Wanas et al. BMC Cardiovascular Disorders (2020) 20:188
https://doi.org/10.1186/s12872-020-01466-5 BMC Ca rdiovaSCU|ar Disorders

RESEARCH ARTICLE Open Access

Assessing the risk of angiotensin receptor ®
blockers on major cardiovascular events: a
systematic review and meta-analysis of
randomized controlled trials

Yara Wanas'", Rim Bashir'", Nazmul Islam?” and Luis Furuya-Kanamori'

Check for
updates

Abstract

Background: Angiotensin receptor blockers (ARBs) are commonly used as a treatment for many cardiovascular
diseases, but their safety has been called into question. The VALUE trial found an increased risk of myocardial
infarction in participants receiving ARBs compared to other antihypertensive. The aim of the meta-analysis was to
synthetize the available evidence of randomised controlled trials (RCTs) and elucidate if ARBs increase the risk of
cardiovascular events.

Methods: A comprehensive search was conducted to identify RCTs that assessed the safety of ARBs. Titles and
abstracts of all papers were independently screened by two authors. Data extraction and quality assessment were
also performed independently. The relative risk (RR) of all-cause mortality, myocardial infarction, and stroke were
pooled using the IVhet model. Multiple sensitivity analyses were conducted to assess the effect of ARBs by
restricting the analysis to different participants’ characteristics.

Results: Forty-five RCTs comprising of 170,794 participants were included in the analysis. The pooled estimates
revealed that ARBs do not increase the risk of all-cause mortality (RR 1.00; 95%CI 0.97-1.04), myocardial infarction
(RR 1.01; 95%CI 0.96-1.06), and stroke (RR 0.92; 95%CI 0.83-1.01). The sensitivity analysis did not yield a particular
group of patients at increased risk of cardiovascular events with ARBs. Risk of all-cause mortality and stroke
decreased with ARB when the proportion of smokers in a population was < 25% (RR 0.91; 95%Cl 0.84-0.98) and in
females (RR 0.76; 95%Cl 0.68-0.84), respectively.

Conclusions: ARBs do not increase the risk of major cardiovascular events and are safe for use in patients.
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Background

Cardiovascular diseases (CVDs) remain one of the most
prevalent non-communicable diseases and impose a
great burden on the healthcare systems. Globally, an es-
timated 16.7 million deaths in the year 2010 were attrib-
uted to CVD with projections showing a staggering 23.3
million deaths by 2030 [1]. Hypertension is the leading
risk factor for CVD and it is associated with 57 million
disability adjusted life years (DALYs) worldwide [2].

It is well known that the risk of major cardiovascular
events can be reduced by a wide spectrum of antihyper-
tensive drugs including angiotensin receptor blockers
(ARBs) [3]. This type of drug works by inhibiting the
angiotensin II receptors, thus causing systemic vasodila-
tation, thereby aiding in the reduction of blood pressure
[4]. ARBs are one of the most common drugs used for
controlling blood pressure, treating heart failure, and
preventing kidney failure in people with diabetes or
hypertension [5]. However, the safety of ARBs in com-
parison to other anti-hypertensive medications has been
called into question.

The VALUE trial found that ARBs (valsartan) in-
creased the risk of myocardial infarction (fatal and non-
fatal) by 19% compared with calcium channel blockers
(amlodipine) [6]. This observation led many researchers
to examine cautiously the evidence surrounding ARBs
and myocardial infarction. For example, the point esti-
mate of the CHARM-alternative trial suggests a 36% in-
crease in myocardial infarction with candesartan (versus
placebo) regardless of the reduction in blood pressure
[7]. On the other hand, the TRANSCEND trial found an
8% decrease in risk of cardiovascular admissions for
those on telmisartan compared to placebo [8].
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Angiotensin-converting-enzyme (ACE) inhibitors are
known to have a cardioprotective effect and the safety
profile of ACE inhibitors have been shown not to differ
from ARBs [9]. Hence it was unclear the mechanism
that could explain an increase in risk of myocardial in-
farction with ARBs. Due to the wide use of ARBs for
many CVDs and the contradictory results, we decided to
conduct a systematic review and meta-analysis of rando-
mised controlled trials (RCTs) to elucidate the cardio-
vascular safety profile of ARBs.

Methods

Findings of this systematic review and meta-analysis are
presented according to PRISMA reporting guidelines
[10].

Search strategy and selection criteria

A systematic search was conducted in PubMed in Sep-
tember 2018. The following search terms were included:
randomized controlled trial, angiotensin receptor antag-
onist, cardiovascular disease, and mortality. The full
search strategy is shown in the supplementary material
(S1). To achieve a comprehensive evaluation of the pub-
lished evidence, the systematic search was supplemented
with a similarity search (i.e. the first 20 related citations
of each included paper) as well as hand search of the ref-
erence lists of relevant studies. Titles and abstracts were
uploaded on Rayyan (http://rayyan.qcri.org/) [11] for the
screening process. Two authors (YW and RB) independ-
ently screened all the records by title and abstract. Dis-
agreements were resolved through author consensus and
involvement of a third author (LFK).

Records identified Additional records
through database identified through other
searching: 1487 sources: 640

Identification

A

Records after duplicates removed: 1786

Screening

Records screened by title/abstract: 1786

Records excluded: 1312

Eligibility

Full-text articles assessed for eligibility: 474

P Full-text articles excluded: 430

l

Articles included: 44

Studies included in the quantitative analysis: 45*

Included

Fig. 1 PRISMA flow diagram of study selection



http://rayyan.qcri.org/

Page 3 of 12

(2020) 20:188

Wanas et al. BMC Cardiovascular Disorders

Adelayy uolsuauadAy [og] (60027)

61 SC 99 08 0S gyv-UoN uepesapued) ueder Ul S9UD | pue aseasip A1a1e A1euoiod Yum siuaned JLYID-MIH

(67]

dN 8¢ 89 9 cl 0ga2e|d ueuesiep Aley Ui sanusd 00l uole||Uqy [eL1e Jo AIoIsiy yum sausiied  (6007) 4Y-ISSID

(8]

dN dN Lz 69 €C |udoided UeLBSOT  SIIUNOD 9f Ul S9A1USD 68¢ %0% >43AT PUe 4HD YlM Sslusiied (0002) 1131113

edpBaWY YINog pue ‘adoing a

dN dN v/ /9 €l judode) Ueneson VSN 8y Ul sa1ued 67| 9%0% >43A7 pUe 4HD YHMm siusiied (L661) IL13

Adesayy Juauwleduwl [o7]

181 dN /9 65 AS gdv-UON uepesopued ueder ‘ewelies Ul saJ3uLD [eua pliui pue uoisuladAYy yum siusiied  (S002) ¥-150D-3

Adesayy (s

4N N 4N 8y /€ gyv-UoN uepesapue) ueder ‘eulelIRS Ul S9USD) uolsuspadAy yum siusied  (5002) 1SOD-3

[vc] (8000) ¢

50T 67 /5 05 95 ogade|d uepesapued) SPIMPIOM S21IUSD 60 Ayredoupal pue sa1aqelp ¢ 2dA1 yum siuaned  1991014-10341d

[S1] (8000) L

9381 ST 143 /5 95 0gade|d ueuesapue) SPIMPIOM SIUSD 60E Ayredounal pue sa1aqelp | 2dA yum swusneq  192104d-103410

[S1] (8000) L

81 v 0g 95 95 ogade|d ueuesapued) SPIMPIOM S1IUSD 60E Ayredounal ou e sa1ageIp | 9dA1 Yum siusned  1UsAld-1D34Id

adoing €

€7t I€ 19 ¢/ 09 judejeus ueesIwR | ulayHou Ul sanudd 6¢  Ayiedoaydau pue snijjjaw sa1agelp Yum siuaned  (£002) TIv.L3Ia

