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Introduction
Heart failure confers significant morbidity rang-
ing from fatigue to dyspnea at rest, leading to a 
poor quality of life. The death rate attributable to 
heart failure was 84 per 100,000 in 2014, and the 
5-year case fatality rate was found to be at 42.3% 

after a hospitalization for heart failure.1 Patients 
with heart failure are classified based on their 
ejection fraction (EF) as having either reduced 
EF (HFrEF), midrange EF (HFmrEF), or pre-
served EF (HFpEF).2 There have been signifi-
cant advances in the treatment of patients with 
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Abstract
Background: There have been significant advances in the treatment of patients with 
cardiomyopathy with reduced ejection fraction (EF < 40%). However, there is a dearth of 
information in the treatment of patients with cardiomyopathy and midrange EF (40–50%). 
Current guidelines state to treat these patients similarly to patients with cardiomyopathy 
and preserved EF. Data from the Prevention of Events with Angiotensin-Converting Enzyme 
Inhibition (PEACE) trial were used to elucidate whether angiotensin-converting enzyme 
(ACE) inhibitors improve clinical outcomes in patients with ischemic cardiomyopathy and 
midrange EF.
Methods: A post hoc subgroup analysis of the PEACE trial was conducted to evaluate the 
effect of ACE inhibitors in a subgroup of patients with ischemic cardiomyopathy and midrange 
EF (40–50%). A Chi-square test and a Student‘s t-test were used to examine and compare 
the binary and continuous variables of baseline characteristics and outcomes between 
experimental and comparison groups.
Results: We studied a subgroup of patients from the PEACE trial with ischemic 
cardiomyopathy and midrange EF (n = 2512 of 8290 total patients). Patients were assigned 
to either the interventional group (n = 1247) or the placebo group (n = 1265). There were no 
significant differences in baseline demographic and health characteristics between the two 
groups. During a total of 7 years (mean 4.7 years) of follow up, the risk of composite outcomes 
[all-cause mortality, nonfatal myocardial infarction, and stroke; relative risk (RR) 0.79, 95% 
confidence interval (CI) 0.63–0.98; p = 0.03] and all-cause mortality (RR 0.85, 95% CI 0.73–
0.99; p = 0.03) was reduced in patients treated with trandolapril.
Conclusion: This study revealed the benefit of ACE inhibitors among patients with ischemic 
cardiomyopathy and midrange EF.
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HFrEF (EF < 40%), ranging from hydralazine 
plus isosorbide dinitrate to the combination of an 
angiotensin receptor blocker (ARB) and a nepri-
lysin inhibitor which was approved by the United 
States Food and Drug Administration (US FDA) 
in 2015.3 Unfortunately, there is a dearth of avail-
able therapies that have been shown to improve 
outcomes in the treatment of patients with heart 
failure and EF > 40%.4

In the CHARM-Preserved and I-PRESERVE tri-
als which looked at two different ARBs in the 
treatment of patients with heart failure and EF > 
40%, both candesartan and irbesartan did not 
have any effect on cardiovascular outcomes.5,6 
Other trials which looked at different therapies 
including digoxin in patients with heart failure 
and an EF > 45% also did not show any benefit.7 
More recently, the TOPCAT trial published in 
2014 showed that spironolactone did not have 
any effect on cardiovascular death in patients with 
heart failure and an EF > 45%.8 However, a sub-
group analysis of this study showed that spironol-
actone might be of benefit in patients with heart 
failure and midrange EF.9

There are currently differing opinions on how to 
treat a subset of HFpEF patients with HFmrEF, 
which is defined as having an EF between 40 and 
50%.10 While current guidelines state to treat 
these patients similarly to patients with HFpEF, 
more recent analyses show that it may be more 
appropriate to treat these patients similarly to 
patients with HFrEF.9,10 Bhambhani and col-
leagues revealed that the mortality risk associated 
with HFmrEF was worse than HFpEF, and 
almost similar to HFrEF.11 In addition, a recent 
analysis of two prospective, longitudinal, multi-
center cohorts of ambulatory patients with 
chronic heart failure, MUerte Subita en 
Insuficiencia Cardiaca and Red Española de 
Insuficiencia Cardiaca (REDINSCOR), showed 
that patients with HFmrEF have an intermediate 
phenotype between HFrEF and HFpEF.12

The Prevention of Events with Angiotensin-
Converting Enzyme Inhibition (PEACE) trial 
was a large double-blind, placebo-controlled 
study which showed that patients with preserved 
EF and stable coronary artery disease who were 
receiving current standard therapy did not derive 
additional benefit from taking an angiotensin-
converting enzyme (ACE) inhibitor.13 From these 
trial data, we sought to determine whether ACE 

inhibitors conferred any benefit in the subset of 
patients with midrange EF.

