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Aims Guideline-directed medical therapy (GDMT) is underutilized in patients with coronary artery disease (CAD).
However, there are no studies evaluating the impact of GDMT adherence on mortality among patients with CAD
and heart failure with reduced ejection fraction (HFrEF). We sought to investigate the association of GDMT adher-
ence with long-term mortality in patients with CAD and HFrEF.

...................................................................................................................................................................................................
Methods and
results

Surgical Treatment for Ischaemic Heart Failure (STICH) was a trial of patients with an left ventricular ejection frac-
tion <_35% and CAD amenable to coronary artery bypass graft surgery (CABG) who were randomized to CABG
plus medical therapy (N = 610) or medical therapy alone (N = 602). Median follow-up time was 9.8 years. We
defined GDMT for the treatment of CAD and HFrEF as the combination of at least one antiplatelet drug, a statin,
a beta-blocker, and an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker. The primary out-
come was all-cause mortality. Assessment of the independent association between GDMT and mortality was per-
formed using multivariable Cox regression with GDMT as a time-dependent covariate. In the CABG arm, 63.6% of
patients were on GDMT throughout the study period compared to 66.5% of patients in the medical therapy arm
(P = 0.3). GDMT was independently associated with a significant reduction in mortality (hazard ratio 0.65, 95% con-
fidence interval 0.56–0.76; P < 0.001).

...................................................................................................................................................................................................
Conclusion GDMT is associated with reduced mortality in patients with CAD and HFrEF independent of revascularization with

CABG. Strategies to improve GDMT adherence in this population are needed to maximize survival.
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Introduction

Current guidelines for the management of chronic coronary syn-
dromes and heart failure from the European Society of Cardiology
(ESC) stress the importance of guideline-directed medical therapy
(GDMT) in the treatment of patients with coronary artery disease
(CAD) and heart failure with reduced ejection fraction (HFrEF).1,2

Recommendations also suggest implementation of revascularization
strategies with either percutaneous coronary intervention (PCI) or
coronary artery bypass graft surgery (CABG) in select patients in

whom obstructive CAD is thought to be contributing to symptomat-
ic HFrEF or when angina symptoms persist despite GDMT.
However, current studies indicate that use of GDMT for secondary
prevention is low following revascularization, particularly after
CABG.3–5

A recent systematic review of the use of medical therapy after cor-
onary revascularization found a paucity of high-quality evidence with
only three randomized controlled trials (RCTs) reporting the use of
medications during the trial period, only one of which was performed
during the modern treatment era.6 Notably, these trials either had
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very low numbers of or excluded patients with left ventricular systol-
ic dysfunction. The Synergy Between Percutaneous Coronary
Intervention with TAXUS and Cardiac Surgery (SYNTAX) trial was a
large contemporary all-comers trial of patients with CAD random-
ized to either PCI or CABG.7 A recent post hoc analysis of SYNTAX
found that <50% of patients were on GDMT over the 5-year study
period, but GDMT was an independent predictor of survival with a
36% reduction in the hazard of mortality.6

The Surgical Treatment for Ischaemic Heart Failure (STICH) was a
large, contemporary RCT of patients with CAD and HFrEF, defined
by the presence of CAD amenable to revascularization and left ven-
tricular ejection fraction (LVEF) <_35% that evaluated the role of
revascularization with CABG and medical therapy vs. medical therapy
alone on clinical outcomes. Using data from STICH, we sought to
evaluate the association between GDMT adherence and long-term
mortality in patients with CAD and HFrEF.

Methods

The STICH trial
STICH was a multicentre randomized clinical trial of 1212 patients with
CAD and HFrEF who were randomized to CABG plus medical therapy
or medical therapy alone between 2002 and 2007. Patients were eligible
for enrolment if they had CAD amenable to CABG and an LVEF <_35%.
Patients were excluded if they had left main stenosis of 50% or more or
Canadian Cardiovascular Society Class 3 or 4 angina. Details regarding
the design, enrolment characteristics, and outcomes regarding the STICH
trial have been published previously.8,9 STICH data were obtained from
the National Heart, Lung, and Blood Institute’s Biologic Specimen and
Data Repositories Information Coordinating Center (BioLINCC). This
study complied with the Declaration of Helsinki. The Washington
University Human Research Protection Office granted this study an ex-
emption from IRB oversight due to the deidentified nature of the data.