[c2] (0L00)

4N YN €9 06 og ogade|d ueues|we | AJey| ur soiuip o€ sisAjlelpowaey Ul pue 44D Yum siusied e 19 22D

(12l (€002)

paAIRSId

UN 6C 9 09 L€ 0geld UeleSOPURD  S9IUNOD 97 Ul S211USD 819 OF <43AT PUB 4H Yum siualied -NYVHD

[£] (€000)

SARUIRYY

dN 8¢ /9 89 143 0ga2e|d ueyesspue)  S8MIUNO0D 97 Ul S211ULd 819 %0v >4IAT pue 44D dnewordwiAs yum syusiied -NHYHD

[02] (€002)

dN 8¢ 79 6/ % 0g2¢|d ueyesspued) - S9lUN0D 9¢ Ul S9NUD 819 O >43A7 pUe 4HD Yim siusiled  PIpPY-INYVYHD

(61]

4N 4 9SS Iy suidipojuy uepesspued  ueder woly suepisAyd /z§ uoisuauRdAY YsU-ybly yum siusned  (8007) -3SYD

Adesayy ueder 81]

4N v 59 6/ St gyv-UoN ueues|ep "BWIIYSOIIH Ul S213UD § 1UD1s AIRUOIOD B PaAIDRI 1By} SIuded (1107) d4vD

(1]

dN 6¢ 0L 19 vS 0ga2e|d uenesag| SPIMPHOM S313U9D 009 uone||uqy [eu1e yum siusied  (1107) | JAILDY
gyy Inoym uonejuedwi

UN T 69 ¢/ 9f 2D plepuels ueyesapued) ueder Ul SaUD 6€ JU3)s Aleuolod Jaye gH| Yyum siuaned 911 (9102) Db

(p/Buw)
[0S0y (LW/BY) (sJeak) abe (%) (sypuow ui) uopnedlgnd Jeak
UBSN [INg UeSy Ueipawl / uesly  djely  dn mojjo |03U0D UONUSAIRIU| Bumag uoleindod ‘dWeu [el|

sisAjeue-e1aW 2yl Ul Papnppul S1OY Y3 JO sdnskia1deIey) | ajqelr



Page 4 of 12

(2020) 20:188

Wanas et al. BMC Cardiovascular Disorders

UN 4N 1/ ]S 9 ogae|d ueyesapued) adoing ul s911UD 9| 940115 SINE YIM SuSlied (1102) 1SVYDS
BUIYD Ul UOISINI fuspynsul [¥]
/6 €T 0S €9 i |lidazeusg ueLRSOT [eusy |endsoH buejuen [EUSJ DIUOIYD pue eunuiRlold yum siusiied (£/002) YOy
(o]
8¢C 0¢ 09 €9 s Ogeoe|d ueLeso]  S9lIUNO0D 87 Ul Ss2AU9d 0S¢ Ayredolydau pue se1eqeip yum siusied  (1L007) TVYNIY
(S¥]
4N a4 99 9 0¢ OQgo2eld uelesie]  SelluNod G¢ Ul S1usd G69 0115 DJWILYDS| JUSII B YUM SIUSIled  (8007) SSI40dd
Buoy [v]
807 4 65 69 8¢ ogade|d uepesaw|O  BuoH pue ueder ul sa11udD) eunuUI1oId UM SN1j|W S313geIp Yum siuslled  (1107) INIIHO
SoLIUNOD 2INn|lej 1esy [e¥] (€00T)
1z Vad /9 69 Ge |idoyded ueneso ueadoin3 / Ul $913UD 6ZE pUB UONDJBJUI [BIPJEDOAW 91NJE YLIM Sjuslied IVVYINILIO
_UPLIBSIWIS)
+ |udiwel obewep UebBIO-pUS YUM $219GRIP 10 3Ses|p [ei] (8007)
061 8z 99 [/ 95 10 |udiuey UBLBSIWID]  S9MIUNOD O Ul S2IIUD €€/ JeNdSeA0IGRID ‘|esaydiad ‘A1euoiod yim siuaiied 1394VINO
Adessyy ueder ‘emeunto [L¥] (€102)
<] T 09 29 09 gyVy-UoN uepesaw|o Ul $213Udd SISAjeIp 99 SISAjeIpowaey Ul pue uoisuaLadAY Yim siualied SNdO.1D0
(o] (01020)
01z Ks 9 67 09 ogae|d UeleS|EA  SILIUNOD Of Ul S213USD 908 9dueJa|0} 3500N|6 paliedull Yum siusiied HOLVOIAYN
elisny [6€]
UN 87 89 e S suidipaiiN ueuesoldy pue AUewla9) Ul Sa1U9) syuaned aAIsuUsIRdAY 3suU-ybiH (5002) SISOW
BIARUIPUBDS pUB YN 3yl AydoupadAy
[454 8¢ /9 ISi% 8S [Ojous1y ueyeso VSN 9yl Woy senusd O£y JBINDUIUSA Y| pue UOISUSLRAAY yum siuaned  [8€] (¢002) 341
Adesayy ueder [£€] (6007)
N 6€ 99 /5 6€ gyVy-UoN ueues|ep '0J0AY WO S21UDD | € uolsuspadAy pajjoauodun Yyum siusied  14vIH OLOAM
uenesapued
noyum ueyesspued ueder [9¢] (€002)
/81 T 59 9/ 7 218D plepuels + 24ed piepuels U [eudsoH [edpiunpy pebo uonuUSAIRIUL A1RUOIOD JO AI0ISIY YLM SIudlied ‘|e 19 OpuUOY
[5€1 (L102)
N UN 99 69 7l sudipojuy ueyesapued) ueder Ul S211U3D g uole||q [elle pue uoisuauadAy yim syuaned Il WHLAHY-T
eLINUIWNG|B-0IDIW [rel
a4 o€ 85 69 T ogade|d queesaq) SPIMPJIOM S2JIUDD 96 PUB ‘SN1jj[aW S313geIp ‘UoIsuauadAy yum siusned  (1007) Z-VINYI
[€€] (8000)
dN 0¢ L or 0s 0geoe|d uenesaq| $9LIUN0D G Ul saiius) %G5¥ < 43A7 PUB 4HD UM siusiied IAG3SIdd-|
eluRadQ pue
'BISY 1583 YINOS ‘edlawy
.00ae(d Jo upe ‘adoing ‘edlswly 43
N 1€ 65 9 1€ audipojuy uenesag| UUON 9y3 Ul selua)  Ayredolydau pue sniijjaw $319GeIp Yim siualied (€002) INQI
3p1ZeIY10I0|YD0IPAY (1€l
10T Yad 99 S /9 ogade|d + UBMESIPURD)  SILIUNOD |7 Ul S9IUDD 87C 3SU JB[NDSBAOIPIED 1BIPaWLIRIUl YIM SIUdled  (9107) €-3dOH
(1p/bw)
|0J2153]0Yd (;w/6) (sJeak) abe (%) (sypuow ui) uopnedlgnd Jeak
UB3)\ [N UeS)y Uelpawl / uesy  dely  dn mojjo4 [l BhUENEN]] Bumag uone|ndod ‘SUleU el

