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High-Density Lipoprotein Cholesterol and Cardiovascular Events in
Patients with Stable Coronary Artery Disease Treated with Statins:
An Observation from the REAL-CAD Study
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Aim: The association between high-density lipoprotein cholesterol (HDL-C) level after statin therapy and cardiovascular
events in patients with stable coronary artery disease (CAD) remains unclear. Thus, in this study, we sought to
determine how HDL-C level after statin therapy is associated with cardiovascular events in stable CAD patients.

Methods: From the REAL-CAD study which had shown the favorable prognostic effect of high-dose pitavastatin in
stable CAD patients with low-density lipoprotein cholesterol (LDL-C) <120 mg/dL, 9,221 patients with HDL-C data at
baseline and 6 months, no occurrence of primary outcome at 6 months, and reported non-adherence for pitavastatin, were
examined. The primary outcome was a composite of cardiovascular death, non-fatal myocardial infarction, non-fatal
ischemic stroke, or unstable angina requiring emergent admission after 6 months of randomization. Absolute difference and
ratio of HDL-C levels were defined as (those at 6 months—at baseline) and (absolute difference/baseline) x 100, respectively.

Results: During a median follow-up period of 4.0 (IQR 3.2-4.7) years, the primary outcome occurred in 417
(4.5%) patients. The adjusted risk of all HDL-C-related variables (baseline value, 6-month value, absolute, and
relative changes) for the primary outcome was not significant (hazard ratio [HR] 0.99, 95% confidence interval
[CI] 0.91-1.08, HR 1.03, 95% CI 0.94-1.12, HR 1.05, 95% CI 0.98-1.12, and HR 1.08, 95% CI 0.94-1.24,
respectively). Furthermore, adjusted HRs of all HDL-C-related variables remained non-significant for the
primary outcome regardless of on-treatment LDL-C level at 6 months.

Conclusions: After statin therapy with modestly controlled LDL-C, HDL-C level has little prognostic value in
patients with stable CAD.

50



HDL-C and CV Events in Stable CAD

See editorial vol. 29: 8-10

Key words: Lipids, Secondary prevention, Stable coronary artery disease, Statin,

High-density lipoprotein cholesterol

Introduction

Statins have been identified as the most common
and effective low-density lipoprotein cholesterol
(LDL-C) lowering agents, which are also effective in
reducing the risk of major cardiovascular (CV) events
such as CV death, non-fatal myocardial infarction,
and non-fatal ischemic stroke"?. The favorable effects
of statin therapy for primary and secondary prevention
of atherosclerotic cardiovascular disease (ASCVD)
have been confirmed, and they are even used
worldwide as one of the most important guideline-
directed medical therapies for ASCVD. In particular,
an LDL-C-lowering strategy with high-intensity statin
therapy is recommended for secondary prevention or
primary prevention in patients with high-risk ASCVD
in the current guidelines®.

It has been widely accepted that high-density
lipoprotein cholesterol (HDL-C) level is inversely
associated with the risk of CV events in the general
population®'”. However, several studies have
demonstrated that general subjects with an extremely
high as well as low HDL-C level had paradoxically
increased mortality'>'¥ or that there was no
relationship between HDL-C level and CV event in
patients with coronary artery diseases (CAD) ' as well
as the general population'®'”. In terms of patients
with stable coronary artery disease treated with statins
for secondary prevention, a post-hoc analysis of the
Treating to New Targets (TNT) study demonstrated
that HDL-C level had a significant inverse association
with subsequent major CV events'®. However, there
have been few reports supporting this finding'?.

Aim
In this study, we sought to examine whether
HDL-C level after statin therapy was associated with

subsequent CV events in patients with stable CAD
with modestly controlled LDL-C.