Study medications, outcomes, and

definitions
Following trial enrolment, patients underwent follow-up evaluations at
the time of discharge from the CABG hospitalization or 30 days after ran-
domization for medical therapy patients, then every 4 months for the first
year and every 6 months thereafter. A full medication history was
obtained at study enrolment, hospital discharge, or 30 days after enrol-
ment, 1 year, 5 years, and 10 years. GDMT for the treatment of chronic
coronary disease and HFrEF was defined as the combination of at least
one antiplatelet drug, a statin, a beta-blocker, and an angiotensin-
converting enzyme inhibitor or angiotensin receptor blocker.
Mineralocorticoid receptor antagonists (MRAs) were not included in the
definition of GDMT due to inconsistency in guideline recommendations
during study enrolment and follow-up. The primary endpoint was all-
cause mortality.

Statistical analysis
Continuous variables are expressed as mean ± standard deviation and
compared using Student’s t-test. Categorical variables are presented as
counts and percentages of the total and compared with the v2 test.
Assessment of the independent association between GDMT and mortal-
ity was performed by constructing a Cox regression model with GDMT
as a time-dependent covariate. Other variables included in the model
were those that differed with a P <_ 0.1 in bivariate comparisons between

the GDMT and non-GDMT groups at time of hospital discharge or
30 days after enrolment, as well as those supported by clinical experience
and prior literature. Variables included in the model were age, treatment
assignment, minority status, New York Heart Association (NYHA) class,
atrial fibrillation/flutter, current smoking, depression, hyperlipidaemia,
prior myocardial infarction, prior CABG, prior implantable cardiac defib-
rillator, creatinine, peripheral vascular disease, prior stroke, and haemo-
globin. Hazard ratios (HRs) with 95% confidence intervals (CIs) are
shown for treatment effect.

Inverse probability of treatment weighting
To reduce the impact of potential selection bias, an inverse probability of
treatment weighting method was used. First, a non-parsimonious, multi-
variable logistic regression model was created to obtain the probability of
receiving GDMT. The inverse of the probability of GDMT assignment
was then used to create a weight for each patient.10 Independent varia-
bles for the logistic regression model were age, treatment assignment, mi-
nority status, NYHA class, atrial fibrillation/flutter, current smoking,
depression, hyperlipidaemia, prior myocardial infarction, prior CABG,
prior implantable cardiac defibrillator, creatinine, peripheral vascular dis-
ease, prior stroke, and haemoglobin.

The v2 test was used to assess the interaction between treatment
effect and patient characteristics. A value of P < 0.05 was considered stat-
istically significant. All analyses were performed with SPSS 23 (IBM Corp.,
Armonk, NY, USA) and SAS 9.4 (SAS Institute, Cary, NC, USA).

Results

GDMTuse in the STICH trial
Of the 1212 patients enrolled in STICH, 610 were randomized to
CABG plus medical therapy and 602 to medical therapy alone. The
median follow-up was 9.8 years. Twenty-five participants withdrew
consent or were lost to follow-up (13 in the CABG arm and 12 in
the medical therapy arm). There was no significant difference in rates
of GDMT adherence between the CABG and medical therapy arms
across the entire study trial time period, with 63.6% in the CABG
arm and 66.5% in the medical therapy arm on GDMT (P = 0.3).
Figure 1 demonstrates the percentage of patients taking GDMT at dif-
ferent time points stratified by treatment assignment. There was a
statistically significant difference in GDMT compliance at hospital dis-
charge or 30 days after enrolment between the two arms, with 54.2%
patients in the CABG arm on GDMT compared to 70.9% in the med-
ical therapy alone arm (P < 0.001). However, at subsequent follow-
up times, GDMT rates were similar in both arms. Individuals on
GDMT at hospital discharge or 30 days after trial enrolment were
younger, had lower NYHA class, and lower rates of atrial fibrillation,
current smoking, and depression. Patients on GDMT were less likely
to be members of a minority group and had higher rates of hyperlip-
idaemia and prior myocardial infarction. There was no difference in
sex, diabetes, and hypertension between those who were or were
not treated with GDMT (Table 1).

