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ABSTRACT

Objective: Hypertension is the most prevalent modifiable risk
factor for cardiovascular (CV) and cerebrovascular morbidity
and mortality. This study aimed to assess the effects of renin-
angiotensin-aldosterone system (RAAS) blockade on CV out-
comes.

Methods: This study was designed according to the Pre-
ferred Reporting Items for Systemic reviews and Meta-
Analyses statement. Databases were searched for articles
published as of December 2014. Two sets of studies were
selected. One set included randomized clinical trials compar-
ing RAAS blocker (angiotensin Il receptor blocker [ARB] or
angiotensin-converting enzyme inhibitor [ACEI]) with placebo
or active treatment. Second set included head-to-head ran-
domized clinical trials comparing an ARB with an ACEI. Stud-
ies in both sets had reported any CV outcome parameter or
death, i.e., all-cause mortality, CV mortality, emergence of CV
events, myocardial infarction, cerebrovascular event, stroke,
heart failure, and hospitalization for heart failure.

Results: Fifty-four pairwise comparisons of 51 trials with
277,609 patients were included. Statistically significant dif-
ferences in favor of RAAS blockers vs non-RAAS blockers
(risk ratio [RR] ranging from 0.805 to 0.967) were observed in
terms of most CV outcomes, including all-cause mortality, CV
mortality, CV events, myocardial infarction, heart failure and
stroke. ARBs and ACEls were found to be completely com-
parable (RR ranging from 0.923 to 1.090, all non-significant).
Conclusion: RAAS blockers are superior to medications
other than RAAS blockers with respect to impact on CV out-
comes in patients with hypertension. ARBs and ACEls are
comparable in terms of these outcomes.

OzZET

Amac: Hipertansiyon kardiyovaskiler (KV) ve serebrovas-
kller morbidite ve mortalite icin en yaygin degistirilebilir risk
faktéruddr. Bu calisma renin-anjiyotensin-aldosteron sistemi
(RAAS) blokajinin KV sonuclar Gzerine etkilerini belirlemeyi
amaclamaktadir.

Yéntemler: Bu calisma PRISMA (Preferred Reporting Items
for Systemic reviews and Meta-Analyses) yéntemine uygun
sekilde planlandi. Veri tabanlari Aralik 2014 tarihine kadar ya-
yimlanan makaleleri aragtirmak lzere tarand. ki farkli calis-
ma grubu segildi. Birincisi RAAS blokeri (anjiyotensin reseptor
blokeri [ARB] veya anjiyotensin-dénustirict enzim inhibitdri
[ACEI]) ile plasebo veya aktif tedaviyi kiyaslayan randomize
klinik calismalari igerdi. ikinci grup ARB ile ACEl'yi kiyaslayan
randomize klinik ¢alismalari igerdi. Her iki gruptaki caligma-
larda da tim nedenlere bagh mortalite, KV mortalite, aniden
ortaya ¢ikan KV olay, miyokart enfarktusu, serebrovaskuler
olay, inme, kalp yetersizligi ve kalp yetersizligi nedeniyle has-
taneye yatis gibi KV sonug parametresi veya 6lim bildirildi.
Bulgular: 277.609 hastayi iceren 51 calismanin 54 ciftli ki-
yaslanmasi alindi. RAAS blokerleri ile RAAS blokeri olmayan
ilaglar arasinda en sik gorilen KV sonuglar (tim nedenlere
bagh mortalite, KV mortalite, KV olay, miyokart enfarktisu,
kalp yetersizligi ve inme dahil) agisindan istatistiksel anlaml
farkhlik (risk oranlari 0.805—0.967) oldugu gdézlendi. ARB’ler
ve ACEl'ler timilyle benzer bulundu (risk oranlari 0.923-
1.090; timu anlamli degil).

Sonuc: Hipertansiyonlu hastalarda KV sonuglar agisindan
RAAS blokerleri RAAS blokeri olmayan diger ilaglara kiyas-
la Gstlindir. ARB ve ACEP’ler bu sonuglar agisindan ben-
zerdir.
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ypertension is the most prevalent modifiable risk

factor for cardiovascular (CV) and cerebrovas-
cular morbidity and mortality. An estimated 30% of
the adult population in the United States has hyperten-
sion.! The importance of lowering blood pressure to
reduce the risk of CV events has been demonstrated
in numerous clinical trials. More drugs will likely be
required for individuals with coronary artery disease,
chronic kidney disease, or diabetes, for whom goals
lower than 140/90 mmHg have been recommended.
(231 Blockade of the renin-angiotensin-aldosterone
system (RAAS) is one of the therapeutic targets in
patients with hypertension. The most clinically rel-
evant pharmacological agents that block the RAAS
system are angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin II receptor blockers (ARBs).

Trials comparing ACEI or ARB with other anti-
hypertensive drugs, standard treatment, or placebo in
hypertensive patients have not always produced simi-
lar results with regard to the prevention of emergence
of CV outcomes. Therefore, meta-analyses perform-
ing indirect comparisons of ACEI and ARB based on
these trials do not reach homogeneous conclusions.
On the other hand, clinical trials comparing ACEI and
ARB with other drugs, which are very limited in num-
ber, generally showed no difference in primary CV
outcome. In a meta-analysis of randomized compara-
tive trials between ARBs and ACEIs conducted by
Reboldi et al., ARBs were found to be as effective as
ACEIs on risk of myocardial infarction, CV mortality,
and total mortality. It was concluded that ARB- and
ACEI-based treatments provide a similar protective
effect for overall risk of fatal CV events and all-cause
mortality, but blockade of RAAS by antagonizing An-
giotensin II receptor type 1 (AT1) stimulation might
be associated with a slightly superior cerebrovascular
protective effect than blockade of ACE. In a recent
meta-analysis of over 160,000 patients in 20 clinical
trials, van Vark et al.”! concluded that the significant
effect of RAAS inhibition on all-cause mortality was
limited to the class of ACEIs, and no mortality reduc-
tion could be demonstrated with ARBs. However,
this meta-analysis was criticized, as positive effects
of ACEIs on mortality could not be attributed only
to ACEIs since the patients in the ACEI branches of
the studies that contributed most to the overall effects
of ACEIs had not been treated only with ACEI, but
were treated with combination of ACEI and diuretics
or amlodipine.'”!