Methods

Study Design and Population

Data from the Randomized Evaluation of
Aggressive or Moderate Lipid Lowering Therapy with
Pitavastatin in Coronary Artery Disease (REAL-CAD)
study were analyzed. Details of the REAL-CAD study
have been described previously?”. Briefly, the REAL-
CAD study is a prospective, multicenter, randomized,
open-label, blinded endpoint, physician-initiated,
superiority trial, which aims to determine whether
high-dose (4 mg/day) compared with low-dose (1 mg/
day) pitavastatin therapy could reduce CV events in
Japanese patients with stable CAD. Stable CAD was
defined as a history of acute coronary syndrome (ACS)
or coronary revascularization >3 months ago or a
clinical diagnosis of CAD with angiographically
documented coronary artery stenosis of at least 75%
diameter narrowing as per the American Heart
Association classification®”. Enrolled patients received
pitavastatin 1 mg/day orally for a run-in period of at
least 1 month. We then excluded patients with LDL-C
> 120 mg/dL throughout the run-in period, onset of
ACS and/or coronary revascularization within the past
3 months, poor adherence to statin therapy,
occurrence of primary endpoint events, or other
adverse events prohibiting continuation of the study
during the run-in period. After the run-in period,
eligible patients were randomized in a 1-to-1 fashion
to oral pitavastatin, either high dose or low dose.
Ethics approval was granted by the Public Health
Research Foundation ethics review committee and by
ethics committees at all participating sites. All
participants provided written informed consent. The
study was conducted in accordance with the
Declaration of Helsinki.

This present study was a post-hoc analysis of the
REAL-CAD study. Among the 14,774 participants
enrolled, we excluded 1,720 patients with withdrawal
or missing consent or for other reasons. Then, 13,054
patients with LDL-C <120 mg/dL on pitavastatin 1
mg/day at any time during the run-in period were
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14774 Enrolled

1720 Excluded

— 790 Withdrawal/Missing consent
930 Another reason

13054 Randomized Population

641 Excluded

— 236 Withdrawal/Missing consent
405 Not meeting the eligibility

12413 Full Analysis Set

3192 Excluded

492 No HDL-C data at 6 months

816 Reported non/poor adherence for

—] the study drug

131 Patients who had the primary
outcome within 6 months

1753 Missing covariates

9221 Current Study Population

Fig. 1. Flow of patients through study

randomized to either pitavastatin 1 mg/day or 4 mg/
day. We then excluded 641 patients with withdrawal
or missing consent or after failing to meet the eligibility
criteria. Among the full analysis set of 12,413 patients
in the main study, we excluded 492 patients who had
no HDL-C data at 6 months, 816 patients with reported
non/poor adherence to the study drug during the
initial 6 months after randomization, 131 patients
who had the primary outcome within 6 months, and
1,753 patients with missing covariates. Ultimately,
9,221 patients were examined (Fig. 1).

Serum Lipid Levels and Other Blood Tests

Blood samples were collected in each hospital to
determine the fasting lipid levels and the patient’s
standard clinical profile as described previously®”.
Serum lipid levels including LDL-C, total cholesterol,
triglyceride (TG), and HDL-C, as well as other blood
tests such as red blood cells, white blood cells,
hemoglobin Alc, and high-sensitivity C-reactive
protein (hsCRP), were measured at baseline and at 6
months after randomization. Values of LDL-C at
baseline and at 6 months were derived from central
laboratory measurements using the Friedewald
equation. If a value from central laboratory
measurements was missing or not calculable, a value
obtained from insurance-covered measurement was
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used instead. If that was also missing, the value was
not imputed from other data but was handled as a
missing value. The main assay method and maximum
inter- and intra-assay coefficients of variation in each
blood maker were shown in Supplementary Table 1.

Clinical Outcomes

The primary outcome of interest was a composite
of CV death, non-fatal myocardial infarction, non-
fatal ischemic stroke, or unstable angina requiring
emergent admission after 6 months from
randomization, consistent with the primary analysis of
the trial?”. The secondary outcome of interest was
defined as a composite of the primary endpoint event
and clinically indicated coronary revascularization
excluding target lesion revascularization for lesions
treated at prior percutaneous coronary intervention.