Survival
On multivariable Cox regression analysis with GDMT as a time
dependent variable, GDMT was independently associated with a
significant reduction in mortality [adjusted HR (aHR) 0.65, 95% CI
0.56–0.76; P < 0.001]. The beneficial effect of GDMT was observed
after 1 year of follow-up and was sustained over the next 9 years

GDMT reduces mortality in patients with CAD and HFrEF 417
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..(Figure 2). The propensity-weighted analysis also demonstrated a
mortality benefit associated with GDMT treatment after 1 year (aHR
0.72, 95% CI0.62–0.84; P < 0.001) that increased at 5 (aHR 0.61, 95%
CI 0.53–0.71; P < 0.001) and 10 years (aHR 0.58, 95% CI 0.50–0.67;
P < 0.001).

In addition to GDMT, other covariates independently associated
with mortality included randomization to CABG (aHR 0.78, 95% CI
0.67–0.91; P = 0.001), age (aHR 1.17, 95% CI 1.07–1.28; P < 0.001),
creatinine (aHR 1.18, 95% CI 1.06–1.16; P < 0.001), NYHA Class 3
(aHR 1.51, 95% CI 1.15–2.01; P = 0.004) and 4 (aHR 2.17, 95% CI
1.35–3.51; P = 0.002), and prior stroke (aHR 1.47, 95% CI 1.13–1.91;
P = 0.004) (Table 2). There was no interaction between GDMT and
revascularization with CABG (P-interaction = 0.39), with each vari-
able independently associated with a reduction in mortality.

Discussion

There are three significant findings of this post hoc analysis of the
STICH trial. First, use of GDMT, defined as the combination of at
least one antiplatelet drug, a statin, a beta-blocker, and an
angiotensin-converting enzyme inhibitor or angiotensin receptor
blocker, in patients with CAD and HFrEF, is underutilized with ap-
proximately one-third of patients not receiving GDMT. Second,
GDMT was associated with reduced mortality independent of the ef-
fect of revascularization with CABG, suggesting incremental mortality
reduction when adding GDMT to revascularization. Of note, the
treatment effect with GDMT (35% reduction in HR of mortality) was
numerically greater than the treatment effect of CABG (22% reduc-
tion in HR of mortality). Third, the reduction in mortality associated
with GDMT was observed as early as 1 year after randomization and

was maintained throughout the 10-year study. These findings per-
sisted after propensity adjustment for GDMT.

The objective of the STICH trial was to compare treatment with
medical therapy plus CABG with medical therapy alone in patients
with CAD and HFrEF. At 5 years of follow-up, the intention-to-treat
analysis demonstrated no significant difference between the two
arms with respect to the primary outcome of death from any cause.8

After the follow-up period was extended to 10 years, a significant re-
duction in mortality was found for CABG plus medical therapy com-
pared to medical therapy alone (HR 0.84, 95% CI 0.73–0.97;
P = 0.02).9 However, in both the medical therapy and CABG arms,
only about two-thirds of patients received GDMT as defined by prac-
tice guidelines at the time of the study. The beneficial effect of
GDMT, independent of revascularization, was observed as early as 1
year (aHR 0.79, 95% CI 0.66–0.93; P = 0.004) and persisted through-
out the 10-year follow-up. In contrast, the benefit of CABG was not
apparent at 5 years and became significant only after 10 years of
follow-up. It should be emphasized that 10-year follow-up of the
STICH trial and the current analysis demonstrate the survival benefit
from CABG. Therefore, treatment with GDMT should not preclude
CABG in appropriate patients. Conversely, performance of CABG
does not justify less robust adherence to GDMT.

Although still suboptimal, GDMT use in STICH was greater than in
previous trials of patients with CAD. This is likely a byproduct of the
STICH trial design which mandated frequent follow-up and guidance
that physicians pay close attention to use of GDMT during the trial.
The SYNTAX trial, which was designed to compare complex CAD
revascularization with PCI vs. CABG found that only about one-third
of patients were on GDMT, which represented a clear missed oppor-
tunity since GDMT use was an independent predictor of survival
with a 36% reduction in the hazard of mortality.7 The different rates

Figure 1 Use of GDMT in the CABG plus medical therapy versus medical therapy alone arms of the Surgical Treatment for Ischemic Heart Failure
trial. There was a significant difference in rates of GDMT at hospital discharge or 30 days after enrolment between the two arms. However, at subse-
quent follow-up, only about two-thirds of patients in both treatment arms were treated with GDMT. CABG, coronary artery bypass grafting.