(panuu0d) sisAjleue-L1aL U1 Ul PIPN|PUL S1DY dY3 JO Soispeiey) | djqel



Page 5 of 12

(2020) 20:188

Wanas et al. BMC Cardiovascular Disorders

papnpoxa sem dnoib |udorded + uenesjea ‘sdnoib uonuaaiRIul 921YL (£00T) INVITYA,

papndxa sem dnoib uenesiwial + Judiwel ‘sdnob uonuaAIRlul 93141 (8007) LIDYYLINO,

paulquod a19m Ajlep b 0og ueuesaqul pue Ajlep bw gL uelesaqal ‘sdnosb uonusaiIul oM] (L00T) YNNG
papnpdxe sem dnoib ogadeld ‘sdnoib [0iuod om] :(£00Z) LNdle

pauiodal JON YN ‘UOIIdel) UOIIIRS JBINDLIUSA-1DT JIAT ‘OSeIsIp Leay dIWaeyds| gH/ ‘2in|ie} Leay aAnsabuod JHD ‘s19320|q Joidadal || uisualolbuy gyy ‘@wAzus buisAuod-uIsudloIbuy IOV

1USAD 9]
UN 6¢C /9 85 05 auidipojwy ueynes|ep S9LIUNOD € Ul S2J1U9D)  DeIPJED JO ¥sU ybly pue uoisuauadAy yim siuaned #002) INTVA
%S€ > 43A1 [95]
N Yad 59 8/ (o4 pludoyded UBLBS[EA  SILIUNOD $7 Ul S2IUD | €6 pue UOoMDIejUl [eIPJeDOAW JUSD3) YUM SIUSied  (£007) INVITVA
[sS]
dN 4N €9 08 4 0geoe|d ueuesieA  SalUNOd 9| Ul Saiued 70g 2injiej Lesy yum siusied  (1002) 149H-|eA
Adessyy [¥S] (6002)
N 4N €9 €8 9 Jouqiyul PV ueyles|ep ueder uj S2USD UONDJBUI [BIPIEDOAW 3INJE LYIIM SIUlied JYNLINIA-L
SI0}IQIYUl JDY O} JURIS|OIUI
pue ‘sbewep uebHIO-puUS YMm $919GeIP 10 3Ses|p [€5] (8007)
/61 T4 /9 /5 ol ogaoe|d UBMESIWID]  SHIUNOD Of Ul S2USD O£  JBINISPACIGR.D ‘[elayduad ‘AIpUOIOD Ylm Sluaiied ANIDSNVHL
ueder sishjeipowaey [zS] (9007)
N 0z 19 86 6l BuIyioN ueyesapued) ul [e3dsoH [esauan) nysu3 YIM pa1easl ainjiey ASUpPI Yim siusiied  [e 13 1yseyede]
ueypes|eA
Adesayy 10 ‘uepeSSpURD ueder SISAjelpowaey [15] (8007)
/S| 1T 09 65 o€ gyy-UoN ‘UelIBSOT  ‘BUIBYIES Ul S9IUD SISARIP § UM pareaiy ainjie) ASUpBy Yyim syuaiied ‘|e 19 Knzng
Adesayy [05] (5L02)
4N 14 99 SL €S gyv-UoN uepesaw|Q  ueder MYOYOL Ul S2UD /| 4HD pue uoisuanadAy yum siusned 140ddNns
aInssald 6]
6£C [T 9/ 9¢ 94 0g°¢|d uelesspued adoing ul sanud /7§ pOOIq pajens|e S1elopow O PjiLU YHM Siusiied (€002) 3dODS
(8]
(1p/6w)
|0J2153]04d (;w/B) (sJeak) abe (%) (sypuow ui) uopnedlgnd Jeak
Ue3)\ [N UeS[y Uelpawl / uespy  dely  dn mojjo4 [V} BhUENEN]] Bumag uoine|ndod ‘SUleU el

(panuu0d) sisAjleue-L1aU U1 Ul PIPN|AUL S1DY dY3 JO Soisp1eIey) | djqel



Page 6 of 12

(2020) 20:188

Wanas et al. BMC Cardiovascular Disorders

4N SL LE 0 69 9¢ LSl 0S clL eyl (8002) 13DHYINO
00l L 43 N 00l 59 SGlL N N [1¥7] (€102) SNdO1D0O
Ll 4 (514 N 8L 68 LGl 0S /21 [0v] (0102) YHOLVYDIAYN
¥'S 9C LE 9¢ 001 aN SN dN aN [6€] (5002) SISOW
N 9l €l 0 00l 78 4N 85 4N [8¢€] (¢002) 3417
[L€]

dN € L L 001 8L 6v1 S L (6007) L4Y3IH OLOA
N 001 S¢ 4 144 9/ aCl 67 vLL [9€] (€007) e 12 opuoy
dN L 6 € 001 aN dN aN 4N [SE] (LL0T) I WHLAHY-T
0 9 0oL dN 001 18 081 144 ovl [v€] (100T) C-YINYI

0 0 8¢ 00l 63 N 4N N dIN - [€€] (8002) INISTY-I
00l 8T 00l 0 00l aN dN dN aN [cel (€002) INAI
0 0 8 0 8¢ 14 8¢l 94 8¢l [1€] (9107) €-3dOH
N 001 8¢ Lc 00l ¥9 8¢l 4 dIN - [0€] (6002) ILYIID-MIH
€ 4 Gl 8 S8 L8 aN dN aN (6] (6000) 4v-ISSID
N 6/ 174 00l 67 N dN N dN [82] (0007) 11 31173
L 05 14 001 LS 88 dN aN dN [zal (ze61) 3113
00l 9 0 0 00l aN aN dN aN [9¢] (S007) ¥-1S0D-3
N 0 0 0 001 N dN N dN (521 (S000) 15023
[v2] (8000)

0 S 001l SN [4% €L dN dN dN ¢ 19101d-1D534dI1d
(S1] (8002)

0 dN 0oL aN aN v/ dN 99 I 1 1931014-1D34IQ
[S1] (80070

0 dN 00l aN aN YL dN 99 N | Juanald-10341d
00l aN 0oL 0 001 JA L0¢ 8 LeL [€7] (¥002) V13Q
0oL LS 6C 001 dN L9 dN dN dN- el (0107) e 19 2D
[12] (€002)

dN 95 8¢ 001 79 /8 aN 4N aN PIAIRSUd-INYYHD
[£] (€002)

dN 9 L 001 0S 98 aN dN aN SARUIRYY-WYVHD
(0]

N 89 0¢ 00l 14 €8 dN dN 4N (€002) PEPPY-NYYHD
174 154 9% 0 00l 6/ dN N dN [61] (8000) 3SVD
(%) oseasip (9) oseasip (%) snjaw (%) (%) (%) (1p/Bbw) (1p/Bw) (1p/Bbw) uonesiignd Jeak
Aauppy d1UoIYD Aidue AIrUoIOd / dIWdeydS| sologelq  2INn|iey LUeSH  UOISuSuadAH  J9yOows-UoN SPLSDAIBLI LB JaH ueaw Q7 uesyy ‘SUeu el

(panuu0d) sisAjleue-L1aU U1 Ul PIPN|AUL S1DY dY3 JO Soisp1eIey) | djqel



Page 7 of 12

(2020) 20:188

Wanas et al. BMC Cardiovascular Disorders

dN 974 dN 9 €6 dN dN dN dN [9] (#002) INTVA

N 001 €C Sl 9 dN dN dN dN [96] (€00T) INVITVA

dN LS 14 001 dN dN 4N dN dN [GS] (L00T) L43H-[eA

dN 001 e 0 LS or dN dN dIN - [7S] (6002) FHNINIA-L

(€G]

dN v/ 9¢ 0 9/ Va4 851 67 L1 (8007) ANIDSNWVHL

[¢s]

