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ABSTRACT

Objectives To determine whether bisphosphonates and
NF-«B ligand (RANKL) inhibitors delay coronary artery
calcification (CAC).

Design A systematic review was conducted.

Data sources MEDLINE, EMBASE and CENTRAL.
Eligibility criteria Longitudinal studies investigating
CAC progression in adults (>18 years) taking either a
bisphosphonate or denosumab compared with those who
did not.

Data extraction and synthesis Study and participant
characteristics, and primary outcome (ACAC from
baseline to follow-up) were extracted. The Risk Of Bias

In Non-Randomised Studies-of Interventions (ROBINS-I)
and Risk-of-Bias Tool for Randomised Trials (RoB2) tools
were used to assess the risk of bias for observational and
randomised controlled trials (RCTs), respectively. Outcome
measures were reported.

Results Four observational studies and one RCT
(n=377) were included. Three studies solely reported the
effect of bisphosphonates on ACAC; one study (n=56)
demonstrated a statistically significant CAC reduction in
the intervention group (372 mm®/year) compared with
control (+159 mm3/year) (p<0.01). One study (n=14)
demonstrated a difference in ACAC between intervention
(+880 mm®/year) versus control (+2220 mm®/year),
however, no p value comparing groups was reported. One
study (n=115) found no statistically significant difference
between intervention and control.

One study (n=42) exclusively investigated the effect of
RANKL on ACAC; there was a statistically significant
reduction in CAC at 6-month follow-up between
intervention (—133+124 modified Agatston unit (AU)) and
control (+188+72 modified AU), p=0.03.

One study (n=150) compared both bisphosphonates and
denosumab to control and found no statistically significant
difference between either intervention group and control
over 24 months. Meta-analysis was not performed due to
limited, heterogeneous studies.

Conclusions There is insufficient evidence supporting
the correlation between bisphosphonate or RANKL
inhibitor use and CAC progression. Further research is
warranted.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Studies included in the review were not limited to
study design; this means that most potentially rel-
evant studies were not missed in synthesising the
literature on this topic.

= Three large databases were systematically searched
from inception to the time of the first submission of
the review, and therefore, it is unlikely that relevant
articles were missed for potential inclusion in the
study.

= Meta-analysis was unable to be performed in view
of the small number of heterogeneous papers eligi-
ble for inclusion in the review.

= The review is limited to studies which have been
published.

= The review is limited to studies published in the
English language.

INTRODUCTION

Coronary artery disease (CAD) is the leading
cause of morbidity and mortality worldwide,
accounting for 17.9 million deaths, annually.'
Coronary artery calcium (CAC) is a highly
specific marker of established atheroscle-
rotic plaques” and is attained from axial non-
contrast computed tomography (CT) slices.
It is reported as the modified Agatston score,
which is expressed as Agatston units (AUs).”
CAC scoring has been shown to predict the
risk of future cardiovascular events in asymp-
tomatic patients.*

Bisphosphonates and NFxB ligand
(RANKL) inhibitors are medications typically
indicated for the management of osteopo-
rosis. Evidence suggests that there may be a
role for their use in reducing the progression
of CAD, via their effects on plaque forma-
tion.” ® Bisphosphonates have been shown
to inhibit the crucial regulatory enzyme,
farnesyl pyrophosphate synthase in the meva-
lonic acid pathway, which is implicated in
both bone and lipid metabolism, and thus
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alter the progression of ectopic calcification.” ® RANKL
inhibitors, including denosumab, interfere with the
glycoprotein, osteoprotegerin and other signalling path-
ways, again involved in lipid metabolism. Furthermore,
calcified plaques shown on unenhanced CT images are
much alike to bone itself. Together, this information
suggests that the fundamental underlying biochemical
pathways involved in bone formation and vascular calci-
fication are likely shared. The implication of such could
mean an additional therapeutic target in managing CAD,
which is relevant in those for whom traditional cardiovas-
cular therapies are no longer sufficient to control disease
progression.

