25-09-2024
World Congress of Epidemiology

Metabolomic determinants of
common and rare disease at
population scale

Kirsten Schut
Data Scientist

Nightingale Health




Today’s topics

)
</

o
\

®=

NMR metabolomics in the The development of Predicting disease in
UK Biobank metabolomic risk scores the real world
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NMR metabolomics in the
UK Biobank

Some background on the available data
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NMR metabolomics
Nightingale Health

Blood testing technology based on nuclear magnetic resonance
(NMR) spectroscopy and an automated quantification
algorithm that translates the spectrum into absolute biomarker

concentrations.
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From one blood sample, 39 clinically validated biomarkers

Routine biomarkers

Cholesterol

Total cholesterol

VLDL cholesterol
Clinical LDL cholesterol
HDL cholesterol

Triglycerides
Total triglycerides

Fatty acids & Fatty acid ratios
Total fatty acids

Omega-3 fatty acids

Omega-6 fatty acids
Polyunsaturated fatty acids
Monounsaturated fatty acids
Saturated fatty acids
Docosahexaenoic acid

Linoleic acid

Apolipoproteins

Nightingale Health

Apolipoprotein B
Apolipoprotein Al

Ratio of apolipoprotein B to
apolipoprotein Al

Amino acids
Alanine
Glycine
Histidine

Branched-chain amino acids
Total concentration of branched-
chain amino acids

(leucine + isoleucine + valine)
Isoleucine

Leucine

Valine

Aromatic amino acids

Phenylalanine
Tyrosine

Glycolysis related metabolites
Glucose
Lactate

Fluid balance
Creatinine
Albumin

Inflammation
Glycoprotein acetyls

Clinical chemistry

Replace clinical tests
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And more for research use, so a total of 250

Cholesterol

Total cholesterol

Total cholesterol minus HDL-C
Remnant cholesterol

(non-HDL, non-LDL -cholesterol)
VLDL cholesterol

Clinical LDL cholesterol mmol/I
LDL cholesterol

HDL cholesterol

Triglycerides

Total triglycerides
Triglycerides in VLDL
Triglycerides in LDL
Triglycerides in HDL

Phospholipids

Total phospholipids in lipoprotein
particles

Phospholipids in VLDL ~ mmol/I
Phospholipids in LDL
Phospholipids in HDL

Cholesteryl esters

Total esterified cholesterol
Cholesterol esters in VLDL
Cholesterol esters in LDL mmol/I
Cholesterol esters in HDLmmol/I

Free cholesterol

Total free cholesterol

Free cholesterol in VLDL mmol/I
Free cholesterol in LDL  mmol/I
Free cholesterol in HDL mmol/I

Total lipids

Total lipids in lipoprotein particles
Total lipids in VLDL

Total lipids in LD

Total lipids in HDL
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mmol/I
mmol/I
mmol/I

mmol/I

mmol/I
mmol/I

mmol/I
mmol/I
mmol/I
mmol/I

mmol/I

mmol/I
mmol/I

mmol/I
mmol/I

mmol/I

mmol/I
mmol/I
mmol/I
mmol/I

Lipoprotein particle concentrations
Total concentration of lipoprotein
particles

Concentration of VLDL particles
Concentration of LDL particles
Concentration of HDL particles

Lipoprotein particle sizes

Average diameter for VLDL particles
Average diameter for LDL particles
Average diameter for HDL particles

Otbher lipids
Phosphoglycerides

Ratio of triglycerides to ratio
phosphoglycerides

Total cholines
Phosphatidylcholines
Sphingomyelins

Apolipoproteins
Apolipoprotein B
Apolipoprotein A1

Ratio of apolipoprotein Bratio
to apolipoprotein Al

Fatty acids

Total fatty acids

Degree of unsaturation degree
Omega-3 fatty acids

Omega-6 fatty acids
Polyunsaturated fatty acids
Monounsaturated fatty acids
Saturated fatty acids

