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Abstract

Background: Due to the lack of strong evidence to identify the relationship between antihypertensive drugs use
and the risk of prostate cancer, it was needed to do a systematic review to go into the subject.

Methods: We systematically searched PubMed, Web of Science and Embase to identify studies published, through
May 2015. Two evaluators independently reviewed and selected articles involving the subject. We used the
Newcastle-Ottawa Scale (NOS) to assess the quality of the studies. All extracted results to evaluate the relationship
between antihypertensive drugs usage and prostate cancer risk were pool-analysed using Stata 12.0 software.

Results: A total of 12 cohort and 9 case-control studies were ultimately included in our review. Most of the studies were
evaluated to be of high quality. There was no significant relationship between angiotensin converting enzyme inhibitors
(ACEI) usage and the risk of prostate cancer (RR 1.07, 95% Cl 0.96-1.20), according to the total pool-analysed. Use of
angiotensin receptor blocker (ARB) was not associated with the risk of prostate cancer (RR 1.09, 95% Cl 0.97-1.21), while
use of CCB may well increase prostate cancer risk based on the total pool-analysed (RR 1.08, 95% CI 1-1.16). Moreover,
subgroup analysis suggested that use of CCB clearly increased prostate cancer risk (RR 1.10, 95% CI 1.04-1.16) in terms of
case-control studies. There was also no significant relationship between use of diuretic (RR 1.09, 95% Cl 0.95-1.25) or
antiadrenergic agents (RR 1.22, 95% Cl 0.76-1.96) and prostate cancer risk.

Conclusions: There is no significant relationship between the use of antihypertensive drugs (ACEI, ARB, beta-blockers
and diuretics) and prostate cancer risk, but CCB may well increase prostate cancer risk, according to existing

observational studies.
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Background

The prevalence of hypertension is consistently high in
older adults and regarded as a vital risk factor for cardio-
vascular diseases, congestive heart failure, and coronary
heart disease [1, 2]. Antihypertensive drugs including
angiotensin-converting enzyme inhibitors (ACEI), angio-
tensin II receptor blockers (ARB), calcium-channel
blockers (CCB), alpha- and beta-blockers and diuretics,
were mainly used for the control of blood pressure in
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patients with hypertension to prevent relevant cardiovas-
cular diseases [3]. Beneficial therapeutic effects of these
drugs, on blood pressure control, have been well estab-
lished in previous literature [4].

However, antihypertensive drugs and cancer risk have
long been raised as concerns [5]. It was first reported
that Rauwolfia derivatives increased the risk of breast
cancer [6]. After that, several classes of antihypertensive
agents appeared to elevate cancer risk, but the relation-
ship between antihypertensive drug usage and increased
cancer risk could not be confirmed in numerous studies
due to their short follow-up and the cancer risk from
hypertension itself [7]. A retrospective cohort study
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showed that the use of ACE inhibitors has an association
with a clearly decreased risk of overall cancer [8].
Meanwhile, a meta-analysis demonstrated that there was
no association between the use of ACE inhibitors or
angiotensin-receptor blockers and the overall risk of
cancer [9]. A large-scale, population-based cohort study
proposed that there was no substantial association be-
tween the use of calcium channel blockers (CCB) and
the incidence rate of cancer or cancer mortality [10]. In
a study by Hershel et al. study, there was small positive
association between CCB usage and risk of cancer [11].

The incidence of prostate cancer is increasing, and it
is the main cause of cancer death in males in the
Western countries [12]. Studies on the association be-
tween antihypertensive drug usage and prostate cancer
risk remain controversial. In vitro studies, CCB en-
hanced apoptosis of prostate cancer cells and might have
a protective effect on prostate cancer [13]. Debes et al.
found that CCB significantly decreased the risk of pros-
tate cancer, and their results varied by family history of
prostate cancer [14]. However, some case-control studies
did not find the this relationship [15]. For instance, a
study with 1,165,781 patients did not support the associ-
ation between the long-term use of CCB and prostate
cancer risk [16]. Some case-control studies showed sig-
nificantly increased risk between ACE inhibitor usage
and prostate cancer [15, 17], while a previous meta-
analysis showed that ACE inhibitors or angiotensin-
receptor blockers did not affect the occurrence of cancer
[18]. In a study by Perron et al.,, beta-blockers were associ-
ated with a reduction in prostate cancer risk, while
another study by Kemppainen et al. tended to show an
increased risk of prostate cancer in patients treated by
beta-blockers [15, 19]. One study reported the relationship
between alpha- blockers or diuretic usage and prostate
cancer risk and their results were also controversial [20].

Due to there being the long-term follow-up in the ob-
servational studies, we performed a systematic review of
observational studies to confirm whether the use of anti-
hypertensive drugs was able to result in the prostate
cancer in the human body.

Methods

Our review was conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) and MOOSE (Meta-Analysis of
Observational Studies in Epidemiology) guidelines.

Eligibility criteria

Studies were included if they met the following points:
(1) Studies were cohort or case-control studies; and (2)
the relationship between the use of one or more types of
antihypertensive drugs and prostate cancer was reported
in the study.
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Search strategy

We systematically searched PubMed, Web of Science

and Embase to identify studies published through May

2015. The search terms were composed of the following:

“beta blockers”, “angiotensin converting enzyme inhibi-
”, “angiotensin receptor blockers”, “calcium channel

tors’,
” “alpha blockers” “antihypertensive drugs” and

» o«

blockers
“prostate cancer”. The details of the search methods are
summarized in the Additional file 1. We also screened
the bibliographies of relevant articles to find additional
articles that met the included standard. A language limi-
tation was not set during the search process. We did not
consider animal studies when we reviewed the records.

