1.00 1.18 4.7E-02 2.7E-01
Glutamine 595 0.92 0.85 1.00 4.9E-02 | 2.7E-01
Free Cholesterol to Total Lipids in
Very Large HDL percentage 596 0.93 0.87 1.00 4.9E-02 2.7E-01
Apolipoprotein Al 596 1.09 1.00 1.19 4.9E-02 | 2.7E-01
Phospholipids to Total Lipids in
Large LDL percentage 596 0.92 0.85 1.00 5.1E-02 2.7E-01
Cholesterol to Total Lipids in Very
Large HDL percentage 596 0.96 0.92 1.00 5.1E-02 2.7E-01
Total Cholines 596 1.09 1.00 1.18 5.8E-02 3.1E-01
Creatinine 584 0.92 0.85 1.00 6.0E-02 3.1E-01
Concentration of Medium HDL
Particles 596 1.09 1.00 1.19 6.1E-02 3.1E-01
Cholesterol in Large HDL 596 1.09 1.00 1.20 6.4E-02 3.1E-01
Cholesterol in Very Small VLDL 596 1.08 1.00 1.17 6.4E-02 3.1E-01
Triglycerides in LDL 596 1.08 0.99 1.18 7.0E-02 3.3E-01
Acetone 596 0.93 0.85 1.01 7.5E-02 3.5E-01
Concentration of Very Large HDL
Particles 596 1.08 0.99 1.17 8.6E-02 3.8E-01
Total Phospholipids in
Lipoprotein Particles 596 1.08 0.99 1.17 8.6E-02 3.8E-01
Cholesteryl Esters in Large HDL 596 1.09 0.99 1.19 8.6E-02 3.8E-01
Tyrosine 596 1.08 0.99 1.17 8.7E-02 3.8E-01
Free Cholesterol to Total Lipids in
Small HDL percentage 596 1.07 0.99 1.16 8.7E-02 3.8E-01
Phospholipids in Very Large HDL = 596 1.09 0.99 1.21 9.2E-02 3.9E-01
Cholesteryl Esters to Total Lipids
in Medium HDL percentage 596 0.97 0.93 1.01 9.5E-02 3.9E-01
Cholesteryl Esters in Very Small
VLDL 596 1.07 0.99 1.16 9.6E-02 3.9E-01
Cholesterol to Total Lipids in IDL
percentage 596 0.94 0.86 1.01 9.8E-02 3.9E-01
Total Fatty Acids 596 1.07 0.99 1.17 1.0E-01 4.0E-01
Total Lipids in Very Large HDL 596 1.07 0.99 1.17 1.1E-01 4.2E-01
Triglycerides to Total Lipids in
Small LDL percentage 596 1.07 0.98 1.17 1.1E-01 4.4E-01
Monounsaturated Fatty Acids 596 1.07 0.98 1.17 1.2E-01 4.4E-01
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Appendix 5.6 Hazard ratios for prostate cancer death associated with a one standard

deviation increase in concentration, percentage, or ratio of metabolite features in the UK

Biobank'
Metabolite Cases HR LL UL P-value? Padj’
Polyunsaturated Fatty Acids to
Monounsaturated  Fatty  Acids
ratio 596 0.93 0.86 1.02 1.2E-01 4.5E-01
HDL Cholesterol 596 1.07 0.98 1.17 1.3E-01 4.6E-01
Triglycerides to Total Lipids in
IDL percentage 596 1.07 0.98 1.16 1.3E-01 4.6E-01
Cholesterol in Medium HDL 596 1.07 0.98 1.17 1.4E-01 4.8E-01
Phospholipids to Total Lipids in
Small LDL percentage 596 1.08 0.98 1.20 1.4E-01 4.8E-01
Free Cholesterol to Total Lipids in
Medium HDL percentage 596 1.07 0.98 1.18 1.5E-01 5.0E-01
Cholesteryl Esters to Total Lipids
in IDL percentage 596 0.94 0.87 1.02 1.5E-01 5.0E-01
Phospholipids to Total Lipids in
Very Small VLDL percentage 596 1.06 0.98 1.16 1.6E-01 5.4E-01
Phospholipids to Total Lipids in
Medium HDL percentage 596 1.08 0.97 1.20 1.7E-01 5.8E-01
Triglycerides in Medium LDL 596 1.06 0.97 1.16 1.8E-01 5.8E-01
Cholesteryl Esters in Very Large
HDL 596 1.07 0.97 1.19 1.8E-01 5.8E-01
Cholesteryl Esters in Medium
HDL 596 1.06 0.97 1.16 1.9E-01 6.0E-01
Free Cholesterol in Small HDL 596 1.06 0.97 1.15 1.9E-01 6.0E-01
Free Cholesterol to Total Lipids in
Large HDL percentage 596 1.09 0.96 1.25 1.9E-01 6.0E-01
Phospholipids to Total Lipids in
Very Large HDL percentage 596 1.08 0.96 1.22 2.0E-01 6.2E-01
Cholesteryl Esters in HDL 596 1.06 0.97 1.16 2.1E-01 6.4E-01
Acetoacetate 592 1.06 0.97 1.15 2.1E-01 6.4E-01
Average Diameter for VLDL
Particles 596 0.95 0.87 1.03 2.2E-01 6.4E-01
Alanine 596 1.05 0.97 1.14 2.2E-01 6.4E-01
Phospholipids in Small HDL 596 1.06 0.97 1.15 2.2E-01 6.4E-01
Free Cholesterol to Total Lipids in
IDL percentage 596 0.95 0.88 1.03 2.3E-01 6.5E-01
Cholesterol in Very Large HDL 596 1.05 0.97 1.15 2.4E-01 6.8E-01
Concentration of HDL Particles 596 1.05 0.97 1.15 2.5E-01 6.8E-01
Cholesterol to Total Lipids in
Medium HDL percentage 596 0.97 0.93 1.02 2.5E-01 6.8E-01
Average Diameter for LDL
Particles 596 1.05 0.97 1.14 2.5E-01 6.8E-01
Triglycerides in Small HDL 596 1.05 0.96 1.15 2.6E-01 7.0E-01
Total Concentration of
Lipoprotein Particles 596 1.05 0.96 1.15 2.7E-01 7.2E-01
Triglycerides in Small VLDL 596 1.05 0.96 1.15 2.7E-01 7.3E-01
Phospholipids in IDL 596 1.05 0.97 1.13 2.8E-01 7.3E-01
Degree of Unsaturation 596 0.96 0.88 1.04 2.9E-01 7.5E-01
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Appendix 5.6 Hazard ratios for prostate cancer death associated with a one standard

deviation increase in concentration, percentage, or ratio of metabolite features in the UK

Biobank'
Metabolite Cases HR LL UL P-value? Padj’
Triglycerides to Total Lipids in
Medium HDL percentage 596 1.05 0.96 1.15 2.9E-01 7.5E-01
Total Lipids in Lipoprotein
Particles 596 1.04 0.96 1.13 3.0E-01 7.6E-01
Free Cholesterol in Very Large
HDL 596 1.05 0.96 1.14 3.0E-01 7.6E-01
Concentration of VLDL Particles = 596 1.04 0.96 1.13 3.0E-01 7.6E-01
Triglycerides in Small LDL 596 1.04 0.96 1.14 3.3E-01 8.0E-01
Monounsaturated Fatty Acids to
Total Fatty Acids percentage 596 1.05 0.96 1.14 3.3E-01 8.1E-01
Total Lipids in Small VLDL 596 1.04 0.96 1.13 3.4E-01 8.2E-01
Total Lipids in IDL 596 1.04 0.96 1.13 3.6E-01 8.5E-01
Triglycerides to Total Lipids in
Small HDL percentage 596 1.04 0.95 1.14 3.6E-01 8.6E-01
Concentration of Small VLDL
Particles 596 1.04 0.96 1.13 3.7E-01 8.7E-01
Apolipoprotein B to
Apolipoprotein Al ratio 596 0.96 0.89 1.05 3.8E-01 8.7E-01
Free Cholesterol in Small LDL 596 0.97 0.92 1.03 3.8E-01 8.7E-01
3-Hydroxybutyrate 584 1.04 0.95 1.13 3.9E-01 8.7E-01
Omega-3 Fatty Acids 596 1.04 0.95 1.13 3.9E-01 8.7E-01
Phospholipids to Total Lipids in
Large HDL percentage 596 1.06 0.92 1.23 3.9E-01 8.7E-01
Phospholipids to Total Lipids in
Small VLDL percentage 596 0.96 0.89 1.05 3.9E-01 8.7E-01
Polyunsaturated Fatty Acids 596 1.04 0.95 1.13 4.0E-01 8.8E-01
Cholesteryl Esters in Small HDL | 596 0.96 0.88 1.05 4.2E-01 9.2E-01
Leucine 596 0.97 0.89 1.05 4.3E-01 9.2E-01
Free Cholesterol to Total Lipids in
Small VLDL percentage 596 0.97 0.89 1.05 4.3E-01 9.2E-01
Concentration of IDL Particles 596 1.03 0.95 1.12 4.4E-01 9.2E-01
Total Lipids in Small HDL 596 1.04 0.95 1.13 4.4E-01 9.2E-01
Free Cholesterol to Total Lipids in
Small LDL percentage 596 0.98 0.93 1.03 4.4E-01 9.3E-01
Cholesteryl Esters in Small VLDL | 596 1.03 0.95 1.12 4.5E-01 9.3E-01
Docosahexaenoic Acid to Total
Fatty Acids percentage 596 0.97 0.89 1.05 4.6E-01 9.3E-01
Omega-6 Fatty Acids 596 1.03 0.95 1.12 4.7E-01 9.3E-01
Cholesterol in Small LDL 596 0.98 0.92 1.04 4.8E-01 9.3E-01
Total Triglycerides 596 1.03 0.95 1.13 4.8E-01 9.3E-01
Cholesterol in Medium LDL 596 0.98 0.92 1.04 4.8E-01 9.3E-01
Free Cholesterol in Medium LDL | 596 0.98 0.92 1.04 4.8E-01 9.3E-01
Cholesteryl Esters to Total Lipids
in Chylomicrons and Extremely
Large VLDL percentage 583 0.97 0.89 1.06 4.9E-01 9.3E-01
Phospholipids in Small VLDL 596 1.03 0.95 1.12 4.9E-01 9.3E-01
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Appendix 5.6 Hazard ratios for prostate cancer death associated with a one standard
deviation increase in concentration, percentage, or ratio of metabolite features in the UK

Biobank'
Metabolite Cases HR LL UL P-value? Padj’
Phospholipids to Total Lipids in
IDL percentage 596 1.03 0.95 1.12 4.9E-01 9.3E-01
Remnant Cholesterol (Non-HDL,
Non-LDL -Cholesterol) 596 1.03 0.95 1.11 5.0E-01 9.3E-01
Phospholipids in VLDL 596 1.03 0.95 1.12 5.0E-01 9.3E-01
Cholesterol in Small VLDL 596 1.03 0.95 1.11 5.1E-01 9.3E-01
Cholesteryl Esters in VLDL 596 1.03 0.95 1.11 5.1E-01 9.3E-01
Concentration of Medium LDL
Particles 596 0.97 0.90 1.06 5.1E-01 9.3E-01
Phospholipids to Total Lipids in
Very Large VLDL percentage 594 0.98 0.91 1.05 5.1E-01 9.3E-01
Cholesteryl Esters in Medium
LDL 596 0.98 0.92 1.04 5.1E-01 9.3E-01
Omega-6 Fatty Acids to Omega-3
Fatty Acids ratio 596 0.97 0.89 1.06 5.2E-01 9.3E-01
Phospholipids in Medium LDL 596 0.97 0.90 1.06 5.2E-01 9.3E-01
Total Lipids in Medium LDL 596 0.97 0.90 1.06 5.2E-01 9.3E-01
Cholesteryl Esters to Total Lipids
in Very Small VLDL percentage 596 0.97 0.90 1.06 5.3E-01 9.3E-01
Phenylalanine 596 1.03 0.95 1.12 5.3E-01 9.3E-01
Total Free Cholesterol 596 1.03 0.95 1.11 5.3E-01 9.3E-01
Cholesterol to Total Lipids in Very
Small VLDL percentage 596 0.97 0.90 1.06 5.4E-01 9.3E-01
VLDL Cholesterol 596 1.03 0.95 1.11 5.4E-01 9.3E-01
Phospholipids to Total Lipids in
Medium VLDL percentage 596 1.03 0.94 1.13 5.5E-01 9.4E-01
Triglycerides to Total Lipids in
Large VLDL percentage 596 0.98 0.92 1.05 5.6E-01 9.4E-01
Free Cholesterol to Total Lipids in
Very Small VLDL percentage 596 0.98 0.90 1.06 5.6E-01 9.4E-01
Cholesteryl Esters in Small LDL 596 0.98 0.92 1.05 5.7E-01 9.4E-01
Free Cholesterol to Total Lipids in
Large VLDL percentage 596 0.98 0.91 1.06 5.7E-01 9.4E-01

Abbreviations: SD, standard deviation; HR, hazard ratio; LL, 95% confidence interval lower
limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol; HDL,
high-density lipoprotein cholesterol; IDL, intermediate-density lipoprotein cholesterol; VLDL,
very low-density lipoprotein cholesterol.