Etidronate is one bisphosphonate whose effects upon
CAD have been studied. Three studies have shown that
etidronate may delay the progression of CAD, which
has been measured through the surrogate endpoints of
aortic calcification scores, CAC scores and carotid artery
intima—media thickness, respectively.”® The effects of
nitrogen-containing bisphosphonates (NC-BPs), however,
on vascular calcification are contradictory in the literature.
Some randomised controlled trials (RCTs) have suggested
that alendronate, the most studied of the NC-BPs, is protec-
tive against CAD progression, again through a reduction
in carotid intima—media thickness,10 1 and total volume
of vascular calcification.'”” ¥ These trials all contained
less than 75 patients, with effects on vascular calcification
largely observed in patients with chronic kidney disease
(CKD) or in those receiving haemodialysis, only. Mean-
while, one small pilot study by Hill et al, showed that there
was no significant difference in CAC progression between
those receiving alendronate and placebo."

There is very limited evidence assessing the role of
the RANKL inhibitor, denosumab, in the progression of
vascular calcification. A recent RCT revealed that after
12-month follow-up there was no significant difference in
CAC and carotid artery intima—-media thickness between
those on denosumab versus control.'” Conversely, another
study demonstrated that denosumab may indeed suppress
the progression of CAG,'® although this was restricted
to patients with secondary hyperparathyroidism. These
conflicting data highlight the need for consolidation of
the literature by means of a systematic review.

Over the last decade, two systematic reviews have been
performed on similar topics. The first investigated the
effects of bisphosphonates on multiple vessels, including
the carotids, coronaries and aorta in patients under-
going haemodialysis.'” However, the review published 10
years ago included only two papers which investigated
the effects of etidronate, on CAC specifically, in a highly
selected population group, limiting the generalisability
of the findings. The second, more recent study was also
limited by the inclusion of small sample size studies and
a short duration of follow-up. Additionally, no system-
atic review to our knowledge has explored the impact of
denosumab on vascular calcification.

The primary aim of the systematic review was to eval-
uate the relationship between the use of bisphosphonates

Table 1
review

PICO-D criteria for inclusion of studies in the

Participants Participants in the included studies were over

the age of 18 and must have had a CAC score
documented. Participants were not limited
according to sex or presence of comorbidities.

Intervention The intervention group must have had a CAC

score measured at baseline, prior to receiving
bisphosphonate or denosumab therapy for a
period of at least 6 months. CAC scoring must
have been repeated at least 6 months following the
commencement of therapy.

Comparator Patients who were not receiving or did not receive

the aforementioned medications. CAC must have
been measured at baseline and repeated at a
second time point, which was at least 6 months
following the initial CAC score.

Qutcomes Coronary artery calcification as quantified by the

CAC score (modified Agatston score) or other
appropriate method of measuring CAC. Studies
were included if they measured the CAC at least
twice (minimum before and at least 6 months after
initiation of treatment) to monitor progression.

CAC, coronary artery calcification; PICO-D, Patient-Intervention-Comparator-
Outcome-Duration.

and the RANKL inhibitor, denosumab, with CAC. We
hypothesised that there would be an inverse relationship
between bisphosphonate and denosumab use and CAC.
Furthermore, this review aimed to assess the relationship
between these medications and aortic and carotid calci-
fication through its secondary outcomes. If a true associ-
ation between bisphosphonate or RANKL inhibitor use
and CAC can be established in a large, diverse cohort of
patients, it may warrant their use in those with elevated
CAC. This could prove vital in both the primary and
secondary prevention of cardiovascular events in those
who are at high risk of severe complications.

METHODS

The methods of this review have been published as a
protocol' and are outlined in brief (please see online
supplemental file 1).

Eligibility criteria

Definitions as per PatientIntervention-Comparator-
Outcome-Duration (PICO-D) were adapted for the
purpose of this review. An article was included in the
study if it met the PICO-D criteria as outlined in table 1.

Search strategy

A structured search of MEDLINE (inception — present),
Embase (inception — present) and the Cochrane Central
Register of Controlled Trials (CENTRAL) was performed.
Citation lists of any relevant papers found were hand-
searched to identify further pertinent articles. The search
strategy was developed by a medical librarian (online
supplemental file 2), with search syntax altered as appro-
priate according to each database’s subject headings and
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thesaurus. Search keywords included CAC, bisphospho-
nates, RANKL inhibitors and denosumab.

