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Influence of cholesterol level on long-term survival and
cardiac events after surgical coronary revascularization
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ABSTRACT

Objective: Statins have been shown to delay the inevitable progression of athero-
sclerosis in native coronaries and saphenous vein grafts, thereby reducing ischemic
events after surgical coronary revascularization. However, there is significant con-
troversy as to whether titrating statin therapy to concrete cholesterol targets is
appropriate.

Methods: A single-center retrospective analysis of 309 consecutive patients who
underwent isolated coronary artery bypass graft in 2007 and 2008 was performed.
Measurements of lipid profile subcomponents, namely total cholesterol, high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglycerides, in mmol/L, were obtained by retrospective review of
electronic health records. The primary end point was cardiac death. The secondary
end point was the composite of cardiac events, including cardiac death, nonfatal
myocardial infarction, hospitalization for unstable angina, and target lesion revascu-
larization. Database lock date was August 15, 2020.

Results: The median follow-up duration was 12.5 years. Cardiac death occurred in
6.8% of the cohort. Cardiac events occurred in 21.7% of the cohort. New-onset
myocardial infarction occurred in 8.7% (n ¼ 27), of which 48.1% (n ¼ 13) under-
went repeat revascularization. A 2-level nested Cox proportional hazards regression
model was constructed to determine whether cholesterol target attainment was
independently associated with cardiac events. After risk adjustment, LDL-C, non–
HDL-C, total cholesterol (TC), and TC/HDL-C ratio were independently associated
with cardiac death. In receiver operating characteristics analyses, the optimal cut-
off values for non–HDL-C, LDL-C, and TC/HDL-C ratio were 3.2 mmol/L, 2.3 mmol/L,
and 3.5, respectively.

Conclusions: Exposure to elevated LDL-C and non–HDL-C cholesterol levels inde-
pendently predicted long-term cardiac death after coronary artery bypass graft.
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CENTRAL MESSAGE

Persistent lipid abnormalities are
associated with late cardiac
death after surgical revasculari-
zation. The optimal LDL-C and
non–HDL-C levels are below
2.3 mmol/L and 3.2 mmol/L,
respectively.
PERSPECTIVE
Lipid targets do matter after surgical revasculari-
zation. Persistent lipid abnormalities are associ-
ated with late cardiac death after surgical
revascularization. The optimal LDL-C and non–
HDL-C levels after CABG are below 2.3 mmol/L
(89 mg/dL) and 3.2 mmol/L (124 mg/dL),
respectively.

See Commentary on page 204.
Video clip is available online.

In patients with multivessel coronary artery disease who
have undergone surgical revascularization, statins are
demonstrated to delay the inevitable progression of athero-
sclerosis in native coronaries and saphenous vein grafts,
thereby reducing angiographic stenosis and ischemic events
in the short- to medium-term.1

Although consensus exists regarding the benefits of sta-
tins for patients with established atherosclerotic cardiovas-
cular disease, a philosophical divide remains between the
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass graft
HDL-C ¼ high-density lipoprotein cholesterol
LDL-C ¼ low-density lipoprotein cholesterol
non–HDL-C ¼ non–high-density lipoprotein

cholesterol
ROC ¼ receiver operating characteristic
TC ¼ total cholesterol
TC/HDL-C ¼ total cholesterol-to-high-density

lipoprotein cholesterol ratio
TG ¼ triglycerides
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Cardiology as to whether “treating to target” is appropriate.
Current American guidelines do not recommend titration
of low-density lipoprotein cholesterol (LDL-C) to target
values, whereas European guidelines recommend an
LDL-C goal of less than 1.8 mmol/L (70 mg/dL) for
patients with established atherosclerotic cardiovascular
disease.

There is an evidence gap in the literature regarding how
stringent cholesterol levels should be after surgical revascu-
larization. Furthermore, it is unclear which lipid profile sub-
component best prognosticates future cardiac events. The
aim of the study is to ascertain which lipid profile subcom-
ponent correlated best with long-term outcomes as well as
the optimal levels to be achieved.
METHODOLOGY
Study Design

This was a single-center retrospective, observational study of all

consecutive patients who underwent isolated coronary artery bypass graft

(CABG) for left main or triple-vessel disease from January 1, 2007, to

December 31, 2008, at Prince of Wales Hospital, Hong Kong, conducted

using the Hospital Authority Clinical Management System. Our unit is a

tertiary referral center receiving referrals from 5 cardiology units in the

neighboring districts with a catchment population of 2.5 million Hong

Kong residents.