The aim of the current pppreviations:
study was to perform a me- g
ta-analysis to assess the ef-
fects of ACEI and ARB on %%
major clinical outcomes, in-
cluding all-cause death, CV  ¢v  cardiovascuiar
death, and miscellaneous HE  Hazardratio

. OR Odds ratio
CV outcomes. Analysis Was  raus  Renin-angiotensin-
performed in 2 steps: (1)
analysis of trials compar-
ing RAAS blockers vs non-
RAAS blockers and (2) analysis of randomized head-
to-head trials of ARBs vs ACEIs.

Angiotensin-converting
enzyme inhibitor
Angiotensin Il receptor
blocker

Confidence interval

aldosterone system
RR Risk ratio

METHODS

Data sources and searches

Ovid Medline, Embase, Cochrane Database of Sys-
temic Reviews, Cochrane Central Register of Con-
trolled Trials, and BIOSIS databases were system-
atically searched for articles published in English
as of December 2014. Studies were identified using
the phrase: ([angiotensin-receptor-antagonist OR
angiotensin-receptor-blocker OR azilsartan OR can-
desartan OR eprosartan OR irbesartan OR losartan
OR olmesartan OR telmisartan OR valsartan] OR
[angiotensin-converting-enzyme-inhibitor OR benaz-
epril OR captopril OR cilazapril OR enalapril OR fo-
sinopril OR imidapril OR lisinopril OR moexipril OR
perindopril OR quinapril OR ramipril OR trandolapril
OR zofenopril]) AND (cardiovascular OR mortality
OR death).

LIMIT TO “all adult (19 plus years)” AND LIMIT
TO humans AND LIMIT TO English language AND
remove duplicates.

Study selection

This study was designed according to the Preferred
Reporting Items for Systemic reviews and Meta-
Analyses (PRISMA) statement.””® No initial criterion
was established for blinding methodology or charac-
teristics of the patients in the studies or the definition
of hypertension. After assessment of full-text manu-
scripts, studies with suitable design and sufficient data
were included in the analysis.

Two sets of studies were selected:

¢ One set included randomized clinical trials
comparing a RAAS blocker (ARB or ACEI)
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with placebo or active treatment. Studies con-
ducted on hypertensive populations were in-
cluded, but studies conducted on populations
in which the patients have specific conditions
that might interfere with the effect of a RAAS
blocker on CV outcomes or death, and might
thereby contaminate the conclusion reached
with the analysis, were not included. These
populations included:

o Acute myocardial infarction
o Heart failure

o Normal blood pressure

o Hemodialysis

* Second set included head-to-head random-
ized clinical trials comparing an ARB with an
ACEI. The number of published studies com-
paring ARBs with ACEIs head-to-head is very
scarce (Early versus Late Intervention Trial
with Estradiol [ELITE]-1, ELITE-II, Optimal
Trial in Myocardial Infarction with the Angio-
tensin II Antagonist Losartan [OPTIMAAL],
Diabetics Exposed to Telmisartan and Enala-
pril [DETAIL], Valsartan in Acute Myocardial
Infarction [VALIANT], Renoprotection of Op-
timal Antiproteinuric Doses [ROAD], Hong
Kong Diastolic Heart Failure [DHF] Study, and
the Ongoing Telmisartan Alone and in Combi-
nation With Ramipril Global End Point Trial
[ONTARGET]); therefore, variations in the
study populations were intentionally ignored
and all studies meeting this definition were in-
cluded in the analysis.

The studies in both sets reported any CV outcome
parameter or death, i.e., all-cause mortality, CV mor-
tality, emergence of CV events, myocardial infarc-
tion, cerebrovascular event, stroke, heart failure, and
hospitalization for heart failure.

Data extraction and quality assessment

Two independent reviewers performed article identi-
fication and screening phases. Results were reviewed
by another investigator. Inconsistencies detected be-
tween the lists were discussed by 2 reviewers and a
semifinal list was prepared. Two independent review-
ers reviewed the full texts of the studies on the semi-
final list. The reports were evaluated by 2 reviewers
and then studies for analysis were selected.

During the full-text assessment, details of study
design, including types of study drugs, dosages, and
the duration of follow-up, as well as basic patient
characteristics, including gender, age, and concomi-
tant diseases were extracted. Risk ratios (RR) of
selected outcomes (all-cause mortality, CV mortal-
ity, emergence of CV events, including or exclud-
ing death, fatal and non-fatal myocardial infarction,
cerebrovascular event, stroke, heart failure, fatal heart
failure, and hospitalization for heart failure) were ab-
stracted or calculated.

Quality of the studies was assessed using Jadad
scoring,” which uses 3 features to determine a score
between 0 and 5. First item is related to randomiza-
tion (0, non-randomized; 1, randomized but sequence
of randomization was not reported; 2, randomized ap-
propriately). Second item is related to double-blind-
ing (0, not double-blinded; 1, double-blinded but de-
tails were not reported; 2, appropriate double-blinding
techniques were performed). Third item is related to
withdrawals and dropouts (0, number and reason for
withdrawals were not stated; 1, number and reason for
withdrawals were stated). A priori Jadad score cut-off
value for study to be included was not set.

Data synthesis and analysis

The reported eligible results in the studies, not indi-
vidual patient data, were used in this analysis, oth-
erwise calculated manually based on the results pro-
vided.

All data presented in the publications were re-
viewed critically in order to validate accuracy and
integrity. Percentages that were reported with round-
ing were re-calculated using number of patients. RR
values of some outcomes were not given in some
publications. Since RR and confidence intervals (CI)
should be known to perform meta-analysis, these un-
known values were calculated.

Data were initially entered in Excel (Microsoft
Corp., Redmond, WA, USA) spreadsheets. Precise
figures and unknown RRs and CIs were calculated
in these Excel sheets. Then, these validated final data
were transferred to software for meta-analysis.

The studies included in the analysis were per-
formed both independently and in different popula-
tions in order to test absolutely different hypotheses;
therefore, it is unlikely that the studies were function-
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ally equivalent. Consequently, random effects model
was used to estimate effect size, since this approach
would be superior to fixed-effect model to extrapolate
our results to entire population. Nevertheless, hetero-
geneity among studies was tested by using Q value
and 12 statistics to evaluate inconsistency in the re-
sults of the studies.""!

