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Abstract: There is an ongoing discussion about whether treatment strategies developed from
population based studies lead to inappropriate care of individual patients. This article proposes that
despite management of lipid-lowering therapy to established low-density lipoprotein cholesterol
(LDL-C) goals, significant residual risk for cardiovascular events remains in patients with established
cardiovascular disease, diabetes, and metabolic syndrome (ie, central obesity, raised triglyceride
levels and/or reduced high-density lipoprotein cholesterol levels). In these patients, LDL-C is often
an inaccurate predictor of risk because the cholesterol content within the low-density lipoprotein
particle (LDL-P) can be highly variable and thus LDL-C often inaccurately expresses an individual’s
likelihood of an atherosclerotic event. The LDL-P number has been found to be a better discriminator
of cardiovascular risk than LDL-C in individual patients in several large epidemiologic studies that
use sub-group analyses, including the Framingham Offspring Study and the Multi-Ethnic Study of
Atherosclerosis. In contrast, epidemiology studies that utilize population statistics focusing on the
role of lipids for initial risk assessment in entire populations do not separately evaluate these higher
risk patients. The measurement of LDL-P in patients with cardiometabolic risk allows treatment of
individuals through the optimization of lipid-lowering therapy to personalized goals, which would
be expected to reduce that individual’s risk of subsequent atherosclerotic events.
Keywords: cardiovascular disease, individualized medicine, low-density lipoprotein particles,
low-density lipoprotein cholesterol

In a recent analysis, Dr Eric Topol argues that the treatment of individual patients based
solely on strategies developed from population based studies may lead to inappropriate
care.1 He cites a recent Cochrane Collaboration review of data from 14 clinical trials
in which the authors concluded that there was no net overall benefit of statin therapy
in the treatment of patients without preexisting heart disease.2 For many years there
has been a commonly held belief in the medical community that statin therapy should
be utilized in all patients with elevated levels of low-density lipoprotein cholesterol
(LDL-C) to lower that particular patient’s risk of cardiovascular events. This strategy
has led to potentially unnecessary treatment of people who, despite an elevated level
of LDL-C, have such a low risk of such events that statin therapy would be unlikely to
lead to significant individual benefit. Therefore, Dr Topol argues, such blind adherence
to prespecified LDL-C population goals leads to herd-treatment, rather than targeting
therapy to individual patients who are most likely to benefit.1
Estimation of risk for cardiovascular events is a dynamic area in epidemiological
(population based) research. Risk estimation is an important tool in primary and
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secondary prevention as it can provide the impetus to initiate
lifestyle changes and/or the use of an appropriate therapeutic
intervention in patients while simultaneously avoiding futile
treatment in those least likely to benefit. The construction
of a single algorithm to predict and manage cardiovascular
disease is complex when estimation from a population study is
applied to an individual patient. Limitations in cardiovascular
disease risk estimation could be due to: (a) the use of dated
diagnostic and predictive tools, (b) the existence of unknown
risk factors, (c) potential risk factors that are measured in only
a subset of studies, and (d) risk factors whose association
with cardiovascular disease has been difficult to reproduce.
Hence, a major challenge to the health care provider is how
to translate and effectively integrate population-based data
into daily medical decision-making regarding an individual
patient. This commentary examines the challenges with
population-based approaches and makes recommendations
around a personalized management approach for patients
with LDL-related cardiovascular risk by highlighting how
subgroup analysis can educate the treating practitioner on
individual patient management decisions.

Challenges with cholesterol
measurements: addressing
residual risk
Epidemiologic analyses of population risk led to the
establishment of LDL-C treatment goals, defined in National
Cholesterol Education Program (NCEP) Adult Treatment
Panel III (ATPIII) guidelines, in the hope that such treatment
would lead to a reduction in cardiovascular events.3,4 Indeed
meta-analyses of clinical trials have shown that LDL-C
lowering therapy with statins reduces cardiovascular events
in a wide range of individuals5,6 and more intensive lowering
of LDL-C, at least with more aggressive use of statin therapy,
further reduces the risk of occlusive vascular events.7
However, in each of these clinical trials substantial residual
cardiovascular risk persisted in at-risk individuals despite
such treatment. In the Get With the Guidelines analysis8 of
a large cohort of patients hospitalized for cardiovascular
events, only 56.5% of high risk patients with a prior history
of a cardiovascular event and/or diabetes met the NCEP-ATP
III goal of an on-treatment LDL-C , 100 mg/dL. Moreover,
only 17.5% of patients in this cohort had an on-treatment
LDL-C , 70 mg/dL, a goal recommended for such higher
risk patients. Thus, failure to attain recommended LDL-C
goals may have contributed to residual risk. Yet for patients
hospitalized for a cardiovascular event without a documented
history of coronary heart disease, 72.1% actually met the
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NCEP-ATP III goal of an LDL-C , 130 mg/dL. Even when
LDL-C goals have been successfully achieved, cardiovascular
disease progression and clinical events frequently occur.9,10
Hence, the Adult Treatment Panel III (ATPIII), the
Canadian Cardiovascular Society/Canadian Guidelines for
the Diagnosis and Treatment of Dyslipidemia, the ESC/
EAS guidelines for the management of dyslipidemias,
and the National Lipid Association panel of experts, have
recommended alternate LDL targets of therapy.11,12 These
alternate measures to LDL-C could include non-high-density
lipoprotein cholesterol (non-HDL-C), apolipoprotein B
(apoB), and low density lipoprotein particle (LDL-P) number
derived by nuclear magnetic resonance spectroscopy.
However, in spite of these various recommendations and
guidelines, the majority of the epidemiological, primary
and secondary prevention trials have continued to focus on
evaluating the effects of therapies on LDL-C levels from a
population statistics perspective.
As a result, despite managing lipid-lowering therapy
to current LDL-C goals, there is significant residual risk
for cardiovascular events, particularly in patients with
established cardiovascular disease, diabetes, and metabolic
syndrome (ie, central obesity, raised triglyceride levels,
and/or reduced high-density lipoprotein cholesterol levels).9
This underscores the difficulty in using population-based data
to make daily medical decisions for individual patients.