Linoleic acid
Docosahexaenoic acid  mmol/I

mmol/I

mmol/I
mmol/I
mmol/I

nm
nm
nm

mmol/I

mmol/I
mmol/I
mmol/I

g/l
g/l

mmol/I

mmol/I
mmol/I
mmol/I
mmol/I
mmol/I
mmol/I

Fatty acid (FA) ratios

Ratio of omega-3 fatty acids to total FA
Ratio of omega-6 fatty acids to total FA
Ratio of polyunsaturated FA to total FA
Ratio of monounsaturated FA to total FA
Ratio of saturated FA to total FA

Ratio of linoleic acid to total FA

Ratio of docosahexaenoic acid to total FA
Ratio of omega-6 FA to omega-3 FA
Ratio of polyunsaturated FA

to monounsaturated FA

Amino acids
Alanine
Glutamine
Glycine
Histidine

Branched-chain amino acids

Isoleucine

Leucine

Valine

Total concentration of branded —chain
amino acids (leucine + isoleucine + valine)

Aromatic amino acids
Phenylalanine
Tyrosine

Glycolysis related metabolites
Glucose

Lactate

Pyruvate

Citrate

Glycerol

biomarkers

mmol/I
mmol/I
mmol/I
mmol/I

mmol/I
mmol/I
mmol/I
mmol/I

mmol/I
mmol/I

mmol/I
mmol/I
mmol/I
mmol/I
mmol/I

Ketone bodies
3-Hydroxybutyrate
Acetate
Acetoacetate
Acetone

Fluid balance
Creatinine
Albumin

Inflammation
Glycoprotein acetyls

mmol/I
mmol/I
mmol/I
mmol/I

mmol/I

g/l

mmol/I

Particle concentration and lipid

composition for 14 lipoprotein

subclasses

Particle concentration
Total lipids
Phospholipids
Cholesterol
Cholesteryl esters
Free cholesterol
Triglycerides

mmol/I

mmol/I
mmol/| and % of total lipids
mmol/I and % of total lipids
mmol/| and % of total lipids
mmol/| and % of total lipids
mmol/| and % of total lipids



The UK Biobank is the largest cohort we have profiled to date

BELIEVE
(Bangladesh)

Mexico City

UK Biobank Estonian Biobank THL Biobank (Finland)

40,000 samples

Prospective Study

500,000 samples 200,000 samples 150,000 samples

50,000 samples

Copenhagen
Uganda Genome Norwegian General Rotterdam Study INTERVAL blood TWINS-UK PREDIMED
Resource HUNT study Population Study (NL) donors (UK) plus (Spain)
(DK)
Kz::dh(;rc])?ie Hong Kong Birth Healthy Twin Singapore Brl\ig?\?rr?gir:)elor:Lk ARIC Study
Biobank Cohort of 1997 Study Korea Chinese Cohort (USA) (USA)
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NMR metabolomics for the full UK Biobank

3&4 Phase 1 &é Phase 2 ﬁg Phase 3
* 120,000 samples . e 275,000 samples . * 500,000 samples

* Released in July 2021 * Released in July 2023 * Publicrelease in 2025
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The development of
metabolomic risk scores

One of many research applications
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Collection of health records
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Blood sample drawn Collection of health records
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Blood sample drawn Collection of health records
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Train a model

Cox proportional hazards regression

Biomarker

Age

SexMale

Total cholesterol
Total triglycerides
Omega-3%

Valine

Albumin

Glucose

GlycA

Nightingale Health

Coefficient

1.32
0.87
0.35
0.21
-0.19
Dropped
-0.01
0.15

Dropped

&

Calculate risk scores
Weighted sum

B, x bmr; + f,x bmr,+ 5 ...