Publication bias was assessed using funnel plots
and Begg and Mazumdar rank correlation test.!'!
Funnel plot is a scatter-plot of standard error or preci-
sion of study parameter on vertical axis versus effect
size on horizontal axis.'” While larger studies tend
to cluster toward the top of the graph near the mean
effect size, smaller studies appear dispersed within a
range of values toward the bottom of the graph. When
there is no publication bias, studies analyzed are ex-
pected to be distributed symmetrically regarding ef-
fect size. On the other hand, in the presence of bias,
studies are expected to be distributed asymmetrical-
ly across mean effect size. Another method used to
evaluate presence of publication bias was Begg and
Mazumdar rank correlation test.'” This test is based
on the concept underlying funnel plots. Since large
studies can more easily be published regardless of the

treatment effect and small studies are more likely to
be published only if the treatment effect is large, an
inverse correlation between study size and effect size
might be expected. Therefore, if rank order correla-
tion (Kendall’s tau-b) between treatment effect and
standard error (used as a summary measure of sample
size) is significant, publication bias might exist.

Sensitivity of estimated effect size to possible ex-
cessive impact of individual studies was reviewed us-
ing repeated runs and omitting 1 study in each run.
RR, confidence interval and p value calculated in each
run were examined, and changes that made inferences
drawn from analysis of all studies significantly differ-
ent were noted.

All analyses were performed using Comprehen-
sive Meta-Analysis Version 2 (Biostat, Englewood,
NJ, USA) software.

RESULTS

Characteristics of the studies and patients

The abstracts of 3092 articles included in the screened
set of publications were reviewed. Total of 2835 were
excluded (76 meta-analyses, 66 design papers, 300

Records excluded
(n=2835)

Full-text articles excluded
(n=206)
CV outcome not reported (n=87)

Study population not appropriate
(acute M, heart failure, normal
blood pressure, hemodialysis)

(n=26)
Secondary analysis of studies
already included (n=93)

Records identified through Additional records identified through
s database searching references of assessed articles
g (n=3161) (n=452)
%
[
h=]
Y Y
Records after duplicates removed
. (n=3092)
[
=
® Y
g Records screened g
€ (n=3092) g
Y
Full-text articles assessed for
> eligibility >
= (n=257)
2
w
A
— Records included in qualitative
synthesis
(n=51)
o
()
s
o Records included in quantitative
- synthesis (meta-analysis)
(n=51)
Figure 1. Preferred Reporting Items for Systemic reviews and Meta-Analyses flow
diagram of study selection processes.
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Table 1. List of studies included in the analysis

» ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research Group (The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial). Major out-

comes in high-risk hypertensive patients randomized to angiotensin converting enzyme inhibitor or calcium channel blocker vs. diuretic: The Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT). JAMA 2002;288:2981-97.

Barnett AH, Bain SC, Bouter P, Karlberg B, Madsbad S, Jervell J, Mustonen J; Diabetics Exposed to Telmisartan and Enalapril Study Group. Angiotensin-receptor blockade versus
converting-enzyme inhibition in type 2 diabetes and nephropathy. N Engl Med 2004;351:1952-61.

Berl T, Hunsicker LG, Lewis JB, Pfeffer MA, Porush JG, Rouleau JL, Drury PL, Esmatjes E, Hricik D, Parikh CR, Raz |, Vanhille P, Wiegmann TB, Wolfe BM, Locatelli F, Goldhaber
SZ, Lewis EJ; Irbesartan Diabetic Nephropathy Trial. Collaborative Study Group. Cardiovascular outcomes in the Irbesartan diabetic nephropathy trial of patients with type 2 diabetes
and overt nephropathy. Ann Intern Med 2003;138:542-9.

+ Braunwald E, Domanski MJ, Fowler SE, Geller NL, Gersh BJ, Hsia J, Pfeffer MA, Rice MM, Rosenberg YD, Rouleau JL; PEACE Trial Investigators. Angiotensin converting- enzyme

inhibition in stable coronary artery disease. N Engl J Med 2004;351:2058—68.

Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, Remuzzi G, Snapinn SM, Zhang Z, Shahinfar S; RENAAL Study Investigators. Effects of losartan on renal
and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N Engl J Med 2001;345:861-9.

Bulpitt CJ, Beckett NS, Cooke J, Dumitrascu DL, Gil-Extremera B, Nachev C, Nunes M, Peters R, Staessen JA, Thijs L; Hypertension in the Very Elderly Trial Working Group. Results
of the pilot study for the Hypertension in the Very Elderly Trial. J Hypertens 2003;21:2409-17.

- Dahléf B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, de Faire U, Fyhrquist F, Ibsen H, Kristiansson K, Lederballe-Pedersen O, Lindholm LH, Nieminen MS, Omvik P, Oparil

S, Wedel H; LIFE Study Group.Cardiovascular morbidity and mortality in the Losartan Intervention for Endpoint Reduction in Hypertension study (LIFE): a randomised trial against
atenolol. Lancet 2002;359:995-1003.

Dahlof B, Sever PS, Poulter NR, Wedel H, Beevers DG, Caulfield M, Collins R, Kjeldsen SE, Kristinsson A, Mclnnes GT, Mehlsen J, Nieminen M, O’Brien E,Ostergren J; ASCOT
Investigators. Prevention of cardiovascular events with an antihypertensive regimen of amlodipine adding perindopril as required versus atenolol adding bendroflumethiazide as
required, in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm (ASCOT-BPLA): a multicentre randomised controlled trial. Lancet 2005;366:895-906.

+ Dickstein K, Kjekshus J, OPTIMAAL Steering Committee of the OPTIMAAL Study Group. Effects of losartan and captopril on mortality and morbidity in high-risk patients after acute

myocardial infarction: the OPTIMAAL randomised trial. Lancet 2002;360:752—60.

- DREAM trial investigators. Effect of ramipril on the incidence of diabetes. The DREAM trial investigators. N Engl J Med 2006;355:1551-62.
- Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N, Schrier RW. The effect of nisoldipine as compared with enalapril on cardiovascular outcomes in patients with non-insulin-

dependent diabetes and hypertension. N Engl J Med 1998;338:645-52.

+ Fox KM, for the EURopean trial On reduction of-cardiac events with Perindopril in stable coronary Artery disease Investigators. Efficacy of perindopril in reduction of- cardiovascular

events among patients with stable coronary artery disease: Randomised, double-blind, placebo-controlled, multicentre trial (the EUROPA study). Lancet 2003;362:782-8.