Study selection and data extraction

Two authors independently evaluated the studies re-
trieved from the databases to select the studies that met
the inclusion criteria. Disagreements between the two
reviewers were resolved by discussion or in consultation
with an arbitrator. The following information was ex-
tracted from the included articles by the two authors in-
dependently: study design, geographic region, type of
medication, sex, age range, follow-up time, adjusted
factors in each study (Tablel). The RR (relative risk), HR
(hazard ratio), OR (odds ratio), SIR (standardized inci-
dence ratio) along with their corresponding 95%CI (con-
fidence interval), all of which indicated the relationship
between antihypertensive drugs and prostate cancer
were abstracted. If there was missing information in the
article, we contacted the authors via e-mail or tele-
phone. We used data from a 2 x 2 table to recalculate
crude estimates when the outcome measures were un-
suitable for meta-analysis and we failed to gain the data
from the authors.

Methodological quality assessment

The quality of the observational studies was independently
evaluated by two authors based on the Newcastle-Ottawa
Assessment Scale(NOS) on the website (http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp). The scale pro-
vided eight items consisting of three subscales: selection
of subjects (four items), comparability of subjects (one
item) and assessment of outcome/exposure (three items).
The highest scores were nine for the eight items because
there were two scores in the comparability of subjects. A
study with greater than or equal to seven scores was con-
sidered to be of high methodological quality.

Data synthesis and analysis

Extracted RRs, HRs, ORs and SIRs and their 95% ClIs
that were adjusted for most confounders were pooled to
compute the RR between antihypertensive drugs and
prostate cancer risk [21]. The four measures of associ-
ation above were expected to yield similar estimates of
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RR, due to the incidence of prostate cancer being gener-
ally low [22]. For a single study that reported more than
one type of cancer, only the data on the risk between pros-
tate cancer and antihypertensive drugs were extracted and
then pooled. If there were studies involving multi-drug
treatment and we were not familiar with the data that re-
ported which specific drug was associated with the inci-
dence of prostate cancer in these studies, the data of the
study would not be extracted to conduct a meta-analysis.
In the included studies, the data that reported the risk be-
tween a single antihypertensive drugs and the occurrence
of prostate cancer will be pooled for analysis based on the
single drug category respectively. The meta-analysis was
performed with Stata 12.0. Since the clinical and meth-
odological heterogeneity were known, we used a random-
effects model to calculate pooled RRs and their 95%ClIs.
Subgroup analyses were performed according to whether
they corresponded to case-control or cohort studies.
Between-study heterogeneity was assessed by using
Cochran’s Q statistic (significance level at p <0.1) and by
estimating I°. If I* was more than 40%, there was signifi-
cant heterogeneity among studies [23].
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Results

Characteristic of included studies

Our search strategy yielded 729 records, A total of 193
and 491 records were excluded due to duplicated records
and irrelevant subjects respectively. A total of 45 full-text
articles were assessed and 21 studies that met our criteria
were ultimately included (Fig. 1). These studies included
12 cohort studies [10, 20, 24—33], 4 nested case-control
studies [11, 16, 34, 35] and 5 case-control studies
[15, 17, 19, 36, 37]. The follow-up time in most cohort
studies was more than 5 years. There were 11 studies that
involved males only [10, 15, 19, 20, 24, 26, 28, 31, 35, 36, 38].
It was reported that the main outcomes of the included
studies were adjusted for most of the confounding factors,
and this information was missing in two studies (Tables 1
and 2) [10, 32].

Quality of included studies

The results of the quality assessment for the included
studies are summarized in Tables 3 and 4. Quality scores
for cohort studies ranged between 5 and 9, and those for
case-control studies ranged between 7 and 9. Five

c
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Fig. 1 PRISMA flow diagram




Page 4 of 14

Cao et al. BMC Urology (2018) 18:17

“spewiusq

'AlUNOD) pUBRN( YLION JO
aseqeie yoleasay uopduosald
|es160j01WapIda0dRWIRY

dn-mojjoy Jo uoneinp pue woJj Jusuiean} Apnis [0g] 100Z
"1apuab ‘abe 1oy Juswisnipy (VN)Z9  (05) dlewa (0S) Sl 3 (1I3DV Jo asn ou) 11DV L6811 Brup Buiaeda) suosisd  MOYod 1213 °S ‘sit4
sniels
YieaH pue swoldwAs Aeuun
J90ued a1e3s0id 4o Apnig Aluno) paisw|o Apnis [62] +00T
Jo Aiosiy Ajiusey pue sby (6/-0¥)¥N (0oL) alew 0l (5gDD Jo 9sn ou) sgo> SLle Jo dnoibgns wioyy ssjey  WOYod e 19 °Q T 's9qeQ
[BUASOH (VA) Silegy SURISIDA
(66-9%) T/ (s1420[g-1 0 u01bUIXaT I USS USR] Apnis [827] £00T
pa1snipeun SA (68-0S) 89 (001) ol G< JO 35N ou) SIO|g-| o 8€1'/T Bnip Buiaiedas sjuaned sjely  WOYod e 13 W Y ‘SlueH
‘€661 AINr pue 6861 Anr
“UoNDJRJUI [BIPIEDOAW pUuP (sbrup aya Jo U99M13Q MIIAIDIUI SUl|9Seq
‘uoisuaadAy ‘snyjlew sa1aqelp 9sn ou) 1sjuobejue Joydadal | e Yyum pauels Apnis Wepsanoy Apnis [£21 8007 e 1@
‘so1e|Ad1jes JO asn ‘NG by (-09)¥ 0L (€19) 4 (£85) W 96 =2dAy || uisuslolbue Jo/pue 3DV €86/ 9yl woy sienpiaipul 9|qibl3  Woyod Y ‘deeuy Jap ueA
sbnip
BuaMOl-|0121$3|0YD JO 3SN
pue ‘A19bins ssedAqg 10 asessip
1eay Jo Alo1siy’buiusains vsd
Jo Aio1sly ‘sa13qelp Jo Aloisiy (sbnup aaisusyadAy-pue
"19dued a1eysold Jo Aiosiy JO 95N OU) SaAISUsURdAY-1IUe V'S JO LoYyoD uolny
Ajiwey '/661 Ul NG ‘uoneonpa Jay10 pue ‘sanainip [I-5dD 94y} WO} 1usudiean) Apnis [9¢] 600C
‘9Dl ‘MaIAIRIUI 1R Sy VN (00l) saey 8 'S[3DV ‘si=20|q-e19g 's§DD lsog  Brup Buiaedal slusned ssfeyy Loy "D 'zanbupoy
‘Jeak
Jepus|ed ‘2102s uoneAudap
aidinw jo xapul ‘asn unels
‘ainjie} UeaY ‘uoisusnadAy N o (QYdD)
‘(SN UlNSUl/UlWIOAW aseqeleq YdJeasay addeld
INOYIM 1O YlMm) S213qeIp [PI2USD) WO} JUSWIRaI} Bnup Apnis [sZ] 7107 e 1@
‘loyodfe ‘Bunjowss ‘g ‘x3s 9By (€0L-81) ¥9 8%) 4 (€9 W G< (Sgyy JO 9sn ou) sgyy 6#9'//€  Bulnedal S)usned saisusuadAy  Loyod M ‘ueieyseyg
JUSWIeI] SAIDII
01 Aysuadoid andwod 0y VSN JO YA WOl Juswieal) Apnms va] €10T
pasn sem 1ey ss|qelien ¢S ||y 9'€9 SA9€9 (0ol) @ew 8 (Sg4V Jo Isn ou) sgyy 78'syS  Brup Buialedal siusned ssjepy LOYod e 18y D ‘Ory
(sbrup oseqerep [HN-VYIHDD
SAIsUapdAYiUe Jo asn ou) Wwolj pa123|3s UolsuauadAy
SaNIpIqIOWod SIDYIOEDY ‘SgDDSaYY ‘SIay20|q INOYIM JO uoIsusuadAy Apnis o7l s1oz
'dWODUI ‘|[9A9] Uoneziuequn 9By (-05)LE69 SA 8T69 (0oL) =lew 6  -e13gsiadojg-eydly ‘sanainig 66208 yum swuaned sy MOYod 239 d 1ed
1K ‘(obuey) 1Adn-moyjoy (dnoib  syuedpiued S9sEd  SAAPNIS
wauwsnipy abe ueay (%) XoS  JO UOlBING  SDUIR3J) UoNedIPaW Jo adA| 40 'ON JO uond3|s pue uonendod  Jo sadA| saIpnig