Study selection

The articles yielded by the search were screened by title
and abstract against our inclusion and exclusion criteria.
Following initial title/abstract screening, the full text of
potentially eligible papers was then appraised for final
inclusion in the systematic review. A third reviewer adju-
dicated if there was a discrepancy in the inclusion status
of any study. This process was documented in a Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram.

Data collection

Two independent reviewers (NSM and KG) extracted data
items from included reviews as per a standardised data
extraction form (online supplemental file 3). Extracted
data included study design, country and setting, aims
and objectives, study population, intervention, control,
outcomes, risk of bias and demographical data.

Outcomes

The primary outcome extracted was the difference in CAC
from baseline to follow-up in patients who used either a
bisphosphonate or denosumab compared with those
who did not. The secondary outcomes of the review were
carotid artery intima—media thickness and aortic calcifica-
tion, both measured in cubic millimetres, in those using
either a bisphosphonate or denosumab compared with
placebo.

Risk of bias

Risk of bias was assessed using the ROBINS-I tool" for
non-randomised studies and the RoB2 tool® for RCTs.
The studies were graded as low, moderate or high for risk
of bias per criterion and for overall bias.

Data synthesis and analysis

Studies were included if they fulfilled the eligibility
criteria. Data were presented narratively and comple-
mented with tables and figures as appropriate. The
outcomes of each study were extracted, with their effect
size measured by OR or relative risk and their corre-
sponding 95% CIs, where available. The statistical signifi-
cance reported by their p values was also collected where
available, as stated by the study authors. Lastly, the main
conclusions drawn by the authors were extracted. Meta-
analysis was not performed due to the heterogeneity of
included studies, which was assessed per the definition
reported in the Cochrane Handbook for Systematic
Reviews of Interventions.”' Heterogeneity in the included
studies was demonstrated in their clinical variation that is,
diverse populations studied with variations in treatment
type and dose, and methodological variation as evidenced
by study design (prospective observational vs RCT) and
variance in reporting of the outcome measure (CAC

reported in cubic millimetres vs AU), the latter of which
most markedly precluded meta-analysis.

Patient and public involvement
None.

RESULTS

Study inclusion

112 potentially relevant articles were identified from a
systematic search of the literature, of which five met the
review inclusion criteria (see figure 1); four observa-
tional studies and one RCT were included with a total of
377 patients.” ® '*1°** Individual study characteristics are
documented in table 2. Three studies reported outcomes
pertaining to bisphosphonate use, one on denosumab
use and one study investigated the use of both.

Risk of bias in included studies

A'summary of the risk of bias in each study can be found in
tables 3 and 4 for observational studies and RCTs, respec-
tively. Low overall risk inferred a low risk in each crite-
rion. Moderate overall risk was determined by moderate
risk in at least one criterion, without high risk in any crite-
rion. High overall risk was determined by high risk in at
least one criterion.

Demographical data and population

Demographical outcomes included age, sex, presence
of hypertension, diabetes, dyslipidaemia, CKD and
smoking status (see table 5). There was a large propor-
tion of patients who had end-stage renal disease on dial-
ysis (three studies, n=112) and osteoporosis (one study,
n=115). One study did not report any demographical
baseline characteristics of participants except for age.
One study reported only on age and sex. The remaining
studies reported on each of the aforementioned charac-
teristics. No studies reported on family history of CAD,
and consequently, these data are not included in table 5.

Primary outcomes

Bisphosphonate use

Nitta et al (n=56) reported the action of the bisphospho-
nate, etidronate on CAC progression and demonstrated a
statistically significant reduction in CAC (-372 mm® over
12 months) compared with patients not taking etidronate
(+159 mm? over 12 months) (p<0.01). Ariyoshi et al (n=14)
who also reported the effect of etidronate use on CAC
progression demonstrated a difference between interven-
tion (+880mm?® over 12 months) vs control (+2220 mm®
over 12 months), however, no p value directly comparing
the two groups was reported.