GISEN Group. Randomised placebo-controlled trial of effect of ramipril on decline in glomerular filtration rate and risk of terminal renal failure in proteinuric, non-diabetic nephropathy.
The GISEN Group (Gruppo ltaliano di Studi Epidemiologici in Nefrologia). Lancet 1997;349:1857—63.

GLANT Study Group. A 12-month comparison of ACE inhibitor and CA antagonist therapy in mild to moderate essential hypertension-The GLANT Study. Study Group on Long-term
Antihypertensive Therapy. Hypertens Res 1995;18:235-44.

Haller H, Ito S, 1zzo JL Jr, Januszewicz A, Katayama S, Menne J, Mimran A, Rabelink TJ, Ritz E, Ruilope LM, Rump LC, Viberti G; ROADMAP Trial Investigators. Olmesartan for the
delay or prevention of microalbuminuria in type 2 diabetes. N Engl J Med 2011;364:907—-17.

+ Hansson L, Lindholm LH, Ekbom T, Dahléf B, Lanke J, Scherstén B, Wester PO, Hedner T, de Faire U. Randomised trial of old and new antihypertensive drugs in elderly patients:

cardiovascular mortality and morbidity the Swedish Trial in Old Patients with Hypertension-2 study. Lancet 1999;354:1751-6.

» Hansson L, Lindholm LH, Niskanen L, Lanke J, Hedner T, Niklason A, Luomanmaéki K, Dahléf B, de Faire U, Mérlin C, Karlberg BE, Wester PO, Bjorck JE. Effect of angiotensin-

converting-enzyme inhibition compared with conventional therapy on cardiovascular morbidity and mortality in hypertension: the captopril prevention project (CAPPP) randomized
trial. Lancet 1999;353:611-6.

Hou FF, Xie D, Zhang X, Chen PY, Zhang WR, Liang M, Guo ZJ, Jiang JP. Renoprotection of Optimal Antiproteinuric Doses (ROAD) Study: a randomized controlled study of bena-
zepril and losartan in chronic renal insufficiency. J Am Soc Nephrol 2007;18:1889-98.

+ Hou FF, Zhang X, Zhang GH, Xie D, Chen PY, Zhang WR, Jiang JP, Liang M, Wang GB, Liu ZR, Geng RW. Efficacy and safety of benazepril for advanced chronic renal insufficiency.

N Engl J Med 2006;354:131-40.

+ Julius S, Kjeldsen SE, Weber M, Brunner HR, Ekman S, Hansson L, Hua T, Laragh J, Mcinnes GT, Mitchell L, Plat F, Schork A, Smith B, Zanchetti A; VALUE trial group. Outcomes

in hypertensive patients at high cardiovascular risk treated with regimens based on valsartan or amlodipine: the VALUE randomised trial. Lancet 2004;363:2022—31.

+ Kasanuki H, Hagiwara N, Hosoda S, Sumiyoshi T, Honda T, Haze K, Nagashima M, Yamaguchi J, Origasa H, Urashima M, Ogawa H; HIJ-CREATE Investigators. Angiotensin Il

receptor blocker-based vs. non-angiotensin Il receptor blocker-based therapy in patients with angiographically documented coronary artery disease and hypertension: the Heart
Institute of Japan Candesartan Randomized Trial for Evaluation in Coronary Artery Disease (HIJ-CREATE). Eur Heart J 2009;30:1203—-12.

Kondo J, Sone T, Tsuboi H, Mukawa H, Morishima I, Uesugi M, Kono T, Kosaka T, Yoshida T, Numaguchi Y, Matsui H, Murohara T, Okumura K. Effects of low-dose angiotensin Il
receptor blocker candesartan on cardiovascular events in patients with coronary artery disease. Am Heart J 2003;146:E20-E25.

+ Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of angiotensin-converting-enzyme inhibition on diabetic nephropathy. The Collaborative Study Group. N Engl J Med

1993;329:1456-62.

« Lithell H, Hansson L, Skoog |, Elmfeldt D, Hofman A, Olofsson B, Trenkwalder P, Zanchetti A; SCOPE Study Group. The Study on Cognition and Prognosis in the Elderly (SCOPE):

principal results of a randomized double-blind intervention trial. J Hypertens 2003;21:875-86.

Marre M, Lievre M, Chatellier G, Mann JF, Passa P, Ménard J; DIABHYCAR Study Investigators. Effects of low dose ramipril on cardiovascular and renal outcomes in patients with
type 2 diabetes and raised excretion of urinary albumin: randomised, double blind, placebo controlled trial (the DIABHYCAR study). BMJ 2004;328:495-502.

Maschio G, Alberti D, Janin G, Locatelli F, Mann JF, Motolese M, Ponticelli C, Ritz E, Zucchelli P. Effect of the angiotensin-converting-enzyme inhibitor benazepril on the progression
of chronic renal insufficiency. The Angiotensin-Converting-Enzyme Inhibition in Progressive Renal Insufficiency Study Group. N Engl J Med 1996;334:939-45.

McMurray J, Solomon S, Pieper K, Reed S, Rouleau J, Velazquez E, White H, Howlett J, Swedberg K, Maggioni A, Kaber L, Van de Werf F, Califf R, Pfeffer M. The effect of val-
sartan, captopril, or both on atherosclerotic events after acute myocardial infarction: an analysis of the Valsartan in Acute Myocardial Infarction Trial (VALIANT). J Am Coll Cardiol
2006;47:726-33.

+ NAVIGATOR Study Group, McMurray JJ, Holman RR, Haffner SM, Bethel MA, Holzhauer B, Hua TA, Belenkov Y, Boolell M, Buse JB, Buckley BM, Chacra AR, Chiang FT, Charbon-

nel B, Chow CC, Davies MJ, Deedwania P, Diem P, Einhorn D, Fonseca V, Fulcher GR, Gaciong Z, Gaztambide S, Giles T, Horton E, llkova H, Jenssen T, Kahn SE, Krum H, Laakso
M, Leiter LA, Levitt NS, Mareev V, Martinez F, Masson C, Mazzone T, Meaney E, Nesto R, Pan C, Prager R, Raptis SA, Rutten GE, Sandstroem H, Schaper F, Scheen A, Schmitz
O, Sinay |, Soska V, Stender S, Tamas G, Tognoni G, Tuomilehto J, Villamil AS, Vozar J, Califf RM. Effect of valsartan on the incidence of diabetes and cardiovascular events. N Engl
J Med 2010;362:1477-90.