1 Hazard ratios (95% confidence interval) for prostate cancer death associated with a one standard
deviation increase in concentration, percentage, or ratio of metabolite features. Analyses were
stratified by region and Townsend Deprivation Index with age as the underlying time variable.
Adjusted for fasting status, body mass index, height, alcohol intake, family history of prostate
cancer, ethnicity, level of education, smoking status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). Padj are sorted in
ascending order. Associations with Padj < 0.05 are bolded.
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years > 5 years

Metabolites Cases HR LL UL  P-value Padj Cases HR LL UL  P-value Padj
Glycoprotein acetyls 290 1.40 124 1.57 6.4E-08 1.6E-05 306 1.11 0.99 1.25 8.4E-02 1.0E+00
Albumin 290 0.79 0.71 0.88 2.6E-05 2.2E-03 306 0.93 0.83 1.04 1.9E-01 1.0E+00
Cholesteryl Esters to
Total Lipids in Small
HDL percentage 290  0.78 0.69 0.87 2.0E-05 2.2E-03 306 098 0.86 1.13 8.2E-01 1.0E+00
Glucose 289 121 1.09 134 4.0E-04 2.3E-02 306 1.07 095 120 2.6E-01 1.0E+00
Triglycerides in IDL 290 ' 1.24 1.10  1.40 4.7E-04 2.3E-02 306 1.01 090 1.15 &8.2E-01 1.0E+00
Cholesterol to Total
Lipids in Small HDL
percentage 290 0.82 0.73 092 5.6E-04 2.3E-02 306 0.98 0.87 1.11 7.7E-01 1.0E+00
Triglycerides in Very
Small VLDL 290 1.22 1.08 138  1.3E-03 4.8E-02 306 1.00 0.88 1.13 9.8E-01 1.0E+00
Triglycerides in Large
HDL 290 1.23 1.08 139 1.6E-03 5.0E-02 306 1.03 091 1.17 6.3E-01 1.0E+00
Triglycerides in HDL 290 1.21 1.07 137  2.5E-03 5.8E-02 306 1.01 0.89 1.14 9.3E-01 1.0E+00
Triglycerides in Large
LDL 290 1.20 1.07 135 2.7E-03 5.8E-02 306 1.00 0.89 1.13 9.9E-01 1.0E+00
Triglycerides in
Medium HDL 290 1.21 1.07 138  3.0E-03 5.8E-02 306 1.01 090 1.15 83E-01 1.0E+00
Phospholipids to
Total Lipids in Large
LDL percentage 290 0.84 0.74 094 2.9E-03 5.8E-02 306 1.01 090 1.13 84E-01 1.0E+00
Phospholipids to
Total Lipids in Small
HDL percentage 290  1.20 1.07 136 2.5E-03 5.8E-02 306 1.07 095 121 24E-01 1.0E+00
Triglycerides in Very
Large HDL 290 120 1.06 135 4.1E-03 7.3E-02 306 1.01 090 1.14 83E-01 1.0E+00
Saturated Fatty Acids
to Total Fatty Acids
percentage 290 | 1.19 1.05 134 4.9E-03 7.8E-02 306 1.03 091 1.16 6.1E-01 1.0E+00
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percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years > 5 years
Triglycerides to Total
Lipids in Medium
LDL percentage 290 1.18 1.05 132 5.0E-03 7.8E-02 306 1.03 091 1.16 6.8E-01 1.0E+00
Triglycerides in LDL 290 1.18 1.05 133 7.3E-03 9.0E-02 306 0.99 0.88 1.12 8.8E-01 1.0E+00
Saturated Fatty Acids 290 1.17 1.04 132 8.3E-03 9.0E-02 306 1.01 090 1.14 84E-01 1.0E+00
Omega-6 Fatty Acids
to Total Fatty Acids
percentage 290 085 0.76 096 7.6E-03 9.0E-02 306 098 0.87 1.11 7.5E-01 1.0E+00
Polyunsaturated Fatty
Acids to Total Fatty
Acids percentage 290 085 0.75 095 6.3E-03 9.0E-02 306 0.99 0.87 1.12 8.6E-01 1.0E+00
Linoleic Acid to Total
Fatty Acids
percentage 290 085 0.76 096 8.1E-03 9.0E-02 306 096 0.85 1.09 5.2E-01 1.0E+00
Phospholipids in Very
Small VLDL 290 1.18 1.05 132 6.8E-03 9.0E-02 306 1.05 094 1.18 4.0E-01 1.0E+00
Triglycerides to Total
Lipids in Large LDL
percentage 290 1.17 1.05 132 6.9E-03 9.0E-02 306 1.01 0.89 1.14 8.6E-01 1.0E+00
Citrate 290 1.18 1.04 133 8.9E-03 9.1E-02 306 1.18 1.05 133 509E-03 1.0E+00
Free Cholesterol to
Total Lipids in Small
HDL percentage 290 1.15 1.04 129  09.1E-03 9.1E-02 306 0.99 0.88 1.11 8.6E-01 1.0E+00
Phospholipids in
HDL 290 1.18 1.04 133 9.8E-03 9.4E-02 306 1.07 095 121 29E-01 1.0E+00
Total Lipids in Very
Small VLDL 290 1.16 1.04 131  1.0E-02 9.6E-02 306 1.05 093 1.17 43E-01 1.0E+00
Phosphoglycerides 290 1.17 1.03 132 1.3E-02 1.2E-01 306 1.03 091 1.16 6.6E-01 1.0E+00
Free Cholesterol in
HDL 290 1.16 1.03 132 1.5E-02 1.3E-01 306 1.05 093 1.19 3.9E-01 1.0E+00
Triglycerides to Total
Lipids in IDL
percentage 290 1.16 1.03 130 1.6E-02 1.3E-01 306 098 0.87 1.11 7.9E-01 1.0E+00

278



Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years > 5 years
Phosphatidylcholines 290 1.16 1.03 131  1.7E-02 1.3E-01 306 1.03 091 1.16 6.6E-01 1.0E+00
Phospholipids in
Medium HDL 290 1.17 1.03 132 1.8E-02 1.4E-01 306 1.07 094 121 29E-01 1.0E+00
Total Lipids in HDL 290 1.15 1.02 131  2.4E-02 1.4E-01 306 1.06 094 1.20 3.2E-01 1.0E+00
Average Diameter for
HDL Particles 290 1.15 1.02 1.29 2.3E-02 1.4E-01 306 1.07 095 120 2.7E-01 1.0E+00
Total Cholines 290 1.15 1.02 130  2.2E-02 1.4E-01 306 1.02 091 1.15 7.1E-01 1.0E+00
Tyrosine 290 1.15 1.02 129 2.1E-02 1.4E-01 306 1.01 090 1.14 &8.8E-01 1.0E+00
Free Cholesterol in
Very Small VLDL 290 1.14 1.02  1.28 2.4E-02 1.4E-01 306 1.05 093 1.17 44E-01 1.0E+00
Triglycerides in
Medium LDL 290 1.15 1.02 130 2.5E-02 1.4E-01 306 0.98 0.87 1.10 7.1E-01 1.0E+00
Phospholipids in
Large HDL 290 1.17 1.03 134 1.9E-02 1.4E-01 306 1.10 096 1.25 1.7E-01 1.0E+00
Free Cholesterol to
Total Lipids in IDL
percentage 290 0.88 0.80 098 2.5E-02 1.4E-01 306 1.03 092 1.16 59E-01 1.0E+00
Triglycerides to Total
Lipids in Small LDL
percentage 290  1.15 1.02  1.29  2.4E-02 1.4E-01 306 1.00 0.88 1.13 9.8E-01 1.0E+00
Cholesterol to Total
Lipids in Very Large
HDL percentage 290 094 0.88 099 2.2E-02 1.4E-01 306 0.98 0.89 1.08 7.0E-01 1.0E+00
Free Cholesterol to
Total Lipids in Very
Large HDL
percentage 290 090 0.82 099  24E-02 1.4E-01 306 097 0.86 1.08 54E-01 1.0E+00
Total Fatty Acids 290 1.15 1.02 1.29  2.6E-02 1.5E-01 306 1.00 0.89 1.13 94E-01 1.0E+00
Concentration of
Very Small VLDL
Particles 290  1.14 1.02  1.28  2.6E-02 1.5E-01 306 1.05 094 1.17 43E-01 1.0E+00
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< 5 years > 5 years
Cholesterol to Total
Lipids in IDL
percentage 290 0.88 0.79 099 2.7E-02 1.5E-01 306 0.99 0.88 1.12 9.1E-01 1.0E+00
Monounsaturated
Fatty Acids 290 1.15 1.01 129  2.8E-02 1.5E-01 306 1.00 0.89 1.13 909E-01 1.0E+00
Polyunsaturated Fatty
Acids to
Monounsaturated
Fatty Acids ratio 290 0.87 0.77 099 3.0E-02 1.5E-01 306 1.00 0.88 1.13 909E-01 1.0E+00
Triglycerides in Small
VLDL 290 1.15 1.01 130  3.0E-02 1.5E-01 306 096 0.85 1.08 5.1E-01 1.0E+00
Sphingomyelins 290 1.14 1.01 1.28 3.3E-02 1.6E-01 306 1.04 093 1.17 5.0E-01 1.0E+00
Cholesteryl Esters to
Total Lipids in
Medium HDL
percentage 290 096 0.92 1.00 3.4E-02 1.7E-01 306 1.02 0.89 1.17 7.8E-01 1.0E+00
Total Phospholipids
in Lipoprotein
Particles 290 1.14 1.01 1.28 3.5E-02 1.7E-01 306 1.02 091 1.14 7.6E-01 1.0E+00
Free Cholesterol in
Medium HDL 290 1.15 1.01 131  3.7E-02 1.7E-01 306 1.06 093 1.20 4.0E-01 1.0E+00
Histidine 290 0.89 0.79 099 4.1E-02 1.8E-01 306 0.90 0.81 1.01 7.5E-02 1.0E+00
Total Lipids in Large
HDL 290 1.14 1.01 130 4.1E-02 1.8E-01 306 1.09 096 123 2.0E-01 1.0E+00
Total Lipids in
Medium HDL 290 1.14 1.00 1.29 4.2E-02 1.8E-01 306 1.07 094 1.21 3.2E-01 1.0E+00
Triglycerides in Small
HDL 290 1.14 1.01 129  4.1E-02 1.8E-01 306 097 086 1.10 6.5E-01 1.0E+00
Apolipoprotein Al 290 1.13 1.00 1.28 5.0E-02 2.1E-01 306 1.05 093 1.19 4.1E-01 1.0E+00
Free Cholesterol in
Large HDL 290  1.15 1.00 134  5.3E-02 2.2E-01 306 1.09 095 125 22E-01 1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years

> 5 years

Concentration of
Very Large HDL
Particles
Concentration of
Large HDL Particles

Phenylalanine

Free Cholesterol in
Small HDL
Triglycerides to Total
Lipids in Medium
HDL percentage
Triglycerides to Total
Lipids in Small HDL
percentage

Free Cholesterol to
Total Lipids in
Medium HDL
percentage
Concentration of
Medium HDL
Particles
Phospholipids to
Total Lipids in
Medium HDL
percentage
Triglycerides in Small
LDL

Triglycerides to Total
Lipids in Small
VLDL percentage
Cholesterol in Very
Small VLDL

