Table S1

Epidemiological Studies of Subclinical Atherosclerosis Using Quantitative NMR Metabolomics

Year Study Design Subject Disease Main Findings NMR Platform Reference
) 112 women (28 T1DM and .. Medium VLDL-P, HDL-C/HDL-TG correlated with
cross-sectional . cIMT and carotid . ] ) )
2021 Ivsi pre-eclampsia; 28 TIDM; 28 1 carotid plaque in pre-eclampsia. HDL-C/HDL-P was Liposcale test Amor et al.(1)
analysis aque
Y pre-eclampsia; 28 controls) pad associated with maximum cIMT in TIDM.
. o . ) Leucine and isoleucine, acetoacetate, two lipids
cross-sectional 489 individuals in Taizhou .. ) NMR spectrometer (Bruker .
2020 i . PWV and cIMT (CH2C=C, CH2COO) positively correlated with PWV. L Jiang et al.(2)
analysis Longitudinal Study . . . Biospin, Germany)
Lactate was inversely associated with cIMT.
. 3,867 participants in MESA; 3,569 CAC, cIMT and TC, ApoB, LDL-ApoB, histidine correlated with both
multiqueue, .. . .. NMR spectrometer (Bruker )
2 participants in Rotterdam and incident CVD CAC and cIMT. LDLI1-TG, VLDL6-PL, TG, ApoB, L Tzoulaki et al.(3)
cohort study ) i ) i Biospin, Germany)
LOLIPOP (M1, stroke) acetaminophen glucuronide were associated with CVD.
2019 cross-sectional 935 men (589 HIV-infected; 346  subclinical Higher GlycA was associated with a higher prevalence of LipoScience, Inc. (now Tibuakuu et al.(4)
ibuakuu et al.
analysis HIV-uninfected) coronary plaque CAC>0 and coronary stenosis >50%. LabCorp, Raleigh, NC)
. . . Glucose, some HDL-C derived measures, glutamine, L
multiqueue, 1,178 children and 1,316 parents in Nightingale NMR

2019 cross-sectional CheckPoint; 4,249 children and

study 4,171 mothers in ALSPAC

cross-sectional . .
2019 ) 502 patients with T2DM or MS
analysis

2019 cohort study 6,466 participants in MESA

2018 cross-sectional 177 children with familial

analysis hypercholesterolaemia

c¢IMT and PWV

carotid plaque

ABI, carotid
plaque and PAD

cIMT

histidine, tyrosine correlated with PWV. However in

children, no metabolites were consistently associated with

c¢IMT and PWV.

HDL-TG was directly associated with worsening

metabolism and carotid plaque in high CVD risk patients.

metabolomics platform
(Helsinki, Finland)

Juonala et al.(5)

Liposcale test Girona et al.(6)

Higher GlycA was associated with prevalent low ABI and LipoScience, Inc. (now

carotid plaque, and could predicted incident PAD.

Children with familial hypercholesterolaemia had

Fash tal.(7
LabCorp, Raleigh, NC) ashanu et al.(7)

Rodriguez-Borjabad

increased total, and small LDL particles, which directly = Liposcale test

correlated with cIMT.

et al.(8)



cross-sectional 656 subjects (214 lean; 228 obese; a self-developed

2017
analysis and 214 T2DM) vascular score
cross-sectional . i lipid-rich necrotic
2017 i 402 participants in CHAS
analysis core plaque

cross-sectional 214 obese youth (96 prediabetes;

2016 . o c¢IMT and PWV
analysis 118 normoglycemic) in MESA
multiqueue, . .
) 6,512 participants in MESA and
2016 cross-sectional . cIMT
126 men in CLEAR
study
cross-sectional .
2016 504 Jerusalem residents CAC

analysis

NMR lipid measures were better indicators for vascular  LipoScience, Inc. (now
outcomes than traditional lipid measures. LabCorp, Raleigh, NC)

HDL efflux capacity and HDL-P were inversely

. e . ; LipoScience, Inc. (now
associated with lipid-rich necrotic core plaque in P (

LabCorp, Raleigh, NC
unadjusted models. HDL-S was not related to the plaque. abL-olp, Bakelg )

Youth with prediabetes exhibited higher small LDL-P,

small HDL-P; lower intermediate and large HDL-P, which LipoScience, Inc. (now
independently correlated with arterial thickness and LabCorp, Raleigh, NC)
stiffness.