Statistical Analysis

Continuous variables are presented as median
and interquartile range (IQR), categorical variables are
expressed as numbers and percentages. Study patients
were divided into three groups according to their
baseline HDL-C level as follows: low HDL-C group
(HDL-C <40 mg/dL, #=1660), intermediate
HDL-C group (HDL-C 40-79 mg/dL, n=7321), and
high HDL-C group (HDL-C = 80 mg/dL, n=240).
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Table 1. Patients Characteristics

Variables Overall (=9221) HDL-C p for trend
Low Intermediate High
<40 mg/dL 40-79 mg/dL > 80 mg/dL
(n =1660) (n=7321) (n =240)
Age, y 70 (63-75) 70 (64-75) 69 (63-75) 69 (64-75) 0.91
Age of > 65 years, 7 (%)* 6249 (68) 1159 (70) 4924 (67) 166 (69) 0.11
Men, 7 (%)* 7652 (83) 1522 (92) 5964 (82) 166 (69) <0.001
Weight (kg) 65.0 (57.7-72.0)  68.0 (61.0-74.8)  64.3 (57.1=71.5)  57.6(50.0-65.1)  <0.001
Body mass index, kg/m* 24.4 (22.4-26.6)  25.2(23.2-27.3) 24.2 (22.3-26.4)  22.7 (20.7-24.8) <0.001
Body mass index <25, 7 (%) * 5313 (58) 785 (47) 4340 (59) 188 (78) <0.001
Systolic blood pressure, mm Hg 127 (117-137) 126 (116-137) 127 (117-137) 129 (118-137) 0.049
Diastolic blood pressure, mm Hg 72 (66-80) 72 (65-80) 72 (66-80) 72 (68-80) 0.010
Cardiovascular history, 7 (%)
Prior myocardial infarction™ 4797 (52) 927 (56) 3783 (52) 87 (36) <0.001
Congestive heart failure™ 457 (5) 107 (6) 335 (5) 15 (6) 0.020
Atrial fibrillation™ 579 (6) 104 (6) 456 (6) 19 (8) 0.68
Stroke™ 735 (8) 158 (10) 558 (8) 19 (8) 0.020
Diabetes mellitus™ 3711 (40) 969 (42) 948 (40) 834 (35) <0.001
Hypertension* 7033 (76) 747 (45) 2885 (40) 79 (33) <0.001
Chronic kidney disease, 7 (%) <0.001
Stage 1 671 (7) 68 (4) 572 (8) 31 (13)
Stage 2 5244 (57) 850 (51) 4255 (58) 139 (58)
Stage 3 3158 (34) 691 (42) 2399 (33) 68 (28)
Stage 4 137 (2) 47 (3) 88 (1) 2 (1)
Stage 5 11 (0.1) 4(0.2) 7 (0.1) 0 (0)
> Stage 3* 3306 (36) 742 (45) 2494 (34) 70 (29) <0.001
History of malignancy, 7 (%)™ 511 (6) 78 (5) 413 (6) 20 (8) 0.030
Currently smoking, 7 (%)* 1467 (16) 329 (20) 1112 (15) 26 (11) <0.001
Medications, 7 (%)
ACE inhibitors/ARBs™ 6217 (67) 1201 (72) 4882 (67) 134 (56) <0.001
[)’—Blockcrs* 3837 (42) 832 (50) 2938 (40) 67 (28) <0.001
Dual antiplatelet thcrapy* 4084 (44) 795 (48) 3194 (44) 95 (40) <0.001
Blood examinations
Red blood cell, 104/pL 448 (415-479) 452 (420-488) 448 (415-478) 422 (402-455)  <0.001
White blood cell, /pL 5700 (4800-6790) 6100 (5100-7100) 5650 (4800-6700) 5200 (4395-5950) <.001
Total cholesterol, mg/dL 166 (150-183) 155 (140-171) 168 (152-183) 193 (175-209) <0.001
LDL-C, mg/dLﬂ< 88 (75-101) 84 (71-97) 88 (76-102) 91 (75-106) <0.001
HDL-C, mg/dL 49 (42-57) 37 (34-41) 51 (45-59) 80 (73-90) <0.001
Triglycerides, mg/dL 124 (89-175) 153 (112-212) 119 (86-167) 84 (63-127) <0.001
Triglycerides > 150 mg/dL, 7 (%)* 3255 (35.3) 862 (52) 2361 (32) 32 (13) <0.001
LDL-C at 6 months, mg/dL 80 (66-94) 74 (60-87) 81 (67-95) 84 (72-101) <0.001
HDL-C at 6-month, mg/dL 49 (42-58) 36 (33-38) 51 (45-59) 85 (82-91) <0.001
High-sensitivity C-reactive Protein, mg/dL.  0.51 (0.25-1.18)  0.68 (0.34-1.52)  0.48 (0.23-1.10)  0.33 (0.18-0.87) 0.005
High-sensitivity C-reactive Protein 2469 (26.8) 614 (37) 1816 (25) 39 (16) <0.001
> 1.0 mg/L at 6 months, 7 (%)*
Hemoglobin Alc, % 5.7 (5.3-6.2) 5.7 (5.4-6.3) 5.6 (5.3-6.2) 5.5 (5.2-6.0) <0.001