290

290
290

290

290

290

290

290

290

290

290

290

1.13

1.14
1.12

1.12

1.13

1.13

1.14

1.12

1.14

1.12

1.10

1.00

0.99
0.99

0.99

0.99

0.99

0.99

0.99

0.98

0.99

0.98

0.99

1.28

1.30
1.26

1.27

1.29

1.28

1.31

1.28

1.32

1.26

1.26

1.24

5.6E-02

6.0E-02
6.2E-02

6.4E-02

6.3E-02

6.8E-02

7.1E-02

8.0E-02

8.1E-02

8.2E-02

8.6E-02

8.9E-02

2.3E-01

2.4E-01
2.5E-01

2.5E-01

2.5E-01

2.6E-01

2.7E-01

2.9E-01

2.9E-01

3.0E-01

3.1E-01

3.1E-01

306

306
306

306

306

306

306

306

306

306

306

306

1.03

1.08
0.95

1.00

0.98

0.97

1.02

1.06

1.01

0.98

0.95

1.05

0.92

0.95
0.84

0.89

0.86

0.86

0.89

0.93

0.87

0.86

0.84

0.94

1.16

1.23
1.06

1.13

1.10

1.09

1.16

1.21

1.18

1.10

1.07

1.18

5.9E-01

2.3E-01
3.5E-01

9.9E-01

7.0E-01

5.8E-01

7.8E-01

3.6E-01

8.7E-01

7.1E-01

3.6E-01

3.7E-01

1.0E+00

1.0E+00
1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years > 5 years
Cholesteryl Esters to
Total Lipids in IDL
percentage 290 091 0.81 1.02 9.4E-02 3.2E-01 306 0.98 0.87 1.10 7.2E-01 1.0E+00
Degree of
Unsaturation 290 090 0.80 1.02 1.0E-01 3.3E-01 306 1.01 090 1.14 8.9E-01 1.0E+00
Pyruvate 290 1.11 098 1.25 1.0E-01 3.3E-01 305 1.11 098 1.25 89E-02 1.0E+00
Total Lipids in Very
Large HDL 290 1.11 098 1.25 1.0E-01 3.3E-01 306 1.04 092 1.17 S5.1E-01 1.0E+00
Free Cholesterol to
Total Lipids in Very
Large VLDL
percentage 289 091 0.82 1.02 1.0E-01 3.3E-01 305 1.08 096 1.22 1.9E-01 1.0E+00
Phospholipids to
Total Lipids in Small
VLDL percentage 290 091 0.80 1.02  9.9E-02 3.3E-01 306 1.03 091 1.16 6.6E-01 1.0E+00
Concentration of
Small VLDL Particles 290 1.10 098 1.24 1.1E-01 3.5E-01 306 0.98 0.87 1.10 7.2E-01 1.0E+00
Cholesterol to Total
Lipids in Medium
HDL percentage 290 097 093 1.01 1.1E-01 3.5E-01 306 1.02 0.89 1.18 7.5E-01 1.0E+00
Phospholipids in Very
Large HDL 290 1.14 097 134 1.2E-01 3.6E-01 306 1.06 093 1.21 4.0E-01 1.0E+00
Cholesterol to Total
Lipids in Small
VLDL percentage 290 091 0.81 1.02 1.2E-01 3.6E-01 306 1.05 093 1.18 4.1E-01 1.0E+00
Total Lipids in Small
VLDL 290 1.10 098 1.24 1.2E-01 3.6E-01 306 0.99 0.88 1.11 8.0E-01 1.0E+00
Total Lipids in
Lipoprotein Particles 290 1.10 098 1.23  1.2E-01 3.6E-01 306 0.99 0.89 1.11 9.2E-01 1.0E+00
Total Triglycerides 290 1.10 0.97 125 1.2E-01 3.7E-01 306 097 086 1.09 5.7E-01 1.0E+00
Cholesteryl Esters to
Total Lipids in Small
VLDL percentage 290 1 092 0.82 1.02 1.2E-01 3.7E-01 306 1.07 095 120 2.7E-01 1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years

> 5 years

Phospholipids to
Total Lipids in Very
Small VLDL
percentage

Lactate
Monounsaturated
Fatty Acids to Total
Fatty Acids
percentage
Phospholipids in
Small HDL
Concentration of
VLDL Particles

Glutamine
Cholesteryl Esters to
Total Lipids in Very
Small VLDL
percentage

Free Cholesterol to
Total Lipids in Small
VLDL percentage
Cholesterol to Total
Lipids in Very Small
VLDL percentage
Cholesteryl Esters in
Very Small VLDL
Phospholipids to
Total Lipids in
Medium LDL
percentage
Cholesterol in Large
HDL

Valine

290
289

290

290

290
290

290

290

290

290

290

290
290

1.10
0.91

1.10

1.10

1.09
0.92

0.92

0.92

0.92

1.09

0.92

1.10
1.09

0.97
0.81

0.97

0.97

0.97
0.82

0.82

0.82

0.82

0.97

0.82

0.96
0.96

1.24
1.03

1.25

1.24

1.23
1.03

1.03

1.03

1.03

1.22

1.03

1.26
1.22

1.3E-01
1.3E-01

1.4E-01

1.4E-01

1.4E-01
1.4E-01

1.4E-01

1.5E-01

1.5E-01

1.5E-01

1.5E-01

1.7E-01
1.8E-01

3.7E-01
3.7E-01

3.9E-01

3.9E-01

3.9E-01
3.9E-01

3.9E-01

3.9E-01

4.0E-01

4.0E-01

4.0E-01

4.4E-01
4.6E-01

306
306

306

306

306
305

306

306

306

306

306

306
306

1.03
1.04

0.99

1.01

1.00
0.93

1.04

1.02

1.04

1.05

1.10

1.09
0.94

0.91
0.93

0.88

0.90

0.89
0.83

0.92

0.91

0.92

0.94

0.99

0.95
0.83

1.16
1.17

1.12

1.15

1.12
1.04

1.17

1.15

1.17

1.18

1.23

1.24
1.05

6.5E-01
4.8E-01

9.0E-01

8.2E-01

9.6E-01
1.9E-01

5.6E-01

7.3E-01

5.7E-01

3.6E-01

8.4E-02

2.0E-01
2.7E-01

1.0E+00
1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

< 5 years > 5 years
Triglycerides to Total
Lipids in Very Small
VLDL percentage 290 1.09 096 1.23 1.8E-01 4.6E-01 306 094 0.83 1.06 3.1E-01 1.0E+00
HDL Cholesterol 290 1.08 096 1.23 2.1E-01 5.2E-01 306 1.06 094 120 3.6E-01 1.0E+00
Free Cholesterol to
Total Lipids in Large
VLDL percentage 290 094 0.85 1.04 2.2E-01 5.5E-01 306 1.02 091 1.15 7.0E-01 1.0E+00
Total Concentration
of Lipoprotein
Particles 290 1.08 0.95 122 2.4E-01 5.7E-01 306 1.02 091 1.16 7.0E-01 1.0E+00
Concentration of
HDL Particles 290 1.08 0.95 122 2.5E-01 5.7E-01 306 1.03 091 1.17 6.3E-01 1.0E+00
Polyunsaturated Fatty
Acids 290 1.07 095 121 2.4E-01 5.7E-01 306 1.00 0.89 1.12 1.0E+00 1.0E+00
Docosahexaenoic
Acid to Total Fatty
Acids percentage 290 093 0.83 1.05 2.5E-01 5.7E-01 306 1.01 0.89 1.14 9.3E-01 1.0E+00
Isoleucine 290 1.07 095 1.20 2.5E-01 5.7E-01 306 094 0.84 1.06 3.3E-01 1.0E+00
Acetoacetate 288 1.08 0.95 122 2.3E-01 5.7E-01 304 1.04 092 1.17 5.5E-01 1.0E+00
Cholesteryl Esters in
Large HDL 290 1.08 0.95 124 2.5E-01 5.7E-01 306 1.09 096 1.25 2.0E-01 1.0E+00
Cholesterol in
Medium HDL 290 1.08 0.95 123 2.5E-01 5.7E-01 306 1.07 094 1.21 3.3E-01 1.0E+00
Phospholipids to
Total Lipids in Large
HDL percentage 290 1.12 092 138 2.6E-01 5.8E-01 306 1.01 0.86 1.20 &.7E-01 1.0E+00
Free Cholesterol to
Total Lipids in Large
HDL percentage 290 1.13 091 140 2.6E-01 5.8E-01 306 1.07 090 1.26 4.7E-01 1.0E+00
Omega-6 Fatty Acids 290 1.07 095 1.20 2.6E-01 5.9E-01 306 0.99 0.89 1.11 9.1E-01 1.0E+00
Triglycerides in
Medium VLDL 290 1.07 095 121 2.7E-01 5.9E-01 306 0.95 0.84 1.07 3.8E-01 1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

< 5 years > 5 years
Phospholipids to
Total Lipids in Very
Large HDL
percentage 290 1.12 092 136 2.7E-01 5.9E-01 306 1.06 091 1.23 48E-01 1.0E+00
Average Diameter for
LDL Particles 290 1.07 094 1.20 3.0E-01 6.1E-01 306 1.04 092 1.17 54E-01 1.0E+00
Phospholipids in
Small VLDL 290 1.07 095 1.20 2.9E-01 6.1E-01 306 0.99 0.89 1.11 9.0E-01 1.0E+00
Cholesterol in Very
Large HDL 290 1.07 094 121 3.0E-01 6.1E-01 306 1.04 092 1.17 53E-01 1.0E+00
Cholesteryl Esters in
Very Large HDL 290 1.08 0.93 1.26 2.9E-01 6.1E-01 306 1.06 092 122 39E-01 1.0E+00
Total Lipids in Small
HDL 290 1.07 094 121 3.0E-01 6.1E-01 306 1.00 0.89 1.13 9.6E-01 1.0E+00
Cholesteryl Esters in
Small HDL 290 093 0.83 1.06 2.8E-01 6.1E-01 306 1.00 0.88 1.13 9.5E-01 1.0E+00
Free Cholesterol to
Total Lipids in Small
LDL percentage 290 097 093 1.02 2.9E-01 6.1E-01 306 1.02 0.87 1.19 84E-01 1.0E+00
Triglycerides in
VLDL 290 1.07 094 121 3.0E-01 6.1E-01 306 096 0.85 1.08 5.3E-01 1.0E+00
Phospholipids in
VLDL 290 1.06 0.94 1.20 3.1E-01 6.3E-01 306 0.99 0.89 1.12 9.2E-01 1.0E+00
BCAA 290 1.06 0.94 1.20 3.1E-01 6.3E-01 306 0.93 0.83 1.05 24E-01 1.0E+00
Total Lipids in VLDL 290 1.06 0.94 1.20 3.2E-01 6.4E-01 306 098 0.87 1.10 7.5E-01 1.0E+00
Phospholipids in IDL 290 1.06 094 1.19 3.3E-01 6.5E-01 306 1.03 092 1.15 509E-01 1.0E+00
Free Cholesterol in
Small LDL 290 0.97 091 1.03 3.4E-01 6.5E-01 306 0.99 0.88 1.10 8.2E-01 1.0E+00
Free Cholesterol to
Total Lipids in Very
Small VLDL
percentage 290 095 0.84 1.06 3.3E-01 6.5E-01 306 1.01 090 1.13 &.8E-01 1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years

> 5 years

Phospholipids to
Total Lipids in Small
LDL percentage
Phospholipids to
Total Lipids in Very
Large VLDL
percentage

Omega-3 Fatty Acids
Triglycerides to Total
Lipids in Very Large
VLDL percentage
Free Cholesterol in
Very Large HDL

Acetate

Cholesteryl Esters in
Medium HDL
Cholesteryl Esters in
HDL

Total Free
Cholesterol
Cholesteryl Esters to
Total Lipids in
Medium VLDL
percentage
Triglycerides to Total
Lipids in Medium
VLDL percentage
Phospholipids to
Total Lipids in IDL
percentage
Cholesteryl Esters in
Small VLDL