The Hospital Authority is a statutory organization managing the public

health care system in Hong Kong. The organization first introduced a

city-wide computerized Clinical Management System in 1991. All pa-

tients attending health care services managed by the Hospital Authority

are registered in the Hong Kong Patient Master Index. Starting from

2005, all historical electronic health records can be accessed by both pub-

lic and private health care practitioners on a need-to-know basis, irrespec-

tive of the location of health care provision within the city. Baseline

demographics, comorbidities, operative details, as well as postoperative

complications and cardiac events were all obtained by review of the elec-

tronic health records.

Subjects were excluded if they met the following criteria: (1) single-

vessel off-pump left internal mammary artery-to-left anterior

descending anastomosis only, (2) lost to follow-up, and (3) in-hospital

death.

Patients were censored in the actuarial survival calculations at the date

of the event or date of last clinical follow-up. Follow-up began at the time

of surgery for each patient and ended at the date of death or date of last

contact.
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The study was authorized by the institutional research ethics board

(Joint Chinese University of Hong Kong—New Territories East Cluster

Clinical Research Ethics Committee) on December 20, 2021 (reference

number: 2021.569). Consent was waived in view of its retrospective nature.

Database lock date was August 15, 2020.

Definition of Risk Factors and Cardiac Events
Standard European System for Cardiac Operative Risk Evaluation

II definitions of cardiovascular risk factors were used. In adherence with

Valve Academic Research Consortium-2 (VARC-2) consensus document,

procedural mortality was defined as follows: deaths from all causes within

30 days after discharge or deaths during the index procedure hospitalization

if the postoperative stay is longer than 30 days.

The cause of late death was adjudicated as definite cardiac, definite

noncardiac, or undetermined. Undetermined cases were conservatively

classified as cardiac. The primary end point was cardiac death. Cardiac

death was defined as death attributable to myocardial infarction, heart fail-

ure, or cardiac arrest because of other or unknown cause. The secondary

end point was the composite of cardiac events, including cardiac death,

nonfatal myocardial infarction, hospitalization for unstable angina, and

repeat revascularization. Due to resource constraints in the public health

care system in Hong Kong, angiography after CABG was not routine,

but symptom-driven.

Definition of Statin Therapy Intensity and
Cholesterol Target Attainment

Statin intensity was defined by the 2013 American College of Cardiol-

ogy/American Heart Association guidelines.2 Our institutional LDL-C tar-

gets for secondary prevention of cardiovascular disease were initially

defined by the 2002 National Cholesterol Education Program Adult Treat-

ment Panel III guidelines.3 With concrete cholesterol targets falling out of

favor in North America, targets specified by the European Society of Car-

diology guidelines have been adopted since 2011.4-6 Historical cholesterol

targets adopted at our institution are shown in Table 1.

Data Collection and Calculation of Average
Cholesterol Level

Measurements of lipid profile subcomponents, namely LDL-C, high-

density lipoprotein cholesterol (HDL-C), total cholesterol (TC), and tri-

glycerides (TG) were obtained by retrospective review of electronic

health records. All results after the date of operation were acquired

from the Clinical Management System. A plot of lipid profile subcompo-

nent measurements against time was compiled, and the area under the

curve was calculated to estimate gross exposure after CABG. Average

lipid exposure was calculated by dividing the gross exposure by the num-

ber of days lapsed between the first and last lipid profile measurements.

The calculation was repeated for each patient and for each lipid profile

subcomponent. Furthermore, baseline LDL-C before initiation of statin

therapy was collected to determine the average percentage LDL-C reduc-

tion from baseline.

Statistical Analysis
Descriptive statistics were reported as mean with standard deviation or

median with interquartile range for continuous variables, and as fre-

quencies and percentages for categorical variables. Difference between

means was compared using the Student t-test or one-way analysis of vari-

ance, after verifying equality of variances with the Levene test and

normality of distribution with Shapiro–Wilk Test. If the Levene test was

violated, Welch and Games–Howell tests were used. Categorical variables

were compared using the c2 test when the minimum number of observa-

tions in a category was over 5; otherwise, likelihood ratios G-tests were

used.



