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CONTEXT AND POLICY ISSUES  
 
The use of angiotensin converting enzyme (ACE) inhibitors is a widespread practice and has 
several indications, mainly for hypertension (HTN), heart failure (HF), after an acute myocardial 
infarction (MI), and is also used for kidney protection in cases of chronic kidney disease and 
diabetic nephropathy. In 2007, there was a reported 18.0 million prescriptions of ACE-inhibitors 
in Canada for cardiovascular disease indications.1  
 
ACE inhibitors are generally assumed to exhibit a class effect. However, individual ACE 
inhibitors have different chemical structures, and variations in indication-specific clinical 
outcomes and side effects have been noted in the literature.2-4 These variations could have an 
important implication on the clinical practice, formulary recommendations, and reimbursement 
policies. Given the common use, variety of indications, and the availability of different ACE 
inhibitors in the Canadian market, it is important to understand the comparative effectiveness 
between different ACE inhibitors. 
  
One of the most important mechanisms in which ACE inhibitors provide a protective effect for 
the heart and kidney is through control of blood pressure.5 However, in cases where inadequate 
control is persistent with the use of ACE inhibitors, the addition of a diuretic medication may 
lead to better control of blood pressure.6 
 
This purpose of this report is to update a 2008 CADTH Rapid Response report on the 
comparative clinical and cost-effectiveness of ACE inhibitors.7 In addition, it aims to examine the 
effectiveness of the combination of ACE inhibitors and diuretics compared to ACE inhibitors 
alone. 
 
The finding of this report can help produce clinical evidence as well as policy directions on the 
best and optimum use of individual ACE inhibitors for HTN, HF, MI, and diabetic nephropathy.  
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RESEARCH QUESTIONS  
 
1. What is the comparative clinical effectiveness of ACE inhibitors for reducing blood 

pressure, kidney protection, and other outcomes? 
 

2. What is the comparative cost-effectiveness of ACE inhibitors for reducing blood pressure, 
kidney protection, and other outcomes? 

 
3. What is the comparative clinical effectiveness of ACE inhibitors for reducing blood 

pressure, kidney protection, and other outcomes? 
 
KEY FINDINGS 
 
Limited evidence exists in support of different effects of individual ACE inhibitors; imidapril might 
be better than ramipril in reducing urinary albumin excretion in diabetic patients with HTN, and 
zofenopril could be better than ramipril in reducing the number of hospitalization in post-acute 
MI patients, with a comparatively favorable cost-effectiveness profile. Zofenopril, however, is not 
available in Canada. Evidence for other outcomes suffers from several methodological 
limitations. 
 
Limited evidence of moderate quality indicates that adding a diuretic to an ACE inhibitor can 
improve diastolic blood pressure control, but may also reduce the beneficial effects of ACE 
inhibitors on glycemic control and metabolic profile.  
 
METHODS  
 
Literature Search Methods 
 
A focused search (with main concepts appearing in title or major subject heading) was 
conducted on key resources including PubMed, The Cochrane Library, University of York 
Centre for Reviews and Dissemination (CRD) databases, Canadian and major international 
health technology agencies, as well as a focused Internet search. Methodological filters were 
applied to limit retrieval to health technology assessments, systematic reviews, meta-analyses, 
randomized controlled trials, and economic studies. Where possible, retrieval was limited to the 
human population. The search was also limited to English language documents published 
between January 1, 2008 and May 14, 2015. 
 
This report is organized so that the evidence for each population with a specific indication is 
presented separately.  
 
Selection Criteria and Methods 
 
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented in 
Table 1. 
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Table 1: Selection Criteria 

Population Patients with primary hypertension (HTN), diabetes mellitus type II 
(DM), heart failure (HF), or myocardial infarction (MI). 

Intervention Angiotensin converting enzyme inhibitor or an angiotensin converting 
enzyme inhibitor plus a diuretic. 

Comparator Angiotensin converting enzyme inhibitor or an angiotensin converting 
enzyme inhibitor plus a diuretic. 

Outcomes Clinical-effectiveness, cost-effectiveness 

Study Designs Health technology assessments, systematic reviews with or without 
meta-analysis, randomized controlled trials (open label and double 
blind), and economic evaluations 

 
Exclusion Criteria 
 
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were 
duplicate publications, or were published prior to 2008. 
 
Critical Appraisal of Individual Studies 
 
The included systematic reviews were critically appraised using the AMASTAR check list,8 
randomized studies were critically appraised using the Cochrane Collaboration’s tool for 
assessing risk of bias,9 and economic studies were assessed using the CHEERS checklist.10 
Summary scores were not calculated for the included studies; rather, a review of the strengths 
and limitations of each included study were described narratively. 
 
SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 
A total of 1,312 citations were identified in the literature search. Following screening of titles and 
abstracts, 1,270 citations were excluded and 42 potentially relevant reports from the electronic 
search were retrieved for full-text review. No potentially relevant publications were retrieved 
from the grey literature search. Of these potentially relevant articles, 34 publications were 
excluded for various reasons, while eight publications met the inclusion criteria and were 
included in this report. Appendix 1 describes the PRISMA flowchart of the study selection. 
 
Summary of Study Characteristics 
 
A detailed summary on study characteristics is provided in Appendix 2. 
 