Norris K, Bourgoigne J, Gassman J, Hebert L, Middleton J, Phillips RA, Randall O, Rostand S, Sherer S, Toto RD, Wright JT Jr, Wang X, Greene T, Appel LJ, Lewis J; AASK Study
Group. Cardiovascular Outcomes in the African American Study of Kidney Disease and Hypertension (AASK) Trial. Am J Kidney Dis 2006;48:739-51.

ONTARGET Investigators, Yusuf S, Teo KK, Pogue J, Dyal L, Copland I, Schumacher H, Dagenais G, Sleight P, Anderson C.Telmisartan, ramipril, or both in patients at high risk for
vascular events. N Engl J Med 2008;358:1547-59.

+ Ogihara T, Nakao K, Fukui T, Fukiyama K, Ueshima K, Oba K, Sato T, Saruta T; Candesartan Antihypertensive Survival Evaluation in Japan Trial Group. Effects of candesartan

compared with amlodipine in hypertensive patients with high cardiovascular risks: candesartan antihypertensive survival evaluation in Japan trial. Hypertension 2008;51:393-8.

- Patel A; ADVANCE Collaborative Group, MacMahon S, Chalmers J, Neal B, Woodward M, Billot L, Harrap S, Poulter N, Marre M, Cooper M, Glasziou P, Grobbee DE, Hamet P,

Heller S, Liu LS, Mancia G, Mogensen CE, Pan CY, Rodgers A, Williams B. Effects of a fixed combination of perindopril and indapamide on macrovascular and microvascular out-
comes in patients with type 2 diabetes mellitus (the ADVANCE trial): a randomised controlled trial. Lancet 2007;370:829-40.
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Table 1. List of studies included in the analysis (cont.)

- Pitt B, O'Neill B, Feldman R, Ferrari R, Schwartz L, Mudra H, Bass T, Pepine C, Texter M, Haber H, Uprichard A, Cashin-Hemphill L, Lees RS; QUIET Study Group. The Quinapril Isch-

emic Event Trial (QUIET): evaluation of chronic ACE inhibitor therapy in patients with ischemic heart disease and preserved left ventricular function. Am J Cardiol 2001;87:1058—63.

- Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, Camm AJ, Konstam MA, Riegger G, Klinger GH, Neaton J, Sharma D, Thiyagarajan B. Effect of losartan compared with

captopril on mortality in patients with symptomatic heart failure: randomized trial. The Losartan Heart Failure Survival Study ELITE II. Lancet 2000;355:1582—7.

- Pitt B, Segal R, Martinez FA, Meurers G, Cowley AJ, Thomas |, Deedwania PC, Ney DE, Snavely DB, Chang PI. Randomised trial of losartan versus captopril in patients over 65

with heart failure (Evaluation of Losartan in the Elderly Study, ELITE). Lancet 1997;349:747-52.
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Table 2 summarizes the basic characteristics of the

secondary analyses of relevant trials, and 2393 un-
related to the study hypothesis), and full text of the
remaining 257 articles was reviewed. After elimina-
tion of additional 206 articles due to inappropriate
study design or irrelevant study population (i.e., sub-
jects with acute myocardial infarction, heart failure,
normal blood pressure, or on hemodialysis), 51 trials
with 277,609 patients were included in the analysis.
Figure 1 demonstrates the flow diagram of study se-
lection processes.

Among 54 pairwise comparisons of 51 studies, 9
were ARB vs placebo studies with 57,031 patients,
7 were ARB vs non-RAAS blocker with 35,736 pa-
tients, 16 were ACEI vs placebo studies with 64,834
patients, and 14 were ACEI vs non-RAAS blocker
studies with 84,321 patients. The remaining 8 were
ARB vs ACEI studies with 36,998 patients. The list
of 51 studies included in the analysis is provided in
Table 1.

studies included in the analysis. Data from Irbesartan
Type II Diabetic Nephropathy Trial (IDNT),!*?! pilot-
Hypertension in the Very Elderly Trial (HYVET),"?
and the Bergamo Nephrologic Diabetes Complica-
tions Trial Phase A (BENEDICT-A)!'¥ studies with
more than 2 study arms were arranged to suit pairwise
group comparison. Each pairwise comparison was as-
sumed to be separate study.

Studies comparing RAAS blockers with
non-RAAS blockers

In a total of 16 studies comparing ARB with non-
RAAS blocker(s) or placebo, number of patients
ranged from 203 to 10,146 in ARB arm, and from 203
to 10,186 in control arm. Average duration of follow-
up was 2 to 6.4 years. Mean age was 58 to 76 years.
Population was 18% to 65% female (Table 2).

In studies comparing ACEI with non-RAAS
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Table 3. Heterogeneity analysis for all parameters analyzed

Outcome parameter Number of Q 12 p* Fixed-effect Random effects
studies

Rate ratio P Rate ratio P
All-cause mortality 42 46.330 11.505 0.262 0.972 0.036 0.967 0.034
Cardiovascular mortality 35 53.373 36.298 0.018 0.950 0.011 0.944 0.059
All cardiovascular events
including death 30 64.552 55.075 0.000 0.960 0.002 0.932 0.003
All cardiovascular events
excluding death 28 50.540 46.577 0.004 0.965 0.029 0.923 0.004
Myocardial infarction 28 63.674 57.596 0.000 0.932 0.002 0.915 0.044
Fatal myocardial infarction 11 6.389 0.000 0.782 0.805 0.029 0.805 0.029
Nonfatal myocardial infarction 18 26.750 36.448 0.062 0.861 0.000 0.859 0.014
Stroke 34 96.472 65.793 0.000 0.921 0.000 0.898 0.012
Stroke or cardiovascular event 37 97.967 63.253  0.000 0.921 0.000 0.899 0.007
Heart failure 20 31.387 39.465 0.037 0.910 0.000 0.893 0.006
Fatal heart failure 4 4.014 25.253 0.260 0.953 0.364 0.845 0.297
Hospitalization for heart failure 10 12.932 30.405 0.166 0.859 0.000 0.855 0.002

*P values for significance of 12. Studies included in the analysis are considered to be heterogeneous, when p value is less than 0.05.