290

289

290

289

290
290

290

290

290

290

290

290

290

1.07

0.96

1.06

1.08

1.06
1.06

1.06

1.06

1.05

0.96

1.06

1.05

1.05

0.93

0.88

0.94

0.92

0.93
0.94

0.93

0.93

0.94

0.87

0.93

0.94

0.94

1.24

1.04

1.20

1.27

1.20
1.19

1.21

1.20

1.18

1.06

1.19

1.18

1.18

3.4E-01

3.4E-01

3.5E-01

3.5E-01

3.6E-01
3.7E-01

3.7E-01

3.9E-01

3.9E-01

3.9E-01

3.9E-01

3.9E-01

4.0E-01

6.5E-01

6.5E-01

6.6E-01

6.7E-01

6.7E-01
6.8E-01

6.8E-01

7.0E-01

7.0E-01

7.0E-01

7.0E-01

7.0E-01

7.1E-01

306

305

306

305

306
304

306

306

306

306

306

306

306

1.09

1.00

1.01

0.97

1.04
0.92

1.07

1.06

1.00

1.03

0.94

1.01

1.01

0.94

0.90

0.90

0.89

0.92
0.82

0.94

0.94

0.89

0.91

0.85

0.90

0.90

1.26

1.12

1.14

1.06

1.17
1.04

1.21

1.20

1.12

1.15

1.04

1.13

1.13

2.3E-01

9.5E-01

8.1E-01

5.2E-01

5.8E-01
1.9E-01

3.3E-01

3.5E-01

1.0E+00

6.8E-01

2.5E-01

9.1E-01

8.5E-01

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

< 5 years > 5 years
Total Lipids in
Medium VLDL 290 1.05 093 1.18 4.2E-01 7.3E-01 306 0.97 0.87 1.09 64E-01 1.0E+00
Phospholipids to
Total Lipids in
Chylomicrons and
Extremely Large
VLDL percentage 282 1.06 0.92 123 4.2E-01 7.3E-01 301 095 0.86 1.04 29E-01 1.0E+00
Free Cholesterol in
VLDL 290 1.05 093 1.18 4.2E-01 7.3E-01 306 0.99 0.89 1.12 93E-01 1.0E+00
Apolipoprotein B to
Apolipoprotein Al
ratio 290 095 0.85 1.07 4.4E-01 7.3E-01 306 097 0.87 1.09 6.2E-01 1.0E+00
Phospholipids in
Large VLDL 290 1.05 0.92 1.20 4.3E-01 7.3E-01 306 0.98 0.88 1.09 6.7E-01 1.0E+00
Cholesterol in Small
VLDL 290 1.05 093 1.18 4.3E-01 7.3E-01 306 1.01 090 1.13 9.2E-01 1.0E+00
Total Lipids in IDL 290 1.05 093 1.17 4.3E-01 7.3E-01 306 1.03 092 1.15 6.2E-01 1.0E+00
Cholesterol to Total
Lipids in Very Large
VLDL percentage 289 095 0.84 1.08 4.4E-01 7.3E-01 305 1.05 093 1.18 4.1E-01 1.0E+00
Cholesterol to Total
Lipids in Medium
VLDL percentage 290 096 0.85 1.07 4.3E-01 7.3E-01 306 1.04 092 1.17 5.2E-01 1.0E+00
VLDL Cholesterol 290 1.05 093 1.17 4.5E-01 7.4E-01 306 1.00 090 1.12 94E-01 1.0E+00
Concentration of
Large VLDL Particles 290 1.05 093 1.19 4.5E-01 7.4E-01 306 0.97 0.86 1.09 5.8E-01 1.0E+00
Average Diameter for
VLDL Particles 290 096 0.85 1.08 4.5E-01 7.4E-01 306 094 0.83 1.06 3.1E-01 1.0E+00
Triglycerides to Total
Lipids in Very Large
HDL percentage 290 1.05 0.93 1.18 4.6E-01 7.4E-01 306 0.98 0.87 1.10 7.2E-01 1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

< 5 years > 5 years
Triglycerides to Total
Lipids in Large HDL
percentage 290 1.05 0.92 1.19 4.6E-01 7.4E-01 306 0.95 0.84 1.08 4.5E-01 1.0E+00
Free Cholesterol to
Total Lipids in
Medium LDL
percentage 290 098 0.93 1.03 4.7E-01 7.5E-01 306 1.07 0.86 132 5.5E-01 1.0E+00
Total Cholesterol 290 1.04 093 1.17 4.9E-01 7.5E-01 306 1.00 0.89 1.12 9.7E-01 1.0E+00
Remnant Cholesterol
(Non-HDL, Non-LDL
-Cholesterol) 290 1.04 093 1.17 4.8E-01 7.5E-01 306 1.01 091 1.13 8.2E-01 1.0E+00
Cholesteryl Esters in
VLDL 290 1.04 093 1.17 4.9E-01 7.5E-01 306 1.01 090 1.13 &.5E-01 1.0E+00
Triglycerides in Large
VLDL 290 1.05 0.92 1.18 4.8E-01 7.5E-01 306 095 0.85 1.07 3.8E-01 1.0E+00
Phospholipids in
Medium VLDL 290 1.04 093 1.17 4.9E-01 7.5E-01 306 0.99 0.89 1.11 8.6E-01 1.0E+00
Free Cholesterol in
Small VLDL 290 1.04 093 1.17 4.9E-01 7.5E-01 306 1.00 0.89 1.11 9.5E-01 1.0E+00
Total Lipids in Large
VLDL 290 1.04 092 1.18 5.1E-01 7.7E-01 306 096 0.86 1.08 5.1E-01 1.0E+00
Triglycerides in Very
Large VLDL 290 1.04 0.92 1.18 5.2E-01 7.9E-01 306 0.98 0.87 1.10 7.6E-01 1.0E+00
Free Cholesterol in
Medium LDL 290 098 091 1.05 5.2E-01 7.9E-01 306 098 0.88 1.09 7.4E-01 1.0E+00
Phospholipids to
Total Lipids in Large
VLDL percentage 290 1.05 090 1.23 5.2E-01 7.9E-01 306 1.00 090 1.12 1.0E+00 1.0E+00
Cholesteryl Esters in
Large VLDL 290 1.04 092 1.17 5.3E-01 7.9E-01 306 098 0.88 1.10 7.6E-01 1.0E+00
Total Esterified
Cholesterol 290 1.04 092 1.17 5.4E-01 8.0E-01 306 1.00 090 1.12 9.6E-01 1.0E+00
Creatinine 280 096 0.86 1.08 5.4E-01 8.0E-01 304 0.89 0.79 099 4.0E-02 1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

<5 years

> 5 years

Free Cholesterol in
Medium VLDL
Concentration of
Very Large VLDL
Particles

Free Cholesterol to
Total Lipids in Large
LDL percentage
Linoleic Acid
Omega-6 Fatty Acids
to Omega-3 Fatty
Acids ratio
Triglycerides to
Phosphoglycerides
ratio

Cholesterol in Large
VLDL
Concentration of
Medium VLDL
Particles
Cholesteryl Esters to
Total Lipids in Very
Large VLDL
percentage
Cholesterol to Total
Lipids in Large
VLDL percentage
Acetone
Triglycerides in
Chylomicrons and
Extremely Large
VLDL

290

290

290
290

290

290

290

290

289

290
290

290

1.04

1.04

0.99
1.03

0.97

1.04

1.03

1.03

0.97

0.97
0.97

0.97

0.92

0.92

0.94
0.92

0.86

0.91

0.92

0.92

0.86

0.86
0.86

0.87

1.16

1.18

1.03
1.16

1.09

1.18

1.17

1.16

1.09

1.09
1.09

1.09

5.5E-01

5.6E-01

5.6E-01
5.6E-01

5.7E-01

5.8E-01

5.9E-01

5.9E-01

5.9E-01

5.8E-01
6.2E-01

6.4E-01

8.1E-01

8.1E-01

8.1E-01
8.1E-01

8.2E-01

8.2E-01

8.2E-01

8.2E-01

8.2E-01

8.2E-01
8.5E-01

8.7E-01

306

306

306
306

306

306

306

306

305

306
306

306

0.99

0.97

1.05
0.98

0.98

0.95

0.97

0.98

1.04

1.06
0.88

0.99

0.89

0.86

0.83
0.88

0.87

0.84

0.87

0.88

0.92

0.94
0.78

0.89

1.11

1.09

1.34
1.10

1.07

1.09

1.10

1.17

1.19
1.00

9.2E-01

6.2E-01

6.9E-01
7.6E-01

7.6E-01

3.8E-01

6.6E-01

7.5E-01

5.1E-01

3.7E-01
4.6E-02

8.8E-01

1.0E+00

1.0E+00

1.0E+00
1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00

1.0E+00
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Appendix 5.7 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', stratified by time since blood collection

< 5 years > 5 years
Cholesterol in Small
LDL 290 098 091 1.06 6.4E-01 8.7E-01 306 0.97 0.89 1.07 5.7E-01 1.0E+00
Total Lipids in Very
Large VLDL 290 1.03 091 1.16 6.6E-01 8.9E-01 306 098 0.87 1.10 7.2E-01 1.0E+00
Free Cholesterol in
Large VLDL 290 1.03 091 1.16 6.5E-01 8.9E-01 306 0.97 0.86 1.08 5.6E-01 1.0E+00
Cholesterol to Total
Lipids in Small LDL
percentage 290 099 095 1.03 6.7E-01 9.0E-01 306 099 092 1.06 7.4E-01 1.0E+00
Clinical LDL
Cholesterol 290 098 0.87 1.09 6.8E-01 9.1E-01 306 0.99 0.88 1.10 8.1E-01 1.0E+00
Cholesteryl Esters to
Total Lipids in Large
HDL percentage 290 098 090 1.07 6.9E-01 9.2E-01 306 1.07 090 1.27 4.2E-01 1.0E+00
Free Cholesterol in
LDL 290 098 0.90 1.07 7.0E-01 9.2E-01 306 0.99 0.88 1.12 9.1E-01 1.0E+00
Glycine 287 098 0.88 1.09 7.0E-01 9.2E-01 301 1.03 091 1.16 6.8E-01 1.0E+00
Cholesteryl Esters in
IDL 290 1.02 091 1.15 7.0E-01 9.2E-01 306 1.02 091 1.14 7.1E-01 1.0E+00
Phospholipids in
Medium LDL 290 098 0.87 1.10 7.0E-01 9.2E-01 306 0.97 0.87 1.08 5.8E-01 1.0E+00

Abbreviations: HR, hazard ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol;
HDL, high-density lipoprotein cholesterol; IDL, intermediate-density lipoprotein cholesterol; VLDL, very low-density lipoprotein cholesterol; BCAA, Total

concentration of branched-chain amino acids (Leucine + Isoleucine + Valine).

1 Hazard ratios (95% confidence interval) for risk of prostate cancer death associated with a one standard deviation increase in concentration, percentage, or
ratio of metabolite features by time since blood collection. Analyses were stratified by region and Townsend Deprivation Index with age as the underlying time
variable. Adjusted for fasting status, body mass index, height, alcohol intake, family history of prostate cancer, ethnicity, level of education, smoking status, and

weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg).
Padj values in the < 5 years group are sorted in ascending order. Association with Padj < 0.05 in both the overall risk of death dataset and this dataset are bolded.
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Appendix 5.8 Hazard ratios for risk of prostate cancer death associated with a one
standard deviation increase in concentration, percentage, or ratio of metabolite features
in the UK Biobank', after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj?
Glycoprotein Acetyls 596 1.24 1.14 1.35 6.8E-07 1.7E-04
Albumin 596 0.85 0.79 0.92 9.3E-05 | 1.2E-02
Citrate 596 1.17 1.08 1.28 2.8E-04  2.3E-02
Cholesteryl Esters to Total Lipids

in Small HDL percentage 596 0.87 0.79 0.95 2.0E-03 1.2E-01
Phospholipids in HDL 596 1.13 1.03 1.23 6.8E-03 1.3E-01
Histidine 596 0.90 0.83 0.97 6.8E-03 1.3E-01
Concentration of Very Small

VLDL Particles 596 1.12 1.03 1.22 6.8E-03 1.3E-01
Total Lipids in Very Small VLDL | 596 1.13 1.04 1.23 3.5E-03 1.3E-01
Phospholipids in Very Small

VLDL 596 1.14 1.05 1.23 2.7E-03 1.3E-01
Free Cholesterol in Very Small

VLDL 596 1.12 1.03 1.22 6.1E-03 1.3E-01
Triglycerides in IDL 596 1.13 1.04 1.23 5.3E-03 1.3E-01
Phospholipids in Large HDL 596 1.14 1.04 1.25 5.5E-03 1.3E-01
Phospholipids to Total Lipids in

Small HDL percentage 596 1.13 1.04 1.23 4.9E-03 1.3E-01
Triglycerides in Large HDL 596 1.13 1.03 1.23 7.8E-03 1.4E-01
Free Cholesterol in HDL 596 1.12 1.03 1.22 9.3E-03 1.4E-01
Total Lipids in HDL 596 1.12 1.02 1.22 1.4E-02 1.4E-01
Average Diameter for HDL

Particles 596 1.11 1.02 1.21 1.2E-02 1.4E-01
Sphingomyelins 596 1.12 1.03 1.22 1.1E-02 1.4E-01
Glucose 595 1.12 1.03 1.22 8.6E-03 1.4E-01
Cholesterol in Very Small VLDL 596 1.11 1.03 1.21 1.1E-02 1.4E-01
Concentration of Large HDL