sisAjeue-e1aW Y1 Ul papnjaul S3IpN1s L0YOod JO Slispeiey)) | ajqel



Page 5 of 14

Cao et al. BMC Urology (2018) 18:17

3|ge|ieAe 10U N ‘s1xdo|q J03dadal || uisualolbue gyy ‘sioNdiyul awAkzus Buiiaauod-uisualolbue 7Dy ‘s19XD0|q [Suueyd-wnid(ed g)

“93e1Ul [oyodje pue ‘bupows
9124ebId ‘suoissiupe [eydsoy

SNl
(353d3) AlepIa 2u) Jo salpNis
J160j01WapPIdS WO} BMO|

JO 21835 3Y3 Ul UOIBUIYSBAN
pue emo| JO SaIUN0d

91 U] puUe ‘S119SNYydesseln|

JO J3quUnu ‘ainjie peay ‘uiblo (E19) o]Pwa4 ‘u01s0g 1583 Ul BulAl| JSp|O Apnis [e€] 9661
UYL ‘X35 ‘3be 1oy paAsNlpy (-59) YW "(£°5€) 3ew 9¢ (592D 40 9sn ou) sgO> ¢S0S 10 s1eak 69 pabe sjenpiaipu  Loyod I Joyed
(Annsibay 1ooued ysiueq
31 woyy sares uone|ndod puepn( YuoN
(1S) SewaS uo paseq ‘pardadxa Jagquinu Jo AunoD ay1 wioly sgoD Jo Apnis [€] 2661
VN VN ‘(6%) 3B sieah g'| 3U1 yum paledwod) sgod LL6'Z1  ludwieal) BulAedal SenpIAlpU]  1OYod ‘H [ 'u3s|o
sewusg
(Annsibay Jodued) ysiueg ‘pueINf YUoN Jo Aunod
9yl woyy sa1el uonendod 9y} Jo aseqgeie uonduosalg
uo paseq ‘pa1dadxa Jagquinu |ea16ojolwapid3-odeULIRYd Apnis [01] 000T
VN ¥'€9 (0oL) =lew 43 aY) yum pasedwiod) sgod /91 €T woy sgOD bubfel senpiaipul - Uoyod "L "H 'ussus10S
VSN 40 (SHD)
(sbnip anisusuadAynue jo asn ApniS YijeaH Jejnosenolpied
(IWg) xapul ssew Apoq pue 0OU) J01e|IPOSEAINSINIJSISND0|] 9U1 JO 101YD WOl JUsW1eal} Apnis [L€] LoOT
'(boe|q) o84 ‘9be 1oy paasnipy (-59) ¥N (ooL) slew 96 -gI3DvsdoD 42744 Bnip Buiadas sfenpiaipul - Moyod Y Sfouledzid
1K ‘(obuey) 1Adn-moyjoy (dnoib  syuedpiued S9sED  SAAPNIS
wauwsnipy abe ueay (%) XoS  JO uUOlBING  SDUIRSJ) UoNedIPaW JO adA| 40 'ON JO uond3|s pue uonendod  Jo sadA| saIpnig

