
1 

Supplementary Material 

Large-scale plasma lipidomic profiling identifies lipids that predict cardiovascular events in 
secondary prevention 

 
Piyushkumar A Mundra1, Christopher K Barlow1, Paul J Nestel1, Elizabeth H Barnes2, Adrienne 
Kirby2, Peter Thompson3, David R Sullivan4, Zahir H Alshehry1,5, Natalie A Mellett1, Kevin Huynh1, 
Kaushala S Jayawardana1, Corey Giles1, Malcolm J McConville5, Sophia Zoungas7,8, Graham S 
Hillis7,9 , John Chalmers7, Mark Woodward7, Gerard  Wong1, Bronwyn A Kingwell1, John Simes2, 
Andrew M Tonkin8, Peter J Meikle1,5,8,10, on behalf of the LIPID Study Investigators. 
1Baker Heart and Diabetes Institute, Melbourne, VIC, Australia. 2NHMRC Clinical Trials Centre, 
University of Sydney, Sydney, NSW, Australia. 3Sir Charles Gairdner Hospital, Perth, WA, Australia.       

4Royal Prince Alfred Hospital, Sydney, NSW, Australia. 5Department of Biochemistry and Molecular 
Biology, University of Melbourne, Parkville VIC, Australia. 6King Fahad Medical City, Riyadh, Saudi 
Arabia. 7The George Institute for Global Health, Sydney, NSW, Australia. 8Monash University, 
Melbourne, Vic, Australia. 9The Royal Perth Hospital / University of Western Australia, Perth, WA, 
Australia. 
10Address for Correspondence: Professor Peter J Meikle, Baker Heart and Diabetes Institute, 75, 
Commercial Road, Melbourne VIC 3004, Australia.  
Telephone: +61 (0)3 8532 1770;   Fax: +61 (0)3 8532 1100; Email:  peter.meikle@baker.edu.au 
 
 
Lipid analysis 
 
Lipid species were extracted from plasma samples as described previously (1). Briefly, plasma (10 µL) 
was aliquoted into a 1.5 mL eppendorf tube using a positive displacement pipette and 100 µL of 1-
butanol/methanol (1:1, v/v), 5 mM ammonium formate containing internal standards (Supplementary 
Table 1) was added, also using positive displacement pipettes. The mixture was vortexed for 10 seconds, 
sonicated for 60 minutes in a sonic water bath (18°C-24°C) and then centrifuged (16,000xg, 10 min, 
20°C). The supernatant was transferred into a 0.2 mL glass insert with teflon insert caps for lipidomic 
analysis.  

The lipidomic methodology used for this study was an advance upon our earlier targeted methodology 
developed on an Agilent 1200 liquid chromatography system combined with an Applied Biosystems 
API 4000 Q/TRAP mass spectrometer (2). In this study lipidomic analysis was performed by liquid 
chromatography electrospray ionisation tandem mass spectrometry on an Agilent 1290 liquid 
chromatography system combined with an Agilent 6490 triple quadrupole mass spectrometer, utilizing 
Mass Hunter software.  Liquid chromatography was performed on a Zorbax Eclipse Plus 1.8 µm C18, 
50 × 2.1 mm column (Agilent Technologies). Solvents A and B consisted of 
tetrahydrofuran:methanol:water in the ratio (20:20:60) and (75:20:5) respectively, both containing 10 
mM ammonium formate. Columns were heated to 50°C and the auto-sampler regulated to 25°C. Lipid 
species (1 µL injection) were separated under gradient conditions at a flow rate of 400 µL/min. The 
gradient was as follows; 0% solvent B to 40% solvent B over 2.0 min, 40% solvent B to 100% solvent 
B over 6.5 min, 0.5 min at 100% solvent B, a return to 0% solvent B over 0.5 min then 0.5 min at 0% 
solvent B prior to the next injection (total run time of 10 min). 
 
The mass spectrometer was operated in dynamic/scheduled multiple reaction monitoring (dMRM) 
mode.  There were 345 unique lipid species measured together with 16 stable isotope or non-
physiological lipid standards (Supplementary Table 1 and 3). Mass spectrometer voltages used for the 
acquisition of data were; fragmentor voltage, 380 V and cell accelerator voltage, 5 V. The collision 
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energy voltage was set individually for each lipid class and subclass and is listed in Supplementary 
Table 1. Acquisition windows were set to between 0.7 and 1.76 min depending on the chromatographic 
properties of the lipid. Further, there were several sets of isobaric lipids which shared the same nominal 
parent ion mass and also give rise to the same product ions.  Specifically, for isobaric species of 
phosphatidylcholine, alkylphosphatidylcholine and alkenylphosphatidylcholine the parent and product 
ions (m/z 184) were the same.  As a result a single MRM transition was used to measure the 
corresponding species within each subclass, using an increased MRM window time (21 combinations).  
Additionally there was one further occurrence of isobaric phosphatidylethanolamine and 
alkylphosphatidylethanolamine lipid species, representing the neutral loss of 141 Da, which were 
similarly combined into a single dMRM transition (3).  
 
