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O ver the last 50 years, routine lipid parame-
ters for risk prediction of cardiovascular
disease (CVD) have not changed: clinical

assays still rely on simple biochemical measurements
of total triglycerides (TGs), total cholesterol, and
high-density lipoprotein cholesterol (HDL-C). Low-
density lipoprotein cholesterol (LDL-C) is not always
measured but calculated from non–HDL-C. Further,
standard lipid tests quantify the cholesterol or TG
content of lipoproteins, without providing size-
specific lipoprotein particle information. By contrast,
nuclear magnetic resonance (NMR) spectroscopy
provides a rapid method for distinguishing and quan-
tifying a wide range of lipoprotein subclasses. Upon
exposure to a magnetic field, distinct lipoprotein
subclasses emit a unique signal that is directly pro-
portional to their concentration. Although NMR spec-
troscopy lacks sensitivity when compared with mass
spectrometry, it can be used to analyze the lipid
composition of lipoprotein subclasses (1,2).
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In this issue of the Journal, Holmes et al. (3) pre-
sent NMR-based findings from the China Kadoorie
Biobank study that contribute to refining the quanti-
tative and qualitative features of atherogenic lipid
profiles. Very–low-density lipoprotein (VLDL) particle
concentrations were at least as strongly associated
with myocardial infarction (MI) and ischemic stroke
(IS) as were LDL particles. Further, TGs were more
consistently related with MI and IS across the entire
spectrum of lipoprotein subfractions than choles-
terol, and VLDL and remnant cholesterol out-
performed LDL-C in CVD risk prediction in this
Chinese population characterized with low mean
LDL-C levels (85 mg/dl in the control group).
A causal role for remnant cholesterol in TG-rich
lipoproteins such as VLDL has previously been sug-
gested by meta-analysis and large-scale Mendelian
randomization studies (4,5). Similarly, mass
spectrometry-based proteomics in the Bruneck study
ranked 3 VLDL-associated apolipoproteins—apolipo-
protein C3, apolipoprotein C2, and apolipoprotein E—
as first to third with regard to CVD risk prediction (6).
However, these data must be interpreted in the
context of the widespread use of statins for primary
prevention in this cohort. Emerging studies suggest
that cause for MI is shifting from plaque ruptures to
plaque erosions, possibly due to the widespread use
of LDL-C lowering therapies (7,8). With low LDL-C
levels, the relative contribution of TG-rich lipopro-
teins to CVD risk may increase.

The China Kadoorie Biobank study (3) offers addi-
tional remarkable insights. First, the data contradict
the conventional, yet outdated view that lipids are
predominantly a risk factor for MI and are only a weak
predictor for IS. In fact, the associations of lipoprotein
particles with MI and IS were highly concordant, and
their magnitude was only marginally lower for IS.
This is supported by other studies that obtained
https://doi.org/10.1016/j.jacc.2017.12.040
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similar findings for MI and IS, that is, by measuring
the plasma lipidome (9) or apolipoproteins such as
lipoprotein (a) (10–12). The most recent meta-analysis
of LDL-C lowering therapies yielded a risk reduction
of 24% for MI and 19% for overall stroke for more
intensive versus less intensive therapy (13). The ran-
domized controlled trials (RCTs) for proprotein con-
vertase subtilisin/kexin type 9 inhibition and
ezetimibe therapy but not cholesteryl ester transfer
protein inhibition with anacetrapib reported benefits
of lipid-lowering therapy for IS similar to or even
higher than for MI (14–17). Taken together, these
findings are consistent with the notion that lipids
promote atherosclerosis systemically and that
atherosclerosis is a main underlying cause for IS
across its major subtypes. The pathogenetic relevance
of lipids is obvious for IS as a downstream manifes-
tation of atherosclerosis in extracranial or intracranial
large arteries, one of the main causes of stroke in
China. It is also plausible for small-vessel stroke.
Small-vessel strokes commonly arise from plaques at
the orifice of the penetrating artery rather than from
lipohyalinosis. The pathogenic relevance, however,
may also extend to cardioembolic stroke and embolic
stroke of undetermined source. Stiffening of the aorta
due to atherosclerosis and subsequent loss of the
Windkessel function may elicit a diastolic backward
flow at the upper circumference of the aortic arch
redirecting cardiac emboli into the cerebral circula-
tion. A large proportion of embolic stroke of unde-
termined source may actually be the consequence of
fissuring of nonstenotic plaques that escape detection
by carotid ultrasound. Further research into the role
of lipids in the IS subtypes is required to draw more
definitive conclusions.

