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Objectives This study sought to assess the independent effect of high-density lipoprotein-cholesterol (HDL-C) level on
cardiovascular risk in patients with stable ischemic heart disease (SIHD) who were receiving optimal medical

therapy (OMT).

Background Although low HDL-C level is a powerful and independent predictor of cardiovascular risk, recent data suggest that this may

not apply when low-density lipoprotein-cholesterol (LDL-C) is reduced to optimal levels using intensive statin therapy.

Methods We performed a post-hoc analysis in 2,193 men and women with SIHD from the COURAGE trial. The primary outcome
measure was the composite of death from any cause or nonfatal myocardial infarction (MI). The independent association
between HDL-C levels measured after 6 months on OMT and the rate of cardiovascular events after 4 years was assessed.

Similar analyses were performed separately in subjects with LDL-C levels below 70 mg/dl (1.8 mmol/I).

Results In the overall population, the rate of death/MI was 33% lower in the highest HDL-C quartile as compared with the
lowest quartile, with quartile of HDL-C being a significant, independent predictor of death/MI (p = 0.05), but with no
interaction for LDL-C category (p = 0.40). Among subjects with LDL-C levels <70 mg/dl, those in the highest quintile
of HDL-C had a 65% relative risk reduction in death or Ml as compared with the lowest quintile, with HDL-C quintile

demonstrating a significant, inverse predictive effect (p = 0.02).

Conclusions In this post-hoc analysis, patients with SIHD continued to experience incremental cardiovascular risk associated with
low HDL-C levels despite OMT during long-term follow-up. This relationship persisted and appeared more prominent
even when LDL-C was reduced to optimal levels with intensive dyslipidemic therapy. (Clinical Outcomes Utilizing
Revascularization and Aggressive Drug Evaluation; NCTO0O007657) (J Am Coll Cardiol 2013;62:1826-33)
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Population-based studies consistently support high-density
lipoprotein cholesterol (HDL-C) as a significant, strong, and
independent inverse predictor of cardiovascular risk, noting
that for every 1-mg/dl decrease in HDL-C level, risk of future
cardiovascular events increases by 2% to 3% (1-5). However,
the clinical interaction between low-density lipoprotein
cholesterol (LDL-C) and HDL-C level remains unclear, with
some analyses supporting a continuing predictive role of
HDL-C regardless of achieved LDL-C level, whereas others
suggesting that the effect of HDL-C may not be relevant
when LDL-C is reduced to very low levels, particularly when
potent statin therapy is used (6-10). This is especially impor-
tant because HDL-C levels are not substantially altered by
statin therapy and it can be hypothesized that persistently
low levels of HDL-C at baseline could be potentially respon-
sible for some of the residual risk observed in clinical trials
among statin-treated patients.

See page 1842

The COURAGE (Clinical Outcomes Ultilizing Revas-
cularization and Aggressive Drug Evaluation) trial examined
the impact of optimal medical therapy (OMT) with or
without percutaneous coronary intervention (PCI) as the
initial management strategy in 2,287 patients with stable
ischemic heart disease (STHD) (11). The main trial results
revealed no difference in the primary outcome of death
or myocardial infarction (MI) during a mean 4.6 years of
follow-up. Secondary prevention with OMT was applied
equally and intensively to both treatment groups, with excel-
lent adherence and no significant differences in proportion of
patients achieving therapeutic goals (12). This post-hoc
analysis was conducted to assess the relationship between
the rate of adverse cardiovascular events and HDL-C levels
in SIHD patients receiving aggressive secondary prevention
with lifestyle and pharmacologic interventions, including
goal-directed statin therapy. The subset of patients who
achieved the optional LDL-C goal of <70 mg/dl established
by the Adult Treatment Panel (ATP) III were further
investigated to define the effect of HDL-C in presence
of optimally achieved and maintained levels of LDL-C on
statins, with or without ezetimibe (13).

