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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) is a potentially serious liver
disease that affects approximately one-quarter of the global adult population,
becoming the leading global cause of chronic liver disease in the past few decades.
Despite its growing prevalence, the underlying biological mechanisms are poorly
understood with lifestyle factors such as nutrition and physical activity currently playing
a key role as main therapeutic strategies.

Objective: To study the associations between nutritional and biological factors in
NAFLD participants using UK Biobank.

Methods: In this study, we used participants diagnosed with NAFLD and their
biomarker, whole blood count, clinical, and dietary data to find associations with
disease course. NAFLD participants were divided into three categories by date of
NAFLD diagnosis and matched controls included. Linear, logistic, and ordinal
regression were used to assess the associations between datasets. Analysis of
variance and Tukey’s honestly significant difference tests were used to identify
significant (corrected P value < 0.05) differences between cohorts.

Results: 990 associations were identified, of which 13 biomarker to whole blood count
feature associations were mutual between the four cohorts. The control cohort and the
longest NAFLD suffering participants shared the least associations. Of the 61 features
examined, 53 had at least one significant difference between two cohorts.
Conclusions: Certain biomarkers can be used as predictors of whether someone will
be diagnosed with NAFLD - triglycerides > 1.7 mmol/L, high density lipoprotein
cholesterol < 1.39 mmol/L, gamma glutamyl transferase > 40 U/L, and aspartate
aminotransferase > 33 U/L. Increased fibre intake is associated with a decrease in

metabolic hallmarks of NAFLD.
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Abbreviations

Abbreviation

Full name

ALP

Alkaline phosphatase

ALT Alanine aminotransferase

ANOVA Analysis of variance

Apo-A Apolipoprotein A

Apo-B Apolipoprotein B

AST Aspartate aminotransferase

BMI Body mass index

Cl Confidence intervals

CKD Chronic kidney disease

CRP C reactive protein

CvD Cardiovascular disease

D2AF Patients diagnosed more than 2 years after biomarker data
collection

D2BF Patients diagnosed more than 2 years before biomarker data
collection

Dw2 Patients diagnosed within +-2 years of biomarker data collection

FFA Free fatty acids

GFR Glomerular filtration rate

GGT Gamma glutamyl transferase

HCC Hepatocellular carcinoma

HDL-C High density lipoprotein cholesterol

HLSRC High light scatter reticulocyte count

HLSRP High light scatter reticulocyte percentage

HSD Honestly significant difference

LDL-C Low density lipoprotein cholesterol

MCHC Mean corpuscular haemoglobin concentration

MCV Mean corpuscular volume of red blood cells

NAFLD Non-alcoholic fatty liver disease

NASH Non-alcoholic steatohepatitis

RBC

Red blood cell




RDW Red blood cell distribution width
ROS Reactive oxygen species

RPR Red blood cell distribution width to platelet ratio
SCFA Short chain fatty acids

SD Standard deviation

SHBG Sex hormone binding globulin
T2D Type |l diabetes mellitus

TC Total cholesterol

TG Triglycerides

Th17 IL-17 producing T helper cell
TLR Toll-like receptor

Treg Regulatory T cell
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White blood cell




Chapter 1. Introduction

1.1 Definition of Non-alcoholic fatty liver disease

The liver performs a multitude of essential biological functions from detoxification to
regulation of systemic metabolism, including the control of blood glucose and lipid
metabolism (1, 2). Loss of liver function, as occurs with both acute and chronic liver
injury, leads to the dysfunction and dysequilibrium of whole body metabolism and can
lead to death (3, 4). Non-alcoholic fatty liver disease (NAFLD) is the most prevalent
chronic liver disease in the world, currently affecting approximately one-quarter of the
global adult population and predicted to increase by 21% in the next decade (2, 3).
NAFLD is characterized by steatosis, an excess accumulation of hepatic fat (>5% fat
content in the liver) in those who do not consume an excess of alcohol, and can
progress into more severe diseases (2-4). More specifically, the spectrum of diseases
progressing from a NAFLD diagnosis can be seen in Figure 1, with 12-40% of NAFLD
patients developing non-alcoholic steatohepatitis (NASH), characterized by hepatic
necroinflammation and fibrosis. From these, 15-25% go on to progress towards
cirrhosis with increased predisposition for hepatocellular carcinoma (HCC) or liver

failure (5-7).

NAFLD risk increases with age and body mass index (BMI), and, although the profiles
of male and female livers have been established as metabolically distinct, the influence
of biological sex on NAFLD prevalence and risk remains undecided (4, 8). There is
elevated overall mortality risk in the NAFLD population, with cardiovascular disease

(CVD) as the most common cause of death, accounting for ~13% of deaths (2-4).
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Non-alcoholic fatty liver disease (NAFLD) spectrum

Hepatocellular

Healthy liver NAFLD NASH Cirrhosis carcinoma
[ 15-30% M A% T 7% T
Fat in <5% of Steatosis (Fat in * Steatosis Late stages of

hepatocytes >5% hepatocytes) * Lobular inflammation fibrosis
nnan * Hepatocyte ballooning

* Fibrosis l

Liver transplant or death

Figure 1: NAFLD Spectrum

NAFLD spectrum ranges from steatosis to, with the development of inflammation,
steatohepatitis, cirrhosis, and, in a small percentage of cases, HCC. Changes to the
cellular structure of hepatocytes accompanies the transition from healthy liver to
steatosis with intracellular fat droplet accumulation, enlarged cells, and an altered
cytoskeleton. The final stages of fatty liver disease see fibrosis of the liver and loss of

function.

Abbreviations: Non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis
(NASH)

Created with BioRender.com

1.2 NAFLD biomarkers

The key physiological hallmark of NAFLD is steatosis, which can be easily determined
through ultrasound readings, although the gold standard for diagnosis is liver biopsy
(9). Markers of metabolic dysfunction such as lipotoxicity, insulin insensitivity, and
raised liver enzymes are gaining traction as key descriptors of NAFLD pathology,
promising a better understanding of the underlying biological mechanisms, and
offering alternatives for clinical outcome staging and progression (see Figure 2) (1, 6,
10, 11).
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Figure 2: Cardinal features of NAFLD

The cardinal features of NAFLD compared to the function of the healthy liver.
These include hepatocyte fat retention in beyond 5% of cells; immune cell
mediated lobular inflammation characterised by increased hepatocyte death, influx
of immune cells to the liver, and elevated inflammatory biomarkers including CRP;
lipotoxicity, primarily reduced HDL-C and elevated LDL-C and TG, although other
lipid species including sphingomyelins have been highlighted in relation to
NAFLD-related lipotoxicity; abnormal liver enzymes, particularly GGT, AST, and
ALT, although their functions within the liver remain unclear. Other common
characteristics of NAFLD patients include insulin resistance and elevated bilirubin,
but these features do not form part of the key diagnostic criteria.

Abbreviations: non-alcoholic fatty liver disease (NAFLD), white blood cell (WBC), high
density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C),
triglycerides (TG), gamma glutamyl transferase (GGT), alanine transaminase (ALT),

aspartate aminotransferase (AST), alkaline phosphatase (ALP), C reactive protein (CRP)

Created with BioRender.com
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1.2.1 Liver enzymes

Elevated levels of liver enzymes alanine aminotransferase (ALT), gamma glutamyl
transferase (GGT), aspartate aminotransferase (AST), and alkaline phosphatase

(ALP) have been associated with NAFLD pathogenesis and progression (12-15).

GGT elevation is indicative of liver or bile duct damage and as such GGT levels are
one of the key clinical biomarkers used in diagnosis (13-15). Although the biochemical
mechanics of GGT action within the liver are not fully understood at present, elevated
GGT in NAFLD patients has been associated with increased mortality and further
progression along the NAFLD spectrum due to its close correlation with fibrosis
staging (4, 12). The use of GGT alone to confirm NAFLD is not advised as although
GGT is predominantly expressed along the hepatobiliary tract, it is also expressed in

multiple other organs (13, 14, 16).

In addition to GGT, AST and ALT measurements have been used both separately and
in conjunction with each other for the study of NAFLD as the two enzymes play similar
roles within hepatic catabolism (15, 16). Both enzymes have been observed to be
elevated in NAFLD, although there is debate in the literature as to how the alterations
to these two enzymes at the different stages of the NAFDL spectrum are reflected in
the AST:ALT ratio in NAFLD patients (15, 17, 18). However, blood AST levels may
also be influenced by injury to other organs, such as the heart, so ALT measurements
are more indicative of liver specific damage (15, 16, 18). Regardless, fluctuations in
AST and ALT values are associated with circadian rhythm, and so, whilst ALT

measurements may be more liver specific than AST measurements, spot
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measurements of both enzymes may not be a reliable representation of liver injury as
a whole (15, 16, 18, 19). ALP, a further enzyme elevated in NAFLD, can be used in
combination with AST and ALT to confirm liver dysfunction, due to its role in bile
production (16, 17). However, standalone use of ALP is not recommended due to the
distribution of tissue-nonspecific isoenzymes of ALP throughout the body (16).
Although no one specific liver-expressed enzyme has been identified as a reliable
solitary marker for NAFLD, the use of these enzymes in combination with each other

provides the most dependable identification of chronic liver damage (15).

1.2.2 Lipotoxicity

Lipotoxicity is crucial in the aetiology and progression of NAFLD (2-4). Hepatic
lipotoxicity happens when the capacity of the liver to store and metabolise lipids is
overwhelmed (1). It plays a major role by instigating inflammation, hepatic steatosis,
and insulin resistance (20-23). Lipotoxicity is associated with increased accumulation
of total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), triacylglycerols,
sphingomyelins, and triglycerides (TG) with decreased accumulation of high density
lipoprotein cholesterol (HDL-C) (see Figure 2) (20-26). This aberrant lipid profile is
also a hallmark of metabolic syndrome and CVD which are common comorbidities
associated with NAFLD (23). The sustaining of de novo lipogenesis through diet has
been shown to hasten the progression of the clinically advanced stages of NAFLD
(from NASH to HCC) through mediation of cell stress (24, 25). Lipid-mediated cell
stress increases the susceptibility of hepatocytes to apoptosis, aggravating liver injury
and fibrosis with major NAFLD risk factor genes such as MBOAT7 and PNPLA3

relating to control of the liver lipidome (24, 25, 27).
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1.2.3 Hepatic Metabolic Dysfunction

Further metabolic hallmarks of NAFLD include increased glycated haemoglobin
(HbA1c) and bilirubin (see Figure 2) (4, 16, 17). Decreased insulin sensitivity
accompanies NAFLD, observed through elevated HbA1c, even when associated with
normal glucose tolerance (1, 4, 17, 28). Reduced total bilirubin forms part of the
cholestatic pattern of liver and bile duct injury (16, 29). As the end product of red blood
cell (RBC) breakdown in the liver, aberrations to liver metabolism are reflected in
alterations to the balance of unconjugated (indirect) bilirubin and conjugated (direct)
bilirubin (16, 29). This decrease in serum bilirubin is a common part of the NAFLD
diagnosis testing, and yet, the causal relationship between NAFLD and serum bilirubin

is a subject of debate in NAFLD research (16, 29, 30).

1.3 Hepatic Inflammation in NAFLD

Hepatic inflammation is a pathogenic feature of chronic liver injury and a key driver of
NAFLD progression into NASH, observed both through increased inflammatory
markers, such as C reactive protein (CRP), and upregulated recruitment of pro-
inflammatory immune cells to the liver (17, 31). The secretion of chemokines by
hepatic cells following injury direct the migration and infiltration of various immune cell
populations, including neutrophils, monocytes, monocyte-derived macrophages, and

T lymphocytes (31).

The innate immune response has been the primary focus of cell driven NAFLD

inflammation research (32-34). Liver injury stimulates the liver-resident macrophages
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(Kupffer cells) which initiate the inflammatory process and, in turn, recruit circulating
monocytes, mediated by the release of pro-inflammatory cytokines and chemokines
(32-34). Pro-inflammatory signals linked to gut dysbiosis, owing to increased intestinal
permeability in NAFLD, are the main factors mediating macrophage activation in
NAFLD (32, 33). Both the liver-resident Kupffer cells and circulating monocytes, which
undergo differentiation towards a pro-inflammatory phenotype, release pro-
inflammatory signals, including cytokines, chemokines, and reactive oxygen species
(ROS) to promote apoptosis and necrosis of hepatocytes (32, 34). This increase in
cell death further stimulates the innate inflammatory response, exacerbating the
NAFLD-induced damage to the liver, and in this way, Kupffer cells are critical

mediators of NAFLD development and progression (33, 34).

Despite their role as the primary responders to acute inflammation, the role of
neutrophils in chronic hepatic inflammation is less well understood — although
neutrophil derived microRNAs have been shown to inhibit the NLRP3 inflammasome,
an important contributor to the development of liver fibrosis, and increased neutrophil
infiltration is closely correlated with development and severity of NASH (35, 36).
Neutrophil infiltration in NAFLD, combined with the production of ROS, activates ASK-
p38 apoptosis signalling pathway in hepatocytes, promoting hepatocyte death and
fibrosis (34, 35). This corresponds to the increased hepatic expression of p38 in

NAFLD patients (35).

The emerging role of the adaptive immune response in addition to the innate immune
response in cell driven NAFLD hepatic inflammation indicates the key roles of both T

and B lymphocytes (37, 38). There is variation in responses of different T lymphocytes
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subtypes with a loss of CD4+ (T helper) and regulatory (Treg) T lymphocytes, but not
CD8+ (cytotoxic) and IL-17 producing CD4+ (Th17) T lymphocytes in NAFLD (37, 39,
40). This disparity in T lymphocytes has been linked to lipotoxicity and ROS signalling
pathways as a blockade of ROS signalling pathways reverses CD4+ T lymphocyte
NAFLD-induced loss and delays progression to HCC (37). The hepatocyte killing
activity of CD8+ polarised T lymphocytes is enhanced in NAFLD and contributes to
reduced insulin sensitivity and increased fibrosis of the liver (37, 38). The accumulation
of Th17 cells has been linked to the progression of NAFLD to NASH and both the
increased proliferation of Th17 cells and the expression of proinflammatory cytokine
IL-17 are associated with NAFLD-related HCC (39-41). Treg cells can mitigate the
response of Th17 cells and protect against hepatic inflammation, but in NAFLD there
is a loss of Treg cells and a progressive increase in the Th17:Treg ratio along the
NAFLD spectrum (39, 40). Whilst there is a growing body of evidence for the role of
different subtypes of T lymphocyte in NAFLD pathogenesis, the role of B lymphocytes
is less well understood (37, 38). In NASH, there is an influx of B lymphocytes to the
liver, but whether this association is causal or consequential to the triggering of other

immune cells and the resulting inflammatory environment remains unclear (38).

1.4 Comorbidities and Risk Factors of NAFLD

NAFLD is the hepatic manifestation of metabolic syndrome, and as such has been
associated with obesity, dyslipidaemia, CVD, and type |l diabetes mellitus (T2D) as
key comorbidities and an increased risk of hypertension, CVD, and other chronic
diseases (3, 20, 42-44). However, the complex links underlying diseases are difficult

to establish, with for instance, a bidirectional relationship existing between T2D and
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NAFLD where NAFLD can be induced by the elevated hepatic de novo lipogenesis
and hypertriglyceridaemia in T2D, but also predisposes patients to T2D due to
increased hepatic fat storage and insulin resistance (43, 45, 46). Also, the
development of insulin resistance in T2D is aided by free fatty acids (FFA) influx and
lipotoxicity, with hepatocyte ballooning and inflammation inducing reduced insulin
sensitivity (43, 45). Approximately, 50% of T2D patients are also diagnosed with
NAFLD and synergies between diseases are key to better understand disease course
development and inform patient clinical management (43). Glycaemic deterioration
associated with T2D occurs in NAFLD patients with elevated fasting blood glucose
and HbA1c in NAFLD vs non-NAFLD patients (46). Patients with both T2D and NAFLD
show elevated fasting blood glucose and/or elevated HbA1c compared to patients with
NAFLD alone and the presence of T2D has been shown to be a useful predictor for
the long term clinical outcomes of NAFLD, including NASH development and

increased overall mortality (43, 45).

Obesity is also a key factor in NAFLD patients, with the increased prevalence of
NAFLD associated with the rising rates of obesity (4). Metabolic hallmarks of NAFLD,
such as hypercholesterolaemia and insulin resistance, are similarly associated with
obesity and genetic variants linked to increased risk for NAFLD, such as PNPLA3

variant 1148M, also confer greater genetic susceptibility to obesity (47-49).

Regarding downstream complications, both NAFLD and NASH have been established
as independent risk factors for severe chronic kidney disease (CKD), the gradual loss
of kidney function and reduced glomerular filtration rate (GFR) (20, 42, 50, 51). As with

NAFLD, CKD is associated with high expenses and poor outcomes, with the incidence
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and prevalence of both diseases projected to increase in the coming years (3, 20).
The biochemical mechanisms underpinning the association between CKD and NAFLD
are less clear, with a multifaceted crosstalk between the liver and the kidneys with
increased levels of HbA1c, ALT, and haemoglobin and decreased HDL-C in comorbid
patients (52, 53). This suggests that the dysregulated lipoprotein and lipid metabolism
in NAFLD may affect renal injury and that NAFLD may be aggravated in turn by CKD

(52, 53).

1.5 Nutrition and Lifestyle in NAFLD

It has been suggested that lifestyle factors contribute more to NAFLD progression than
genetic markers, with physical activity and nutritional management through weight loss
and calorie deficit shown to reduce disease impact significantly (5, 22, 44, 54).
Currently, lifestyle management acts as the only treatment course available, with no
other targeted pharmacological interventions approved to date (6). Attempts at
developments for therapies include bile acid receptor agonists and targeted treatments
for hypercholesterolaemia, from acetyl-CoA carboxylase suppressors to peroxisome
proliferator-activated receptor agonists, as there is a need for the improvement of non-

invasive methods of diagnosis and treatment (55).

Regarding nutritional management, several dietary factors, such as dietary fructose,
have been highlighted as key in NAFLD development (25, 52). Fructose is the primary
substrate for hepatic de novo lipogenesis and is associated with the increased
intestinal permeability in NAFLD, which contributes to pro-inflammatory signalling to

stimulate hepatic inflammation (25, 32, 33, 56). Current research indicates that the
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balance of macronutrients in a NAFLD-targeting diet should weigh low in
carbohydrates, low in sugars (e.g. fructose), and high in proteins; these characteristics
align with the Mediterranean diet as it is largely plant-based and low in carbohydrates,
but high in essential fatty acids (25, 44, 56). The Mediterranean diet has been shown
to reduce intestinal permeability, as well as lower AST and ALT levels and BMI (56).
Research has expanded on the effects of plant-based nutrition by observing the effect
of a vegan diet on NAFLD patients as patients displayed improved liver enzymes,
independent of weight loss (10). Therefore understanding the specific epigenetic,
inflammatory, and lipidomic changes induced by a certain diet and its associations to
patient prognosis can improve our understanding of the disease and its management

guiding the development of personalised nutrition (57).

Physical activity is inversely associated with NAFLD risk, mediated by smaller waist
circumference, improved insulin sensitivity, and reduced intrahepatic lipid content (58-
60). Research into physical activity in NAFLD patients in the UK Biobank supports this
inverse association, even in those with a high genetic predisposition for NAFLD, and
physical activity has also been found to be inversely associated with hepatic
inflammation in the UK Biobank (22, 61, 62). Although an increase in physical activity
is recommended as part of lifestyle treatment for NAFLD patients, the specific
recommendations for the type of exercise or duration is not consistent between health
bodies and studies (60, 63, 64). The combination of physical activity with nutritional
management has produced the most effective reduction in NAFLD risk and NAFLD

markers (63).
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1.6 Genetics of NAFLD

The heterogeneity in NAFLD phenotypes may be explained by patient genetics, which
play a role in NAFLD susceptibility with genetic variants driving NAFLD progression
and risk (6, 10, 11, 21). The heritability of NAFLD is estimated between 20%-70% with
specific variants of genes acting as major genetic determinants of NAFLD risk (6, 48).
The discovery of novel loci in recent years has focused on the genes for ALT and AST
— a recently identified that loss of function variant HSD17B13 reduced ALT and AST
levels as well as reduced NASH risk but did not reduce NAFLD risk, suggesting the
role of ALT and AST in more clinically advanced stages of the NAFLD spectrum (48,

65, 66).

A literature search was conducted on PubMed for papers including the terms ‘UK/’
‘biobank’ and ‘NAFLD’ on 13/10/2021 and received 32 papers. The UK Biobank was
chosen as the data source as this is the database which we have utilised in our
research. Of the 32 papers, 26 were identified as using UK Biobank data and a subset
of nine papers utilised UK Biobank data to investigate NAFLD genetic risk, focusing
on identifying genes which confer genetic predisposition to NAFLD (see Table 1) (67-
75). Many of the genes identified through UK Biobank affect the liver lipidome and the

hepatic storage of fat (67-75).
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Gene identified | Protein effected | Variants Effect of variant | References
APOE Apolipoprotein E rs429358 Increased serum (67, 68)
lipids
CELSR2-PSRC1- rs599839 A>G (69)
SORT1 gene
cluster
GCKR Glucokinase rs1260326 P446L | Loss of function (67,70, 72)
GPAM GPAT1 rs2792751 (68)
HSD17B13 17B- rs72613567 Loss of function (71,72)
Hydroxysteroid
dehydrogenase
type 13
MARCH1 mARC1 rs2642442 (67)
MAU2 MAU2 rs73001065 (67)
MBOAT7 MBOAT7 rs641738 C>T Reduced gene (70,72, 73)
expression
PCSK7 PCSK7 rs236918 Loss of membrane | (74)
transferrin receptor
PNPLA3 Adiponutrin rs738409 C>G Increased lipid (67, 70-73)
[148M synthesis and
cellular lipid
accumulation
rs3747207
TM6SF2 TM6SF2 rs58542926 C>T | Increased hepatic (67, 70-73)
E167K retention of lipids
TMBIM1 TMBIM1 rs2288464 (75)
rs9389268
TRIB1 TRIB1 rs17321515 (67)
Table 1

Genes identified from UK Biobank data as increasing risk of developing or

progressing NAFLD. Each risk-conferring gene is listed with its corresponding

protein and NAFLD-related variants along with the biochemical and physiological

effects of these mutations, where known.