Second, the Chinese Kadoorie Biobank Study (3)
provides clarity as to one of the most controversial
topics in stroke medicine—the purported protective
role of lipids for intracerebral hemorrhage (ICH). In
brief, none of 61 NMR spectroscopy parameters
(lipoprotein particle concentrations and composition,
particle size, and apolipoproteins) exhibited a signif-
icant relationship with ICH despite the high incidence
of ICH in the Chinese population and the large num-
ber of cases (1,138 ICH patients) included in the
analysis. Importantly, there was no signal suggesting
that low cholesterol or TG levels confer a higher risk
of ICH, as has been suggested by a large-scale meta-
analysis of observational studies including 1.4 million
participants and 7,960 ICH cases (18). This literature-
based meta-analysis might have been confounded by
unrecorded comorbidities that alter lipid levels (e.g.,
liver and renal disease, inflammatory diseases and
malignancies), inclusion of high-risk individuals for
CVD who were treated with statins, and other
determinants of ICH risk (e.g., alcohol consumption
and socioeconomic status) that were not rigorously
assessed. This view is corroborated by genetic asso-
ciation studies demonstrating a higher risk of ICH in
carriers of variants related to high rather than low
cholesterol levels (19). Moreover, the initial finding of
the SPARCL (Stroke Prevention by Aggressive
Reduction in Cholesterol Levels) trial that high-dose
statin therapy increases the risk for ICH appears to
have been an artifact of the intention-to-treat prin-
ciple and was not confirmed in any other RCT testing
lipid-lowering strategies, nor in subsequent meta-
analyses (20,21). Even in the setting of stroke
thrombolysis, there was no higher risk of ICH among
statin users (22). Although it is premature to close this
discussion, the study by Holmes et al. (3) in this issue
of the Journal adds further evidence that the pro-
posed link between low cholesterol and ICH is a
misconception.

Third, now that most RCTs on HDL-C raising stra-
tegies have failed and Mendelian randomization
studies refute a causal role of HDL-C in CVD, research
should target HDL composition, functionality (e.g.,
cholesterol efflux capacity), and other qualitative
features. The Chinese Kadoorie Biobank study (3)
suggests that the TG rather than the cholesterol con-
tent of HDL is a determinant of atherogenicity.
Finally, circulating glycoprotein N-acetylglucosamine
residues—a glycan biomarker linked to inflammation
and aging—showed one of the strongest associations
across all 3 main vascular endpoints (MI, IS, and ICH).
More studies are required to scrutinize these associa-
tions and to further explore cause and effect.

We are entering a new era of lipid management
(12,14–16). With a growing armamentarium of lipid-
lowering therapies, patients can be more readily
treated to achieve the recommended LDL-C target
levels. Besides LDL-C, the therapeutic focus may
broaden to tackle the residual CVD risk and include
VLDL and TGs (3–6,23), as well as fatty acid compo-
sition (9,24) and other apolipoproteins, that is, lipo-
protein (a) (10–12). It is time to advance NMR
spectroscopy and mass spectrometry technologies for
lipoprotein and apolipoprotein profiling to meet the
high throughput, low cost, and standardization
required for potential clinical use (25,26). The appli-
cation of multiomics technologies may pave the way
toward redefining CVD risk (27).