A third study by Hill et al (n=115) found no statisti-
cally significant difference between intervention with
the bisphosphonate, alendronate (+2.4 modified AU
per month) and control (+3.1 modified AU per month),
p=0.46. Pawade et al (alendronate use, n=51; control
n=50) similarly found no statistically significant differ-
ence between alendronate use (+326 (138-813) modified
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=
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)
Records after duplicates removed
20 n=112)
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3
5
»n
\ 4
Abstracts screened Records excluded
— (n=112) > (n=101)
)
E} \ 4
’a Full-text articles assessed Full-text articles
ﬁ for eligibility excluded, with reasons
(mn=11) >
Absence of control group
\ 4
Auth le t
Studies included in final uthors unab cto be
- hesi contacted for retrieval of
- quantitative synthesis pertinent data (n = 1)
3 (n=35)
= Intervention did not
= involve use of RANKL
inhibitor or
bisphosphonate (n = 1)
~———
Single timepoint study
with no follow-up CAC
performed (n=1)
Review article (n =2)

Figure 1 PRISMA diagram demonstrating how studies were included in the review. PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta- Analyses; RANKL, NF-kB ligand.

AU over 24 months) and control (+354 (76-675) modi-
fied AU over 24 months), p=0.49.

Denosumab use

Chen et al (n=42) investigated denosumab use on CAC
progression and found a statistically significant reduction
at 6-month follow-up between intervention (-133+124
modified AU) and control (+188+72 modified AU),
p=0.03. Pawade et al (denosumab use, n=49; control,
n=50) found no statistically significant difference between

denosumab use (+343 (198-804) modified AU) vs control ¢

(+354 (76-675)) over a 24-month period, p=0.41. Primary
outcome data can be seen in table 6. Meta-analysis was
not performed due to limited, heterogeneous studies as
previously discussed.

Secondary outcomes

Aortic calcification

Ariyoshi et al (n=14) reported the progression of aortic
calcification in those receiving etidronic acid versus those

4

Saunders SL, et al. BMJ Open 2024;14:e084516. doi:10.1136/bmjopen-2024-084516

* (s3gv) Jnauadns juswaublosug
| 8p anbiydeibol|gig 8ousby e Gzoz ‘0T sunr uo jwodfwg uadolway/:dny woly papeojumoq 720z Jequaidss Gz uo 9TSy80-rZ0z-uadolwa/9eTT 0T Se paysiignd sy :uado CING

salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buiuiw elep pue 1xa1 01 pale[al sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold


http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2024-084516 on 25 September 2024. Downloaded from http://bmjopen.bmj.com/ on June 10, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

panuiuo)

"
»n
(V)
o
o
©
c
(0]