Small+medium HDL-P inversely correlated with common

and internal cIMT even after adjusting for HDL-C. The  LipoScience, Inc. (now
cardioprotective effect of smaller HDL particles might ~ LabCorp, Raleigh, NC)
relate to paraoxonase 1 activity.

Total, medium+small HDL-P were strongly associated =~ LipoScience, Inc. (now
with CAC rather than HDL-C, large HDL-P, HDL-S. LabCorp, Raleigh, NC)

Urbina et al.(9)

Mutharasan et
al.(10)

Shah et al.(11)

Kim et al.(12)

Ditah et al.(13)

Abbreviations: ABI, ankle-brachial index; ApoB, apolipoprotein B; BMI, body mass index; BP, blood pressure; CAC, coronary artery calcium; CHD,

coronary heart disease; cIMT, carotid intima-media thickness; CVD, cardiovascular diseases; GlycA, Glycoprotein acetyls; HDL, high-density

lipoprotein; HDL-C, cholesterol in HDL; HDL-P, HDL particle number; HDL-S, HDL particle size; HDL-TG, triglyceride in HDL; HIV, human

immunodeficiency virus; LDL, low-density lipoprotein; LDL-ApoB, ApoB in LDL; LDL-P, LDL particle number; LDL-TG, triglyceride in LDL; MI,
myocardial infarction; MS, metabolic syndrome; NMR, nuclear magnetic resonance; PAD, Peripheral artery disease; PWYV, pulse wave velocity;
T1DM, Type 1 diabetes mellitus; T2DM, Type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; VLDL, very-low-density lipoprotein;
VLDL-P, VLDL particle number; VLDL-PL, phospholipid in VLDL.



Table S2
Epidemiological Studies of Cardiovascular Disease Using Quantitative NMR Metabolomics

Year Study Design

Subject Disease

Main Findings

NMR Platform

Reference

2020 meta-analysis

2020 cohort study

2020 cohort study

experimental

2019
study

2018 cohort study

nested
2018 case-control
study

cross-sectional
2018 .
analysis

2017 cohort study

38,797 participants from seven | |
) incident stroke
prospective cohorts

214 men with stable CAD .
CVD mortality

followed up for 12.5 years

109,751 individuals followed up myocardial

for 11 years infarction

58 T2DM patients completing a

6-month CR diet intervention risk

1162 adult followed up for 12.4
years

incident CVD
(CHD, stroke)

4,662 individuals (912 MI; 1,146 . .
. incident M1, IS,
IS; 1,138 IH; 1,466 control) in

ICH
CKB
6,479 participants in MESA CVD health
2,290 participants followed up )
CVD mortality

over a median of 10 years

Medium HDL-C, large and medium LDL-TG, histidine,
pyruvate, GlycA were associated with stroke after
multivariable adjustments.

Total, small HDL-P showed the strongest inverse
associations with all-cause and CVD mortality.

VLDL-C explained 50% of the MI risk from
ApoB-containing lipoproteins, but VLDL-TG did not
account for the risk.

lipid-related CVD After intervention, participants had increased LDL-S,

HDL-C, decreased small LDL-P, TG and TG/HDL.

Higher medium and small LDL-P were associated with
increased CVD risk, especially for CHD.

Lipoprotein patterns were similar in MI and IS, but not
with ICH. HDL-TG was positively associated with MI.
Glycoprotein acetyls and several non—lipid-related
metabolites were associated with all 3 diseases.