Patients with diabetes mellitus type II 
  
Study Design 
 
Two randomized controlled trials (RCTs) met the selection criteria under this patient 
population.11,12 One employed an open-label, parallel design,11 while the other employed a 
double blind, cross-over design.12 
 
 



 
 

ACE Inhibitors   4 
 
 

Country of Origin 
 
Of the included two trials, one was conducted in Italy and was published in 2013,11 while the 
other was conducted in the United Kingdom and published in 2008.12 
 
Patient Population 
 
Both trials included patients with mild to moderate hypertension (patients with diastolic blood 
pressure (DBP) 85 – 105 mmHG,12 or a systolic blood pressure (SBP) between 140 and 180 
mmHg and sitting diastolic blood pressure between 90 and 105 mmHg11) and well-controlled 
diabetes (between 7.0–12.0 mmol/l,12 or a glycemic hemoglobin (HbA1c) of less than 7%11). 
One study examined patients with a higher range of microalbuminuria, defined as a urinary 
albumin excretion (UAE) > 150 and < 300 mg/24 h.11 
 
Interventions and Comparators 
 
One of the RCTs aimed to compare imidapril (10 – 20 mg) to ramipril (5 – 10 mg),11 while the 
second RCT aimed to compare a combination of 1.25 mg bendroflumethiazide (a diuretic) and 
captopril (12.5 – 50 mg) to captopril (12.5 – 50 mg) alone.12   
 
Outcomes 
 
Both RCTs aimed to assess blood pressure as one of their main outcomes.11,12 In addition, one 
of the RCTs also assessed UAE as a measure of microalbuminurea.11 The second RCT aimed 
to assess insulin sensitivity through reporting on several metabolic measures, namely fasting 
glucose; glycated hemoglobin (HbA1c); total cholesterol; (HDL)- and (LDL)-cholesterol; 
triglycerides;  potassium; and urate.12 
 
Patients with heart failure 
 
Study Design 
 
One publication met the selection criteria for this patient population. This publication was a 
systematic review and a meta-analysis.13 It searched the literature in November 2012 for any 
trial trial assessing enalapril compared to perindopril in systolic heart failure patients with a left 
ventricular ejection fraction (LVEF) of less than 45%.  
 
Country of Origin 
 
The systematic review and met-analysis was conducted in the United States of America. The 
authors did not report limiting their search to a specific geographical area.13 The study was 
published in 2014. 
 
Patient Population 
 
Trials that assessed systolic HF patients with LVEF <45% were eligible for inclusion in this 
systematic review and meta-analysis.13 The systematic review and meta-analysis included a 
total of three studies, representing 116 patients.  
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Interventions and Comparators 
 
Trials that assessed enalapril compared to perindopril were eligible for inclusion in this 
systematic review and meta-analysis.13 The systematic review did not mention specific doses 
for the intervention and the included studies differed between each other in term of the dose. 
 
Outcomes 
 
The primary outcome of this systematic review and meta-analysis was LVEF. Secondary 
outcomes included heart-to-mediastinal ratio (H-M ratio), New York Heart Association (NYHA) 
functional class, and brain natriuretic peptide (BNP). 
 
Patients with hypertension 
 
Study Design 
 
Three randomized controlled trials met the selection criteria in this patient population.14-16 Two 
employed a double-blind, parallel design,14,16 while the third was a multi-arm trial using an open-
label, parallel design.15 
 
Country of Origin 
 
Two of the included trials were conducted in Taiwan, published in 200816 and in 2010.15 The 
third was conducted in India, in 2009.15 
 
Patient Population 
 
All three trials included patients with mild to moderate hypertension (all roughly within the range 
of 179 mmHg > SBP > 80 mmHg and 110 mmHg > DBP > 80 mmHg).14-16 Two trials specified 
an age condition of 20 to 70 years old,15 and 25 to 75 years old.16 In all three trials, enrolled 
patients were free of any serious comorbidities or cardiovascular events.14-16  
 
Interventions and Comparators 
 
Two trials compared Pretrax (a combination of 2 mg perindopril and 0.625 mg indapamide [a 
diuretic]) to cilazapril.14,16 The third trial had three different interventions (enalapril 2.5 mg; 
lisinopril 2.5 mg; and ramipril 2.5 mg) compared to fosinopril 10 mg.15   
 
Outcomes 
 
All three trials reported blood pressure as one of their primary outcomes.14-16 One study reported 
on plasma adiponectin, insulin, fasting glucose, total cholesterol, (HDL)- and (LDL)-cholesterol, 
triglycerides, sodium, potassium, and creatinine concentrations,14 while the other two reported 
adverse events as part of their outcomes.15,16 
 
 
 
` 
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Patients with myocardial infarction   
 
Study Design 
 
Two publications were included under this patient population. One was an RCT,17 while the 
other was an economic evaluation.18  The RCT employed a double-blind, parallel design17 and 
the economic evaluation employed a post hoc cost effectiveness model derived from the 
aforementioned RCT with a third-party payer perspective.18  
 
Country of Origin 
 
The RCT was conducted in eight different European countries.17 The post hoc economic model 
derived its data from the RCT.18 The RCT was published in 2012 while the economic evaluation 
was published in 2013. 
 
Patient Population 
  
A confirmed diagnosis of ST-elevation myocardial infarction (STEMI) or non–ST-elevation 
myocardial infarction (NSTEMI) within 24 hours preceding the enrollment in male and non-
pregnant females aged 18 to 85 years were criteria for inclusion. Patients were required to have 
signs or symptoms indicative of left ventricular dysfuntion, and must not have been treated with 
percutaneous transluminal angioplasty.17,18 
 
Interventions and Comparators 
 
Zofenopril (60 mg/day) plus acetylsalicylic acid (ASA, 10 mg/day) was compared to ramipril (10 
mg/day) plus ASA (100 mg/day).17,18 
 
Outcomes 
 
A composite of cardiovascular death and hospitalization due to cardiovascular causes was the 
primary outcome. Secondary study end points were hospitalization for cardiovascular causes, 
changes in LVEF, left ventricular end-diastolic and end-systolic volumes, plasma NT-proBNP 
levels and blood pressure, overall incidence of non-cardiovascular adverse events, severe 
hypotension, and deterioration of renal function. 
 
Summary of Critical Appraisal 
 
A detailed summary of critical appraisal of included publications is provided in appendix 3. 
 
