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Elevated HDL is a risk factor for recurrent coronary events
in a subgroup of non-diabetic postinfarction patients
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Recent studies demonstrate important roles for inflammation in development of atherosclerosis with current attention focusing on interactions
f inflammation with traditional lipoprotein risk factors. Since the nature of such relationships is largely unknown, we sought to investigate
nteractions of inflammation with hyperlipidemia in generating cardiovascular risk in a way that would allow recognition of such interactions
hether anticipated or not. Thus, we searched for subgroups at high risk for recurrent coronary events in 767 non-diabetic postinfarction patients
sing an exploratory three-dimensional graphical screening technique with previously established factor analysis-derived inflammatory and
ipoprotein-related factors. Results indicated a high-risk patient subgroup defined by factor interaction that was best characterized clinically by
igh levels of C-reactive protein (CRP) and total cholesterol. Kaplan–Meier and Cox multivariate analysis confirmed high-risk. Additionally,
ithin-subgroup risk related to metabolic, inflammatory, and thrombogenic blood markers was assessed using Cox analysis with results

howing only elevated HDL as a significant and independent predictor of risk with hazard ratio, 2.24 (95% CI; 1.12, 4.49; p = 0.023). We
onclude that in non-diabetic postinfarction patients, elevated HDL is predictive of risk of recurrent coronary events within a subgroup of
atients characterized by simultaneous elevations in serum CRP and total cholesterol.

2005 Elsevier Ireland Ltd. All rights reserved.
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That inflammation is a significant factor in development of
therosclerosis is becoming increasingly clear. Accordingly,
wo recent studies report beneficial effects on cardiovascular
isease (CVD) risk of statin-induced reductions in C-reactive
rotein (CRP) levels that were independent of concomitant
eductions in levels of atherogenic lipoproteins [1,2]. This
s part of an evolving literature demonstrating importance
f inflammatory processes in atherogenesis, an area where
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lipoprotein-associated CVD risk has already been well estab-
lished. Thus, considerable attention is now being focused
on studies of interactions of inflammation with traditional
lipoprotein risk factors since the nature of such relationships
is largely unknown but potentially important regarding devel-
opment of CVD risk.

We recently demonstrated for non-diabetic patients of the
postinfarction thrombogenic factors and recurrent coronary
events (THROMBO) study [3], CRP as a marker of inflamma-
tion [4]. This result derived from factor analysis of multiple
metabolic, inflammatory, and thrombogenic blood markers
that generated five factors one of which was inflammation-
related. CRP was the most influential of four putative inflam-
matory markers making up this factor. Another factor was
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lipoprotein-related with total cholesterol as the most influen-
tial component.

In view of the potentially important role of interac-
tions of inflammation with lipoproteins in the development
of atherosclerosis, we assessed manifestations of such by
searching for patient subgroups at high risk for recurrent
coronary events simultaneously dependent on measures of
inflammation and atherogenic lipoproteins together. As mea-
sures of inflammation and atherogenic lipoproteins, we used
the inflammatory factor and the cholesterol–lipoprotein fac-
tor derived in our previous factor analysis studies [4,5] and
extended this approach in a clinically more meaningful way
by using CRP and total cholesterol as best representatives
of the factors. Thus, CRP and total cholesterol were used
in non-diabetic postinfarction patients of the THROMBO
study together with an exploratory three-dimensional graphi-
cal screening procedure [6] to produce maps of prevalence of
recurrent coronary events over the entire terrain defined by
CRP and total cholesterol from which high-risk subgroups
could be identified.

1. Methods

1.1. Study population
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differences (p < 0.05) in laboratory values between groups
were assessed using the Mann–Whitney U-test; and signif-
icant variables contributing to time to outcome event were
determined using Kaplan–Meier analysis (log-rank statis-
tic, p < 0.05) and the Cox multivariate proportional hazards
regression model.