(panuu0) sisAjeue-LIaL dY3 Uj PIPN|PUL S3IPNIS LOYOD JO SIsHSIdRIRYD) | djqeL



Page 6 of 14

17

Cao et al. BMC Urology (2018) 18

'$3|geLIRA 110
pue pue wspeisold ‘1eak
Jepus|ed ‘9be oy paisnipy

“so132un1p bupeds

wnisserod 1oy 1dadxe 1sai91ul
JO 10U dAIsUSRdAYNUR

JO S3SSEP JAL10 [[B

01 2INsodxa pue ‘SUonIPUOd
PIGIOWOD painseaw

||e ‘obe oy paisn(py

's19yD0|g-eydie 1o

‘apuaiseuly ‘sbnip dnageipnue
‘sBrup BulaMmol-|0J21530Yd
4O 35N pue ‘9duspIsal

Jo 9oe|d ‘abe oy parsnlpy

“J9dUed

15831q 10} SaARdRDRINU0D

|e10 Jo asn soud pue ‘Adessyy
JUsWRde|da) SUOWIoY JO 3sN
‘Awodaloydoo Lsdoued sxeisoid
10J 51591 Y/Sd JO Jaguinu

pue ‘sjo)qiyul 3se1Npal
eydje-g ‘eisejdiadAy oneisoid
ubluag ‘19dued [219310]0d

Joy sdAjod jo Aioisly pue
95835IP [9MOQq AlojPWILIR|Ul
‘AW01231549|0Y2'UOIIPPE

| 'sdIvSN pue

‘suliels ‘ulidse Jo Jans pue
“19cued snoinaid ‘se1aqelp

(asn ou) sanisuaadAynue
12410 pue sisydo|g-eyde
'sgDD ‘sioNqIyul-3OV
'SI9%20|q-e13G

‘SoiaInip Jo asn

(sionayu

Sy 10 SgDD IO SIBO|A-g
JO 9sN JaAaU pue soijainip
9pizelyy Jo asn) soiaInip
apizely Jo

95N J9A3U pue SI0qIYUl Sy
10 597D 10 SID0|g-g JO SN

(uonesipaw aAisusuadAyUe
AuUe JO SI9SNUON)

SD112INIP JO SISYD0|G-R1q

10 s19xD0|g-eydie 10 sgoD
10 SI3DV 10 sgyy JO asn

(s19%20|0-833q J0/pUe sa13uNIJg

(001) sseN

(8'9%) alewa4
(Tes) =lew

(001) sele

(sisoubelp Jadued|un
G661) SPI0dR [EIIPaU
6/-05 pazu=INdWOod JO MaIASY

(sisoubejp Jadued |pun

8/61) aseqeiep uondudsaid
D]U0JID3ID 159P|O §,POM

3y} Buipnpul sasegeiep

YA Slgexul] 3yl JO Malnsy

(sisoubeip

Jadued [1Un G661) puejuly

JO UOIINIIISU| 3dURINSU|

[PIDOS 343 JO aseqelep

VN uondudsaid sy JO malnsy

(sisoubelp 19oULd

(6661-5661) N Ul (Q4dD)
aseqele( 21easay adnoeld

LEg'ere [e13USD BU3 JO MDY

(€007-0861)

YijeaH uemaydieyses

4O 3|l aseqelep

16911 pazu2INdWO) JO M3IIADY

(co0z-5661)
Ansibay Jaoue) ysiuul4
620'ST SU1 WOJJ BIEP JO MBIARY

(010Z=5661) SN Ul(@YdD)

|0J3UOD-95eD PalsSN

|011U0D-358D
pa1saN

|01IUOD
aseD)

[S€] v00T
‘D 1sInbuoy

[€] 800C
7L SeUISSY

[Stl Loz
7y ‘usuleddway

‘Bupows ‘xapul ssew JO 3sn)siaxdo|g-eydie 1o (€/¥) ojewia4 [IUN G661) SPI0dal |edIpaW asegeie( Youeasay 22110eld |0J1U0D-95eD [6€] ¢L0C
Apog ‘asn [0Yod[e 9AISSIXT  SgDD 10 SIIDV IO SgyY 4O asn (£7S) 2B VL paz12INdWod JO MIIASY 18/'S9L'l  [B4BUID) WOJ) PIEP JO MIIASY pa1SaN ] ‘Kejnozy
'SUelS 10 apLSISeul
‘saAndadenuod [eio
'Adeiay) suowioy uabo11s20
‘uuidse asop Biy Jo (sQIYSN)
sbnip Aiojewwepyuinue
|BPIOIRIS-UOU () ‘AlljeHIOW
Jeak | Jo ¥su paisnipe syt
uo paseq 1yblam pajedosse
ue sey Aloba1ed yoes pue (S002-0007)
AIpIgIowod JO salobaled 6 Ansibay uosiad ysiueq syl
SUIRIUOD 1RY] XaPU| UOS|IRYD) pue Aduaby sauIpaNYsiued
payipow e (€) ‘asessip [aMmoq 2y1 Jo aseqeie uondLnsald
Kiorewiwepul (7) ‘bupjows SUY(dYNQ) Siusned Jo
Aneay Jo Jaxlew sapnid e (sisoubelp Ansibay [euoneN ysiueq auyy
se (QdOD) asessip Areuow|nd (sbunp 2y Jo asn (£775) olewa4 J3DUeD [11UN G661) SPI0dal ‘(YD) Ansibay Jodued) ysiueq [Z11 2102
SAIDNASGO DIUOIYD(L) -19A3U) [3DV 10 SgYY JO 9N ‘(L'L¥) 9leN #69  [BDIPAUW DIUOIIDID JO MIIARY /1Y ‘6L 3y WOJJ P1ep JO MRIASY |0J1U0D 3seD) [ 'sejleH
(dnoib (buel) ueaw (pouad) Sa1pn1s
uawisnipy 9oUaIRa1) SBNIp Jo adA| 94 ‘s9SED JO X3S “IA ‘sased Jo 9By e1ep uoledIpaw JO uonde|jo) - siuedpiued Jo \ON uoM23|3s 95D 40 sadA| SaIpn1S

sisAjeue-e1aW 2y3 Ul PIPN|DUl S3IPNIS [01IUOD-35LD JO SIsHaIdRIRYD) T dqel



Page 7 of 14

17

Cao et al. BMC Urology (2018) 18

3|ge|ieAe 10U v ‘siado|q J03dadal || uisualolbue gyy ‘sionqiyul swAkzus Buiiaauod-uisuslolbue 7DV ‘s19320|q [suueyd-wnid(ed g