Particles 596 1.13 1.03 1.24 1.4E-02 1.4E-01
Total Lipids in Large HDL 596 1.12 1.03 1.23 1.0E-02 1.4E-01
Free Cholesterol in Large HDL 596 1.14 1.03 1.26 1.2E-02 1.4E-01
Phospholipids in Medium HDL 596 1.12 1.02 1.22 1.4E-02 1.4E-01
Cholesterol to Total Lipids in

Small HDL percentage 596 0.90 0.83 0.98 1.2E-02 1.4E-01
Phosphoglycerides 596 1.11 1.02 1.21 1.6E-02 1.4E-01
Saturated Fatty Acids to Total

Fatty Acids percentage 596 1.11 1.02 1.21 1.6E-02 1.4E-01
Cholesteryl Esters in Very Small

VLDL 596 1.11 1.02 1.21 1.6E-02 1.4E-01
Phosphatidylcholines 596 1.11 1.02 1.21 1.7E-02 1.5E-01
Triglycerides in Very Large HDL | 596 1.11 1.02 1.21 1.9E-02 1.6E-01
Triglycerides in Very Small

VLDL 596 1.11 1.02 1.21 2.0E-02 1.6E-01
Total Cholines 596 1.11 1.02 1.20 2.1E-02 1.6E-01
Saturated Fatty Acids 596 1.10 1.01 1.20 2.4E-02 1.6E-01
Pyruvate 595 1.11 1.01 1.21 2.3E-02 1.6E-01
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Appendix 5.8 Hazard ratios for risk of prostate cancer death associated with a one
standard deviation increase in concentration, percentage, or ratio of metabolite features
in the UK Biobank', after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj?
Triglycerides in Large LDL 596 1.11 1.02 1.20 2.2E-02 1.6E-01
Triglycerides in Medium HDL 596 1.11 1.01 1.21 2.4E-02 1.6E-01
Triglycerides in HDL 596 1.11 1.01 1.21 2.6E-02 1.7E-01
Total Phospholipids in

Lipoprotein Particles 596 1.10 1.01 1.20 2.7E-02 1.7E-01
Total Lipids in Medium HDL 596 1.11 1.01 1.21 2.8E-02 1.7E-01
Free Cholesterol in Medium HDL | 596 1.11 1.01 1.21 2.6E-02 1.7E-01
Free Cholesterol to Total Lipids in

Very Large HDL percentage 596 0.93 0.87 0.99 2.9E-02 1.8E-01
Apolipoprotein Al 596 1.10 1.01 1.20 3.3E-02 1.9E-01
Concentration of Very Large HDL

Particles 596 1.10 1.01 1.20 3.3E-02 1.9E-01
Cholesterol in Large HDL 596 1.11 1.01 1.22 3.2E-02 1.9E-01
Free Cholesterol to Total Lipids in

Small HDL percentage 596 1.09 1.00 1.18 4.0E-02 2.2E-01
Linoleic Acid to Total Fatty Acids

percentage 596 0.91 0.84 1.00 4.3E-02 2.3E-01
Omega-6 Fatty Acids to Total

Fatty Acids percentage 596 0.92 0.84 1.00 4.7E-02 2.4E-01
Total Lipids in Very Large HDL 596 1.09 1.00 1.19 4.8E-02 | 2.4E-01
Cholesteryl Esters in Large HDL 596 1.10 1.00 1.21 4.6E-02 2.4E-01
Concentration of Medium HDL

Particles 596 1.10 1.00 1.20 4.7E-02 | 2.4E-01
Triglycerides in LDL 596 1.09 1.00 1.19 53E-02  2.5E-01
Polyunsaturated Fatty Acids to

Total Fatty Acids percentage 596 0.92 0.84 1.00 5.1E-02 2.5E-01
Phospholipids in Very Large HDL = 596 1.11 1.00 1.24 5.2E-02 2.5E-01
Phospholipids to Total Lipids in

Large LDL percentage 596 0.92 0.85 1.00 5.6E-02 2.6E-01
Total Fatty Acids 596 1.09 1.00 1.18 5.7E-02  2.6E-01
Triglycerides to Total Lipids in

Medium LDL percentage 596 1.09 1.00 1.18 6.0E-02 2.7E-01
Cholesterol to Total Lipids in Very

Large HDL percentage 596 0.96 0.92 1.00 6.1E-02 2.7E-01
Creatinine 584 0.93 0.85 1.00 6.3E-02  2.7E-01
Acetone 596 0.92 0.85 1.01 6.5E-02  2.8E-01
Glutamine 595 0.93 0.85 1.01 6.7E-02  2.8E-01
Free Cholesterol to Total Lipids in

Medium HDL percentage 596 1.10 0.99 1.21 6.9E-02 2.8E-01
Phospholipids in IDL 596 1.08 0.99 1.17 7.4E-02 3.0E-01
HDL Cholesterol 596 1.08 0.99 1.18 8.0E-02 3.2E-01
Tyrosine 596 1.08 0.99 1.17 8.4E-02 3.3E-01
Monounsaturated Fatty Acids 596 1.08 0.99 1.17 9.2E-02 3.5E-01
Cholesteryl Esters in Very Large

HDL 596 1.09 0.99 1.22 9.4E-02 3.6E-01
Total Lipids in IDL 596 1.07 0.99 1.17 1.0E-01 3.8E-01
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Appendix 5.8 Hazard ratios for risk of prostate cancer death associated with a one
standard deviation increase in concentration, percentage, or ratio of metabolite features
in the UK Biobank', after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj’
Cholesteryl Esters to Total Lipids
in Medium HDL percentage 596 0.97 0.93 1.01 1.0E-01 3.8E-01
Triglycerides to Total Lipids in
Large LDL percentage 596 1.07 0.99 1.17 1.1E-01 3.8E-01
Free Cholesterol to Total Lipids in
Large HDL percentage 596 1.13 0.97 1.30 1.1E-01 3.9E-01
Cholesterol in Medium HDL 596 1.08 0.98 1.18 1.1E-01 3.9E-01
Cholesterol in Very Large HDL 596 1.07 0.98 1.17 1.2E-01 4.0E-01
Total Lipids in Lipoprotein
Particles 596 1.07 0.98 1.16 1.3E-01 4.3E-01
Free Cholesterol in Small HDL 596 1.07 0.98 1.17 1.3E-01 4.3E-01
Concentration of IDL Particles 596 1.06 0.98 1.16 1.4E-01 4.7E-01
Cholesteryl Esters in HDL 596 1.07 0.98 1.17 1.5E-01 4.8E-01
Triglycerides in Medium LDL 596 1.07 0.98 1.16 1.5E-01 4.8E-01
Total Concentration of
Lipoprotein Particles 596 1.06 0.98 1.16 1.6E-01 4.9E-01
Concentration of VLDL Particles = 596 1.06 0.98 1.15 1.6E-01 4.9E-01
Polyunsaturated Fatty Acids to
Monounsaturated  Fatty  Acids
ratio 596 0.94 0.86 1.03 1.6E-01 4.9E-01
Free Cholesterol in Very Large
HDL 596 1.07 0.98 1.17 1.6E-01 4.9E-01
Cholesteryl Esters in Medium
HDL 596 1.07 0.97 1.17 1.6E-01 4.9E-01
Phospholipids to Total Lipids in
Very Large HDL percentage 596 1.09 0.97 1.23 1.6E-01 4.9E-01
Average Diameter for LDL
Particles 596 1.06 0.98 1.16 1.7E-01 5.1E-01
Concentration of HDL Particles 596 1.06 0.97 1.16 1.7E-01 5.1E-01
Remnant Cholesterol (Non-HDL,
Non-LDL -Cholesterol) 596 1.06 0.97 1.15 1.9E-01 5.4E-01
Average Diameter for VLDL
Particles 596 0.95 0.87 1.03 1.9E-01 5.4E-01
Phospholipids in Small HDL 596 1.06 0.97 1.16 1.9E-01 5.4E-01
Phospholipids to Total Lipids in
Small LDL percentage 596 1.07 0.97 1.19 1.9E-01 5.4E-01
Triglycerides to Total Lipids in
Small LDL percentage 596 1.06 0.97 1.15 2.0E-01 5.6E-01
Total Free Cholesterol 596 1.06 0.97 1.15 2.1E-01 5.6E-01
Polyunsaturated Fatty Acids 596 1.05 0.97 1.15 2.2E-01 5.6E-01
Total Lipids in Small VLDL 596 1.06 0.97 1.15 2.1E-01 5.6E-01
Cholesterol in IDL 596 1.06 0.97 1.15 2.1E-01 5.6E-01
Cholesteryl Esters in IDL 596 1.06 0.97 1.15 2.1E-01 5.6E-01
Acetoacetate 592 1.06 0.97 1.15 2.2E-01 5.7E-01
Cholesteryl Esters in VLDL 596 1.05 0.97 1.14 2.3E-01 5.8E-01
Cholesteryl Esters in Small VLDL = 596 1.05 0.97 1.14 2.3E-01 5.8E-01
Free Cholesterol in IDL 596 1.05 0.97 1.15 2.3E-01 5.8E-01
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Appendix 5.8 Hazard ratios for risk of prostate cancer death associated with a one
standard deviation increase in concentration, percentage, or ratio of metabolite features
in the UK Biobank', after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj’
Phospholipids to Total Lipids in

Medium VLDL percentage 596 1.06 0.96 1.18 2.3E-01 5.8E-01
Cholesterol to Total Lipids in IDL

percentage 596 0.95 0.88 1.03 2.4E-01 5.9E-01
Phospholipids to Total Lipids in

Medium HDL percentage 596 1.07 0.96 1.18 2.4E-01 5.9E-01
Omega-6 Fatty Acids 596 1.05 0.97 1.14 2.4E-01 5.9E-01
Concentration of Small VLDL

Particles 596 1.05 0.97 1.14 2.5E-01 5.9E-01
Total Cholesterol 596 1.05 0.97 1.14 2.5E-01 5.9E-01
Cholesterol in Small VLDL 596 1.05 0.97 1.14 2.5E-01 5.9E-01
Phospholipids in Small VLDL 596 1.05 0.97 1.14 2.6E-01 6.0E-01
Triglycerides in Small VLDL 596 1.05 0.96 1.15 2.6E-01 6.0E-01
Phospholipids to Total Lipids in

Very Small VLDL percentage 596 1.05 0.96 1.14 2.6E-01 6.0E-01
VLDL Cholesterol 596 1.05 0.96 1.14 2.8E-01 6.1E-01
Total Esterified Cholesterol 596 1.05 0.96 1.14 2.7E-01 6.1E-01
Triglycerides in Small HDL 596 1.05 0.96 1.15 2.7E-01 6.1E-01
Triglycerides in Small LDL 596 1.05 0.96 1.14 2.9E-01 6.3E-01
Triglycerides to Total Lipids in

IDL percentage 596 1.05 0.96 1.14 2.9E-01 6.3E-01
Cholesterol to Total Lipids in

Medium HDL percentage 596 0.98 0.93 1.02 2.9E-01 6.3E-01
Triglycerides to Total Lipids in

Medium HDL percentage 596 1.05 0.96 1.15 3.1E-01 6.7E-01
Free Cholesterol in Small VLDL 596 1.04 0.96 1.13 3.2E-01 6.8E-01
Leucine 596 0.96 0.88 1.04 3.2E-01 6.8E-01
Cholesteryl Esters to Total Lipids

in IDL percentage 596 0.96 0.88 1.04 3.3E-01 6.8E-01
Phospholipids in VLDL 596 1.04 0.96 1.13 3.3E-01 6.8E-01
Cholesteryl Esters to Total Lipids

in Large VLDL percentage 596 1.04 0.96 1.14 3.4E-01 7.0E-01
Free Cholesterol to Total Lipids in

Medium VLDL percentage 596 1.04 0.96 1.14 3.4E-01 7.0E-01
Degree of Unsaturation 596 0.96 0.88 1.05 3.5E-01 7.1E-01
Omega-3 Fatty Acids 596 1.04 0.96 1.14 3.6E-01 7.2E-01
Free Cholesterol in VLDL 596 1.04 0.96 1.13 3.7E-01 7.3E-01
Free Cholesterol in Medium

VLDL 596 1.04 0.96 1.13 3.7E-01 7.3E-01
Free Cholesterol to Total Lipids in

IDL percentage 596 0.96 0.89 1.04 3.7E-01 7.3E-01
Alanine 596 1.04 0.96 1.13 3.8E-01 7.3E-01
Total Lipids in Small HDL 596 1.04 0.95 1.13 3.8E-01 7.3E-01
Phospholipids in Medium VLDL 596 1.04 0.95 1.13 3.9E-01 7.5E-01
Triglycerides to Total Lipids in

Large VLDL percentage 596 0.98 0.92 1.04 4.1E-01 7.7E-01
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Appendix 5.8 Hazard ratios for risk of prostate cancer death associated with a one
standard deviation increase in concentration, percentage, or ratio of metabolite features
in the UK Biobank', after additional adjustment for diabetes.