TABLE 1. Lipid subcomponent thresholds over the years

Lipid subcomponent 2002 NCEP-ATP III3 2011 ESC4 2016 ESC5 2019 ESC6

LDL-C �25% reduction from

baseline, and<2.6 mmol/L

�50% reduction from

baseline, and

<1.8 mmol/L

�50% reduction from

baseline<1.8 mmol/L

�50% reduction from

baseline<1.4 mmol/L

Percentage of patients with

lifetime average levels below

recommended LDL-C

threshold

81.9% 24.3% 24.3% 5.8%

Non–HDL-C No specific goal No specific goal No specific goal <2.2 mmol/L

TG No specific goal No specific goal No specific goal No specific goal Aim

<1.7 mmol/L

TC No specific goal No specific goal No specific goal No specific goal

NCEP-ATP III, National Cholesterol Education Program Adult Treatment Panel III; ESC, European Society of Cardiology; LDL-C, low-density lipoprotein cholesterol; non–

HDL-C, non–high-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol.
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A 2-level nested Cox proportional hazards regression model was con-

structed to calculate the association between cholesterol target attainment

and cardiac death using generalized linear mixed models. Biochemical,

clinical, and operative covariates were included in the first level of the

multivariate model if the univariate association with combined cardiac

death and events was significant to a P value less than .2 and removed using

the backwards stepwise elimination procedure. Lipid profile subcompo-

nents were incorporated in the second layer of the regression model sepa-

rately to avoid multicollinearity.

Survival function was generated using the Kaplan–Meier method. For

composite outcomes, survival models were developed based on time to

the earliest event. Cox proportional hazards regression was used to calcu-

late hazards ratio. Overall model significance was assessed using log-rank

test. Long-term survival was compared between the 2 groups by calculation

of the 95% confidence intervals.

The discriminatory ability of lipid profile subcomponents for late car-

diac death and events outcomes were evaluated using area under the

receiver operating characteristic (ROC) curves. Area under the ROC curves

were compared using the Hanley–McNeil method. The optimal cut-off

value was determined by Youden index, defined as the value at which the

value of [sensitivity þ specificity – 1] is maximal.

A predetermined alpha value of 0.05 was used as the threshold for sta-

tistical significance. Bonferroni adjustment was applied to account for mul-

tiple comparisons (5 different lipid profile subcomponents) (overall

significance level set to P� .05; Bonferroni-corrected level of significance

was set to P� .01). Unless otherwise specified, all analyses were performed

on an intention-to-treat basis, which meant that patients were analyzed ac-

cording to the statin intensity they were originally prescribed, regardless of

subsequent crossover. Statistical analysis was performed with IBM SPSS,

version 23.0 (IBM Corp).

RESULTS
Demographics and Baseline Characteristics

We identified 330 patients who underwent CABG in the
years 2007 and 2008. There were 4 in-hospital deaths
(1.2%). Off-pump single-vessel left internal mammary
artery-to-left anterior descending anastomosis was per-
formed in 8 patients. Follow-up was complete in 97.2%.
As such, 309 patients in total were included in the analysis.

Patient demographics and baseline characteristics are
shown in Table 2. Most patients were male (79%). The
mean age of the cohort at the index operation was
62.3 � 9.0 years. The incidence of diabetes mellitus
was 48.9%. Significant left main stenosis was present in
42.4%. More than 60% had a history of acute coronary syn-
drome, and 15.5% had a history of percutaneous coronary
intervention. Urgent operations due to unstable angina or
cardiogenic shock accounted for 3.2% of all cases.

Operative Technique and Early Postoperative
Outcomes
All operations were performed through a median sternot-

omy. Our default strategy was on-pump with the heart ar-
rested, with 95.8% of all operations were performed in
this manner. An off-pump strategy was required in the re-
maining cases primarily due to significant ascending aortic
calcification. The left internal mammary artery was anasto-
mosed to the left anterior descending artery in 95.8% of all
cases. The radial artery was used in 13 patients (4.2%). The
default second conduit was the great saphenous vein. In to-
tal, 563 vein grafts were deployed. The median number of
coronary grafts was 3. Three-quarters of the cohort received
2 or more vein grafts.
All patients received aspirin starting postoperative day 1.

In total, 21.4% of the cohort received dual antiplatelet ther-
apy, with the commonest indication being urgent inpatient
CABG for acute coronary syndrome.