Patients with diabetes mellitus type II 
 
Both trials in this population group had a number of common strengths. They both clearly 
described their inclusion and exclusion criteria. Both clearly described and defined their 
intervention, comparison, and outcomes. Both had a wash-out period prior to enrolment. Both 
comprehensively described the methods used for data collection. Finally, both described their 
loss of follow-up, with one having a balanced dropout rate across groups,11 and the other a very 
low dropout rate.12 In addition, one of the studies employed a double-blind, cross-over design, 
and provided an appropriate power analysis.12 
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Limitations common to both trials include lack of clear description on methods used for 
generating randomization, and lack of clear and comprehensive reporting of patient 
characteristics.11,12 In addition, one of the trials employed an open-label design, used a 
surrogate end-point to assess the main outcome, and did not clearly describe what analysis 
strategy was planned (e.g. intent-to-treat).11 While in the other trial that employed a double-blind 
cross-over design, they did not provide satisfactory explanation on why an intent-to-treat 
analysis was not conducted along with the per protocol analysis, did not report if a wash-out 
period was provided between the intervention and comparison at the time of crossing, and while 
it provides a power analysis for one of their primary outcome (insulin sensitivity), it did not 
provide a power analysis for the change in blood pressure.12 
 
Patients with heart failure 
 
The included systematic review and meta-analysis showed some strengths. The authors 
performed their search on several comprehensive databases, they provided clear definitions of 
their outcomes of interest, they performed double screening and extraction, they had an 
appropriate choice of statistical analysis that would match their needs, they performed quality 
assessment on their included studies, they transparently reported on the characteristics of their 
included studies, and they found low statistical heterogeneity amongst their included studies.13 
 
Despite the aforementioned strengths, this systematic review and meta-analysis suffered from a 
serious lack of reporting key information, which may reduce the reliability of its findings. First, 
the systematic review does not provide the search strategy used. Second, grey literature was 
not consulted during their search. Third, they do not provide any clear inclusion and exclusion 
criteria. Fourth, they performed a meta-analysis on only three trials and several outcomes were 
reported by only two of the three included trials. Because of the low number of included trials, 
no publication bias, sensitivity analysis, or subgroup analysis was performed.13 
 
Patients with hypertension 
 
Of the included three RCTs, all clearly described their inclusion and exclusion criteria, clearly 
defined their interventions, comparisons, and outcomes, provided clear and comprehensive 
reporting of patient characteristics, and provided a description of loss to follow-up, with one 
having a balanced dropout rate,14 and the other two having a very low dropout rate.15,16. Two of 
the three included trials were also double-blind parallel trials, had a wash-out period prior to 
commencement of trial intervention.14,16 In addition, the included open label trial provided a clear 
description on the method used for randomization.15 
 
Common limitations of the three trials were the lack of defining the strategy used for analysis 
(e.g. intent-to-treat), lack of power analysis, and small sample size throughout the three trials. 
Specific to the double-blind trials was the lack of clear description on the methods used for 
randomization and allocation concealment.14,16 In addition, one of the double-blind trials did not 
report on any adverse events.14 Also, the open label trial did not provide a wash-out period prior 
to the commencement of the intervention.15 
 
Patients with myocardial infarction   
 
Two distinct study types are included in this population; a double-blind RCT and an economic 
evaluation.17,18 
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The RCT had a number of strengths. First, it was a double-blind multi-center trial conducted in 
several different European countries. Second, it had a clear description of the inclusion and 
exclusion criteria, of the interventions, comparisons, and outcomes. Third, it clearly described 
methods used for randomization and blinding. Fourth, it provided a clear power analysis that 
accounted for a potential 25% drop out rate. Fifth, it enrolled an adequately large sample size. 
Sixth, Intent-to-treat analysis was conducted. Seventh, it provided a comprehensive reporting of 
patient characteristics. Finally, a clear description of loss of follow up was provided.17 
 
A number of limitations existed in the RCT. Specifically, there was an open-label phase where 
all patients received the intervention for four days prior to randomization, and this open-label 
phase was not followed by a placebo wash-out period. Another limitation was the lack of 
description of the method used to ensure concealment of allocation. In addition, the trial used a 
composite outcome that included hospitalization and mortality, despite that a one year follow up 
may not be sufficient to capture significant cardiac mortality.17 
 
The included economic evaluation used the clinical data from the aforementioned trial, thus 
sharing the clinical strength and limitation of the trial. The economic evaluation used a clearly 
described cost-effectiveness model that compared the intervention to a comparator that was 
already shown to be cost-effective in preventing cardiac hospitalization and mortality. In 
addition, it provided a detailed breakdown of cost by type of event.18  
 
One of the main limitations of the economic evaluation was the nature of it being a trial based 
evaluation. This would decrease the generalizability of the results as it only includes data from 
the study participants and a follow-up of one year. In addition, since this was a post-hoc 
analysis, it is likely that no power analysis to capture differences in economic effectiveness was 
conducted. Finally, the composite nature of the main outcome and the short follow-up period 
would mean that the result may not be a good reflection of cost effectiveness in cardiac 
mortality.18 
 
Summary of Findings 
 
Patients with diabetes mellitus type II 
 
While both imidapril and ramipril significantly reduced blood pressure, UAE, and BNP in patients 
with DM, HTN, and microalbuminurea, the reduction of UAE was statistically significantly more 
profound with imidapril than ramipril starting from the sixth week and onwards.11 
 
The addition of bendoflumethiazide to captopril in patients with HTN and DM led to better 
control of BP when compared with captopril alone. However, this combination also led to 
deterioration in fasting blood glucose level.12 
 
Patients with heart failure 
 
One systematic review identified three trials that compared perindopril to enalapril. Authors of 
the review reported greater effectiveness of enalapril for improving cardiac sympathetic nerve 
activity, NYHA functional class, and BNP.13 
 