asn
JlRINIP pue ‘uoisuauadAy
JO uoneinp ‘uonedipaw

(s1400|q-e13q

(¥'05) s3lewi=y

(sisoubeip Jdued
|3UN /861) SPIOd3I [eDjpaw

'S661 Ul popIod3I

J2dued Aue Jo sisoubelp
QWIS B peY Oym pue
(S2R24NIP INOYUM IO Ylm)
Ajuo sgdD Jo ‘Auo s|I3Dv
‘AlUO S1D0]g-B13q JO SIasN
1US1IND 2I9M OUYM (QYdD)
9seqeie YdJeasay 22110eld
[eJ2USD) Byl UO Siualed

|013U0D-95ed

4o abueyd ‘g ‘Bupouws 4o asn) sg1J Jo 35N (96Y) seleN (VN) 9'LL pazuINdwod Jo malnsy 961¢ SNISURLIAAAY |je JO MaIADY paiseN  [LL] Z661'H 2Ir
(U5
J2DUeD 2B3 10} SUoIssalbal
10} 10108} ¥SII [eUOIIPPE
J2Y10 pue ‘SIadUeD |[e 4oy (9661-9/61)
(1eak yoed)unowe bupows (sisoubeip P ‘Siowijeg pue'ed
‘uolssiwpe 210j2q A 7 J3DUBD [13UN WIS 3SINU ‘elydiape|iyd ‘AN oA MaN
ueIsAYd e 01 SUSIA [enuue (sn ou) s|3DY 1o (65) SolewaS paules) Ag saiieuuonsanb ‘SSe|\ ‘U01SOg Ul SIeak 69 01 [/€] 8661
‘Ieak MaIAISIUL NG 9By SI9¥D0|g-B1Rq 10 SgDD) JO 35N (1t) sslew (69-0%)95 plepuels Ylim malAlolu| G009l  OF pabe syusned pamainRly| |011U0D-358D 7 ‘Biaquasoy
‘Asnoinaid (S661-7661) S1I9SNYIESSEIA|
sieak  susia uepisAyd Ul sJ9oued d1elsoid Yim
pue ‘swoidwAs d16ojoin @sn pasoubelp abe Jo sieak o/
994J0D pue '012eq0} ‘|0Yy0de uey) s3] sajew 1oy Aisibay
‘NG ‘D¥eIUl 1B} AlR1RIp Uadued (95N ou) siay1o J3DUe) S118SNYDesSeIA|
21e150.d Jo AIoasiy Ajiuey 10 sapizely] Jo S|3DV 10 (sisoubeyp Jsdued [nun JO MaIA3) pue JessiBas Jowny [9€] 8661
‘UOIIEONP? JO [9A3)] ‘90l 19BY  SI3XD0|G-IDq IO SEDD) JO 3N (001)s9elN £9  awnayl|) MalnRul suoydala | /197 94} YUM 10BIUO0D ALIUOL |01IU0D-958D N Y eUIZOA
(asn ou) sisluobeiue
J101-dedousaipe Bunde Ajjenusd
pUE $101P1e|IPOSeA
Buisnpjul slayio
asn JO SIejiwIS pUe $ONRINIp (slIsoubelp Jsoues[nun (S661-£661) Ansibai
uuidsy pue ‘s1oe1u0d |esIpaw DIPIZeIY) JO SISHD0|]-eIDq 1861) Spiodal [edIpawl J9Ued D3geny ul uonendod [61] ¥007
U222 ‘abe o) paisnipy 10 S|3DV 4O DD JO 35N (001)SoeN YAYA paziRINdWOd JO MIIASY oze'sel 92IN0S 31 JO MINSY |011U0D-958D ] 'uoliad
(dnoib (bues) uesw (pouad) Sa1pn1s
uawisn(py 9oUaIRa1) SBNIp Jo adA| 95 ‘s9SED JO X3S “IA ‘s9sed Jo 9By e1ep uoledIpaw JO uonde|jo) - siuedpiued Jo ON uo23|3s 958D 4o sadA| SaIpn1S

(PanuU0)) sisAjeue-LIaUL SU1 Ul PIPN|DUL SIIPNIS [01IUODI-3SLD JO SOSIIdIDRIRYD) T 3lqel



Cao et al. BMC Urology (2018) 18:17

Page 8 of 14

Table 3 Assessment of the methodologic quality of the cohort studies included in meta-analysis

Studies Slection

Comparability Outcome Total

1

1 > 1 scores

Pai, P. Y.et al. 2015 [20]

Rao, G. A. et al. 2013 [24]
Bhaskaran, K. et al. 2012 [25]
Rodriguez, C. 2009 [26]

van der Knaap, R. et al. 2008 [27]
Harris, A. M. et al. 2007 [28]
Debes, J. D. et al. 2004 [29]
Friis, S. et al. 2001 [30]
Fitzpatrick, A. L. 2001 [31]
Sorensen, H. T. 2000 [10]
Olsen, J. H. 1997 [32]

Pahor, M. 1996 [33]

+ o+ o+ o+ e

+ o+ + o+ o+ o+ o+ o+ o+ o+ o+
S S S S S S A S
+ o+ + o+ o+ o+ o+ | W

+ + o+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+ o+ o+ o+ o+ + o+ o+
S T e S
+ o+ o+ | W
O U1 L O N o L O 0 W W

+ o+ o+ o+ o+ o+

+: the article gain 1 score in the item

studies showed that their outcomes of interest were
not present at the start of the study. Thirteen stud-
ies gained two scores in the section of comparability
due to their well the control of confounding factors
[15, 17, 24-27, 31, 33, 34-37, 39]. There was only
one study whose ascertainment of exposure was der-
uved from self-report [26]. The duration of follow-up in
two studies was less than 5 years [10, 32]. The non-
response rate was low in the included cohort studies
but the scores for this item were lacking in the case-
control studies.