Metabolite Cases HR LL UL P-value? Padj’
Docosahexaenoic Acid to Total

Fatty Acids percentage 596 0.97 0.89 1.05 4.1E-01 7.7E-01
Triglycerides to Total Lipids in

Small HDL percentage 596 1.04 0.95 1.13 4.1E-01 7.7E-01
Total Triglycerides 596 1.04 0.95 1.13 4.4E-01 8.0E-01
Monounsaturated Fatty Acids to

Total Fatty Acids percentage 596 1.04 0.95 1.13 4.3E-01 8.0E-01
3-Hydroxybutyrate 584 1.03 0.95 1.13 4.4E-01 8.0E-01
Cholesterol in Medium VLDL 596 1.03 0.95 1.12 4.3E-01 8.0E-01
Total Cholesterol Minus HDL-C | 596 1.03 0.95 1.12 4.5E-01 8.1E-01
Apolipoprotein B 596 1.03 0.95 1.12 4.6E-01 8.2E-01
Total Lipids in VLDL 596 1.03 0.95 1.12 4.7E-01 8.3E-01
Lactate 595 0.97 0.89 1.05 4.7E-01 8.3E-01
Cholesterol to Total Lipids in

Large HDL percentage 596 1.04 0.94 1.15 4.9E-01 8.5E-01
Cholesteryl Esters in Small HDL | 596 0.97 0.89 1.06 5.0E-01 8.7E-01
Linoleic Acid 596 1.03 0.95 1.12 5.1E-01 8.7E-01
Concentration of Medium VLDL

Particles 596 1.03 0.95 1.12 5.3E-01 8.7E-01
Total Lipids in Medium VLDL 596 1.03 0.95 1.12 5.2E-01 8.7E-01
Concentration of Large LDL

Particles 596 1.03 0.95 1.12 5.2E-01 8.7E-01
Total Lipids in Large LDL 596 1.03 0.95 1.12 5.2E-01 8.7E-01
Triglycerides to Total Lipids in

Medium VLDL percentage 596 0.97 0.90 1.06 5.1E-01 8.7E-01

Abbreviations: SD, standard deviation; HR, hazard ratio; LL, 95% confidence interval lower
limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol; HDL,
high-density lipoprotein cholesterol; IDL, intermediate-density lipoprotein cholesterol; VLDL,
very low-density lipoprotein cholesterol.

1 Hazard ratios (95% confidence interval) for prostate cancer death associated with a one standard
deviation increase in concentration, percentage, or ratio of metabolite features, after additional
adjustment for diabetes. Analyses were stratified by region and Townsend Deprivation Index
with age as the underlying time variable. Adjusted for diabetes, fasting status, body mass index,
height, alcohol intake, family history of prostate cancer, ethnicity, level of education, smoking
status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false
discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg). Padj values are sorted in
ascending order. Associations with Padj < 0.05 are bolded.
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<Syears > 5 years

Metabolites Cases HR LL UL  P-value Padj Cases HR LL UL  P-value Padj
Glycoprotein acetyls 290 139 1.23  1.57  7.5E-08 1.9E-05 306 1.11 098 1.25 9.6E-02 1.0E+00
Albumin 290 0.79 0.71 0.88 2.3E-05 2.0E-03 306 0.92 0.82 1.04 1.8E-01 1.0E+00
Cholesteryl Esters to
Total Lipids in Small
HDL percentage 290 0.78 0.69 0.87 2.4E-05 2.0E-03 306 0.99 086 1.13 8.7E-01 1.0E+00
Triglycerides in IDL 290 124 1.10 1.40 3.6E-04 2.2E-02 306 1.02 091 1.15 7.2E-01 1.0E+00
Glucose 289 123 1.09 139 7.6E-04 3.2E-02 306 1.03 091 1.16 6.8E-01 1.0E+00
Cholesterol to Total
Lipids in Small HDL
percentage 290 0.82 0.73 092 7.4E-04 3.2E-02 306 0.99 0.88 1.12 8.8E-01 1.0E+00
Triglycerides in Very
Small VLDL 290 1.22 1.08 138  1.2E-03 4.3E-02 306 1.00 0.89 1.13 9.8E-01 1.0E+00
Triglycerides in Large
HDL 290 123 1.08 1.40 1.4E-03 4.3E-02 306 1.04 092 1.17 5.8E-01 1.0E+00
Triglycerides in HDL 290 1.21 1.07 137  2.4E-03 5.4E-02 306 1.01 0.89 1.14 09.1E-01 1.0E+00
Phospholipids in Very
Small VLDL 290 120 1.06 135 2.9E-03 5.4E-02 306 1.08 096 1.21 22E-01 1.0E+00
Triglycerides in Large
LDL 290 1.21 1.07 136 2.1E-03 5.4E-02 306 1.01 0.89 1.14 8.9E-01 1.0E+00
Triglycerides in Very
Large HDL 290 120 1.06 136 3.2E-03 5.4E-02 306 1.02 091 1.15 7.3E-01 1.0E+00
Triglycerides in
Medium HDL 290 1.21 1.07 138  3.0E-03 5.4E-02 306 1.01 090 1.15 83E-01 1.0E+00
Phospholipids to
Total Lipids in Large
LDL percentage 290 0.84 0.75 094 3.2E-03 5.4E-02 306 1.01 091 1.13 83E-01 1.0E+00
Phospholipids to
Total Lipids in Small
HDL percentage 290 | 1.20 1.06 135 3.1E-03 5.4E-02 306 1.07 095 120 209E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<Syears > 5 years
Saturated Fatty Acids
to Total Fatty Acids
percentage 290 1.19 1.06 134 4.4E-03 6.5E-02 306 1.04 092 1.17 5.6E-01 1.0E+00
Total Lipids in Very
Small VLDL 290  1.19 1.06 134 4.2E-03 6.5E-02 306 1.08 096 1.21 22E-01 1.0E+00
Free Cholesterol to
Total Lipids in Small
HDL percentage 290 1.17 1.05 130 5.0E-03 7.0E-02 306 1.01 090 1.13 9.0E-01 1.0E+00
Saturated Fatty Acids 290 1.18 1.05 133  5.6E-03 7.4E-02 306 1.03 091 1.16 6.8E-01 1.0E+00
Triglycerides in LDL 290 1.18 1.05 1.34 6.0E-03 7.5E-02 306 1.00 0.88 1.13 9.7E-01 1.0E+00
Phospholipids in
HDL 290 1.18 1.05 1.34  8.0E-03 8.6E-02 306 1.08 095 122 24E-01 1.0E+00
Phosphoglycerides 290 1.18 1.04 133 7.9E-03 8.6E-02 306 1.05 093 1.18 4.6E-01 1.0E+00
Polyunsaturated Fatty
Acids to Total Fatty
Acids percentage 290 085 0.76 096 7.7E-03 8.6E-02 306 0.99 0.88 1.13 9.3E-01 1.0E+00
Free Cholesterol in
HDL 290 1.18 1.04 133 9.8E-03 8.7E-02 306 1.07 095 121 2.7E-01 1.0E+00
Phosphatidylcholines 290 1.18 1.04 133  9.4E-03 8.7E-02 306 1.05 093 1.18 4.5E-01 1.0E+00
Omega-6 Fatty Acids
to Total Fatty Acids
percentage 290 086 0.76 096 9.6E-03 8.7E-02 306 0.99 0.87 1.12 8.5E-01 1.0E+00
Free Cholesterol in
Very Small VLDL 290 1.17 1.04 132 9.7E-03 8.7E-02 306 1.08 096 1.21 2.1E-01 1.0E+00
Triglycerides to Total
Lipids in Medium
LDL percentage 290 1.17 1.04 132 8.4E-03 8.7E-02 306 1.00 0.89 1.13 9.8E-01 1.0E+00
Total Cholines 290 1.17 1.04 132 1.2E-02 9.2E-02 306 1.05 093 1.18 4.7E-01 1.0E+00
Citrate 290 1.17 1.04 132 1.1E-02 9.2E-02 306 1.17 1.04 132 8.5E-03 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<Syears > 5 years
Concentration of
Very Small VLDL
Particles 290 1.17 1.04 131  1.1E-02 9.2E-02 306 1.08 096 1.21 2.1E-01 1.0E+00
Triglycerides to Total
Lipids in Large LDL
percentage 290 1.17 1.03 131 1.2E-02 9.2E-02 306 0.99 0.87 1.12 8.2E-01 1.0E+00
Linoleic Acid to Total
Fatty Acids
percentage 290 0.86 0.76 097 1.2E-02 9.4E-02 306 098 0.86 1.11 7.2E-01 1.0E+00
Sphingomyelins 290 1.16 1.03 131 1.4E-02 1.1E-01 306 1.07 095 121 26E-01 1.0E+00
Phospholipids in
Large HDL 290 1.18 1.03 135 1.5E-02 1.1E-01 306 1.11 097 126 1.3E-01 1.0E+00
Total Phospholipids
in Lipoprotein
Particles 290 1.16 1.03 131 1.7E-02 1.1E-01 306 1.04 093 1.18 4.8E-01 1.0E+00
Total Lipids in HDL 290 1.16 1.03 131  1.8E-02 1.1E-01 306 1.07 095 122 25E-01 1.0E+00
Average Diameter for
HDL Particles 290 1.15 1.02 1.29 1.9E-02 1.1E-01 306 1.08 096 1.21 22E-01 1.0E+00
Total Fatty Acids 290 1.16 1.02 130 1.8E-02 1.1E-01 306 1.02 090 1.15 7.6E-01 1.0E+00
Phospholipids in
Medium HDL 290 1.17 1.03 133 1.7E-02 1.1E-01 306 1.07 095 122 27E-01 1.0E+00
Free Cholesterol to
Total Lipids in Very
Large HDL
percentage 290 090 0.82 098 1.9E-02 1.1E-01 306 096 0.86 1.06 4.1E-01 1.0E+00
Tyrosine 290 1.15 1.02 1.29 2.1E-02 1.2E-01 306 1.01 090 1.14 8.7E-01 1.0E+00
Triglycerides in
Medium LDL 290 1.15 1.02 130  2.2E-02 1.3E-01 306 098 0.87 1.11 7.8E-01 1.0E+00
Monounsaturated
Fatty Acids 290 1.15 1.02 130 2.5E-02 1.4E-01 306 1.01 0.89 1.14 09.1E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<5 years

> 5 years

Triglycerides to Total
Lipids in IDL
percentage
Cholesterol to Total
Lipids in Very Large
HDL percentage
Triglycerides in Small
VLDL

Total Lipids in Large
HDL

Free Cholesterol in
Medium HDL
Concentration of
Very Large HDL
Particles
Polyunsaturated Fatty
Acids to
Monounsaturated
Fatty Acids ratio
Cholesterol in Very
Small VLDL

Free Cholesterol in
Large HDL

Free Cholesterol to
Total Lipids in IDL
percentage
Triglycerides to Total
Lipids in Small LDL
percentage
Cholesteryl Esters to
Total Lipids in