 
 
 



 
 

ACE Inhibitors   9 
 
 

Patients with hypertension 
 
Pretax (perindopril and indapamide) was shown, in two double blind RCTs, to be more effective 
in reducing diastolic BP than cilazapril monotherapy.14,16 However, the combination also led to a 
reduction in the benefits obtained from statin therapy on patients’ metabolic profile.14 
ACE inhibitors that contained a phosphonate group (namely fosinopril) were associated with 
more coughing and hypotension than ACE inhibitors that contained di-carboxyl group (namely 
enalapril, lisinopril, and ramipril). While the di-carboxyl group containing ACE inhibitors were 
associated with more cases of nausea than the phosphate containing ACE inhibitor.15 
 
Patients with myocardial infarction 
 
In patients with left ventricular dysfunction after acute MI, zonfenopril significantly decreased 
cardiac hospitalization when compared to ramipril.17 This reduction in hospitalization led to 
zonfenopril being more cost-effective when compared to ramipril.18 
 
 
Limitations 
 
Most studies identified and included in this report had one or two major limitations that would 
reduce the reliability of the evidence. The systematic review has major flaws and limitations that 
would render it at a high risk of bias.13 While the lack of reporting on methods of randomization, 
allocation concealment, power analysis, and strategy used for the analysis in many trials left the 
reader unable to reach a conclusion on the risk of bias. The trials included in the HTN 
population were all of small sample size and this cast doubt on the power to detect differences 
in blood pressure. 
 
No single study was able to reliably report on cardiac mortality as an outcome. This is largely 
due to the high number of participants needed and the long-term follow-up required to detect 
differences in cardiac mortality. 
 
Lastly, none of the studies was conducted in Canada, and zofenopril is not available in Canada. 
These factors limit the generalization of the available evidence to the Canadian settings.   
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING 
 
In 2008, a previous report published by CADTH7 on the topic of comparative effectiveness of 
ACE inhibitors concluded that there is “limited evidence that not all ACE inhibitors are equally 
efficacious for various outcomes including blood pressure control, and mortality rates post MI”. 
New evidence identified since 2008 reinforces the previous conclusion, suggesting that imidapril 
might be better than ramipril in reducing urinary albumin excretion in diabetic patients with 
HTN,11 and that zofenopril could be clinically better than ramipril for reducing the number of 
hospitalizations in post-acute MI patients, and more cost-effective.17 Zofenopril, however, is not 
currently available in Canada. Evidence over other outcomes remains largely scarce with major 
limitations in methodology. 
 
This review identified three trials that compared a combination of a diuretic and an ACE inhibitor 
to an ACE inhibitor. These were limited evidence of moderate quality indicating that a 
combination of a diuretic and an ACE inhibitor is more effective than ACE inhibitors alone in 
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controlling diastolic blood pressure.12,14,16 This, however, comes at the expense of reducing the 
beneficial effects of ACE inhibitor on glycemic control and metabolic profile.12,14 
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Canadian Agency for Drugs and Technologies in Health 
Tel: 1-866-898-8439 
www.cadth.ca 
  

http://www.cadth.ca/


 
 

ACE Inhibitors   11 
 
 

REFERENCES   
 

1. Public Health Agency of Canada. Tracking heart disease and stroke in Canada [Internet]. 
Ottawa ON: Her Majesty the Queen in Right of Canada; 2009.  [cited 2015 Jun 10]. 
Available from: http://www.phac-aspc.gc.ca/publicat/2009/cvd-avc/pdf/cvd-avs-2009-
eng.pdf 

2. Oral captopril versus placebo among 13,634 patients with suspected acute myocardial 
infarction: interim report from the Chinese Cardiac Study (CCS-1). Lancet. 1995 Mar 
18;345(8951):686-7. 

3. Foy SG, Crozier IG, Turner JG, Richards AM, Frampton CM, Nicholls MG, et al. 
Comparison of enalapril versus captopril on left ventricular function and survival three 
months after acute myocardial infarction (the "PRACTICAL" study). Am J Cardiol. 1994 
Jun 15;73(16):1180-6. 

4. Pilote L, Abrahamowicz M, Eisenberg M, Humphries K, Behlouli H, Tu JV. Effect of 
different angiotensin-converting-enzyme inhibitors on mortality among elderly patients with 
congestive heart failure. CMAJ [Internet]. 2008 May 6 [cited 2015 Jun 10];178(10):1303-
11. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2335176 

5. Jackson EK. Chapter 30: Renin and Angiotensin. In: Brunton LL, Lazo JS, Parker K, 
editors. Goodman and Gilman's the pharmacological basis of therapeutics, 11th ed. New 
York (NY): McGraw-Hill; 2006. 

6. Mogensen CE, Viberti G, Halimi S, Ritz E, Ruilope L, Jermendy G, et al. Effect of low-dose 
perindopril/indapamide on albuminuria in diabetes: preterax in albuminuria regression: 
PREMIER. Hypertension. 2003 May;41(5):1063-71. 