ADDRESS FOR CORRESPONDENCE: Dr. Manuel Mayr,
King’s British Heart Foundation Centre, King’s College
London, 125 Coldharbour Lane, London SE5 9NU,
United Kingdom. E-mail: manuel.mayr@kcl.ac.uk.

mailto:manuel.mayr@kcl.ac.uk


J A C C V O L . 7 1 , N O . 6 , 2 0 1 8 Mayr et al.
F E B R U A R Y 1 3 , 2 0 1 8 : 6 3 3 – 5 Cardiovascular Risk Beyond LDL Cholesterol

635
RE F E RENCE S
1. Ussher JR, Elmariah S, Gerszten RE, Dyck JR.
The emerging role of metabolomics in the diag-
nosis and prognosis of cardiovascular disease.
J Am Coll Cardiol 2016;68:2850–70.

2. Hinterwirth H, Stegemann C, Mayr M. Lip-
idomics: quest for molecular lipid biomarkers in
cardiovascular disease. Circ Cardiovasc Genet
2014;7:941–54.

3. Holmes MV, Millwood IY, Kartsonaki C, et al., on
behalf of the China Kadoorie Biobank Collabora-
tive Group. Lipids, lipoproteins, and metabolites
and risk of myocardial infarction and stroke. J Am
Coll Cardiol 2018;71:620–32.

4. Sarwar N, Sandhu MS, Ricketts SL, et al.
Triglyceride-mediated pathways and coronary
disease: collaborative analysis of 101 studies.
Lancet 2010;375:1634–9.

5. Nordestgaard BG. Triglyceride-rich lipoproteins
and atherosclerotic cardiovascular disease: new
insights from epidemiology, genetics, and biology.
Circ Res 2016;118:547–63.

6. Pechlaner R, Tsimikas S, Yin X, et al. Very-low-
density lipoprotein-associated apolipoproteins
predict cardiovascular events and are lowered by
inhibition of APOC-III. J Am Coll Cardiol 2017;69:
789–800.

7. Libby P, Pasterkamp G. Requiem for the
’vulnerable plaque’. Eur Heart J 2015;36:2984–7.

8. Arbab-Zadeh A, Fuster V. The myth of the
“vulnerable plaque”: transitioning from a focus on
individual lesions to atherosclerotic disease
burden for coronary artery disease risk assess-
ment. J Am Coll Cardiol 2015;65:846–55.

9. Stegemann C, Pechlaner R, Willeit P, et al.
Lipidomics profiling and risk of cardiovascular
disease in the prospective population-based
Bruneck study. Circulation 2014;129:1821–31.
10. Erqou S, Kaptoge S, Perry PL, et al. Lip-
oprotein(a) concentration and the risk of coronary
heart disease, stroke, and nonvascular mortality.
JAMA 2009;302:412–23.

11. Willeit P, Kiechl S, Kronenberg F, et al.
Discrimination and net reclassification of cardio-
vascular risk with lipoprotein(a): prospective
15-year outcomes in the Bruneck Study. J Am Coll
Cardiol 2014;64:851–60.

12. Viney NJ, van Capelleveen JC, Geary RS, et al.
Antisense oligonucleotides targeting apolipopro-
tein(a) in people with raised lipoprotein(a): two
randomised, double-blind, placebo-controlled,
dose-ranging trials. Lancet 2016;388:2239–53.

13. Koskinas KC, Siontis GCM, Piccolo R, et al.
Effect of statins and non-statin LDL-lowering med-
ications on cardiovascular outcomes in secondary
prevention: ameta-analysis of randomized trials.Eur
Heart J 2017 Oct 23 [E-pub ahead of print].

14. Cannon CP, Blazing MA, Giugliano RP, et al.
Ezetimibe added to statin therapy after acute
coronary syndromes. N Engl J Med 2015;372:
2387–97.

15. Sabatine MS, Giugliano RP, Wiviott SD, et al.
Efficacy and safety of evolocumab in reducing
lipids and cardiovascular events. N Engl J Med
2015;372:1500–9.