When should a new test be
considered in place of the current
reference standard? The role
of discordance analysis
“Gold standard” diagnostic tests often have weaknesses
and yet, despite becoming obsolete, may continue to be
utilized by reason of historical usage, clinical guidelines,
and incorporation into previous clinical trials as key
endpoints. Such an example exists for LDL-C assessment.
LDL-C, apoB, and LDL-P numbers are measured primarily
to ascertain LDL-attributable risk of vascular events.
Experimental studies support the central role of LDL-P in
atherogenesis: LDL-Ps penetrate the arterial wall and set in
motion a cascade of events leading to atherosclerosis.13,14
LDL-C is a measure that quantifies the cholesterol content
within a population of LDL-Ps; such cholesterol content
may be highly variable over time and is dependent on disease
status, diet, the use of pharmacotherapy, and other factors.15
ApoB is the main protein component of LDL and is also
found on very-low density lipoprotein and intermediate
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density lipoprotein. ApoB is measured in the clinical
laboratory by several methods (immunoturbidimetric assay
and the immunonephelometric assay). LDL-P quantifies
the number of such particles and is independent of their
cholesterol content; measurement of LDL-P number has been
found to be a better discriminator of cardiovascular risk than
LDL-C in several large epidemiologic studies, including the
Framingham Offspring Study and the Multi-Ethnic Study
of Atherosclerosis (MESA).16,17 However, this finding was
only uncovered by analysis of subgroups of patients in these
studies rather than by assessing the overall study populations,
suggesting that LDL-P improves risk assessment and
management over LDL-C in individual patients.
According to Glasziou et al, LDL-P as a potential
alternative diagnostic measure must be compared to LDL-C
under clinical situations in which the two tests do not agree
(in such situations the two markers are thus “discordant”).18
Discordance, or non-agreement between two tests, occurs
when one test detects a clinically-significant result that the
other test does not. The use of a test that more accurately
identifies individuals at high or low risk prevents under- or
over-diagnosis of disease and thus under- or overtreatment of
that disease. The finding that LDL-P is a better discriminator
of cardiovascular risk than is LDL-C in subgroups of
populations suggests a potential benefit to using the new test
in place of, or in addition to, the reference test in individual
patients.

Population versus discordance
studies
In generally healthy populations with a low to moderate
risk of cardiovascular disease the majority of subjects have
roughly concordant levels of LDL-C and LDL-P, which
dilutes potentially meaningful differences between LDL-C
and LDL-P in the subgroups with discordant levels.17
Thus, studies in which only herd risk is assessed often
conclude that LDL-P number is no better than traditional
lipid measurements. In a study of samples obtained from
participants in the Woman’s Health Study,19 investigators
concluded that cardiovascular disease risk prediction
associated with lipoprotein (LDL-P) was comparable but
not superior to that of standard lipid or apolipoprotein levels.
In the EPIC-Norfolk Study,20 LDL-P and non-high-density
lipoprotein cholesterol were more closely associated with
coronary artery disease than LDL-C, but the association for
LDL-P was lost after adjustment for high-density lipoprotein
cholesterol and triglycerides. Recent findings from the Heart
Protection Study,21 a study of 20,000 patients with a mean of
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5.3 years of follow-up, also indicated that LDL-C, LDL-P,
and apoB correlated with cardiovascular disease risk and
had similar predictive value. The studies described above
focused on risk of the overall population, as well as the
ability to initially assess risk rather than evaluating at-risk
subpopulations with discordant LDL-C and LDL-P levels.
However, studies of discordant subpopulations have
yielded different results. Analyses of discordance data from
both the Framingham Offspring cohort and the MESA cohort
showed a high level of disagreement between LDL-C and
LDL-P values on the basis of population percentiles.16,17
In the Framingham Offspring cohort, LDL-C levels were
138 vs 134 mg/dL (P = 0.09) in men with versus men without
cardiovascular disease, but LDL-P levels were significantly
different between these two groups (1641 vs 1509 nmol/L)
(P , 0.0001). In both studies, the cumulative incidence of
cardiovascular events was significantly and substantially
higher in the discordant subgroup with LDL-P . LDL-C,
and significantly lower in the discordant subgroup with
LDL-P , LDL-C, compared with the concordant subgroup
in which LDL-C and LDL-P population percentile values
agreed.
The analysis of the MESA cohort reproduced in the figure
below showed a higher cumulative incidence of cardiovascular
events (from proportional hazards models adjusted for
age and gender) in subgroups with LDL-C , 100 mg/dL
and LDL-P $ 1060 nmol/L (adjusted rate of 11.3 events
per 1000 person-years) compared with subgroups with
LDL-C $ 100 mg/dL and LDL-P , 1060 nmol/L