7. Angiotensin-Converting Enzyme (ACE) inhibitors: A Comparative Effectiveness Review 
[Internet]. Ottawa (ON): CADTH; 2008 Apr 8.  [cited 2015 Jun 10]. Available from: 
https://www.cadth.ca/sites/default/files/pdf/htis/Angiotensin-Converting_Enzyme-ACE-
inhibitors_Comparative_Effectiveness_Review.pdf 

8. Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, et al. Development 
of AMSTAR: a measurement tool to assess the methodological quality of systematic 
reviews. BMC Med Res Methodol [Internet]. 2007 [cited 2015 Jun 10];7:10. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810543/pdf/1471-2288-7-10.pdf 

9. Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of interventions 
[Internet]. Version 5.1.0. Oxford (U.K.): The Cochrane Collaboration; 2011. Table 8.5.a: 
The Cochrane Collaboration's tool for assessing risk of bias. [cited 2015 Jun 10]. Available 
from: 
http://handbook.cochrane.org/chapter_8/table_8_5_a_the_cochrane_collaborations_tool_f
or_assessing.htm 

10. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. 
Consolidated Health Economic Evaluation Reporting Standards (CHEERS)--explanation 
and elaboration: a report of the ISPOR Health Economic Evaluation Publication Guidelines 
Good Reporting Practices Task Force. Value Health. 2013 Mar;16(2):231-50. 

http://www.phac-aspc.gc.ca/publicat/2009/cvd-avc/pdf/cvd-avs-2009-eng.pdf
http://www.phac-aspc.gc.ca/publicat/2009/cvd-avc/pdf/cvd-avs-2009-eng.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2335176
https://www.cadth.ca/sites/default/files/pdf/htis/Angiotensin-Converting_Enzyme-ACE-inhibitors_Comparative_Effectiveness_Review.pdf
https://www.cadth.ca/sites/default/files/pdf/htis/Angiotensin-Converting_Enzyme-ACE-inhibitors_Comparative_Effectiveness_Review.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810543/pdf/1471-2288-7-10.pdf
http://handbook.cochrane.org/chapter_8/table_8_5_a_the_cochrane_collaborations_tool_for_assessing.htm
http://handbook.cochrane.org/chapter_8/table_8_5_a_the_cochrane_collaborations_tool_for_assessing.htm


 
 

ACE Inhibitors   12 
 
 

11. Fogari R, Mugellini A, Zoppi A, Gualtierotti R, Lazzari P, Derosa G, et al. Effect of imidapril 
versus ramipril on urinary albumin excretion in hypertensive patients with type 2 diabetes 
and microalbuminuria. Expert Opin Pharmacother. 2013 Dec;14(18):2463-73. 

12. McLaughlin DM, Atkinson AB, Ennis CN, Browne J, Hunter SJ, Sheridan B, et al. 
Comparison of effects of combined ACE inhibitor and low-dose thiazide diuretic with ACE 
inhibitor alone on insulin action in patients with hypertension and Type 2 diabetes: a 
double-blind crossover study. Diabet Med. 2008 May;25(5):631-4. 

13. DiNicolantonio JJ, Hu T, Lavie CJ, O'Keefe JH, Bangalore S. Perindopril vs Enalapril in 
Patients with Systolic Heart Failure: Systematic Review and Metaanalysis. Ochsner J 
[Internet]. 2014 [cited 2015 May 20];14(3):350-8. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4171793 

14. Huang SS, Wu TC, Lin SJ, Chen JW. Combination of an ACE inhibitor and indapamide 
improves blood pressure control, but attenuates the beneficial effects of ACE inhibition on 
plasma adiponectin in patients with essential hypertension. Circ J [Internet]. 2009 Dec 
[cited 2015 May 20];73(12):2282-7. Available from: 
https://www.jstage.jst.go.jp/article/circj/73/12/73_CJ-09-0387/_pdf 

15. Sangole NV, Dadkar VN. Adverse drug reaction monitoring with angiotensin converting 
enzyme inhibitors: A prospective, randomized, open-label, comparative study. Indian J 
Pharmacol [Internet]. 2010 Feb;42(1):27-31. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2885636 

16. Sung SH, Wu TC, Lin SJ, Chen JW. Efficacy of a very-low-dose combination of perindopril 
and indapamide--preterax compared with cilazapril monotherapy in patients with 
inadequate blood pressure control--a randomized, double-blind, add-on study. J Chin Med 
Assoc. 2008 May;71(5):247-53. 

17. Borghi C, Ambrosioni E, Novo S, Vinereanu D, Ambrosio G, SMILE-4 Working Party. 
Comparison between zofenopril and ramipril in combination with acetylsalicylic acid in 
patients with left ventricular systolic dysfunction after acute myocardial infarction: results of 
a randomized, double-blind, parallel-group, multicenter, European study (SMILE-4). Clin 
Cardiol. 2012;35(7):416-23. 

18. Borghi C, Ambrosioni E, Omboni S, Cicero AF, Bacchelli S, Esposti DD, et al. Cost-
effectiveness of zofenopril in patients with left ventricular systolic dysfunction after acute 
myocardial infarction: a post hoc analysis of SMILE-4. Clinicoecon Outcomes Res 
[Internet]. 2013 [cited 2015 May 27];5:317-25. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3709649 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4171793
https://www.jstage.jst.go.jp/article/circj/73/12/73_CJ-09-0387/_pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2885636
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3709649


 
 

ACE Inhibitors   13 
 
 

APPENDIX 1:  Selection of Included Studies 
 
 
 
 
  

1270 citations excluded 

42 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

0 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

42 potentially relevant reports 

34 reports excluded: 
-irrelevant population (3) 
-irrelevant intervention (1) 
-irrelevant comparator (14) 
-irrelevant outcomes (2) 
-other (study design) (14) 
 

8 reports included in review 

1312 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2:  Characteristics of Included Publications 
 

Table A1:  Characteristics of Included Systematic Reviews and Meta-Analyses 
First Author, 
Publication 

Year, Country 

Types and 
numbers 

of primary 
studies 

included 

Population 
Characterist

ics 

Intervention Comparator(s) Clinical Outcomes, 
Length of Follow-

Up 

DiNicolantonio, 
2014, MO, 
USA13 

RCT, 
number 
included 3 

Patients 
with systolic 
heart failure 

Perindopril Enalapril H-M ratio, NYHA 
functional class, 
LVEF, BNP. No 
specific follow up. 

