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Background: Clinical lipid measurements do not show the full complexity of the altered lipid
metabolism associated with diabetes or cardiovascular disease. Lipidomics enables the assessment
of hundreds of lipid species as potential markers for disease risk. Methods: Plasma lipid
species (310) were measured by a targeted lipidomic analysis with liquid chromatography
electrospray ionisation—tandem mass spectrometry on a case—cohort (n=3,779) subset from the
ADVANCE (Action in Diabetes and Vascular disease: preterAx and diamicroN- MR Controlled Evaluation)
trial. The—case cohort was 61% male with a mean age of 67. All participants had type 2 diabetes
mellitus with one or more additional cardiovascular risk factors and 35% had a history of
macrovascular disease. Weighted Cox regression was used to identify lipid species associated with
future cardiovascular events (non—-fatal myocardial infarction, non—- fatal stroke and
cardiovascular death) and cardiovascular death during a five year follow-up period. Multivariable
models combining traditional risk factors with lipid species were optimized using the Akaike
information criteria. C—statistics and net reclassification indices (NRI) were calculated within
a five—fold cross validation framework. Results: Sphingolipids, phospholipids (including lyso-
and ether— species), cholesteryl esters, and glycerolipids were associated with future
cardiovascular events and cardiovascular death. The addition of 7 lipid species to a base model
(14 traditional risk factors and medications) to predict cardiovascular events increased the C
statistic from 0.680 (95% confidence interval [CI], 0.678 -0.682) to 0.700 (95% CI, 0.698 -

0.702; P<0.0001) with a corresponding continuous NRI of 0.227 (95% CI, 0.219 - 0.235). The
prediction of cardiovascular death was improved with the incorporation of 4 lipid species into
the base model, showing an increase in the C statistic from 0. 740 (95% CI, 0.738 -0.742) to 0. 760
(95% CI, 0.757-0.762; P<0.0001) and a continuous net reclassification index of 0.328 (95% CI,

0.317-0.339). The results were validated in a subcohort with type 2 diabetes mellitus (n=511)

from the LIPID trial (Long-Term Intervention With Pravastatin in Ischemic Disease)

Conclusions: The improvement in the prediction of cardiovascular events, above traditional risk
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factors, demonstrates the potential of plasma lipid species as biomarkers for cardiovascular risk

stratification in diabetes mellitus.
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Continuous variables, median (1*, 3¢ quartile)
Age (years) 67 (62, 72) 70 (65, 74) 67 (61, 71) <0.001 71 (66, 75) 67 (61, 71) <0.001
Body mass index (kg/m?) 29.4(26.4,32.8) | 28.7(26.1,32.5) | 29.4(26.6,32.9) | 0.030 | 28.7(26.1,32.4) | 29.4(26.5,32.9) 0.080
HbAlc (%) 7.2 (6.5,8.1) 7.3(6.5,8.4) 7.1(6.4,8.1) <0.001 7.5 (6.6, 8.5) 7.1(6.4,8.1) <0.001
Glucose (mmol/L) 7.9 (6.6,9.8) 8.1 (6.6,10.1) 7.9 (6.6,9.7) 0.163 8.2 (6.5,10.3) 7.9 (6.6,9.7) 0.321
Triglycerides (mmol/L) 1.70 (1.20, 2.35) | 1.62 (1.20,2.32) | 1.70(1.20,2.36) | 0.431 | 1.60(1.20,2.32) | 1.70(1.20,2.36) | _0.397
LDL cholesterol (mmol/L) 3.00(2.35,3.70) | 3.00(2.40,3.80) | 2.99(2.34,3.70) | 0.479 | 3.05(2.40,3.80) | 2.99(2.33,3.70) 0.198
Total cholesterol (mmol/L) 5.00 (430, 5.81) | 5.00 (4.30, 5.80) | 5.00 (4.31,5.83) | 0.278 | 5.04(4.30,5.88) | 5.00 (4.30,5.81) | 0.819
HDL cholesterol (mmol/L) 1.20 (1.00, 1.40) | 1.10(0.96, 1.30) | 1.20 (1.00, 1.40) | <0.001 | 1.10(1.00, 1.33) | 1.20(1.00, 1.40) | 0.011
Systolic blood pressure (mmHg) 146 (133,160) | 150 (135,166) | 145 (132,160) | <0.001 | 149 (135,165) | 146 (133, 160) 0.006
Diastolic blood pressure (mmHg) 81 (74, 89) 82 (74, 89) 81 (74, 89) 0.951 81 (73, 89) 81 (74, 89) 0.235
¢GFR (mL/min/1.73m’) 71 (60, 85) 68 (55, 81) 72(61,86) | <0.001 67 (52,79) 72 (61, 85) <0.001
Diabetes duration (years) 6.0(3.0,11.0) | 8.0(4.0,13.00 | 60(3.0,11.0) | <0.001 | 9.0(4.0,15.0) | 6.0(3.0,11.0) | <0.001
C-reactive protein (mg/L) 1.83 (0.87,4.09) | 2.02(0.93,4.41) | 1.79 (0.86,4.05) | 0.026 | 2.05(1.01,4.55) | 1.80 (0.86, 4.05) 0.027
Dichotomous variables, n (%)
Sex (male) 2308 (61.1%) 483 (69.2%) 1825 (59.2%) | <0.001 | 240 (67.6%) 2068 (60.4%) 0.038
Alcohol drinker 1557 (41.2%) 272 (39.0%) 1285 (41.7%) | 0.309 125 (35.2%) 1432 (41.8%) 0.065
Smoker 565 (15.0%) 100 (14.3%) 465 (15.1%) | 0.637 48 (13.5%) 517 (15.1%) 0.464
History of macrovascular disease 1321 (35.0%) 343 (49.1%) 978 (31.7%) | <0.001 | 187 (52.7%) 1134 (33.1%) | <0.001
History of heart failure 175 (4.6%) 61 (8.7%) 114 (3.7%) | <0.001 | 45 (12.7%) 130 (3.8%) <0.001
Use of antihypertensive medication 3022 (80.0%) 607 (87.0%) 2415 (78.4%) 0.022 322 (90.7%) 2700 (78.9%) 0.018
Use of lipid-lowering medicati 1674 (44.3%) 295 (42.3%) 1379 (44.8%) | 0371 | 140 (39.4%) 1534 (44.8%) 0.148
Use of antiplatelet medication 1869 (49.5%) 411 (58.9%) 1458 (47.3%) | <0.001 | 220 (62.0%) 1649 (48.2%) | <0.001
Antihypertensive arm 1850 (49.0%) 332 (47.6%) 1518 (49.3%) 0.561 154 (43.4%) 1696 (49.5%) 0.115
Glucose control arm 1890 (50.0%) 340 (48.7%) 1550 (50.3%) 0.590 166 (46.8%) 1724 (50.4%) 0.363
Moderate or vig iset 1822 (48.2%) 285 (40.8%) 1537 (49.9%) | 0.002 | 134 (37.7%) 1688 (49.3%) 0.003
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the Prediction of Cardiovascular Events in Type 2 Diabetes Mellitus. Circulation.
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