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Abstract

Background and Aims—Recent failures of HDL cholesterol (HDL-C)-raising therapies to
prevent cardiovascular disease (CVD) events have tempered the interest in the role of HDL-C in
clinical risk assessment. Emerging data suggest that the atheroprotective properties of HDL
depend on specific HDL particle characteristics not reflected by HDL-C. The purpose of this study
was to determine the association of HDL particle concentration (HDL-P) and HDL subclasses
with mortality in a high-risk cardiovascular population and to examine the clinical utility of these
parameters in mortality risk discrimination and reclassification models.

Methods—Using nuclear magnetic resonance spectroscopy, we measured HDL-P and HDL
subclasses in 3972 individuals enrolled in the CATHGEN coronary catheterization biorepository;
tested for association with all-cause mortality in robust clinical models; and examined the utility
of HDL subclasses in incremental mortality risk discrimination and reclassification.

Results—Over an average follow-up of eight years, 29.6% of the individuals died. In a
multivariable model adjusted for ten CVD risk factors, HDL-P [HR, 0.71 (0.67-0.76), p= 1.3e-24]
had a stronger inverse association with mortality than did HDL-C [HR 0.93 (0.87-0.99), p=0.02].
Larger HDL size conferred greater risk and the sum of medium- and small-size HDL particles
(MS-HDL-P) conferred less risk. Furthermore, the strong inverse relation of HDL-P levels with
mortality was accounted for entirely by MS-HDL-P; HDL-C was not associated with mortality
after adjustment for MS-HDL-P. Addition of MS-HDL-P to the GRACE Risk Score significantly
improved risk discrimination and risk reclassification.
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Conclusion—HDL-P and smaller HDL subclasses were independent markers of residual
mortality risk and incremental to HDL-C in a high-risk CVD population. These measures should
be considered in risk stratification and future development of HDL-targeted therapies in high-risk
populations.
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Introduction

The biological role of HDL in cardiovascular disease (CVD) remains unclear. Whereas
epidemiological studies consistently demonstrate an inverse relation of HDL cholesterol
(HDL-C) with CVD, pharmacological interventions that raise HDL-C fail to result in
improved cardiovascular outcomes.1~4 Moreover, a recent large Mendelian randomization
study failed to identify any relation between genetic variants of high HDL-C and improved
CVD risk.® These findings have raised serious doubts about the biological relation between
HDL-C and CVD; they clearly demonstrate that the health benefits of HDL metabolism
extend beyond HDL-C alone.

New data suggest that the atheroprotective properties of HDL - such as its antioxidant
effects, removal of cellular cholesterol and production of nitric oxide — depend on specific
HDL particle characteristics that are not well represented by HDL-C (a measure of HDL
dominated by the contribution of larger, more cholesterol-rich HDL subclasses).® HDL
particle concentration (HDL-P), an alternate measure of HDL that attributes equal weight to
all HDL subclasses, may better represent the biological relation between HDL and clinical
risk. For instance, in individuals not on lipid-lowering medications in the Multi-Ethnic
Study of Atherosclerosis (MESA), even after adjustment for HDL-C and LDL particles
(LDL-P), HDL-P is inversely associated with carotid intimal thickness and incident CVD.’
Similarly, in the Justification for the Use of statins in Prevention: an Intervention Trial
Evaluating Rosuvastatin (JUPITER) study, HDL-P is inversely associated with incident
CVD in both placebo- and rosuvastatin-treated individuals. This association persists after
adjustment for HDL-C, suggesting that HDL-P may be a marker of residual CVD risk in
individuals on statin therapy.8 Notably, in both of these studies, HDL-C is no longer
associated with CVD after adjusting for HDL-P. There are similar findings in the Heart
Protection Study (HPS) and VA-HIT study in patients with established coronary disease.%10
This apparently discordant relation between HDL-C and HDL-P is further illustrated in
MESA and in a recent Chinese study that demonstrate a positive association between the
HDL-C/HDL-P ratio and risk of progression of carotid atherosclerosis. This suggests that
cholesterol-overloaded HDL particles may have impaired atheroprotective properties and
therefore that HDL subclasses differing in size or density may have differential associations
with clinical outcomes.” 11