PNPLA3 1148M is the most researched, most common genetic mutation linked to

NAFLD (67, 70-73). PNPLA3 codes for Adiponutrin, a protein which promotes lipid
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synthesis, in which the gain of function mutation 1148M causes excessive cellular lipid
accumulation (67, 70-73). PNPLA3 variant 1148M confers greater genetic
susceptibility to NAFLD, independent of metabolic syndrome, and is associated with
more aggressive progression of NAFLD and greater fold risk of developing fibrosis
(47, 48). PNPLA3 1148M polymorphism is also associated with increased ALT levels,
liver fat accumulation, and elevated hepatic TG levels (47, 48). Genetic variants of
PNPLA3, including rs738409, are also associated with insulin resistance,

predisposition to obesity, and greater susceptibility to CKD (20, 47, 48).

1.7 Research Aims

1. To assess the significant associations between any of the biomarker, dietary,
and whole blood count features and whether these associations are positive or
negative

2. To evaluate the significant differences between cohorts in the levels of
biomarkers and whole blood count features and whether these markers could

be useful in NAFLD diagnosis
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Chapter 2. Methods

In this study, we used NAFLD patient biomarker, whole blood count, clinical, and
dietary data extracted from the UK biobank and used multiple statistical methods to

associate the different data types.

2.1 Datasets and participants description

UK Biobank was established in 2006 and is a large-scale biomedical database with in-
depth genetic and health information from around 502,000 volunteers in the UK (76).
With an average age at recruitment of 57 years and ages ranging from 37 to 73,
approximately 40% are multimorbid, with ~600 having NAFLD as main diagnosis,
offering a rich resource of information for our studies. The phenotypic and health-
related information available includes biological measurements, lifestyle indicators
such as diet and nutrition, biomarkers in blood and urine, genome-wide genotype data
or follow-up longitudinal information provided by linking health and medical records

(76).

For our study, we selected all patients with NAFLD (ICD10 code K760), and NASH
diagnosis (ICD10 code K758) as established by main ICD10 code diagnosis fields in
UK Biobank (fields: 41280 and 41270) as well as healthy controls (participants with no
disease diagnosis) (76). A total of 21,879 patients were included for consideration with
information on clinical, biomarker (category 717), metabolomic, and nutrition data
(category 1004). The extracted dataset was comprised of 644 features and after

deleting features missing 30% or more of values and identifying relevant features to

24



our study, we were left with 91 features from UK Biobank to study (see Appendix

Table 1 for a list of all features included in analysis).

Given most data (biological, nutritional and lifestyle) has been collected at baseline
and NAFLD diagnosis may precede or follow this date by as much as 10 years,
participants were categorized based on the time difference between data collection
and diagnosis. From previous studies, biomarker data has been shown to stay
constant in a 2 year time frame and participants were divided into: patients diagnosed
more than 2 years before from biomarker data collection (D2BF) (n=326), patients
diagnosed within +/- 2 years of biomarker data collection (DW2) (n=450), and patients
diagnosed more than 2 years after biomarker data collection (D2AF) (n=4210) (77). In
total 4986 NAFLD participants were studied after excluding those diagnosed with
NASH, those having missing values for more than 30% of the features studied, and
those who had made a significant change to their diet in the last five years, due to
illness or otherwise (see Figure 3). The final cohort included 12,293 participants out

of the 21,879 extracted from UK Biobank (see Appendix Figure 1).

NAFLD participants were included in the analysis according to the exclusion criteria
(n=4986) .We matched these NAFLD patients with 7307 matched controls in UK
Biobank with no reported ICD10 diagnosis and repeated the analysis (see Table 2).
Matching was done where patients were matched using the “nearest” method which
utilises a greedy search to match each sample with their nearest neighbour (78). The
distance was calculated using the Mahalanobis distance, which estimates the
distribution closest for each point (79). This procedure was performed in R (R Core

Team 2021) using the Matchlt package (80).
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Total number of the patients
considered
(n=21879)

Excluded due to NASH
diagnosis
(n=595)

NAFLD patients considered
(n=21284)

Excluded due to missing >30%
data
(n=431)

Patients considered
(n=20853)

Excluded due to major dietary

changes in the last 5 years
(n=8560)

Patients considered
(n=12293)

Diagnosed within +-2 years
time
(n=450)

Figure 3

Diagnosed more than 2 years
time before

(n=326)

Diagnosed more than 2 years
time after
(n=4210)

Control
(n=7307)

Workflow of the patient inclusion and exclusion in UK Biobank data analysis

Age at
recruitment
(years)
Gender

BMI

Time to Death
(months)
Binary Death

Townsend
deprivation index
Smoking status

Follow up time
(years)

Table 2

Levels Control NAFLD
Median 57.0(51.0to 60.0 (63.0to
(IQR) 62.0) 65.0)
Female 3561 (48.7) 2339 (46.9)
Male 3746 (51.3) 2647 (53.1)
Median 26.5 (23.9to 28.4 (25.3 to
(IQR) 29.4) 31.7)
Median 114.2 (60.0 to 96.9 (69.4 to
(IQR) 128.3) 118.1)

No 7174 (98.2) 3993 (80.1)
Yes 133 (1.8) 993 (19.9)
Median -23(-3.8100.1) -1.6(-3.3t01.5)
(IQR)

Current 766 (10.5) 805 (16.1)
Never 4364 (59.7) 2305 (46.2)
Previous 2177 (29.8) 1876 (37.6)
Median 11.9 (11.2to 11.7 (10.8 to
(IQR) 12.7) 12.4)

p-value
<0.001

0.049

<0.001
0.01

<0.001

<0.001

<0.001

<0.001

Summary of the demographic information and general description of patients

after exclusion criteria was applied
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2.2 Ethics

The research used the UK Biobank resource (approved application number: 31224).

2.3 Data pre-processing

The final dataset contains 12,293 participants (4986 NAFLD participants and 7307
controls) and is comprised of 91 features (see Appendix Figure 1 and Appendix

Table 1).

Outliers were evaluated as those readings with values 4 times outside their standard
deviation (SD) range and set to NA. Imputation was performed in the following way:
categorical variables, such as type of cereal consumed, using the most frequent
category and either the mean or median used to impute numerical values based on
the data distribution. In specific cases, such as microalbumin, readings of <6.7 were
imputed with 3.35 (half of the minimum sensitivity) and potassium readings of >200

were imputed with 300.

Important associations were studied between dietary features, biomarkers, and whole
blood count features in the four different cohorts of participants previously mentioned
based on their time of data collection in relation to their NAFLD diagnosis (Control,

D2BF, DW2, and D2AF).
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2.4 Univariate Regression

We have used univariate regression analysis to identify important associations
between nutritional data, biomarkers, and whole blood count datasets. We estimated
regression coefficients with Bonferroni corrected P values (P<0.05) and accounted for
confounders sex, age, and BMI in our analysis. To estimate the relationship correlation
between continuous numerical datasets, linear regression was used. For frequency of
intake categorical dietary data, ordinal regression model was used utilising the polr
function in the R package MASS. For categorical data, categorical variables were
divided into their individual components for analysis and logistic regression was used.
P values were adjusted using Bonferroni correction. Values are reported as (mean

[95% confidence intervals (Cl)]).

Network graphs were created using the ggplot2, ggraph, and igraph packages.

All codes are available at: https://github.com/genrmonaghan/NAFLD MSc codes .

2.5 ANOVA

One way analysis of variance (ANOVA) model (degrees of freedom = 3) was
conducted with corrected P value < 0.05 to identify significantly altered features from
the biomarker and whole blood count datasets in between the four patient cohorts. All
assumptions of one-way ANOVA were met for all cohorts. Tukey’s honestly significant
difference (HSD) tests were used to find significant (corrected P value < 0.05)

differences in biomarker and whole blood count levels between cohorts.
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Chapter 3. Results

In this study, a total of 32 biomarkers, 29 whole blood count features, and 39 dietary
features were investigated, and multiple methods were used to associate them. Linear,
logistic, and ordinal univariate regression models were used to identify the significant
(P<0.05) associations between diet, biomarker, and whole blood count features. In
addition to this, ANOVA and Tukey HSD tests were conducted to find significant

(P<0.05) differences in biomarker and cell features between cohorts.

3.1 Univariate Regression Analysis

3.1.1 D2AF Cohort

In the D2AF cohort (n=4210), 385 associations were identified (see Appendix Figure
2a), involving 82 unique features across the three data types, of which the most
significant was a positive association between mean sphered cell volume and HDL-C
(P<0.0001). Across the three analysis groups, AST had the highest number of total
associations, accounting for 6.75% of all associations across the three analyses

groups for the D2AF cohort (see Appendix Figure 3a).

3.1.1.1 Diet ~ Biomarkers

Univariate regression of the D2AF cohort (n = 4210) detected 70 significant diet to
biomarker associations. Of the 32 biomarkers studied, 14 biomarkers were associated
with cereal consumption and seven biomarkers were associated with fresh fruit intake.
Cereal consumption (P<0.05) and fresh fruit intake (P<0.05) were each significantly

associated with four out of the seven cholesterol-related biomarkers (see Figure 4a).
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3.1.1.2 Diet ~ Whole blood count

Univariate regression of the D2AF cohort (n = 4210) identified 53 cell count to diet
associations that were significant. Of the 29 whole blood count features studied, 12
were associated with cereal consumption, including all six measures of reticulocyte
characteristics and function (P<0.0001). White blood cell (WBC) count had the highest
number of significant associations with dietary features, followed by neutrophil count

(see Figure 4c).

3.1.1.3 Biomarkers ~ Whole blood count

Analysis of the D2AF (n = 4210) cohort identified 262 significant biomarker to cell
associations. Of these associations, 61 involved WBC features (see Figure 4c),
relating to 19 unique biomarkers, and 60 involved liver enzymes (see Figure 4b),

linking to 24 unique whole blood count features.
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C) Significant Immune Cell Associations
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Figure 4: Graphical representations of associations in the D2AF cohort

Network graphs showing significant associations in the D2AF cohort for A) lipids,
B) liver enzymes, and C) immune cells

Abbreviations: white blood cell (WBC), high light scatter reticulocyte percentage
(HLSRP), high light scatter reticulocyte count (HLSRC), red blood cell (RBC), mean
corpuscular volume of RBC (MCV), mean corpuscular haemoglobin concentration
(MCHC), RBC distribution width (RDW), aspartate aminotransferase (AST), alanine
aminotransferase (ALT) , alkaline phosphatase (ALP), gamma glutamyl transferase
(GGT), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C), triglycerides (TG), apolipoprotein A (Apo-A),
apolipoprotein B (Apo-B), sex hormone binding globulin (SHBG), C reactive protein
(CRP), glycated haemoglobin (HbA1c), insulin-like growth factor 1 (IGF-1)
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3.1.2 DW2 Cohort

In the DW2 cohort (n=450), 81 associations were identified (see Appendix Figure
2b), of which a positive association between biomarker albumin and RBC count
(P<0.0001) was the most significant. Whole blood count feature mean sphered cell
volume had the highest number of total associations across the three analyses pools,
accounting for 13.6% of all association detected in the DW2 cohort (see Appendix

Figure 3b).

3.1.21 Diet ~ Biomarkers
Univariate regression modelling of the DW2 cohort (n = 450) identified no significant

(P<0.05) diet to biomarker associations.

3.1.2.2 Diet ~Whole blood count
Univariate regression analysis of the DW2 cohort (n = 450) identified one significant
diet to cell feature association, a negative association between mean sphered cell

volume and cereal intake (P<0.05).

3.1.2.3 Biomarkers ~ Whole blood count

Analysis of the DW2 cohort (n = 450) identified 80 significant biomarker to whole blood
count feature associations. Of these associations, 20 involved lipids or lipid-related
features (see Figure 5a) and 16 involved liver enzymes (see Figure 5b). Mean
reticulocyte volume and mean sphered cell volume were significantly linked to the

most biomarkers, including three out of four liver enzymes (P<0.0001).
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Figure 5: Graphical representations of associations in the DW2 cohort

Network graphs showing significant associations in the DW2 cohort for A) lipids and B)
liver enzymes

Abbreviations: white blood cell (WBC), high light scatter reticulocyte percentage (HLSRP), high light
scatter reticulocyte count (HLSRC), red blood cell (RBC), mean corpuscular volume of RBC (MCV),

mean corpuscular haemoglobin concentration (MCHC), RBC distribution width (RDW), aspartate

aminotransferase (AST), alanine aminotransferase (ALT) , alkaline phosphatase (ALP), gamma glutamyl
transferase (GGT), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density

lipoprotein cholesterol (LDL-C), triglycerides (TG), apolipoprotein A (Apo-A), apolipoprotein B (Apo-B)



3.1.3 D2BF Cohort

27 associations were detected in the D2BF cohort (n=326) (see Appendix Figure 2c),
of which a positive association between biomarker albumin and RBC count (P<0.0001)
was the most significant. Whole blood count feature mean sphered cell volume had
the highest number of total associations across the three analyses pools, accounting

for 18.5% of all association detected in the D2BF cohort (see Appendix Figure 3c).

3.1.3.1 Diet ~ Biomarkers
Univariate regression modelling of the D2BF cohort (n = 326) identified no significant

(P<0.05) diet to biomarker associations.

3.1.3.2 Diet ~Whole blood count
Univariate regression analysis of the D2BF cohort (n = 326) identified one significant
diet to cell feature association, a negative association between RBC count and eating

sugar (P<0.0001).

3.1.3.3 Biomarkers ~ Whole blood count

Analysis of the D2BF cohort (n = 326) identified 21 significant biomarker to cell
association, of which the most significant association was a positive association
between albumin and RBC count (P<0.0001). Blood biomarker albumin was
significantly associated with the most lymphocyte profiling features out of the 11
biomarkers identified in the biomarker ~ whole blood count analysis, although the lipid
(see Figure 6a) and liver enzyme (see Figure 6b) groups had the most associations

out of the biomarker specific groups.
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Figure 6: Graphical representations of associations in the D2BF cohort

Network graphs showing significant associations in the D2BF cohort for A) lipids and B)
liver enzymes

Abbreviations: white blood cell (WBC), high light scatter reticulocyte percentage (HLSRP), high light scatter
reticulocyte count (HLSRC), red blood cell (RBC), mean corpuscular volume of RBC (MCV), mean
corpuscular haemoglobin concentration (MCHC), RBC distribution width (RDW), aspartate aminotransferase
(AST), alanine aminotransferase (ALT) , alkaline phosphatase (ALP), gamma glutamyl transferase (GGT),

total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-
C), triglycerides (TG), apolipoprotein A (Apo-A), apolipoprotein B (Apo-B)



3.1.4 Control cohort

497 associations were detected in the control cohort (n=7307), (see Appendix Figure
2d), involving 90 unique features across three data types, of which a positive
association between reticulocyte count and TG (P<0.0001) was the most significant.
Biomarker cystatins C had the highest number of total associations across the three
analyses pools, accounting for 6.04% of all association detected in the control cohort

(see Appendix Figure 3d).

3.1.41 Diet ~ Biomarker

Univariate regression of the control cohort (n = 7307) identified 121 significant diet to
biomarker associations, of which an inverse association between sodium in urine and
cereal intake was the most significant (P<0.0001. Of the 32 biomarkers studied, 14
biomarkers were associated with cereal consumption, 11 biomarkers were associated
with bread consumption, and 12 biomarkers were associated with coffee consumption.
Lipid markers TC, HDL-C, and apolipoprotein A (Apo-A) were significantly associated
with cereal consumption (P<0.05) and LDL-C, HDL-C, TC, Apo-A were significantly
associated with coffee consumption (P<0.05) (see Figure 7b). Liver enzymes GGT
and AST were both significantly associated with fresh fruit intake (P<0.05) (see Figure
7a). Of the 121 associations, 56 related to urinary and kidney markers, of which

cystatin C accounted for 28.6% of these.

3.1.4.2 Diet ~Whole blood count
Univariate regression of the control cohort (n = 7307) identified 65 diet to cell
associations that were significant. Of the 29 whole blood count features studied, 15

were associated with cereal intake. Of the 65 detected associations, 22 related to
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reticulocytes and a further 22 related to RBCs and haemoglobin, including nine

involving mean corpuscular volume (MCV).

3.1.4.3 Biomarker ~ Whole blood count

Analysis of the control (n = 7307) cohort identified 311 significant biomarker to cell
associations. Of the 311 associations, 74 involved measurements of lipids (see Figure
7b), 21 of which were TG, and 101 involved measurements of WBCs (see Figure 7c),

relating to 26 unique biomarkers.
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A) Significant Liver Enzyme Associations
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C) Significant Immune Cell Associations Relationship
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Figure 7: Graphical representations of associations in the control cohort

Network graphs showing significant associations in the control cohort for A) liver
enzymes, B) lipids, and C) immune cells

Abbreviations: white blood cell (WBC), high light scatter reticulocyte percentage
(HLSRP), high light scatter reticulocyte count (HLSRC), red blood cell (RBC), mean
corpuscular volume of RBC (MCV), mean corpuscular haemoglobin concentration
(MCHC), RBC distribution width (RDW), aspartate aminotransferase (AST), alanine
aminotransferase (ALT) , alkaline phosphatase (ALP), gamma glutamyl transferase
(GGT), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C), triglycerides (TG), apolipoprotein A (Apo-A),
apolipoprotein B (Apo-B), sex hormone binding globulin (SHBG), C reactive protein
(CRP), glycated haemoglobin (HbA1c), insulin-like growth factor 1 (IGF-1)
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3.1.5 Overlap between cohorts

In total, 990 associations were identified across the four cohorts, and 13 were shared
between all cohorts (see Figure 8a). These were all associations between biomarkers
and whole blood count features, involving measurements of RBCs, reticulocytes, and
platelets with albumin, AST, TG, total bilirubin, and sex hormone binding globulin
(SHBG). No mutual diet associations were found between all four cohorts (see
Figures 8c-d). Control and D2AF cohorts shared the highest number of mutual
associations (69.61% of total D2AF cohort associations and 53.92% of total control
cohort associations), with 196 mutual associations in the biomarker ~ whole blood
count association analysis alone (see Figure 8b). The D2BF and control cohorts
shared the fewest number of overall associations (17 associations, accounting for
3.42% of total associations detected in the control cohort). Both the DW2 cohort and
D2BF shared the most associations (83.95% and 92.59% of their total associations,
respectively) with the D2AF cohort. For a full list of all significant associations identified

through univariate regression in all four datasets, see Appendix Table 2.
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Venn Diagrams of the Common Associations between Cohorts

A) B) Biomarker ~ Cell
D2AF Control D2AF Control
DW2 0 226 D2BF DW2 45 ", D2BF
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C) Biomarker ~ Diet D) Diet ~ Cell
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Figure 8: Venn diagrams of the common associations between cohorts

Venn diagrams of the common associations between the four cohorts for a) all
analysis, b) biomarker to whole blood count analysis, ¢) biomarker to diet analysis,
and d) diet to whole blood count analysis.

3.2 ANOVA

A total of 32 biomarkers and 29 whole blood count features were investigated in this
study. Of the 61 features, 53 had at least one significant different between two cohorts,
of which 29 were biomarkers and 24 were whole blood count features. All of these

features, apart from haemoglobin concentration, had at least one significant difference
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between a NAFLD cohort and the control cohort. Biomarkers AST and direct bilirubin
had the highest number of significant differences between cohorts. Select examples
are shown in Figures 9a-h to highlight the differences between cohorts in select
clinically relevant features. See Appendix Table 3 for all significant differences

between cohorts.

GGT and AST levels showed a progressive increase from control to D2AF, to DW2
and D2BF cohorts. Values are given as (mean [95%Cl]). GGT levels were within the
normal range (5 to 40 U/L) for the control cohort (34.3 U/L [33.7 to 34.8]) but were well
above the normal range in the D2AF (62.0 U/L [60.0 to 64.0]), DW2 (88.9 U/L [79.0 to
98.8]), and D2BF (81.6 U/L [72.1 to 91.1]) cohorts. There was no significant difference
between DW2 and D2BF cohort GGT levels (see Figure 9b). Whilst AST levels were
within normal range (8 to 33 U/L) for both control (25.7 U/L [25.5 to 25.9]) and D2AF
cohorts (31.4 U/L [30.9 to 31.8]), they were above normal range for DW2 (37.2 U/L

[35.2 to 39.3]) and D2BF (35.1 U/L [33.1 to 37.2]) cohorts (see Figure 9a).
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ANOVA box plots of significant differences between cohorts
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Figure 9: ANOVA box plots of significant differences between cohorts

Box plots display median and interquartile range (IQR) of a) AST, b) GGT, c)
HDL-C, d) CRP, e) direct bilirubin, f) HbA1c, g) platelet crit, and h) RDW between
the D2BF (n=326), DW2 (n=450), D2AF (n=4210), and control (n=7307) cohorts.
A one-way ANOVA and Tukey HSD tests were performed with corrected P values

obtained at p<0.05. Comparison lines between box plots are marked to indicate

between cohort significance with * = p<0.05, ** = p<0.01, *** = p<0.001, and ****
= p<0.0001

Abbreviations: aspartate aminotransferase (AST), gamma glutamyl transferase (GGT),

high density lipoprotein cholesterol (HDL-C), C reactive protein (CRP), glycated
haemoglobin (HbA1c), red blood cell (RBC), red blood cell distribution width (RDW)
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Chapter 4. Discussion

In this study, we used a UK Biobank data set to associate between multiple data types
including biomarkers, dietary features, and whole blood count features, with the aim

to find interesting and novel associations that could add value in the field of NAFLD.

As previously stated in Chapter 1, a literature search was conducted on PubMed for
papers including the terms ‘UK, ‘biobank’ and ‘NAFLD’ on 13/10/2021 and identified
26 published papers utilising the UK Biobank Data on NAFLD. Of these papers, nine
were genomic studies and many studies investigated comorbidities for NAFLD,
identifying obesity, dyslipidaemia, CVD, poor muscle function, and T2D (81-86). As far
as this author is aware, nutritional UK Biobank data for NAFLD patients has only been
used for one study, to investigate the relationship between caffeine and NAFLD (22,
87). UK Biobank was chosen for this study because of its large sample size, array of
variables available, and the range of diagnosis dates. More information on this cohort

is available in section 2.1.