1.4. Factor analysis

Our approach to factor analysis has been described previ-
ously [4,5]. Briefly, we used factor analysis to reduce results
of multiple blood markers to fewer composite variables (fac-
tors) that represent more fundamental physiologic relation-
ships among subsets of variables based upon correlations of
variables within factors. Each factor is identified with a basic
physiologic process based upon the variables making up the
factor with the measure of the contribution of a variable being
its loading on the factor. Factors account for most of the vari-
ance in the original data. Factor analysis results were used in
subsequent statistical analyses using factor scores, the actual
values of each factor for each patient [5].

1.5. Graphical analysis

A graphical screening technique for identification of high-
risk subgroups has been described previously [6]. Briefly,
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The study population comprised the 767 patients of the
HROMBO study who were non-diabetic and had complete

aboratory data. Details of the THROMBO study have been
eported previously [3], and as noted, the study was car-
ied out with approval of and according to guidelines of the
esearch Subjects Review Boards. Recurrent coronary out-
ome events for this study were cardiac death, myocardial
nfarction (MI), or unstable angina, whichever occurred first,
nd average length of follow-up was 26 months.

.2. Independent variables

Blood markers on fasting sera were determined 2
onths after index MI. Concentrations of apolipoprotein-B

apoB), total cholesterol (Chol), apolipoprotein-A1 (apoA1),
igh density lipoprotein cholesterol (HDL), triglyceride
Trig), LDL peak particle diameter (PPD), glucose (Glu),
nsulin (Ins), BMI, plasminogen activator inhibitor-1 (PAI-1),
ipoprotein(a) (Lp(a)), C-reactive protein (CRP), von Willi-
rand factor antigen (vWF), fibrinogen (Fibr), d-dimer (d-
im), factor VII (FVII), and factor VIIa (FVIIa) were deter-
ined as described previously [3,4]. Median HDL particle

iameter was determined using gradient gel electrophoresis
s described previously [7].

.3. Statistical analyses

All statistical and graphical procedures were performed
ith Statistica 7.0 (StatSoft Inc., Tulsa, OK 74104). Vari-

bles were age-adjusted using linear regression. Significant
hree-dimensional scatter plots of patients, without and with
utcome events, coded as 0 or 1, respectively, are generated
s a function of two blood marker risk variables. To facil-
tate recognition of high-risk subgroups, concentrations are
ransformed to rankings (smallest concentration is assigned
he value, 1) to more evenly distribute patient points over the
–y bivariate domain. Then, resulting points are smoothed
o produce a three-dimensional surface map with height
ver the x–y plane becoming a measure of outcome preva-
ence over the bivariate blood marker domain. Potentially
igh-risk subgroups are identified as peaks and confirmed
s such by subsequent statistical analyses. Demarcation of
eaks is carried out by estimation from surface and con-
our plots of the isoprevalence contour line corresponding to
ncreasing slope in comparison to surrounding relatively flat
reas.

.6. High-risk subgroup validation

Confirmation of high-risk in patients contained in
eaks relative to remaining patients was performed using
aplan–Meier plots and Cox analysis with adjustment of

linical covariates performed by single entry (p < 0.1) of sex,
ace, smoking, prior MI, index infarct type by ECG (Q-wave
ersus non-Q-wave), pulmonary congestion, ejection frac-
ion during index MI, and claudication. Significant clinical
ovariates were retained in a subsequent model that included
ddition of the binary variable denoting subgroup member-
hip (p < 0.05) to confirm high-risk in the subgroup relative
o remaining patients.
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1.7. Within-subgroup risk factors

To assess additional risk within a subgroup, Cox regres-
sion was applied to the subgroup using the 17 laboratory
markers as independent variables with adjustment of clini-
cal covariates within the subgroup performed as described
above. Blood markers were dichotomized in three ways:
quartile with highest concentration versus combined three
quartiles with lower concentrations, combined two quartiles
with highest concentrations versus combined two quartiles
with lower concentrations, and combined three quartiles with
highest concentrations versus quartile with lowest concentra-
tion. Separate univariate models were run for each laboratory
variable dichotomized in the three ways described above.
Then, a multivariate model adjusted for clinical covariates
was run with simultaneous entry of all univariate significant
laboratory values (p < 0.05). Lastly, assessment of medica-
tion effects was performed by single entry into the resulting
model of the following medications: statins, beta blockers,
aspirin, calcium channel blockers, nitrates, ACE-inhibitors,
and oral anticoagulants (p < 0.05).