While most lipid classes and subclasses have similar response factors for lipid species within the class, 
some classes show greater variation in response factors between species. Consequently, correction 
factors were applied for some lipid classes as we have described earlier (1) but now adjusted for the 
Agilent mass spectrometer.   
 
Diacyl- and triacylglycerol: Fragmentation of the ammoniated adducts of diacyl- and triacylglycerol 
leads to the loss of ammonia and a fatty acid. In this context it is important to recognize that for species 
which contain more than one of the same fatty acid, the loss of that fatty acid will result in an enhanced 
signal, as it is the end product from two competing pathways. Consequently, where we used an MRM 
transition that corresponded to the loss of a fatty acid that was present more than once, we divided by 
the number of times that fatty acid was present. While we recognize that the response factor for different 
species of triacylglycerol varied substantially, the lack of suitable standards precluded the determination 
of suitable response factors for each triacylglycerol species. 
 
Cholesteryl ester: Response factors were determined with seven commercially available species and 
used to create a formula to extrapolate for all cholesteryl ester chain lengths and double bonds. Saturated 
species were characterized by the following relationship: y = 0.1486x -1.5917, where y is the response 
factor relative to the CE 18:0 d 6 internal standard and x is the carbon chain length. For monounsaturated 
species, the response factor was multiplied by 1.84 and for polyunsaturated species by 6.0.  
 
Phosphatidylinositol: A single response factor was calculated for all phosphatidylinositol species to 
account for the use of the phosphatidylethanolamine (PE(17:0/17:0)) as the internal standard for this 
lipid class. A nine point standard curve was created using commercially available phosphatidylinositol 
(PI(32:0)) and subsequently spiked into solvent containing a fixed concentration of PE(17:0/17:0). The 
standard curve resulted in a linear response and indicated a response factor of 1.44 for 
phosphatidylinositol species relative to phosphatidylethanolamine standard. Other lipid species were 
not corrected. 
 
Quality control samples 
Two types of quality control samples were utilized in this study. Plasma from six healthy volunteers 
was pooled and split into multiple aliquots. We refer to these samples as plasma quality control (PQC) 
samples.  These samples are then subjected to extraction and LC-MS analysis alongside samples from 
the study to provide a measure of analytical variability across the study as a whole. 
 
Additionally we utilized identical lipid extracts, which were prepared by pooling the lipid extracts from 
multiple PQC samples using this mixture to prepare multiple aliquots which were referred to as 
technical quality control (TQC) samples.  Analysis of these samples captures only the variation 
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associated with the LC-MS performance. Within the analytical process every twenty plasma samples a 
PQC and TQC were included. 
 
Pre-processing of data 
In this study, samples were run in multiple batches. An extraction batch consisted 448 plasma samples, 
24 PQC, 24 TQC and 12 blank samples (resulting in 27 batches). Two batches were run consecutively 
between cleaning of the mass spectrometer. A median centering approach was used for correction of 
the batch effect. The median PQC concentration of each lipid for each batch was used as a reference 
point to align the samples with the entire cohort. The alignment was performed by calculating a 
correction factor to adjust the concentration of each PQC lipid in each batch to the median value for all 
batches.  

Where lipid values were below the limit of quantification the value was assigned as half the lowest 
quantified value. No lipid species has more than 1% of samples below the limit of quantification. 

Multiple imputation by chained equations (MICE) (4) was used to impute missing clinical covariates 
(BMI, n=1; FBG, n=13 and WBC, n=1) using all 22 clinical covariates, prior to statistical analysis.  
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Supplementary Figure 1. Plasma lipid classes associated with future cardiovascular events and 
cardiovascular death. Cox regression models of each lipid class against cardiovascular events (closed 
circle) and cardiovascular death (open square) were created adjusting for 11 covariates (total 
cholesterol, HDL-C, current smoking, nature of prior acute coronary syndrome, revascularization, 
diabetes history, stroke history, history of hypertension and randomised treatment allocation). Hazard 
ratios per unit standard deviation, and 95% confidence intervals are shown. * significant association 
with cardiovascular events, # significant association with cardiovascular death. 
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Supplementary Figure 2: Correlation between hazard ratios for cardiovascular events and 
hazard ratios for cardiovascular death. A Cox regression analysis was performed to identify lipids 
associated with cardiovascular events and cardiovascular death in the LIPID subcohort. The models 
were adjusted for 11 covariates (age, gender, total cholesterol, HDL-C, current smoking, nature of prior 
acute coronary syndrome, revascularization, diabetes history, stroke history, history of hypertension 
and randomised treatment allocation).  
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Supplementary Figure 3: Calibration plots of risk prediction models. Calibration Plots for the 
models predicting cardiovascular events (panel A) and cardiovascular death (panel B) on the LIPID 
cohort. Blue circles represent the base models and red triangles denote the models with both base 
covariates and lipid variables. 
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Supplementary Figure 4: Hazard ratios of significant lipid species in the LIPID subcohort and 
ADVANCE case-cohort. Cox regression and weighted Cox regression analyses were performed to 
identify lipids associated with cardiovascular events and cardiovascular death in the LIPID subcohort 
and ADVANCE case-cohort. Hazard ratios of lipid species associated with cardiovascular events (panel 
A) and cardiovascular death (panel B) in the LIPID subcohort were plotted against the corresponding 
hazard ratios in the ADVANCE case-cohort. 