16. Ridker PM, Revkin J, Amarenco P, et al. Car-
diovascular efficacy and safety of Bococizumab in
high-risk patients. N Engl J Med 2017;376:1527.
Statin treatment in patients with intracerebral
hemorrhage 39.

17. Bowman L, Hopewell JC, Chen F, et al. Effects
of anacetrapib in patients with atherosclerotic
vascular disease. N Engl J Med 2017;377:1217–27.

18. Wang X, Dong Y, Qi X, Huang C, Hou L.
Cholesterol levels and risk of hemorrhagic stroke:
a systematic review and meta-analysis. Stroke
2013;44:1833–9.

19. Akoudad S, Ikram MA, Portegies ML, et al.
Genetic loci for serum lipid fractions and intrace-
rebral hemorrhage. Atherosclerosis 2016;246:
287–92.

20. Spence JD. Statins do not cause intracerebral
hemorrhage. Neurology 2012;79:1076–7.

21. Endres M, Nolte CH, Scheitz JF. Statin treat-
ment in patients with intracerebral hemorrhage.
Stroke 2018;49:240–6.

22. Scheitz JF, MacIsaac RL, Abdul-Rahim AH,
et al. Statins and risk of poststroke hemorrhagic
complications. Neurology 2016;86:1590–6.

23. Nordestgaard BG. A test in context: lipid pro-
file, fasting versus nonfasting. J Am Coll Cardiol
2017;70:1637–46.

24. Rhee EP, Cheng S, Larson MG, et al. Lipid
profiling identifies a triacylglycerol signature of
insulin resistance and improves diabetes predic-
tion in humans. J Clin Invest 2011;121:1402–11.

25. Soininen P, Kangas AJ, Würtz P, Suna T, Ala-
Korpela M. Quantitative serum nuclear magnetic
resonance metabolomics in cardiovascular
epidemiology and genetics. Circ Cardiovasc Genet
2015;8:192–206.

26. Yin X, Baig F, Haudebourg E, Blankley RT,
et al. Plasma proteomics for epidemiology:
increasing throughput with standard-flow rates.
Circ Cardiovasc Genet 2017;10:e001808.

27. Rader DJ, Bajaj A, Khetarpal SA. Deep apolipo-
protein proteomics to uncover mechanisms of cor-
onary disease risk. J AmColl Cardiol 2017;69:801–4.

KEY WORDS apolipoproteins, biomarkers,
mass spectrometry, nuclear magnetic resonance
spectroscopy, precision medicine

http://refhub.elsevier.com/S0735-1097(17)42082-1/sref1
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref1
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref1
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref1
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref2
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref2
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref2
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref2
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref3
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref3
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref3
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref3
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref3
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref4
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref4
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref4
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref4
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref5
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref5
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref5
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref5
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref6
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref6
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref6
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref6
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref6
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref7
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref7
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref8
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref8
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref8
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref8
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref8
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref9
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref9
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref9
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref9
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref10
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref10
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref10
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref10
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref11
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref11
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref11
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref11
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref11
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref12
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref12
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref12
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref12
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref12
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref13
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref13
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref13
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref13
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref13
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref14
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref14
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref14
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref14
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref15
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref15
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref15
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref15
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref16
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref16
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref16
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref16
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref16
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref17
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref17
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref17
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref18
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref18
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref18
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref18
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref19
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref19
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref19
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref19
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref20
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref20
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref21
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref21
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref21
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref22
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref22
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref22
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref23
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref23
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref23
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref24
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref24
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref24
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref24
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref25
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref25
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref25
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref25
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref25
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref26
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref26
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref26
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref26
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref27
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref27
http://refhub.elsevier.com/S0735-1097(17)42082-1/sref27

	Cardiovascular Risk Beyond Low-Density Lipoprotein Cholesterol∗
	References