Methods

Study population
Data from PEACE trial were used to conduct a 
post hoc subgroup analysis. The PEACE trial was 
a phase III therapeutic, multicenter, placebo-con-
trolled, double-blind, randomized clinical trial of 
trandolapril. The PEACE trial included patients 
aged 50 years and older with coronary artery dis-
ease and left ventricular EF > 40%.13

Patients with a left ventricular EF between 40 and 
50% were extracted from this trial to evaluate the 
therapeutic effect of adding an ACE inhibitor, 
trandolapril, to patients with stable coronary 
artery disease and midrange EF (40–50%). Our 
analysis included a total of 2512 patients (30% of 
the 8290 enrolled in the trial). A total of 1247 
patients received trandolapril, and 1265 received 
placebo.

Definitions and measurement of key variables
Intervention: Patients were initially started on 
2 mg of trandolapril. Trandolapril was then 
increased to 4 mg for those who tolerated the 2 mg 
dose after 6 months.

Outcome: The primary outcomes were compos-
ite outcomes [all-cause mortality, nonfatal myo-
cardial infarction (MI), and stroke], all-cause 
mortality, cardiovascular mortality, noncardio-
vascular mortality, nonfatal MI, and stroke. The 
secondary outcomes were hospitalization for non-
fatal congestive heart failure, coronary artery 
bypass grafting, percutaneous coronary interven-
tion, and new diabetes.

Statistical analysis: Comparisons between the 
two treatment groups, trandolapril and placebo, 
were conducted among the patients’ baseline 
characteristics using a Chi-square test and a 
Student’s t-test. Baseline characteristics included 
age, sex, body mass index, medical comorbidities, 
current medications, Canadian Cardiovascular 
Society (CCS) functional classification of angina, 
blood pressure, laboratory tests, and EF.

Intention-to-treat analysis was used to compare 
the primary and secondary outcomes of the two 
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groups (trandolapril and placebo). A Chi-square 
test was used to test for differences between the 
two treatment groups. A Kaplan–Meier curve was 
also used to illustrate the differences in cardiac 
outcomes between the two groups. The statistical 
analyses were performed using SAS version 9.4. 
All tests were conducted using an α = 0.05 as the 
probability for a type I error.

Results
In total there were 2512 patients in the analysis, 
with 1247 assigned to the trandolapril group and 
1265 assigned to the placebo group. Table 1 dis-
plays their descriptive baseline demographic and 
health characteristics. There were no statistically 
significant differences between the baseline char-
acteristics of the two groups in Table 1 except for 
rate of diabetes (19.18% versus 15.89%).

Outcome
Table 2 presents the comparisons in the incidence 
of cardiovascular disease and death between the 
two treatment groups. During a total of 7 years 
(mean 4.7 years) of follow up, the risk of the com-
posite outcome (all-cause mortality, nonfatal MI 
and stroke) was lower in trandolapril-treated 
patients [relative risk (RR) 0.79, 95% confidence 
interval (CI) 0.63–0.98; p = 0.03]. All-cause 
mortality was also lower in trandolapril-treated 
patients (RR 0.85, 95% CI 0.73–0.99; p = 0.03). 
However, there was no statistical difference 
between trandolapril and placebo-treated patients 
with regard to cardiovascular mortality, noncar-
diovascular mortality, MI or stroke.

Table 3 displays the comparisons in the incidence 
of the secondary outcomes between the two treat-
ment groups. None of the comparisons were sta-
tistically significant except for the incidence of 
diabetes. The risk of new diabetes was lower among 
patients who received trandolapril. Figure 1 
shows the Kaplan–Meier survival curve for the 
incidence rate of the composite outcome (all-
cause mortality, nonfatal MI and stroke) in the 
two treatment groups for 7 years (mean 4.7 years) 
of follow up. Patients who received trandolapril 
had a significantly lower rate of the composite 
outcome than patients who received placebo 
(p = 0.042). Lines started to separate after 
approximately 1.5 years from randomization. 
Figure 2 shows the Kaplan–Meier survival curve 
for the incidence rate of all-cause mortality in the 
two treatment groups. Patients who received 

trandolapril had significantly longer survival than 
patients who received placebo (p = 0.047).