2. Results

2.1. High-risk subgroup identification
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Fig. 1. Surface map of estimated prevalence of recurrent coronary event
outcome as a function of cholesterol–lipoprotein (total cholesterol, apoB,
apoAI, and HDL) and inflammation (CRP, fibrinogen, d-dimer, and vWF)
factor score ranks in the study population of 767 non-diabetic postinfarction
patients.

risk for either high values of total cholesterol or CRP
alone.

2.2. High-risk subgroup validation

Inspection of the peak in the plot of Fig. 2 and at various
additional orientations demonstrated the base of the peak to
arise at an estimated prevalence of approximately 0.19. Thus,
this value was chosen as the isoprevalence contour above
which a high-risk subgroup was defined. Fig. 3 gives the

F
a
n

Clinical and laboratory characterization of the study popu-
ation (N = 767) have been given previously [6] as well as fac-
or analysis results [4,5]. Summarizing factor analysis results,
here were five factors that together with factor identification
nd blood marker contributions were in decreasing order:
holesterol–lipoprotein (cholesterol, apoB, apoAI, HDL),
nflammatory (CRP, fibrinogen, d-dimer, vWF), coagulation
FVII, FVIIa), dyslipidemia (PPD, triglycerides, HDL), and
lycemia (glucose, insulin).

Of the two lipoprotein factors (cholesterol–lipoprotein and
yslipidemia), the cholesterol–lipoprotein factor accounted
or the higher proportion of original laboratory data vari-
nce. Thus, to assess inflammation–lipoprotein interactions,
surface map of estimated prevalence of recurrent coronary

vents as a function of factor score ranks of the inflamma-
ion and cholesterol–lipoprotein factors was generated and
s shown in Fig. 1. The plot shows a well-defined single
eak at simultaneously high values of lipoprotein–cholesterol
nd inflammation and relatively little risk for either high
alues of lipoprotein–cholesterol or inflammation alone.
e also wanted to assess whether there might be similar

esults with single blood markers representing the two fac-
ors for more direct clinical relevance. Thus, a surface plot
f estimated prevalence versus total cholesterol and CRP,
he highest loading markers of the cholesterol–lipoprotein
nd inflammation factors, respectively, is given in Fig. 2.
he plot shows a somewhat less well-defined peak, but
evertheless, a peak of high prevalence at simultane-
usly high values of total cholesterol and CRP and less
ig. 2. Surface map of estimated prevalence of recurrent coronary events
s a function of cholesterol and CRP ranks in the study population of 767
on-diabetic postinfarction patients.
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Fig. 3. Contour map of estimated prevalence of recurrent coronary events
as a function of cholesterol rank and CRP rank in the study population of
767 non-diabetic postinfarction patients. Superimposed is the isoprevalence
contour line (red line) at 0.19 that divides high-risk patients (open circles)
from low-risk patients (filled circles). Estimated prevalences are: dark green
(0.10), light green (0.15), yellow-orange (0.20), and red (0.25).

corresponding contour plot with the isoprevalence line at 0.19
superimposed showing the high-risk subgroup as a triangular
region containing 149 patients. The 618 remaining patients
were designated as a low-risk patient subgroup. For reference,
Fig. 3 gives Adult Treatment Panel III (ATP III) cut-points
for cholesterol and CRP as well as lowest concentrations of
the markers in the high-risk subgroup.

To validate high risk in the subgroup, Kaplan–Meier
and Cox regression analyses were performed on the high-
risk subgroup (N = 149) versus low-risk subgroup (N = 618).
Fig. 4 gives Kaplan–Meier curves corresponding to the pre-
sumptive high-risk subgroup and lower risk subgroup. The
curves are statistically significantly different (log-rank statis-
tic, p = 0.024). Additionally, Cox regression analysis adjusted
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for clinical covariates previously shown to be significant in
the total population (prior MI, ejection fraction, and myocar-
dial index) [6], gave for the high-risk subgroup a hazard ratio
for recurrent coronary events of 1.55 (95% CI; 1.04, 2.31;
p = 0.033) versus the lower risk subgroup. Thus there was a
55% greater chance for recurrent coronary events for patients
in the high-risk subgroup relative to patients in the lower risk
subgroup.