ACEI and prostate cancer risk

There were ten studies that reported the relationship be-
tween the use of ACE inhibitors and the risk of prostate
cancer [15-17, 19, 26, 30, 31, 35-37]. We found no sig-
nificant association between ACE inhibitor usage and the
risk of prostate cancer in the meta-analysis of the ten
studies (RR1.07, 95% CI10.96—1.20). However, obvious clear

heterogeneity existed among these studies (I*=86%).
Subgroup analysis also showed no significant relationship
between the use of ACE inhibitor and the risk of prostate
cancer according to the poolanalysis of cohort studies
(RR0.92, 95% CI0.77-1.11) and case-control studies
(RR1.11, 95% CI0.98-1.26) (Fig. 2).

ARB and prostate cancer risk

Five studies reported the association between ARB usage
and the risk of prostate cancer [15-17, 24, 25]. There
was no significant relationship between ARB usage and
the risk of prostate cancer according to the pool-analysis
of all studies (RR1.09, 95% CI0.97—1.21). Subgroup ana-
lysis also suggested no significant connection between
the use of ARB and the risk of prostate cancer according
to the pooled-analysis of cohort studies (RR1.00, 95%
CI0.83-1.20) and case-control studies (RR1.16, 95%
CI0.98-1.38). However, heterogeneity among these
studies was high (I* = 83.7%) (Fig. 3).

Table 4 Assessment of the methodologic quality of the case-control studies included in meta-analysis

Studies Slection Comparability Exposure Total
1 > 3 T 1 5 scores
Hallas, J. 2012 [17] + + + + + + + + + 9
Azoulay, L. 2012 [39] + + + + + + + + 8
Kempypainen, K. J. 2011 [15] + + + + + + + 7
Assimes, T. L. 2008 [34] + + + + + + + + 8
Ronquist, G. 2004 [35] + + + + + + + + 8
Perron, L. 2004 [19] + + + + + + + 7
Vezina, R. M. 1998 [36] + + + + + + + + 8
Rosenberg, L. 1998 [37] + + + + + + + + + 9
Jick, H. 1997 [11] + + + + + + n 4

+: the article gain 1 score in the item
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NOTE: Weights are from random effects analysis

Study %
D RR (95% Cl ) Weight
T
Cohort :
1
Rodriguez, C. 2009 —— 0.94(0.75,1.18) 9.87
i
Frils, S. et al 2001 —_— 1.02(0.80,1.70) 575
i
Fitzpatrick, A. L2001 - 060 (030, 1.10) 251
!
Subtotal (I-squared = 0.0%, p = 0.371) <:>I> 0.92(0.77,1.11) 18.13
i
i
i
Case control :
Hallas, J.2012 B 1.28(1.18,139) 1528
|
Azoulay, L.2012 -~ 0.94(0.90, 0.99) 16.16
Kemppainen, K. J.2011 - 1.12(1.06,1.17) 16.12
Ronquist, G.2004 —_— 0.90 (0.70, 1.10) 9.90
|
Perron, L.2004 —_— 1.09(0.88,134) 10.47
Vezina, R. M.1998 | — 1.50 (1.20,1.90) 9.76
|
Rosenberg, L.1998 ——— 1.10(0.70, 1.80) 418
Subtotal (I-squared = 90.1%, p = 0.000) <> 1.11 (0.98, 1.26) 81.87
i
!
Overall (I-squared = 86.0%, p = 0.000) <® 1.07 (0.96, 1.20) 100.00
1
1
NOTE: Weights are from random effects analysis 1
!
T T
5 1 15
Decrease prostate cancer risk Increase prostate cancer risk
Fig. 2 Forest plot for ACEl use and prostate cancer risk (RR relative risk, CI confidence interval)
Study %
D RR (95% Cl) Weight
i
|
Cohort '
i
|
Rao, G. A.etal.2013 — ! 0.91(0.84, 1.00) 21.70
|
Bhaskaran, K. etal.2012 —'o— 1.10(1.00, 1.20) 21.44
!
Subtotal (I-squared = 88.5%, p = 0.003) <> 1.00 (0.83,1.20) 4314
]
|
i
Case control :
|
Hallas, 12012 | — 139(1.15,168) 1451
|
|
Azoulay, L.2012 —— 1.01(0.94,1.08) 22.81
|
Kemppainen, K. J.2011 —;—o— 1.18(1.05, 1.33) 19.53
|
Subtotal (I-squared = 84.1%, p = 0.002) <<> 116 (0.98, 1.38) 56.36
i
i
Overall (I-squared = 83.7%, p = 0.000) <<> 1.09(0.97,1.21) 100.00
i
|
i
i
.

T
0.5
Decrease prostate cancer risk

T
1 {151
Increase prostate cancer risk

Fig. 3 Forest plot for ARB use and prostate cancer risk (RR relative risk, Cl confidence interval)
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CCB and prostate cancer risk

A total of 14 studies reported the connection be-
tween CCB usage and the risk of prostate cancer
[10, 11, 15, 16, 19, 26, 31-35, 36—38]. There appeared
to be a significant association between CCB usage and the
risk of prostate cancer, according to the meta-analysis of all
studies (RR1.08, 95% CI1.00—1.16). There was considerable
heterogeneity existing among these studies (I* =57.4%).
Subgroup analysis also indicated that without signifi-
cant relationship between CCB usage and the risk of
prostate cancer in terms of cohort studies (RR0.93,
95% CI0.71-1.21) but there was clear association be-
tween the use of CCB and the risk of prostate cancer
according to the pool-analysis of case-control studies
(RR1.10, 95% CI1.04—-1.16) (Fig. 4).

Beta-blockers and prostate cancer risk

There were 8 studies involving the subject of the rela-
tionship between beta-blocker usage and the risk of
prostate cancer [15, 19, 26, 31, 34-37]. The meta-
analysis of all studies suggested that there was no signifi-
cant association between beta-blocker usage and the risk
of prostate cancer (RR0.91, 95% CI0.81-1.02). We also did
not find a significant connection between beta-blocker
usage and the risk of prostate cancer, according to the
pooled analysis of cohort (RR0.85, 95% Cl0.69-1.04) or
case-control studies (RR0.92, 95% CI0.81-1.05). There
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was significant heterogeneity existing among these studies
(I* =70.1%) (Fig. 5).