290

290

290

290

290

290

290

290

290

290

290

290

1.15

0.94

1.15

1.15

1.15

1.15

0.88

1.14

1.17

0.89

1.14

0.96

1.02

0.88

1.01

1.01

1.01

1.01

0.77

1.01

1.01

0.80

1.01

0.92

1.30

0.99

1.30

1.31

1.31

1.30

0.99

1.28

1.36

0.99

1.29

1.00

2.7E-02

2.6E-02

2.9E-02

3.0E-02

3.0E-02

3.2E-02

3.7E-02

3.6E-02

3.6E-02

3.7E-02

3.5E-02

3.5E-02

1.4E-01

1.4E-01

1.5E-01

1.5E-01

1.5E-01

1.6E-01

1.7E-01

1.7E-01

1.7E-01

1.7E-01

1.7E-01

1.7E-01

306

306

306

306

306

306

306

306

306

306

306

306

0.95

0.98

0.96

1.10

1.07

1.06

1.01

1.09

1.05

0.98

1.02

0.84

0.89

0.85

0.97

0.94

0.94

0.89

0.97

0.97

0.93

0.87

0.89

1.08

1.08

1.09

1.25

1.21

1.19

1.14

1.23

1.28

1.18

1.18

4.7E-01

6.9E-01

5.3E-01

1.4E-01

3.3E-01

3.7E-01

9.1E-01

1.4E-01

1.3E-01

4.2E-01

7.5E-01

7.6E-01

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<Syears > 5 years
Medium HDL
percentage
Total Lipids in
Medium HDL 290 1.14 1.01 130 3.8E-02 1.7E-01 306 1.07 094 121 29E-01 1.0E+00
Apolipoprotein Al 290 1.14 1.01 1.29 4.0E-02 1.7E-01 306 1.06 094 1.20 3.3E-01 1.0E+00
Histidine 290  0.89 0.79 099 4.0E-02 1.7E-01 306 0.90 0.80 1.01 7.2E-02 1.0E+00
Concentration of
Large HDL Particles 290 1.15 1.01 132 4.1E-02 1.7E-01 306 1.10 097 126 14E-01 1.0E+00
Triglycerides in Small
HDL 290 1.14 1.00 1.29  4.3E-02 1.8E-01 306 097 0.86 1.10 6.3E-01 1.0E+00
Free Cholesterol to
Total Lipids in
Medium HDL
percentage 290 1.16 1.00 133 4.4E-02 1.8E-01 306 1.04 091 1.19 5.6E-01 1.0E+00
Cholesterol to Total
Lipids in IDL
percentage 290 0.89 0.80 1.00 4.7E-02 1.8E-01 306 1.02 091 1.15 7.3E-01 1.0E+00
Free Cholesterol in
Small HDL 290 1.13 1.00 1.28 4.9E-02 1.9E-01 306 1.01 090 1.14 8.7E-01 1.0E+00
Total Lipids in
Lipoprotein Particles 290  1.12 099 1.26 6.9E-02 2.5E-01 306 1.02 091 1.15 7.6E-01 1.0E+00
Phenylalanine 290 1.12 099 1.26 6.8E-02 2.5E-01 306 094 0.84 1.06 3.2E-01 1.0E+00
Cholesteryl Esters in
Very Small VLDL 290  1.12 099 1.26 6.7E-02 2.5E-01 306 1.10 098 1.23 1.2E-01 1.0E+00
Total Lipids in Very
Large HDL 290 1.12 099 1.27 6.5E-02 2.5E-01 306 1.06 094 120 3.3E-01 1.0E+00
Triglycerides to Total
Lipids in Medium
HDL percentage 290 1.13 099 1.29  6.7E-02 2.5E-01 306 097 0.86 1.10 6.7E-01 1.0E+00
Concentration of
Medium HDL
Particles 290 1.13 099 1.28 7.1E-02 2.5E-01 306 1.07 094 1.21 3.1E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<Syears > 5 years
Triglycerides in Small
LDL 290 1.12 099 1.26 17.5E-02 2.6E-01 306 098 0.87 1.11 7.6E-01 1.0E+00
Triglycerides to Total
Lipids in Small HDL
percentage 290 1.12 099 1.28 7.6E-02 2.6E-01 306 096 0.85 1.09 5.3E-01 1.0E+00
Concentration of
Small VLDL Particles 290 1.11 0.99 1.26 8.4E-02 2.9E-01 306 0.99 0.88 1.12 9.0E-01 1.0E+00
Total Lipids in Small
VLDL 290 1.11 0.99 1.26 8.5E-02 2.9E-01 306 1.00 0.89 1.12 1.0E+00 1.0E+00
Phospholipids in Very
Large HDL 290 1.15 098 136 8.8E-02 2.9E-01 306 1.08 094 124 28E-01 1.0E+00
Concentration of
VLDL Particles 290 1.11 098 1.25 9.5E-02 3.1E-01 306 1.02 090 1.14 7.8E-01 1.0E+00
Phospholipids to
Total Lipids in
Medium HDL
percentage 290 1.13 098 132 9.9E-02 3.2E-01 306 1.00 0.86 1.16 1.0E+00 1.0E+00
Lactate 289 091 0.81 1.02 1.1E-01 3.5E-01 306 1.03 092 1.16 5.7E-01 1.0E+00
Pyruvate 290 1.11 098 1.25 1.1E-01 3.5E-01 305 1.11 098 1.25 1.0E-01 1.0E+00
Total Triglycerides 290 1.10 0.98 1.25 1.2E-01 3.6E-01 306 097 086 1.09 6.2E-01 1.0E+00
Degree of
Unsaturation 290 091 0.81 1.02 1.2E-01 3.6E-01 306 1.01 090 1.14 8.2E-01 1.0E+00
Cholesterol to Total
Lipids in Medium
HDL percentage 290 097 093 1.01 1.2E-01 3.7E-01 306 1.03 0.89 1.19 6.8E-01 1.0E+00
Cholesterol in Large
HDL 290 1.11 097 127 1.3E-01 3.8E-01 306 1.11 097 127 1.3E-01 1.0E+00
Phospholipids in
Small HDL 290 1.10 0.97 125 1.3E-01 3.8E-01 306 1.02 090 1.15 7.7E-01 1.0E+00
Phospholipids to
Total Lipids in 290 091 0.81 1.03 1.3E-01 3.8E-01 306 1.09 098 1.23 1.2E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<5 years

> 5 years

Medium LDL
percentage
Triglycerides to Total
Lipids in Small
VLDL percentage
Free Cholesterol to
Total Lipids in Very
Large VLDL
percentage
Cholesteryl Esters to
Total Lipids in IDL
percentage
Phospholipids to
Total Lipids in Small
VLDL percentage
Polyunsaturated Fatty
Acids
Monounsaturated
Fatty Acids to Total
Fatty Acids
percentage
Glutamine
Phospholipids to
Total Lipids in Very
Small VLDL
percentage

HDL Cholesterol

Omega-6 Fatty Acids
Total Concentration
of Lipoprotein
Particles
Phospholipids in IDL

290

289

290

290

290

290
290

290
290
290

290
290

1.10

0.92

0.92

0.92

1.09

1.09
0.92

1.09
1.09
1.09

1.09
1.09

0.97

0.82

0.82

0.81

0.97

0.96
0.82

0.96
0.96
0.96

0.96
0.96

1.25

1.03

1.03

1.03

1.23

1.24
1.03

1.23
1.24
1.22

1.23
1.22

1.3E-01

1.4E-01

1.5E-01

1.5E-01

1.6E-01

1.6E-01
1.6E-01

1.7E-01
1.7E-01
1.7E-01

1.8E-01
1.8E-01

3.8E-01

4.1E-01

4.2E-01

4.3E-01

4.4E-01

4.4E-01
4.4E-01

4.5E-01
4.5E-01
4.6E-01

4.6E-01
4.6E-01

306

305

306

306

306

306
305

306
306
306

306
306

0.92

1.10

1.00

1.06

1.02

0.98
0.93

1.01
1.07
1.02

1.04
1.07

0.81

0.98

0.89

0.94

0.91

0.87
0.83

0.90
0.95
0.90

0.92
0.95

1.04

1.24

1.13

1.20

1.15

1.11
1.05

1.14
1.21
1.14

1.18
1.20

1.7E-01

1.1E-01

9.5E-01

3.7E-01

7.4E-01

7.7E-01
2.3E-01

8.4E-01
2.6E-01
7.9E-01

5.3E-01
2.5E-01

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00

1.0E+00
1.0E+00
1.0E+00

1.0E+00
1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<S5 years > 5 years
Cholesterol to Total
Lipids in Small
VLDL percentage 290 092 0.82 1.04 1.8E-01 4.6E-01 306 1.09 096 1.23 1.9E-01 1.0E+00
Cholesteryl Esters in
Large HDL 290 1.09 096 1.25 1.9E-01 4.7E-01 306 1.11 097 127 1.2E-01 1.0E+00
Cholesteryl Esters to
Total Lipids in Small
VLDL percentage 290 093 0.83 1.04 1.9E-01 4.7E-01 306 1.10 097 124 1.2E-01 1.0E+00
Phospholipids in
Small VLDL 290 1.08 096 122 2.0E-01 4.8E-01 306 1.01 090 1.14 8.0E-01 1.0E+00
Free Cholesterol to
Total Lipids in Large
HDL percentage 290 1.16 093 145 2.0E-01 4.8E-01 306 1.10 091 133 3.2E-01 1.0E+00
Concentration of
HDL Particles 290 1.08 096 1.23 2.1E-01 5.0E-01 306 1.04 092 1.18 S5.1E-01 1.0E+00
Cholesterol in Very
Large HDL 290 1.09 096 1.23 2.1E-01 5.0E-01 306 1.06 094 1.20 3.3E-01 1.0E+00
Cholesteryl Esters in
Very Large HDL 290 1.10 095 1.28 2.2E-01 5.1E-01 306 1.09 094 1.26 2.5E-01 1.0E+00
Phospholipids in
VLDL 290 1.07 095 121 24E-01 5.2E-01 306 1.01 090 1.13 8.7E-01 1.0E+00
Total Free
Cholesterol 290 1.08 0.95 121 2.3E-01 5.2E-01 306 1.03 092 1.16 6.0E-01 1.0E+00
Docosahexaenoic
Acid to Total Fatty
Acids percentage 290 093 0.83 1.05 2.3E-01 5.2E-01 306 1.00 0.89 1.13 909E-01 1.0E+00
Valine 290 1.08 095 122 2.2E-01 5.2E-01 306 092 0.82 1.04 1.9E-01 1.0E+00
Acetoacetate 288 1.08 095 122 24E-01 5.2E-01 304 1.04 092 1.17 5.6E-01 1.0E+00
Triglycerides in
Medium VLDL 290 1.08 095 122 24E-01 5.2E-01 306 096 0.85 1.07 4.5E-01 1.0E+00
Total Lipids in IDL 290 1.07 095 121 24E-01 5.2E-01 306 1.07 095 120 2.7E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<5 years

> 5 years

Cholesterol in
Medium HDL

Free Cholesterol to
Total Lipids in Small
VLDL percentage
Cholesterol to Total
Lipids in Very Small
VLDL percentage
Cholesteryl Esters to
Total Lipids in Very
Small VLDL
percentage
Phospholipids to
Total Lipids in Very
Large HDL
percentage

Average Diameter for
LDL Particles

Free Cholesterol to
Total Lipids in Large
VLDL percentage
Total Lipids in VLDL
Free Cholesterol in
Very Large HDL
Triglycerides to Total
Lipids in Very Small
VLDL percentage
Total Lipids in Small
HDL