Methods

The methods of the COURAGE trial (NCT00007657)
have been described previously (11-14). The study was
sponsored by the Department of Veterans Affairs Cooperative

honoraria from Merck, Amgen, Roche, Miraculins, Pfizer, sanofi-aventis, Servier,
GlaxoSmithKline, and Valeant. Dr. Spertus owns the copyright to the Seattle
Angina Questionnaire; is a consultant for United Healthcare, St. Jude Medical,
Abbott Vascular, and Genentech; has received research grant support from Gilead,
Genentech, Amgen, and Eli Lilly & Company; has received support from the
American Heart Association, American College of Cardiology Foundation, United
Healthcare, Health Outcomes Science; and owns the copyright to Seattle Angina
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Abbreviations
and Acronyms

ACS = acute coronary
syndrome(s)

Studies Program, with additional
funding from the Canadian
Institutes of Health Research and
supplemental support from several
pharmaceutical companies. An
independent data and safety
monitoring board monitored the
trial. Data management and
analyses were performed solely by
the data coordinating center and
were overseen by the trial’s exec-
utive committee, which had full
access to the data on completion
of the trial and vouched for their
accuracy. All patients had signifi-
cant coronary artery disease with
evidence of myocardial ischemia.
Detailed inclusion and exclusion
criteria have been previously pub-
lished (11-14). The primary
outcome measure was the composite of death from any cause or
nonfatal MI. Subjects were followed-up for a median of 4.6 years
(range: 2.5 to 7.0 years) after randomization.

Details of risk factor modification applied to both treat-
ment arms have been previously described (12). Lifestyle
counseling for diet, smoking cessation, glycemic control, and
weight loss was provided. All patients received anti-platelet
therapy (low-dose aspirin), anti-ischemic therapy (long-
acting metoprolol, amlodipine, and isosorbide mononitrate,
alone or in combination) and lisinopril or losartan for hyper-
tension, reduced ejection fraction, or secondary prevention.
Patients undergoing PCI also received clopidogrel, in accor-
dance with accepted treatment guidelines. The LDL-C target
in COURAGE was 60-85 mg/dl, which during the time the
trial was designed in the late 1990s, was more aggressive than
the ATP II recommendation of <100 mg/dl (15). In addi-
tion, by trial design, there were pre-defined secondary
lipid targets for HDL-C (>40 mg/dl) and triglycerides
(<150 mg/dl). Ezetimibe, extended-release niacin, and
fibrates were used in addition to statins, as needed clinically.
Thus, aggressive dyslipidemic therapy was instituted to lower
LDL-C as the principal treatment target, and to also target
both HDL-C raising and triglyceride lowering with addi-
tional agents to achieve secondary lipid targets.

Statistical analysis. For this post-hoc analysis, 2,193
subjects from among the total study population of
2,287 patients who had available HDL-C data were strati-
fied into quartiles based on HDL-C levels on OMT

measured at 6 months post-randomization. In order to

ATP = Adult Treatment Panel
BMI = body mass index

CETP = cholesteryl ester
transfer protein

HDL-C = high-density
lipoprotein cholesterol

LDL-C = low-density
lipoprotein cholesterol

MI = myocardial infarction

OMT = optimal medical
therapy

PCI = percutaneous coronary
intervention

SIHD = stable ischemic
heart disease

Questionnaire; Kansas City Cardiomyopathy Questionnaire; and Position Analysis
Questionnaire. Dr. Chaitman is a consultant to Pfizer, Forest, Merck, Roche,
Sanofi, and Takeda; and is a member of the speakers’ bureau for Gilead. All other
authors have reported that they have no relationships relevant to the contents of this
paper to disclose.
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accepted July 23, 2013.
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standardize lipid levels during a time period after enrollment
when patients were being switched from other statins prior
to randomization to simvastatin, clinical characteristics and
lipid levels at month 6 were considered for baseline
comparison and endpoint events were left-censored at this
time point. Therefore, the average duration of follow-up for
this analysis was approximately 4 years, as compared with
the overall trial mean follow-up of 4.6 years. Cox regression
models were used to determine hazard ratios for endpoints
in each HDL-C quartile, adjusting for age, sex, BMI,
presence of hypertension, diabetes, current smoking,
and triglycerides at 6 months. LDL-C was not included
among the variables in the regression model. Instead, the
interaction between HDL-C and LDL-C levels on OMT

was explored using a stratified regression analysis with
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pre-determined LDL-C categories (<70, 70 to 100, and
>100 mg/dl). Patients in the lowest category of LDL-C
(<70 mg/dl) were further analyzed by dividing them into
quintiles of HDL-C level (at 6 months) using identical
regression models. The independent associations between
death or MI and quartiles of the ratio of LDL-C to HDL-C
were also evaluated. Additionally, using numeric values of
HDL-C at 6 months, similarly adjusted Cox regression models
were executed to examine the relationship between continuous
HDL-C levels (at 6 months) and risk of death or MI.