Diuretics or antiadrenergic drugs and prostate risk

There were 5 and 4 studies involving the association
between the use of diuretics [15, 31, 36, 35] and antia-
drenergic drugs [15, 16, 28, 31, 35] and the risk of pros-
tate cancer, respectively. We did not find significant
association between the use of antiadrenergic drugs and
the risk of prostate cancer (RR1.22, 95% CI0.76-1.96).
The relationship between the use of diuretics and the
risk of prostate cancer was demonstrated as not signifi-
cant(RR1.09, 95% CI0.95-1.25). Significant associations
between antiadrenergic drug usage and the risk of pros-
tate cancer were found according to the cohort studies
(RRO.71, 95% CI10.57-0.90) (Fig. 6).

Discussion

To the best of our knowledge, this is first meta-analysis
to investigate the relationship between the use of antihy-
pertensive drugs and the risk of prostate cancer. Our
main findings suggested that there was no significant as-
sociation between the use of ACE inhibitors, ARB, beta-
blockers, diuretics or antiadrenergic drugs and the risk
of prostate cancer. However, CCB usage appeared to be
associated with the risk of prostate cancer. Moreover,

~

Study %
ID RR (95% CI) Weight
Cohort :
Debes, J. D. et al.2004 _—m E 0.55(0.31,0.97) 159
Fitzpatrick, A. L.2001 —_— : 0.60 (0.40, 0.90) 293
Olsen, J. H.1997 —0:— 1.00(0.70, 1.40) 3.80
Pahor, M.1996 : 1.99(0.93,4.27) 0.92
Rodriguez, C. 2009 —0——:— 0.91(0.73,1.15) 7.09
Sorensen, H. T.2000 -—:—0— 1.21(0.97,1.48) 7.78
Subtotal (I-squared = 70.8%, p = 0.004) <::l> 0.93(0.71,1.21) 24.11

i
Case control ]
Assimes, T.L.2008 —— 1.09(0.94,1.26) 1145
Azoulay, L.2012 - 1.02(0.96, 1.08) 18.07
Jick, H.1997 e 1.27(0.63, 2.56) 1.08
Kemppainen, K.J.2011 - 1.12(1.07,1.17) 18.97
Perron, L.2004 - 1.07 (0.91,1.26) 10.39
Ronquist, G.2004 —:—0— 1.30(1.00, 1.50) 8.18
Rosenberg, L.1998 —_ : 1.40 (0.80, 2.40) 1.71
Vezina, R.M.1998 ——f—ﬁ— 1.20(0.90, 1.50) 6.05
Subtotal (I-squared = 35.0%, p = 0.149) <> 1.10(1.04,1.16) 75.89
: i
Overall (I-squared = 57.4%, p = 0.004) Q 1.08(1.00, 1.16) 100.00
NOTE: Weights are from random effects analysis E

0|.5 1 1!5
Decrease prostate cancer risk Increase prostate cancer risk
Fig. 4 Forest plot for CCB use and prostate cancer risk (RR relative risk, CI confidence interval)
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Study

.
Cohort :

i
Rodriguez, C. 2009 :

1
Fitzpatrick, A. L2001 -
:

Subtotal (I-squared = 0.0%, p = 0.775)

[
i
Case control i
Kemppainen, K. J.2011 E
Assimes, T. L.2008 y
Ronquist, G.2004
Perron, L.2004
Vezina, R. M.1998

Rosenberg, L.1998

Subtotal (I-squared =75.5%, p =0.001)

Overall (I-squared =70.1%, p = 0.001)

NOTE: Weights are from random effects analysis

T
0.5

Decrease prostate cancer risk

\

%
RR (95% C1) Weight
- 0.86 (0.68,1.08) 1158
0.80(0.50,1.20) 521
<> 0.85 (069, 1.04) 16.79
e 1.05(1.00, 1.09) 2132
0.98(0.86,1.13) 1674
0.80 (0.60,1.00) 1049
0.79 (0.66,0.96) 1383
: 0.80(0.70, 1.00) 1233
i
: 120(080,1.70) 649
<3 092(081,1.05) 8321
:
|
<> 091(081,1.02) 100,00
H
i
i
* T
15
Increase prostate cancer risk

Fig. 5 Forest plot for beta-blockers use and prostate cancer risk (RR relative risk, Cl confidence interval)

that considerable heterogeneity existed among the
studies resulted in the reduction of evidence levels.

Prostate cancer is the most frequently diagnosed cancer
diagnosed and the main causes of cancer death in older
men in Western countries. Antihypertensive drugs such
as ACE inhibitors and ARB are widely used for the man-
agement of hypertension and the prevention of cardiovas-
cular disease events in high-risk persons [4, 40, 41].
Patients usually have long-term use of two or more differ-
ent types of antihypertensive drugs to control their blood
pressure [42]. The long-term ingestion of antihypertensive
drugs can lead to adverse effects in patients, such as hyper-
cholesterolemia, diabetes mellitus, chronic renal disease,
and other cardiovascular diseases [43]. In addition, discus-
sion of the connection between the use of antihypertensive
drugs and the risk of cancer has consistently been a hot
topic since the first relevant study was raised. We know
that the older men are exposed to the condition of fre-
quent use of antihypertensive drugs, and there is a high in-
cidence of prostate cancer in this population [12, 44].

The topic of the relationship between the use of anti-
hypertensive drugs and the risk of prostate cancer re-
main controversial, especially in the use of CCB and
ACE inhibitors or ARB. The findings of a case-control
study by Vezina, RM et al. suggested that there was no
association between the use of CCB and the risk of pros-
tate cancer in men younger than the age of 70 [36].
Debes, JD et al. found that there was an inverse

association between prostate cancer and the use of CCB,
and the result varied according to a family history of
prostate cancer [14]. Loughlin KR reviewed relevant lit-
erature and thought that CCB had a protective effect on
the development of prostate cancer on a basic science
level, although the association in clinical practice has
been controversial [45].