LipoScience (Raleigh,

NC); Nightingale platform Vojinovic et al.(14)

(Helsinki, Finland)
NMR (Bruker Biospin,

Germany)

Nightingale NMR
metabolomics platform
(Helsinki, Finland)

LipoScience, Inc. (now

LabCorp, Raleigh, NC)

Liposcale test

NMR metabolomics
method developed by
Ala-Korpela

GlycA was inversely associated with CVD health assessed LipoScience, Inc. (now

by Life's Simple 7 scores.

Total HDL-P, mainly small HDL-P, inversely related to
CVD mortality. Adding either of the two measurements
rather than HDL-C to multivariate prediction models
improved performance.

LabCorp, Raleigh, NC)

NMR at Numares AG
(previously known as
LipoFIT GmbH)

Duparc et al.(15)

Balling et al.(16)

Mason et al.(17)

Pichler et al.(18)

Holmes et al.(19)

Benson et al.(20)

Silbernagel et
al.(21)



2017 cohort study

experimental
2017
study

multiqueue,
cohort study

nested
2017 case-control
study

nested
2016 case-control
study

Discordance between non-HDL-C and ApoB or

non-HDL-C and LDL-P occurred in many healthy LipoScience, Inc. (now
women. In such conditions, ApoB or LDL-P might better LabCorp, Raleigh, NC)
predict CHD risk.

Small VLDL decreases showed a dose-response

27,533 initially healthy women
followed up over a median of  coronary events

20.4 years

9,423 participants in JUPITER  incident CVD end
trial point

LipoScience, Inc. (now

relationship with residual risk reductions, independent of )
LabCorp, Raleigh, NC)

LDL-C changes.

On-statin levels of small VLDL positively related to
incident CVD end residual CVD risk, which might derive from VLDL-C but LipoScience, Inc. (now
LabCorp, Raleigh, NC)

11,984 participants in JUPITER
trial; 4721 individuals in

int
CATHGEN poin

not total TG or larger VLDL. Similar pattern was
observed in the CATHGEN cohort.

638 participants (314 CVD cases; incident CVD end HDL-P was consistently the strongest inverse predictor of LipoScience, Inc. (now

314 controls) in JUPITER trial ~ point CVD events at baseline and on-statin. LabCorp, Raleigh, NC)

Subjects with MS or DM had much more LDL or HDL
6,417 participants (1,596 MS; incident CHD and particle-cholesterol discordance. The LDL discordance
838 DM; 3,983 control) in MESACVD

LipoScience, Inc. (now
and higher LDL-P in MS could predict CHD and CVD, as LabCorp, Raleigh, NC)
was the higher LDL-C and lower HDL-P in DM.

Lawler et al.(22)

Lawler et al.(23)

Lawler et al.(24)

Khera et al.(25)

Tehrani et al.(26)

Abbreviations: ApoAl, apolipoprotein A-I; ApoB, apolipoprotein B; CAC, coronary artery calcium; CHD, coronary heart disease; cIMT, carotid
intima-media thickness; CVD, cardiovascular diseases; GlycA, Glycoprotein acetyls; HDL, high-density lipoprotein; HDL-C, cholesterol in HDL;
HDL-P, HDL particle number; HDL-TG, triglyceride in HDL; ICH, intracerebral hemorrhage; IDL, intermediate density lipoprotein; IS, ischemic

stroke; LDL, low-density lipoprotein; LDL-C, cholesterol in LDL; LDL-P, LDL particle number; LDL-S, LDL particle size; LDL-TG, triglyceride in

LDL; MI, myocardial infarction; MS, metabolic syndrome; NMR, nuclear magnetic resonance; non-HDL-C, non-HDL cholesterol; SD, standard
deviation; T2DM, Type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; VLDL, very-low-density lipoprotein; VLDL-C, cholesterol in

VLDL; VLDL-P, VLDL particle number; VLDL-TG, triglyceride in VLDL.
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