Results

Baseline characteristics. Baseline characteristics and lipid
levels of the subjects within quartiles of HDL-C are shown

LE: 3B Baseline Characteristics of Patients According to Quartiles of HDL at 6 Months

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Overall
<34.8 mg/dl 34.9 to <40.7 mg/dl 40.7 to <48.0 mg/dl 48.0 to 94.0 mg/dl 12.0 to 94.0 mg/dl
Characteristic (N = 551) (N = 545) (N = 538) (N = 558) (N =2192)
Assigned to PCl + OMT, n 265 280 273 282 50.2 (%)
Assigned to OMT, n 286 265 265 276 47.8 (%)
Male, % 94.6 91.2 86.8 69.4 85.4
White, % 89.8 84.0 84.6 87.7 86.6
Current smoker 35.6 26.7 27.8 22.6 281
Body mass index, kg/m? 30.8 £ 5.2 30.2 £ 5.0 29.2 + 4.6 28.1 + 4.8 29.6 + 5.0
Age, yrs 60.9 + 10.1 61.4 + 10.0 61.8 + 9.7 64.1 + 94 62.0 + 9.9
Cardiovascular history, %
Myocardial infarction 42.0 37.9 37.7 37.8 38.9
Prior CABG 14.2 9.4 10.4 10.2 11.0
Prior PCI 21.0 13.0 13.8 14.2 155
Stroke 6.0 5.9 4.1 3.6 4.9
Peripheral vascular disease 9.3 74 6.8 7.2 7.7
Hypertension 74.2 69.1 62.3 63.2 67.3
Heart failure 4.2 5.5 3.7 4.0 4.4
Diabetes 41.4 334 321 28.0 33.7
Angina 89.1 89.2 87.3 85.7 87.8
Drugs at study entry, %
Statin 67.0 68.6 67.1 67.4 67.5
Other anti-lipid drugs 9.6 7.6 4.1 51 6.6
Calcium blocker 31.9 32.7 29.2 28.8 30.7
ACEIl or ARB 45.7 45.3 48.1 49.6 471
Beta blocker 73.0 729 69.9 68.5 711
Nitrates 60.1 60.5 57.1 53.8 57.9
Aspirin 87.3 88.6 89.0 85.7 87.6
Lipid values at 6 months, mg/dl|
LDL-C 81.2 £+ 27.6 85.0 + 26.2 88.5 + 25.8 88.9 + 28.7 85.9 + 27.3
HDL-C 30.6 +£ 3.3 37.7 £ 1.7 438 + 2.0 574 £9.1 424 + 111
Total-C 148.3 + 345 154.0 + 32.2 160.3 + 32.6 170.7 + 32.8 158.4 + 34.1
Triglycerides 197.2 + 128.2 160.6 + 86.8 148.6 + 101.5 125.9 + 67.6 158.0 + 101.7
LDL-C to HDL-C 27+1.0 23+ 07 2.0+ 0.6 1.6 + 0.6 21+08
Total-C to HDL-C 49 + .13 41+ 0.9 3.7+ 08 3.0+ 0.7 39+1.2
Anti-lipid drugs at 6 months, %
Statin 92.6 94.4 95.5 94.2 94.2
Other lipid lowering 35.4 27.4 20.1 16.2 24.7
Values are n, %, or mean + SD.
ACEI = angiotensin-converting-enzyme inhibitor; ARB = in receptor CABG = coronary artery bypass grafting; HDL-C = high-density lipop! h ol; LDL-C = low-density lipoprotein