The data are conflicting regarding which HDL subclasses are associated with decreased risk
of clinical outcomes. Earlier studies indicate that larger HDL subclasses confer more
cardioprotection; however, more recent studies suggest that smaller HDL subclasses are
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associated with improved cardiovascular risk.2-12-15 While HDL-P and HDL subclasses
have been considered in relation to intermediate CVD phenotypes and CVD outcomes, the
few studies that have examined all-cause mortality as an endpoint suggest that HDL
subclasses have different relations with CVD than with mortality.16

The CATHGEN biorepository at Duke University collected blood samples from 9344
individuals presenting to the catheterization laboratory from 2001-2010 for concern of
ischemic heart disease. These individuals were followed after enrollment for clinical events.
The overall 5-year mortality rate was 21%.17 As such, this high-risk population was ideal for
further investigating the relation of HDL-P and HDL subclasses with all-cause mortality.

We tested the hypothesis that HDL-P and HDL subclasses would be associated with all-
cause mortality, independent of HDL-C levels; we also hypothesized that in clinical risk
prediction models HDL-P and HDL subclasses would improve mortality risk discrimination
and reclassification.

Study Population

The CATHeterization GENetics (CATHGEN) biorepository at Duke University has
collected blood samples from sequential consenting individuals undergoing coronary
catheterization for suspicion of ischemic heart disease from 2001-2010. Details of the
biorepository have been previously described.1”-18 Clinical information was obtained from
the Duke Databank for Cardiovascular Disease. Available data include symptom histories;
clinical characteristics and medical history; angiographic data; and in most subjects, fasting
chemistry data within 1 year preceding cardiac catheterization. Individuals enrolled in the
biorepository had routine yearly follow-up after enrollment catheterization. Follow-up
included mortality (verified via National Death Index search and supplemented by Social
Security Death Index search), myocardial infarction (MI), stroke, rehospitalization, coronary
revascularization procedures, smoking, and medication use. Coronary artery disease (CAD)
was defined as =1 epicardial vessel with =75% stenosis on enrollment catheterization in
individuals with no history of CAD or coronary artery bypass grafting (CABG). Incident
events were defined as all-cause death at any time during the follow-up period.

Laboratory Methods

Lipoprotein particle concentrations and sizes were measured in 3972 CATHGEN
individuals by NMR spectroscopy at LipoScience, Inc (Raleigh, NC) using the LipoProfile-3
algorithm.1920 The 3 measured HDL subclasses had the following estimated particle
diameter ranges: large HDL-P, 9.4-14 nm; medium HDL-P, 8.2-9.4 nm; small HDL-P,
7.3-8.2 nm. In some analyses, the medium and small HDL subclasses (HDL particles with
diameters <9.4 nm) were combined and named MS-HDL-P. Mean HDL sizes are mass-
weighted averages.14 Standard lipids including triglycerides were measured with an
Olympus AU680 chemistry analyzer using Beckman Coulter reagents. LDL-C was
measured using a direct homogeneous assay.
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Continuous variables are presented as mean = SD and dichotomous variables as percentages.
Follow-up time is presented as median time with interquartile range. Lipoprotein particle
levels were Z-transformed to obtain hazard ratios in terms of each population standard
deviation change in particle value.

Differences in baseline characteristics between those who did and did not experience all-
cause death were determined using Student’s t-test. The associations of baseline HDL
parameters with time to all-cause death were quantified using Cox proportional hazard
models, adjusted for age, race, sex, diabetes, hypertension, LDL-C, smoking status, BMI,
CAD and EF. Proportional hazard assumptions were tested by introducing time-dependent
covariates into the model and testing for the interaction of time and particle measures.
Pearson correlation coefficients were used to determine the correlations between HDL
parameters.