RCT = randomized controlled trial; MO = Missouri; USA = United States of America; H-M ratio: heart-to-mediastinal ratio; NYHA 
functional class: New York Heart Association functional class; LVEF = left ventricular ejection fraction; BNP = Brain Natriuretic 
Peptide 

 

Table A2:  Characteristics of Included Clinical Studies 
First 

Author, 
Publication 

Year, 
Country, 

Study Name 

Study 
Design 

Patient 
Characteristics 

Intervention(s) Comparator(s) Clinical 
Outcomes 

Borghi, 

2012, Italy
17

 

Double 
blind, 
parallel, 
RCT 

Patients aged 18 
to 85 years 
with a confirmed 
diagnosis of  
STEMI or 
NSTEMI within 24 
hours preceding 
the enrollment 
and with clinical 
and/or 
echocardiographic 
evidence of LVD 

zofenopril 60 mg 
per day plus 100 
mg ASA 

ramipril 10 mg 
per day plus 
ASA 100 
mg/day 

A combined 
occurrence of 
cardiovascular 
mortality or 
hospitalization 
for 
cardiovascular 
causes at one 
year 

Fogari, 2013, 

Italy 
11

 

 

Open 
label, 
parallel, 
RCT 

Type II DM & HTN 
patients aged 25 
to 75 and in the 
higher range of 
microalbuminuria 

Imidapril 10 – 20 
mg 

Ramipril 5 – 10 
mg 

UAE, 
clinic, 
ambulatory, 
and central BP 

Huang, 
2009, 

Taiwan
14

 

 

Double 
blind, 
parallel, 
RCT 

HTN Patients with 
170 mmHg ≥ SBP 
≥ 130 mmHg, or 
110 mmHg ≥ DBP 
≥ 80 mmHg  

Preterax (2 mg 
perindopril/0.625 
mg indapamide) 

Cilazapril (2.5 
mg) 

Office BP, 
plasma 
adiponectin, 
insulin, fasting 
glucose, total 
cholesterol,  
(HDL)- and 
(LDL)-
cholesterol, 
triglycerides, 
sodium, 
potassium and 
creatinine 
concentrations 
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Table A2:  Characteristics of Included Clinical Studies 
First 

Author, 
Publication 

Year, 
Country, 

Study Name 

Study 
Design 

Patient 
Characteristics 

Intervention(s) Comparator(s) Clinical 
Outcomes 

McLaughlin, 

2008, UK
12

 
 

Double 
blind, 
cross 
over, RCT 

Patients aged 40–
65 years with 
HTN and DM 
Type 2,  
and with fasting 
plasma glucose 
between 7.0–12.0 
mmol/l 

Captopril 12.5 mg  –  
50 mg 
twice daily plus 
bendroflumethiazide 
1.25 mg 

Captopril 12.5 
mg  –  50 mg 
twice daily plus 
placebo 

BP, fasting 
glucose, 
HbA1c, total 
cholesterol,  
(HDL)- and 
(LDL)-
cholesterol, 
triglycerides,  
potassium, 
and urate. 

Sangole, 

2010, India
15

 

Open 
label, 
parallel, 
RCT 

HTN patients 
aged 20 to 70 
years, newly 
diagnosed with 
essential HTN, 
stage I / II 

Enalapril 2.5 mg, 
lisinopril 2.5 mg, or 
ramipril 2.5 mg 

Fosinopril 10 
mg 

BP, 
cough, 
hypotension, 
nausea 

Sung, 2008, 

Taiwan
16

 

Double 
blind, 
parallel, 
RCT 

HTN patients 
aged 25 to 75 
years old who 
were on 1 or 2 
antihypertensive 
agents, excluding 
ACEIs, ARBs, 
and/or a diuretic, 
for at least 8 
weeks before the 
outpatient visit. 

Preterax 
(perindopril 2mg 
and indapamide 
0.625 mg) 

Cilazapril 2.5 
mg 

Sitting BP, 
AEs 

RCT = randomized controlled trial; STEMI = ST elevation myocardial infarction; NSTEMI = non-ST elevation myocardial infarction;  
LVD = left ventricular dysfunction; ASA = acetylsalicylic acid; HTN = hypertension; DM = diabetes mellitus; BP = blood pressure; 
UAE = urinary albumin excretion; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL = high density lipoprotein; 
LDL = low density lipoprotein; UK = United Kingdom; ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor 
blocker; AE = adverse events. 
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Table A3:  Characteristics of Included Cost Studies 
First author, 
Publication 

Year, Country 

Type of 
Analysis, 

Perspective 

Intervention, 
Comparator 

Study 
Population 

Time Horizon Main 
Assumptions 

Borghi, 2013, 

Italy
18

 

cost-
effectiveness 
analysis 

Zofenopril, 
ramipril 

Study population 
in Borghi 2012 
(SMILE-4) trial. 
Patients aged 18 
to 85 years 
with a confirmed 
diagnosis of  
STEMI or 
NSTEMI within 24 
hours preceding 
the enrollment 
and with clinical 
and/or 
echocardiographic 
evidence of LVD 

One year The cost of a 
decline of 
LVEF as one 
third of the 
cost of 
hospitalization 
for 
symptomatic 
heart failure. 

LVEF = left ventricular ejection fraction; STEMI = ST elevation myocardial infarction; NSTEMI = non-ST elevation myocardial 
infarction; LVD = left ventricular dysfunction 
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APPENDIX 3:  Critical Appraisal of Included Publications 
 

Table A1:  Strengths and Limitations of Systematic Reviews and Meta-Analyses  

Strengths Limitations 

DiNicolantonio, 2014 13 

 Comprehensive search of available 
databases. 

 Clear definitions of outcomes. 

 Double screening and extraction. 

 Appropriate choice of statistical analysis 
methods. 

 Performed quality assessment. 

 Reported on the characters of included 
studies. 

