Table S1. Circulating candidate biomarkers quantified by high-throughput NMR profiling.

Lipoprotein lipids

MeantSD

Hazard ratio for mortality*

Phospholipids in chylomicrons and
extremely large VLDL (mmol/L)

0.0038+0.0057

0.95 [0.87-1.04]; P=0.27

Total lipids in chylomicrons and

extremely large VLDL (mmol/L) 0.031£0.047 0.96 [0.88-1.05]; P=0.35
Concentration of chylomicrons and 0.090+0.16 0.97 [0.89-1.06]; P=0.49
extremely large VLDL particles (nmol/L)

Phospholipids in very large VLDL (mmol/L) 0.017+0.023 0.95 [0.87-1.04]; P=0.31
Triglycerides in very large VLDL (mmol/L) 0.068+0.091 0.93 [0.85-1.02]; P=0.12
Total lipids in very large VLDL (mmol/L) 0.10+0.13 0.94 [0.85-1.03]; P=0.15
Concentration of very large VLDL particles (nmol/L) 0.96+1.3 0.95 [0.86-1.03]; P=0.22
Total cholesterol in large VLDL (mmol/L) 0.087+0.095 0.93 [0.85-1.01]; P=0.10
Free cholesterol in large VLDL (mmol/L) 0.047+0.052 0.93 [0.85-1.01]; P=0.10
Phospholipids in large VLDL (mmol/L) 0.075+0.085 0.95 [0.86-1.03]; P=0.21
Triglycerides in large VLDL (mmol/L) 0.24+0.29 0.92 [0.84-1.01]; P=0.07
Cholesterol esters in large VLDL (mmol/L) 0.041+0.044 0.93 [0.85-1.02]; P=0.12
Total lipids in large VLDL (mmol/L) 0.41+0.48 0.92 [0.84-1.01]; P=0.09
Concentration of large VLDL particles (nmol/L) 6.7£7.9 0.93 [0.85-1.01]; P=0.10
Total cholesterol in medium VLDL (mmol/L) 0.22+0.14 0.95 [0.87-1.04]; P=0.27
Free cholesterol in medium VLDL (mmol/L) 0.098+0.075 0.93 [0.85-1.01]; P=0.10
Phospholipids in medium VLDL (mmol/L) 0.15+0.11 0.93 [0.86-1.02]; P=0.13
Triglycerides in medium VLDL (mmol/L) 0.40+0.37 0.91 [0.84-1.00]; P=0.05
Cholesterol esters in medium VLDL (mmol/L) 0.12+0.07 0.99 [0.91-1.07]; P=0.74
Total lipids in medium VLDL (mmol/L) 0.77+0.63 0.92 [0.85-1.01]; P=0.08
Concentration of medium VLDL particles (nmol/L) 21+18 0.92 [0.84-1.01]; P=0.07
Total cholesterol in small VLDL (mmol/L) 0.33+0.11 0.99 [0.91-1.07]; P=0.72
Free cholesterol in small VLDL (mmol/L) 0.13£0.047 0.94 [0.86-1.02]; P=0.12
Phospholipids in small VLDL (mmol/L) 0.19+0.07 0.94 [0.87-1.02]; P=0.16
Triglycerides in small VLDL (mmol/L) 0.30+0.19 0.91 [0.83-0.99]; P=0.03
Total lipids in small VLDL (mmol/L) 0.82+0.36 0.93 [0.86-1.02]; P=0.11
Concentration of small VLDL particles (nmol/L) 37+18 0.92 [0.85-1.00]; P=0.06
Phospholipids in very small VLDL (mmol/L) 0.17+0.059 1.09 [1.00-1.18]; P=0.04
Triglycerides in very small VLDL (mmol/L) 0.13£0.056 0.95 [0.87-1.03]; P=0.18
Total lipids in very small VLDL (mmol/L) 0.58+0.18 1.01[0.93-1.10]; P=0.78
Concentration of very small VLDL particles (nmol/L) 39+13 1.01 [0.93-1.09]; P=0.81
Free cholesterol in IDL (mmol/L) 0.221£0.075 1.07 [0.99-1.16]; P=0.08
Phospholipids in IDL (mmol/L) 0.31+0.1 1.06 [0.97-1.14]; P=0.19
Total lipids in IDL (mmol/L) 1.2+0.37 1.02 [0.94-1.11]; P=0.58
Concentration of IDL particles (nmol/L) 97431 1.03 [0.95-1.11]; P=0.53
Total cholesterol in large LDL (mmol/L) 1.0+0.33 0.96 [0.88-1.04]; P=0.30
Free cholesterol in large LDL (mmol/L) 0.27+0.083 1.01 [0.93-1.09]; P=0.86
Phospholipids in large LDL (mmol/L) 0.36+0.095 0.98 [0.90-1.07]; P=0.64
Cholesterol esters in large LDL (mmol/L) 0.77+0.25 0.94 [0.87-1.02]; P=0.15
Total lipids in large LDL (mmol/L) 1.5+0.46 0.97 [0.89-1.05]; P=0.47
Concentration of large LDL particles (nmol/L) 164151 0.98 [0.90-1.06]; P=0.59