Likelihood ratio tests, yielding 2 statistics, were used to assess the improvement in risk
discrimination resulting from the addition of HDL parameters to multivariable clinical
models and from the addition of MS-HDL-P to the GRACE Risk Score in individuals with
complete data available on all of the variables used in the GRACE Risk Score (N=3209).
The GRACE Risk Score is a registry-based clinical risk prediction tool originally developed
to estimate the cumulative six-month risk of death or Ml in individuals presenting with acute
coronary syndrome.?! An updated GRACE Risk Score was developed to estimate all-cause
mortality or the combined outcome of all-cause mortality or Ml at 1 and 3 years.22 This
revised score improves risk discrimination to a greater degree for all-cause mortality than it
does for the combined outcome: it was thus suitable for our current study. Variables include:
age, heart rate, systolic blood pressure, creatinine, cardiac arrest at admission, ST segment
deviation on electrocardiogram, abnormal cardiac enzymes and signs/symptoms of CHF. To
assess the usefulness of MS-HDL-P in risk discrimination, we determined the x?2 statistic
from the likelihood ratio test of models containing the GRACE Risk Score variables with
and without the addition of MS-HDL-P. Using the risk categories of <5%, 5% to <10%,
10% to <20% and =20%, the net reclassification index (NRI) and integrated discrimination
improvement (IDI) were calculated for individuals who experienced all-cause death and for
those who did not during the follow-up period.

Statistical analyses were performed using SAS Version 9.4 (Cary, NC). All reported P
values are two-sided.

Study Approval

Results

The CATHGEN biorepository is monitored and approved by the Duke University
Institutional Review Board. Written informed consent was received from participants prior
to inclusion in the study.

Table 1 shows the characteristics of the CATHGEN cohort (N=3972) according to all-cause
mortality during the follow-up period. The overall cohort was predominantly men (61.8%)
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with a mean age of 60.2 years and was enriched for CVD risk factors including hypertension
(67.4%), smoking (49.8%), diabetes (28.8%), obesity (mean BMI = 30.4 kg/m?), family
history of CAD (36.6%) and hyperlipidemia (59.4%). The mean levels of LDL-C (98.2 +
33.2 mg/dL) and HDL-C (38.1 + 11.2 mg/dL) were relatively low. At index catheterization,
2571 (64.4%) individuals had CAD. During an average follow-up time of 8.1 years, 1181
individuals (29.6%) died. As expected, individuals who died were overall older and had a
higher prevalence of CVD risk factors compared to individuals who had not died. Mean
LDL-C, HDL-C, and non-HDL-C levels were lower in those who died. There was no
difference in triglycerides between the two groups.

of HDL-P and HDL Subclasses with All-Cause Mortality

HDL subclasses have different associations with mortality than they do with cardiovascular
disease prevalence.16 Using Cox proportional hazards models adjusted for clinical risk
factors, HDL-P had a stronger inverse association with all-cause mortality than did HDL-C
[HR 0.71 (0.67-0.76), p<0.0001 and HR 0.93 (0.87-0.99), p=0.02, respectively; Table 2].

Considering all three HDL subclasses together in the same model, small and medium HDL-
P had comparably strong inverse associations with all-cause mortality [HR 0.64 (0.6-0.69),
p<0.0001 and HR 0.73 (0.68-0.78), p<0.0001, respectively; Table 2], while large HDL-P
had no association with mortality [HR 1.03 (0.97-1.1), p=0.29]. Combining levels of
medium and small HDL particles (MS-HDL-P) yielded a model with discrimination similar
to the model containing all three subclasses. HDL size was also associated with all-cause
mortality [HR 1.16 (1.09-1.23), p<0.0001] and modestly improved model discrimination
when included with MS-HDL-P.

Consistent with the fact that HDL-C primarily reflects levels of larger HDL particles,
inclusion of HDL-C in a model containing MS-HDL-P did not improve discrimination.
Taken together, these results suggest that smaller HDL subclasses, represented by MS-HDL-
P, were associated with decreased risk of mortality while larger HDL subclasses had no
significant association. The positive association of HDL size with mortality may be related
to its negative correlation with protective smaller HDL particles rather than with its positive
correlation with large HDL particles.

Further illustrating the different contributions of HDL subclasses to HDL-P and HDL-C
measurements, MS-HDL-P was highly correlated with HDL-P (r = 0.90, p<0.0001;
Supplementary Table 1) while large HDL-P - which has no association with mortality -
was highly correlated with HDL-C (r = 0.79, p<0.0001).