Cholesteryl Esters in
Small VLDL

Isoleucine

290

290

290

290

290

290

290

290

290

290

290

290
290

1.08

0.93

0.93

0.93

1.13

1.07

0.94

1.07

1.08

1.07

1.07

1.07
1.07

0.95

0.83

0.83

0.83

0.92

0.95

0.85

0.95

0.95

0.95

0.95

0.95
0.95

1.23

1.05

1.05

1.05

1.38

1.21

1.04

1.21

1.22

1.22

1.21

1.20
1.20

2.3E-01

2.3E-01

2.4E-01

2.3E-01

2.4E-01

2.5E-01

2.6E-01

2.7E-01

2.7E-01

2.7E-01

2.7E-01

2.8E-01
2.8E-01

5.2E-01

5.2E-01

5.2E-01

5.2E-01

5.2E-01

5.2E-01

5.4E-01

5.5E-01

5.5E-01

5.5E-01

5.6E-01

5.6E-01
5.7E-01

306

306

306

306

306

306

306

306

306

306

306

306
306

1.07

1.05

1.07

1.07

1.07

1.05

1.03

0.99

1.06

0.91

1.01

1.03
0.94

0.94

0.93

0.95

0.95

0.92

0.93

0.92

0.88

0.93

0.80

0.89

0.92
0.83

1.22

1.19

1.22

1.22

1.24

1.18

1.16

1.12

1.20

1.03

1.14

1.16
1.05

2.9E-01

4.1E-01

2.7E-01

2.6E-01

4.0E-01

4.3E-01

6.0E-01

9.1E-01

3.8E-01

1.3E-01

8.9E-01

5.6E-01
2.6E-01

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time

since blood collection

<Syears > 5 years
Triglycerides in
VLDL 290 1.07 095 121 2.9E-01 5.7E-01 306 097 086 1.09 5.7E-01 1.0E+00
Remnant Cholesterol
(Non-HDL, Non-LDL
-Cholesterol) 290 1.07 095 120 2.9E-01 5.7E-01 306 1.05 093 1.18 4.4E-01 1.0E+00
Cholesterol in Small
VLDL 290 1.07 095 120 2.9E-01 5.7E-01 306 1.03 092 1.16 6.0E-01 1.0E+00
Total Cholesterol 290 1.07 094 120 3.0E-01 5.9E-01 306 1.03 092 1.16 S5.7E-01 1.0E+00
VLDL Cholesterol 290 1.06 094 1.20 3.1E-01 5.9E-01 306 1.03 092 1.16 6.3E-01 1.0E+00
Total Lipids in
Medium VLDL 290 1.06 094 1.20 3.1E-01 5.9E-01 306 0.99 0.88 1.11 8.8E-01 1.0E+00
Free Cholesterol to
Total Lipids in Small
LDL percentage 290 097 093 1.02 3.1E-01 5.9E-01 306 1.03 0.87 122 7.5E-01 1.0E+00
Cholesteryl Esters in
Small HDL 290 094 0.83 1.06 3.2E-01 5.9E-01 306 1.00 0.88 1.14 9.6E-01 1.0E+00
Free Cholesterol in
VLDL 290 1.06 094 120 3.2E-01 5.9E-01 306 1.01 090 1.14 8.2E-01 1.0E+00
Cholesteryl Esters in
VLDL 290 1.06 094 120 3.2E-01 5.9E-01 306 1.04 093 1.17 5.0E-01 1.0E+00
Omega-3 Fatty Acids 290 1.06 094 120 3.3E-01 6.0E-01 306 1.02 090 1.15 7.7E-01 1.0E+00
Free Cholesterol in
Small VLDL 290 1.06 094 1.19 3.3E-01 6.0E-01 306 1.02 091 1.15 6.9E-01 1.0E+00
Cholesteryl Esters in
HDL 290 1.06 094 121 3.4E-01 6.0E-01 306 1.07 095 1.21 2.7E-01 1.0E+00
Total Esterified
Cholesterol 290 1.06 094 1.20 3.5E-01 6.2E-01 306 1.04 092 1.17 5.6E-01 1.0E+00
Phospholipids in
Medium VLDL 290 1.06 094 1.19 3.4E-01 6.2E-01 306 1.01 090 1.14 8.1E-01 1.0E+00
Cholesteryl Esters in
Medium HDL 290 1.06 093 121 3.5E-01 6.2E-01 306 1.07 094 122 29E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<Syears > 5 years
Phospholipids to
Total Lipids in Large
HDL percentage 290 1.10 0.90 135 3.6E-01 6.3E-01 306 0.99 0.88 1.12 9.2E-01 1.0E+00
Acetate 290 1.06 094 1.19 3.7E-01 6.4E-01 304 092 0.82 1.04 2.0E-01 1.0E+00
BCAA 290 1.06 094 1.19 3.7E-01 6.4E-01 306 0.92 0.82 1.04 1.7E-01 1.0E+00
Free Cholesterol in
Medium VLDL 290 1.05 094 1.19 3.8E-01 6.5E-01 306 1.02 091 1.15 7.2E-01 1.0E+00
Phospholipids to
Total Lipids in Very
Large VLDL
percentage 289 096 0.88 1.05 3.8E-01 6.5E-01 305 1.01 090 1.13 8.6E-01 1.0E+00
Phospholipids to
Total Lipids in Small
LDL percentage 290 1.07 092 123 3.9E-01 6.6E-01 306 1.08 093 1.25 3.1E-01 1.0E+00
Phospholipids in
Large VLDL 290 1.06 0.93 1.21 4.0E-01 6.7E-01 306 0.98 0.88 1.09 7.5E-01 1.0E+00
Concentration of
Large VLDL Particles 290 1.05 093 1.19 4.1E-01 6.8E-01 306 097 0.87 1.10 6.7E-01 1.0E+00
Linoleic Acid 290 1.05 093 1.18 4.1E-01 6.9E-01 306 1.00 0.89 1.13 94E-01 1.0E+00
Average Diameter for
VLDL Particles 290 095 0.85 1.07 4.3E-01 7.0E-01 306 094 0.83 1.05 2.8E-01 1.0E+00
Cholesteryl Esters in
Large VLDL 290 1.05 0.93 1.18 4.3E-01 7.0E-01 306 1.00 0.89 1.12 9.7E-01 1.0E+00
Concentration of
Medium VLDL
Particles 290 1.05 0.93 1.18 4.3E-01 7.0E-01 306 1.00 090 1.13 94E-01 1.0E+00
Phospholipids to
Total Lipids in
Chylomicrons and
Extremely Large
VLDL percentage 282  1.06 0.92 123 4.3E-01 7.0E-01 301 095 0.86 1.04 29E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time

since blood collection

<5 years

> 5 years

Triglycerides to Total
Lipids in Very Large
VLDL percentage
Free Cholesterol to
Total Lipids in Very
Small VLDL
percentage

Free Cholesterol in
Small LDL
Cholesteryl Esters in
IDL

Triglycerides in Large
VLDL

Phospholipids to
Total Lipids in IDL
percentage

Total Lipids in Large
VLDL

Cholesterol in IDL
Free Cholesterol to
Total Lipids in
Medium LDL
percentage
Triglycerides in Very
Large VLDL
Cholesterol in Large
VLDL

Phospholipids to
Total Lipids in Large
VLDL percentage

289

290

290

290

290

290

290
290

290

290

290

290

1.07

0.96

0.97

1.05

1.05

1.05

1.05
1.04

0.98

1.04

1.04

1.05

0.91

0.85

0.90

0.93

0.93

0.93

0.93
0.92

0.93

0.92

0.92

0.90

1.25

1.07

1.05

1.18

1.19

1.18

1.18
1.18

1.03

1.18

1.18

1.23

4.3E-01

4.4E-01

4.4E-01

4.5E-01

4.6E-01

4.6E-01

4.7E-01
4.9E-01

5.0E-01

5.1E-01

5.1E-01

5.1E-01

7.0E-01

7.0E-01

7.1E-01

7.1E-01

7.2E-01

7.2E-01

7.2E-01
7.6E-01

7.6E-01

7.6E-01

7.6E-01

7.6E-01

305

306

306

306

306

306

306
306

306

306

306

306

0.97

1.03

1.01

1.06

0.95

0.99

0.97
1.07

1.09

0.98

0.99

1.00

0.89

0.91

0.89

0.94

0.85

0.89

0.86
0.95

0.88

0.88

0.88

0.90

1.04

1.16

1.15

1.20

1.07

1.09
1.20

1.35

1.10

1.12

3.9E-01

6.2E-01

8.7E-01

3.2E-01

4.2E-01

9.3E-01

5.9E-01
2.9E-01

4.3E-01

7.8E-01

8.1E-01

9.7E-01

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<5 years

> 5 years

Triglycerides to Total
Lipids in Large HDL
percentage
Concentration of
Very Large VLDL
Particles
Triglycerides to Total
Lipids in Very Large
HDL percentage
Total Cholesterol
Minus HDL-C
Triglycerides to Total
Lipids in Medium
VLDL percentage
Creatinine
Cholesterol to Total
Lipids in Very Large
VLDL percentage
Apolipoprotein B
Cholesteryl Esters to
Total Lipids in
Medium VLDL
percentage
Apolipoprotein B to
Apolipoprotein Al
ratio

Concentration of
Large LDL Particles
Cholesteryl Esters in
Large LDL

290

290

290

290

290
280

289
290

290

290

290

290

1.04

1.04

1.04

1.04

1.04
0.96

0.96
1.04

0.97

0.97

1.03

1.04

0.92

0.92

0.92

0.92

0.92
0.86

0.85
0.92

0.87

0.86

0.92

0.91

1.19

1.18

1.18

1.17

1.18
1.08

1.09
1.17

1.08

1.09

1.16

1.18

5.1E-01

5.3E-01

5.2E-01

5.3E-01

5.3E-01
5.5E-01

5.5E-01
5.6E-01

5.6E-01

5.7E-01

5.8E-01

5.8E-01

7.6E-01

7.7E-01

7.7E-01

7.8E-01

7.8E-01
7.9E-01

7.9E-01
8.0E-01

8.0E-01

8.0E-01

8.2E-01

8.2E-01

306

306

306

306

306
304

305
306

306

306

306

306

0.95

0.98

0.97

1.03

0.92
0.89

1.07
1.03

1.06

0.99

1.02

1.02

0.84

0.87

0.86

0.91

0.84
0.79

0.95
0.91

0.93

0.88

0.91

0.90

1.07

1.10

1.09

1.15

1.01
1.00

1.20
1.15

1.20

1.12

1.15

1.15

3.8E-01

6.8E-01

6.0E-01

6.7E-01

8.4E-02
4.3E-02

2.6E-01
6.7E-01

3.9E-01

9.0E-01

7.5E-01

7.6E-01

1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
1.0E+00

1.0E+00
1.0E+00

1.0E+00

1.0E+00

1.0E+00

1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<S5 years > 5 years
Triglycerides to
Phosphoglycerides
ratio 290 1.03 091 1.17 6.1E-01 8.2E-01 306 094 0.83 1.07 3.4E-01 1.0E+00
Omega-6 Fatty Acids
to Omega-3 Fatty
Acids ratio 290 097 0.86 1.09 6.1E-01 8.2E-01 306 0.99 0.88 1.11 83E-01 1.0E+00
Acetone 290 097 0.86 1.09 6.0E-01 8.2E-01 306 0.88 0.78 0.99 4.0E-02 1.0E+00
Free Cholesterol in
Large VLDL 290 1.03 091 1.17 6.0E-01 8.2E-01 306 097 0.87 1.09 6.6E-01 1.0E+00
Total Lipids in Large
LDL 290 1.03 092 1.16 5.9E-01 8.2E-01 306 1.02 091 1.15 7.3E-01 1.0E+00
Cholesterol to Total
Lipids in Medium
VLDL percentage 290 097 0.86 1.09 6.1E-01 8.2E-01 306 1.07 095 121 25E-01 1.0E+00
Free Cholesterol to
Total Lipids in Large
LDL percentage 290 099 094 1.04 6.1E-01 8.2E-01 306 1.11 0.85 1.44 4.5E-01 1.0E+00
Total Lipids in Very
Large VLDL 290 1.03 091 1.17 6.2E-01 8.2E-01 306 0.98 0.88 1.11 7.8E-01 1.0E+00
Cholesterol in
Medium VLDL 290 1.03 092 1.16 6.2E-01 8.2E-01 306 1.03 092 1.16 5.7E-01 1.0E+00
Free Cholesterol in
IDL 290 1.03 091 1.16 6.3E-01 8.4E-01 306 1.07 095 121 23E-01 1.0E+00
Triglycerides in
Chylomicrons and
Extremely Large
VLDL 290 097 0.87 1.09 6.4E-01 8.5E-01 306 0.99 0.89 1.11 89E-01 1.0E+00
Cholesteryl Esters in
Very Large VLDL 290 1.03 091 1.16 6.5E-01 8.5E-01 306 1.00 0.89 1.12 9.7E-01 1.0E+00
Concentration of IDL
Particles 290 1.03 091 1.16 6.5E-01 8.5E-01 306 1.10 098 1.24 1.1E-01 1.0E+00
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Appendix 5.9 Hazard ratios for prostate cancer death associated with a one standard deviation increase in concentration,
percentage, or ratio of metabolite features in the UK Biobank', after additional adjustment for diabetes, stratified by time
since blood collection

<S5 years > 5 years

Abbreviations: HR, hazard ratio; LL, 95% confidence interval lower limit; UL, 95% confidence interval upper limit; LDL, low-density lipoprotein cholesterol;
HDL, high-density lipoprotein cholesterol; IDL, intermediate-density lipoprotein cholesterol; VLDL, very low-density lipoprotein cholesterol; BCAA, Total
concentration of branched-chain amino acids (Leucine + Isoleucine + Valine).

1 Hazard ratios (95% confidence interval) for risk of prostate cancer death associated with a one standard deviation increase in concentration, percentage, or
ratio of metabolite features by time since blood collection, with additional adjustment for diabetes. Analyses were stratified by region and Townsend Deprivation
Index with age as the underlying time variable. Adjusted for diabetes, fasting status, body mass index, height, alcohol intake, family history of prostate cancer,
ethnicity, level of education, smoking status, and weekly physical activity.

2 Padj < 0.05 are statistically significant after allowing for multiple testing using a false discovery rate controlling procedure at o = 0.05 (Benjamini-Hochberg).
Padj values in the <5 years group are sorted in ascending order. Association with Padj < 0.05 in both the overall risk of death dataset and this dataset are
bolded.
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