Late Cardiac Death and Events
The median follow-up duration was 12.5 years. On data-

base lock date, 31.7% (n¼ 98) of the cohort had died. Car-
diac death occurred in 6.8% (n ¼ 21) of the cohort and
accounted for one-fifth of all deaths. The cause of death
was adjudicated as definite cardiac in 12.2% (n ¼ 12), def-
inite noncardiac in 78.5 (n ¼ 77), and undetermined in
9.1% (n ¼ 9). Freedom from cardiac death for all patients
was 98.0% at 5 years and 94.8% at 10 years.
The secondary composite outcome of cardiac events,

including cardiac death, myocardial infarction, hospitaliza-
tion for unstable angina, and repeat revascularization,
occurred in 21.7% (n ¼ 67) of the cohort. New-onset
JTCVS Open c Volume 10, Number C 197



TABLE 2. Demographics and baseline characteristics

Variable

n (%) or mean ± SD

or median [IQR]

Univariate

analysis

P value

Age, y 62.3 � 9.0 .595

Male 244 (79%) .401

Mode of presentation* .064y
Asymptomatic 5 (1.6%)

Stable angina 99 (32.0%)

History of ACS

Unstable angina 45 (14.6%)

NSTEMI 103 (33.3%)

STEMI 39 (12.6%)

Cardiogenic shock 27 (2.6%)

Ischemic cardiomyopathy 10 (3.2%)

Hypertension 211 (68.3%) .862

Diabetes mellitus 151 (48.9%) .049y
On insulin 23 (7.4%)

On oral hypoglycemic agents 115 (37.2%)

Diet only 13 (4.2%)

Smoking 158 (51.1%) .734

Active smoker 18 (5.8%)

Ex-smoker 140 (45.3%)

Extracardiac arteriopathy 27 (8.7%) .351

Chronic pulmonary disease 21 (6.8%) .439

Renal function abnormalityz 10 (3.1%) .809

Creatinine over 200 mmol/L 7 (1.9%)

Dialysis required 3 (1.0%)

Poor mobility 2 (0.6%) N/A

Previous PCI 48 (15.5%) .870

Left main disease 131 (42.4%) .184y
LV function <.001y

LVEF �50% 220 (71.2%)

LVEF 31%-49% 73 (23.6%)

LVEF �30% 16 (5.2%)

Pulmonary hypertension N/A

Moderate 31-54 mm Hg 7 (1.9%)

Severe �55 mm Hg 0

Number of grafts 3 [IQR ¼ 0] .691

Off-pump 13 (4.2%) N/A

Aspirin at discharge 307 (99.3%) N/A

Dual antiplatelet therapy at discharge 66 (21.4%) .789

Statin at discharge 295 (95.5%) N/A

Beta-blocker at discharge 208 (67.3%) .789

ACEi or ARB at discharge 138 (44.7%) .303

SD, Standard deviation; IQR, interquartile range; ACS, acute coronary syndrome;

NSTEMI, non–ST elevation myocardial infarction; STEMI, ST elevation myocardial

infarction; N/A, not available; PCI, percutaneous coronary intervention; LV, left ven-

tricular; LVEF, left ventricular ejection fraction; ACEi, angiotensin-converting

enzyme inhibitor; ARB, angiotensin receptor blocker. *Comparison between those

with history of ACS and those without. yP<.2, to be entered into multivariate model.

zCreatinine clearance used in univariate analysis.
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myocardial infarction occurred in 8.7% (n ¼ 27), of which
48.1% (n ¼ 13) underwent repeat revascularization.

Recurrent angina occurred in 13.3% (n ¼ 41) of patients
and accounted for 61.2% of all cardiac events. Repeat
revascularization was performed in 41.5% (n ¼ 17) of pa-
tients with recurrent angina.
Intensity of Statin Therapy and Crossover
Baseline LDL-C levels were known for 85% of the pa-

tients. Before surgery, statin therapy had been prescribed
to 94% of the cohort. On discharge, all but 2 patients
were receiving statins. Three months after surgery, low-,
moderate-, and high-intensity statin therapies were pre-
scribed to 35.5%, 58.6%, and 5.9% of the cohort, respec-
tively. In the years following CABG, significant crossover
between treatment intensity groups occurred. In total,
38.2% of patients received statin therapy of greater inten-
sity than originally prescribed, primarily due to suboptimal
cholesterol target attainment. 3.9% received statin therapy
of lesser intensity due to statin intolerance. On the date of
censorship, low-, moderate-, and high-intensity therapies
were being prescribed to 24.1%, 46.9%, and 29.0%,
respectively.