 Low statistical heterogeneity found. 

 Search strategy not provided. 

 Did not include grey literature. 

 No clearly provided predetermined 
inclusion / exclusion criteria. 

 Not enough number of studies for a 
reliable pooled estimate (3 included trials, 
a total of 116 patients). 

 Included non-randomized trials. 

 Several outcomes were only reported by 
two trials. 

 Not enough number of studies for 
assessment of publication bias, sensitivity 
analysis, or subgroup analysis. 

 

Table A2:  Strengths and Limitations of Randomized Controlled Trials  

Strengths Limitations 

Borghi, 2012 17 

 Clearly described inclusion and exclusion 
criteria. 

 Clearly described and defined intervention, 
comparison, and outcomes. 

 Randomization of participants on 1:1 basis 
using a computer-generated random list. 

 Double blinded design using identical 
looking pills. 

 Appropriate sample size calculations with a 
compensation of a 25% drop rate. 

 Large sample size (617). 

 Intention to treat analysis was performed. 

 Comprehensive reporting of patience 
characteristics and baseline values. 

 Loss of follow-up was described.  

 Participants received 4-day open-label 
phase when zofenopril was administered 
to all. 

 No wash-out period was designed after the 
open-label phase. 

 Does not report on the methods used for 
concealment of allocation (e.g. sealed 
opaque envelops). 

 A composite primary outcome includes 
hospitalization and mortality. 

 Follow up of one year might be too short 
for the cardiac mortality component. 
 

Fogari, 2013 11 

 Clearly described inclusion and exclusion 
criteria. 

 Clearly described and defined intervention, 
comparison, and outcomes. 

 A two weeks wash-out period before the 
commencement of trial intervention. 

 A comprehensive description of data-
collection methods. 

 Power analysis was conducted for the 
main outcome. 

 Does not report on the methods used for 
randomization. 

 Open label design. 

 A surrogate end-point was used as a 
primary outcome. 

 Not clear on what type of analysis strategy 
was employed (e.g. intent to treat or per 
protocol) 

 Does not clearly report on patients 
characteristics. 
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Table A2:  Strengths and Limitations of Randomized Controlled Trials  

Strengths Limitations 

 Loss of follow-up was described. 

Huang, 2009 14 

 Double-blind, parallel trial.  

 Clearly described inclusion and exclusion 
criteria. 

 Clearly described and defined intervention, 
comparison, and outcomes. 

 A two weeks wash-out period before the 
commencement of trial intervention. 

 A comprehensive description of data-
collection methods. 

 A clear and comprehensive reporting of 
patients characteristics. 

 Does not report on the methods used for 
randomization. 

 Does not report on the methods used for 
concealment of allocation (e.g. sealed 
opaque envelops). 

 Not clear on what type of analysis strategy 
was employed (e.g. intent to treat or per 
protocol). 

 No power analysis was provided. 

 Small number of participants was enrolled. 

 Does not report any adverse events.  

 Considered a pilot study. 

McLaughlin, 2008 12 

 Double-blind, cross-over trial. 

 Clearly described inclusion and exclusion 
criteria. 

 Clearly described and defined intervention, 
comparison, and outcomes. 

 A six weeks wash-out period before the 
commencement of trial intervention. 

 A comprehensive description of data-
collection methods. 

 Power analysis was conducted to detect 
differences in insulin action. 

 Loss of follow-up was described. 

 Only partially reports on the methods used 
for randomization. 

 Does not report on the methods used for 
concealment of allocation (e.g. sealed 
opaque envelops). 

 Does not satisfactory explain why an ITT 
analysis was not necessary. 

 Does not report power analysis for blood 
pressure changes. 

 Does not report if a wash out period 
between the intervention and comparison 
was carried out at the time of crossing. 

 Does not report on patients characteristics.  

Sangole, 2010 15 

 Clearly described inclusion and exclusion 
criteria. 

 Clearly described and defined intervention, 
comparison, and outcomes  

 A comprehensive description of data-
collection methods. 

 Computer generated randomization. 

 Loss of follow-up was described. 

 Open label design. 

 Does not mention if a washout period was 
conducted prior to the commencement of 
trial intervention. 

 Not clear on what type of analysis strategy 
was employed (e.g. intent to treat or per 
protocol). 

 No power analysis was provided. 

 Small number of participants was enrolled 
in each arm (30). 

 Does not report, in a satisfactory way, on 
patients characteristics. 

Sung, 2008 16 

 Double-blind, parallel trial.  

 Clearly described inclusion and exclusion 
criteria. 

 Clearly described and defined intervention, 

 Does not report on the methods used for 
randomization. 

 Does not report on the methods used for 
concealment of allocation (e.g. sealed 
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Table A2:  Strengths and Limitations of Randomized Controlled Trials  

Strengths Limitations 

comparison, and outcomes. 

 A two weeks wash-out period before the 
commencement of trial intervention. 

 A comprehensive description of data-
collection methods. 

 Loss of follow-up was described. 

opaque envelops). 

 Not clear on what type of analysis strategy 
was employed (e.g. intent to treat or per 
protocol). 

 No power analysis was provided. 

 Small number of participants was enrolled. 
 
 

Table A3:  Strengths and Limitations of Economic Studies 

Strengths Limitations 

Borghi, 2013 18 

 Clear description of the population used for 
the evaluation. 

 Outcomes were derived from a double-
blind, multi-national, randomized controlled 
trial. 

 Clear description of the methods employed 
in analysis. 

 Clear description of patients baseline 
characteristics. 

 Description of the main outcome events 
was detailed by each type of event. 

 Comparison was already proven to be 
cost-effective for the outcome. 

 Post-hoc analysis of an RCT. 

 No power analysis was conducted to 
capture differences in cost effectiveness. 

 Only able to quantify benefits in one year. 