‘asuodsal
Aorewwepul
2]UOJYD Ul UoiONpPal

‘(pasAjeue
AloAnoadsoual) |g=u

‘Ge=u
‘shep 06 A1one ‘saw

‘Adesayy
Bnap J18y) yum paijdwos

‘sjuaijed sisAjeipowsaey
ur 19 [esds

B UlIM UOIJEeIo0SSe ‘dn-moj|o} ‘Adesayy areuoupiie 9a.y} pajeadas sem OYM pue uoljewwepul  Jojoeiepinw Buisn Aq ‘uedep
ul 8yeuoplid 0} au||aseq Wouy 1noyum Adeseyy 9|94 ay] ‘sAep {| Jo} 9}nNoe SNOIAQO INOYHM VD J0 uoissaiboid ‘pouad dn-moj|o} ‘ewysnyng
Aq pessaiddns 9y ul ebueyd sem sisAjelpoweey wis}  Aep/Bw Qg 91euoipiie sisAjelpowaey 8y} uo ajeuoIpie JO yiuow -/ ‘sisAjeue ‘lendsoH 47002
aq Aew QYD  dwo9ino Arewnd -Buo| uo sjusied |B2119A0 JUS}HIWLIBIU| Bulobiepun sjusied S109}40 9} SSOSSE 0] anesedwo)  [eJausk) epaye| ‘le 18 enlIN
‘9g=u
‘sl1030®} XSl OBIpJed
PUE (%02 Ulyum)
8109S QYD dulleseq
‘xos ‘obe Jo siseq ay} ‘Juswijeal) JO uolenul
uo pawopad sem Jaye sjensaiul AlesA e
Buiyorey Buiyorew $9J09s Aijpwordiosqe
'sBuipuly 8say} ‘yuow Joj 9|qibie asem jusbe Ael-x ABisus-enp pue
wlljuod 0} palpnis 8q  Jad 8109s Dy du} aAljoE-9u0q Aue OVD ul sebueyo jo
pinoys poyoo Jebiel e Ul 8bueyo ainjosge  Bupel 10U pue asessip Apnis e ul e1edioiped o}
INg ‘OyD JO 8y} JO siseq 8y} uo Meay olwaeyos| Jo} ‘(red e Ul pejussuod ‘uoneoyioles Aiepe
o)kl 8y} 81eIs[909k J0U paje|nojed ‘QyD oljewoldwAse aiem paydrew aiem 9g) G=u pue 8jeUOIpUS|E YIM Areuoio9 jo ajel 8y} ‘pouad dn-moj|o}
S90p UoljellsIulLpE ur ebueyo sem oym sisosodoaiso ‘Buiuiow yoes Ajjelo juswieas} BuljueLleM SOJeI9|900. SJBUCIPUSIE  YIUOW -G ‘SisAjeue +,.2002
djeuolpusle [eJO)  SWOdINo Alewd yum s3oslgng Bw Q| 81euoIpUSlY SISOI0AOBISO YHM Sjudlled  JBYIBUYM dulwISidp O aAlresedwod jo|id vSn ‘e 18 |IiH
'S9J09S YYD Ul
Janoudny  sabueyo Bunosye
auoq ybiy Ajpwaiixe SJ0}OB} papnjoul
yum sjuaied ul SOW021IN0
UOI}BO}I0[ED SNOSSSO Arepuooss ay |
JO uoissaibal 0} "s|ans| esereydsoyd 'SSBW 8U0Qq MO| pue
pes| os[e Aew sIy | auleye pue 1dHS yum sjuaied ul ‘uemie]
‘gewnsousp Aq a1eydsoyd ‘9102 PUB 10g /900100  juswiesJ} qewnsousp uJaynos ul
passaiddns aq Aew ‘wnioeo ‘Lg=u usamiaq  BuIMO||0} UOIEDIHIOIED 9J3U89 [edIpaw
1dHS @19n8s yum ‘OvD Ul sebueyo ‘1 Aep uo uanib sem sisAelp BuioBispun Aiope Aleuolod ul ‘pouad dn-mojjoy Aseipel e ‘leudsoH
sjuaned ul DyD Jo 2JoM SBWO02INO ‘lg=u  Bw (9 gqewnsousp jo QJoM oYM | JHS 8J1ones sabueyo wis}-poys UluOW-9 ‘SelI8sS  [eJausK) SUBISIOA 02,0202
uoissaiboid sy Arewnd sy ‘uonosful ogede|d  ©SOP SNOdBUBINOANS Y pue g4S3 yum sjusized U} dulWIsep O]  9SED aUusd-9|buIS Bunisyoey] ‘le 18 uayn
‘pouad yuow-g| '€00¢
‘SISA[eIpowsey & JSAO UOJ1EDIIO[eD pue zoog usamiaq [endsoy
oluoayo Bulobiepun olpoe pue pouad aU} 1e aseas|p peay ‘sisA[elpowaey dluoiyd
a4s3 yum sjusied yluow-9 B JaAo olwiaeYDS| J0) pajeal) usaq  Bulobiepun sjusied ul ‘pouad
ur OyD jou Ing OVD ul sabueyo pey oym sisAjelpowsey  UOIFeOIo[ed [eldpe uo  dn-mojjo) Yuow -9
uol}eol4Ioeo oloe 9J9M SBWO02IN0 ‘9=U ‘Adesay} ‘g=u ‘syeam {g o} Aep oluoJyo BuloBispun  ploe JlUOIPIIS JO 108D ‘Apnis anjoadsosd  “uedep ‘piesebeN ,9002
paonpaiJ ploe d1uoipig Arewnd sy pIoe oluoJpiie oN  /Bw Qof pIoe dluoipng ays3 yum sjuaied 8y} asle}oeIeYyd 0] a1us0-9|buIS ul leydsoy Y ‘e 19 IysoAuy
suoisnjouod Jolepy palebnsanul dnoub jonuon dnoub uonuanialu| sjuedioinied  saAnoalgo pue swiy uBisag Bumss /Anunon Jaded