Data are median (interquartile range), or 7 (%). ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
*Covariates included in the multivariate Cox-proportional hazards model.
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Comparisons of differences across these three groups
were made using Cochran-Armitage test for trend. To
evaluate the influence of HDL-C level after statin
therapy on the primary and secondary outcomes and
each component of the composite endpoint including
CV death, non-fatal myocardial infarction, non-fatal
ischemic stroke, and unstable angina requiring
emergent admission after 6 months, we constructed
landmark Cox-proportional hazards regression models,
which evaluated the clinical events during the entire
follow-up period starting at 6 months after
randomization. We then expressed the hazard ratio
(HR) and its 95% confidence interval (CI) which was
adjusted using 18 selected clinically relevant risk-
adjusting variables listed in Table 1. We categorized
age, body mass index (BMI), hsCRP, and TG as
clinically meaningful reference values and regarded the
randomized statin dose group as a stratified factor.

To explore the shape of the association of HDL-
C-related variables (baseline value, 6 months value,
absolute, and relative changes) and the primary and
secondary outcomes, we fitted penalized splines with
an AlC-based penalty term. Absolute and relative
changes of HDL-C level were defined as (6-month
value—baseline value) and (absolute change/baseline
value) 100, respectively. Crude and adjusted
cumulative incidence (1-survival) curves were also
plotted by statin dose??.

All tests were two-tailed, and a value of »<0.05
was considered statistically significant. All statistical
analyses were conducted by a statistician (Isao Yokota)
using SAS software version 9.4 (SAS Institute, Cary,
North Carolina, USA) and R ver. 3.5.1.

Results

Characteristics of Study Population

The baseline characteristics of the total 9,221
studied patients are summarized in Table 1. Patients
with lower HDL-C level were predominantly male,
current smokers, and had higher BMI, higher
prevalence of prior myocardial infarction, stroke,
diabetes mellitus, and hypertension, and had higher
use of angiotensin-converting enzyme inhibitors or
angiotensin II receptor blockers, beta-blockers, and
dual antiplatelet therapy, and had higher levels of TG,
hsCRP, and hemoglobin Alc; and had lower
prevalence of malignancy and lower renal function,
total cholesterol, and LDL-C levels than those with
higher HDL-C level. There were no significant
differences across the three groups in terms of age and
the prevalence of atrial fibrillation.
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HDL-C Level After Statin Therapy and Clinical
Outcomes

During a median follow-up period of 4.0 (IQR
3.2-4.7) years, the primary and secondary outcomes
occurred in 417 (4.5%) and 812 (8.8%) patients,
respectively. There was no significant difference in
crude and adjusted cumulative incidence of the
primary outcome among the three groups of HDL-C
level at 6 months (Fig. 2A and 2B). Furthermore, the
adjusted risks of all the HDL-C-related variables
(baseline value, 6-month value, absolute, and relative
changes) for the primary outcome were not deemed
significant (Fig.3). Interaction tests indicated that
relationships between all HDL-C-related variables and
the risk of primary outcome did not depend on
gender (P for interaction=0.39 [baseline value], P for
interaction=0.12 [6-month value], P for interaction=
0.23 [absolute changes], and P for interaction=0.37
[relative changes]) and BMI (2 for interaction=0.997,
[baseline value], P for interaction=0.99, [6-month
value], P for interaction=0.99, [absolute changes],
and P for interaction=0.89, [relative changes]). In
addition, there was also no significant difference in
crude and adjusted cumulative incidence of the
secondary outcome among the groups (Fig.2C and
2D). The adjusted risks of all HDL-C-related variables
(baseline value, 6-month value, absolute, and relative
changes) for the secondary outcome were also
determined to be not significant (Fig. 4). The adjusted
risks of all HDL-C-related variables for each
component of the composite endpoint including CV
death, non-fatal myocardial infarction, non-fatal
ischemic stroke, and unstable angina requiring
emergent admission after 6 months were also not
significant (Supplementary Fig. 1, 2, 3, 4).