There was no significant difference in percentage of
reduction in LDL-C from baseline between those who
received low-, moderate-, and high-intensity therapies (F
[3, 309] ¼ 1.2, P ¼ .31). However, the high-intensity group
experienced a greater absolute reduction in LDL-C from
baseline (1.72� 1.37 mmol/L) compared with both moder-
ate- (1.31 � 0.92 mmol/L) and low-intensity groups
(1.05 � 0.74 mmol/L) (FWelch [3, 309] ¼ 6.329, P ¼ .003).

To ascertain whether treatment bias was present, the
baseline clinical and biochemical characteristics of patients
who received low-, moderate-, and high-intensity therapies
were compared. Patients who received high-intensity ther-
apy were significantly younger than other patients by a
mean of 5.9 years. Furthermore, there was a statistically sig-
nificant difference in baseline LDL-C between the 3 sub-
groups (FWelch [2, 43.6] ¼ 10.5, P < .001). Post-hoc
comparison using the Games–Howell test indicated that pa-
tients who were prescribed high-intensity therapy had a
greater baseline LDL-C level when compared with those
prescribed low- and moderate-intensity therapy. These re-
sults suggested that physicians were more likely to pre-
scribe high-intensity therapy to patients with greater
baseline LDL-C levels.
Prevalence of Persistent Lipid Abnormalities
The total number of lipid profile measurements taken in

this 309-patient cohort was 5774, which translated to 1.53
measurements per patient-year follow-up. Using historical
targets listed in Table 1 as reference, 81.9% of patients
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achieved an average LDL-C below 2.6 mmol/L. However,
less than one-quarter of patients were able to attain an
LDL-C below 1.8 mmol/L. Even fewer patients (5.8%)
were able to attain an average LDL-C below 1.4 mmol/L.
For non–HDL-C, merely 1 in 10 patients achieved the mod-
ern average of less than 2.2 mmol/L. For TG, more than
75% attained the soft target of less than 1.7 mmol/L.
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FIGURE 1. Receiver operating curves of different lipid subcomponents at

prognosticating long-term cardiac death after CABG. There is no differ-

ence in discriminatory ability between TC/HDL ratio, non–HDL-C, and

LDL-C (AUC mean � SD ¼ 0.710 � 0.056 vs 0.692 � 0.064 vs

0.638 � 0.070). The diagonal line represents no discriminatory power

(area under the receiver operating characteristic curve of 0.5). Green

line: TC/HDL-C ratio. Red line: non–HDL-C. Blue line: LDL-C. LDL-C,

Low-density lipoprotein cholesterol; non–HDL-C, non–high-density lipo-

protein cholesterol; TC/HDL, total cholesterol-to-high density lipoprotein.
Effect of Cholesterol Target Attainment on Long-
Term Clinical Outcomes

Univariate analysis identified left main disease, diabetes
mellitus, history of percutaneous coronary intervention, and
left ventricular systolic dysfunction as potential confound-
ing covariates for cardiac death and events. These variables
were entered in the first layer of the nested regression
model.

Results of the hierarchical regression analysis were
shown in Table 3. After we controlled for confounding,
there remained a statistically significant association be-
tween diabetes mellitus and left ventricular systolic
dysfunction (c2 [3, N ¼ 309] ¼ 36.2, P<.001) and cardiac
death. Furthermore, LDL-C, non–HDL-C, TC, and TC/
HDL-C ratio were independently associated with cardiac
death. For every mmol/L increment in LDL-C, the risk of
cardiac death increases by 2.3% per annum.

In ROC analyses, all 3 parameters exhibited fair discrim-
inative ability with AUCs in the range of 0.63 to 0.70, with
no statistically significant difference in discriminative abil-
ity based on the Hanley–McNeil method (Figure 1).