001 0 €€ 0 18 dN 4N dN 4N (9000) e 39 lyseyexe|

001 4 49 ol €6 8/ dN dN N [1S] (8000) 8 32 Mnzns

0 V% 0S 00l 001 dN dN dN 801 [05] (S107) 14OddNS

dN 4 cl dN 49 16 4N dN dN [6¥] (€002) 3dODS

dN dN 9l dN 0/ dN dN dN dN (8] (L102) 1SYDS

001 0 0 0 €9 dN LL] dN dN [£¥] (£002) QVOY

001 Lt 00l 0 €6 8 6l¢ 9% [a4! [9%] (L00T) TWVYN3Y

dN dN 8¢ € 174 194 dN dN dN [S¥] (800C) SS340Hd

001 S 00l 4 00l S/ dN dN dN [ (1102) INJIHO

dN 001l Al 9 9¢ dN 891 9% o€l [ev] (€00T) TWVYWILAO

(%) oseasip (9) oseasip (%) snjaw (%) (%) (%) (1p/Bbw) (1p/Bw) (1p/Bbw) uonesiignd Jeak
Aauppy d1UoIYD Aidue AIrUoIOd / dIWdeydS| sologelq  2INn|iey LUeSH  UOISuSuadAH  J9yOows-UoN SPLSDAIBLI LB JaH ueaw Q7 uesyy ‘SUeu el

(panuu0d) sisAjleue-L1aU U1 Ul PIPN|AUL S1DY dY3 JO Soisp1eIey) | djqel



Wanas et al. BMC Cardiovascular Disorders (2020) 20:188

The inclusion of studies was restricted to human stud-
ies; RCTs comparing ARBs versus a control (either a
placebo or another antihypertensive medication); follow-
up of at least 12 months; and reported all-cause mortal-
ity, myocardial infarction, and stroke as outcomes. Re-
current myocardial infarction and stroke were also
considered if the study only included patients that have
had recently experienced myocardial infarction or stroke.
Observational studies, studies where ARBs were not the
first line of treatment, and conference abstracts were
excluded.

Data extraction and quality assessment

The number of participants and the number events (i.e.
all-cause mortality, myocardial infarction, and stroke) in
each intervention group (ARBs [active] and non-ARBs
[control]) were extracted. In addition, study characteris-
tics (e.g. study sites and follow-up period) and partici-
pants’ characteristics (e.g. mean age, proportion of
males, mean BMI) were extracted. The Cochrane Collab-
oration’s tool for assessing risk of bias in randomized tri-
als [12] was used to assess the risk of bias of the
included studies.

Statistical analysis

The outcomes of interest were the relative risks (RRs) of
all-cause mortality, myocardial infarction, and stroke
with ARBs compared to the control group. The inverse
variance heterogeneity (IVhet) model was used to pool
the effect size [13]. The P index was used to assess
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heterogeneity among studies, an I° > 50% was considered
significant heterogeneity.

Sensitivity analyses were conducted to identify poten-
tial scenarios where ARBs increase the risk of all-cause
mortality, myocardial infarction, and stroke. The follow-
ing analyses restricting the meta-analysis to: control
group (active medication, only ACE inhibitors, or pla-
cebo); follow-up period (<40 weeks or > 40 weeks); pro-
portion of males (<50% or > 50%); age (<65 years or > 65
years); BMI (normal range or overweight/obese); ele-
vated total cholesterol (>200mg/dL); elevated LDL
(2120 mg/dL); decreased HDL (< 50 mg/dL); elevated tri-
glyceride (2150 mg/dL); proportion of smokers (< 25%
or > 25%); only patients with hypertension; only patients
with or without chronic heart failure; only patients with
or without diabetes mellitus; only patients with ische-
mic/coronary artery disease; and only patients with
chronic kidney disease.

Publication bias was assessed through visual inspection
of funnel and Doi plots and statistically through the
Egger’s regression p-value and the LFK index [14]. All
the analyses were conducted in Stata MP 14 (StataCorp,
College Station, TX, USA).

Result

Study selection and study characteristics

One thousand seven hundred and eighty-six unique re-
cords were identified through the search strategy and
the similarity search. Four hundred and seventy-four re-
cords remained after the title and abstract screening and
44 publications remained after the full-text screening.