The adjusted HRs of all HDL-C-related variables
(baseline value, 6-month value, absolute, and relative
changes) with an increase by 10 mg/dL (or 10% in the
case of relative HDL-C change) remained non-
significant for both the primary and secondary
outcomes at each on-treatment LDL-C level at 6
months (<70 mg/dL, 70-100 mg/dL, and > 100 mg/
dL) (Supplementary Fig.5, 6, 7, 8, 9, 10). Moreover,
there was no significant association between all the
HDL-C-related variables and the primary and
secondary outcomes both in the low-dose (1 mg/day)
and high-dose (4 mg/day) groups (Supplementary
Fig.11 and 12).

Discussion

The major finding of this present study was that
HDL-C level after pitavastatin therapy was not
significantly associated with CV events in patients
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Fig.2. Landmark analysis for primary and secondary outcome

Solid line indicates low-dose pitavastatin group (1 mg/day); dotted line, high-dose pitavastatin group (4 mg/day). The
crude and adjusted hazard ratios with 95% confidence interval are shown.

with stable CAD. We also found that there was no
significant association between all the HDL-C-related
variables (baseline value, 6-month value, absolute, and
relative changes) and subsequent CV events in stable
CAD patients regardless of their on-treatment LDL-C
level (<70 mg/dL, 70-100 mg/dL, and > 100 mg/
dL) at 6 months. Moreover, no significant relationship
was determined between all the HDL-C-related
variables and CV events both in the low-dose (1 mg/
day) and high-dose (4 mg/day) groups. These findings
suggest that unlike LDL-C, HDL-C level was not
related to worse clinical outcomes in patients with
stable CAD who were treated with pitavastatin and
have a modestly controlled LDL-C level.

Over the past several decades, it has been widely
accepted that HDL-C plays an important role in
reducing CV risk and mortality, because major studies
including the Framingham Study demonstrated that

HDL-C level was inversely correlated with the risk of
CV events in the general population®'. Therefore,
HDL-C has been considered a “good cholesterol,” and
having a therapeutic target to prevent CV events and
to increase HDL-C was believed to be a successful
strategy to reduce CV events or mortality. Notably,
human apolipoprotein A-I (the major protein
component of HDL) transgenic mice fed an
atherogenic diet, with high plasma concentrations of
HDL-C and apolipoprotein A-I, were protected from
the development of fatty streak lesions in their
arteries®”. Although the mechanism of HDL-C’s
protective effect against ASCVD is complex and not
fully elucidated, several hypotheses have been
proposed”) In general, HDL-C has a specific
function in reverse cholesterol transport, which is
considered to play an important role in cholesterol
homeostasis and may be responsible for some of its
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Fig.3. Adjusted risks of HDL-C values for primary outcome

Red line indicates hazard ratio with penalized smoothing splines adjusted by covariates shown in Table
1. Dashed yellow line indicates its 95% confidence interval. HR, hazard ratio.

protective effects against atherosclerosis by removing
cholesterol from peripheral tissues or delivering
cholesterol to the liver or steroidogenic organs through
binding of apolipoprotein A-I to the high-affinity
HDL receptor scavenger receptor B type 1229
Moreover, HDL-C has been determined to have
multiple anti-atherogenic properties such as anti-
inflammatory, antioxidative, anti-thrombotic, anti-
apoptotic, vasodilatory, host-defense, and immune-
modulatory functions, which may further strengthen
CV protection®?.

This inverse association was also found in stable
CAD patients with statin therapy, according to a post-
hoc analysis of the TNT trial'®. In the analysis, an
increase in HDL-C level of 1 mg/dL at 3 months after
randomization significantly reduced the risk of major
CV events by 1.1% after adjustments for covariates in
9,732 stable CAD patients treated with atorvastatin.
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Interestingly, our present findings differ from those in
the TNT trial. There are several possible reasons for
this difference. First, the era of enrolment in the TNT
trial was more than 10 years before the REAL-CAD
study. During this period, treatment for stable CAD
improved dramatically, including procedures for
revascularization, the quality of coronary stents, and
shortened dual antiplatelet therapy, which would
affect clinical outcomes in patients with stable CAD.
Second, the baseline characteristics of the population
of the TNT trial such as BMI, prior myocardial
infarction, and LDL-C level seem to be more complex
conditions than those in the present study. In fact, the
TNT trial had a higher incidence of major CV events
than the REAL-CAD study (9.7% for 5 years vs. 4.5%
for 4 years), although the setting of the primary
outcome was similar between the studies.