**P values for significance of rate ratio calculated by fixed-effect model.
***P values for significance of rate ratio calculated by random effects model.

blocker(s) or placebo, number of patients was be-
tween 78 and 9,639 in ACEI arm, and 87 and 24,303
in control arm. Duration of follow-up period was 1 to
8 years. Mean age of study population ranged from 34
to 84 years (Table 2).

Random effects model was planned to estimate ef-
fect size and related statistics a priori. However, het-
erogeneity analysis was performed to check this as-
sumption that studies analyzed were heterogeneous.
As expected, 12 values were higher than 25 for most
and even higher than 50 for some outcome parameters
(Table 3). Seven of 12 outcome parameters to be ana-
lyzed had behaved heterogeneously (I2 values 36-66;
p values <0.05). RR values and p values calculated
with fixed-effect model for the 5 non-heterogeneous
outcome parameters did not change enough to alter
the conclusion. All analyses were done with random
effects model in order to be consistent throughout the
analysis.

Impact of possible publication bias was examined
by reviewing funnel plots for all 12 parameters ana-
lyzed. All studies were represented by a dot on graph
with log RR on horizontal axis and standard error of

RR on vertical axis (Figure 2). For all parameters,
studies tended to cluster symmetrically toward the top
of the plot, near the intersection of the lines guiding the
limits. Very small number of the studies was located
outside the guidelines. Appearance of the funnel plots
gave strong impression that publication bias did not
have any considerable impact. In order to confirm this
conclusion, Beg and Mazumdar rank correlation test
was performed (Table 4). All correlation coefficients
(tau-b) were quite small and mostly very close to 0.
All p values were well over 0.05, denoting that there
were not any significant correlations between RR and
standard error of RR for any parameter. These results,
along with the funnel plots, indicated that there was
not a significant problem of publication bias.

Forest-plot for all-cause mortality demonstrat-
ing RR values and 95% CI of all individual studies
comparing RAAS blockers with non-RAAS blockers
along with Z and p values is presented in Figure 3. As
seen, overall RR value is 0.967 with 95% CI of 0.937
and 0.997 (p=0.034). This might be translated to a sta-
tistically significant 3.3% decrease in all-cause mor-
tality, when RAAS blocker is administered instead of
non-RAAS blocker.
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Figure 2. Funnel plots for all parameters analyzed.

The forest-plot for all CV events, including death, = RR value is 0.932 (95% CI: 0.890-0.977; p=0.003).
for studies comparing RAAS blockers with non-  Therefore, it might be suggested that statistically sig-
RAAS blockers is presented in Figure 4. Overall nificant 6.8% decrease in incidence of all CV events,

Table 4. Analysis regarding publication bias: Begg and Mazumdar rank correlation test

Outcome parameter Number of studies Kendall’s tau b p*

All-cause mortality 42 0.028 0.397
Cardiovascular mortality 35 -0.020 0.432
All cardiovascular events including deaths 30 0.035 0.394
All cardiovascular events excluding deaths 28 0.058 0.332
Myocardial infarction 28 -0.061 0.325
Fatal myocardial infarction 1 0.073 0.378
Nonfatal myocardial infarction 18 -0.039 0.410
Stroke 34 -0.075 0.267
Stroke or cardiovascular event 37 -0.107 0.177
Heart failure 20 0.184 0.128
Fatal heart failure 4 -0.167 0.367
Hospitalization for heart failure 10 -0.222 0.185

*P values (one-tailed) for significance of Kendall’s tau b. Publication bias is considered to be significant when p value is less than 0.05.
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Figure 3. Forest plot of risk ratio for all-cause mortality: RAAS blockers vs non-RAAS blockers.
ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; RAAS: Renin-
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Figure 4. Forest plot of risk ratio for all cardiovascular events: RAAS blockers vs non-RAAS
blockers. ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker;

including death, occurs when RAAS blocker is admin-
istered rather than non-RAAS blocker. Forest-plots
for myocardial infarction, stroke and heart failure for

studies comparing RAAS blocker and non-RAAS
blocker comparisons are presented in Figures 5 to 7).
Overall RR values were 0.915 (95% CI: 0.840-0.997;
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p=0.044), 0.898 (95% CI: 0.827-0.976; p=0.012),
and 0.893 (95% CI: 0.825-0.967; p=0.006), respec-
tively. These results should be read as statistically
significant decreases of 8.5%, 10.2%, and 10.7% in
incidence of myocardial infarction, stroke, and heart

failure, respectively, when RAAS blocker is adminis-
tered instead of non-RAAS blocker.

Overall RRs, confidence intervals and p values
were summarized in a single forest-plot (Figure 8).
As seen, RR values for all outcome parameters were
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Figure 5. Forest plot of risk ratio for myocardial infarction: RAAS blockers vs non-RAAS blockers.
ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; RAAS: Renin-
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Figure 6. Forest plot of risk ratio for stroke: RAAS blockers vs non-RAAS blockers. ACEI: Angio-
tensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; RAAS: Renin-angioten-
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found to be lower than unity, indicating that RAAS
blockers have positive effects in terms of death and
CV outcomes when compared to non-RAAS blockers
or placebo. RR for 10 of 12 outcome parameters ana-
lyzed was significantly lower than unity; CV mortal-
ity (RR: 0.944; 95% CI: 0.889-1.002; p=0.059) and
fatal heart failure (RR: 0.845; 95% CI: 0.617-1.159;
p=0.297) were not. In addition to all-cause mortality
mentioned in the above paragraph, percent reduction
in emergence of events was 7.8% for CV events, 8.5%
for myocardial infarction, 19.5% for fatal myocardial
infarction, 10% for stroke, 11% for heart failure, and
14.5% for hospitalization for heart failure.