Cumulative incidence
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Figure 1 Cumulative incidence of cardiovascular events in subgroups with low
LDL-C and/or low LDL-P, from proportional hazards models adjusted for age and
gender.
Note: Low LDL-C and LDL-P values were defined as < 100mg/dL and <1060 nmol/L
respectively (<30th percentile).
Reprinted from Otvos JD, Mora S, Shalaurova I, et al. Clinical implications of
discordance between low-density lipoprotein cholesterol and particle number. J Clin
Lipidol. 2011;5(2):105–113. © 2011 with permission from Elsevier.
Abbreviations: LDL-C, low-density lipoprotein cholesterol; LDL-P, low-density
lipoprotein particle number.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

(n)
(516)

57

Dovepress

Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 18.207.254.88 on 02-Jun-2020
For personal use only.

Morris and Wright

(adjusted rate of 6.2 events per 1000 person-years). 17
Furthermore, a discordant subpopulation analysis from the
INTERHEART study compared non-HDL-C and apoB as
markers of cardiovascular risk to determine which of these
markers of LDL provided more accurate risk prediction.22 The
INTERHEART study is a standardized case-control study of
acute myocardial infarction from 52 countries. The results
from the analysis demonstrated that apoB is a more accurate
marker of cardiovascular risk than non-HDL-C.
These results suggest that utilizing lipoprotein goals rather
than cholesterol goals to manage cardiovascular disease risk
may result in better individual patient outcomes. However,
these findings cannot be reproduced using the typical
population based methods – individual patient-level data
must be employed. These discordant subpopulation analyses
(MESA, Framingham Offspring, and the INTERHEART)
have been derived from epidemiological and primary
prevention studies.16,17,22 Although these studies have yielded
great information, it is crucial to also run discordance
subpopulation analyses in secondary prevention trials.
Finally, for an individual patient, both undertreatment and
overtreatment with lipid-lowering drugs may have a significant
personal, medical, and financial impact. For example, a patient
at intermediate or high risk of cardiovascular disease based
on Framingham Risk Score and with LDL-C , 100 mg/dL
but LDL-P . 1300 nmol/L often needs more aggressive or
additional lipid-lowering therapy in order to reach a target
LDL-P , 1000 nmol/L, a level which was associated with
lowest cardiovascular event rates in Framingham Offspring
and MESA. Conversely, a patient at a similar risk level
with LDL-C = 130 mg/dL but LDL-P , 1000 nmol/L
may need to carefully consider whether more aggressive
lipid-lowering therapy to lower LDL-C below 100 mg/dL
warrants the added risks and cost of such therapy. Recent
published analyses suggest that women may be at increased
risk of diabetes due to statin therapy, suggesting that overaggressive statin therapy in low-risk individuals may not be
advisable.23,24 Ultimately, to adequately address the question
of potential cost differences between alternate measures of
LDL, a cost effectiveness analysis comparing these measures
in discordant subpopulations is warranted.

therapy, where management based on population studies
has failed to adequately reduce or eliminate residual risk
of cardiovascular disease events. Only through subgroup
analyses do these differences become apparent, indicating
that for subsets of patients with discordant LDL-C and
LDL-P levels, LDL-P is the more accurate marker of
cardiovascular disease risk. Likewise, in the subsets of
patients with discordant non-HDL-C and apoB levels, apoB
is the more accurate marker of cardiovascular disease risk.
This is supported by consensus statements issued from
the American College of Cardiology/American Diabetes
Association and the National Lipid Association, both of
which concluded that LDL-C underestimates the burden of
atherogenic, cholesterol-carrying lipoproteins in patients
with cardiometabolic risk, and measurements of LDL-P
or apoB may more closely quantitate the atherogenic
lipoprotein load.13,25 We believe the time has come for the
measurement of particle number to become the standard of
care for patients with cardiometabolic risk, thus allowing
physicians to optimize treatment based on an individual
patient’s personal risk of a future cardiovascular event, rather
than the risk in a population of such patients.

Conclusion
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Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation.
2002;106(25):3143–3421.

As quality of care and individual patient outcomes become
more important in terms of health care and reimbursement,
practitioners must have the appropriate data to optimally
treat individual patients rather than the population as a
whole. This is demonstrated in the case of LDL-lowering
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