In terms of the modification of HDL-C level,
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Fig.4. Adjusted risks of HDL-C values for secondary outcome

Red line indicates hazard ratio with penalized smoothing splines adjusted by covariates shown in Table
1. Dashed yellow line indicates its 95% confidence interval. HR, hazard ratio.

drugs increasing HDL-C level, such as niacin,
cholesteryl ester transfer protein (CETP) inhibitors,
and fenofibrate, failed to show significant favorable
effects on CV outcomes*>”. More importantly,
extremely high HDL-C is paradoxically associated
with increased CV events'> '¥. One of the reasons is
thought to be genetic variants, which may have
harmful effects causing worse clinical outcomes. For
example, as one of the typical genetic variants, there
are certain mutations in lipid transfer proteins, such as
CETP, which are known to be associated with both
high-risk ASCVD and high HDL-C level®®. Notably,
the ILLUMINATE trial demonstrated that torcetrapib
as a CETP inhibitor significantly increased mortality
compared to placebo rather than reduced major CV
events, despite increased HDL-C level in the
torcetrapib arm®?.

Based on these findings, it can be thought that
the quality or function rather than the quantity of

HDL-C may be important for the risk of CV events.
HDL-C may provide CV protection by promoting
reverse cholesterol transport from macrophages. Khera
et al. demonstrated that cholesterol efflux capacity
from macrophages, a metric of HDL-C function, has
a strong inverse association with both carotid intima—
media thickness and the likelihood of angiographic
CAD, independent of the HDL-C level®”. Moreover,
there are several reports that the quantity of HDL-C
was not related to CV events*“?. From a sub-analysis
of the JUPITER trial, the quantity of HDL-C could
not predict CV risk among adults without diabetes or
previous CV disease and treated with statin therapy,
although the quantity of HDL-C was significantly
associated with CV events risk in the placebo arm
(without statin therapy)“?. Thus, statin therapy could
improve the quality or function of HDL-C. While a
recent study reported HDL-C function was unaltered
by atorvastatin treatment®’, pitavastatin may have
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different efficacies from atorvastatin. As compared to
atorvastatin, pitavastatin has a more favorable effect
on glycemic status*”, and it further provides greater
improvement of endothelial function® and greater
increases in HDL-C and apoprotein A-1 levels®.
Notably, a recent study”” demonstrated that as
compared to atorvastatin (10 mg/day), pitavastatin
therapy (2 mg/day) can significantly reduce CV events
in hypercholesterolemic patients with one or more risk
factors for atherosclerotic diseases despite similar
effects on HDL-C levels. Regarding effects on
function of HDL-C, pitavastatin promoted the early
step of reverse cholesterol transport by increasing the
pref1-HDL disappearance rate*®. Moreover,
pitavastatin could increase cholesterol efflux capacity
of the isolated HDL fraction and antioxidative actions
related to enzyme paraoxonase-1. Pitavastatin may
increase the anti-atherogenic properties of HDL
particles®”. These findings could support the effect of
statins to improve the function or quality of HDL-C.
In fact, the period of statin therapy was 3 months
longer in the REAL-CAD study than in the post-hoc
analysis of the TNT trial. The difference in the timing
of analysis of HDL-C level might have influenced the
further improvement of the quality/function of HDL-
C, resulting in weakening the prognostic significance
of HDL-C level in the REAL-CAD study.

In this present study, all the HDL-C-related
variables (baseline value, 6-month value, absolute, and
relative change) were confirmed to have no significant
association with CV events in stable CAD patients,
regardless of their on-treatment LDL-C level or dose
of pitavastatin. It is noteworthy that all 9,221 eligible
patients in our study population had stable CAD with
pitavastatin treatment for at least 6 months as
secondary prevention. From this point of view, we
believe our findings provide clinically relevant
information from a large population supporting that
it would be unnecessary to consider the on-statin
treatment HDL-C level in stable CAD patients with a
modestly controlled LDL-C level (i.e., median [IQR];
88 [75-101] mg/dL at baseline, 80 [66-94] mg/dL at
6 months from randomization) for the association
with subsequent CV outcomes. Further prospective
clinical trials focusing on the quality and function
rather than the quantity of HDL-C in stable CAD
patients treated with a statin are warranted in order to
fully elucidate the role of HDL-C as a residual risk for

secondary prevention.