4.1 Liver Enzymes

Diagnosis of NAFLD patients is currently based upon ultrasound readings and liver
function blood tests, which include liver enzymes, although the gold standard of

diagnosis remains liver biopsy (9).

GGT levels were dramatically raised in the NAFLD cohorts compared to the control

cohorts, indicative of liver or bile duct damage (12, 13). Those in the D2AF cohort had
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GGT levels well above normal, suggesting that GGT levels may be an early indicator
for NAFLD. Our results align with the use of GGT as part of the biomarker panel for
NAFLD diagnosis, but our results suggest a stronger association and greater

importance of GGT in NAFLD development than originally believed (4, 12, 15, 16).

In our study, AST levels showed a progressive increase from control to D2AF, to DW2
and D2BF cohorts. This corresponds to current understanding and AST usage as
diagnostic marker (16, 17). However, although ALT levels were elevated in the NAFLD
cohorts compared to the control cohort, contradictory to its use as a biomarker for
NAFLD, levels were still within normal range (4 to 36 U/L) for all four cohorts (16, 17).
The AST:ALT ratios were above one, indictive of advanced liver disease, for all four
cohorts, and even in the DW2 cohort, AST:ALT ratios were not significantly different
from that of the control, so it would not prove useful as diagnostic marker for NAFLD
patients in this study (15, 18). This is suggestive that AST alone may be a better

predictor of NAFLD diagnosis than ALT or the AST:ALT ratio.

ALP levels followed a similar pattern to ALT — although levels were significantly higher
in all three NAFLD cohorts than in the control cohort, all four cohorts still came within
normal range (30 to 120 U/L). However, ALP has been reported to be overexpressed
in cancers of the liver (65, 88). As HCC and NASH diagnoses were not accounted for
in our NAFLD cohorts, it may be that ALP and ALT, although not clinically relevant for
the diagnosis of NAFLD in this study, may be useful in later diagnoses of related liver

diseases and detection of clinically advanced stages of NAFLD e.g. HCC (65).
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The D2AF and control cohorts were the only two cohorts which detected significant
dietary associations for any of the four enzymes. In these cohorts, the detrimental
effect of lamb/mutton intake and instant coffee intake on liver enzymes GGT and ALP
levels and positive effect of cereal intake, fresh fruit intake, and ground coffee intake
were observed. The impact of increased fibre intake and fewer processed foods on
GGT levels in the D2AF cohort demonstrates how diet can be used to reduce key
biomarkers of NAFLD and, given the correlation between GGT levels and increased
mortality in NAFLD patients, could reduce risk of long term adverse clinical outcomes
(4, 12). However, as these nutritional exposures are not observed in those who have
been diagnosed with NAFLD in our study, it may be that the susceptibility of liver

enzymes to diet alters with the developing pathology of NAFLD.

4.2 Lipids

The global alterations by NAFLD to the liver lipidome were observed through HDL-C
and TG as although HDL-C levels were still within normal range of >1.3 mmol/L
(women) or >1.0 mmol/L (men) for all four cohorts, according to a recent study, HDL-
C <1.39 mmol/L is associated with NAFLD diagnosis after 4.6 years (26). Given D2AF
cohort HDL-C levels (1.37 mmol/L [1.36 to 1.38]) were below this threshold, this
suggests that prolonged HDL-C <1.39 mmol/L predisposes patients to NAFLD, and
levels do not recover after diagnosis, although still within a clinically determined
healthy range (26). The use of statins, which reduce TC and LDL-C concentrations via
HMG-CoA reductase inhibition, in NAFLD have recently been shown to reduce cancer-

related and overall mortality, but not CVD mortality, highlighting the importance of
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lipotoxicity in NAFLD pathophysiology, but also suggesting the role of lipids in NAFLD

beyond atherosclerotic risk (89).

LDL-C, TC, apolipoprotein B (Apo-B), and TG followed a similar pattern of associations
whilst HDL-C and Apo-A tended to have opposite associations to the other lipid
species. Across different cohorts and groups HDL-C and TG showed repeated
opposite associations to the same dietary features and whole blood count features,
such as reticulocyte count, RBC count, and lymphocyte count. The sustained positive
association between TG and lymphocytes and negative association between HDL-C
and lymphocytes further corroborates the role of lipotoxicity in hepatic inflammation
(37). Positive associations were also detected between elevated atherosclerotic lipid
parameters LDL-C, Apo-B, TC, and TG, and RBC parameters RBC count,
haemoglobin concentration, and haematocrit percentage in the DW2, D2AF, and
control cohorts. The effect of cholesterol on RBCs has been studied and elevated TC
forces a left shift in haemoglobin dissociation curve, reducing oxygen transport (90).
In compensation for this, RBC production may be increased which could explain the

increase in RBC count seen with elevated TC and LDL-C (90).

The D2AF and control cohorts were the only two cohorts which detected significant
dietary associations for any of the lipid parameters measured. In these cohorts, the
detrimental effects of never eating cereal and eating cereal such as Frosties (other
cereal intake), opposed the positive effects of higher cereal intake. Cereal
consumption features were the only retained associations between the two cohorts,
whilst the control cohort also detected the positive effects of ground coffee versus

instant coffee on the liver lipidome, and the D2AF cohort found fresh fruit reduced
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atherogenic lipid parameters. These dietary associations are similar to those observed
for the liver enzyme biomarkers — with greater fibre intake there is a reduction in

biomarkers predisposing to NAFLD.

LDL-C and TC levels were above normal range (3 mmol/L and 5 mmol/L respectively)
in all cohorts, including the control cohort; whilst elevated cholesterol has been
reported in NAFLD patients, as described in section 1.2.2, the control cohort would
be expected to have cholesterol within the normal range (20-26). This may be
explained by the patient demographic (see Table 2), as average patient age at
recruitment was 57 in the control cohort and patients were averaging an overweight
BMI of 26.5. Increased age and BMI are known risk factors for hyperlipidaemia, but
this lipidomic profile of the control cohort is cause for concern and signifies a systemic
hyperlipidaemia problem in the general population (4). However, although LDL-C and
TC levels for the three NAFLD cohorts were also above their respective normal
ranges, they were lower in the NAFLD cohorts than in the control cohort, in direct
contradiction to current knowledge and understanding of NAFLD. Why these two lipid
species did not follow the expected pattern for lipids in NAFLD, but HDL-C and TG

did, is unclear and more comprehensive lipidomic analysis is needed.

Beyond hepatic cholesterol, TG, and FFA accumulation, more specific alterations to
the liver lipidome with NAFLD have been found, including disturbances to the balance
of sphingomyelins and cholesteryl esters, suggesting the role of ceremide synthesis
pathways to cholesterol and TG accumulation seen in NAFLD (27, 91, 92). These lipid
species have been used to distinguish between NAFLD and NASH lipidomes and

although these parameters are available through UK Biobank, there was a lack of
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sufficient data in this study to measure these species in our research (27). Recent
studies have gone beyond this and highlighted the role of ceremide and sphingolipids
in HCC and fibrosis (91-93). Exploration of these lipid species in UK Biobank NAFLD
participants may explain the lowered TC and LDL-C in NAFLD cohorts compared to

the control cohort and should be the focus of future work.

Although no pharmacological treatments are currently in use for treating steatosis in
NAFLD, drugs targeting lipotoxicity are under development such as peroxisome
proliferator-activated receptor agonists to increase fatty acid oxidation and oppose

hypercholesterolaemia (55).

4.3 Inflammatory markers and Immune Cells

The evolution of the inflammatory hepatic immune landscape plays an integral role in
NAFLD pathogenesis as a driver of hepatocyte death (17, 31). Inflammation in this
study was observed both through WBCs and through inflammation serum biomarker
CRP (17, 31). In the UK Biobank, levels of cytokines and interleukins are not available,
and CRP was the only inflammatory biomarker we had available in this study, limiting

our ability to understand inflammation in this NAFLD cohort.

In our research, CRP levels were significantly lower in the control cohort than all three
NAFLD cohorts and significantly increased the longer the patient had been suffering
from NAFLD, with the D2BF cohort having the highest CRP levels (see Figure 9d).

An increase in CRP levels is associated with higher risk of NAFLD, even when CRP
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levels are within normal range and a recent study has suggested elevated CRP can
be used as predictor for NAFLD — certain studies have even gone further to suggest
that CRP can be used as a surrogate marker for NAFLD disease severity, although
our results do not support this (17, 94). Given that CRP levels for all three NAFLD
cohorts, as well as the control cohort, fell well within the normal range for CRP (<10.0
mg/L), our results do not support the clinical application of CRP as a diagnostic
biomarker for NAFLD, but do denote an increase in inflammation with prolonged
NAFLD suffering. However, hepatic inflammation is a more defining characteristic of
NASH pathology and as we excluded NASH participants, this may explain why CRP

levels remained within normal range for NAFLD patients.

Although measurements for other proinflammatory markers are not available from the
UK Biobank, the observed increase in CRP in NAFLD patients corresponds to
previously reported increases in pro-inflammatory markers IL-4, IL-6, and TNF-a which
occur in tandem with increased CRP (40, 95). Expression of these pro-inflammatory
markers has been shown to increase along the NAFLD spectrum, and these markers
have been suggested as biomarkers for increased NAFLD risk (40, 95). IL-4, IL-6,
and TNF-a promote fibrosis and mediate oxidative stress and hepatic inflammation
through the recruitment and activation of Kupffer cells (95-98). Anti-inflammatory
cytokine IL-10 has been associated with reduced NAFLD risk, due to its ability to inhibit
secretion of inflammatory cytokines, such as IL-6 and TNF-a (95, 98). Future research
into inflammation and NAFLD would benefit from in depth study of interleukin and
cytokine data alongside biomarker and dietary data to further inform the process of

inflammation in NAFLD.
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The increased presence of biomarkers of inflammation in NAFLD patients is reflected
by increased inflammatory cell recruitment to the liver. In this retrospective research
we observed elevated WBCs, particularly monocytes, the levels of which were
positively associated with the levels of GGT in the DW2, D2AF, and control cohorts
and AST in the D2BF, D2AF, and control cohorts. Additional WBCs, including
neutrophils, eosinophils, and basophils, were all significantly higher in abundance in
the D2AF and DW2 cohorts than the control cohort, aligning with the current
understanding of the influx of WBCs to the liver in NAFLD and the following immune
cell mediated liver injury. However, lymphocytes were only significantly different
between the D2AF cohort and the control cohort when measuring lymphocyte count —
there was no significant difference between the cohorts when measuring lymphocyte
percentage. The opposing reactions of different lymphocyte subtypes to NAFLD may
explain the homogeneity between cohorts in lymphocyte abundance (37, 38). The lack
of lymphocyte subtype data in our study limits our ability to detect specific effects and
pathways involved in hepatic inflammation, but the relationship between lymphocytes
and TG does correspond to pre-existing understanding of the role of lipotoxicity in
triggering CD8+ T lymphocytes (37). For future research into the associations between
biomarkers of NAFLD and the immune system, lymphocyte subtype data, including

CD4+, CD8+, Th17, and Treg cells is needed.

The role of diet in reducing inflammatory markers was observed clearly through the
control (n=7307) and D2AF (n=4210) cohorts, but not in cohorts of longer NAFLD
suffering. This may be due to smaller cohort sizes in the DW2 (n=450) and D2BF
(n=326) cohorts or the disturbed metabolism and liver dysfunction characteristic of

NAFLD. Of the 12 features of inflammation measured in this study, only CRP, WBC
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count, and neutrophil count were associated with dietary features in both the D2AF
and control cohorts. Across the two cohorts, wholegrain bread intake, fresh fruit intake,
and cereal intake reduced all measures of inflammation, whilst processed meat intake,
instant coffee intake, and white bread intake caused an increase in immune cell

abundance.

The contribution of immune cell mediated inflammation to the development of the
steatotic liver is becoming increasingly relevant in NAFLD research as deeper insight
into the role of WBCs in driving hepatocyte death, one of the cardinal features of fatty
liver disease pathogenesis, and HCC is revealed (24, 32-34). Moving away from the
previous focus on innate immune cells in NAFLD, the recent focus on adaptive
immunity in NAFLD research, particularly the role of T lymphocytes, has highlighted
the complexity and severity of inflammation in NAFLD, for example, the disrupted
balance of T lymphocyte subtypes promotes the development of NAFLD at all ages
(37, 38, 99). The relationship between the liver lipidome and lobular inflammation has
recently been shown to play a key role in HCC development through CD8+ T
lymphocytes, as aberrant cholesterol signalling causes CD8+ T Iymphocyte
dysfunction and impairs anti-tumour immunosurveillance (100). Beyond the liver, a
recent study showed that the increased prevalence of cognitive impairment in NAFLD
patients compared to non-NAFLD patients was exacerbated by elevated WBCs (101).
WBCs and inflammation in NAFLD have long term and far reaching consequences
around the body which we are only starting to understand the mechanics behind (99-

101).
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4.4 Blood components and composition

The liver is responsible for the breakdown of old and damaged RBCs as well as
converting haemoglobin breakdown product, indirect bilirubin, into direct bilirubin (102,
103). Alterations to RBC characteristics in NAFLD have been observed in both
previous research and our study with increased red blood cell distribution width (RDW)
as well as elevated RBC count in NAFLD patients (102-104). In addition to this, direct
bilirubin levels were also raised in those with NAFLD, suggestive of increased RBC
breakdown in line with increased RBC count, although the causal relationship between

bilirubin and NAFLD is under debate (29, 30).

One of the key mechanisms behind these alterations to RBC-related parameters in
NAFLD is oxidative stress, induced by ROS (105-107). Oxidative stress is associated
with the progression of NAFLD, induced by excessive ROS signalling, which is a
crucial part of the induction of an uninhibited inflammatory environment in NAFLD, as
described in section 1.3 (105-107). One of the suggested mechanisms for the
promotion of excessive RBC breakdown and death by oxidative stress is inhibition of
Ca-ATPase, resulting in elevated intracellular calcium, which impairs the deformability
of RBC and induces cell shrinkage, observed through raised RDW, as well as

prematurely ageing RBCs (102, 106-108).

The interplay between lipid species, RBCs, and oxidative stress is complex with
oxidative stress and excessive ROS production as key drivers for both RBC alterations
and dysregulated lipid metabolism in NAFLD (109). In this way, oxidative stress and

ROS mediates the positive association between atherosclerotic lipid parameters and
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RBC parameters described in section 4.2 (90, 108, 109). Haemoglobin, in particular,
is more suspectable to ROS-induced damage and has been connected to TG, both in
our study and previous research, and positively associated with increased fibrosis (88,
104, 108, 110). However, there is very little research into the mechanisms underlying
the relationships between ROS, dyslipidaemia, and RBCs in NAFLD and further
exploration of this research through biochemical analysis is needed to understand the

role of oxidative stress in NAFLD.

The connection between NAFLD and RBCs was observed more keenly observed in
this study in immature RBCs (reticulocytes) with their connection to liver enzymes and
the liver lipidome. AST was positively associated with mean reticulocyte volume in all
cohorts, and GGT, ALT, and ALP were positively associated with additional
reticulocyte measurements in DW2, D2AF, and control cohorts. HDL-C and TG had
opposing effects on reticulocyte parameters, with TG negatively associated with mean
reticulocyte volume across all cohorts and HDL-C positively associated with mean
reticulocyte volume and mean sphered cell volume of reticulocytes in the DW2, D2AF,
and control cohorts. This surprising relationship with lipids opposes our results for
reticulocytes with liver enzymes, as we would expect to observe TG elevated with
mean reticulocyte volume in the same pattern as liver enzymes. This relationship may
be explained through reticulocyte count, which was inversely associated with HDL-C
in the D2AF and control cohorts, so although reticulocyte volume parameters may not
behave as expected, reticulocyte count does in respect to lipids and liver enzymes.
But as no associations with reticulocyte count were found in those diagnosed with
NAFLD, detailed reticulocyte analysis in NAFLD is needed. Over findings with

reticulocytes are completely novel as, as with RBCs, reticulocytes have been poorly
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studied in relation to NAFLD and this problem is only exacerbated when attempting to

look at the biochemical mechanics behind the role of reticulocytes in NAFLD.

In NAFLD patients, the increase in RDW is also observed through the increase in RDW
to platelet ratio (RPR), with a significant association between advance fibrosis and
elevated RPR (111). Thrombocytopenia in NAFLD patients has been explored and
low platelet count is more prevalent in NAFLD patients than non-NAFLD patients,
occurring in up to 25% of NAFLD patients and can be indicative of end stage live
disease, but nearly all studies of platelet count and NAFLD use non-invasive methods
and do not occur at point of diagnosis (112-114). In the first study of thrombocytopenia
related to histological diagnosis of NAFLD, it was found that low platelet levels in
NAFLD patients without cirrhosis correlated to high haemoglobin levels (114).
Previous studies also have found that platelet count is not associated with insulin
resistance, cholesterol, AST, and ALT levels in NAFLD patients (112, 114). This
corresponds to our results for platelet count for the D2BF and DW2 cohorts, however,
in the D2AF and control cohorts, platelet count was inversely linked with GGT, AST,
and ALT levels as well as positively associated with TC, LDL-C, and Apo-B levels. The
mechanisms behind why these connections are broken in NAFLD are unclear, but
platelet count and platelet crit were both associated with other biomarkers made in the
liver — both platelet parameters are positively associated with total bilirubin and
negatively associated with SHBG in all four cohorts. Both total bilirubin and SHBG
levels were elevated in NAFLD cohorts and positively associated with reticulocyte and
haemoglobin parameters in the DW2 cohort. The causes for thrombocytopenia in
NAFLD are unclear, but our study highlights to the contrasting relationships between

platelets and different liver-related biomarkers and how liver dysfunction, but further

57



research is needed to define the mechanisms behind thrombocytopenia in NAFLD

(113, 114).

In the ANOVA and Tukey HSD tests, both platelet count and platelet crit levels were
highly significantly different between patient groups with levels lower in the D2BF and
DW2 NAFLD cohorts than the control and D2AF cohorts. But of the two features, only
platelet crit, a measure of the volume that platelets occupy in the blood, was clinically
relevant as platelet crit levels were within normal range (0.220% to 0.240%) in the
control (0.233% [0.232 to 0.234]) and D2AF (0.227% [0.226 to 0.229]) cohorts but
significantly below normal range in DW2 (0.213% [0.208 to 0.219]) and D2BF (0.218%
[0.211 to 0.224]) cohorts. Platelet crit is a less common measurement of platelet
function, but its similarities with the associations observed for platelet count in this
study in addition to its clinical relevance for NAFLD patients suggests the potential use
of platelet crit in the diagnosis of thrombocytopenia in NAFLD. The clinical significance
of platelet critin NAFLD is a novel finding as previous research has not highlighted the
connection between platelet crit and NAFLD before. However, platelet crit not part of
common whole blood count panels, which may limit its usefulness as a diagnostic tool.
Further research is needed into thrombocytopenia in NAFLD, particularly the
mechanisms behind this association, and potentially utilising platelet crit in conjunction

with platelet crit in future studies of thrombocytopenia in NAFLD (113, 114).
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4.5 Urinary and Kidney Function Markers

The close association between markers of CKD and NAFLD was observed in this
study by measuring an array of urine and kidney-related biomarkers. Whist there was
not direct GFR data available, there are indirect ways of estimating kidney function
through biomarkers associated with kidney function, primarily urinary cystatin C,
serum creatinine, and albuminuria (51, 115, 116). Additional measures of kidney
function include urinary creatinine and potassium, with newer biomarkers such as
monocyte chemoattractant protein one being currently investigated (51, 115, 117,

118).

Cystatin C is produced by cells in the body and is an indicator of GFR, and therefore
kidney function, as it is directly and freely filtered by the glomerulus in the kidneys (51,
119). The normal range for cystatin C is 0.62 — 1.15 mg/L and cystatin C levels above
of this range are indicative of kidney dysfunction (51, 116, 119). Compared to the
control cohort, urinary cystatin C levels were significantly increased the longer a
patient had been diagnosed with NAFLD, suggesting a close association between
NAFLD progression and renal dysfunction. Cystatin C levels were positively correlated
with multiple WBC features in all four patient cohorts and the linear regression models
for cystatin C levels in all three NAFLD cohorts demonstrated that when cystatin C
levels were above normal range, WBC count levels were also above normal range
(4.50 - 11.0 x 10° cells/L). This pattern was repeated for neutrophil, eosinophil, and
monocyte counts. In line with other studies, our results suggest that elevated signs of
renal dysfunction are linked to increased inflammation in NAFLD which could

contribute to the faster progression of NAFLD in patients with CKD (120, 121).
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Contradictory to previous studies on NAFLD and the known characteristics of CKD
patients, in this research we found that the levels multiple secondary measurement of
kidney function, including urinary creatine, improved the longer a patient had been
suffering with NAFLD (120-122). Although blood creatinine was not significantly
different between all four patient group, creatinine in urine was significantly higher in
the control patients than in the three NAFLD patient groups. There were no significant
differences in urinary creatinine levels between the three NAFLD patient groups. This
is contradictory to current research on the deterioration of urinary markers of kidney
function and understanding of hepatorenal syndrome wherein further progression of
NAFLD to more clinically advanced stages is associated with a greater degree of renal
dysfunction and injury (120, 121). Both potassium in urine and sodium in urine levels
followed this pattern of decreasing in the NAFLD cohorts compared to the control
cohort, contrasting the previously observed increase with NAFLD and CKD (118, 120-
122). However, whilst these urinary markers can be used as additional indictors of
kidney function alongside GFR, they are also highly variable with diet, and spot urinary
measurements are less accurate representations of true ion excretion values (118,
120-123). As there were no significant associations between urinary and kidney
function biomarkers with dietary features in the DW2 an D2BF cohorts, diet may not
be a main contributor to this pattern between cohorts, but nutritional break down of
dietary information to ascertain specific nutrient intakes would be needed to determine

this.
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4.6 Gut Microbiome and Diet

Disruption of the gut microbiome homeostasis and metabolic reprogramming
accompany metabolic disorders and chronic liver diseases, including NAFLD (26,
124). The gut microbiome influences the host metabolome due to connections with
host lymphocyte gene expression and close ties to the liver through both venous blood
supply and secretion of bile (124, 125). The gut microbiome is heavily influenced by
dietary patterns (124, 125). The predominant bacterial species in the gut belong to
Bacteroidetes, Firmicutes, and Proteobacteria at the phylum level (124, 125). The
dysequilibrium of the symbiotic relationship between the gut microbiota and host in
obesity and NAFLD results in a significantly lower availability of bacteria belonging to
the Bacteroidetes taxonomic phylum with overgrowth of member of the Firmicutes
phylum (4, 124). Studies have demonstrated the association between the
pathogenesis of NAFLD and dysbiosis of the gut microbiome by showcasing the
transmission of NAFLD through faecal matter transplants, with linkage to disease
severity and impaired mucosal immunity (124-126). Recent studies have even found
that the gut microbiome can be used as an early clinical warning sign for NAFLD
development and dysbiosis of the gut microbiome fuels HCC development (26, 127).
Bacteroidetes phyla relative abundance is decreased in NAFLD patients and
negatively correlated to hepatic steatosis staging, ALT, AST, and GGT levels, aligning

with the liver enzyme results from our study (124, 126).