In order to test excessive impact of individual

study, all analyses were run repeatedly, omitting 1
study in each run. For all-cause mortality, overall RR,
which was 0.967 (p=0.034), increased slightly and p
values exceeded significance limit of 0.05 when 7 of
42 studies (Heart Outcomes Prevention Evaluation
[HOPE],™ Losartan Intervention For Endpoint re-
duction in hypertension [LIFE],/'¥' Second Australian
National Blood Pressure Study [ANBP-2],'"! Preven-
tion of Events with Angiotensin-Converting Enzyme
Inhibition [PEACE],!"® Anglo-Scandinavian Cardiac
Outcomes Trial-Blood Pressure Lowering Arm [AS-
COT-BPLA],™ Action in Diabetes and Vascular dis-
ease: Preterax and Diamicron MR Controlled Evalu-
ation [ADVANCE],™ or Nateglinide and Valsartan
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Figure 7. Forest plot of risk ratio for heart failure: RAAS blockers vs non-RAAS blockers. ACEI:
Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; RAAS: Renin-angio-
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Figure 8. Forest plot of overall risk ratios for all parameters analyzed: RAAS blockers vs non-RAAS
blockers. ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; CV:
Cardiovascular; RAAS: Renin-angiotensin-aldosterone system.
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Figure 10. Forest plot of overall risk ratios for all parameters analyzed: ARBs vs ACEls. ACEI:
Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; CV: Cardiovascular;

Impaired Glucose Tolerance Outcomes Research
[NAVIGATOR]?Y) were omitted individually in each
run (RR range: 0.969-0.979; p values: 0.054-0.136).

Significant RR values corresponding to all CV
events, including death, all CV events excluding death,
stroke, stroke or CV event, heart failure, and hospital-
ization for heart failure were insensitive to omission of
any studies analyzed. On the other hand, overall RR for
fatal myocardial infarction, 0.805 (p=0.029), became
non-significant when 3 of 11 studies (Captopril Pre-
vention Project [CAPPP],? European Trial on Reduc-
tion of Cardiac Events with Perindopril in Patients with
Stable Coronary Artery Disease [EUROPA],*! and the
Non-insulin-dependent Diabetes, Hypertension, Mi-

croalbuminuria or Proteinuria, Cardiovascular Events,
and Ramipril [DIABHYCAR] study?*) were omitted
individually at each run (RR range: 0.812-0.843; p
value: 0.052-0.110). For myocardial infarction, overall
RR, which was 0915 (p=0.044), became non-signifi-
cant when 14 of 28 studies were omitted 1 at each run
(RR range: 0.916-0.929; p value: 0.050-0.098). For
nonfatal myocardial infarction, overall RR of 0.859
(p=0.014) became non-significant when 1 of 18 studies
(EUROPA) was omitted (RR=0.872; p=0.051).

Studies with head-to-head comparison of ARB and
ACEI

Among 8 head-to-head ARB vs ACEI studies, the
number of patients ranged from 56 to 8,542 in ARB
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arm and from 45 to 8,576 in ACEI arm. Average dura-
tion of follow-up was 1 to 5 years. Mean age of popu-
lation was between 51 and 75 years. Except for Hong
Kong DHF™ study, which included 66% females in
ARB arm and 60% females in ACEI arm, study popu-
lations had more male patients than female patients
(61%—-74% male). Among these 8 studies, the patients
had heart failure in 5 studies, renal failure in 2 studies
and high CV risk in 1 study.

Separate forest-plots are provided in Figure 9 for
major outcome parameters. Although these studies
had differences in terms of study populations, results
of CV outcome analysis were mostly consistent. RR
for all-cause mortality was significantly different
from unity in just 1 study (ELITE-I study), which was
reported to be 0.540 with p value of 0.031. RR for
all other CV outcome parameters in ELITE-I study
and RR for all CV outcome parameters (including all-
cause mortality) in other 7 studies ranged from 0.85 to
1.39, with no statistically significant difference from
unity. Overall RRs, CIs and p values are summarized
in a single forest-plot (Figure 10). As seen, RR values
for all outcome parameters were found to be within
narrow range around unity, with all p values higher
than 0.05, even higher than 0.10, except for heart fail-
ure. These findings indicate that ARBs and ACEIs do
not differentiate from each other in terms of all-cause
mortality, CV mortality, CV events, myocardial in-
farction, stroke, or heart failure, and effects of treat-
ment with ARBs or ACEIs are likely to be comparable
with no statistically significant RR.

DISCUSSION

The effects of a treatment on a specific clinical out-
come cannot be proven easily with a single random-
ized clinical trial. This is due to low statistical power
of analysis for non-primary parameters due to a sam-
ple size that is too small. Meta-analysis is a useful
way to overcome this problem, because when the data
from many randomized clinical studies are pooled in
a single population, the sample size and, hence, sta-
tistical power increases.!'”! The pooled samples, how-
ever, should be as homogeneous as possible in order
to make valid inferences. The main approach to avoid
this very common problem is to build a fair and objec-
tive strategy to select studies with comparable study
designs and populations. However, comparison of in-
comparable studies in meta-analysis, which leads to

invalid results, is a common problem in the literature.
Incorrectly designed meta-analyses cause misleading
conclusions to be drawn, not only as result of original
invalid results, but also because they form the basis
for further studies or papers.

In our meta-analysis, we did not include clinical
trials that had been conducted on patient populations
with acute myocardial infarction, heart failure, or
those undergoing hemodialysis, as these conditions
might interfere with the effect of RAAS blockers on
CV outcomes. Although studies of patients with acute
myocardial infarction were not included, effects of
RAAS blockers on prevention of acute myocardial
infarction have been studied in other patient popula-
tions. Studies of normotensive populations were also
excluded, as normal blood pressure levels would also
influence effect of RAAS blockers on CV outcomes.
Thus, efforts were made to avoid heterogeneity prob-
lem in pooling the samples.

There have been numerous clinical trials focus-
ing on effects of ACEIs and ARBs in hypertensive
patients who are at high risk for CV or cardiometa-
bolic abnormalities. In some clinical trials, it has
been claimed that ACEIs have beneficiary effect on
reducing mortality, myocardial infarction, stroke,
and new-onset congestive heart failure. Meanwhile,
ARBs offer more improved blockade of the RAAS
system than ACEIs, thus they are expected to have
positive effects on CV outcomes in populations with
heart failure or other comorbid CV conditions. Cur-
rent meta-analyses comparing ARBs and ACEIs
present varying results, depending on the clinical tri-
als they include. ARBs and ACEIs were reported to
be equally effective in reducing risk of myocardial
infarction, CV mortality, and total mortality,*?627 in
the prevention of atrial fibrillation®® and in the reduc-
tion of newly diagnosed type 2 diabetes incidence;?”!
ARBs were found to be more effective than ACEIs in
stroke prevention."*!