2.3. High-risk subgroup characterization

Table 1 gives clinical and laboratory characteristics of low-
and high-risk subgroups. Both groups demonstrated similar
clinical characteristics except for more females in the high-
risk subgroup. In addition to the expected higher cholesterol
and CRP, there were significantly higher values in the high-
risk subgroup for other markers of the lipoprotein–cholesterol
factor (apoB, apoAI) and inflammation factor (fibrinogen, d-
dimer, vWF). Additionally, the high-risk subgroup had higher
values of triglycerides, PAI-1, and factor VII.

We further characterized the high-risk subgroup with
regard to recurrent coronary events, by comparing clinical
and laboratory results for patients without and with outcome

Table 1
C

C

O
A
M
R
P
S
B
A
C
N
A
O

C
C
a
a
H
T
P
G
I
B
P
Lp(a) (mmol/l) 0.62 ± 0.58 0.65 ± 0.62
vWF (%) 137 ± 58.6 163 ± 70.0*

Fibr (g/l) 3.31 ± 0.67 4.14 ± 1.00*

d-dim (�g/l) 457 ± 411 537 ± 428*

FVII (%) 99.1 ± 39.2 116.5 ± 54.2*

FVIIa (�g/l) 2.44 ± 1.53 2.87 ± 2.23
HDLMed (nm) 8.79 ± 0.29 8.79 ± 0.27

* Significant differences by Mann–Whitney U (p < 0.05).
ig. 4. Kaplan–Meier curves of patients in presumptive high-risk subgroup
lower curve, N = 149) vs. lower risk subgroup (upper curve, N = 618) (log-
ank statistic, p = 0.024).
linical and laboratory characterization of low-risk and high-risk subgroups

haracteristic Low-risk,
N = 618
(mean ± S.D.)

High-risk,
N = 149
(mean ± S.D.)

utcome event rate (%) 14.4 22.1
ge (years) 58.4 58.0
ales (%) 80.3 63.8
ace (% white) 79.9 72.5
rior MI (%) 16.9 16.3
tatins (%) 42.7 30.2
eta blockers (%) 78.2 75.8
spirin (%) 83.1 77.2
a channel blockers (%) 20.6 16.8
itrates (%) 32.4 38.9
CE-inhibitors (%) 31.4 41.6
ral anticoagulants (%) 16.2 24.8

hol (mmol/l) 4.86 ± 1.02 6.10 ± 1.07*

RP (mg/l) 2.90 ± 4.50 10.3 ± 10.7*

poB (g/l) 1.18 ± 0.26 1.42 ± 0.27*

poA1 (g/l) 1.16 ± 0.24 1.27 ± 0.25*

DL (mmol/l) 0.98 ± 0.28 1.03 ± 0.29
rig (mmol/l) 2.13 ± 1.22 2.71 ± 1.49*

PD (nm) 26.3 ± 0.83 26.17 ± 0.80
lucose (mmol/l) 4.94 ± 1.08 5.16 ± 1.50

nsulin (pmol/l) 119 ± 178 124 ± 117
MI (kg/m2) 27.4 ± 4.66 28.2 ± 5.70
AI-1 (�g/l) 25.4 ± 22.8 31.7 ± 30.6*
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Fig. 5. Kaplan–Meier curves of patients in high-risk subgroup (N = 149)
divided into two groups based on HDL cholesterol concentration with
one group having values of HDL levels within the combined three quar-
tiles of lowest HDL (N = 111) and the other having values of HDL levels
within the highest HDL quartile (N = 38). Curves are: lowest three HDL
quartiles—upper line and highest HDL quartile—lower line (log-rank statis-
tic, p = 0.012).

events. Both groups showed similar clinical and laboratory
characteristics with the only difference being higher levels
of HDL in event positive patients (1.14 ± 0.38 mmol/l versus
1.01 ± 0.25 mmol/l; p < 0.05, Mann–Whitney U).