Anaerobic bacteria in the gastrointestinal tract, such as Bacteroidetes and Firmicutes,
can metabolise polysaccharides, which are found in abundance in fibre rich foods, to

form short chain fatty acids (SCFA) (124, 128). Although the underlying mechanisms
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behind the metabolic effects of the gut microbiome are not fully established, SCFA
produced by gut microbiome are known to play a key role in mediating metabolic
interactions between the host metabolome and immune system with the gut
microbiome (124, 128). Novel microbiome centric therapies for NAFLD and cirrhosis
include probiotics focusing on SCFA butyrate producing bacteria and several clinical
trials have shown the value of both probiotic and prebiotic use in liver disease (125,
129). SCFA interact with immune cells to promote anti-inflammatory immune
processes and allow tolerance for gut microbiota to enable symbiosis (124). Toll-like
receptor (TLR) regulation is a key role of SCFA, which interact with TLR expressing
cells to cause the release of immunoregulatory cytokines, including interleukin-2 which
promotes the trans-differentiation of naive T lymphocytes into CD4+ T lymphocytes
(124, 130). Increased TLR ligands have been highlighted in relation to obesity as this
leads to prolonged TLR signalling stimulation, promoting host T lymphocyte damage
and inflammation (124, 130). In our results, we observed a corresponding increase in
CRP and a variety of WBCs in NAFLD patients, described in further detail in section
4.3, denoting the expected increase in inflammation with dysbiosis in NAFLD (124).
Additionally, in the D2AF cohort, WBC count was positively associated with white
bread intake and processed meat intake and negatively associated with wholegrain
bread intake, cereal intake, and fresh fruit intake, indicative of reduced inflammation
with increased intake of fibre rich foods, which may be mediated via polysaccharide
breakdown into SCFA by the gut microbiome (124, 128). Although other studies have
also observed increased inflammatory markers and proinflammatory immune cells in
NAFLD, research around the gut microbiome, dietary patterns, and the immune

system in combination is more limited (17, 31, 124, 130).
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An influential factor in altering the gut microbiome is dietary fibre, which promotes the
growth of SCFA-producing taxa due the high content of non-digestible
polysaccharides (124, 128). All cardinal features of NAFLD measured in our analysis,
inflammation, lipids, and liver enzymes, were reduced with increased intake of dietary
fibre sources, especially cereal. Wholegrain bread, ground coffee, and fresh fruit were
also frequently highlighted and shown to reduce biomarker and whole blood count
feature risk factors for NAFLD, whilst white bread and instant coffee intake increased
them. Our results are supported by previous research showing significantly lower
availability of bacteria belonging to the SCFA-producing Bacteroidetes phylum in
NAFLD (4, 124). These effect observed in our research may have been mediated by
the gut microbiome and SCFA, but due to the lack of microbiome data in this study we
cannot drawn conclusive mechanistic pathways between these variables. Further
research is needed linking the gut microbiome, diet, blood biomarkers, and whole
blood count features to illuminate the pathways involved between the four groups and

how each of the groups affect each other simultaneously.

The only previous research using the dietary UK Biobank data and NAFLD found no
significant causal relationship between coffee consumption and NAFLD, which does
not align with both previous epidemiological studies on coffee intake in NAFLD and
our results (87, 131, 132). Our results were novel in exploring the effects of different
types of coffee on NAFLD and showing contrasting effects between instant and ground
coffee, with ground coffee reducing NAFLD markers. However, we did not look at the
degree of coffee intake for each coffee type. Previous epidemiological studies on the
effect of coffee intake on NAFLD risk have shown that increased coffee intake

significantly reduces NAFLD risk, which aligns with our results for ground coffee, but
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the effects of different types of coffee have not been accounted for (131, 132). Future
research into the association between coffee and NAFLD should study in the intake of
different types of coffee in relation to NAFLD risk and biomarkers of NAFLD in other

cohorts to confirm our findings in this study.

Dietary intervention research for NAFLD has looked in detail at the beneficial effects
of the Mediterranean diet, which is high in fish and fresh fruit and vegetables and low
in saturated fats and processed foods (25, 44, 56). Whilst our results do support the
use of Mediterranean diet in NAFLD treatment in terms of a higher fresh fruit and
vegetable intake being beneficial, we found little evidence to support the intake of fish
reducing NAFLD biomarkers. However, in this study we only had sufficient data to
study non-oily fish dietary intake, but not oily fish intake and blood omegas, so our
research cannot be used to draw complete conclusions about the Mediterranean diet.
Further dietary research into NAFLD could look at the intake of different types of fish
as well as both micronutrient and macronutrient intake to inform our understanding of

the Mediterranean diet and its NAFLD-risk reducing effects.

Our results suggest that future dietary interventions for NAFLD should focus upon
increasing fibre content through high intake of fruit and vegetables and wholegrain
carbohydrates. Additionally, more research is needed into the effects of different intake
of different types of coffee and different types of fish. For a more comprehensive
understanding of the role diet plays in NAFLD, more studies are needed which
measure dietary patterns, the gut microbiome, and NAFLD biomarkers

simultaneously.
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4.7 Limitations

One of the main limitations of our study lies with the lack of longitudinal biomarker,
dietary, and whole blood count data for each participant. With just a single
measurement of nutrition, biomarker, and whole blood count data available
necessitated split of NAFLD participants into three groups by time to diagnosis in order

to make reliable associations between data types in relation to NAFLD diagnosis time.

The grouping of cohorts based upon dates of enrolment and diagnosis of NAFLD relies
upon accurate date of diagnosis and we cannot be sure how long a patient had
underlying NAFLD before being diagnosed (26). Additionally, the methods used to
determine NAFLD diagnosis, whether diagnosis is based upon steatosis identified
through liver biopsy, the gold standard for NAFLD diagnosis, versus ultrasound, may

affect how quickly or whether a patient gets diagnosed with NAFLD (9, 26).

The use of 24-hour dietary recall and food frequency questionnaires to capture highly
detailed information about quantities of each specific dietary component in a singular
day and look at usual intakes over time can be problematic with measurement errors
and within-person variability (133). The reliability of the UK Biobank 24-hour dietary
survey and food frequency questionnaire data has been previously explored and
showed moderate to substantial reproducibility over the course of 4 years, depending

on the dietary variable (133, 134).
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4.8 Conclusions

NAFLD is a multifactorial disease of which many aspects are poorly understood. A
multitude of contributing factors work in tandem to induce the hallmarks of NAFLD,
primarily steatosis and metabolic dysfunction, which in turn contribute to the onset of
fibrosis, cirrhosis, and potentially HCC. These stressors, such as lobular inflammation
and lipotoxicity, combine to induce the onset of NAFLD and NASH via triggering of
cellular stress pathways, leading to hepatocyte death and the hallmark rise in liver
enzymes and excessive lobular fat deposition. Oxidative stress and excessive ROS
production, induced through hepatic inflammation, mediates many of the adverse
effects observed both in this study and in previous research, including RBC

dysfunction and hepatocyte death.

There is a clear disparity in biomarker concentrations between the D2BF and DW2
cohorts with the D2AF and control cohorts denoting the far reaching physiological and
biochemical effects of NAFLD. However, our study found that certain biomarkers can
be used as predictors of whether someone will be diagnosed with NAFLD. The best
predictive biomarkers of NAFLD were GGT > 40 U/L and HDL-C < 1.39 mmol/L,
although other markers, platelet crit < 0.220%, TG > 1.7mmol/L, and AST > 33 U/L,
were also good diagnostic markers of NAFLD. For the most reliable diagnosis of
NAFLD, we would recommend using these five markers in combination, although
platelet crit is not part of all common blood panels, which may limit its usefulness, and
the association between NAFLD and platelet crit is a completely novel finding for our
paper so should be validated by repeating this analysis with other datasets before use

as part of NAFLD diagnostic criteria. The other four markers have been found to be
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consistently altered in NAFLD in previous studies, aligning with our results. In addition
to this, our results showed that NAFLD severely upsets the balance of blood
composition with low platelet count, low platelet crit, elevated WBC count, raised RBC
count, and increased RDW, although these parameters would not be reliable for
NAFLD diagnosis. Although the literature has shown that AST:ALT ratio and ALP may
be good indicators of other forms of liver damage, including hepatitis C and alcoholic
fatty liver disease, in this study we found that they are not accurate predictors for
NAFLD, although this does not rule out their use in clinically advanced stages of

NAFLD.

Many of the most significant associations between biomarkers, diet, and whole blood
count features in the NAFLD participants involve biomarkers of CKD, reiterating the
link between the two diseases. This suggests that CKD patients should be screened
for NAFLD and vice versa as, although there is an association found in this research,
more research into biochemical pathway underpinning these association are needed
to determine a causal relationship. This data suggests that both the presence and
severity of NAFLD and NASH are associated with an increase in risk for CKD. Other
studies on NAFLD and CKD support our results and the close associations between

the two diseases (20, 42, 50, 51).

Many of our dietary association results are supported by the literature, although
several of our findings were completely novel, including the differing effects of ground
and instant coffee types on markers of NAFLD (25, 44, 56). The role of diet in NAFLD
is still being understood and the lack of targeted pharmaceutical therapies leaves

lifestyle intervention as the current most viable form of treatment for the rapidly
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accelerating fatty liver epidemic. Current dietary advice for NAFLD focuses on the
reduction of saturated fats, carbohydrates, and sugars (25, 44, 56). In our study,
increased fibre intake through consumption of cereal, wholegrain bread, and fruit and
vegetables decreased markers which have been associated in the past with NAFLD
pathogenesis and markers that we have identified in this paper as significantly different
between NAFLD cohorts. There is potential for this relationship to be mediated by the
gut microbiome, but this cannot be confirmed from this study alone and further

research is needed.

Future directions of research should focus on diet and the gut microbiome in NAFLD
and understanding the biochemical interactions between different aspects of NAFLD,
such as inflammation and lipotoxicity. Some whole blood count features should be
looked at in more in depth, such as platelets and reticulocytes, as our findings for these
groups were completely novel and these results need validation in other cohorts.
Additionally, future research looking at NAFLD and diet could also look at physical
activity, which is a known modulator of NAFLD risk and the gut microbiome (58-60).
Data which could be highly useful in informing future research, such as cytokines,
lymphocyte subtyping, and gut microbiome data, is missing from the UK Biobank. The
UK Biobank is a highly useful resource for NAFLD research, so further research into
NAFLD using the UK Biobank could combine with other cohorts which contain these
missing variables, but there are limitations with this such as potential data loss,
different formatting of variables, and inconstancy in data collection across cohorts. As
we found several novel findings in this study and have proposed several key

biomarkers which could be used as predictors of NAFLD or as part of NAFLD
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diagnostic criteria, experimental validation of these findings in another cohort would

be prudent.

The field of hepatology is rapidly working to combat the emergence of the NAFLD
epidemic, and further research is needed into the biochemical mechanisms
underpinning the hallmark features of NAFLD and the connection between the
different cardinal features instead of researching each feature in isolation as the

multifactorial nature of NAFLD demands.
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The percentage of participants from each cohort used in the final analysis after the

Cohort

application of the exclusion criteria. Values are expressed as percentages out of the

total number of participants extracted for each respective cohort.
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Appendix Figure 2

Network graphs for A) D2AF, B) DW2, C) D2BF, and D) control cohorts showcasing
all associations identified. Blue lines indicate positive associations, pink indicate
inverse associations.
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Appendix Figure 3

Bar charts for A) D2AF B) DW2 C) D2BF and D) control cohorts showing the number

: features with zero associations are not

of associations for each feature studied

shown
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Whole blood count features

White blood cell (leukocyte) count
Red blood cell (erythrocyte) count
Haemoglobin concentration
Haematocrit percentage

Mean corpuscular volume

Mean corpuscular haemoglobin
Mean corpuscular haemoglobin
concentration

Platelet count

Platelet crit

Red blood cell (erythrocyte) distribution
width

Mean platelet (thrombocyte) volume
Platelet distribution width
Lymphocyte count

Monocyte count

Neutrophil count

Eosinophil count
Basophil count
Lymphocyte percentage
Monocyte percentage
Neutrophil percentage
Eosinophil percentage

Basophil percentage

Reticulocyte percentage
Reticulocyte count

Mean reticulocyte volume

Mean sphered cell volume
Immature reticulocyte fraction
High light scatter reticulocyte percentage