cholesterol; OMT = optimal medical therapy; PCl = percutaneous coronary intervention.
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in Table 1. Subjects in the lower HDL-C quartiles were
younger and more likely to be male with a greater proportion
of current smokers than those in higher HDL-C quartiles.
Those with low levels of HDL-C had higher baseline BMI,
higher triglycerides, and a greater prevalence of hypertension
and diabetes, features consistent with the metabolic
syndrome. Statin use was similar across HDL-C quartiles
at study entry and at 6 months, although overall usage
increased universally at the 6-month landmark. As expected,
the use of other drugs to treat serum lipids (including niacin
and fibrates) was more than double in the lowest HDL-C
quartile as compared with the highest HDL-C quartile.

HDL-C quartile and risk of adverse clinical outcomes.
At the end of 4 years, the rate of the composite primary
endpoint was calculated for each HDL-C quartile in the
overall COURAGE population. In univariate analyses,
the primary endpoint of death or MI was 36% lower in the
highest HDL-C quartile compared with the lowest
(p = 0.006). The secondary endpoints of death, MI or
stroke and death, MI, or ACS were lower by 33%
(p = 0.01) and 34% (p = 0.002), respectively, in the highest
versus lowest HDL-C quartiles. After multivariate adjust-
ment, those in the highest HDL-C quartile continued to
experience a significant 33% reduction in the risk of the
primary endpoint (HR: 0.67; 95% confidence interval [CI]:
0.47 to 0.95; p = 0.02), as well as reductions in both
secondary endpoints (HR: 0.72; 95% CI: 0.52 to 1.01; p =
0.06 and HR: 0.72; 95% CI: 0.54 to 0.97; p = 0.03,
respectively). Across all quartiles of HDL-C, the risk of
death or MI was significantly lower among patients in
higher quartiles of HDL-C as compared with those in the
lower quartiles (p = 0.02). After adjustment for other
variables, the quartile of HDL-C continued to retain

20
]

Hazard Ratio (95% CI) versus Q1
Q2 0.75(0.55,1.04)
Q3 0.84(0.62,1.16)
Q4 0.67 (0.47,0.95)

P=0.05

15

10

Expected 4-yr Risk of Death or Ml after 6 months

Q1:<34.9 Q2:34.9-40.6 Q3:40.67,<48 Q4:48-94

Quartile of HDL Cholesterol Level at 6 Months (mg/dL)

No. of Events 94 70 7 64

Multivariate Analysis of the Relationship Between
Death or Ml and Quartiles of HDL Cholesterol

Hazard ratios are adjusted for age, sex, body mass index, hypertension, diabetes,
current smoking, and triglycerides, and use lowest quartile (Q1) as referent. Cl =
confidence interval; HDL = high-density lipoprotein; MI = myocardial infarction.
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nominal statistical significance as a predictor of death or MI
(p = 0.05) (Fig. 1).

Effect of LDL-C. A regression analysis was conducted
using pre-specified LDL-C categories (<70 mg/dl,
n = 634; 70 to 100 mg/dl, n = 979; and >100 mg/dl,
n = 573) to determine the interaction between LDL-C and
HDL-C. As expected, within each HDL-C quartile, those
in the lower LDL-C categories had a lower incidence
of death or MI compared with individuals within higher
LDL-C categories. Conversely, among patients in the same
LDL-C category, those belonging to higher HDL-C
quartiles experienced a greater protective effect from death
or MI compared with their counterparts in lower HDL-C
quartiles (Fig. 2). Overall, the effect of HDL-C quartile
on death or MI was independent, with no apparent inter-
action with LDL-C category (p = 0.40). Further, when
using actual values of HDL-C and LDL-C in a continuous
regression model, LDL-C level at 6 months did not have
any significant effect on the inverse predictive effect of
HDL-C (p = 0.37).