The optimal cut-off values for non–HDL-C, LDL-C, and
TC/HDL-C ratio, as determined by the Youden Index, were
3.2 mmol/L (124 mg/dL), 2.3 mmol/L (88 mg/dL), and 3.5,
respectively. For patients with an average non–HDL-C
below 3.2 mmol/L, freedom from cardiac death was 97%
TABLE 3. Two-level nested hierarchical Cox proportional hazards

regression model of predictors for cardiac death after CABG

Variable

Cardiac death

Hazards ratio (95% CI) P value

First layer—significant variables from univariate analysis

Diabetes mellitus 3.759 (1.244-11.357) .019*

LVEF (>50% vs 30%-50%

vs<30%)

2.325 (1.314-4.116) .004*

Left main disease 0.589 (0.228-1.525) .276

History of PCI 1.044 (0.303-3.598) .946

Second layer—lipid profile subcomponents (calculated separately)

LDL-C 2.297 (1.234-4.277) .009*

Non–HDL-C 2.557 (1.461-4.474) .001*

HDL-C 0.343 (0.051-2.322) .273

TC/HDL-C ratio 1.740 (1.187-2.552) .005*

Triglycerides 1.686 (1.043-2.725) .033

CI, Confidence interval; LVEF, left ventricular ejection fraction; PCI, percutaneous

coronary intervention; LDL-C, low-density lipoprotein cholesterol; non–HDL-C,

non–high-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-

terol; TC, total cholesterol. *P � .01, statistically significant.
at 10 years, compared with 87% in those with a non–
HDL-C above 3.2 mmol/L (Figures 2-4) (P < .001)
(Video 1).
The analysis was repeated for the secondary outcome of

composite cardiac events (Table 4). On multivariate anal-
ysis, there remains a statistically significant association be-
tween left ventricular systolic dysfunction (c2 [1,
N ¼ 309] ¼ 12.4, P< .001). After risk adjustment, TG
was the only lipid subcomponent independently associated
with cardiac events.
DISCUSSION
Clinical Relevance
Despite the survival benefits afforded by total arterial

revascularization, the great saphenous vein remains the
most commonly deployed conduit during coronary artery
bypass.7 Beyond the first year after bypass graft surgery,
vein graft failure is heavily driven by accelerated athero-
sclerosis,8 for which hyperlipidemia is a strong predispos-
ing factor.9 In Campeau’s landmark angiographic study,
merely 60% of saphenous vein grafts remained patent by
10 years after surgery, and one-half of those that were patent
exhibited clinically important stenosis.10 Remarkably, arte-
rial grafts were resistant to dyslipidemia even up to 9.4 years
of angiographic follow-up.11
JTCVS Open c Volume 10, Number C 199
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These angiographic studies paved the way for the Post-
CABG and Treating to New Targets (TNT) trials. These
were the 2 largest large randomized controlled trials to
date that assessed the relationship between lipid targets
and medium-term clinical outcomes after CABG.1,12 In
the Post-CABG trial, an intensive LDL-C–lowering strat-
egy (average 2.4 mmol/L) was compared with a lenient
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strategy (average 3.5 mmol/L). After 7.5 years of follow-
up, patients receiving intensive therapy were 30% less
likely to require further revascularization, although there
was no significant difference in cardiac death.1 The TNT
trial complemented the Post-CABG trial by evaluating for
any incremental benefit of further lowering LDL-C to
2.0 mmol/L compared with the conventional target of
8 10 12
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73

14
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LDL-C

1 (1.56-9.29)

DL-C level
mmol/L

mmol/L

95% CI

95% CI

CABG based on the LDL-C threshold of 2.3 mmol/L identified in receiver

ards ratio; CI, confidence interval.
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2.6 mmol/L stipulated in the 2007 European Society of Car-
diology guidelines. After 4.5 years of follow-up, the former
group of patients were 27% less likely to require further
revascularization. However, no significant difference in car-
diac death was demonstrated.12

The Achilles’ heel of both post-CABG and TNT trials
was that patients were enrolled at various intervals after sur-
gical revascularization. Notably, some patients were re-
cruited 11 years after surgery in the post-CABG trial.
This is in stark contrast to our cohort, in which almost all
patients received statins within the first week of surgery.
As demonstrated by Kulik and colleagues,13 statin therapy
initiated in the first month of surgery significantly improved
long-term survival.
VIDEO 1. Description of the study design and key findings by the authors.