DEATH

R = 0.639

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5H
az

ar
d 

R
at

io
 (L

IP
ID

)
Hazard Ratio (ADVANCE)

EVENTS

R = 0.711

0.7

0.8

0.9

1.0

1.1

1.2

1.3

0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

H
az

ar
d 

R
at

io
 (L

IP
ID

)

Hazard Ratio (ADVANCE)

A B



The LIPID Study Investigators 

The participants in the LIPID study were as follows: Management Committee  — A. Tonkin (chair), P. 
Aylward, D. Colquhoun, P. Glasziou, P. Harris, D. Hunt, A. Keech, S. MacMahon, P. Magnus, D. Newel, 
P. Nestel, N. Sharpe, J. Shaw, R.J. Simes, P. Thompson, A. Thomson, M. West, H. White; Audit 
Committee — A. Thomson (chair), S. Simes, D. Colquhoun, W. Hague, S. MacMahon, R.J. Simes; 
Cost-Effectiveness Committee — R.J. Simes (chair), P. Glasziou, S. Caleo, J. Hall, A. Martin, S. Mulray; 
Data and Safety Monitoring Committee — P. Barter (chair), L. Beilin, R. Collins, J. McNeil, P. Meier, 
H. Willimott; Finance Committee — P. Harris (chair), W. Hague, D. Smithers, A. Tonkin, P. Wallace, H. 
Willimott; Outcomes-Assessment Committee — D. Hunt (chair), J. Baker, P. Aylward, P. Harris, M. 
Hobbs, P. Thompson; Publications Committee — N. Sharpe (chair), D. Hunt, M. West, P. Thompson, 
H. White; Quality Assurance Committee — P. Aylward (chair), D. Colquhoun, D. Sullivan, A. Keech; 
Related-Studies Committee — P. Thompson (chair), S. MacMahon, A. Tonkin, M. West; Stroke-
Adjudication Committee — H. White (chair), N. Anderson, G. Hankey, R.J. Simes, S. Simes, J. Watson; 
Writing-Allocation Committee — R.J. Simes (chair), N. Sharpe, A. Thomson, A. Tonkin, H. White; 
National Health and Medical Research Council Clinical Trials Centre, University of Sydney — W. 
Hague (study manager), J. Baker, M. Arulchelvam (biostatisticians), S. Chup, J. Daly, J. Hanna, A. 
Leach, M. Lee, J. Loughhead, H. Lundie-Jenkin, J. Morrison, A. Martin, S. Mulray, S. Netting, A. 
Nguyen, H. Pater, R. Philip, G. Pinna, D. Rattos, S. Ryerson, V. Sazhin, S. Simes, R. Walsh, A. Keech 
(deputy director), R.J. Simes (director); Clinical Trials Research Unit, Auckland — A. Clague, M. 
Mackie, J. Yallop, K. Boss, S. MacMahon (director); Central Lipid Laboratory, Flinders Medical Centre 
— M. Whiting, M. Shepard, J. Leach; Bristol-Myers Squibb Pharmaceuticals — M. Gandy, J. Joughin, 
J. Seabrook; LIPID investigators (numbers of patients enrolled are shown in parentheses) — 
Australia (5958): New South Wales (1616) — R. Abraham, J. Allen, F. Bates, I. Beinart, E. Breed, D. 
Brown, N. Bunyan, D. Calvert, T. Campbell, D. Condon-Paoloni, B. Conway, L. Coupland, J. Crowe, N. 
Cunio, B. Cuthbert, N. Cuthbert, S. D’Arcy, P. Davidson, B. Dwyer, J. England, C. Friend, G. Fulcher, S. 
Grant, K. Hellestrand, M. Kava, L. Kritharides, D. McGill, H. McKee, A. McLean, M. Neaverson, G. 
Nelson, M. O’Neill, C. Onuma, F. O’Reilly, A. Owensby, D. Owensby, J. Padley, G. Parnell, S. Paterson, 