In the subgroup of patients who achieved the optimal
LDL-C goal of <70 mg/dl, quintiles were created based on
HDL-C level at 6 months. In univariate analyses, patients in
the highest quintile of HDL-C had a 67% relative risk
reduction in the rate of death or MI versus those in the
lowest quintile (HR: 0.33; 95% CI: 0.16 to 0.66; p = 0.002),
along with a 66% relative risk reduction in the composite
of death, MI, or stroke (HR: 0.34; 95% CI: 0.17 to 0.67;
p = 0.002) and a 45% relative risk reduction in the com-
posite of death, MI, or ACS (HR: 0.55; 95% CI: 0.31 to
0.99; p = 0.05). Even after adjustment for covariates, those
in the highest quintile of HDL-C had a 65% reduction
in the rate of the primary endpoint (HR: 0.35; 95% CI:
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Relationship Between HDL-C Quartiles and Death or
MI Across Categories of LDL-C

The effect of HDL-C quartile on death or MI was independent, with no apparent
interaction with LDL-C category (p = 0.40). LDL = Low-density lipoprotein; other
abbreviations as in Figure 1.
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Hazard ratios are adjusted for age, sex, body mass index, hypertension, diabetes,

current smoking, and triglycerides, and use lowest quintile (Q1) as referent.

Abbreviations as in Figures 1 and 2.

0.17 to 0.74; p = 0.006) and a 63% decrease in death, MI,
or stroke (HR: 0.37; 95% CI: 0.26 to 0.75; p = 0.006). A
trend (43% relative risk reduction) towards lower death, M1,
or ACS was noted in the top HDL-C quintile compared
with the bottom HDL-C quintile (43%, HR: 0.57; 95% CI:
0.30 to 1.08; p = 0.08). Across all HDL-C quintiles in the
lowest stratum of LDL-C, the risk of death or MI differed
significantly in both unadjusted analyses (p = 0.004), and
after adjustment for confounding factors (p = 0.02) (Fig. 3).

For the primary endpoint of death or MI, the ratio of
LDL-C to HDL-C was examined for predictive effect. At
6 months post-randomization, the quartile ratio of LDL-C

8 LDL/HDL Ratio Quartiles
- — Q1:0.31-1.59
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1) o | Hazard ratio (95% Cl) versus Q1
o Q2 0.85(0.60,1.31)
& Q3 1.31(0.95,1.81)
5 Q4 1.27(0.91,1.77)
= T T
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Time on Study post 6 months(years)

Kaplan-Meier Curves for Overall Trial Population

Expected freedom from death or myocardial infarction across quartiles of LDL-C/
HDL-C ratio (Q1-Q4) at 6 months. Hazard ratios are adjusted for age, sex, body
mass index, hypertension, diabetes, current smoking, and triglycerides, and use
the lowest quartile (Q1) as referent. Abbreviations as in Figures 1 and 2.
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to HDL-C was inversely related to expected freedom from
death or MI. After multifactorial adjustment, although the
boundaries for HRs related to individual quartiles could not
exclude unity, a significant difference in survival persisted
across all quartiles of LDL-C/HDL-C ratio (p = 0.04)
(Fig. 4).

Continuous HDL-C levels. Using 6-month HDL-C level
as a continuous variable, the risk of death or MI was
calculated for each 10 mg/dl increase in HDL-C. After
adjustment for covariates, a rise of 10 mg/dl in HDL-C was
associated with a potential risk reduction of 9.9% (95% CI:
9.8 to 10.0), with a strong trend toward statistical signifi-
cance (p = 0.08) in death or ML In particular, among
subjects in the lowest LDL-C category of <70 mg/dl, a 10
mg/dl increment in HDL-C was associated with a statis-
tically significant 9.8% (95% CI: 9.5 to 10.0; p = 0.03)
reduction in risk of the primary endpoint in adjusted
analysis. Age, sex, BMI, diabetes, hypertension, current
smoking, LDL-C and triglycerides at 6 months post-
randomization did not have any significant interaction

with the observed predictive effect of HDL-C.

Discussion

This post-hoc analysis from the COURAGE trial demon-
strates that a significant inverse association exists between
plasma HDL-C levels and cardiovascular risk that is inde-
pendent of other confounders, including age, sex, BMI,
presence of hypertension, diabetes, current smoking, and
triglycerides in patients with SIHD who undergo long-term
follow-up. The predictive relationship of low levels of
HDL-C remained valid across varying LDL-C levels in the
present analysis, and appeared greater in magnitude in
patients where the primary guideline-recommended optimal
target of lipid-lowering therapy for patients with SIHD had
been achieved (LDL-C <70 mg/dl). The results also
remained consistent, regardless of whether 6-month HDL-C
levels were used as continuous variables or divided into
quartiles or quintiles.