Limitations

There are several potential limitations of this
present study, which should be acknowledged. First,
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this study is a post-hoc analysis and provides only
associative evidence, not causative evidence. Second,
there was unavoidable selection bias because 3,192
(25.7%) patients were excluded from the full analysis
set of 12,413 patients in the REAL-CAD study.
Among these, 2,608 patients had both their HDL-C
value and outcome data. We then compared the
HDL-C level at 6 months and incidence of primary
outcome between the study patients (2=9,221) and
those excluded (7=2,608). These variables were
similar between the study patients and those excluded
(HDL-C; 49 [42-58] versus 50 [42-58] mg/dL,
»=0.07, and incidence of primary outcome; 417
[4.5%] versus 102 [3.9%], p=0.18). Thus, we
speculated that the HDL-C level was not associated
with CV events even when we do not exclude 3,192
patients from the analysis. Third, there were no data
regarding the function or quality of HDL-C. Fourth,
participants were recruited at 733 sites in Japan, and
the measuring method and the inter-assay and intra-
assay coefficient of variations for each assay that
determines each blood marker were different in each
site. Finally, there may have been other differences in
variables (e.g., the prevalence of metabolic syndrome,
serum uric acid, and troponin T) that were not
evaluated but that could have affected the results of
the analysis.

Conclusion

HDL-C level after statin therapy was not
associated with subsequent CV events in patients with
stable CAD. It may be unnecessary to consider the
quantity of on-statin treatment HDL-C for secondary
prevention.
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Supplementary Table 1. The maximum values of the inter- and intra-assay coefficient of variations

Blood examinations

Inter-assay CV

Intra-assay CV

Assay method

Total cholesterol, mg/dL

HDL-C, mg/dL

Triglycerides, mg/dL

High-sensitivity CRE, mg/dL

2.0%

4.1%

3.2%

5.7%

1.6%

3.6%

1.3%

4.4%

Hitachi 911 using a cholesterol esterase,
cholesterol oxidase reaction
(Chol R1, Roche Diagnostics Corp.)

Hitachi 911 using a cholesterol esterase,
cholesterol oxidase reaction

(Chol R1, Roche Diagnostics Corp.)

Glycerol blanked enzymatic method
(Trig/GB, Roche Diagnostics Corp.)
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CRP, C-reactive protein; CV, coefficient of variations; HDL-C, high-density lipoprotein cholesterol.

A  AtBaseline

HR 1.03 (95%Cl: 0.90-1.19)

0.0

40 50 60

HDL-C (mg/dL)

(9]

Absolute Change

Adjusted Hazard Ratio
10

Lo ool

70

o

o

Adjusted Hazard Ratio
1.0 1.5

05

HR 0.99 (95%Cl: 0.79-1.25)

00

0 5

5
HDL-C (mg/dL)

62

W

w)

Adjusted Hazard Ratio

Adjusted Hazard Ratio

05

0.0

05

00

At 6 Months

HR 1.03 (95%Cl: 0.90-1.19)

t t
40 50 &0 70

HDL-C (mg/dL)

Relative Change

HR 1.02 (95%Cl: 0.91-1.14)

T t T T
=20 -10 o 10 20

Change of HDL-C (%)

Supplementary Fig.1. Adjusted Risks of
HDL-C Values for Cardiovascular death

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.
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Supplementary Fig.2. Adjusted Risks of
HDL-C Values for non-fatal myocardial
infraction

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.

Supplementary Fig.3. Adjusted Risks of
HDL-C Values for non-fatal ischemic stroke

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.
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Supplementary Fig.4. Adjusted Risks of
HDL-C Values for unstable angina requiring
emergent admission after 6 months

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%

confidence interval. HR =hazard ratio.