-
Study RR (95% CI) Study, - RR (95% CI) Study, - RR (95% Cl)
4C (2016) — 1.00 ( 055, 1.82) 4C (2016) | e————— 0.23 ( 0.03, 2.04) 4C (2016) [ —+— 1.00 ( 044, 2.24)
ACTIVE | (2011) + 1.02 ( 094, 1.10) ACTIVE | (2011) - ACTIVE | (2011) 0.92 ( 0.80, 1.05)
CARP (2011) —e— | 1.31 ( 046, 3.75) CARP (2011) | —e—1— CARP (2011)| +——a—————— | 3.37 ( 036,31.79)
CASE-J (2008) — 073 (1034, 1.59) CASE-J (2008) — CASE~J (2008) |  fe- 1.27 ( 087, 1.86)
Cice etal. (2010) e 0.65 (050, 0.83) CHARM-Added (2003) — CHARM-Added (2003) | f—e—— 1.88 ( 0.84, 4.21)
DETAIL (2004) ———e——— | 1.08 ( 036, 3.27) CHARM-Alternative (2003) — CHARM-Alternative (2003) |  fe— 1.34 (064, 2.81)
DIRECT-Prevent 1 (2008) ——F—o——| 1.40 ( 045, 4.38) CHARM-Preserved (2003) — CHARM-Preserved (2003) | 0.76 ( 0.45, 1.31)
DIRECT-Protect 1 (2008) —et———| 088 (032 241) Cice etal. (2010)| —ef————» Cice etal. (2010) [ -sf— 051 ( 0.09, 2.73)
DIRECT-Protect 2 (2008) —_— 1.06 ( 067, 1.67) DETAIL (2004) — DETAIL (2004) | ——— 1.08 ( 0.36, 3.27)
E-COST (2005) ———ea————— | 094 (024, 3.77) E-COST (2005) | —s—— E-COST (2005) | of 0.58 ( 0.41, 0.82)
E-COST-R (2005) ———F————| 1.04 (027, 401) E-COST-R (2005) | ——t—o— E-COST-R (2005) | 4~ 091 ( 062, 1.34)
ELITE (1997) —] 056 ( 0.32, 0.99) ELITE (1997) | «e— ELITE (1997)| o——— 1.40 ( 032, 6.22)
ELITE Il (2000) s 112 ( 096, 1.31) ELITE II (2000) e ELITE 11 (2000) | f-=— 1.63 ( 0.7, 3.44)
GISSI-AF (2009) ——te——— | 1.14 ( 042, 3.13) HIJ-CREATE (2009) — GISSI-AF (2009) | —————————=a| 8.98 ( 0.48,166.40)
HIJ-CREATE (2009) e 117 ( 084, 1.64) HOPE-3 (2016) — HIJ-CREATE (2009) [ - 0.92 (062, 1.36)
HOPE-3 (2016) - 0.98 ( 0.85, 1.13) IDNT (2003) —e— HOPE-3 (2016) | 4 0.80 ( 0.59, 1.08)
I-PRESERVE (2008) S 0.98 ( 0.82, 1.16) I-PRESERVE (2008) e IDNT (2003) ——— 1.83 ( 0.99, 3.39)
IRMA-2 (2001) f——e—> | 1.55 ( 0.16, 14.81) Kondo etal. (2003) [ —————=—> I-PRESERVE (2008) | 4 0.86 ( 0.62, 1.18)
Kondo etal. (2003)| —e—+1— 0.38 ( 0.12, 1.17) KYOTO HEART (2009) [ —e—1—— J-RHYTHM I1(2011) | e4— 0.14 ( 0.01, 2.78)
KYOTO HEART (2009) — 0.69 ( 0.40, 1.18) LIFE (2002) - KYOTO HEART (2009) | = 0.54 ( 0.34, 0.88)
LIFE (2002) - 0.89 ( 0.78, 1.01) MOSES (2005) — LIFE (2002)| ¢ 0.75 ( 063, 0.88)
MOSES (2005) e 1.08 ( 0.75, 1.55) NAVIGATOR (2010) S MOSES (2005) | 4 0.75 ( 0.59, 0.95)
NAVIGATOR (2010) —= 0.91 ( 0.78, 1.06) OCTOPUS (2013) | ——F—=———— NAVIGATOR (2010) | 0.80 ( 0.62, 1.03)
OCTOPUS (2013) — 0.97 (1064, 1.46) ONTARGET (2008) o OCTOPUS (2013) | fe— 1.39 ( 0.74, 2.64)
ONTARGET (2008) 3 0.98 ( 0.90, 1.06) OPTIMAAL (2002) - ONTARGET (2008) 0.91 ( 0.80, 1.05)
OPTIMAAL (2002) e 1.24 ( 1.04, 1.48) ORIENT (2011) [ —e—— OPTIMAAL (2002) B 1.06 ( 0.84, 1.33)
ORIENT (2011) —d 0.96 ( 052, 1.75) PROFESS (2008) e E ORIENT (2011) -?— 073 (030, 1.79)
PROFESS (2008) - 1.02 ( 093, 1.13) RENAAL (2001) —eq K PROFESS (2008) 0.94 ( 0.86, 1.03)
RENAAL (2001) —— 1.03 ( 0.85, 1.26) ROAD (2007) [ ————————> X ROAD (2007) | — 1.00 ( 0.20, 4.89)
SCAST (2011) e 1.07 ( 0.80, 1.44) SCAST (2011) e 3 SCAST (2011) P 1.17 ( 0.83, 1.64)
SCOPE (2003) e 0.97 (082, 1.14) SCOPE (2003) o 1. SCOPE (2003) | ¢ 0.77 ( 059, 1.01)
SUPPORT (2015) e 1.14 ( 096, 1.35) SUPPORT (2015) —t . SUPPORT (2015) | fe— 1.29 ( 078, 2.11)
Suzuki et al. (2008) — 0.66 ( 0.41, 1.04) Suzuki et al. (2008) | «—s—"——> . Suzuki et al. (2008) | —s——— 0.67 ( 0.11, 3.94)
Takahashi et al. (2006) | -a————] 0.06 ( 0.00, 0.98) TRANSCEND (2008) e K TRANSCEND (2008) | ¢ 0.83 ( 0.65, 1.06)
TRANSCEND (2008) R 1.05 ( 0.91, 1.20) T-VENTURE (2009) | +———4—> . T-VENTURE (2009) | —= 0.67 ( 0.11, 3.95)
T-VENTURE (2009) [ —e——————— | 0.34 ( 001, 8.17) VALIANT (2003) -+ X .78, 1. VALUE (2004) | 8 114 (097, 1.33)
Val-HeFT (2001) B 1.02 ( 091, 1.14) VALUE (2004) l= 147 ( 1.01, 1.36)
VALIANT (2003) E-3 1.02 ( 0.94, 1.11) Overall 0.2 ( 0.83, 1.01)
VALUE (2004) + 1.02 ( 093, 1.12) Overall 1.01 ( 0.96, 1.06) Q=59.63, p=0.01, 12=41%
Q=36.01, p=0.47, 12=0%
Overall 1.00 ( 097, 1.04) ° 38 72
Q=47.54, p=0.14, 12=20% 0 05 1 15 2 25 RR
RR
0 04 08 12 16 2
RR
Fig. 2 Forest plot depicting the relative risk of ARBs on a) all-cause mortality, b) myocardial infarction, and ¢) stroke
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All-cause mortality

Myocardial infarction

Stroke

RR (95%C1) PN RR(95%C) PN RR(95%C) PN

Type of control

Placebo 0.99 (0.95-1.04) 13 18 096 (0.88-1.05) 0 14 0.91 (0.85-0.98) 7 14

Active 1.01 (0.95-1.08) 28 21 1.03(096-1.11) 7 23 093(0.79-1.08) 54 22

Active only ACE inhibitors 1.04 (0.95-1.13) 46 8 1.01 (0.93-1.09) 0 9 098(088-1.10) 0 8
Follow-up period

< 40 weeks 1.01 (0.91-1.14) 51 19 098 (0.88-1.10) 12 18 094(0.74-120) 40 18

> 40 weeks 1.00 (0.96-1.03) 0 20 1.03(096-1.10) 0 19 090 (0.82-1.00) 45 18
Proportion of males

<50% 0.93 (0.86-1.00) 0 6 102(085-1.22) 37 5 0.76(0.68-0.84) 0 5

> 50% 1.02 (0.97-1.06) 23 33 1.01(095-1.07) 0 32 096(087-1.05) 28 31
Age

< 65years 0.98 (0.88-1.09) 32 18 095 (0.85-1.06) 0 15 1.03(0.80-1.34) 22 12

> 65 years 1.01 (0.98-1.05) 10 20 1.04 (0.98-1.10) 0 21 092(084-1.00) 41 23
BMI

Normal range 0.84 (0.60-1.19) 31 7 081(041-157) 0 6 121(0.77-190) 0 5

Overweight and obese 1.01 (0.98-1.04) 0 24 1.01 (0.96-1.07) 5 24 092 (0.83-1.01) 49 23
Elevated total cholesterol

2200 mg/dL 0.98 (0.91-1.05) 15 10 099 (0.91-1.08) 0 8 082(0.74-091) 6 7
Elevated LDL

2120 mg/dL 1.01 (0.90-1.14) 36 7 097(087-1.07) 0 6 086(0.70-1.07) 45 5
Decreased HDL

<50 mg/dL 1.01 (0.95-1.08) 15 11 099 (0.89-1.09) 20 10 0.90(0.82-0.98) 0 8
Elevated triglyceride

2150 mg/dL 1.01 (0.94-1.08) 138 099 (0.90-1.09) 16 8 092(083-101) 0 7
Proportion of smokers

< 25% 0.91 (0.84-0.98) 2 12099 (0.88-1.11) 0 13 081 (0.67-0.99) 41 12

225% 0.99 (0.95-1.05) 7 15 099 (091-1.01) 0 12 092(087-098 0 12
Hypertension

Only patients with hypertension 0.98 (0.89-1.07) 0 12 1.02 (0.80-1.29) 27 12 082 (0.66-1.03) 57 13
Chronic heart failure (CHF)

Only patients without CHF 0.97 (0.92-1.03) 0 11 099(083-1.18) 43 12 085(0.73-1.00) 47 11

Only patients with CHF 1.00 (0.85-1.19) 75 6 1.06 (0.86-1.32) 0 8 1.04 (0.81-1.32) 14 8
Diabetes mellitus (DM)

Only patients without DM 0.99 (0.38-2.61) 0 2 065(026-1.59 48 3 072 (050-1.04) 37 3

Only patients with DM 1.04 (0.88-1.23) 0 7 099 (053-1.80) 67 4 1.31 (0.73-2.35) 30 3
Ischemic/coronary artery disease

Only patients with ischemic/coronary artery disease  1.06 (0.91-1.22) 25 7 097 (0.88-1.07) 0 7 1.02 (0.84-1.24) 0 5
Chronic kidney disease

Only patients with chronic kidney disease 0.86 (0.66-1.12) 50 8 099 (0.71-141) 20 9 1.08(0.83-1.39) 0 8

Cl confidence interval; N number of studies; RR relative risk; ACE angiotensin-converting-enzyme

Statistically significant results are emboldened
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The 44 publications reported data from 45 RCTs and
170,794 participants (85,544 participants in the ARB
group and 85,250 participants in the placebo/control
group) (Fig. 1). The publication by Chaturvedi et al. [15]
reported findings from two RCTs, the DIRECT-Prevent
1 and DIRECT-Protect 1 studies.