Discussion
To our knowledge, this study is the first to exam-
ine the effect of ACE inhibitors on patients with 
ischemic cardiomyopathy and an EF of 40–50%. 
The current investigation demonstrates that ACE 
inhibitors reduced the risk of the composite out-
come of all-cause mortality, nonfatal MI and 
stroke by 21% among patients with ischemic car-
diomyopathy and an EF range between 40 and 
50%. This study also showed that all-cause mor-
tality was reduced by 15% among patients who 
were randomized to trandolapril compared with 
individuals who were randomized to placebo. 
The number needed to treat to prevent one of the 
combined outcomes and death were 31 and 40 
patients, respectively.

The benefits of ACE inhibitors in patients with 
HFmrEF is driven by the fact that coronary 
artery disease is more common in patients with 
HFmrEF than patients with HFpEF, which was 
proven in two separate registries (the Swedish 
Heart Failure Registry and The European 
Society of Cardiology Heart Failure Long-Term 
Registry).14,15 ACE inhibitors have been shown 
to enhance cardiovascular outcomes in patients 
with coronary artery disease in two major clinical 
trials.16,17 ACE inhibitors improve cardiovascu-
lar outcomes by decreasing the production of 
angiotensin II and tumor necrosis factor alpha 
and by increasing the production of bradykinin 
and nitrate. The change in the level of these pro-
teins leads to enhanced endothelial function.18 
This change also reduces endothelial apoptosis 
by minimizing oxidative stress, which is harmful 
to endothelial cells.18,19

In our study, there was no statistically significant 
difference between the two groups in regard to 
cardiovascular mortality, noncardiovascular mor-
tality, nonfatal MI, or stroke when these out-
comes were examined separately. These findings 
are likely because there was not enough power 
(sample size) to demonstrate significant differ-
ences between the two groups in regard to these 
outcomes. Interestingly, this study showed that 
patients who were randomized to trandolapril 
had a 19% lower risk of new diabetes compared 
with individuals who were randomized to pla-
cebo. The reduction in the risk of diabetes was 
demonstrated in the original study.13
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Table 1. Baseline characteristics of the patients.*

Characteristics Trandolapril (n = 1247) Placebo (n = 1265)

Age (year) 65 ± 8 64 ± 8

Age > 75 years (% of patients) 11.15 10.59

Female sex (% of patients) 15.40 14.23

Body mass index 28 ± 5 28 ± 5

Medical history (% of patients)  

• Documented myocardial infarction 61.69 64.82

• Coronary disease on angiography 55.86 57.71

• Angina pectoris 68.51 69.09

• PCI 40.63 38.02

• CABG 42.97 44.66

• PCI or CABG 73.70 72.73

• DM 19.18† 15.89

• HTN 43.74 44.35

•  DM with HTN or  
DBP ⩾ 90 or SBP ⩾ 140 mmHg

12.67 11.38

• Kidney disease (GFR <60 ml/min) 8.04 8.40

• Stroke or transient ischemic attack 6.66 7.43

• Syncope 0.16 0.08

• Intermittent claudication 9.07 9.17

• Current cigarette smoking 12.06 14.24

• Skin rash 1.28 1.34

CCS functional classification (% of patients)  

• Class I 72.13 74.62

• Class II 17.83 16.13

• Class III 8.76 8.06

• Class IV 1.29 1.19

Blood pressure before run-in phase (mmHg)  

• SBP 133 ± 17 133 ± 17

• DBP 77 ± 10 78 ± 10

DBP ≥ 90 or SBP ≥ 140 mmHg (% of patients) 38.1 41.7
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Characteristics Trandolapril (n = 1247) Placebo (n = 1265)

Laboratory values  

• Estimated GFR (ml/min) 77 ± 18 78 ± 20

• Serum cholesterol (mg/dl) 193 ± 39 193 ± 40

• Serum potassium (mg/dl) 4.4 ± 0.4 4.4 ± 0.4

Ejection fraction (%) 47 ± 3 47 ± 3

Medications (% of patients)  

• Calcium channel blocker 32.77 31.43

• Beta blocker 58.63 59.70

• Aspirin or antiplatelet medication 89.09 90.74

• Lipid-lowering drug 65.43 68.59

• Diuretic agent 10.36 10.92

• Potassium-sparing diuretic 3.13 2.69

• Digitalis 4.82 4.43

• Antiarrhythmic agent 2.33 2.53

• Anticoagulant 6.43 5.85

• Insulin 3.61 3.87

• Hormone replacement therapy 3.85 3.72

*Values are means ± SD.
†p < 0.05 for the comparison with placebo.
CABG, coronary artery bypass grafting; CCS, Canadian Cardiovascular Society; DBP, diastolic blood pressure; DM, diabetes 
mellitus; GFR, glomerular filtration rate; HTN, hypertension; PCI, percutaneous coronary intervention; SBP, systolic blood 
pressure; SD, standard deviation

Table 1. (Continued)

Table 2. Incidence of cardiovascular disease and death.