Total cholesterol in medium LDL (mmol/L) 0.60+0.21 0.92 [0.85-1.00]; P=0.05
Phospholipids in medium LDL (mmol/L) 0.24+0.058 0.87 [0.80-0.95]; P=0.001
Cholesterol esters in medium LDL (mmol/L) 0.44+0.17 0.92 [0.85-1.00]; P=0.05
Total lipids in medium LDL (mmol/L) 0.88+0.29 0.92 [0.84-1.00]; P=0.05
Concentration of medium LDL particles (nmol/L) 134+44 0.92 [0.84-1.00]; P=0.05
Total cholesterol in small LDL (mmol/L) 0.36+0.13 0.92 [0.85-1.00]; P=0.05
Total lipids in small LDL (mmol/L) 0.57+0.19 0.92 [0.84-1.00]; P=0.05
Concentration of small LDL particles (nmol/L) 155451 0.90 [0.82-0.98]; P=0.01
Total cholesterol in very large HDL (mmol/L) 0.18+0.11 0.88 [0.81-0.97]; P=0.01
Free cholesterol in very large HDL (mmol/L) 0.060+0.031 0.94 [0.85-1.03]; P=0.17
Phospholipids in very large HDL (mmol/L) 0.24+0.13 1.07 [0.98-1.17]; P=0.11
Triglycerides in very large HDL (mmol/L) 0.016+0.0067 1.02 [0.93-1.11]; P=0.73
Cholesterol esters in very large HDL (mmol/L) 0.13£0.076 0.86 [0.78-0.94]; P=0.002
Total lipids in very large HDL (mmol/L) 0.43+0.24 0.97 [0.89-1.07]; P=0.55
Concentration of very large HDL particles (nmol/L) 3651205 1.01[0.92-1.11]; P=0.83
Total cholesterol in large HDL (mmol/L) 0.45+0.23 0.97 [0.89-1.07]; P=0.57
Free cholesterol in large HDL (mmol/L) 0.10+0.054 1.03 [0.94-1.13]; P=0.50
Phospholipids in large HDL (mmol/L) 0.44+0.19 1.04 [0.95-1.13]; P=0.41
Cholesterol esters in large HDL (mmol/L) 0.36x0.17 0.96 [0.87-1.05]; P=0.33
Total lipids in large HDL (mmol/L) 0.93+0.42 1.01 [0.93-1.11]; P=0.75
Concentration of large HDL particles (nmol/L) 12004530 1.03 [0.94-1.13]; P=0.53
Total cholesterol in medium HDL (mmol/L) 0.56%0.1 0.89 [0.81-0.97]; P=0.01
Free cholesterol in medium HDL (mmol/L) 0.104£0.022 0.90 [0.82-0.98]; P=0.02
Phospholipids in medium HDL (mmol/L) 0.47+£0.084 0.91 [0.82-1.00]; P=0.06
Cholesterol esters in medium HDL (mmol/L) 0.46x£0.084 0.88 [0.80-0.97]; P=0.006
Total lipids in medium HDL (mmol/L) 1.1+0.18 0.90 [0.81-0.99]; P=0.03
Concentration of medium HDL particles (nmol/L) 19504340 0.91 [0.82-1.00]; P=0.05
Triglycerides in small HDL (mmol/L) 0.045+0.022 1.01 [0.93-1.10]; P=0.85
Total lipids in small HDL (mmol/L) 1.240.13 0.75 [0.68-0.82]; P=1x10"
Concentration of small HDL particles (nmol/L) 4670420 0.70 [0.64-0.77]; P=3x10™"*
Composite lipid measures

Total triglycerides (mmol/L) 1.6+1.0 0.93 [0.85-1.01]; P=0.09
Triglycerides in chylomicrons 0.022+0.030 0.96 [0.88-1.05]; P=0.37
and extremely large VLDL (mmol/L)

Triglycerides in VLDL (mmol/L) 1.140.9 0.91 [0.84-1.00]; P=0.05
Triglycerides in IDL (mmol/L) 0.12+0.05 1.05[0.97-1.14]; P=0.22
Total cholesterol (mmol/L) 5.4+1.1 0.91 [0.84-0.99]; P=0.02
Total cholesterol in IDL (mmol/L) 0.79+0.22 1.01 [0.94-1.10]; P=0.73
Total cholesterol in LDL (mmol/L) 2.0£0.7 0.94 [0.86-1.02]; P=0.13
Total cholesterol in HDL (mmol/L) 1.7+0.4 0.89 [0.81-0.98]; P=0.01
VLDL particle size (mean diameter, nm) 37+1.9 0.84 [0.77-0.92]; P=0.0001
LDL particle size (mean diameter, nm) 24+0.3 1.32 [1.21-1.45]; P=9x10"°
HDL particle size (mean diameter, nm) 9.9+0.3 1.08 [0.99-1.17]; P=0.10
Double bond protons of mobile lipids (cu) 2.9+1.0 0.83 [0.75-0.91]; P=9x10~
Methylene groups of mobile lipids (cu) 39+21 0.94 [0.86-1.03]; P=0.20
Methyl groups of mobile lipids (cu) 11+3 0.87 [0.79-0.96]; P=0.005