2.4. Additional risk within high-risk subgroup

To elucidate risk within the high-risk subgroup, espe-
cially in view of finding higher HDL levels in event pos-
itive patients, Cox regression and Kaplan–Meier analyses
were performed as a function of the original 17 laboratory
parameters within the high-risk subgroup. For Cox analyses,
laboratory parameters were dichotomized in three ways as
described in Section 1. Of the eight clinical covariates, only
pulmonary congestion gained entry (p < 0.1). Adjusting for
pulmonary congestion, single entry into the model of each of
the 17 laboratory parameters was performed separately for
each of the three dichotomization schemes. Results showed
only one marker to enter the model and in only one way.
This was HDL dichotomized as quartile with highest con-
centration versus combined three quartiles with lowest con-
centrations. Results gave for elevated HDL a hazard ratio of
2.24 (95% CI; 1.12, 4.49; p = 0.023). Subsequent single entry
of medications demonstrated no effect. The corresponding
Kaplan–Meier curves for highest HDL concentration quar-
t
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ers including higher apoA1 levels (1.48 ± 0.23 g/l versus
1.20 ± 0.22 g/l), and larger HDL particles (8.98 ± 0.30 nm
versus 8.73 ± 0.23 nm).

As a control experiment, we assessed the role of blood
markers, especially HDL, in the low-risk subgroup (N = 618)
using Cox regressions adjusted for significant clinical covari-
ates (prior MI and myocardial index) and the blood mark-
ers dichotomized in the same three ways. Only BMI,
dichotomized as quartile with highest values versus com-
bined three quartiles with lowest values, entered the model
giving hazard ratio of 1.63 (95% CI; 1.05, 2.51; p = 0.028).
There were no significant medication effects. Although HDL
did not enter the model, closest approach (p = 0.105) gave
hazard ratio for elevated HDL of 0.64 suggesting high levels
of HDL trend towards protection against recurrent coronary
event risk in this subgroup.

3. Discussion

This study demonstrated the presence of a subgroup of
patients at high risk for recurrent coronary events in a popu-
lation of non-diabetic postinfarction patients. The high-risk
subgroup was characterized by concomitantly high levels of
CRP and total cholesterol. High risk in the subgroup was
a manifestation of the interaction of the risks associated
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ile versus combined three lowest quartiles are given in Fig. 5
hich shows higher rate of outcome events for patients in the
ighest HDL quartile (log-rank statistic, p = 0.012). Interest-
ngly, this effect seems essentially complete within 1 year.
o further characterize patients of the highest HDL quar-

ile in comparison to patients in the combined three lowest
uartiles of HDL, the highest quartile HDL patients demon-
trated statistically significant differences in blood mark-
ith inflammation and hypercholesterolemia. Further analy-
is within the high-risk subgroup demonstrated only HDL to
e an independent and significant predictor of risk within the
ubgroup from a collection of metabolic, inflammatory, and
hrombogenic blood markers. Furthermore, HDL-associated
isk within the subgroup was associated with high, not low,
evels of HDL. Additionally, patients with the higher levels
f HDL were found to have larger diameter HDL particles as
ell as higher levels of apoAI.
Results indicate that determination of both CRP and total

holesterol levels together identify high-risk postinfarction
atients. This is consistent with the known poor correlation
f CRP and blood lipid levels seen in other work in popu-
ations at risk for a first myocardial infarction [8,9] and in
he present study as demonstrated by the presence of CRP
nd total cholesterol in separate factors that are actually for-
ulated in a way so as to minimize inter-factor correlations.
oor correlation between CRP and atherogenic lipid levels
akes possible individual contributions to total risk that may

e more than multiplicative [8]. With particular regard to
ostinfarction patients as recently reviewed [10], evidence
or CRP-associated risk of recurrent events is less consistent
han in the setting of primary prevention. Our results indi-
ate that inflammatory processes in postinfarction patients as
epresented by increased CRP levels are indeed important
n predicting risk. Lack of similar findings in other stud-
es of postinfarction patients may relate to use of traditional
isk factor stratification. The graphical screening approach
sed in our study for identification of high-risk subgroups
llowed delineation of a subgroup with high levels of CRP
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and total cholesterol that because of its shape in the outcome
prevalence map could not be characterized by single cut-
point values for CRP and cholesterol. As recently reviewed
[10,11], our results are consistent with many previous studies
supporting the role of inflammation as represented by CRP
in the atherogenic process.