Trandolapril
(n = 1247)

Placebo
(n = 1265)

Relative risk
(95% CI)

p-value

 No. of patients (%)  

Composite outcome  
(all-cause mortality, 
nonfatal MI and stroke)

175 (14.0) 217 (17.2) 0.79 (0.63–0.98) 0.03

All-cause mortality 101 (8.1) 134 (10.6) 0.85 (0.73–0.99) 0.03

Cardiovascular mortality 53 (4.3) 67 (5.3) 0.88 (0.72–1.09) 0.22

Noncardiovascular 
mortality

48 (3.9) 67 (5.3) 0.83 (0.67–1.04) 0.08

Nonfatal MI 72 (5.8) 79 (6.3) 0.96 (0.81–1.14) 0.62

Stroke 19 (1.5) 25 (2.0) 0.87 (0.62–1.22) 0.39

CI, confidence interval; MI, myocardial infarction.
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The effect of ACE inhibitors on the incidence of 
diabetes mellitus type II is a well-known phenom-
enon. Several clinical trials have shown that ACE 
inhibitors, as well as ARBs, reduce the risk of dia-
betes mellitus type II by 14–34% compared with 
placebo and other antihypertensive drugs.16,20–24 
ACE inhibitors and ARBs reduce the risk of dia-
betes by increasing insulin secretion from the 
pancreas and by enhancing insulin sensitivity in 
the adipocytes and muscle fibers. The underlying 

mechanism of this protective effect is still not fully 
understood, but it is thought to be driven by the 
increase in the level of bradykinin.25–27

Previous clinical studies have shown that 
ACE inhibitors reduce mortality and hospitaliza-
tion among patients with reduced left ventricular 
(LV) EF < 40%.28 ACE inhibitors have also 
been shown to reduce the rates of cardiovascular 
events and mortality in patients with coronary 

Table 3. Incidence of secondary outcome.

Trandolapril
(n = 1247)

Placebo
(n = 1265)

Relative risk
(95% CI)

p-value

 No. of patients (%)  

Hospitalization for nonfatal 
congestive heart failure

47 (3.8) 51 (4.0) 0.96 (0.78–1.19) 0.73

Coronary artery  
bypass grafting

84 (6.7) 88 (7.0) 0.98 (0.84–1.15) 0.83

Percutaneous coronary 
intervention

159 (12.8) 164 (13.0) 0.99 (0.88–1.12) 0.87

New diabetes 89 (7.14) 128 (10.12) 0.81 (0.69–0.96) 0.01

Figure 1. Cumulative incidence of the composite outcome (all-cause mortality, nonfatal MI and stroke) 
according to treatment group.
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artery disease and a history of diabetes or hyper-
tension.16,29 Therefore, the American College of 
Cardiology guidelines state that ACE inhibitors 
should be prescribed to all patients with stable 
coronary artery disease with a history of hyper-
tension, diabetes mellitus, a LV EF < 40%, or 
chronic kidney disease (class I).30 However, ACE 
inhibitors have not previously been shown to be 
beneficial in patients who have an LV EF > 40% 
with low cardiovascular risk factors.13,31

Our study revealed that ACE inhibitors may reduce 
the risk of combined cardiovascular disease and 
death in patients with ischemic cardiomyopathy 
and midrange EF (40–50%). This is the first 
study to examine the effect of ACE inhibitors in 
patients with coronary artery disease and mid-
range EF. ACE inhibitors reduced the combined 
outcome by 21% and reduced death by 15%. 
The major limitation of this study is that it was a 
subset analysis that was not prespecified. In light 
of this, the results should be seen as hypothesis-
generating only. Moreover, the patients were 
predominantly male (85%), which makes it dif-
ficult to generalize the results to female patients. 

Finally, the results of this study may not represent 
current data because the original study was con-
ducted more than two decades ago. However, 
there is still no significant change in the guide-
lines in treating patients with midrange EF or 
patients with coronary artery disease.

Conclusion
This study unveiled the benefit of an ACE inhibi-
tor, trandolapril, in reducing the risk of cardiovas-
cular disease events and death among patients 
with ischemic cardiomyopathy and midrange EF.
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