 Cost analysis was conducted from a third-
party payer perspective. 

 Composite outcome at one year would not 
be a good reflection of cardiac mortality. 

 Uncertainty in the point estimate of the 
incremental cost-effectiveness ratio was 
addressed by providing unsupported 
arbitrary changes in cost and effect size. 
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APPENDIX 4:  Main Study Findings and Author’s Conclusions 
 

Table A1:  Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusions 

DiNicolantonio, 2014 13 

Three trials comparing perindopril to 
enalapril.  
Change in heart to mediastinum ratio: 0.12 
(95% CI: 0.08, 0.16) 
Mean net change in washout rate: 3.51% 
(95% CI: 4.17, 2.85) 
Mean net change in NYHA functional 
class: 0.44 (95% CI: 0.86, 0.03) 
Change in brain natriuretic peptide 64.1 
[95% CI: 80.8, 47.4] 
Change in LVEF: 1.15% (95% CI: 2.74, 
5.04). 
Change in LVEF at 6 months: 2.41% (95% 
CI: 1.26, 3.55).  

 Perindopril significantly improves cardiac 
sympathetic nerve activity brain natriuretic 
peptide, and New York Heart Association 
functional class compared to enalapril. 

 Left ventricular ejection fraction at 6 
months was significantly greater in patients 
that switched from enalapril to perindopril. 

Borghi, 2012 17 

Compared to Ramipril, zofenopril significantly 
decreased the primary outcome OR: 0.70 
(95% CI: 0.51, 0.96) and cardiovascular 
hospitalization OR: 0.64 (95% CI: 0.46, 0.88). 
Mortality rate was not significantly different 
between the 2 treatments. Blood pressure 
values did not significantly change during the 
1-year follow-up. N-terminal pro-brain 
natriuretic were not statistically different. 
Similar proportion of patients had deterioration 
of renal function between the two groups. Drug 
safety profile was comparable. 

 The efficacy of zofenopril with 
acetylsalicylic acid was superior to ramipril 
plus acetylsalicylic acid, in patients with left 
ventricular dysfunction following acute 
myocardial infarction.  

Fogari, 2013 11 

The reduction in urinary albumin excretion was 
more pronounced in imidapril than ramipril. At 
week 24 end-point the reduction was -42% 
with imidapril compared to -29% with ramipril 
(P < 0.01) Both had similar effect on blood 
pressure, brain natriuretic peptide, and 
angiotensin II levels. Bradykinin increased 
more with ramipril.  

 In patients with diabetes, hypertension, 
and with microalbuminuria, imidapril 
produced a greater antiproteinuric effect 
than ramipril. 

 Both agents had similar effect in reducing 
blood pressure 

Huang, 2009 14 

Both preterax and cilazapril reduced systolic 
blood pressure. Only pretrax reduced diastolic 
blood pressure (P = 0.024). Cilazapril 
significantly increased plasma adiponectin (P 
= 0.025), and significantly reduced 
triglycerides (P = 0.041). Preterax significantly 
increased the plasma insulin concentration (P 

 The combination of an ACEI and 
indapamide improved BP control, but 
attenuated the beneficial effects of ACE 
inhibition on plasma adiponectin. 

 This combination would be best suited for 
improving BP control rather than for 
metabolic protection. 
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Table A1:  Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusions 

= 0.041). 

McLaughlin, 2008 12 

Combination of captopril and 
bendoflumethiazide lead to significantly lower 
blood pressure compared to captopril alone 
(138/83 vs. 144/85 mmHg; P < 0.05). The 
combination also lead to higher levels of 
fasting blood glucose (9.6 ± 2.6 vs. 8.5 ± 1.6 
mmol/l; P < 0.05). 

 When compared to captopril alone, 
combination of low-dose 
bendroflumethiazide with captopril 
improved blood pressure control but 
resulted in negative effects on insulin 
action. 

Sangole, 2010 15 

Phosphonate group containing ACEIs showed 
higher incidence of cough (20%; 95% CI 5.7 to 
34.3 vs 6.6%; 95% CI 0 to 15.6) and 
hypotension (6.6%; 95% CI 0 to15.6 vs 0) 
compared to di-carboxyl group containing 
ACEIs. While the di-carboxyl group containing 
ACEIs had more incidence of nausea (10%; 
95% CI 0 to 20.7 vs 0).  

 The phosphonate group in p-ACEIs may 
have a probable relationship with increase 
in the incidence and severity of adverse 
drug reactions such as dry brassy cough 
and hypotension.  

 The di-carboxyl group in d-ACEIs may 
have a probable relationship with increase 
in the incidence of ADRs like nausea. 

Sung, 2008 16 

Diastolic blood pressure was reduced with 
both pretrax and cilazapril, and they both had 
similar adverse events. Only pretrax managed 
to reduce diastolic blood pressure (7.67 ± 
9.40mmHg; P = 0.0009.) 

 Pretrax can be more effective than 
cilazapril in adequate blood pressure 
control in already treated hypertensive 
patients. 

Borghi, 2013 18 

“The cost of drug therapies was higher with 
zofenopril (328.78 Euros per patient per year, 
n = 365) than with ramipril (165.12 Euros per 
patient per year, n = 351). The cost related to 
the occurrence of major cardiovascular events 
requiring hospitalization averaged 4983.64 
Euros for zofenopril and 4850.01 Euros for 
ramipril. The incremental cost-effectiveness 
ratio for zofenopril versus ramipril was 2125.45 
Euros per event prevented (worst and best 
case scenario in the sensitivity analysis was 
3590.09 and 3243.96 Euros, respectively).” 
Page 317. 

 “Zofenopril is a viable and cost-effective 
treatment for managing patients with left 
ventricular dysfunction after acute 
myocardial infarction.” Page 317 

 
 
 
 