Results regarding additional risk for recurrent coronary
events within the high-risk subgroup defined by high choles-
terol and CRP levels singled out only HDL as a statistically
significant predictor of risk within the subgroup, and sur-
prisingly, risk was associated with higher rather than lower
levels of HDL. Further, higher risk patients within the sub-
group had larger HDL particles and higher apoA1 concen-
trations than lower risk patients having the lower concentra-
tions of HDL. This finding may indicate for the presumably
cholesteryl ester-rich HDL particles in higher risk patients,
relative inability to effectively support reverse cholesterol
transport. As in our study, various manifestations of CVD
risk have been previously associated with high HDL lev-
els [12–16]. Recent reports of such include patients with
genetic variants of several enzymes involved in lipoprotein
metabolism including cholesterol ester transfer protein [17],
paraoxonase [18], endothelial lipase [19–21], and possibly
hepatic lipase [22,23].

The high-risk subgroup identified in our study has, as one
of its defining characteristics, an inflammatory component
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in the findings of our study regarding HDL-associated
risk.

There were several limitations in our study that restricted
the extent of conclusions. One was the number of patients in
the study population that limited statistical power especially
in the high-risk subgroup and its further subdivisions that
may have prevented identification of additional risk mark-
ers and correlations. Additionally, although we adjusted for
multiple clinical and medication covariates in the analyses,
it would have been desirable to have patient information on
exercise, diet, social support, depression, and ethanol use.
Further, it would useful for elucidation of pathophysiologic
mechanisms to have determined additional blood markers
associated with atherogenic lipoproteins and inflammation,
especially regarding HDL and apoA1 alterations. These con-
siderations could be addressed in specifically focused future
studies. With regard to the outcome prevalence mapping
approach of our study, it should be stressed that this is a tech-
nique, like other data exploratory techniques, that is used to
ascertain relationships, associations, and structure in large
collections of data. In our case, we use the mappings, sim-
ply put, to stratify patients. In this regard it parallels exactly
traditional approaches where the first step in analysis is strat-
ification of the data, and this most often is on the basis
of percentile partitions. In the traditional approach, risk is
most often ascertained from results of previous studies while
e
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s demonstrated by elevated CRP levels. Additionally, there
s further within-subgroup risk associated with high levels
f HDL. CVD risk in association with high HDL levels is
hought to be connected with the role of HDL in inflam-

ation, or more specifically, with changing function of HDL
rom an anti-inflammatory agent to a pro-inflammatory agent.
s recently reviewed [24–27], this change is believed to arise

rom inflammation-induced alterations in HDL particles by
isplacement and/or modification of multiple protein con-
tituents of HDL including apoAI, lecithin:cholesterol acyl-
ransferase, paraoxonase, and lipoprotein-associated phos-
holipase A2 (platelet-activating factor acetylhydrolase).
hese changes are thought to affect anti-atherogenic HDL

unctionality regarding its usual roles in reverse cholesterol
ransport and HDL-mediated inhibition of oxidative degra-
ation of LDL [24]. Recent reports demonstrate oxidative
odifications in apoAI as playing a significant role in trans-

orming HDL from anti-inflammatory to pro-inflammatory
28–30]. apoAI oxidation was shown to be mediated by
referential nitration and chlorination of apoAI tyrosine
esidues by the enzyme, myeloperoxidase (MPO), present
n atheroma macrophages with apoAI as a selective tar-
et of MPO action [28]. These oxidative changes of apoAI
n HDL result in selective inhibition of ATP-binding cas-
ette transporter A1 (ABCA1)-dependent cholesterol efflux
rom macrophages [29]. In further support of these alter-
tions as pro-atherogenic, markedly higher levels of serum
poAI content of nitrotyrosine and chlorotyrosine were
ound in patients with CVD in comparison to those with-
ut [30]. We speculate that such results likely play a role
xploratory approaches ascertain risk from the specific data
t hand. For both approaches, however, subsequent rigorous
tatistical analysis is required for confirmation of hypotheses.