Video available at: https://www.jtcvs.org/article/S2666-2736(22)00086-9/

fulltext.
The first key message of this study is that lipid targets do
matter. Elevated LDL-C after surgical revascularization
was independently associated with cardiac death. The target
LDL-C of less than 2.3 mmol/L (88 mg/dL) identified in our
study reaffirmed the target used in the TNT trial. This lends
further support to the use of intensive lipid-lowering for sec-
ondary prevention after surgical revascularization, specif-
ically the use of high-intensity statins.
The second keymessage is that persistent lipid abnormal-

ities are often overlooked. Less than one-quarter of patients
treated with statins in this cohort were able to attain an
LDL-C below 1.8 mmol/L, highlighting a significant gap
between guidelines and clinical practice. As shown in the
Dyslipidemia International Study, this is not a phenomenon
unique to Hong Kong.14

The final message is that lesser-known lipid profile sub-
components may be more accurate indices of cardiovascu-
lar risk when compared with LDL-C. With regard to non–
HDL-C, the 2021 Canadian Cardiovascular Society guide-
lines actually recommended non–HDL-C over LDL-C as
the preferred therapeutic target in particular for patients
with elevated triglyceride levels.15 The rationale for this
recommendation is that there is more cholesterol in the
very LDL fraction in patients with elevated TG. As such,
non–HDL-C appears to be a more accurate index of
vascular risk than LDL-C because it is a better surrogate
for LDL particle number (Figure 5).16

With regard to TC/HDL-C ratio, in the Quebec
Cardiovascular study, an elevated TC/HDL-C ratio is
observed among overweight hyperinsulinemic individuals
JTCVS Open c Volume 10, Number C 201
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with hypertriglyceridemia.17 In fact, the triad consisting of
high LDL-C or TC, lowHDL-C, and high TGwas described
historically as atherogenic dyslipidemia.18
TABLE 4. Two-level nested hierarchical Cox proportional hazards

regression model of predictors for cardiac events after CABG

Variable

Cardiac events

Hazards ratio (95% CI) P value

First layer—significant variables from univariate analysis

Diabetes mellitus 1.123 (0.689-1.832) .641

LVEF (>50% vs 30%-50%

vs<30%)

1.930 (1.354-2.751) <.001*

Left main disease 0.790 (0.480-1.298) .352

History of PCI 0.727 (0.346-1.524) .398

Second layer—lipid profile subcomponents (calculated separately)

LDL-C 1.199 (0.835-1.723) .325

Non–HDL-C 1.358 (0.987-1.867) .060

HDL-C 0.563 (0.218-1.456) .236

TC/HDL-C ratio 1.269 (0.997-1.615) .053

Triglycerides 1.523 (1.131-2.053) .006*

CI, Confidence interval; LVEF, left ventricular ejection fraction; PCI, percutaneous

coronary intervention; LDL-C, low-density lipoprotein cholesterol; non–HDL-C,

non–high-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-

terol; TC, total cholesterol. *P � .01, statistically significant.
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Limitations
The sample size was small. The study was retrospective

in nature and suffered fromweaknesses inherent to all retro-
spective studies, including selection bias and confounding.
It was evident that younger patients and those with a greater
baseline LDL-C were more likely to receive high-intensity
statin therapy. This reflected the prevailing public health
care sector policy in the late 2000s and early 2010s, which
restricted access to high-intensity statins for patients with
high cardiovascular risk. Due to significant crossover be-
tween statin intensity groups, cholesterol target attainment
is the only quantifiable measure of dyslipidemia control
for most patients, and this is the avenue we pursued.

Due to the retrospective nature of the study, the frequency
of lipid profile measurements was determined by the refer-
ring institutions, typically based on the patient’s individual
cardiovascular risk, adherence to pharmacotherapy, and
target attainment. With 1.53 measurements per patient-
year follow-up, the average cholesterol level derived is
representative of the dyslipidemic milieu in most patients.

Regarding confounding, adherence to pharmacotherapy
was unclear from the medical records. Significant recall
bias was expected even if telephone interviews were
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conducted due to the long period of follow-up. Practice var-
iations across institutions means that patients may deviate
from guideline-directed medical therapy. Due to resource
constraints, there was no routine angiographic assessment
of graft patency. The absence of routine angiography means
that the residual SYNTAX score was unknown and cannot
be controlled for in the multivariate analysis.

CONCLUSIONS
Lipid targets do matter after surgical revascularization.

Persistent lipid abnormalities are associated with late car-
diac death after surgical revascularization. The optimal
LDL-C and non–HDL-C levels after CABG were below
2.3 mmol/L (89 mg/dL) and 3.2 mmol/L (124 mg/dL),
respectively.
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