Considerable residual risk persists among statin-treated
patients, with rates of cardiovascular events being approxi-
mately two-thirds to three-quarters that of placebo-treated
patients in clinical trials (16-24). Even with maximal sta-
tin therapy, over 22% of patients with recent ACS and ~ 9%
patients with STHD experience endpoint events after 2 years
and 5 years of follow-up, respectively, indicating that
reducing LDL-C alone may not prevent all prognostically
important vascular events (25,26). In addition, patients with
metabolic syndrome and diabetes, conditions generally
associated with low levels of HDL-C, have approximately
twice the level of excess risk compared with those without
these comorbidities (27).

Unlike the consistent inverse epidemiologic association
between HDL-C and cardiovascular risk in patients with
normal or elevated LDL-C levels, conflicting results have
been noted in the setting of low LDL-C levels. Among
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high-risk patients with recent ACS treated with high-dose
statins, 1 trial found no incremental predictive value of
HDL-C (7), whereas the other showed that HDL-C, but
not LDL-C, measured in the initial stage of ACS predicted
the risk of short-term recurrent cardiovascular events (28).
In intermediate-risk patients with SIHD, low HDL-C
levels were independently predictive of higher cardiovas-
cular risk, even when LDL-C levels were reduced to
<70 mg/dl (8). The difference in risk between the highest
and the lowest HDL-C quintile was diminished and failed
to reach statistical significance among those on maximal
dose atorvastatin. Finally, in a lower-risk primary prevention
population, HDL-C levels were inversely related to vascular
risk only in patients receiving placebo, but not in patients
assigned to receive potent statin therapy with resultant very
low on-treatment LDL-C levels (6). A meta-analysis of 20
large trials confirmed the significant and independent
inverse association between low HDL-C levels and cardio-
vascular risk among statin-treated patients, with no evidence
of any modification or attenuation by statin therapy (10).
The present findings complement the results of this meta-
analysis, extending the concept of incremental cardiovas-
cular risk associated with low levels of HDL-C in SIHD
patients treated with OMT, particularly among subjects in
the lowest quintile of HDL-C. Instead of just focusing on
fixed-dose high-potency statin treatment, the COURAGE
trial used goal-directed LDL-C lowering within the
framework of comprehensive and aggressive risk factor
modification, an ideal approach closer to what published
clinical practice guidelines support therapeutically. Regard-
less, those with lower levels of HDL-C continued to expe-
rience greater cardiovascular events, even when LDL-C was
reduced to <70 mg/dl.