In conclusion, we identified a subgroup of patients at high
isk for recurrent coronary events in a study population of
on-diabetic postinfarction patients by using an exploratory
raphical approach to map outcome event prevalence. The
ubgroup derived from interaction of atherogenic lipoprotein-
ssociated risk, in this case—hypercholesterolemia, and
nflammation-associated risk as manifested by high levels of
RP. Additionally, within the high-risk subgroup and from
set of lipoprotein, metabolic, inflammatory, and thrombo-
enic blood markers, only high HDL was found to be a signifi-
ant and independent predictor of risk. Clearly, further studies
re needed to confirm these findings in additional postinfarc-
ion populations and in other patient populations as well.

cknowledgements

This study was supported by research grant HL-48259
rom the National Institutes of Health, Bethesda, MD. We
re indebted to the Study Coordinators who enrolled and fol-
owed up the patients from the 13 participating centers.

eferences

[1] Ridker PM, Cannon CP, Morrow D, et al. C-reactive protein levels
and outcomes after statin therapy. N Engl J Med 2005;352:20–8.



J.P. Corsetti et al. / Atherosclerosis 187 (2006) 191–197 197

[2] Nissen SE, Tuzcu EM, Schoenhagen P, et al. Statin therapy, LDL
cholesterol, C-reactive protein, and coronary artery disease. N Engl
J Med 2005;352:29–38.

[3] Moss AJ, Goldstein RE, Marder VJ, et al. Thrombogenic factors and
recurrent coronary events. Circulation 1999;99:2517–22.

[4] Corsetti JP, Zareba W, Moss AJ, et al. Metabolic syndrome best
defines the multivariate distribution of blood variables in postinfarc-
tion patients. Atherosclerosis 2003;171:351–8.

[5] Corsetti JP, Zareba W, Moss AJ, Sparks CE. Apolipoprotein B deter-
mines risk for recurrent coronary events in postinfarction patients
with metabolic syndrome. Atherosclerosis 2004;177:367–73.

[6] Corsetti JP, Zareba W, Moss AJ, Sparks CE. Serum glucose and
triglyceride determine high-risk subgroups in non-diabetic postin-
farction patients. Atherosclerosis 2005;183:293–300.

[7] Rainwater DL. Electrophoretic separation of LDL and HDL sub-
classes. Meth Mol Biol 1998;110:137–51.

[8] Ridker PM, Glynn RJ, Hennekens CH. C-reactive protein adds
to the predictive value of total and HDL cholesterol in deter-
mining risk of first myocardial infarction. Circulation 1998;97:
2007–11.

[9] Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison
of C-reactive protein and low-density lipoprotein cholesterol lev-
els in the prediction of first cardiovascular events. N Engl J Med
2002;347:1557–65.

[10] Bassuk SS, Nader R, Ridker PM. High-sensitivity C-reactive protein:
clinical importance. Curr Probl Cardiol 2004;29:439–93.

[11] Ridker PM. High-sensitivity C-reactive protein, inflammation, and
cardiovascular risk: from concept to clinical practice to clinical ben-
efit. Am Heart J 2004;148:S19–26.

[12] De Backer G, de Bacquer D, Kornitzer M. Epidemiological
aspects of high density lipoprotein cholesterol. Atherosclerosis

[

[

[

[

[

mutation in the cholesteryl ester transfer protein gene. Circulation
2000;101:1907–12.

[18] Gnasso A, Motti C, Irace C, et al. The ARG allele in position 192
of PON1 is associated with carotid atherosclerosis in subjects with
elevated HDLs. Atherosclerosis 2002;164:289–95.

[19] deLemos AS, Wolfe ML, Long CJ, Sivapackianathan R, Rader
DJ. Identification of genetic variants in endothelial lipase in per-
sons with elevated high-density lipoprotein cholesterol. Circulation
2002;106:1321–6.