HDL Subclasses and Mortality Risk Discrimination and Reclassification

Given the strong inverse, independent association of MS-HDL-P with all-cause mortality
even after adjustment for clinical risk factors and other lipoprotein parameters, we
hypothesized that the addition of MS-HDL-P to an established clinical risk model would
improve prediction of mortality in our study population.

To perform these analyses, we used a common clinical risk prediction tool, the GRACE
Risk Score, which estimates the risk of all-cause mortality in individuals presenting with
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acute coronary syndrome.?2 As seen in Table 3, the addition of MS-HDL-P to the GRACE
model significantly improved mortality risk prediction as reflected by an improvement in
model fit.

We then evaluated the usefulness of MS-HDL-P in risk reclassification. Table 4 illustrates
the risk classification of individuals based on the GRACE model alone and with the addition
of MS-HDL-P. Of the 2706 individuals who remained free of death, 644 were reclassified
into a lower-risk category and 341 were reclassified into a higher-risk category. Of the 503
individuals who had died, 51 were reclassified into a lower-risk category and 70 were
reclassified into a higher-risk category. The net reclassification index (NRI) and integrated
discrimination improvement (IDI) after addition of MS-HDL-P to the GRACE model were
0.13 (p<0.0001) and 0.03 (p<0.0001), respectively (Table 3).

Discussion

Capitalizing on a large, high-risk cardiovascular cohort with long-term follow-up, detailed
angiographic data and a high mortality rate, we observed that NMR-derived HDL-P and
HDL subclasses were significantly associated with all-cause mortality. To date, this is the
largest study using NMR-derived lipoprotein measurements to examine HDL particle
associations specifically with mortality. We observed a strong inverse relation of HDL-P
levels with mortality; this was accounted for entirely by the subset of smaller particles with
diameters <9.4 nm (MS-HDL-P). In contrast, there was only a weak association of low
HDL-C with death; this relation was abolished upon adjustment for MS-HDL-P. We also
demonstrated, for the first time, that inclusion of HDL subclasses (MS-HDL-P) in an
established clinical risk model significantly improved risk discrimination and
reclassification indexes. Our findings suggest that low levels of small- and medium-size
HDL particles are important markers of residual mortality risk above and beyond HDL-C:
these measures should be considered in risk stratification and future development of HDL-
targeted therapies in high-risk individuals.

These observations add to a growing body of evidence indicating that HDL-C levels, which
are a measure of the amount of cholesterol contained within HDL particles, provide only a
crude, and sometimes misleading, indication of the extent to which HDL levels confer
cardioprotection. It is becoming clear that HDL-C does not correlate well with HDL
function. For example, in the Atherothrombosis Intervention in Metabolic syndrome with
low HDL/high triglycerides: impact on Global Health outcomes (AIM-HIGH) trial, despite a
25% increase in HDL-C levels in niacin-treated individuals, there was no reduction in the
combined cardiovascular endpoint.3 Importantly, in smaller studies, treatment with niacin
has no effect on total HDL particle number but changes HDL composition by increasing the
amount of large HDL-P and decreasing the amount of small HDL-P.23.24 Similar changes to
HDL particle composition, increasing HDL-C concentration by increasing HDL particle
size, are observed in treatment with the cholesteryl ester transfer protein (CETP) inhibitors
evacetrapib and torcetrapib.2%26 Based on the results of our study, these changes to HDL
particle composition do not translate into an improved risk profile and, given the increase in
HDL size, may even negatively impact clinical outcomes.
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Studies are conflicting about whether HDL size and subclasses are associated with clinical
outcomes (reviewed in 27). In both JUPITER and HPS, there are no associations of HDL
size with CVD in multivariable-adjusted models.8:? On the other hand, in the Lipoprotein
Investigators Collaborative low concentrations of HDL3-C (the smaller of the two major
HDL cholesterol fractions) are associated with increased risk of CVD and mortality in both
primary and secondary prevention populations.16:28 |_ikewise, in two recent population-
based studies, HDL3-C levels are negatively associated with prevalent carotid
atherosclerosis.2%30 These results contradict earlier studies wherein decreased risk is
associated with greater concentrations of the larger HDL,-C subfractions and increased risk
is associated with greater concentrations of HDL3-C.12-14 Such discordances may be
explained, in part, by the various methods used to characterize HDL subclasses
(ultracentrifugation, gel electrophoresis, ion mobility, NMR). For instance, in JUPITER,
NMR-measured HDL-P is strongly related to residual cardiovascular risk while ion
mobility-measured HDL-P has no association.3! Additionally, due to the complex biology
and function of HDL particles - which are influenced by other lipoproteins and by
conditions such as diabetes and systemic inflammatory states - the predictive capacity of
HDL subclasses in CVD and mortality may vary depending on the populations examined
and the potential confounders considered in statistical modeling.