High light scatter reticulocyte count

Dietary features

Cooked vegetable intake
Salad / raw vegetable intake
Fresh fruit intake

Bread intake

Cereal intake

Processed meat intake

Non oily fish intake

Never eat eggs, dairy, wheat, sugar

Lamb/mutton intake
Cheese intake

Salt added to food
Cereal type

Milk type used
Spread type

Bread type

Coffee type

Biomarker features

Alanine aminotransferase
Phosphate

Calcium

Vitamin D

Microalbumin in urine
Creatinine (enzymatic) in urine
Potassium in urine

Sodium in urine

Alkaline phosphatase

HDL cholesterol

Gamma glutamyl transferase
Glycated haemoglobin (HbA1c)
LDL direct

Aspartate aminotransferase
Triglycerides

Glucose
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Biomarker features

Direct bilirubin
Cholesterol
Testosterone
Creatinine

C reactive protein
Cystatin C
Albumin

Urate

Total protein
SHBG

IGF 1
Apolipoprotein A
Apolipoprotein B
Lipoprotein A
Urea

Total bilirubin

Clinical features

First Diagnosis

Diseases?2

Time to Disease
Age at Disease Last
main death

date death

Time to Death months

genetic sex male
Body mass index
Binary Death

Current Age Date
Age Now

smoking status coding

age recruitment

Appendix Table 1

Comprehensive list of all ninety-one features utilised in this association analysis study,
as they are recorded in the UK Biobank directory. Features are grouped by data type.
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Cohort Class1 Marker1 Class2 Marker2 Coefficient P value
Control Biomarker Sodium in urine Diet Cereal intake -2.13486 7.42E-33
Control Biomarker Sodium in urine Diet Fresh fruit intake -3.63513 6.70E-20
Control Biomarker Apo-A Diet Cereal intake -0.00921 9.13E-20
Control Biomarker Urate Diet Cereal intake -2.26712 2.10E-17
Control Biomarker Sodium in urine Diet Never eat cereal 0.00550 4.69E-13
Control Biomarker HDL-C Diet Cereal intake -0.01024 9.90E-14
Control Biomarker IGF 1 Diet Cereal intake 0.16719 2.41E-13
Control Biomarker Vitamin D Diet Cereal intake 0.64105 6.75E-13
Control Biomarker ALP Diet Ground coffee intake -0.01183 5.56E-12
Control Biomarker ALP Diet Instant coffee intake 0.00980 8.17E-12
Control Biomarker Vitamin D Diet Never eat cereal -0.01147 1.66E-10
Control Biomarker Apo-A Diet Never eat cereal 0.90366 3.34E-10
Control Biomarker Cystatin C Diet Lamb/mutton intake -1.39591 1.12E-09
Control Biomarker Creatinine (enzymatic) in Diet Cereal intake -162.46998 2.68E-09
urine
Control Biomarker Apo-A Diet Ground coffee intake 0.81487 2.54E-08
Control Biomarker Sodium in urine Diet Oat cereal intake -0.00534 3.68E-08
Control Biomarker Sodium in urine Diet White bread intake 0.00403 5.86E-08
Control Biomarker Cystatin C Diet Eat eggs 2.02599 8.33E-08
Control Biomarker Urate Diet Never eat cereal 0.00304 2.12E-07
Control Biomarker Cystatin C Diet White bread intake 1.46489 2.36E-07
Control Biomarker IGF 1 Diet Never eat cereal -0.03732 2.72E-07
Control Biomarker Sodium in urine Diet Wholegrain bread intake | -0.00357 2.80E-07
Control Biomarker IGF 1 Diet Wholegrain bread intake | 0.02972 3.29E-07
Control Biomarker Cystatin C Diet Wholegrain bread intake | -1.32196 4.24E-07
Control Biomarker HDL-C Diet Eat eggs -0.66633 7.70E-07
Control Biomarker HDL-C Diet Ground coffee intake 0.56532 7.71E-07
Control Biomarker Creatinine Diet Instant coffee intake 0.01417 8.38E-07
Control Biomarker HDL-C Diet Never eat cereal 0.57062 1.05E-06
Control Biomarker Vitamin D Diet Salad / raw vegetable 0.92090 1.88E-07
intake
Control Biomarker Creatinine Diet Processed meat intake 0.01192 1.74E-07
Control Biomarker Cystatin C Diet Non oily fish intake -1.19249 2.14E-07
Control Biomarker TC Diet Ground coffee intake 0.18729 1.70E-06
Control Biomarker Cystatin C Diet Instant coffee intake 1.33325 2.85E-06
Control Biomarker Vitamin D Diet Olive oil spread intake 0.00692 6.48E-06
Control Biomarker HDL-C Diet Eat wheat -0.61127 7.12E-06
Control Biomarker Cystatin C Diet Eat wheat 1.74678 7.26E-06
Control Biomarker Cystatin C Diet Ground coffee intake -1.53648 7.33E-06
Control Biomarker Creatinine Diet Ground coffee intake -0.01547 1.22E-05
Control Biomarker Vitamin D Diet Full cream milk intake -0.01227 1.37E-05
Control Biomarker Vitamin D Diet Butter spread intake -0.00695 1.38E-05
Control Biomarker Cystatin C Diet Eat eggs dairy wheat 1.65993 1.57E-05
sugar
Control Biomarker Cystatin C Diet Eat dairy 1.65993 1.57E-05
Control Biomarker GGT Diet Cereal intake -0.51911 2.74E-06
Control Biomarker HDL-C Diet Eat eggs dairy wheat -0.57990 1.91E-05
sugar
Control Biomarker HDL-C Diet Eat dairy -0.57990 1.91E-05
Control Biomarker Apo-A Diet Eat eggs -0.80675 2.26E-05
Control Biomarker Potassium in urine Diet Instant coffee intake -0.00386 3.22E-05
Control Biomarker Potassium in urine Diet Ground coffee intake 0.00438 4.56E-05
Control Biomarker Cystatin C Diet Other cereal intake 1.49231 4.99E-05
Control Biomarker IGF 1 Diet Muesli intake 0.03115 5.19E-05
Control Biomarker Sodium in urine Diet Muesli intake -0.00391 7.65E-05
Control Biomarker Urea Diet Processed meat intake 0.09598 1.36E-05
Control Biomarker Creatinine (enzymatic) in Diet Butter spread intake 0.00002 1.50E-04
urine
Control Biomarker IGF 1 Diet Cooked vegetable intake | 0.22802 3.12E-05
Control Biomarker HDL-C Diet Other cereal intake -0.57018 2.08E-04
Control Biomarker Creatinine Diet Other cereal intake 0.01435 2.41E-04
Control Biomarker Vitamin D Diet Skimmed milk intake 0.00819 2.68E-04
Control Biomarker CRP Diet Cooked vegetable intake | -0.10812 4.80E-05
Control Biomarker Creatinine Diet Eat eggs 0.01628 2.88E-04
Control Biomarker GGT Diet Fresh fruit intake -1.01459 6.23E-05
Control Biomarker Potassium in urine Diet Muesli intake 0.00410 5.04E-04
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Control Biomarker IGF 1 Diet White bread intake -0.02636 5.59E-04
Control Biomarker Apo-A Diet Eat wheat -0.69264 8.46E-04
Control Biomarker Creatinine Diet White bread intake 0.01150 9.95E-04
Control Biomarker Creatinine (enzymatic) in Diet Fresh fruit intake -254.92634 1.86E-04
urine
Control Biomarker Sodium in urine Diet Other cereal intake 0.00354 1.14E-03
Control Biomarker CRP Diet Instant coffee intake 0.05427 1.18E-03
Control Biomarker Creatinine Diet Cheese intake -0.00956 2.22E-04
Control Biomarker Apo-A Diet Eat eggs dairy wheat -0.66186 1.44E-03
sugar
Control Biomarker Apo-A Diet Eat dairy -0.66186 1.44E-03
Control Biomarker Vitamin D Diet Decaffeinated coffee 0.00859 1.62E-03
intake
Control Biomarker Apo-A Diet Other cereal intake -0.68433 1.71E-03
Control Biomarker Potassium in urine Diet Bread intake -0.25642 3.07E-04
Control Biomarker Vitamin D Diet Bran cereal intake 0.00818 1.79E-03
Control Biomarker Creatinine (enzymatic) in Diet Cooked vegetable intake | -239.05406 3.40E-04
urine
Control Biomarker Cystatin C Diet Salad / raw vegetable -0.00404 4.33E-04
intake
Control Biomarker LDL-C Diet Ground coffee intake 0.18546 2.64E-03
Control Biomarker Creatinine Diet Salad / raw vegetable -0.39289 4.72E-04
intake
Control Biomarker TC Diet Cereal intake -0.01811 4.83E-04
Control Biomarker Creatinine Diet Eat eggs dairy wheat 0.01392 3.38E-03
sugar
Control Biomarker Creatinine Diet Eat dairy 0.01392 3.38E-03
Control Biomarker Sodium in urine Diet Bread intake 0.29752 5.89E-04
Control Biomarker Cystatin C Diet Fresh fruit intake -0.00455 1.10E-03
Control Biomarker CRP Diet Ground coffee intake -0.06309 6.74E-03
Control Biomarker Sodium in urine Diet Full cream milk intake 0.00415 7.10E-03
Control Biomarker Urate Diet Cheese intake -0.00159 1.26E-03
Control Biomarker GGT Diet Wholegrain bread intake | -0.00469 1.04E-02
Control Biomarker Cystatin C Diet Never use spread -1.75966 1.07E-02
Control Biomarker HDL-C Diet Salad / raw vegetable 0.01017 2.34E-03
intake
Control Biomarker Cystatin C Diet Skimmed milk intake -1.25966 1.40E-02
Control Biomarker Creatinine (enzymatic) in Diet Wholegrain bread intake | -0.00002 1.46E-02
urine
Control Biomarker Creatinine (enzymatic) in Diet Bread intake -38.58395 2.58E-03
urine
Control Biomarker Albumin Diet Ground coffee intake 0.05140 1.60E-02
Control Biomarker TC Diet Instant coffee intake -0.11398 1.61E-02
Control Biomarker GGT Diet Never eat cereal 0.00523 1.65E-02
Control Biomarker Vitamin D Diet Eat sugar 0.01694 1.73E-02
Control Biomarker CRP Diet Fresh fruit intake -0.09378 3.06E-03
Control Biomarker Creatinine (enzymatic) in Diet Never eat cereal 0.00002 2.31E-02
urine
Control Biomarker Total protein Diet Cheese intake -0.02326 3.74E-03
Control Biomarker CRP Diet Salad / raw vegetable -0.07850 4.35E-03
intake
Control Biomarker CRP Diet White bread intake 0.04208 3.03E-02
Control Biomarker HDL-C Diet Biscuit cereal intake -0.47808 3.11E-02
Control Biomarker Urate Diet Decaffeinated coffee -0.00258 3.12E-02
intake
Control Biomarker Creatinine (enzymatic) in Diet Oat cereal intake -0.00002 3.42E-02
urine
Control Biomarker Total protein Diet Muesli intake -0.03089 4.10E-02
Control Biomarker Cystatin C Diet Full cream milk intake 1.41812 4.31E-02
Control Biomarker CRP Diet Other cereal intake 0.04651 4.56E-02
Control Biomarker HDL-C Diet White bread intake -0.36061 4.68E-02
Control Biomarker AST Diet Fresh fruit intake 0.23702 1.07E-02
Control Biomarker Apo-A Diet Cheese intake 0.37314 1.02E-02
Control Biomarker ALP Diet Lamb/mutton intake -0.00439 1.22E-02
Control Biomarker Urate Diet Non oily fish intake 0.00142 1.50E-02
Control Biomarker ALP Diet Bread intake 0.12048 1.82E-02
Control Biomarker HDL-C Diet Lamb/mutton intake 0.28739 1.75E-02
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Control Biomarker Vitamin D Diet Non oily fish intake 0.00430 1.98E-02
Control Biomarker Creatinine (enzymatic) in Diet Salad / raw vegetable -169.85987 2.31E-02
urine intake
Control Biomarker SHBG Diet Lamb/mutton intake -0.00429 3.15E-02
Control Biomarker Apo-A Diet Lamb/mutton intake 0.36264 3.33E-02
Control Biomarker HDL-C Diet Cheese intake 0.25975 3.35E-02
Control Biomarker Urate Diet Processed meat intake 0.00129 3.85E-02
Control Biomarker Glucose Diet Cooked vegetable intake | 0.02281 4.89E-02
Control Cell count Mean sphered cell volume | Diet Never eat cereal 0.04357 6.81E-11
Control Cell count MCV Diet Never eat cereal 0.04768 2.57E-08
Control Cell count Mean corpuscular Diet Eat eggs -0.12630 6.76E-06
haemoglobin
Control Cell count Mean corpuscular Diet Never eat cereal 0.10458 9.76E-06
haemoglobin
Control Cell count Mean corpuscular Diet Ground coffee intake 0.09951 3.41E-05
haemoglobin
Control Cell count Mean reticulocyte volume Diet Never eat cereal 0.02260 3.65E-05
Control Cell count MCV Diet Eat eggs -0.04640 3.87E-05
Control Cell count Mean platelet volume Diet Butter spread intake -0.12220 1.34E-04
Control Cell count Mean corpuscular Diet Eat eggs dairy wheat -0.10674 2.02E-04
haemoglobin sugar
Control Cell count Mean corpuscular Diet Eat dairy -0.10674 2.02E-04
haemoglobin
Control Cell count MCV Diet Eat eggs dairy wheat -0.03967 6.47E-04
sugar
Control Cell count MCV Diet Eat dairy -0.03967 6.47E-04
Control Cell count Mean sphered cell volume | Diet Eat eggs dairy wheat -0.03191 7.37E-04
sugar
Control Cell count Mean sphered cell volume | Diet Eat dairy -0.03191 7.37E-04
Control Cell count Mean sphered cell volume | Diet Eat eggs -0.03263 1.56E-03
Control Cell count Mean corpuscular Diet Eat wheat -0.10004 1.93E-03
haemoglobin
Control Cell count HLSRP Diet Never eat cereal 0.74408 4.01E-03
Control Cell count Mean sphered cell volume | Diet Eat wheat -0.03030 4.44E-03
Control Cell count RBC count Diet Eat eggs 0.46615 5.02E-03
Control Cell count MCV Diet Eat wheat -0.03550 1.31E-02
Control Cell count MCV Diet Other cereal intake -0.03277 1.42E-02
Control Cell count MCV Diet Ground coffee intake 0.02995 1.71E-02
Control Cell count Immature reticulocyte Diet Never eat cereal 2.20985 2.01E-02
fraction
Control Cell count Mean platelet volume Diet Olive oil spread intake 0.09340 3.14E-02
Control Cell count RBC count Diet Eat wheat 0.41232 3.19E-02
Control Cell count HLSRC Diet Never eat cereal 14.23224 4.16E-02
Control Cell count WBC count Diet White bread intake 0.06226 4.39E-02
Control Cell count RBC count Diet Eat eggs dairy wheat 0.39423 4.42E-02
sugar
Control Cell count RBC count Diet Eat dairy 0.39423 4.42E-02
Control Cell count RBC count Diet Ground coffee intake -0.34873 4.64E-02
Control Cell count MCHC Diet Ground coffee intake 0.12908 4.80E-02
Control Cell count Mean sphered cell volume | Diet Cereal intake -0.17428 7.56E-15
Control Cell count Immature reticulocyte Diet Cereal intake -0.00157 1.51E-09
fraction
Control Cell count HLSRP Diet Cereal intake -0.00484 2.58E-09
Control Cell count MCV Diet Cereal intake -0.11270 7.42E-09
Control Cell count HLSRC Diet Cereal intake -0.00021 4.96E-08
Control Cell count Mean reticulocyte volume Diet Cereal intake -0.18396 1.12E-07
Control Cell count Mean corpuscular Diet Cereal intake -0.04080 1.87E-07
haemoglobin
Control Cell count WBC count Diet Fresh fruit intake -0.08807 1.02E-06
Control Cell count Neutrophil count Diet Fresh fruit intake -0.06864 1.73E-06
Control Cell count WBC count Diet Cereal intake -0.03744 1.31E-05
Control Cell count Reticulocyte percentage Diet Cereal intake -0.00928 1.35E-04
Control Cell count Platelet count Diet Cereal intake -1.08333 2.82E-04
Control Cell count Neutrophil count Diet Cereal intake -0.02628 3.11E-04
Control Cell count Reticulocyte count Diet Cereal intake -0.00039 1.69E-03
Control Cell count Lymphocyte count Diet Cereal intake -0.01053 1.76E-03
Control Cell count Platelet crit Diet Cereal intake -0.00078 2.15E-03
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Control Cell count Lymphocyte percentage Diet Salad / raw vegetable 0.20819 1.65E-02
intake
Control Cell count Monocyte percentage Diet Cereal intake 0.03122 2.30E-02
Control Cell count Mean reticulocyte volume Diet Salad / raw vegetable 0.20850 2.46E-02
intake
Control Cell count Monocyte count Diet Fresh fruit intake -0.00517 2.98E-02
Control Cell count MCV Diet Fresh fruit intake -0.13821 3.07E-02
Control Cell count Neutrophil percentage Diet Processed meat intake 0.01457 5.96E-06
Control Cell count Neutrophil count Diet Processed meat intake 0.08054 6.35E-05
Control Cell count Lymphocyte percentage Diet Processed meat intake -0.01472 1.82E-04
Control Cell count Mean platelet volume Diet Cheese intake -0.09011 2.40E-03
Control Cell count Lymphocyte count Diet Salt added to food 0.16522 3.20E-03
Control Cell count Reticulocyte count Diet Lamb/mutton intake 4.50489 3.39E-03
Control Cell count HLSRC Diet Lamb/mutton intake 11.64008 5.10E-03
Control Cell count Reticulocyte percentage Diet Lamb/mutton intake 0.20597 5.19E-03
Control Cell count WBC count Diet Salt added to food 0.05468 6.31E-03
Control Cell count HLSRP Diet Lamb/mutton intake 0.53052 7.12E-03
Control Cell count WBC count Diet Processed meat intake 0.04766 2.21E-02
Control Cell count Mean sphered cell volume | Diet Salt added to food 0.01700 2.29E-02
Control Cell count Lymphocyte percentage Diet Lamb/mutton intake 0.01197 3.31E-02
Control Biomarker TG Cell count Reticulocyte count 0.00538 6.57E-69
Control Biomarker HDL-C Cell count Mean sphered cell 3.29475 2.58E-64
volume
Control Biomarker CRP Cell count Neutrophil count 0.10943 1.42E-63
Control Biomarker Albumin Cell count Haemoglobin 0.07848 5.29E-63
concentration
Control Biomarker TG Cell count Reticulocyte percentage | 0.10677 5.00E-59
Control Biomarker TG Cell count HLSRC 0.00187 1.18E-57
Control Biomarker Phosphate Cell count Lymphocyte count 0.68847 1.73E-56
Control Biomarker Apo-A Cell count Mean sphered cell 4.04100 6.04E-55
volume
Control Biomarker Albumin Cell count Haematocrit percentage | 0.21402 2.64E-54
Control Biomarker HbA1c Cell count Mean corpuscular -0.07515 7.89E-54
haemoglobin
Control Biomarker CRP Cell count WBC count 0.12567 3.67E-52
Control Biomarker ALT Cell count Haemoglobin 0.01685 4.16E-51
concentration
Control Biomarker Calcium Cell count Haematocrit percentage | 5.67364 2.27E-50
Control Biomarker Calcium Cell count Haemoglobin 1.91315 4.28E-49
concentration
Control Biomarker TG Cell count HLSRP 0.03704 1.74E-48
Control Biomarker Calcium Cell count RBC count 0.63390 1.05E-42
Control Biomarker Total bilirubin Cell count Haemoglobin 0.04318 4.66E-42
concentration
Control Biomarker Apo-B Cell count Haemoglobin 0.71807 1.50E-38
concentration
Control Biomarker TG Cell count Platelet distribution 0.09500 1.66E-38
width
Control Biomarker Urate Cell count HLSRC 0.00002 2.97E-37
Control Biomarker CRP Cell count Lymphocyte percentage | -0.44188 8.18E-37
Control Biomarker ALT Cell count HLSRC 0.00012 5.89E-36
Control Biomarker Albumin Cell count RBC count 0.02097 5.07E-35
Control Biomarker ALT Cell count Haematocrit percentage | 0.04114 6.05E-35
Control Biomarker ALT Cell count Reticulocyte count 0.00031 1.88E-34
Control Biomarker Urate Cell count HLSRP 0.00043 3.17E-34
Control Biomarker Urate Cell count Reticulocyte count 0.00005 2.59E-33
Control Biomarker HbA1c Cell count Lymphocyte count 0.02118 1.03E-32
Control Biomarker Cystatin C Cell count RBC count 0.42698 1.13E-31
Control Biomarker Total bilirubin Cell count Haematocrit percentage | 0.10944 4.58E-31
Control Biomarker GGT Cell count HLSRC 0.00005 1.31E-30
Control Biomarker HDL-C Cell count Mean reticulocyte 3.31169 1.60E-30
volume
Control Biomarker Apo-A Cell count MCV 2.51199 1.81E-30
Control Biomarker Total protein Cell count RBC count 0.01197 3.01E-30
Control Biomarker TG Cell count Lymphocyte count 0.09853 3.52E-30
Control Biomarker HbA1c Cell count RDW 0.02582 4.78E-30
Control Biomarker HDL-C Cell count RBC count -0.15285 5.08E-30
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Control Biomarker HbA1c Cell count MCHC -0.03141 1.01E-29
Control Biomarker Apo-B Cell count Haematocrit percentage 1.85657 1.13E-29
Control Biomarker Urate Cell count Reticulocyte percentage | 0.00104 1.81E-29
Control Biomarker TG Cell count Mean reticulocyte -1.19558 1.15E-28
volume
Control Biomarker GGT Cell count HLSRP 0.00107 1.20E-28
Control Biomarker HbA1c Cell count MCV -0.14069 3.88E-28
Control Biomarker Total protein Cell count Platelet crit 0.00149 4.30E-28
Control Biomarker CRP Cell count Neutrophil percentage 0.44033 1.06E-27
Control Biomarker Apo-B Cell count RBC count 0.21709 1.23E-27
Control Biomarker HDL-C Cell count MCV 1.81036 1.47E-27
Control Biomarker LDL-C Cell count Haemoglobin 0.17183 4.10E-27
concentration
Control Biomarker ALP Cell count RBC count 0.00217 1.11E-26
Control Biomarker SHBG Cell count Reticulocyte count -0.00014 1.26E-26
Control Biomarker ALT Cell count HLSRP 0.00224 4.00E-26
Control Biomarker Cystatin C Cell count Haematocrit percentage | 3.20616 7.46E-26
Control Biomarker Testosterone Cell count Haematocrit percentage | 0.14086 2.83E-25
Control Biomarker TG Cell count WBC count 0.26268 4.46E-25
Control Biomarker Total protein Cell count Haematocrit percentage | 0.09049 4.75E-25
Control Biomarker SHBG Cell count HLSRC -0.00005 6.94E-25
Control Biomarker ALT Cell count RBC count 0.00422 1.16E-24
Control Biomarker TG Cell count Mean sphered cell -0.77338 1.47E-24
volume
Control Biomarker Apo-A Cell count Mean corpuscular 0.88739 1.68E-24
haemoglobin
Control Biomarker Cystatin C Cell count WBC count 1.90038 1.88E-24
Control Biomarker ALP Cell count WBC count 0.01039 5.98E-24
Control Biomarker Apo-A Cell count Mean reticulocyte 3.87602 1.50E-23
volume
Control Biomarker GGT Cell count Reticulocyte count 0.00012 1.95E-23
Control Biomarker Total bilirubin Cell count Platelet count -1.89008 2.49E-23
Control Biomarker Total protein Cell count Platelet count 1.72775 2.98E-23
Control Biomarker SHBG Cell count Reticulocyte percentage | -0.00286 6.24E-23
Control Biomarker CRP Cell count Monocyte count 0.00777 6.80E-23
Control Biomarker ALT Cell count Reticulocyte percentage | 0.00552 8.06E-23
Control Biomarker Total bilirubin Cell count Platelet crit -0.00147 1.50E-22
Control Biomarker Cystatin C Cell count Haemoglobin 1.01885 3.36E-22
concentration
Control Biomarker Phosphate Cell count Lymphocyte percentage | 5.32820 3.86E-22
Control Biomarker GGT Cell count Reticulocyte percentage | 0.00247 3.94E-22
Control Biomarker LDL-C Cell count RBC count 0.05472 1.28E-21
Control Biomarker Testosterone Cell count Haemoglobin 0.04465 1.40E-21
concentration
Control Biomarker Phosphate Cell count Neutrophil percentage -5.95783 3.33E-21
Control Biomarker SHBG Cell count HLSRP -0.00105 4.76E-21
Control Biomarker ALP Cell count Platelet crit 0.00025 5.18E-21
Control Biomarker Total bilirubin Cell count Lymphocyte count -0.01892 9.19E-21
Control Biomarker Total protein Cell count Lymphocyte count 0.01732 9.38E-21
Control Biomarker Calcium Cell count Platelet crit 0.05818 9.60E-21
Control Biomarker TC Cell count Haemoglobin 0.11689 3.66E-20
concentration
Control Biomarker LDL-C Cell count Haematocrit percentage | 0.43664 4.94E-20
Control Biomarker ALP Cell count Neutrophil count 0.00752 9.54E-20
Control Biomarker HDL-C Cell count WBC count -0.62295 3.53E-19
Control Biomarker Total bilirubin Cell count RBC count 0.01040 1.40E-18
Control Biomarker HDL-C Cell count Mean corpuscular 0.58760 1.86E-18
haemoglobin
Control Biomarker Total protein Cell count Haemoglobin 0.02646 5.61E-18
concentration
Control Biomarker GGT Cell count Haemoglobin 0.00464 1.00E-17
concentration
Control Biomarker ALP Cell count Haematocrit percentage | 0.01477 1.55E-17
Control Biomarker Cystatin C Cell count Eosinophil count 0.10917 1.56E-17
Control Biomarker Calcium Cell count Lymphocyte count 0.71741 2.05E-17
Control Biomarker HbA1c Cell count WBC count 0.04564 3.05E-17
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Control Biomarker ALP Cell count Haemoglobin 0.00498 4.80E-17
concentration
Control Biomarker HDL-C Cell count Reticulocyte count -0.00740 8.74E-17
Control Biomarker HbA1c Cell count Haemoglobin -0.02492 2.95E-16
concentration
Control Biomarker Urate Cell count Haemoglobin 0.00163 4.38E-16
concentration
Control Biomarker HbA1c Cell count Reticulocyte percentage | -0.01190 5.47E-16
Control Biomarker TG Cell count Haemoglobin 0.11918 6.96E-16
concentration
Control Biomarker Total bilirubin Cell count WBC count -0.04860 7.66E-16
Control Biomarker Total protein Cell count WBC count 0.04437 9.68E-16
Control Biomarker Total bilirubin Cell count Monocyte count -0.00440 1.94E-15
Control Biomarker GGT Cell count Mean corpuscular 0.00740 3.44E-15
haemoglobin
Control Biomarker ALP Cell count Platelet count 0.27308 3.89E-15
Control Biomarker TG Cell count MCHC 0.11075 4.03E-15
Control Biomarker Phosphate Cell count WBC count 1.07217 4.86E-15
Control Biomarker IGF 1 Cell count Haemoglobin 0.01869 1.05E-14
concentration
Control Biomarker Albumin Cell count RDW -0.03054 1.40E-14
Control Biomarker Cystatin C Cell count Monocyte count 0.13684 1.46E-14
Control Biomarker HbA1c Cell count Platelet crit 0.00108 1.98E-14