[20] Ma K, Cilingiroglu M, Otvos JD, et al. Endothelial lipase is a major
genetic determinant for high-density lipoprotein concentration, struc-
ture, and metabolism. PNAS 2003;100:2748–53.

[21] Broedl UC, Jin W, Rader DJ. Endothelial lipase: a modulator of
lipoprotein metabolism upregulated by inflammation. Trends Car-
diovasc Med 2004;14:202–6.

[22] Grundy SM, Vega GL, Otvos JD, Rainwater DL, Cohen JC. Hepatic
lipase activity influences high density lipoprotein subclass distri-
bution in normotriglyceridemic men: genetic and pharmacological
evidence. J Lipid Res 1999;40:229–34.

[23] Ruel IL, Couture P, Cohn JS, et al. Evidence that hepatic lipase
deficiency in humans is not associated with proatherogenic changes
in HDL composition and metabolism. J Lipid Res 2004;45:
1528–37.

[24] Van Lenten BJ, Navab M, Shih D, Fogelman AM, Lusis AJ. The role
of high-density lipoproteins in oxidation and inflammation. Trends
Cardiovasc Med 2001;11:155–61.

[25] Navab M, Berliner JA, Subbanagounder G, et al. HDL and the
inflammatory response induced by LDL-derived oxidized phospho-
lipids. Arterioscler Thromb Vasc Biol 2001;21:481–8.

[26] Navab M, Hama SY, Ready ST, et al. Oxidized lipids as mediators
of coronary heart disease. Curr Opin Lipidol 2002;13:363–72.

[

[

[

[

1998;137(Suppl.):S1–6.
13] Jeppesen J, Hein HO, Suadicani P, Gyntelberg F. Triglyceride con-

centration and ischemic heart disease. Circulation 1998;97:1029–36.
14] von Eckardstein A, Schulte H, Assmann G. Increased risk of myocar-

dial infarction in men with both hypertriglyceridemia and elevated
HDL cholesterol. Circulation 1999;99:1925.

15] Bittner V, Simon JA, Fong J, et al. Correlates of high HDL choles-
terol among women with coronary heart disease. Am Heart J
2000;139:288–96.

16] Shimoni N, Kaplan M, Keidar S. Cardiovascular diseases in patients
with high levels of plasma high density lipoprotein: association with
increased plasma oxidative state. Israel Med Assoc J 2003;5:702–5.

17] Agerholm-Larsen B, Nordestgaard BG, Steffensen R, Jensen G,
Tybjaerg-Hansen A. Elevated HDL cholesterol is a risk factor for
ischemic heart disease in white women when caused by a common
27] Kovanen PT, Pentikainen MO. Circulating lipoproteins as proinflam-
matory and anti-inflammatory particles in atherogenesis. Curr Opin
Lipidol 2003;14:411–9.

28] Zheng L, Nukuna B, Brennan ML, et al. Apolipoprotein A–I is a
selective target for myeloperoxidase-catalyzed oxidation and func-
tional impairment in subjects with cardiovascular disease. J Clin
Invest 2004;114:529–41.

29] Bergt C, Pennathur S, Fu X, et al. The myeloperoxidase
product hypochlorous acid oxidizes HDL in the human artery
wall and impairs ABCA1-dependent cholesterol transport. PNAS
2004;101:13032–7.

30] Pennathur S, Bergt C, Shao B, et al. Human atherosclerotic intima
and blood of patients with established coronary artery disease contain
high density lipoprotein damaged by reactive nitrogen species. J Biol
Chem 2004;279:42977–83.


	Elevated HDL is a risk factor for recurrent coronary events in a subgroup of non-diabetic postinfarction patients with hypercholesterolemia and inflammation
	Methods
	Study population
	Independent variables
	Statistical analyses
	Factor analysis
	Graphical analysis
	High-risk subgroup validation
	Within-subgroup risk factors

	Results
	High-risk subgroup identification
	High-risk subgroup validation
	High-risk subgroup characterization
	Additional risk within high-risk subgroup

	Discussion
	Acknowledgements
	References