C. Pawsey, R. Portley, K. Quinn, D. Ramsay, M. Russell, J. Ryan, B. Sambrook, L. Shields, J. Silberberg, 
S. Sinclair, D. Sullivan, P. Taverner, D. Taylor, M. Taylor, M. Threlfall, J. Turner, A. Viles, J. Waites, R. 
Walker, W. Walsh, K. Wee, P. West, R. Wikramanayake, D. Wilcken, J. Woods, R. Wyndham; Victoria 
(1374) — K. Barnett, Z. Bogetic, H. Briggs, A. Broughton, L. Brown, A. Buncle, P. Calafiore, L. Carrick, 
Y. Cavenett, L. Champness, R. Clark, H. Connor, J. Counsell, J. Deague, G. Derwent-Smith, A. Driscoll, 
B. Feldtmann, L. Fisher, B. Forge, A. Hamer, H. Harrap, S. Hodgens, M. Hooten, J. Hurley, B. Jackson, 
J. Johns, J. Krafchek, H. Larwill, I. Lyall, S. Marks, M. Martin, B. Mason, J. McCabe, C. Medley, L. 
Morgan, L. Mullan, D. Ogilvy, G. Phelps, P. Phillips, H. Prendergast, D. Rose, G. Rudge, W. Ryan, M. 
Sallaberger, G. Savige, B. Sia, A. Soward, C. Steinfort, K. Tankard, J. Tippett, B. Tyack, J. Voukelatis, M. 
Wahlqvist, N. Walker, S. Whitten, R. Yee, M. Zanoni, R. Ziffer; Queensland (1431) — K. Anderson, G. 
Aroney, C. Atkinson, K. Boyd, R. Bradfield, G. Cameron, D. Careless, A. Carle, P. Carroll, T. Carruthers, 
D. Chaseling, B. Cooke, S. Coverdale, B. Currie, M. d’Emden, F. Ekin, R. Elder, T. Elsley, L. Ferry, C. 
Gnanaharan, K. Graham, K. Gunawardane, C. Hadfield, C. Halliday, R. Halliday, A. Heyworth, B. Hicks, 
P. Hicks, T. Htut, L. Hughes, J. Humphries, H. LeGood, J. Nye, D. O’Brien, G. Real, K. Roberts, L. Ross-
Lee, J. Sampson, I. Scott, H. Smith, V. Smith-Orr, Y. Tan, B. Wicks, J. Wicks, S. Woodhouse; South 
Australia (512) — J. Bradley, L. Callaway, A. Calvert, J. Crettenden, A. Dufek, B. Dunn, C. Dunphy, D. 
Gow, I. Hamilton-Craig, K. Herewane, S. Keynes, L. McLeay, R. McLeay, L. Ng, C. Thomas, P. Tideman, 
L. Wilson, R. Yeend, C. Zhang, Y. Zhang; Western Australia (623) — P. Bradshaw, M. Brooks, R. 
Burton, J. Garrett, K. Gotch-Martin, J. Hargan, B. Hockings, G. Lane, S. Ross; Tasmania (402) — R. 
Cutforth, D. D’Silva, W. Hitchener, V. Kimber, G. Kirkland, P. Neid, R. Parkes, B. Singh, C. Singh, M. 



Smith, S. Smith, M. Templer, N. Whitehouse; New Zealand (3056) — R. Allen-Narker, R. Anandaraja, 
S. Anandaraja, P. Barclay, S. Baskaranathan, P. Bridgman, J. Brown, J. Bruning, J. Calton, A. Clague, M. 
Clark, D. Clarke, T. Cook, R. Coxon, M. Denton, A. Doone, R. Easthope, J. Elliott, C. Ellis, P. Foster-
Pratt, C. Frenneux, M. Frenneux, D. Friedlander, D. Fry, L. Gibson, M. Gluyas, A. Hall, K. Hall, A. 
Hamer, H. Hart, P. Healy, J. Hedley, P. Heuser, H. Ikram, D. Jardine, J. Kenyon, H. King, T. Kirk, T. 
Lawson, P. Leslie, G. Lewis, E. Low, R. Luke, S. Mann, D. McClean, D. McHaffie, L. Nairn, H. Patel, L. 
Pearce, K. Ramanathan, R. Rankin, J. Reddy, S. Reuben, R. Ronaldson, D. Roy, H. Roy, P. Scobie, D. 
Scott, J. Scott, K. Skjellerup, R. Stewart, D. Walters, T. Wilkins, A. Vitanachy, P. Wright, A. Zambanini. 