sS2wodInQ

sonsuelorIeyd Apnis g ajqel

Saunders SL, et al. BMJ Open 2024;14:e084516. doi:10.1136/bmjopen-2024-084516


http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2024-084516 on 25 September 2024. Downloaded from http://bmjopen.bmj.com/ on June 10, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

ubIH Mo MO MO Mo ajelopo 8jeIspoN ybiH 47002 ‘[e 10 eRIN

91eIapoN Mo Mo Jesjoun Mo Mo 9)eIapoN Mo »,0002 ‘2 18 IIH

MO MO MO Jesjoun MO MO MO MO 5,0202 ‘B }9 usyQ

2)eIopoN Mo Mo Mo a)elapo\ Mo Mo 8JeIePON  ,900% /B 8 1ySOAuY
selq ||e4dnQ  selq Buipodal selq selq UOIUSAIdUI papudul suonuanidul  Apnjs ay} ojul syuediodnied Buipunojuods
9AI}O3|9S a4NSEaW dWO02INQ  Blep BuISSI)  WO4) SUONBIASP 0} anp seig JO uoneoyIsse|d ui selg JO uono3|as 0} anp seig o} anp seig

S[el} Pajj0U0D PasiLopUR PUB SBIPNIS [BUOIBAISSTO JO) SOIPNIS PapNoul Ul Seiq Jo sl € a]qeL

Saunders SL, et al. BMJ Open 2024;14:e084516. doi:10.1136/bmjopen-2024-084516

‘wisiploJAyyesediadAy Arepuooss ‘| JHS (puebl g-4N “TMNYY ‘osessip [eual abels pus ‘qys3 ‘uoieoiojed Aispe Areuolod ‘QyD

)
7
o
3]
3]
®©
c
[
o

o

‘[eydsoH

‘syjuow leAoy Aejlen

2| ¥e axerdn anjen *9J00S WN|O[ed ypo4

oljoe Ul 8bueyo QAJeA O1poe 8y} Buisn pue [endsoH

pue syjuow g ye "POPN|OUl BIOM JUSLUSSOSSE  PJEN|EAS SE ‘SISOUd)S S|lomauIN

Ayoojen 18 o1uoe  "pG=u ‘(pIoe dluoIpus|e olydesboipieooyos OIHOE O110|ED YHM ‘leudsoH

yead ul abueyo Buinieoas sem dnoib "1G=U ‘Apj@em aouo aAleyuenbiwas uo  sjusijed ul uoissalboid BLOJOIA ‘[endsoH

‘uolssaiboid asessip papn|ou; syuiod uonuanLul palred Bw p/=s918U0IPUB|Y UoI}eOI}I0[BD BAJBA  9SESSIP 99Npal pjnod ‘pouad dn-moj|o} |eJauan)