Twenty four RCTs compared ARBs versus placebo,
while 21 RCTs against an active medication. The majority
of RCTs (n=39) included a larger proportion of males
(ranging from 54 to 90%). Only two RCTs, DIRECT-
Prevent 1 and DIRECT-Protect 1 enrolled participants
with a median age < 50 years. Among the studies that re-
ported the median BMI, only 22% had participants with a
normal BMI (<25kg/cm?). Fourteen, nine, and eight
RCTs included only patients with hypertension, chronic
heart failure, and diabetes mellitus, respectively (Table 1).
All-cause mortality, myocardial infarction, and stroke were
assessed in 39, 37, and 36 RCTs.

Quantitative synthesis

After pooling all the available evidence, it was found that
ARBs do not increase the risk of all-cause mortality (RR
1.00; 95%CI 0.97-1.04), myocardial infarction (RR 1.01;
95%CI 0.96—1.06), or stroke (RR 0.92; 95%CI 0.83-1.01)
(Fig. 2). Sensitivity analyses based on different study and
participants characteristics showed no increase in risk of
any of the three outcomes of interest. However, it was
also noticed that ARBs did not reduce the risk of all-
cause mortality (RR 0.99; 95%CI 0.95-1.04) or myocar-
dial infarction (RR 0.96; 95%CI 0.88—1.05) when com-
pared to placebo, ARBs only decreased the risk of stroke
(RR 0.91; 95%CI 0.85-0.98) (Table 2). Sensitivity ana-
lyses also revealed a decreased in all-cause mortality risk
with ARBs when the proportion of smokers is small (<
25%) (RR 0.91; 95%CI 0.84—0.98); and stroke in females
(RR 0.76; 95%CI 0.68—0.84), patients with elevated total
cholesterol (RR 0.82; 95%CI 0.82—0.91) and lower levels
of HDL (RR 0.90; 95%CI 0.80—0.98) (Table 2).

The most common deficiencies were no blinding of
participants and personnel (n = 14; 31%), followed by no
blinding of the outcome assessor (n=10; 22%) and in-
complete outcome data (n = 10; 22%). Overall, the RCTs
showed low risk of bias except for E-COST [25], E-
COST-R [26], and Kondo et al. [36] (S2).

The Doi plots revealed minor asymmetry for all-cause
mortality (LFK index = — 1.24) and myocardial infarction
(LFK index = - 1.33) for RCTs reporting favourable re-
sults for ARBs. No asymmetry was observed for stroke
(supplementary material S3).

Discussion

Findings from previous RCTs were controversial, the
VALUE [6] and the CHARM-alternative [7] trials found
increase in myocardial infarction with ARBs compared
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to amlodipine and placebo, respectively. While other
large RCTs such as the LIFE [38] and the RENAAL [46]
trials found a decrease in all-cause of death and myocar-
dial infarction with ARBs. In 2011, Bangalore et al. [57]
conducted a meta-analysis on ARBs and the risk of myo-
cardial infarction and found that ARBs do not increase
the risk of cardiovascular events. Since then, multiple
RCTs have been published; in our meta-analysis we
pooled the most updated evidence (45 RCTs comprising
of 170,794 participants — 8 RCTs and 23,000 more par-
ticipants that Bangalore et al.) and corroborated that
ARBs are safe medications as they do not increase the
risk of all-cause mortality, myocardial infarction, or
stroke. It is worth pointing out that our meta-analysis
(in line with previous studies [57, 58]) also found that
ARBs do not reduce the risk of all-cause mortality and
myocardial infarction when compared to placebo.

In addition, the safety profile of ARBs was examined
in multiple scenarios by restricting the analysis to differ-
ent study and participants characteristics (i.e. sensitivity
analyses). In none of the cases, ARBs were found to in-
crease the risk of all-cause mortality, myocardial infarc-
tion, and stroke. ARBs reduce the risk of all-cause
mortality by 9% in populations with low prevalence of
smokers and exerts a cerebrovascular protective effect in
female patients and patients with abnormal total choles-
terol or HDL.

Findings from our study are reassuring for patients
and clinicians as ARBs are widely used to treat condi-
tions such as hypertension, chronic kidney disease/kid-
ney failure (especially in patients with diabetes mellitus),
and heart failure. However, the findings need to be
understood in light of some of the limitations. Only
RCTs were included, but the possibility of confounding
not accounted during the analysis of the RCTs cannot
be completely ruled out. There was heterogeneity in the
RCTs protocols (e.g. inclusion criteria, different ARBs,
different doses, follow-up) that needs to be accounted in
future research synthesis studies through individual pa-
tients meta-analysis.

Conclusion

In conclusion, our meta-analysis provides reassuring evi-
dence for patients and clinicians that ARBs are safe
drugs, and do not increase the risk of death, myocardial
infarction, and stroke.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512872-020-01466-5.

Additional file 1: S1. Search strategy S2. Risk of bias of the included
studies $3. Doi (top) and funnel (bottom) plots for the studies assessing
a) all-cause mortality, b) myocardial infarction, and c) stroke S4.



https://doi.org/10.1186/s12872-020-01466-5
https://doi.org/10.1186/s12872-020-01466-5

Wanas et al. BMC Cardiovascular Disorders (2020) 20:188

Abbreviations

ARB: Angiotensin receptor blocker; ACE: Angiotensin-converting-enzyme;
CVD: Cardiovascular disease; DALYs: Disability adjusted life years;

IVhet: Inverse variance heterogeneity; RCT: Randomised controlled trial;
RR: Relative risk

Acknowledgments
The publication of this article was funded by the Qatar National Library.

Authors’ contribution

Conception and design of the study: LFK. Collection and assembly of the
dataset: YW, RB, LFK. Analysis of the dataset and interpretation of results: YW,
RB, NI, LFK. Manuscript writing: YW, RB, NI, LFK. Final approval of manuscript:
YW, RB, NI, LFK

Availability of data and materials
he data used in the study was extracted from published studies.

Ethics approval and consent to participate
Not applicable, this is a systematic review and meta-analysis of published
papers.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Population Medicine, College of Medicine, QU Health, Qatar
University, Doha, Qatar. 2Department of Public Health, College of Health
Sciences, QU Health, Qatar University, Doha, Qatar. *Research School of
Population Health, ANU College of Health and Medicine, Australian National
University, Acton, Australia.

Received: 3 October 2019 Accepted: 5 April 2020
Published online: 21 April 2020

References

1. Bansilal S, Castellano JM, Fuster V. Global burden of CVD: focus on
secondary prevention of cardiovascular disease. Int J Cardiol. 2015;201(Suppl
1)S1-7.