Studies of individuals who carry rare mutations in genes involved in HDL metabolism that
alter HDL subclass composition indicate that smaller HDL particles likely represent the
more functional and atheroprotective subclass of HDL.32 These findings are supported by
mechanistic in vitro studies.2”-33:34 Dy et al. showed that small, dense HDL subfractions
(i.e., HDL3-C) are the most efficient mediators of macrophage cholesterol efflux; they
conclude that HDL-directed therapies should focus on increasing this HDL subclass.33

HDL-P is an alternate measure of HDL that attributes equal weight to all HDL subclasses.
While we showed that HDL-P had a stronger inverse association with mortality than HDL-
C, further analysis demonstrated unique associations of HDL subclasses with mortality. In
considering all HDL-P subclasses (small, medium and large) in the multivariable clinical
model, small and medium HDL-P had a stronger inverse association with mortality than did
HDL-P; large HDL-P had no association with mortality (Table 2). These associations
explain why adding large HDL-P to small and medium HDL-P (MS-HDL-P) weakened the
association of HDL-P with mortality compared to MS-HDL-P. Moreover, these associations
explain why HDL-P had a stronger association with mortality than HDL-C, which is a
measure of HDL dominated by the contribution of large cholesterol-rich HDL particles. In
sum, HDL-C alone may not fully quantify an individual’s HDL-related risk.

HDL subclasses may have different relations with CVD than with mortality or non-
atherosclerotic outcomes: therefore, HDL-P and HDL subclasses may play unique roles in
mortality risk prediction. The positive association of HDL size with mortality (observed
here) is consistent with other studies that have investigated HDL parameters in relation to
mortality or non-atherosclerotic outcomes, a finding that is not consistently demonstrated
when utilizing CVD events as an outcome.89:16 For instance, the HPS study separated
outcomes into coronary events and non-coronary outcomes.® Non-coronary outcomes have a
strong positive association with HDL size that is not observed with coronary events; non-
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coronary outcomes also demonstrate a more marked negative association with HDL-P than
does coronary events.

HDL particle composition, and therefore function, can be significantly influenced and
modified by coexisting metabolic and lipoprotein variables; therefore, these factors must be
considered when analyzing the relation of HDL subclasses to outcomes. Metabolic risk
factors such as diabetes, BMI, apolipoprotein B and triglyceride levels can affect HDL
size.3° Previous studies, after accounting for these covariables, have noted attenuation of the
association of HDL subclasses, but not HDL-P, with CVD.36:37 |n contrast, inclusion of
other metabolic and lipoprotein variables, including LDL-C, in our fully adjusted model did
not significantly modify the association of HDL-P, HDL size or smaller HDL subclasses
with outcomes. In addition to the interaction of HDL with metabolic conditions, gathering
evidence suggests that systemic processes such as inflammation have the potential to modify
HDL particles into dysfunctional or even proatherogenic forms, without impacting the
particle size.38:39 Before these measurements are to be adopted in routine clinical practice,
there is a need for ongoing epidemiological and mechanistic studies to further understand
the complex functional heterogeneity of HDL subclasses.

To our knowledge, this report is the first to perform detailed risk discrimination and
reclassification analyses with HDL subclasses. Not only did we observe that MS-HDL-P
significantly improved mortality risk prediction when added to the GRACE Risk Score, but
it also correctly reclassified risk in our study population, indicating the potential utility of
MS-HDL-P in mortality risk assessment in high-risk populations. Importantly, addition of
MS-HDL-P had a large effect in reclassifying individuals in an intermediate (10% to <20%)
risk category (Table 4). These individuals are the most likely to benefit from tests that can
effectively increase or decrease risk assessment to help tailor risk-modifying therapies.