A meta-analysis of nine randomized trials compar-
ing treatments in 62,605 hypertensive patients also did
not show beyond-blood pressure-lowering benefits of
ACEIs.P In a recent meta-analysis, it was suggested
that risk of emergence of major CV outcome param-
eters (mainly heart failure, but also stroke, coronary
heart disease, and CV all-cause mortality) was signifi-
cantly reduced with 10/5 mmHg reduction in systolic
and diastolic blood pressures, regardless of class of
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antihypertensive treatment.®"! In a Cochrane Library
review conducted by Xue et al.,”*” benefits and harms
of first-line RAAS inhibitors were compared to other
first-line antihypertensive drugs in patients with hy-
pertension and it was reported that they are compa-
rable in terms of all-cause of mortality. In the review,
the authors emphasized that first-line thiazides caused
less heart failure than first-line RAAS inhibitors and
that RAAS inhibitors reduced heart failure but in-
creased stroke when compared with first-line calcium
channel blockers.

In a meta-analysis of randomized clinical trials of
RAAS inhibitors involving 158,998 patients reported
by van Vark et al.,”! effects of ACEIs and ARBs on
all-cause mortality were evaluated. Findings of the
study demonstrated that RAAS inhibition was asso-
ciated with 5% reduction in all-cause mortality and
7% reduction in CV mortality resulted entirely from
ACElIs, which were associated with a significant 10%
reduction in all-cause mortality, whereas no mortality
reduction could be demonstrated with ARB treatment.
Thus, it was concluded that in patients with hyper-
tension, treatment with an ACEI results in significant
further reduction in all-cause mortality' and the con-
clusion about ARBs was found to be consistent with
another large recent meta-analysis of 37 ARB trials,”*”
which also failed to detect any reduction in all-cause
or CV mortality. Additionally, Donzelli® also com-
mented in a letter-to-the-journal published electroni-
cally on the website of the journal, that the conclusion
about ACEIs was strongly biased, as the trials that
showed the largest benefit for ACEIs in the meta-anal-
ysis conducted by van Vark et al.”! (ASCOT-BPLA **!
HYVET"* and ADVANCE"™") used treatment proto-
cols in which ACEI was second-line.

In a recent report, when Kizilirmak et al.®** re-an-
alyzed the van Vark data, HRs for all-cause mortal-
ity and CV mortality were found to be 1.00 (95% CI:
0.96-1.05; p=0.86) for ACEI vs control group, and
0.98 (%95 CI: 0.94-1.03; p=0.47) for ARB vs control
group, indicating that there were not any significant
differences between effects of ARBs and ACEIs on
all-cause and CV mortality.

A meta-analysis performed by Reboldi et al.™
compared effects of ARBs and ACEIs on risk of
myocardial infarction, stroke, CV mortality, and
total mortality using the data of 6 trials on total of
49,924 patients. Results of the analysis revealed no

significant differences between ARBs and ACEIs on
risk of myocardial infarction (odds ratio [OR]: 1.01;
95% CI: 0.95-1.07; p=0.75), CV mortality (OR: 1.03;
95% CI: 0.98-1.08; p=0.23), and total mortality (OR:
1.03; 95% CI: 0.97-1.10; p=0.20). Risk of stroke was
slightly lower with ARBs than ACEIs (OR: 0.92; 95%
CI: 0.85-0.99; p=0.037). Thus, it was concluded that
ARB and ACElI-based treatments provide similar pro-
tective effect on risk of fatal CV events and all-cause
mortality, but that blockade of RAAS by antagonizing
AT1 receptor stimulation by angiotensin II may be as-
sociated with slightly superior protective effect than
blockade provided by ACEL™

Findings of the meta-analysis conducted by Re-
boldi et al.*! are consistent with 2 large observation-
al studies.™ The first study, which compared rates
of hospitalization for acute coronary syndromes of
ARB and ACEI users concluded that ARBs offered
approximately 11% greater relative risk reduction
compared to ACEIs.’*! The second study, evaluating
29,357 hypertensive patients using ARB or ACEI,
found that patients receiving ARB had an 11% lower
risk of major CV or renal event than those receiving
an ACEL.1®

In the present meta-analysis, our aim was to re-
evaluate the data of trials included in the analysis by
Reboldi et al. along with those of recent trials to
examine whether ARBs and ACEIs provide similar
protective effects on risk of all-cause mortality and
CV events. Our data revealed that ARBs and ACEIs
have comparable benefits for patients with hyperten-
sion considering all-cause mortality, CV mortality,
CV events, myocardial infarction, heart failure, and
stroke. In our study, the HRs for all-cause mortal-
ity and CV mortality were 1.03 (95% CI: 0.94-1.12;
p=0.561) and 1.04 (95% CI: 0.94-1.16; p=0.411), re-
spectively. In the Reboldi et al. meta-analysis (4), OR
for all-cause mortality was reported as 1.03 (95% CI,
0.98-1.08; p=0.178) and that of CV mortality as 1.03
(95% CI,0.98-1.08; p=0.227). Thus, our results seem
to be in accordance with those reported by Reboldi
et al.*! The second major finding of our analysis is
that blockade of the RAAS (by use of either ARBs
or ACEIs) is significantly superior to other treatments
in terms of effects on risk of all-cause mortality, CV
mortality, CV events, myocardial infarction, heart
failure, and stroke. According to our results, compari-
son of ARBs/ACEIs with non-ARB and non-ACEI
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leads to HR of 0.94 (95% CI: 0.91-0.97; p=0.000)
for all-cause mortality, and 0.91 (95% CI: 0.87-0.96;
p=0.000) for CV mortality.

In conclusion, the current meta-analysis implies
that ARBs and ACElIs have similar benefit for CV out-
comes in patients with hypertension and are superior
to treatments other than ARBs and ACEIs.

Limitations

The present study has the limitations that apply to all
meta-analyses. Although meta-analysis is the best way
of summarizing vast amount of randomized clinical
trials in literature to produce a single estimate of the
effect of a treatment, the disadvantages of meta-anal-
yses should always be considered. The main limita-
tion is the heterogeneity of the studies included. Other
limitations common to all meta-analyses are publica-
tion bias and lack of patient-based data. In order to
overcome heterogeneity, we applied random effects
model for all analysis.

A further limitation of this manuscript is the lack
of studies published after the search of the literature
had been completed. This is also a common problem
experienced with this kind of meta-analysis with a
large volume of data, because data synthesis, analysis,
and reporting stages take considerable time and stud-
ies may be published in the interim before the manu-
script is ready to be published.
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