2. World Health Organization. Global Health Observatory Data - Raised blood
pressure. http://www.who.int/gho/ncd/risk_factors/blood_pressure_
prevalence_text/en/ (Accessed Sep 2019).

3. Suzanne Oparil RES. New approaches in the treatment of hypertension. Circ
Res. 2015;116(6):1075.

4. Miklos Z, Molnar KK-Z, Evan H, Lott JLL, Malakauskas SM, Jennie Z, et al. ACE
inhibitor and angiotensin receptor blocker use and mortality in patients
with chronic kidney disease) Am Coll Cardiol. 2013;63(7):650-8.

5. Schmieder RE, Ruilope LM, Barnett AH. Renal protection with angiotensin
receptor blockers: where do we stand. J Nephrol. 2011;24(5):569-80.

6. Julius S, Kjeldsen SE, Weber M, Brunner HR, Ekman S, Hansson L, et al.
Outcomes in hypertensive patients at high cardiovascular risk treated with
regimens based on valsartan or amlodipine: the VALUE randomised trial.
Lancet (London, England). 2004;363(9426):2022-31.

7. Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL, Olofsson B, et al.
Effects of candesartan in patients with chronic heart failure and reduced
left-ventricular systolic function intolerant to angiotensin-converting-
enzyme inhibitors: the CHARM-alternative trial. Lancet (London, England).
2003;362(9386):772-6.

8. Yusuf S, Teo K, Anderson C, Pogue J, Dyal L, Copland |, et al. Effects of the
angiotensin-receptor blocker telmisartan on cardiovascular events in high-risk
patients intolerant to angiotensin-converting enzyme inhibitors: a randomised
controlled trial. Lancet (London, England). 2008;372(9644):1174-83.

9. Bangalore S, Fakheri R, Toklu B, Ogedegbe G, Weintraub H, Messerli FH.
Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
in patients without heart failure? Insights from 254,301 patients from
randomized trials. Mayo Clin Proc. 2016;,91(1):51-60.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 11 of 12

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med.
2009,6(7):21000097.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and
mobile app for systematic reviews. Syst Rev. 2016;5(1):210.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration's tool for assessing risk of bias in randomised trials.
BMJ (Clinical research ed). 2011;343:d5928.

Doi SA, Barendregt JJ, Knhan S, Thalib L, Williams GM. Advances in the meta-
analysis of heterogeneous clinical trials I: the inverse variance heterogeneity
model. Contemp Clin Trials. 2015;45(Pt A):130-8.

Furuya-Kanamori L, Barendregt JJ, Doi SAR. A new improved graphical and
quantitative method for detecting bias in meta-analysis. Intl J Evid-Based
Healthc. 2018;16(4):195-203.

Chaturvedi N, Porta M, Klein R, Orchard T, Fuller J, Parving HH, et al. Effect of
candesartan on prevention (DIRECT-prevent 1) and progression (DIRECT-
protect 1) of retinopathy in type 1 diabetes: randomised, placebo-controlled
trials. Lancet (London, England). 2008,372(9647):1394-402.

Sakamoto T, Ogawa H, Nakao K, Hokimoto S, Tsujita K, Koide S, et al. Impact
of candesartan on cardiovascular events after drug-eluting stent
implantation in patients with coronary artery disease: the 4C trial. J Cardiol.
2016,67(4):371-7.

Yusuf S, Healey JS, Pogue J, Chrolavicius S, Flather M, Hart RG, et al. Irbesartan
in patients with atrial fibrillation. N Engl J Med. 2011;364(10):928-38.

Okada T, Yamamoto H, Okimoto T, Otsuka M, Ishibashi K, Dohi Y, et al.
Beneficial effects of valsartan on target lesion revascularization after
percutaneous coronary interventions with bare-metal stents. Circ J. 2011;
75(7):1641-8.

Ogihara T, Nakao K, Fukui T, Fukiyama K, Ueshima K, Oba K, et al. Effects of
candesartan compared with amlodipine in hypertensive patients with high
cardiovascular risks: candesartan antihypertensive survival evaluation in
Japan trial. Hypertension (Dallas, Tex : 1979). 2008;51(2):393-8.

McMurray JJ, Ostergren J, Swedberg K, Granger CB, Held P, Michelson EL,
et al. Effects of candesartan in patients with chronic heart failure and
reduced left-ventricular systolic function taking angiotensin-converting-
enzyme inhibitors: the CHARM-added trial. Lancet (London, England). 2003;
362(9386):767-71.

Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ, et al.
Effects of candesartan in patients with chronic heart failure and preserved
left-ventricular ejection fraction: the CHARM-preserved trial. Lancet (London,
England). 2003;362(9386):777-81.

Cice G, Di Benedetto A, D'lsa S, D'’Andrea A, Marcelli D, Gatti E, et al. Effects
of telmisartan added to angiotensin-converting enzyme inhibitors on
mortality and morbidity in hemodialysis patients with chronic heart failure a
double-blind, placebo-controlled trial. J Am Coll Cardiol. 2010,56(21):1701-8.
Barnett AH, Bain SC, Bouter P, Karlberg B, Madsbad S, Jervell J, et al.
Angiotensin-receptor blockade versus converting-enzyme inhibition in type
2 diabetes and nephropathy. N Engl J Med. 2004;351(19):1952-61.

Sjolie AK, Klein R, Porta M, Orchard T, Fuller J, Parving HH, et al. Effect of
candesartan on progression and regression of retinopathy in type 2
diabetes (DIRECT-protect 2): a randomised placebo-controlled trial. Lancet
(London, England). 2008;372(9647):1385-93.

Suzuki H, Kanno Y. Effects of candesartan on cardiovascular outcomes in
Japanese hypertensive patients. Hypertens Res. 2005;28(4):307-14.
Nakamura T, Kanno Y, Takenaka T, Suzuki H. An angiotensin receptor
blocker reduces the risk of congestive heart failure in elderly hypertensive
patients with renal insufficiency. Hypertens Res. 2005;28(5):415-23.

Pitt B, Segal R, Martinez FA, Meurers G, Cowley AJ, Thomas |, et al.
Randomised trial of losartan versus captopril in patients over 65 with heart
failure (evaluation of losartan in the elderly study, ELITE). Lancet (London,
England). 1997,349(9054):747-52.

Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, Camm AJ, et al.
Effect of losartan compared with captopril on mortality in patients with
symptomatic heart failure: randomised trial-the losartan heart failure
survival study ELITE Il. Lancet (London, England). 2000;355(9215):1582-7.
Disertori M, Latini R, Barlera S, Franzosi MG, Staszewsky L, Maggioni AP, et al.
Valsartan for prevention of recurrent atrial fibrillation. N Engl J Med. 2009;
360(16):1606—17.

Kasanuki H, Hagiwara N, Hosoda S, Sumiyoshi T, Honda T, Haze K, et al.
Angiotensin Il receptor blocker-based vs. non-angiotensin Il receptor
blocker-based therapy in patients with angiographically documented


http://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/
http://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/

Wanas et al. BMC Cardiovascular Disorders

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(2020) 20:188

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(10):1203-12.

Lonn EM, Bosch J, Lopez-Jaramillo P, Zhu J, Liu L, Pais P, et al. Blood-
pressure lowering in intermediate-risk persons without cardiovascular
disease. N Engl J Med. 2016;374(21):2009-20.