Our study population had an overall risk profile similar to the GRACE cohort: albeit during
a longer follow-up time period, our measured outcome was identical to that in the revised
GRACE model. Although not an ACS cohort, our study population includes individuals
presenting for coronary catheterization due to suspicion for ischemic heart disease and is
enriched for those with ACS (Table 1). It is important to note that lipoprotein measurements
were not included as variables in the development of the GRACE Risk Score, so it is unclear
a priori what predictive effect the addition of HDL subclasses to this model would have had
in the GRACE study population.

Strengths of our study include the size of the cohort and the detailed clinical characteristics
and outcomes gathered during long-term follow-up. Our results are generalizable to high-
risk individuals with established CVD or multiple CVD risk factors. Despite adjustment for
established CVD risk factors in our clinical models, there is the possibility that important
confounding variables that have an effect on HDL parameters were not measured or
considered in our analyses. Detailed information regarding the specific cause of death is not
readily available in our cohort so it is not possible to determine if these HDL parameters are
more strongly associated with specific etiologies of mortality. The relation of HDL to heart
failure-related deaths in our population would be an interesting area of future study given
the evidence that HDL appears to have beneficial effects on ventricular remodeling and
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myocardial tissue repair.40 Due to insufficient adjudicated incident CVD events - such as
myocardial infarction - we did not have the power to perform a comparative analysis of
HDL subclasses in relation to CVD events versus all-cause mortality. Overall, the
differential associations of HDL parameters with specific clinical outcomes warrant further
investigation. HDL particles are constantly remodeled, with changing compositions of
lipids, phospholipids and apolipoproteins. Therefore, the static measures of HDL particles,
such as HDL-P and HDL subclasses used here, do not fully capture the complexity of HDL
metabolism and composition. Though not feasible in this study, the integration of HDL-P
and HDL subclass data along with HDL functional measurements are likely to provide the
biggest utility in CVD risk assessment in the future.4

Conclusion

In conclusion, despite optimal control of modifiable risk factors in individuals with high
cardiovascular risk, the chance of subsequent clinical events, such as Ml or death, remains
significant.*2 Low HDL-C has traditionally indicated increased risk in secondary prevention
populations; however, efforts to raise HDL-C have not shown improvement in clinical
outcomes. We observed that smaller HDL subclasses, which more closely correlate with
HDL function, are better markers of residual mortality risk and better predictors of mortality
than is HDL-C or HDL-P in a high-risk CVD population. Taken together with previously
published data in primary and secondary prevention populations’:8:3¢ | there is now evidence
to suggest that HDL-P and HDL subclasses have utility in characterizing clinical risk across
a broad spectrum of individuals. These findings have important implications for the future
development of HDL -targeted drugs and the use of this lipoprotein in risk stratification.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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» HDL-P is strongly and inversely associated with all-cause mortality

e The HDL-P association is independent of HDL cholesterol (HDL-C)

»  Moreover, the HDL-P association is accounted for by smaller HDL-P

»  Smaller HDL-P improves mortality risk discrimination and reclassification

e Smaller HDL-P may help to further risk stratify high-risk individuals
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Table 1

Baseline Characteristics of the CATHGEN Cohort (n = 3992)

Age,y
Male
Race/ethnicity
Black
White
Native American
Other race
BMI, kg/m?
Smoking
HTN
Diabetes
Family history of CAD
History of prior Ml
CAD present on angiography
Number of diseased vessels
(=75% stenosis)

0
1
2
3
Heart failure
Left ventricular EF
Chronic kidney disease
Hyperlipidemia
Follow-up, days
All-cause death
MI
Total cholesterol, mg/dL
LDL-C, mg/dL
LDL-P, nmol/L
HDL-C, mg/dI
HDL-P, umol/L
Large HDL-P, umol/L
Medium HDL-P, umol/L
Small HDL-P, umol/L
HDL size, nm
Non-HDL-C, mg/dL
Triglycerides, mg/dL

Full Cohort
(n =3992)
60.2+11.4
2467 (61.8)