= metabolomic risk score

13



Train and test a model

UK Biobank
N = 500,000

10000 1

Count

5000 1

20 30 40 50 60 70 80 90 100

Nightingale Health
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Train and test a model

Replicate results
| | | |
UK Biobank Estonian Biobank THL Biobank
N =500,000 N = 200,000 N = 30,000
800 1
10000 600 -
3 4001
O
5000
2001
" 20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100 0

20 30 40 50 60 70 80 90 100

Age at baseline

Nightingale Health
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Common disease

Nightingale Health

Myocardial infarction
Ischemic stroke

Intracerebral hemorrhage
Lung cancer

Type 2 diabetes

Chronic obstructive pulmonary disease
Alzheimer's disease
Vascular and other dementia
Depressive disorders
Alcoholic liver disease
Cirrhosis of the liver

Colon and rectum cancers

—o— |
— | * Meta-analysis
—%_ | ¢ UKBiobank
—o : | ¢ THL Biobank
. ‘: .. | ¢ Estonian Biobank
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3 5 10 30

Hazard ratio (95% ClI), highest risk decile vs. remaining population
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Cancers

Nightingale Health

Liver cancer

Lung cancer

Multiple myeloma
Oesophageal cancer
Kidney cancer
Non-Hodgkin lymphoma
Leukaemia

Uterine cancer
Stomach cancer
Colorectal cancer
Bladder cancer
Pancreas cancer
Melanoma

Prostate cancer
Breast cancer
QOvarian cancer

s s —
e e ——
e e
i ——

e ——
| ——
e -
i ’ i
: @ I
| e | e
i —e— | i
s — s
e o e e
s . | e
e s s
0.7 1.0 2.0 3.0

Age- and sex-adjusted HRs for highest risk decile vs. rest (95% ClI)

50
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Predicting disease in the
real world

Clinical implementation in Finland

Nightingale Health




Terveystalo adopted Nightingale’s blood analysis technology

From January 2024

Nightingale
Health

X

Nightingale Health

Private health care provider in Finland.

They cover occupational health care for 30%
of Finland’s workforce.

Terveystalo offers a Health Check, which now
includes Nightingale’s blood measurements
and disease risk assessments.
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Nightingale Health Check

Input: blood sample + age + sex

Output:
1. Clinical blood results
2. Additional blood results

3. Multi-disease report
*  Cardiovascular disease
*  Myocardial infarction
*  Type 2 diabetes
*  Chronic kidney disease
*  Liver fibrosis and cirrhosis
*  Alcoholic liver disease
*  Chronic obstructive pulmonary disease
. Lung cancer

Nightingale Health

Doe, Jane

Female, 52 Oct 6, 2023

Clinical Blood Test Results
Dry Blood Sample (DBS)

results within recommy

Code Name

wLc LOL cholestercl
HOL-C HOL cholkestarol
Total-C Total cholestarnc
Agos Apalpapratein
Apoat Apolpapeaten 4
rocarpon | ZET3EES
Total-TG Total wigycarnos
Creatinine Creatinine
wn S
—

B

Doe, Jane Female, 52 Oct 6, 2023

Additional Blood Test Results
Dry Blood Sample (DBS)

N (e
14
results within referenc  Doe, Jane Female, 52

Oct 6, 2023
Clinical Risk Assessment
i
Cholesterols 3 2 1
diseases in low risk diseases in elevated risk disease in high risk
Code Name = =

vioLC VLDL cholastera Myocardial infarction

Cardiovascular diseases

Fatty Acids
Risk category Risk category
Total.-FA Total fatty acids _ _
Low risk Elevated risk
o 3%  Ratioofomega. ¥ I
N total facty acki e
wor w

Omega-6%

Omega-6/  Ratio af omaga-

Omega-3 omega-3 fatty &
T——
Ratio of docosal
eV 10 total fatty ach
Ratio of mancur
MUFA acios to total fat
Ratio of palyurs
PARAE acics to total fat
Ratio of patyuns Risk category

PUFA/MUFA  acics to monout
i

Risk categary

Elevated risk
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Power your own research

Data availability in UK
Biobank

Nightingale Health

D

Dozens of research
opportunities

®a

Real-world applications

21



Thank youl!

research@nightingalehealth.com

Nightingale Health
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