Berl T, Hunsicker LG, Lewis JB, Pfeffer MA, Porush JG, Rouleau JL, et al.
Cardiovascular outcomes in the Irbesartan diabetic nephropathy trial of
patients with type 2 diabetes and overt nephropathy. Ann Intern Med.
2003;138(7):542-9.

Massie BM, Carson PE, McMurray JJ, Komajda M, McKelvie R, Zile MR, et al.
Irbesartan in patients with heart failure and preserved ejection fraction. N
Engl J Med. 2008;359(23):2456-67.

Parving H-H, Lehnert H, Brochner-Mortensen J, Gomis R, Andersen S, Arner
P. The effect of Irbesartan on the development of diabetic nephropathy in
patients with type 2 diabetes. N Engl J Med. 2001;345(12):870-8.
Yamashita T, Inoue H, Okumura K, Kodama |, Aizawa Y, Atarashi H, et al.
Randomized trial of angiotensin Il-receptor blocker vs. dihydropiridine
calcium channel blocker in the treatment of paroxysmal atrial fibrillation
with hypertension (J-RHYTHM Il study). Europace. 2011;13(4):473-9.

Kondo J, Sone T, Tsuboi H, Mukawa H, Morishima I, Uesugi M, et al. Effects
of low-dose angiotensin Il receptor blocker candesartan on cardiovascular
events in patients with coronary artery disease. Am Heart J. 2003;146(6):E20.
Sawada T, Yamada H, Dahlof B, Matsubara H. Effects of valsartan on
morbidity and mortality in uncontrolled hypertensive patients with high
cardiovascular risks: KYOTO HEART study. Eur Heart J. 2009;30(20):2461-9.
Dahlof B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, de Faire U, et al.
Cardiovascular morbidity and mortality in the losartan intervention for
endpoint reduction in hypertension study (LIFE): a randomised trial against
atenolol. Lancet (London, England). 2002;359(9311):995-1003.

Schrader J, Luders S, Kulschewski A, Hammersen F, Plate K, Berger J, et al.
Morbidity and mortality after stroke, Eprosartan compared with Nitrendipine
for secondary prevention: principal results of a prospective randomized
controlled study (MOSES). Stroke. 2005;36(6):1218-26.

The NAVIGATOR Study Group. Effect of valsartan on the incidence of
diabetes and cardiovascular events. N Engl J Med. 2010;362(16):1477-90.
Iseki K, Arima H, Kohagura K, Komiya I, Ueda S, Tokuyama K, et al. Effects of
angiotensin receptor blockade (ARB) on mortality and cardiovascular
outcomes in patients with long-term haemodialysis: a randomized
controlled trial. Nephrol Dial Transplant. 2013;28(6):1579-89.

Yusuf S, Teo KK, Pogue J, Dyal L, Copland |, Schumacher H, et al.
Telmisartan, ramipril, or both in patients at high risk for vascular events. N
Engl J Med. 2008;358(15):1547-59.

Dickstein K, Kjekshus J. Effects of losartan and captopril on mortality and
morbidity in high-risk patients after acute myocardial infarction: the
OPTIMAAL randomised trial. Optimal trial in myocardial infarction with
angiotensin Il antagonist losartan. Lancet (London, England). 2002;360(9335):
752-60.

Imai E, Chan JC, Ito S, Yamasaki T, Kobayashi F, Haneda M, et al. Effects of
olmesartan on renal and cardiovascular outcomes in type 2 diabetes with
overt nephropathy: a multicentre, randomised, placebo-controlled study.
Diabetologia. 2011;54(12):2978-86.

Yusuf S, Diener HC, Sacco RL, Cotton D, Ounpuu S, Lawton WA, et al.
Telmisartan to prevent recurrent stroke and cardiovascular events. N Engl J
Med. 2008;359(12):1225-37.

Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH,

et al. Effects of losartan on renal and cardiovascular outcomes in patients
with type 2 diabetes and nephropathy. N Engl J Med. 2001;345(12):861-9.
Hou FF, Xie D, Zhang X, Chen PY, Zhang WR, Liang M, et al. Renoprotection
of optimal Antiproteinuric doses (ROAD) study: a randomized controlled
study of benazepril and losartan in chronic renal insufficiency. J Am Soc
Nephrol. 2007;18(6):1889-98.

Sandset EC, Bath PM, Boysen G, Jatuzis D, Korv J, Luders S, et al. The
angiotensin-receptor blocker candesartan for treatment of acute stroke
(SCAST): a randomised, placebo-controlled, double-blind trial. Lancet
(London, England). 2011,377(9767):741-50.

Lithell H, Hansson L, Skoog |, EImfeldt D, Hofman A, Olofsson B, et al. The study
on cognition and prognosis in the elderly (SCOPE): principal results of a
randomized double-blind intervention trial. J Hypertens. 2003;21(5):875-86.
Sakata Y, Shiba N, Takahashi J, Miyata S, Nochioka K, Miura M, et al. Clinical
impacts of additive use of olmesartan in hypertensive patients with chronic

52.

53.

54.

55.

56.

57.

58.

Page 12 of 12

heart failure: the supplemental benefit of an angiotensin receptor blocker in
hypertensive patients with stable heart failure using olmesartan (SUPPORT)
trial. Eur Heart J. 2015;36(15):915-23.

Suzuki H, Kanno Y, Sugahara S, lkeda N, Shoda J, Takenaka T, et al. Effect of
angiotensin receptor blockers on cardiovascular events in patients
undergoing hemodialysis: an open-label randomized controlled trial. Am J
Kidney Dis. 2008,52(3):501-6.

Takahashi A, Takase H, Toriyama T, Sugiura T, Kurita Y, Ueda R, et al.
Candesartan, an angiotensin Il type-1 receptor blocker, reduces
cardiovascular events in patients on chronic haemodialysis--a randomized
study. Nephrol Dial Transplant. 2006;21(9):2507-12.

The Telmisartan Randomised AssessmeNt Study in ACE iNtolerant subjects
with cardiovascular Disease (TRANSCEND). Effects of the angiotensin-
receptor blocker telmisartan on cardiovascular events in high-risk patients
intolerant to angiotensin-converting enzyme inhibitors: a randomised
controlled trial. Lancet. 2008;372:1174-83.

Suzuki H, Geshi E, Nanjyo S, Nakano H, Yamazaki J, Sato N, et al. Inhibitory
effect of valsartan against progression of left ventricular dysfunction after
myocardial infarction: T-VENTURE study. Circ J. 2009;73(5):918-24.

Cohn JN, Tognoni G. A randomized trial of the angiotensin-receptor blocker
valsartan in chronic heart failure. N Engl J Med. 2001,345(23):1667-75.
Pfeffer MA, McMurray JJV, Velazquez EJ, Rouleau J-L, Kaber L, Maggioni AP,
et al. Valsartan, captopril, or both in myocardial infarction complicated by
heart failure, left ventricular dysfunction, or both. N Engl J Med. 2003;
349(20):1893-906.

Bangalore S, Kumar S, Wetterslev J, Messerli FH. Angiotensin receptor
blockers and risk of myocardial infarction: meta-analyses and trial sequential
analyses of 147 020 patients from randomised trials. BMJ (Clinical research
ed). 2011,342:d2234.

Strauss MH, Hall AS. Angiotensin receptor blockers do not reduce risk of
myocardial infarction, cardiovascular death, or Total mortality: further
evidence for the ARB-MI paradox. Circulation. 2017;135(22):2088-90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy and selection criteria
	Data extraction and quality assessment
	Statistical analysis

	Result
	Study selection and study characteristics
	Quantitative synthesis

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contribution
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