Proteins

Apolipoprotein A-1 [g/L] 1.840.2 0.80 [0.73-0.87]; P=1x10"
Apolipoprotein B [g/L] 1.1+0.3 0.94 [0.86-1.02]; P=0.13
Albumin (cu) 10148 0.66 [0.61-0.71]; P=2x10""
Alpha-1-acid glycoprotein (cu) 1.6+0.3 1.34 [1.25-1.43]; P=6x10"°
Amino acids

Alanine (umol/L) 350491 0.91 [0.83-1.00]; P=0.04
Glutamine (umol/L) 38083 0.83 [0.76-0.90]; P=2x10"
Histidine (umol/L) 60£14 0.70 [0.64-0.76]; P=3x10""°
Leucine (umol/L) 65+19 0.89 [0.81-0.97]; P=0.01
Isoleucine (umol/L) 52+22 0.87 [0.80-0.95]; P=0.003
Valine (umol/L) 190%46 0.77 [0.70-0.85]; P=5x10"®
Phenylalanine (umol/L) 54+10 1.16 [1.08-1.25]; P=0.0001
Tyrosine (umol/L) 67117 0.97 [0.89-1.06]; P=0.52
Miscellaneous Metabolites

Glucose (mmol/L) 4.3+1.5 1.15[1.10-1.22]; P=1x10"
Lactate (mmol/L) 2.440.9 1.11[1.01-1.21]; P=0.03
Pyruvate (umol/L) 127435 1.10 [1.01-1.20]; P=0.02
Citrate (umol/L) 99134 1.15[1.06-1.25]; P=0.0008
beta-hydroxybutyrate (umol/L) 87184 1.10 [1.03-1.18]; P=0.005
Acetate (umol/L) 28+27 1.05 [0.98-1.14]; P=0.18
Acetoacetate (umol/L) 37145 1.04 [1.01-1.07]; P=0.02
Creatinine (umol/L) 62+21 1.07 [1.02-1.12]; P=0.006
Urea (umol/L) 156136 0.94 [0.86-1.02]; P=0.15

Mean1SD concentrations and hazard ratios [95% confidence interval] for all-cause mortality in the
Estonian Biobank cohort. Hazard ratios are per 1-SD increment in biomarker concentration. Hazard
ratios were assessed separately for each biomarker by Cox models adjusted for age and sex. cu:
standardized concentration units.

All candidate biomarker concentrations were measured from native plasma or serum by high-
throughput NMR spectroscopy. Molecular information on lipoprotein lipid concentrations and
particle sizes is reflected in the NMR spectra of plasma and serum [1]. Quantification of lipoprotein
lipids by NMR was enabled by regression models calibrated against high-performance liquid
chromatography on an external set of samples [2,3]. The 14 lipoprotein subclass sizes were defined
as follows: extremely large VLDL with particle diameters from 75 nm upwards and a possible
contribution of chylomicrons, five VLDL subclasses (average particle diameters of 64.0 nm, 53.6 nm,
44.5 nm, 36.8 nm, and 31.3 nm), IDL (28.6 nm), three LDL subclasses (25.5 nm, 23.0 nm, and 18.7
nm), and four HDL subclasses (14.3 nm, 12.1 nm, 10.9 nm, and 8.7 nm) [3]. The mean size for VLDL,
LDL and HDL particles was calculated by weighting the corresponding subclass diameters with their
particle concentrations. For instance, the mean diameter of VLDL particles is calculated as

Dy = E,-di ‘D, /Eipi , where the summation runs from very small VLDL to extremely large VLDL, d;

are the particle diameters listed above and p, the corresponding VLDL particle concentrations.

Concentrations of certain abundant proteins can also be quantified by NMR [2]. For instance,
albumin is so abundant in blood that it leaves a background signal on the NMR spectrum, which is
directly proportional to the concentration. Alpha-1-acid glycoprotein gives rise to a characteristic
glycoprotein acetyl spike in the NMR spectrum that is proportional to the concentration. The
measurement of alpha-1-acid glycoprotein may contain minor influences of other glycoproteins,
however, this additional variability is unlikely to inflate risk estimates [4]. Similarly, the




concentration of citrate can be quantified from its signal areas, which become visible when signals
from the lipid molecules are suppressed by spectroscopic settings. Quantification in umol/L was
enabled by regression modelling with a reference of known concentration.

The coefficients of variations for the 4 highlighted biomarkers were 1.4 % for alpha-1-acid
glycoprotein, 1.1% for albumin, 1.1 %, 0.4 % for VLDL particle size, and 3.5 % for citrate.
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