418 N.K. Wolfe et al.
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of GDMT adherence between STICH and SYNTAX were likely due
to the fact that the SYNTAX trial design did not require providers to
actively monitor and prescribe GDMT during the trial follow-up
period. The Reduction of Atherothrombosis for Continued Health
(REACH) trial, an international observational registry, found that
only about half of patients with CAD were on GDMT.11 Two other
contemporary RCTs evaluating revascularization vs. medical therapy,
the Clinical Outcomes Utilizing Revascularization and Aggressive
Drug Evaluation (COURAGE) and Bypass Angioplasty
Revascularization Investigation 2 Diabetes (BARI-2D) trials, also

placed a strong emphasis on medical therapy and reported rates of
individual medication use (antiplatelet agents, statins, beta-blockers,
angiotensin-converting enzyme inhibitor inhibitors or angiotensin re-
ceptor blockers) ranging from 75% to 95%. However, neither trial
reported the percentage of patients on the combination of all thera-
pies.12,13 The Future Revascularization Evaluation in Patients with
Diabetes Mellitus: Optimal Management of Multivessel Disease
(FREEDOM) trial compared PCI with CABG in patients with multi-
vessel CAD and Type 2 diabetes mellitus. No information on medica-
tion use and successful risk factor modification was reported,
although it recommended providers follow guideline-driven goals for
risk factor reduction including target low-density lipoprotein choles-
terol level of <70 mg per decilitre, blood pressure <130/80 mmHg,
and glycated haemoglobin <7%.14

The underutilization of GDMT in patients with CAD is not fully
understood, is likely multifactorial, and may reflect patient difficulty in
medication compliance, healthcare system limitations, or provider
misconception of the long-term benefit of medical therapy in patients
with or without revascularization. It is possible that providers con-
tinue to see GDMT and revascularization as competing rather than
synergistic treatment approaches, thus contributing to GDMT under-
utilization, particularly in patients who have undergone revasculariza-
tion. Nevertheless, our findings confirm that GDMT should be
instituted in all patients with complex CAD and HFrEF. These findings
extend those of the SYNTAX trial that demonstrated that lack of
GDMT was associated with an increase in adverse events, including
death.7 In fact, the benefit of GDMT treatment was greater than the
incremental benefit of CABG compared to PCI in the SYNTAX trial.
A post hoc analysis of the Project of Ex-vivo Vein Graft Engineering via
Transfection (PREVENT) IV trial of over 2000 patients undergoing
CABG15 found that the individual components of GDMT (except
antiplatelet medications) did not improve clinical outcomes, but that
patients on GDMT experienced a reduction in mortality and recur-
rent myocardial infarction at 2 years.16

The recently published International Study of Comparative Health
Effectiveness with Medical and Invasive Approaches (ISCHEMIA) trial,

.................................................................................................

Table 1 Patient characteristics according to GDMT
status at hospital discharge or 30 days

GDMT

(N 5 757)

No GDMT

(N 5 454)

P-value

Age (years), mean ± SD 59.6 ± 9.2 61.4 ± 9.4 0.001

Treatment assignment,

n (%)

<0.001

CABG þ medical

therapy

331 (43.7) 279 (61.5)

Medical therapy alone 426 (56.3) 175 (38.5)

Male, n (%) 662 (87.5) 401 (88.3) 0.65

BMI (kg/m2) 27.4 ± 4.4 27.1 ± 5.1 0.41

Minority, n (%) 235 (31) 185 (40.7) 0.001

Current NYHA class, n

(%)

<0.001

I 111 (14.7) 28 (6.2)

II 399 (52.7) 226 (49.8)

III 228 (30.1) 184 (40.5)

IV 19 (2.5) 16 (3.5)

Atrial fibrillation/flutter,

n (%)

71 (9.4) 82 (18.1) <0.001

Current smoker, n (%) 141 (18.6) 111 (24.5) 0.02

Cancer, n (%) 8 (1.1) 6 (1.3) 0.68

Depression, n (%) 36 (4.8) 40 (8.8) 0.005

Diabetes mellitus, n (%) 292 (38.6) 185 (40.7) 0.45

Hyperlipidaemia, n (%) 482 (63.8) 247 (54.4) 0.001

Hypertension, n (%) 465 (61.4) 263 (57.9) 0.23

PVD, n (%) 111 (14.7) 73 (16.1) 0.51

Prior myocardial

infarction, n (%)