Supplementary Fig.5. Adjusted Risks of
HDL-C Values for Primary Outcome in
Patients On-Treatment LDL-C <70 mg/dL
at 6 Months

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.
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Supplementary Fig.6. Adjusted Risks of
HDL-C Values for Secondary Outcome in
Patients On-Treatment LDL-C <70 mg/dL
at 6 Months

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.

Supplementary Fig.7. Adjusted Risks of
HDL-C Values for Primary Outcome in
Patients On-Treatment LDL-C 70-100 mg/
dL at 6 Months

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.
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Supplementary Fig.8. Adjusted Risks of
HDL-C Values for Secondary Outcome in
Patients On-Treatment LDL-C 70-100 mg/
dL at 6 Months

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.

Supplementary Fig.9. Adjusted Risks of
HDL-C Values for Primary Outcome in
Patients On-Treatment LDL-C >100 mg/
dL at 6 Months

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.



HDL-C and CV Events in Stable CAD

A

Adjusted Hazard Ratio

(9]

Adjusted Hazard Ratio

>

Adjusted Hazard Ratio

(¢}

Adjusted Hazard Ratio

At baseline

2.0

1.5

10—

0.5

HR 0.97 (95%CI: 0.85-1.10)

TS TR ERE SRR SRR TR EERIE]

40 50 60 70
HDL-C (mg/dL)

Absolute change

2.0

1.5 4

10 1o e e

0.5 -

HR 1.05 (95%Cl: 0.85-1.31)

O 1 SYRE B R ' Ll
-10 -5 0 5 10
HDL-C (mg/dL)

TN R T S

At baseline

2.0

0.5
HR 1.02 (95%CI: 0.91-1.14): 1mg

0 | HR0.96 (95%Cl: 0.83-1.10): 4mg
T T T T

40 50 60 70
HDL-C (mg/dL)

Absolute change

2.0

| HR 0.99 (95%C1:0.83-1.19): 1mg
o | HR1.20 (95%CI:0.97-1.48): 4mg

-10 -5 0 5 10
HDL-C (mg/dL)

w

Adjusted Hazard Ratio

O

Adjusted Hazard Ratio

w

Adjusted Hazard Ratio

w)

Adjusted Hazard Ratio

At 6 months

2.0

1.5

1.0 4

0.5 +

HR 0.99 (95%Cl: 0.86-1.13)

R NN TN R R VR TR IR ENNE RN NN NN

40 50 60 70
HDL-C (mg/dL)

Relative change

2.0

HR 1.04 (95%Cl: 0.93-1.17)

! t y

20 0 0 10 20
Change of HDL-C (%)

At 6 months
2.0 A

1.5

1.0

0.5

HR 1.02 (95%CI: 0.91-1.14): 1mg

o0 | HR1.04 (95%Cl: 0.91-1.19): 4mg

40 50 60 70
HDL-C (mg/dL)

Relative change

2.0 A
15 |
10 oo i
05

HR 1.01 (95%Cl: 0.93-1.11): 1mg
o | HR1.09 (95%CI: 0.99-1.21): 4mg

-20 -10 0 16 26
Change of HDL-C (%)

Supplementary Fig.10. Adjusted Risks of
HDL-C Values for Secondary Outcome in
Patients On-Treatment LDL-C >100 mg/
dL at 6 Months

Red line indicates hazard ratio with penalized
smoothing splines adjusted by covariates shown
in Tablel. Dashed yellow line indicates its 95%
confidence interval. HR =hazard ratio.

Supplementary Fig.11. Adjusted Risks of
HDL-C Levels for Primary Outcome Both
in Patients with Low Dose (1 mg) and High
Dose (4 mg) Pitavastatin

Red (1 mg) and blue (4 mg) lines indicate
hazard ratio with penalized smoothing splines
adjusted by covariates shown in Tablel. Dashed
yellow (1 mg) and green (4 mg) lines indicate
those 95% confidence interval.

HR = hazard ratio.
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Supplementary Fig.12. Adjusted Risks of
HDL-C Levels for Secondary Outcome
Both in Patients with Low Dose (1 mg) and
High Dose (4 mg) Pitavastatin

Red (1 mg) and blue (4 mg) lines indicate
hazard ratio with penalized smoothing splines
adjusted by covariates shown in Tablel. Dashed
yellow (1 mg) and green (4 mg) lines indicate
those 95% confidence interval.

HR =hazard ratio.
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