Control Biomarker Cystatin C Cell count Neutrophil count 1.17309 2.77E-14
Control Biomarker HDL-C Cell count Platelet distribution -0.15722 1.20E-13
width
Control Biomarker Apo-A Cell count RBC count -0.13744 4.63E-13
Control Biomarker TC Cell count Haematocrit percentage | 0.27996 5.46E-13
Control Biomarker Albumin Cell count Eosinophil percentage -0.06291 5.67E-13
Control Biomarker IGF 1 Cell count RBC count 0.00620 1.02E-12
Control Biomarker Calcium Cell count Platelet count 58.76990 1.07E-12
Control Biomarker Urea Cell count Haemoglobin -0.07413 1.37E-12
concentration
Control Biomarker IGF 1 Cell count Haematocrit percentage | 0.05075 2.01E-12
Control Biomarker Cystatin C Cell count Lymphocyte count 0.47813 2.03E-12
Control Biomarker Phosphate Cell count Monocyte count 0.08967 2.62E-12
Control Biomarker AST Cell count Haemoglobin 0.01304 6.06E-12
concentration
Control Biomarker HDL-C Cell count Neutrophil count -0.39754 6.09E-12
Control Biomarker CRP Cell count Platelet crit 0.00162 6.14E-12
Control Biomarker GGT Cell count Immature reticulocyte 0.00023 8.79E-12
fraction
Control Biomarker LDL-C Cell count Platelet count 6.74783 1.18E-11
Control Biomarker TG Cell count RBC count 0.03662 1.41E-11
Control Biomarker Albumin Cell count Eosinophil count -0.00423 1.59E-11
Control Biomarker HbA1c Cell count Reticulocyte count -0.00048 1.81E-11
Control Biomarker HDL-C Cell count HLSRC -0.00236 1.82E-11
Control Biomarker Urate Cell count Immature reticulocyte 0.00008 2.02E-11
fraction
Control Biomarker Urea Cell count Haematocrit percentage | -0.20617 3.33E-11
Control Biomarker Calcium Cell count WBC count 1.70695 3.80E-11
Control Biomarker CRP Cell count Platelet count 1.97218 5.62E-11
Control Biomarker Phosphate Cell count Eosinophil count 0.06235 6.24E-11
Control Biomarker TG Cell count Neutrophil count 0.14149 8.28E-11
Control Biomarker HDL-C Cell count Lymphocyte count -0.16462 9.83E-11
Control Biomarker Apo-B Cell count Platelet count 22.87279 1.33E-10
Control Biomarker Testosterone Cell count RBC count 0.01145 1.34E-10
Control Biomarker TC Cell count Platelet count 5.05183 1.45E-10
Control Biomarker HbA1c Cell count Eosinophil count 0.00245 1.61E-10
Control Biomarker Urate Cell count Haematocrit percentage | 0.00389 3.59E-10
Control Biomarker Phosphate Cell count Platelet crit 0.02296 5.42E-10
Control Biomarker SHBG Cell count RBC count -0.00142 1.42E-09
Control Biomarker Albumin Cell count Reticulocyte count 0.00073 1.59E-09
Control Biomarker TG Cell count Immature reticulocyte 0.00553 3.00E-09
fraction
Control Biomarker GGT Cell count Haematocrit percentage | 0.00997 7.48E-09
Control Biomarker Glucose Cell count Neutrophil percentage 0.86957 1.02E-08
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Control Biomarker HDL-C Cell count Reticulocyte percentage | -0.11797 1.13E-08
Control Biomarker Calcium Cell count Reticulocyte count 0.01932 1.17E-08
Control Biomarker CRP Cell count Immature reticulocyte 0.00181 1.39E-08
fraction
Control Biomarker HbA1c Cell count Platelet count 1.08602 1.50E-08
Control Biomarker AST Cell count HLSRC 0.00010 1.59E-08
Control Biomarker HDL-C Cell count Eosinophil count -0.02863 3.32E-08
Control Biomarker TC Cell count RBC count 0.02760 4.04E-08
Control Biomarker Apo-A Cell count WBC count -0.56181 4.17E-08
Control Biomarker Urea Cell count Mean reticulocyte -0.46505 4.66E-08
volume
Control Biomarker ALT Cell count Immature reticulocyte 0.00042 6.08E-08
fraction
Control Biomarker Apo-B Cell count Reticulocyte count 0.00782 7.24E-08
Control Biomarker SHBG Cell count Mean sphered cell 0.01930 1.14E-07
volume
Control Biomarker SHBG Cell count Platelet count -0.20995 1.39E-07
Control Biomarker Phosphate Cell count Platelet count 25.71181 1.68E-07
Control Biomarker ALT Cell count Lymphocyte percentage | 0.05172 1.69E-07
Control Biomarker ALT Cell count MCHC 0.00662 1.82E-07
Control Biomarker AST Cell count Neutrophil percentage -0.08976 2.08E-07
Control Biomarker HbA1c Cell count Monocyte count 0.00288 2.08E-07
Control Biomarker Apo-A Cell count Platelet distribution -0.15886 2.51E-07
width
Control Biomarker Total bilirubin Cell count Reticulocyte count 0.00044 2.59E-07
Control Biomarker Total bilirubin Cell count Eosinophil count -0.00232 2.68E-07
Control Biomarker Creatinine Cell count Mean corpuscular -0.01082 3.57E-07
haemoglobin
Control Biomarker ALT Cell count RDW -0.00531 4.00E-07
Control Biomarker GGT Cell count MCV 0.01357 4.12E-07
Control Biomarker SHBG Cell count Haemoglobin -0.00349 6.63E-07
concentration
Control Biomarker AST Cell count Haematocrit percentage | 0.03012 7.56E-07
Control Biomarker SHBG Cell count Immature reticulocyte -0.00020 8.07E-07
fraction
Control Biomarker Testosterone Cell count WBC count -0.04758 9.64E-07
Control Biomarker SHBG Cell count Haematocrit percentage | -0.01010 1.01E-06
Control Biomarker TG Cell count RDW -0.06363 1.09E-06
Control Biomarker CRP Cell count HLSRC 0.00023 1.16E-06
Control Biomarker CRP Cell count HLSRP 0.00505 1.18E-06
Control Biomarker Total protein Cell count Neutrophil count 0.02398 1.58E-06
Control Biomarker Urate Cell count WBC count 0.00196 1.60E-06
Control Biomarker AST Cell count HLSRP 0.00185 1.64E-06
Control Biomarker Apo-A Cell count Eosinophil count -0.03433 1.83E-06
Control Biomarker AST Cell count Lymphocyte percentage | 0.07441 1.83E-06
Control Biomarker Glucose Cell count Monocyte percentage -0.19014 2.21E-06
Control Biomarker Albumin Cell count Monocyte percentage -0.05769 2.49E-06
Control Biomarker Testosterone Cell count Mean reticulocyte 0.19816 2.50E-06
volume
Control Biomarker GGT Cell count MCHC 0.00281 2.60E-06
Control Biomarker HbA1c Cell count Lymphocyte percentage | 0.12231 2.79E-06
Control Biomarker AST Cell count Reticulocyte count 0.00022 3.12E-06
Control Biomarker Testosterone Cell count Neutrophil count -0.03621 4.11E-06
Control Biomarker HDL-C Cell count HLSRP -0.03870 5.12E-06
Control Biomarker ALT Cell count Neutrophil percentage -0.05378 5.80E-06
Control Biomarker Apo-A Cell count Lymphocyte count -0.16774 9.73E-06
Control Biomarker TG Cell count Platelet crit 0.00352 9.88E-06
Control Biomarker IGF 1 Cell count Neutrophil percentage 0.10565 9.93E-06
Control Biomarker Cystatin C Cell count Eosinophil percentage 0.94753 1.12E-05
Control Biomarker Testosterone Cell count Mean sphered cell 0.13075 1.57E-05
volume
Control Biomarker IGF 1 Cell count Lymphocyte percentage | -0.09114 1.68E-05
Control Biomarker TC Cell count Mean platelet volume -0.07293 1.71E-05
Control Biomarker Urate Cell count RBC count 0.00036 1.80E-05
Control Biomarker Total protein Cell count Monocyte count 0.00258 1.99E-05
Control Biomarker HbA1c Cell count Neutrophil percentage -0.13114 2.32E-05
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Control Biomarker Urea Cell count Mean sphered cell -0.27439 2.37E-05
volume
Control Biomarker Apo-B Cell count Platelet crit 0.01360 2.52E-05
Control Biomarker Glucose Cell count Monocyte count -0.01369 2.82E-05
Control Biomarker Phosphate Cell count Haemoglobin -0.38560 2.83E-05
concentration
Control Biomarker LDL-C Cell count Platelet crit 0.00383 3.04E-05
Control Biomarker Total bilirubin Cell count RDW -0.01324 3.06E-05
Control Biomarker TG Cell count Haematocrit percentage | 0.21728 3.27E-05
Control Biomarker Total bilirubin Cell count MCHC 0.01609 3.67E-05
Control Biomarker Apo-B Cell count Lymphocyte count 0.17879 4.34E-05
Control Biomarker TG Cell count Eosinophil count 0.00877 4.70E-05
Control Biomarker LDL-C Cell count Mean platelet volume -0.09032 4.74E-05
Control Biomarker Creatinine Cell count Platelet count -0.31725 5.47E-05
Control Biomarker GGT Cell count Lymphocyte count 0.00165 6.29E-05
Control Biomarker Creatinine Cell count Mean sphered cell -0.02887 6.41E-05
volume
Control Biomarker ALP Cell count Lymphocyte count 0.00180 6.45E-05
Control Biomarker TC Cell count Lymphocyte percentage | 0.47153 6.72E-05
Control Biomarker Vitamin D Cell count WBC count -0.00538 7.04E-05
Control Biomarker HDL-C Cell count Haemoglobin -0.19370 7.94E-05
concentration
Control Biomarker ALP Cell count Monocyte count 0.00047 8.62E-05
Control Biomarker Creatinine Cell count RBC count 0.00191 8.88E-05
Control Biomarker Total bilirubin Cell count Mean corpuscular 0.02812 9.03E-05
haemoglobin
Control Biomarker IGF 1 Cell count Lymphocyte count -0.00714 9.09E-05
Control Biomarker AST Cell count Mean corpuscular 0.01516 1.13E-04
haemoglobin
Control Biomarker Microalbumin in urine Cell count Neutrophil count 0.00329 1.32E-04
Control Biomarker TG Cell count Monocyte count 0.01153 1.41E-04
Control Biomarker AST Cell count Reticulocyte percentage | 0.00420 1.67E-04
Control Biomarker Glucose Cell count Reticulocyte percentage | 0.03796 1.78E-04
Control Biomarker Cystatin C Cell count Mean sphered cell -2.70092 2.12E-04
volume
Control Biomarker Calcium Cell count Neutrophil count 0.92006 2.50E-04
Control Biomarker Urate Cell count Neutrophil count 0.00133 2.65E-04
Control Biomarker ALT Cell count Lymphocyte count 0.00344 2.69E-04
Control Biomarker TC Cell count Platelet crit 0.00277 2.76E-04
Control Biomarker CRP Cell count RDW 0.01803 2.98E-04
Control Biomarker LDL-C Cell count Lymphocyte percentage | 0.57048 3.26E-04
Control Biomarker HDL-C Cell count Haematocrit percentage | -0.53795 3.55E-04
Control Biomarker Total bilirubin Cell count Neutrophil count -0.02205 3.67E-04
Control Biomarker AST Cell count Monocyte percentage 0.01782 3.85E-04
Control Biomarker Phosphate Cell count Basophil count 0.01292 4.66E-04
Control Biomarker Albumin Cell count Basophil percentage -0.00904 4.86E-04
Control Biomarker Glucose Cell count Reticulocyte count 0.00171 4.90E-04
Control Biomarker TG Cell count MCV -0.29482 4.92E-04
Control Biomarker Phosphate Cell count MCHC -0.33053 5.45E-04
Control Biomarker SHBG Cell count Lymphocyte count -0.00172 6.15E-04
Control Biomarker Microalbumin in urine Cell count WBC count 0.00390 6.96E-04
Control Biomarker SHBG Cell count Platelet crit -0.00013 8.35E-04
Control Biomarker Apo-B Cell count Lymphocyte percentage 1.94014 8.82E-04
Control Biomarker Glucose Cell count Lymphocyte percentage | -0.54758 9.86E-04
Control Biomarker Albumin Cell count HLSRC 0.00019 1.17E-03
Control Biomarker CRP Cell count Eosinophil count 0.00261 1.39E-03
Control Biomarker Calcium Cell count HLSRC 0.00518 1.49E-03
Control Biomarker Apo-B Cell count Mean platelet volume -0.28073 1.54E-03
Control Biomarker Creatinine Cell count MCV -0.02109 1.64E-03
Control Biomarker Apo-B Cell count HLSRC 0.00217 1.68E-03
Control Biomarker TG Cell count Platelet count 3.71396 1.74E-03
Control Biomarker AST Cell count Neutrophil count -0.01125 1.76E-03
Control Biomarker Cystatin C Cell count Reticulocyte count 0.01050 2.03E-03
Control Biomarker Creatinine Cell count Platelet crit -0.00022 2.30E-03
Control Biomarker Glucose Cell count Lymphocyte count -0.04364 2.37E-03
Control Biomarker Vitamin D Cell count Neutrophil count -0.00372 2.38E-03
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Control Biomarker Sodium in urine Cell count Haemoglobin -0.00124 2.43E-03
concentration
Control Biomarker Phosphate Cell count Mean corpuscular -0.55789 2.63E-03
haemoglobin
Control Biomarker HbA1c Cell count Neutrophil count 0.01822 3.23E-03
Control Biomarker Urate Cell count Lymphocyte count 0.00052 3.61E-03
Control Biomarker ALP Cell count MCV -0.01089 4.28E-03
Control Biomarker Testosterone Cell count Monocyte count -0.00327 4.37E-03
Control Biomarker Urate Cell count MCHC 0.00080 4.39E-03
Control Biomarker TC Cell count MCHC 0.05138 4.44E-03
Control Biomarker Apo-A Cell count Neutrophil count -0.30815 4.67E-03
Control Biomarker Albumin Cell count Lymphocyte count 0.01275 5.93E-03
Control Biomarker Sodium in urine Cell count Haematocrit percentage | -0.00348 6.35E-03
Control Biomarker Vitamin D Cell count Lymphocyte count -0.00154 6.90E-03
Control Biomarker GGT Cell count Mean sphered cell 0.01182 6.91E-03
volume
Control Biomarker SHBG Cell count WBC count -0.00449 7.80E-03
Control Biomarker ALP Cell count Mean corpuscular -0.00412 8.74E-03
haemoglobin
Control Biomarker Calcium Cell count RDW -0.43547 9.18E-03
Control Biomarker Albumin Cell count Reticulocyte percentage | 0.00973 1.08E-02
Control Biomarker HbA1c Cell count HLSRP -0.00224 1.09E-02
Control Biomarker Cystatin C Cell count HLSRC 0.00367 1.12E-02
Control Biomarker Albumin Cell count Monocyte count -0.00329 1.15E-02
Control Biomarker Urea Cell count RBC count -0.01437 1.18E-02
Control Biomarker Apo-B Cell count Reticulocyte percentage | 0.11177 1.28E-02
Control Biomarker HbA1c Cell count Haematocrit percentage | -0.03523 1.44E-02
Control Biomarker Urate Cell count Platelet distribution 0.00041 1.73E-02
width
Control Biomarker Potassium in urine Cell count MCV 0.00589 1.77E-02
Control Biomarker Total bilirubin Cell count Reticulocyte percentage | 0.00634 1.78E-02
Control Biomarker SHBG Cell count Mean reticulocyte 0.01841 1.80E-02
volume
Control Biomarker Phosphate Cell count Eosinophil percentage 0.50153 1.82E-02
Control Biomarker GGT Cell count RDW -0.00165 1.86E-02
Control Biomarker SHBG Cell count Mean platelet volume 0.00264 1.98E-02
Control Biomarker Sodium in urine Cell count Immature reticulocyte 0.00007 1.99E-02
fraction
Control Biomarker Potassium in urine Cell count WBC count -0.00238 2.17E-02
Control Biomarker Cystatin C Cell count Mean corpuscular -0.71164 2.24E-02
haemoglobin
Control Biomarker IGF 1 Cell count Immature reticulocyte -0.00054 2.25E-02
fraction
Control Biomarker Potassium in urine Cell count Mean corpuscular 0.00228 2.29E-02
haemoglobin
Control Biomarker Glucose Cell count Eosinophil percentage -0.10761 2.37E-02
Control Biomarker IGF 1 Cell count Eosinophil count -0.00110 2.53E-02
Control Biomarker HbA1c Cell count Eosinophil percentage 0.01970 2.55E-02
Control Biomarker Testosterone Cell count HLSRP -0.00334 2.95E-02
Control Biomarker AST Cell count MCHC 0.00662 2.95E-02
Control Biomarker Glucose Cell count HLSRC 0.00054 3.09E-02
Control Biomarker Cystatin C Cell count RDW 0.31707 3.20E-02
Control Biomarker LDL-C Cell count Mean reticulocyte -0.47514 3.40E-02
volume
Control Biomarker Total protein Cell count Mean corpuscular -0.01991 3.45E-02
haemoglobin
Control Biomarker HbA1c Cell count Immature reticulocyte 0.00067 3.81E-02
fraction
Control Biomarker Potassium in urine Cell count Neutrophil count -0.00182 3.87E-02
Control Biomarker Testosterone Cell count Reticulocyte percentage | -0.00857 4.28E-02
Control Biomarker ALT Cell count Mean corpuscular 0.00760 4.63E-02
haemoglobin
Control Biomarker Albumin Cell count Lymphocyte percentage | 0.13800 4.95E-02
D2AF Biomarker Sodium in urine Diet Fresh fruit intake -4.18853 7.97E-18
D2AF Biomarker Sodium in urine Diet Cereal intake -2.13206 1.29E-17
D2AF Biomarker Sodium in urine Diet Salt added to food 0.00555 2.36E-14
D2AF Biomarker Apo-A Diet Cereal intake -0.01080 7.59E-14
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D2AF Biomarker Urate Diet Cereal intake -2.77218 3.53E-10
D2AF Biomarker Cystatin C Diet White bread intake 1.51668 1.10E-08
D2AF Biomarker Cystatin C Diet Wholegrain bread intake | -1.49993 1.69E-08
D2AF Biomarker HDL-C Diet Cereal intake -0.01149 8.62E-09
D2AF Biomarker Sodium in urine Diet Bread intake 0.54637 1.08E-08
D2AF Biomarker Apo-A Diet Never eat cereal 0.96949 1.18E-07
D2AF Biomarker IGF 1 Diet Salt added to food -0.03132 1.54E-07
D2AF Biomarker TC Diet Fresh fruit intake -0.07335 3.04E-07
D2AF Biomarker Vitamin D Diet Cereal intake 0.62944 4.70E-07
D2AF Biomarker Sodium in urine Diet Processed meat intake 0.00394 4.60E-07
D2AF Biomarker Sodium in urine Diet White bread intake 0.00448 2.87E-06
D2AF Biomarker Creatinine (enzymatic) in Diet Fresh fruit intake -349.27164 5.23E-07
urine
D2AF Biomarker HDL-C Diet Never eat cereal 0.67073 3.89E-06
D2AF Biomarker IGF 1 Diet Cereal intake 0.18256 7.71E-07
D2AF Biomarker TC Diet Cereal intake -0.03577 1.70E-06
D2AF Biomarker Urate Diet Never eat cereal 0.00289 1.80E-05
D2AF Biomarker GGT Diet Cereal intake -2.00823 4.42E-06
D2AF Biomarker Sodium in urine Diet Wholegrain bread intake | -0.00407 5.68E-05
D2AF Biomarker Cystatin C Diet Full cream milk intake 1.74247 7.67E-05
D2AF Biomarker Vitamin D Diet Full cream milk intake -0.01529 8.34E-05
D2AF Biomarker IGF 1 Diet Wholegrain bread intake | 0.02979 9.34E-05
D2AF Biomarker Sodium in urine Diet Never eat cereal 0.00447 1.11E-04
D2AF Biomarker AST Diet Eat wheat -0.01259 3.48E-04
D2AF Biomarker LDL-C Diet Fresh fruit intake -0.04559 1.02E-04
D2AF Biomarker IGF 1 Diet Never eat cereal -0.03324 6.21E-04
D2AF Biomarker Cystatin C Diet Skimmed milk intake -1.43994 9.03E-04
D2AF Biomarker Creatinine (enzymatic) in Diet Cooked vegetable intake | -260.66561 2.29E-04
urine
D2AF Biomarker Creatinine (enzymatic) in Diet Other cereal intake 0.00003 1.54E-03
urine
D2AF Biomarker ALP Diet Instant coffee intake 0.00633 2.08E-03
D2AF Biomarker Sodium in urine Diet Muesli intake -0.00576 2.19E-03
D2AF Biomarker Vitamin D Diet Never eat cereal -0.00945 2.58E-03
D2AF Biomarker AST Diet Eat eggs dairy wheat -0.01131 3.34E-03
sugar
D2AF Biomarker Cystatin C Diet Non oily fish intake -0.91877 6.72E-04
D2AF Biomarker AST Diet Eat eggs -0.01158 4.10E-03
D2AF Biomarker IGF 1 Diet White bread intake -0.02639 5.06E-03
D2AF Biomarker Cystatin C Diet Cooked vegetable intake | -0.00653 8.83E-04
D2AF Biomarker GGT Diet Never eat cereal 0.00233 5.28E-03
D2AF Biomarker ALP Diet Ground coffee intake -0.00862 5.68E-03
D2AF Biomarker Cystatin C Diet Salt added to food 0.86481 1.12E-03
D2AF Biomarker IGF 1 Diet Oat cereal intake 0.03217 6.76E-03
D2AF Biomarker CRP Diet Cereal intake -0.08687 1.20E-03
D2AF Biomarker HDL-C Diet Other cereal intake -0.58454 7.90E-03
D2AF Biomarker Creatinine (enzymatic) in Diet Wholegrain bread intake | -0.00003 1.03E-02
urine
D2AF Biomarker Sodium in urine Diet Oat cereal intake -0.00448 1.05E-02
D2AF Biomarker Urea Diet Cereal intake 0.03198 2.11E-03
D2AF Biomarker Urea Diet Bread intake 0.01138 2.28E-03
D2AF Biomarker AST Diet Eat dairy -0.01068 1.54E-02
D2AF Biomarker Creatinine (enzymatic) in Diet Cereal intake -128.58148 3.35E-03
urine
D2AF Biomarker HDL-C Diet Eat eggs -0.49859 2.09E-02
D2AF Biomarker TC Diet Never eat cereal 0.13840 2.20E-02
D2AF Biomarker Apo-B Diet Fresh fruit intake -0.01074 3.85E-03
D2AF Biomarker Apo-B Diet Cereal intake -0.00545 4.51E-03
D2AF Biomarker Albumin Diet Salad / raw vegetable 0.10546 4.54E-03
intake
D2AF Biomarker Vitamin D Diet Fresh fruit intake 0.85584 5.80E-03
D2AF Biomarker Sodium in urine Diet Other cereal intake 0.00364 3.60E-02
D2AF Biomarker Cystatin C Diet Ground coffee intake -1.41241 3.69E-02
D2AF Biomarker Creatinine Diet Semi skimmed milk 0.01061 3.71E-02
intake
D2AF Biomarker Cystatin C Diet Other cereal intake 1.05906 3.91E-02
D2AF Biomarker Cystatin C Diet Eat wheat 1.11025 3.96E-02
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D2AF Biomarker Vitamin D Diet Salad / raw vegetable 0.77758 8.48E-03
intake
D2AF Biomarker TG Diet Processed meat intake 0.11056 1.07E-02
D2AF Biomarker HDL-C Diet Non oily fish intake 0.34921 2.06E-02
D2AF Biomarker Urea Diet Lamb/mutton intake 0.08359 2.67E-02
D2AF Biomarker GGT Diet Lamb/mutton intake 0.00170 2.71E-02
D2AF Biomarker Apo-A Diet Fresh fruit intake -0.00963 3.43E-02
D2AF Biomarker LDL-C Diet Cereal intake -0.01691 4.92E-02
D2AF Cell count Mean sphered cell volume | Diet Never eat cereal 0.05429 2.05E-14
D2AF Cell count MCV Diet Never eat cereal 0.05706 4.72E-11
D2AF Cell count Mean corpuscular Diet Never eat cereal 0.14481 9.99E-11
haemoglobin
D2AF Cell count Mean reticulocyte volume Diet Never eat cereal 0.03299 8.54E-09
D2AF Cell count WBC count Diet White bread intake 0.11303 2.89E-07
D2AF Cell count RBC count Diet Eat eggs dairy wheat 0.57114 1.03E-06
sugar
D2AF Cell count Neutrophil count Diet White bread intake 0.14187 1.12E-06
D2AF Cell count RBC count Diet Eat dairy 0.56925 2.26E-06
D2AF Cell count RBC count Diet Eat eggs 0.58217 2.60E-06
D2AF Cell count RBC count Diet Eat wheat 0.53699 2.14E-05
D2AF Cell count Neutrophil count Diet Ground coffee intake -0.17542 6.80E-04
D2AF Cell count RBC count Diet Never eat cereal -0.46556 7.72E-04
D2AF Cell count WBC count Diet Wholegrain bread intake | -0.08651 8.68E-04
D2AF Cell count WBC count Diet Ground coffee intake -0.13163 1.30E-03
D2AF Cell count HLSRP Diet Never eat cereal 0.80868 2.24E-03
D2AF Cell count RDW Diet Full cream milk intake 0.24535 2.32E-03
D2AF Cell count Neutrophil count Diet Wholegrain bread intake | -0.10667 2.89E-03
D2AF Cell count MCV Diet Eat eggs -0.03581 3.87E-03
D2AF Cell count Mean corpuscular Diet Oat cereal intake -0.09758 4.14E-03
haemoglobin
D2AF Cell count Reticulocyte percentage Diet Never eat cereal 0.30203 8.64E-03
D2AF Cell count Immature reticulocyte Diet Never eat cereal 2.79242 1.09E-02
fraction
D2AF Cell count Mean sphered cell volume | Diet Semi skimmed milk -0.02412 1.52E-02
intake
D2AF Cell count WBC count Diet Instant coffee intake 0.08405 1.62E-02
D2AF Cell count Haemoglobin Diet Eat eggs dairy wheat 0.14448 1.86E-02
concentration sugar
D2AF Cell count Haemoglobin Diet Eat dairy 0.14645 2.01E-02
concentration
D2AF Cell count Haematocrit percentage Diet Eat dairy 0.04964 2.61E-02
D2AF Cell count Haematocrit percentage Diet Eat eggs dairy wheat 0.04837 2.99E-02
sugar
D2AF Cell count MCV Diet Oat cereal intake -0.03418 3.59E-02
D2AF Cell count RDW Diet Wholegrain bread intake | -0.14506 3.98E-02
D2AF Cell count MCV Diet Eat eggs dairy wheat -0.03010 4.63E-02
sugar
D2AF Cell count Mean sphered cell volume | Diet Cereal intake -0.27703 3.34E-16
D2AF Cell count MCV Diet Cereal intake -0.20144 1.91E-11
D2AF Cell count Mean corpuscular Diet Cereal intake -0.07645 9.64E-11
haemoglobin
D2AF Cell count HLSRP Diet Cereal intake -0.00708 1.42E-07
D2AF Cell count Mean reticulocyte volume Diet Cereal intake -0.25439 5.63E-07
D2AF Cell count Immature reticulocyte Diet Cereal intake -0.00190 6.35E-07
fraction
D2AF Cell count Reticulocyte percentage Diet Cereal intake -0.01617 4.97E-06
D2AF Cell count HLSRC Diet Cereal intake -0.00029 8.31E-06
D2AF Cell count Neutrophil count Diet Fresh fruit intake -0.07042 3.73E-04
D2AF Cell count Neutrophil count Diet Cereal intake -0.03580 4.37E-04
D2AF Cell count WBC count Diet Cereal intake -0.04636 4.74E-04
D2AF Cell count Reticulocyte count Diet Cereal intake -0.00062 4.99E-04
D2AF Cell count WBC count Diet Fresh fruit intake -0.08745 1.02E-03
D2AF Cell count RDW Diet Cooked vegetable intake | -0.03632 5.97E-03
D2AF Cell count Mean sphered cell volume | Diet Fresh fruit intake -0.22874 3.37E-02
D2AF Cell count Mean sphered cell volume | Diet Salt added to food 0.02658 1.28E-05
D2AF Cell count WBC count Diet Salt added to food 0.07993 7.64E-05
D2AF Cell count MCV Diet Salt added to food 0.02762 2.56E-04
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D2AF Cell count WBC count Diet Processed meat intake 0.07296 4.60E-04