601 (79.4) 332 (73.1) 0.01

Prior stroke, n (%) 54 (7.1) 38 (8.4) 0.43

Prior CABG, n (%) 16 (2.1) 20 (4.4) 0.02

Prior PCI, n (%) 105 (13.9) 51 (11.2) 0.19

Prior ICD, n (%) 13 (1.7) 16 (3.5) 0.05

Creatinine (mg/dL),

mean ± SD

1.15 ± 0.5 1.21 ± 0.8 0.08

Duke coronary artery

disease index (0–100),

mean ± SD

58.2 ± 21.2 59.9 ± 21.8 0.16

BMI, body mass index; CABG, coronary artery bypass grafting; GDMT, guideline-
directed medical therapy; ICD, implantable cardiac defibrillator; NYHA, New
York Heart Association; PCI, percutaneous coronary intervention; PVD, periph-
eral vascular disease.

Figure 2 Effect of GDMT on all-cause mortality in the Surgical
Treatment for Ischemic Heart Failure trial. GDMT was associated
with significantly reduced mortality at 1 year that was sustained for
10 years. Adjusted hazard ratios with 95% confidence intervals are
shown.

GDMT reduces mortality in patients with CAD and HFrEF 419



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.

failed to find incremental benefit of early revascularization (PCI or
CABG) over medical therapy in patients with stable ischaemic coron-
ary disease after 3.2 years of follow-up.17 Notably, the ISCHEMIA
trial excluded patients with left ventricular systolic dysfunction but
nevertheless confirms the clinical importance of medical therapy in
reduction of cardiovascular events, including mortality.

Study limitations
This is a post hoc analysis of the STICH trial and thus has limitations in-
herent to any such analysis. First, patients in the GDMT and non-
GDMT groups had differences in baseline characteristics. Although a
multivariable Cox regression analysis was used to adjust for these dif-
ferences, unmeasured or unrecognized differences could exist be-
tween groups. Second, medication use was ascertained at regular
intervals by patient self-report which may be inaccurate.18 Third,
knowledge of specific drug doses was not available and, thus, it is un-
known if patients in the GDMT arm were treated with optimal doses.
Fourth, the reasons for non-adherence with components of GDMT
were not available and we were therefore unable to assess if non-
adherence was due to patient or physician behaviour or contrain-
dications to medications. Fifth, as participants in a clinical trial,
patients enrolled in STICH had frequent, regular contact with
medical providers during the trial, which may not be achievable by
usual care in the community, thus limiting the generalizability of
our results. Sixth, we did not include MRAs in the definition
of GDMT as the guideline-based indications for these agents
underwent multiple changes during the design and conduct of the
STICH trial. Finally, as in other adherence studies, we cannot rule
out a healthy adherer bias, whereby a patient adherent to one
chronic preventive therapy is more likely to engage in other
healthy behaviours such as exercise and a healthy diet.19

Clinical implications and future
perspectives
This study has important implications for clinical practice. First, by
demonstrating an early mortality reduction after initiation of GDMT,
these findings should encourage physicians to quickly initiate GDMT
in patients with CAD and HFrEF. Since conduct of the STICH trial,
there have been many advances in pharmacotherapy for CAD and
HFrEF such as PCSK9 inhibitors, more effective antiplatelet and anti-
coagulant therapies, sacubitril/valsartan, and novel diabetes agents
(GLP1 agonists, SGLT-2 inhibitors). Our findings of an independent
35% reduction in mortality with GDMT may, in fact, represent a con-
servative estimate of the potential mortality benefits of currently
available medical therapy agents. Thus, efforts to assess and improve
patient adherence to medical therapy should be intensified, including
educating patients on their disease and the important role of medica-
tions in their treatment. The frequency of medication dosing, insur-
ance coverage, and out-of-pocket cost to the patient should be
considered when prescribing medications.20,21 The development of a
single tablet polypill may also improve patient adherence.22 Studies
to understand the reason for GDMT underutilization and to develop
interventions to improve use and adherence are urgently needed.

Conclusion

GDMT, defined as the combination of at least one antiplatelet drug, a
statin, a beta-blocker, and an angiotensin-converting enzyme inhibitor
or angiotensin receptor blocker, in patients with CAD and HFrEF, is
associated with a significant reduction in mortality independent of
CABG with a 35% reduction in the hazard of mortality at 10 years.
The benefit of GDMT is apparent at 1 year and sustained over 10
years of follow-up. Given the early benefits, GDMT should be initi-
ated as soon as possible after diagnosis regardless of revascularization
strategy.
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