772 (19.3)
2952 (74.0)
152 (3.8)
116 (2.9)
30474
1988 (49.8)
2692 (67.4)
1149 (28.8)
1460 (36.6)
1144 (28.7)
2571 (64.4)

1638 (42.8)
921 (24.1)
619 (16.2)
651 (17)
1027 (26.4)
55.8 +13.5
72 (1.8)
2372 (59.4)
2942 (2244-3664)
1181 (29.6)
273 (6.8)
158.3 + 40
98.2 +33.2
1165.3 + 387.2
381+11.2
28.9+6.2
44+27
10.3+5.9
143+6.1
92+05
120.1+37.8
13414937

All-cause Mortality at Mean of Eight Years

No (n = 2811) Yes (n = 1181)

58.2+11 64.9+11.1
1716 (61.1) 751 (63.6)
541 (19.3) 231 (19.6)
2067 (73.5) 885 (74.9)
107 (3.8) 45 (3.8)
96 (3.4) 20(1.7)
30.7+7.3 295+7.4
1325 (47.1) 663 (56.1)
1861 (66.2) 831 (70.4)
722 (25.7) 427 (36.2)
1016 (36.1) 444 (37.6)
720 (25.6) 424 (35.9)
1701 (60.5) 870 (73.7)
1259 (46.7) 379 (33.5)
676 (25.1) 245 (21.7)
386 (14.3) 233 (20.6)
377 (14) 274 (24.2)
570 (20.8) 457 (39.6)
57.5+125 51.7 £14.9
27 (1.0) 45 (3.8)
1664 (59.2) 708 (60)
3296 (2619-3781) 1714 (769-2578)
0 1181
168 (6) 105 (8.9)
160.3 + 38.6 153.4 +42.9
99.9+32.3 94+348
1176.3 + 378 1139 +407.1
38.4+10.9 37.4+11.9
29.6+5.9 272465
42426 47+28
10.5+6.0 9.8+54
14.9+6.0 12.7+6.2
9.1+04 93+06
121.8+36.7 115.9 + 40
133.1+935 136.5 + 94.2

p Value
<0.0001
0.13
0.03

<0.0001
<0.0001
0.01
<0.0001
0.38
<0.0001
<0.0001

<0.0001

<0.0001
<0.0001
<0.0001
0.66
<0.0001

<0.001
<0.0001
<0.0001
<0.001
<0.001
<0.0001
<0.0001
<0.01
<0.0001
<0.0001
<0.0001
0.22
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Values are mean + SD, n (%), or median (interquartile range)
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Table 2

Page 16

Cox Proportional Hazards Models Showing the Association of HDL-C, HDL-P and HDL Subclasses with All-

Cause Mortality

All-Cause Mortality (n=1181/3972)

t

Parameter Model* LRy2  HR (95%CI)"  p Value
HDL-C 552 0.93 (0.87-0.99)  0.02

HDL-P 654 0.71 (0.67-0.76)  <0.0001
Large HDL-P 1.03(0.97-1.1) 0.29

Medium HDL-P 709 0.73 (0.68-0.78)  <0.0001
Small HDL-P 0.64 (0.6-0.69)  <0.0001
MS-HDL-P 698 0.68 (0.63-0.72)  <0.0001
HDL size 631 1.33(1.25-1.41)  <0.0001
MS-HDL-P 1o 0.73 (0.68-0.78)  <0.0001
HDL size 1.16 (1.09-1.23)  <0.0001
HDL-C - 1.02 (0.96-1.09) 051

MS-HDL-P 0.67 (0.63-0.72)  <0.0001

Hazard ratio and 95% confidence interval per 1.0 population standard deviation

iAdjusted for age, race, sex, diabetes, HTN, LDL-C, smoking status, BMI, CAD, ejection fraction
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Table 3

Improvement of Discrimination and Reclassification of Mortality Risk with the Use of MS-HDL-P

Model x?2 Ax2 pValue NRI pValue IDI pValue

GRACE model 343
GRACE model + MS-HDL-P 480 137 <0.0001 0.13 <0.0001 0.03 <0.0001

NRI denotes net reclassification index; IDI, integrated discrimination improvement
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