D2AF Cell count Neutrophil count Diet Processed meat intake 0.08477 4.55E-03

D2AF Cell count Neutrophil count Diet Salt added to food 0.08354 8.61E-03

D2AF Cell count Mean corpuscular Diet Salt added to food 0.05842 1.15E-02

haemoglobin

D2AF Cell count Mean reticulocyte volume Diet Salt added to food 0.01325 4.76E-02

D2AF Biomarker HDL-C Cell count Mean sphered cell 4.37776 5.18E-54
volume

D2AF Biomarker AST Cell count Mean corpuscular 0.03235 1.12E-49
haemoglobin

D2AF Biomarker Apo-A Cell count Mean sphered cell 5.44134 6.11E-48
volume

D2AF Biomarker AST Cell count MCV 0.07879 8.02E-45

D2AF Biomarker GGT Cell count Mean corpuscular 0.00632 3.57E-42
haemoglobin

D2AF Biomarker GGT Cell count Mean sphered cell 0.01826 2.47E-39
volume

D2AF Biomarker GGT Cell count MCV 0.01507 2.57E-36

D2AF Biomarker AST Cell count Mean sphered cell 0.08234 1.50E-35
volume

D2AF Biomarker AST Cell count Platelet count -0.82835 2.24E-32

D2AF Biomarker TG Cell count Reticulocyte count 0.00444 8.79E-31

D2AF Biomarker Apo-A Cell count MCV 3.73931 4.59E-30

D2AF Biomarker AST Cell count Platelet crit -0.00064 6.40E-30

D2AF Biomarker HDL-C Cell count MCV 2.78799 7.51E-29

D2AF Biomarker ALT Cell count Mean corpuscular 0.01960 1.88E-28
haemoglobin

D2AF Biomarker TG Cell count Reticulocyte percentage | 0.09228 1.30E-27

D2AF Biomarker ALT Cell count Haemoglobin 0.01068 1.42E-27
concentration

D2AF Biomarker Phosphate Cell count Lymphocyte count 0.75635 717E-27

D2AF Biomarker ALT Cell count Reticulocyte count 0.00024 1.24E-26

D2AF Biomarker SHBG Cell count Mean sphered cell 0.04417 3.35E-26
volume

D2AF Biomarker Apo-B Cell count Haemoglobin 0.75321 1.17E-24
concentration

D2AF Biomarker CRP Cell count Neutrophil count 0.06538 2.61E-24

D2AF Biomarker Total bilirubin Cell count Platelet crit -0.00208 3.01E-24

D2AF Biomarker Total bilirubin Cell count Platelet count -2.57919 3.30E-24

D2AF Biomarker ALT Cell count Reticulocyte percentage | 0.00500 3.36E-24

D2AF Biomarker Apo-B Cell count Haematocrit percentage | 2.12824 6.05E-23

D2AF Biomarker Apo-A Cell count Mean corpuscular 1.27772 1.45E-22
haemoglobin

D2AF Biomarker TG Cell count Platelet distribution 0.08202 2.06E-22
width

D2AF Biomarker Total bilirubin Cell count Haemoglobin 0.04380 2.26E-22
concentration

D2AF Biomarker TG Cell count HLSRC 0.00151 2.32E-22

D2AF Biomarker IGF 1 Cell count Mean sphered cell -0.16186 2.81E-22
volume

D2AF Biomarker CRP Cell count WBC count 0.08151 3.08E-22

D2AF Biomarker Calcium Cell count Haemoglobin 1.85724 2.04E-21
concentration

D2AF Biomarker LDL-C Cell count Haematocrit percentage | 0.56496 8.46E-21

D2AF Biomarker LDL-C Cell count Haemoglobin 0.19328 8.65E-21
concentration

D2AF Biomarker TG Cell count HLSRP 0.03179 1.40E-20

D2AF Biomarker TG Cell count Lymphocyte count 0.09966 1.67E-20

D2AF Biomarker Calcium Cell count Haematocrit percentage | 5.25944 5.18E-20

D2AF Biomarker IGF 1 Cell count RBC count 0.01042 1.03E-19

D2AF Biomarker Cystatin C Cell count RDW 0.92052 1.66E-19

D2AF Biomarker HbA1c Cell count Lymphocyte count 0.01776 1.89E-19

D2AF Biomarker ALT Cell count HLSRC 0.00008 3.84E-19

D2AF Biomarker IGF 1 Cell count Mean corpuscular -0.05013 8.72E-19
haemoglobin

D2AF Biomarker HDL-C Cell count Mean reticulocyte 3.61415 9.97E-19
volume
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D2AF Biomarker Calcium Cell count RBC count 0.63659 2.12E-18
D2AF Biomarker CRP Cell count Lymphocyte percentage | -0.30618 2.58E-18
D2AF Biomarker ALT Cell count MCV 0.04066 3.78E-18
D2AF Biomarker Cystatin C Cell count WBC count 1.78329 6.04E-18
D2AF Biomarker IGF 1 Cell count MCV -0.12531 7.08E-18
D2AF Biomarker ALT Cell count HLSRP 0.00170 1.53E-17
D2AF Biomarker Urate Cell count Reticulocyte percentage | 0.00105 2.01E-17
D2AF Biomarker Urate Cell count HLSRP 0.00041 3.54E-17
D2AF Biomarker Calcium Cell count Platelet crit 0.07669 3.55E-17
D2AF Biomarker HDL-C Cell count Mean corpuscular 0.85178 5.53E-17
haemoglobin
D2AF Biomarker Urate Cell count HLSRC 0.00002 7.18E-17
D2AF Biomarker HbA1c Cell count Mean corpuscular -0.04862 8.67E-17
haemoglobin
D2AF Biomarker Albumin Cell count Haemoglobin 0.05893 1.09E-16
concentration
D2AF Biomarker TC Cell count Haemoglobin 0.13089 1.11E-16
concentration
D2AF Biomarker Albumin Cell count RDW -0.04884 3.35E-16
D2AF Biomarker LDL-C Cell count RBC count 0.06331 3.58E-16
D2AF Biomarker Apo-B Cell count RBC count 0.22752 4.01E-16
D2AF Biomarker TG Cell count MCHC 0.12674 8.88E-16
D2AF Biomarker SHBG Cell count Platelet count -0.36603 1.15E-15
D2AF Biomarker TC Cell count Haematocrit percentage | 0.36936 1.90E-15
D2AF Biomarker GGT Cell count Platelet count -0.12365 2.49E-15
D2AF Biomarker Calcium Cell count Lymphocyte count 0.97219 6.07E-15
D2AF Biomarker Urate Cell count Reticulocyte count 0.00004 1.05E-14
D2AF Biomarker ALT Cell count Haematocrit percentage | 0.02329 1.20E-14
D2AF Biomarker Apo-A Cell count Mean reticulocyte 4.24004 1.41E-14
volume
D2AF Biomarker GGT Cell count Mean reticulocyte 0.01562 1.46E-14
volume
D2AF Biomarker HbA1c Cell count WBC count 0.04243 1.99E-14
D2AF Biomarker Total bilirubin Cell count Haematocrit percentage | 0.10418 2.75E-14
D2AF Biomarker HDL-C Cell count RBC count -0.15631 1.49E-13
D2AF Biomarker AST Cell count Reticulocyte percentage | 0.00485 1.51E-13
D2AF Biomarker GGT Cell count Platelet crit -0.00009 2.89E-13
D2AF Biomarker Urea Cell count Mean sphered cell -0.53854 4.75E-13
volume
D2AF Biomarker AST Cell count Monocyte percentage 0.01996 7.11E-13
D2AF Biomarker Calcium Cell count Platelet count 83.13003 9.88E-13
D2AF Biomarker Creatinine Cell count Mean corpuscular -0.01826 1.16E-12
haemoglobin
D2AF Biomarker Albumin Cell count Haematocrit percentage | 0.15137 1.53E-12
D2AF Biomarker Total bilirubin Cell count Mean corpuscular 0.06057 1.99E-12
haemoglobin
D2AF Biomarker ALT Cell count Platelet count -0.41996 2.04E-12
D2AF Biomarker Cystatin C Cell count Neutrophil count 1.15709 2.58E-12
D2AF Biomarker CRP Cell count Neutrophil percentage 0.28741 5.01E-12
D2AF Biomarker ALT Cell count Platelet crit -0.00033 6.70E-12
D2AF Biomarker IGF 1 Cell count Platelet count 1.26717 1.18E-11
D2AF Biomarker HDL-C Cell count Reticulocyte count -0.00902 1.29E-11
D2AF Biomarker TG Cell count Mean reticulocyte -0.91431 1.35E-11
volume
D2AF Biomarker Total bilirubin Cell count Reticulocyte count 0.00073 2.23E-11
D2AF Biomarker IGF 1 Cell count Platelet crit 0.00100 3.07E-11
D2AF Biomarker TC Cell count Platelet count 6.19290 4.01E-11
D2AF Biomarker CRP Cell count RDW 0.02950 4.46E-11
D2AF Biomarker SHBG Cell count Platelet crit -0.00025 8.88E-11
D2AF Biomarker AST Cell count Reticulocyte count 0.00020 1.53E-10
D2AF Biomarker Urea Cell count Mean corpuscular -0.16398 1.68E-10
haemoglobin
D2AF Biomarker Creatinine Cell count MCV -0.04294 1.83E-10
D2AF Biomarker CRP Cell count Monocyte count 0.00567 1.87E-10
D2AF Biomarker LDL-C Cell count Platelet count 8.03884 1.90E-10
D2AF Biomarker Urea Cell count MCV -0.41820 1.98E-10
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D2AF Biomarker AST Cell count Mean reticulocyte 0.06335 2.72E-10
volume
D2AF Biomarker Albumin Cell count RBC count 0.01734 3.97E-10
D2AF Biomarker GGT Cell count RBC count -0.00067 4.40E-10
D2AF Biomarker Creatinine Cell count Mean sphered cell -0.04926 4.52E-10
volume
D2AF Biomarker CRP Cell count Platelet count 1.90774 5.09E-10
D2AF Biomarker CRP Cell count Platelet crit 0.00153 5.44E-10
D2AF Biomarker AST Cell count Neutrophil percentage -0.06624 1.22E-09
D2AF Biomarker ALT Cell count MCHC 0.00584 1.55E-09
D2AF Biomarker SHBG Cell count MCV 0.02371 2.54E-09
D2AF Biomarker SHBG Cell count Mean reticulocyte 0.03759 2.57E-09
volume
D2AF Biomarker SHBG Cell count HLSRC -0.00005 3.36E-09
D2AF Biomarker Microalbumin in urine Cell count Neutrophil count 0.00611 3.75E-09
D2AF Biomarker HDL-C Cell count HLSRC -0.00322 3.77E-09
D2AF Biomarker Phosphate Cell count Platelet crit 0.03433 3.99E-09
D2AF Biomarker Urea Cell count Haemoglobin -0.08505 4.66E-09
concentration
D2AF Biomarker Phosphate Cell count WBC count 1.25969 5.95E-09
D2AF Biomarker Calcium Cell count WBC count 2.12168 6.29E-09
D2AF Biomarker TG Cell count Haemoglobin 0.11065 8.07E-09
concentration
D2AF Biomarker HbA1c Cell count MCV -0.09291 1.09E-08
D2AF Biomarker TG Cell count WBC count 0.18582 1.13E-08
D2AF Biomarker Phosphate Cell count Platelet count 41.60185 1.27E-08
D2AF Biomarker HDL-C Cell count Platelet distribution -0.16950 1.50E-08
width
D2AF Biomarker GGT Cell count Platelet distribution 0.00082 1.51E-08
width
D2AF Biomarker ALT Cell count Neutrophil percentage -0.04940 1.91E-08
D2AF Biomarker Apo-A Cell count RBC count -0.16683 2.14E-08
D2AF Biomarker GGT Cell count HLSRP 0.00033 2.20E-08
D2AF Biomarker SHBG Cell count RBC count -0.00180 2.31E-08
D2AF Biomarker Phosphate Cell count Neutrophil percentage -5.69246 2.68E-08
D2AF Biomarker AST Cell count Neutrophil count -0.01024 2.69E-08
D2AF Biomarker GGT Cell count Reticulocyte percentage | 0.00083 2.71E-08
D2AF Biomarker AST Cell count HLSRP 0.00154 3.15E-08
D2AF Biomarker Phosphate Cell count Eosinophil count 0.07979 3.72E-08
D2AF Biomarker Urate Cell count Immature reticulocyte 0.00008 4.51E-08
fraction
D2AF Biomarker ALT Cell count RDW -0.00515 4.95E-08
D2AF Biomarker Total bilirubin Cell count WBC count -0.04686 5.08E-08
D2AF Biomarker ALT Cell count Lymphocyte percentage | 0.04257 5.12E-08
D2AF Biomarker Microalbumin in urine Cell count WBC count 0.00749 5.72E-08
D2AF Biomarker TG Cell count Mean sphered cell -0.57161 5.97E-08
volume
D2AF Biomarker Apo-B Cell count Platelet count 25.73464 6.07E-08
D2AF Biomarker AST Cell count Platelet distribution 0.00376 6.97E-08
width
D2AF Biomarker Cystatin C Cell count Eosinophil count 0.08160 7.44E-08
D2AF Biomarker GGT Cell count Monocyte percentage 0.00340 7.84E-08
D2AF Biomarker Phosphate Cell count Monocyte count 0.11646 8.11E-08
D2AF Biomarker Total protein Cell count Monocyte count 0.00430 1.05E-07
D2AF Biomarker Total bilirubin Cell count Reticulocyte percentage | 0.01355 1.07E-07
D2AF Biomarker IGF 1 Cell count Neutrophil percentage 0.14682 1.29E-07
D2AF Biomarker SHBG Cell count Reticulocyte count -0.00011 1.44E-07
D2AF Biomarker HbA1c Cell count RDW 0.01581 1.95E-07
D2AF Biomarker ALT Cell count Platelet distribution 0.00288 2.27E-07
width
D2AF Biomarker AST Cell count HLSRC 0.00007 3.49E-07
D2AF Biomarker ALT Cell count Monocyte percentage 0.01224 3.75E-07
D2AF Biomarker AST Cell count Haemoglobin 0.00740 3.77E-07
concentration
D2AF Biomarker SHBG Cell count HLSRP -0.00090 4.83E-07
D2AF Biomarker Total bilirubin Cell count Lymphocyte count -0.01619 5.18E-07
D2AF Biomarker TG Cell count RDW -0.08415 6.03E-07
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D2AF Biomarker Urea Cell count Haematocrit percentage | -0.22188 6.69E-07
D2AF Biomarker LDL-C Cell count Platelet crit 0.00541 8.22E-07
D2AF Biomarker Phosphate Cell count Lymphocyte percentage | 4.59689 1.00E-06
D2AF Biomarker Cystatin C Cell count Monocyte count 0.11368 1.02E-06
D2AF Biomarker Total bilirubin Cell count MCV 0.11848 1.28E-06
D2AF Biomarker Albumin Cell count Mean reticulocyte -0.28941 1.28E-06
volume
D2AF Biomarker Testosterone Cell count Mean sphered cell 0.15510 1.56E-06
volume
D2AF Biomarker Albumin Cell count Reticulocyte count 0.00088 2.06E-06
D2AF Biomarker HDL-C Cell count Reticulocyte percentage | -0.15348 2.12E-06
D2AF Biomarker SHBG Cell count Mean corpuscular 0.00793 2.12E-06
haemoglobin
D2AF Biomarker ALT Cell count Neutrophil count -0.00722 2.63E-06
D2AF Biomarker HbA1c Cell count MCHC -0.01552 3.12E-06
D2AF Biomarker Total protein Cell count Lymphocyte count 0.01446 5.63E-06
D2AF Biomarker ALP Cell count Platelet distribution 0.00169 5.75E-06
width
D2AF Biomarker HDL-C Cell count Lymphocyte count -0.18489 6.15E-06
D2AF Biomarker Total protein Cell count RBC count 0.00852 7.95E-06
D2AF Biomarker TC Cell count Platelet crit 0.00378 9.76E-06
D2AF Biomarker IGF 1 Cell count Mean reticulocyte -0.12175 9.80E-06
volume
D2AF Biomarker Apo-B Cell count Platelet crit 0.01815 1.02E-05
D2AF Biomarker SHBG Cell count WBC count -0.00707 1.13E-05
D2AF Biomarker ALP Cell count WBC count 0.00572 1.25E-05
D2AF Biomarker SHBG Cell count Immature reticulocyte -0.00023 1.29E-05
fraction
D2AF Biomarker GGT Cell count HLSRC 0.00001 1.67E-05
D2AF Biomarker TC Cell count RBC count 0.02980 1.97E-05
D2AF Biomarker HbA1c Cell count Neutrophil count 0.02157 2.03E-05
D2AF Biomarker AST Cell count Lymphocyte percentage | 0.04602 2.09E-05
D2AF Biomarker IGF 1 Cell count Lymphocyte percentage | -0.11269 2.11E-05
D2AF Biomarker Apo-A Cell count Platelet distribution -0.18334 2.86E-05
width
D2AF Biomarker SHBG Cell count Mean platelet volume 0.00414 3.19E-05
D2AF Biomarker TG Cell count Immature reticulocyte 0.00491 3.23E-05
fraction
D2AF Biomarker Total protein Cell count Haematocrit percentage | 0.06465 3.63E-05
D2AF Biomarker HDL-C Cell count HLSRP -0.05548 4.30E-05
D2AF Biomarker Albumin Cell count Mean sphered cell -0.19188 4.43E-05
volume
D2AF Biomarker IGF 1 Cell count Monocyte percentage -0.03309 4.78E-05
D2AF Biomarker ALP Cell count RDW 0.00271 5.34E-05
D2AF Biomarker TC Cell count Mean platelet volume -0.08026 5.50E-05
D2AF Biomarker HbA1c Cell count Platelet crit 0.00073 5.81E-05
D2AF Biomarker ALT Cell count Mean sphered cell 0.02722 6.31E-05
volume
D2AF Biomarker Phosphate Cell count Basophil count 0.02138 6.51E-05
D2AF Biomarker Testosterone Cell count Haematocrit percentage | 0.07465 7.95E-05
D2AF Biomarker ALP Cell count Neutrophil count 0.00413 9.11E-05
D2AF Biomarker SHBG Cell count Neutrophil count -0.00508 9.60E-05
D2AF Biomarker Testosterone Cell count Haemoglobin 0.02526 1.11E-04
concentration
D2AF Biomarker Urate Cell count MCHC 0.00107 1.29E-04
D2AF Biomarker Testosterone Cell count MCV 0.11593 1.39E-04
D2AF Biomarker GGT Cell count Immature reticulocyte 0.00007 1.45E-04
fraction
D2AF Biomarker Cystatin C Cell count Lymphocyte percentage | -4.08643 1.70E-04
D2AF Biomarker Glucose Cell count Reticulocyte percentage | 0.04311 2.28E-04
D2AF Biomarker Microalbumin in urine Cell count RDW 0.00294 2.29E-04
D2AF Biomarker SHBG Cell count Reticulocyte percentage | -0.00187 2.72E-04
D2AF Biomarker Total bilirubin Cell count Neutrophil count -0.02806 3.14E-04
D2AF Biomarker Apo-B Cell count Lymphocyte count 0.21718 3.85E-04
D2AF Biomarker AST Cell count Mean platelet volume 0.00613 3.90E-04
D2AF Biomarker HDL-C Cell count WBC count -0.44031 4.26E-04
D2AF Biomarker SHBG Cell count RDW 0.00311 4.28E-04
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D2AF Biomarker SHBG Cell count Monocyte percentage 0.00774 4.48E-04
D2AF Biomarker Testosterone Cell count Mean reticulocyte 0.17613 4.52E-04
volume
D2AF Biomarker IGF 1 Cell count Haematocrit percentage | 0.04229 5.64E-04
D2AF Biomarker Total protein Cell count Haemoglobin 0.02008 5.69E-04
concentration
D2AF Biomarker Total bilirubin Cell count MCHC 0.01866 5.87E-04
D2AF Biomarker GGT Cell count Monocyte count 0.00021 5.88E-04
D2AF Biomarker AST Cell count MCHC 0.00520 6.75E-04
D2AF Biomarker HDL-C Cell count Eosinophil count -0.02845 7.06E-04
D2AF Biomarker CRP Cell count Basophil count 0.00084 7.92E-04
D2AF Biomarker IGF 1 Cell count Basophil percentage -0.00522 7.93E-04
D2AF Biomarker Calcium Cell count RDW -0.74671 1.10E-03
D2AF Biomarker Sodium in urine Cell count Immature reticulocyte 0.00010 1.21E-03
fraction
D2AF Biomarker HbA1c Cell count Eosinophil count 0.00159 1.37E-03
D2AF Biomarker Urate Cell count Mean corpuscular 0.00199 1.48E-03
haemoglobin
D2AF Biomarker Apo-A Cell count Mean platelet volume -0.33333 1.50E-03
D2AF Biomarker AST Cell count RBC count -0.00209 1.54E-03
D2AF Biomarker GGT Cell count Reticulocyte count 0.00003 1.98E-03
D2AF Biomarker Testosterone Cell count Mean corpuscular 0.04062 2.33E-03
haemoglobin
D2AF Biomarker TG Cell count Lymphocyte percentage | 0.52932 2.48E-03
D2AF Biomarker Total protein Cell count Neutrophil percentage -0.14911 2.51E-03
D2AF Biomarker Glucose Cell count HLSRP 0.01543 2.76E-03
D2AF Biomarker Total protein Cell count Platelet crit 0.00085 3.33E-03
D2AF Biomarker Total bilirubin Cell count HLSRC 0.00018 3.57E-03
D2AF Biomarker Cystatin C Cell count Eosinophil percentage 0.75798 4.01E-03
D2AF Biomarker CRP Cell count Haemoglobin -0.02120 5.12E-03
concentration
D2AF Biomarker LDL-C Cell count Mean platelet volume -0.08968 5.23E-03
D2AF Biomarker IGF 1 Cell count Platelet distribution -0.00641 5.36E-03
width
D2AF Biomarker IGF 1 Cell count Neutrophil count 0.01703 5.99E-03
D2AF Biomarker CRP Cell count Immature reticulocyte 0.00115 6.66E-03
fraction
D2AF Biomarker Calcium Cell count Reticulocyte count 0.01856 7.44E-03
D2AF Biomarker Total protein Cell count Platelet count 1.01978 7.51E-03
D2AF Biomarker Phosphate Cell count Eosinophil percentage 0.70745 7.75E-03
D2AF Biomarker HbA1c Cell count Immature reticulocyte 0.00072 9.35E-03
fraction
D2AF Biomarker Microalbumin in urine Cell count Lymphocyte percentage | -0.02070 1.05E-02
D2AF Biomarker Microalbumin in urine Cell count Mean sphered cell 0.01607 1.05E-02
volume
D2AF Biomarker Total bilirubin Cell count Eosinophil count -0.00207 1.08E-02
D2AF Biomarker HbA1c Cell count Monocyte count 0.00213 1.28E-02
D2AF Biomarker Vitamin D Cell count WBC count -0.00626 1.30E-02
D2AF Biomarker AST Cell count WBC count -0.00869 1.32E-02
D2AF Biomarker Glucose Cell count Reticulocyte count 0.00166 1.33E-02
D2AF Biomarker Calcium Cell count Lymphocyte percentage | 5.45991 1.63E-02
D2AF Biomarker Glucose Cell count Haematocrit percentage | -0.21020 1.70E-02
D2AF Biomarker Microalbumin in urine Cell count Neutrophil percentage 0.02285 1.81E-02
D2AF Biomarker Cystatin C Cell count Reticulocyte count 0.01087 2.05E-02
D2AF Biomarker ALT Cell count Immature reticulocyte 0.00022 2.14E-02
fraction
D2AF Biomarker AST Cell count Haematocrit percentage | 0.01463 2.19E-02
D2AF Biomarker Glucose Cell count Platelet crit -0.00324 2.28E-02
D2AF Biomarker HbA1c Cell count Basophil count 0.00045 2.92E-02
D2AF Biomarker AST Cell count Monocyte count 0.00082 2.95E-02
D2AF Biomarker IGF 1 Cell count HLSRP -0.00237 3.07E-02
D2AF Biomarker Glucose Cell count Monocyte count -0.01146 3.47E-02
D2AF Biomarker Urea Cell count Mean reticulocyte -0.36818 4.35E-02
volume
D2AF Biomarker IGF 1 Cell count Haemoglobin 0.01174 4.82E-02
concentration
D2AF Biomarker Total bilirubin Cell count RBC count 0.00628 4.90E-02
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DW2 Cell count Mean sphered cell volume | Diet Cereal intake -0.41529 3.10E-02