ACEI and ARB have been successfully used as potent
antihypertensive drugs for a long period of time, and some
literatures have suggested that these drugs could serve as
new anticancer drugs [46]. The increased expression of
Angll type 1 receptor (AT1R) mRNA was found in pros-
tate cancer tissues compared with expression levels in the
normal human prostate [47]. According to the data from
basic science, ACE inhibitors or ARB might have a pro-
tective role in cancer [48]. A meta-analysis of randomized
controlled trials (RCT) suggested that ARB are associated
with an increased risk of new cancer diagnoses, while an-
other meta-analysis of observational studies did not find
significant associations between the use of ACE inhibitors
or ARB and the risk of cancer, noting that the previous
meta-analysis of RCT had a short duration of follow-up
[9, 18]. In a case-control study, Hallas J et al. found signifi-
cantly elevated OR for prostate cancer (OR 1.28, 95% CI
1.18, 1.39) in the patients using ACE inhibitors [17]. A co-
hort study by Rodriguez, C et al. indicated that there was
no significant relationship between the use of ACE inhibi-
tors and the risk of prostate cancer [26].
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Study %
ID RR(95%Cl ) Weight
i
'
Corhot !
'
Harris, A. M. et al. 2007 —_— k 0.68 (0.53, 0.88) 20.51
I
Fitzpatrick, A. L.2001 —_—— 0.90 (0.50, 1.60) 1632
I
'
Subtotal (I-squared = 0.0%, p = 0.393) <> ' 0.71(0.57,0.90) 36.83
i
'
i
Case contrd H
'
'
Azoulay, L.2012 —0—: 1.02(0.86, 1.20) 21.18
i
Kemppainen, K. J.2011 —- 1.15(1.02,1.29) 21.47
I
Ronquist, G.2004 i ——+—> 3.60(2.80,4.60) 20,52
i
Subtotal (I-squared = 97.4%, p = 0.000) <:‘;:> 160 (0.87,2.94) 6317
I
i
Overall (I-squared = 96.0%, p = 0.000) <:?> 1.22(0.76,1.96) 100.00
i
NOTE: Weights are from random effects analysis )
T — i
0.5 1 5
Decrease prostate cancer risk Increase prostate cancer risk
Study %
D RR (95%Cl ) Weight
0
'
Corhot !
'
Fitzpatrick, A. L.2001 - 0.70 (0.40, 1.20) 544
'
|
Subtotal (I-squared = %, p =) C:P- 070(040,121) 544
!
'
i
'
Case contrd !
|
Kemppainen, K. J.2011 —— 1.10(1.06, 1.15) 45.16
i
'
Ronquist, G.2004 ——— 1.00(0.90, 1.20) 30.86
'
Vezina, R. M.1998 —_— 1.40(1.10, 1.80) 18.54
|
Subtotal (I-squared = 62.7%, p = 0.068) <> 1.11(0.98,1.26) 94.56
D
'
i
Overall (I-squared = 62.2%, p = 0.047) <® 1.09(0.95,1.25) 100.00
i
NOTE: Weights are from random effects analysis 5

T
0.5
Decrease prostate cancer risk

confidence interval

Fig. 6 Forest plot for use of antiadrenergic agents or diuretic and prostate cancer risk: a antiadrenergic agents and b diuretic. RR relative risk, Cl

T
1 1.5
Increase prostate cancer risk

A meta-analysis suggested that the use of BB was associ-
ated with reduced specific mortality among patients with
prostate cancer [49]. However, the relationship between
BB usage and the risk of prostate cancer lacks consistent
evidence. Perron, L et al. found that the long-term use of
BB might prevent prostate cancer (OR 0.79, 95% CI 0.66,
0.96) [19]. However, Kemppainen, KJ et al. found that
beta-blockers were associated with a marginally elevated
risk of prostate cancer (OR 1.05, 95% CI 1.00,1.09) [15].

Fewer studies have paid attention to the relationship be-
tween the use of diuretics or antiadrenergic drugs and
prostate risk compared with other types of antihyperten-
sive drugs and their use also had different results [15, 20].

The present systematic review and meta-analysis pro-
vided a summary analysis of previous relevant studies
which could yield a conclusion characterized by com-
promise. According to the pooled analyses of cohort
studies, we generally did not find significant associations
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between the use of antihypertensive drugs and the risk
of prostate cancer. Nevertheless, CCB usage might con-
tribute to the higher risk of prostate cancer, based on
findings from the case-control studies. Moreover, antia-
drenergic drugs had a protective effect on the develop-
ment of prostate cancer, according to the meta-analysis
of two cohort studies. As we know, there was longer
duration of follow-up in observational studies and we
only reviewed these studies to explore whether the long-
term use of antihypertensive drugs affected the incidence
of prostate cancer in natural population. In the present
review, most of the studies had a follow-up time of at
least five years, and we had a larger sample to analyse
than any previous studies. The main confounding fac-
tors, such as age, BMI, and race were adjusted for in
most of the studies. Although we included studies with
samples containing females, the relative risk was calcu-
lated under an adjustment for sex. Moreover, most of
the studies were assessed with a high quality of method-
ology. As a result, our pooled analyses provided a con-
clusion that was more closer to the truth.

Our studies also had some limitations. First, our evi-
dence grade was compromised by the considerable het-
erogeneity, which might be caused by various factors,
including study design, race, follow-up time, social back-
ground. Second, small sample were analysed on the
association between diuretics or antiadrenergic drugs
and prostate risk, and the results should be cautiously
considered. Third, we did not detect the publication
bias, although it might exist among these studies. Finally,
we did not conduct a dose-response meta-analysis due
to the lack of relevant data in the included studies.

Conclusions

We reviewed 21 observational studies and found that
there was no significant association between use of anti-
hypertensive drugs and the risk of prostate cancer.
Nevertheless, CCB usage might contribute to the higher
risk of prostate cancer based on findings from the case-
control studies. Unfortunately, the high heterogeneity
downgraded the evidence level and more well-designed
studies with large samples are needed.
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