Clinical trial evidence to support the benefits of HDL-C
raising has been limited. The VA-HDL Intervention Trial
studied 2,531 male veterans with established coronary heart
disease, LDL-C <140 mg/dl, and HDL-C <40 mg/dl,
treated with gemfibrozil or placebo in the pre-statin era (29).
At 5 years, despite no change in LDL-C levels as compared
with baseline, a modest 6% relative increase in HDL-C and
a 31% relative decrease in triglycerides was associated with
a significant 22% reduction in the primary endpoint of
cardiovascular mortality or MI. However, in the AIM-
HIGH (Atherothrombosis Intervention in Metabolic
Syndrome with Low HDL/High Triglycerides: Im-
pact on Global Health Outcomes) trial, in similar STHD
patients pre-selected for low baseline levels of HDL-C,
there was no incremental clinical benefit associated with
the co-administration of high-dose (1,500 to 2,000 mg/day)
extended-release niacin and simvastatin as compared with
simvastatin monotherapy during an abbreviated 3-year
follow-up for the trial primary endpoint of major cardio-
vascular events or any of the component secondary or tertiary
endpoints (30). More recently, the HPS-2 (Heart Protection
Study-2) investigators have presented study findings in more
than 25,000 subjects treated with simvastatin with or without
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niacin (and laropiprant) during a long-term 5-year follow-up,
and likewise failed to show incremental benefit over statin
monotherapy (31). Importantly, in both AIM-HIGH and
HPS-2, patients had very low baseline LDL-C levels
(ranging from the low 60s to low 70s), and thus it remains
uncertain whether the potential clinical benefits of HDL-C
raising therapies may be mitigated in this very low range of
LDL-C levels. It is also unclear if the results would have
been different in patients whose LDL-C values were not as
well-controlled or in those naive to statin therapy. Choles-
teryl ester transfer protein (CETP) inhibitors anacetrapib
and evacetrapib, perhaps the most promising investigational
HDL-C raising therapies remain under study in large-scale
phase III clinical trials (32,33). However, the CETP inhib-
itor torcetrapib was shown previously to increase mortality
and, more recently, dalcetrapib was found to have no
incremental benefit when added to statin therapy in ACS,
despite significant HDL-C raising (34,35). These disap-
pointing results to date suggest that CETP inhibition as
a therapeutic strategy may not confer clinical benefit, despite
significant HDL-C raising. Alternatively, the negative
results in these 4 clinical trials raise the very real possibility
that, although low levels of HDL-C may be an important
epidemiologic risk marker, the concentration or content of
HDL in plasma alone may not be a reliable therapeutic target
for pharmacologic intervention to reduce clinical events.
Indeed, there are data to support HDL particle size and
number as a potentially better measure of cardiovascular risk
(36), though no clinical trials to date have enrolled patients
based on particle size determinants alone, nor have they
targeted changes in particle size/number as a measure of
treatment efficacy. Lastly, it is possible that investigators have
not targeted patients with the lowest levels of HDL-C
(e.g., <30 mg/dl), an important subgroup of patients who
may be at the highest risk for cardiovascular events and in
whom the potential exists to demonstrate clinical benefit
with a non-statin intervention.

Study limitations. The COURAGE trial was not designed
specifically to study the residual cardiovascular risk associated
with low levels of HDL-C, resulting in some limitations
inherent in this post-hoc analysis. It is possible that using 6-
month levels of HDL-C and LDL-C rather than baseline
levels obtained prior to randomization might have resulted in
different outcomes. However, because there was no effect of
PCI versus OMT on clinical outcomes, and the potential
contribution of cardiac events occurring within the first
6 months of follow-up to overall long-term trial outcomes was
likely minimal, it is doubtful that censoring events within the
initial 6 months would have altered our findings. Although we
attempted to adjust for known confounders, the presence of
unmeasured differences could account, in part, for the addi-
tional cardiovascular risk noted in patients on OMT, and
therefore, could potentially influence the predictive value of
HDL-C levels. The role of the metabolic syndrome was not
separately assessed, although adjustments were made for BMI,
triglycerides, diabetes, and hypertension. Additionally, no
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attempts were made to distinguish or measure HDL-C sub-
fractions, particle size, or functionality, all of which may have
effects independent of total plasma HDL-C levels. Although
our findings should be considered hypothesis-generating and
exploratory in nature, they may have important therapeutic
implications, in that this is one of the largest prospective trials
of STHD patients in whom long-term clinical outcomes have

been assessed as a function of both low levels of HDL-C and
LDL-C.

Conclusions

Our analysis suggests that patients with SIHD continue to
experience significant, long-term cardiovascular risk associ-
ated with low HDL-C levels despite optimal medical
therapy with proven secondary prevention modalities,
including aggressive lifestyle modification and intensive
goal-directed statin treatment. The adverse clinical effect of
low baseline levels of HDL-C we observed persisted despite
adjustment for other baseline risk predictors, and was
demonstrable across the full range of LDL-C levels. When
LDL-C was reduced to optimally low levels (<70 mg/dl)
using intensive lipid-lowering therapy, the risk for subse-
quent cardiovascular events among those with low baseline
levels of HDL-C remained statistically and clinically
significant and, in fact, appeared to be magnified. Thus,
further prospective study is needed to more precisely identify
those patients with either very low levels of HDL-C or
abnormal HDL particle composition who may be consid-
ered appropriate candidates for future therapeutic interven-
tions to improve clinical outcomes.
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