DW2 Biomarker Albumin Cell count RBC count 0.05841 1.62E-14

DW2 Biomarker Total bilirubin Cell count Platelet crit -0.00349 6.21E-12

DW2 Biomarker Total bilirubin Cell count Platelet count -4.33439 9.39E-12

DW2 Biomarker Albumin Cell count Haemoglobin 0.15228 2.83E-11
concentration

DW2 Biomarker Total bilirubin Cell count Mean sphered cell 0.40959 1.08E-10
volume

DW2 Biomarker Total bilirubin Cell count MCV 0.33276 1.12E-09

DW2 Biomarker AST Cell count Mean sphered cell 0.10381 1.48E-09
volume

DW2 Biomarker IGF 1 Cell count Platelet count 3.65058 2.40E-09

DW2 Biomarker SHBG Cell count Mean sphered cell 0.08550 4.90E-09
volume

DW2 Biomarker IGF 1 Cell count Mean sphered cell -0.35245 6.01E-09
volume

DW2 Biomarker Albumin Cell count Mean reticulocyte -0.81501 7.60E-09
volume

DW2 Biomarker Albumin Cell count Haematocrit percentage | 0.38552 1.02E-08

DW2 Biomarker Total bilirubin Cell count Mean corpuscular 0.12303 1.36E-08
haemoglobin

DW2 Biomarker SHBG Cell count Mean reticulocyte 0.09641 1.85E-08
volume

DW2 Biomarker Albumin Cell count Mean sphered cell -0.69025 1.97E-08
volume

DW2 Biomarker AST Cell count Platelet count -0.98075 5.90E-08

DW2 Biomarker IGF 1 Cell count Platelet crit 0.00269 1.31E-07

DW2 Biomarker SHBG Cell count RBC count -0.00517 7.80E-07

DW2 Biomarker LDL-C Cell count Platelet count 23.29152 9.83E-07

DW2 Biomarker CRP Cell count Neutrophil count 0.10005 1.03E-06

DW2 Biomarker ALP Cell count Mean sphered cell 0.04317 1.51E-06
volume

DW2 Biomarker AST Cell count Platelet crit -0.00072 1.71E-06

DW2 Biomarker Total bilirubin Cell count Mean reticulocyte 0.38791 1.75E-06
volume

DW2 Biomarker TC Cell count Platelet count 17.40191 2.26E-06

DW2 Biomarker IGF 1 Cell count Mean reticulocyte -0.34787 5.71E-06
volume

DW2 Biomarker IGF 1 Cell count RBC count 0.02011 8.01E-06

DW2 Biomarker HbA1c Cell count Mean corpuscular -0.10774 9.88E-06
haemoglobin

DW2 Biomarker Urea Cell count Mean sphered cell -1.33486 1.08E-05
volume

DW2 Biomarker Apo-B Cell count Platelet count 78.56808 1.41E-05

DW2 Biomarker ALP Cell count Mean reticulocyte 0.04682 1.62E-05
volume

DW2 Biomarker Albumin Cell count RDW -0.10486 1.87E-05

DW2 Biomarker AST Cell count MCV 0.06894 3.84E-05

DW2 Biomarker LDL-C Cell count Platelet crit 0.01630 9.98E-05

DW2 Biomarker SHBG Cell count MCV 0.05582 1.31E-04

DW2 Biomarker GGT Cell count Mean sphered cell 0.01619 1.57E-04
volume

DW2 Biomarker CRP Cell count WBC count 0.11370 1.59E-04

DW2 Biomarker IGF 1 Cell count RDW -0.04881 1.60E-04

DW2 Biomarker TG Cell count Haemoglobin 0.31159 1.72E-04
concentration

DW2 Biomarker IGF 1 Cell count Mean platelet volume -0.04660 2.31E-04

DW2 Biomarker TC Cell count Platelet crit 0.01209 2.35E-04

DW2 Biomarker TC Cell count Haematocrit percentage | 0.81639 2.51E-04

DW2 Biomarker SHBG Cell count Platelet count -0.65506 2.61E-04

DW2 Biomarker TG Cell count Mean reticulocyte -1.79160 3.78E-04
volume

DW2 Biomarker HbA1c Cell count MCV -0.24579 4.22E-04

DW2 Biomarker AST Cell count Mean corpuscular 0.02442 5.51E-04
haemoglobin

DwW2 Biomarker Total bilirubin Cell count Platelet distribution 0.02451 5.52E-04

width
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DW2 Biomarker TG Cell count RBC count 0.10292 5.79E-04

DW2 Biomarker LDL-C Cell count Haematocrit percentage 1.02368 8.15E-04

DW2 Biomarker Apo-B Cell count Platelet crit 0.05473 8.55E-04

DW2 Biomarker TG Cell count Haematocrit percentage | 0.81749 1.13E-03

DW2 Biomarker Cystatin C Cell count Lymphocyte percentage | -8.24615 2.05E-03

DW2 Biomarker AST Cell count Mean reticulocyte 0.08157 2.14E-03
volume

DW2 Biomarker TC Cell count Haemoglobin 0.26708 2.15E-03
concentration

DW2 Biomarker IGF 1 Cell count MCV -0.20724 2.32E-03

DW2 Biomarker ALP Cell count MCV 0.02873 2.34E-03

DW2 Biomarker CRP Cell count Immature reticulocyte 0.00301 2.74E-03
fraction

DW2 Biomarker Calcium Cell count RBC count 1.09643 3.22E-03

DW2 Biomarker Urea Cell count Mean reticulocyte -1.26255 3.35E-03
volume

DW2 Biomarker HDL-C Cell count Mean sphered cell 4.86054 3.50E-03
volume

DW2 Biomarker ALP Cell count RDW 0.00597 4.04E-03

DW2 Biomarker SHBG Cell count Platelet crit -0.00047 4.24E-03

DW2 Biomarker Calcium Cell count Haemoglobin 3.13754 4.28E-03
concentration

DW2 Biomarker AST Cell count Mean platelet volume 0.01189 4.41E-03

DW2 Biomarker TG Cell count Mean sphered cell -1.39798 4.61E-03
volume

DW2 Biomarker LDL-C Cell count Haemoglobin 0.33793 4.77E-03
concentration

DW2 Biomarker Albumin Cell count MCV -0.40195 5.00E-03

DW2 Biomarker LDL-C Cell count RBC count 0.11429 7.38E-03

DW2 Biomarker Cystatin C Cell count RDW 1.32090 9.75E-03

DW2 Biomarker Cystatin C Cell count Neutrophil percentage 8.59078 1.23E-02

DW2 Biomarker Calcium Cell count Haematocrit percentage | 8.27618 1.65E-02

DW2 Biomarker HDL-C Cell count Mean reticulocyte 5.14318 2.29E-02
volume

DW2 Biomarker CRP Cell count Lymphocyte percentage | -0.33776 2.36E-02

DW2 Biomarker IGF 1 Cell count Haemoglobin 0.04287 2.47E-02
concentration

DW2 Biomarker Apo-B Cell count Haematocrit percentage | 3.17709 2.53E-02

DW2 Biomarker GGT Cell count Mean reticulocyte 0.01506 2.69E-02
volume

DW2 Biomarker GGT Cell count MCV 0.01090 3.26E-02

DW2 Biomarker AST Cell count Monocyte percentage 0.02136 3.34E-02

DW2 Biomarker TC Cell count RBC count 0.08033 3.73E-02

DW2 Biomarker Urea Cell count MCV -0.81979 3.74E-02

DW2 Biomarker ALP Cell count Monocyte count 0.00080 4.08E-02

D2BF Cell count RBC count Diet Eat sugar 2.41031 3.57E-02

D2BF Biomarker Albumin Cell count RBC count 0.03775 3.69E-05

D2BF Biomarker Total bilirubin Cell count Platelet crit -0.00370 5.15E-05

D2BF Biomarker SHBG Cell count Mean reticulocyte 0.10338 7.31E-05
volume

D2BF Biomarker TG Cell count Lymphocyte count 0.18706 2.75E-04

D2BF Biomarker GGT Cell count Monocyte count 0.00070 3.80E-04

D2BF Biomarker SHBG Cell count Mean sphered cell 0.07030 3.92E-04
volume

D2BF Biomarker Total bilirubin Cell count Platelet distribution 0.03156 4.69E-04
width

D2BF Biomarker Total bilirubin Cell count Platelet count -3.94588 7.57E-04

D2BF Biomarker Cystatin C Cell count Lymphocyte percentage | -10.66387 1.18E-03

D2BF Biomarker Albumin Cell count Mean sphered cell -0.50827 1.61E-03
volume

D2BF Biomarker Albumin Cell count Haematocrit percentage | 0.25718 2.88E-03

D2BF Biomarker IGF 1 Cell count Mean sphered cell -0.25207 4.44E-03
volume

D2BF Biomarker AST Cell count Mean corpuscular 0.02900 4.49E-03
haemoglobin

D2BF Biomarker Albumin Cell count RDW -0.08987 5.62E-03

D2BF Biomarker SHBG Cell count Platelet crit -0.00061 6.65E-03
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D2BF Biomarker Albumin Cell count Haemoglobin 0.08370 6.92E-03
concentration

D2BF Biomarker SHBG Cell count Platelet count -0.69373 1.04E-02

D2BF Biomarker GGT Cell count Platelet distribution 0.00154 1.14E-02
width

D2BF Biomarker TG Cell count Haemoglobin 0.26713 1.42E-02
concentration

D2BF Biomarker AST Cell count MCV 0.07043 1.90E-02

D2BF Biomarker HDL-C Cell count Eosinophil count -0.07608 2.15E-02

D2BF Biomarker AST Cell count Mean sphered cell 0.07607 3.42E-02
volume

D2BF Biomarker TG Cell count Mean sphered cell -1.45112 3.57E-02
volume

D2BF Biomarker Phosphate Cell count Lymphocyte count 0.87362 3.65E-02

D2BF Biomarker Calcium Cell count Platelet crit 0.13524 4.39E-02

D2BF Biomarker IGF 1 Cell count Mean reticulocyte -0.31098 4.71E-02
volume

Appendix Table 2

List of all associations identified across all cohorts. Associations are grouped by cohort
and ordered by P value.
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Feature P value Cohorts
ALT 4.20E-03 Before-After
1.11E-06 Within 2-After
<1.00E-12 Within 2-Control
<1.00E-12 Before-Control
<1.00E-12 After-Control
Albumin 2.05E-03 Within 2-After
<1.00E-12 Within 2-Control
<1.00E-12 Before-Control
<1.00E-12 After-Control
ALP <1.00E-12 Within 2-Control
<1.00E-12 Before-Control
<1.00E-12 Within 2-After
<1.00E-12 Before-After
<1.00E-12 After-Control
Apo-A 3.70E-04 Before-Control
2.47E-04 Within 2-After
<1.00E-12 Within 2-Control
<1.00E-12 After-Control
Apo-B 4.97E-02 Before-Control
2.65E-02 Within 2-Control
1.58E-02 After-Control
AST 4.95E-02 Before-Within 2
3.17E-08 Before-After
<1.00E-12 Within 2-Control
<1.00E-12 Before-Control
<1.00E-12 Within 2-After
<1.00E-12 After-Control
AST:ALT <1.00E-12 After-Control
Basophil count 7.58E-04 Within 2-Control
2.42E-05 After-Control
Basophil percentage 1.74E-02 Within 2-Control
CRP 2.51E-02 Before-After
3.80E-04 Within 2-After
<1.00E-12 Within 2-Control
<1.00E-12 Before-Control
<1.00E-12 After-Control
TC 1.38E-02 Before-After
3.80E-03 Within 2-After
1.60E-07 Before-Control
<1.00E-12 Within 2-Control
<1.00E-12 After-Control
Creatinine (enzymatic) in urine <1.00E-12 Within 2-Control
<1.00E-12 Before-Control
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Creatinine (enzymatic) in urine
Cystatin C

Eosinophil count

Eosinophil percentage
GGT

Glucose

HbA1c

Haemoglobin concentration
HDL-C

HLSRC

HLSRP

IGF 1

Immature reticulocyte fraction

LDL-C

<1.00E-12
4.09E-06
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
6.04E-03
2.95E-08
2.22E-02
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
1.51E-02
7.01E-04
<1.00E-12
3.71E-04
2.10E-04
1.18E-06
<1.00E-12
<1.00E-12
2.26E-02
5.92E-05
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
1.27E-02
<1.00E-12
<1.00E-12
<1.00E-12
6.75E-05
9.41E-09
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
4.53E-02
8.82E-07
1.73E-07

After-Control
Within 2-After
Within 2-Control
Before-Control
Before-After
After-Control
Within 2-Control
After-Control
After-Control
Within 2-Control
Before-Control
Within 2-After
Before-After
After-Control
Before-Control
Within 2-Control
After-Control
Before-Within 2
Before-After
Within 2-Control
Before-Control
After-Control
Within 2-After
Before-Control
Within 2-Control
After-Control
Within 2-Control
Before-Control
After-Control
Within 2-After
Within 2-Control
Before-Control
After-Control
Before-After
Within 2-After
Within 2-Control
Before-Control
After-Control
Within 2-Control
Before-Control
After-Control
Before-After
Before-Control
Within 2-Control
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LDL-C
Lymphocyte count

Mean corpuscular haemoglobin

MCcv

Mean reticulocyte volume

Mean sphered cell volume

Microalbumin in urine

Monocyte count

Monocyte percentage

Neutrophil count

Phosphate

Platelet count

Platelet crit

Platelet distribution width

Potassium in urine

RBC count

RDW

<1.00E-12
6.75E-05
1.50E-02
<1.00E-12
1.12E-03
<1.00E-12
5.12E-03
2.75E-05
<1.00E-12
6.51E-03
1.77E-11
3.67E-04
<1.00E-12
2.06E-03
7.50E-08
<1.00E-12
1.92E-03
1.00E-06
5.33E-03
8.78E-05
8.01E-03
2.96E-05
2.52E-05
3.30E-08
<1.00E-12
4.09E-03
3.28E-07
2.50E-08
1.95E-08
<1.00E-12
3.78E-02
3.48E-02
4.65E-07
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12
2.82E-02
2.54E-03
4.66E-06
<1.00E-12
<1.00E-12
<1.00E-12
<1.00E-12

After-Control
After-Control
Within 2-Control
After-Control
Within 2-Control
After-Control
Before-Control
Within 2-Control
After-Control
Within 2-Control
After-Control
Within 2-After
After-Control
Before-Control
Within 2-Control
After-Control
Within 2-Control
After-Control
Within 2-Control
After-Control
After-Control
Within 2-After
Before-Control
After-Control
Within 2-Control
Before-After
Before-Control
After-Control
Within 2-After
Within 2-Control
Within 2-After
Before-Control
Within 2-Control
After-Control
Within 2-Control
Before-Control
After-Control
Before-Control
Within 2-Control
Before-After
Within 2-Control
Before-Control
Within 2-After
After-Control
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Reticulocyte count 1.78E-10 Before-Control
<1.00E-12 Within 2-Control
<1.00E-12 After-Control

Reticulocyte percentage <1.00E-12 Within 2-Control
<1.00E-12 Before-Control
<1.00E-12 After-Control

SHBG 4.95E-02 Before-Control
2.47E-02 Within 2-Control
2.20E-02 Before-After
9.09E-03 Within 2-After

Sodium in urine 2.23E-06 Within 2-Control
1.26E-06 Before-Control
<1.00E-12 After-Control

Testosterone 3.98E-02 Within 2-After
6.60E-03 Before-After
7.39E-05 Before-Within 2
1.61E-07 Within 2-Control
<1.00E-12 After-Control

Total bilirubin 4.84E-04 Before-After
1.50E-05 Before-Control
<1.00E-12 Within 2-After
<1.00E-12 Within 2-Control

Total protein 1.59E-02 After-Control

TG 1.10E-04 Before-Control
2.43E-07 Within 2-Control
<1.00E-12 After-Control

Urate 1.57E-02 Before-Control
<1.00E-12 Within 2-Control
<1.00E-12 After-Control

Urea 1.29E-03 After-Control

WBC count 3.57E-04 Within 2-Control
<1.00E-12 After-Control

Appendix Table 3

Table of significant (correct P value < 0.05) associations between cohorts, identified

through ANOVA and Tukey HSD tests. Associations are grouped by feature and

ordered by P value. P values smaller than 1.00E-12 are recorded as <1.00E-12.
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