JO UOJBOIIO[ED SA[BA
OILIOE JO Uoljels|e00e
Jo uopeJoljeWE Jofew

9sned 8jeuolipus|e Jou

pus Arepuooss
Aoy "syuow g

1e 2J00S WNIojed
aAJeA ay] sem juiod

}1) 8|nsdeo ogeaoe|d
JO (qewnsousp
Buinieoas sem dnoib
uonuanBul pasied

6p=U ‘syjuow 9 A1one

Bw o9 qewnsousq
:Apnis ayy

ul sdnouB uonusBlUl

olpoe $—g sapelb pue
Aydeiboipiesoyos
Ja|ddoQ uo syw gg<
Ajooan 18[ o1poe yead

ploe ojuoipusie

a1euoydsoydsiq ay} Jo

gewnsousp Jogiyul
TINVY 8y} Jsyieym

Yluow-g ‘fetsy
]0J1U0D pasiwopuel
puljg-s|gnop
‘dno.b-|e|jesed

sieplog ‘@nua)
pesH ybinquipg
pUBJ}00S SS0I0E
soluljo jusiedino

22+202

gewnsousp JayjieN pus Arewnd sy J1) uonoalul ogaoe|d OM] 8JoM 8J9Y] B YIM SIedh 0G< sjualied aulwIgep O ‘aIjus0-9|buUIS ABojoipien  ‘Je 10 epemed
suoisnjouod Jolep pajebnsanul dnoub jonuo) dnoub uonuaniau| sjuedioiped sannoalqo pue swiy uBiseq bHumes /Anunod Jaded
sawoonQ

panupuo) g 9qeL



http://bmjopen.bmj.com/

Table 4 Risk of bias in included studies for randomised controlled trials

Bias arising from the

randomisation process intended interventions

Bias due to deviations from Bias due to missing Bias in measurement
outcome data

Bias in selection Overall

of the outcome of reported result bias

Pawade et al, Low Low

202122

who were not.” Aortic calcification was found to improve
in the intervention group (-64.1% (6.5 to -50.1))
versus in the control group (+130% (2.1-414%)) over a
12-month period (p=0.006).

Carotid artery calcification

None of the included studies reported on carotid artery
intima—media thickness in those using either a bisphos-
phonate or denosumab compared with a placebo.

DISCUSSION

Optimisation of risk factors remains challenging for many
patients with moderate to severe CAD, and subsequently,
the search for additional therapeutic targets is needed.
Our review collected data from observational studies and
a single RCT and is the first to summarise the evidence
exploring the role of bisphosphonates and RANKL inhib-
itors, respectively, in the progression of CAD as objectively
measured via CAC.

Bisphosphonates and CAC

Four studies investigated the action of bisphosphonates
on CAC progression. Nitta et al’s study was the only study
to report a statistically significant reduction in CAC
progression in patients receiving the first-generation
bisphosphonate, etidronic acid, which was given in doses
of 200 mg/ day for 14 days, every 90 days for a total of three
cycles, compared with control in patients with end-stage
CKD.? Furthermore, the findings reported by Ariyoshi et
al,” also in a cohort of haemodialysis patients receiving
etidronate but at a higher dose of 400mg/day for 24
weeks, are worth noting; while the authors did not report
any statistical hypothesis result, a large difference in CAC
of 1340mm® between the groups was observed at 1-year
follow-up. This would support the notion that etidronic
acid is capable of reducing CAC in patients with CKD. The
remaining studies in this category investigated the NC-BP,
alendronate, in a broader range of individuals which
could explain the differences in outcomes seen. This
also correlates to the difference in molecular structure
between first-generation bisphosphonates and NC-BPs,
with etidronate theorised to have a greater capacity for
inhibition of crystallisation and thus calcification of soft
tissues.” Furthermore, a literature review showed that
inhibition of soft tissue calcification by bisphosphonates
is likely restricted to etidronate.** However, the review
warns that etidronate poses a risk of causing osteoma-
lacia in patients taking it at the high doses recommended
to suppress vascular calcification. Conversely, other
reviews™ * suggest that etidronate is safe if given cyclically

Moderate

Low Low Moderate

(as was performed in the Nitta et al, protocol) up to a dose
of 400 mg daily. Osteomalacia was not reported in the 2-3
years follow-up period.*® Continuous therapy at these
doses, however, is not recommended due to intolerable
gastrointestinal side effects and subsequent poor adher-
ence. Given that etidronate displayed benefit at 200 mg
daily in the Nitta et al, paper, we posit that this could be
an optimal starting dose that also allows for up-titration in
the management of vascular calcification to balance the
risks and benefits of treatment. This could be an area of
future research.

RANKL inhibitors and CAC

Evidence regarding the action of denosumab on CAC
progression also remains conflicting, with one study
reporting a statistically significant hypothesis result
between intervention and control, and one study demon-
strating no statistically significant difference in this review.
RANKL inhibitors are comparably novel to bisphospho-
nates, and subsequently, research into their use is not as
ubiquitous. Denosumab’s ability to inhibit vascular calcifi-
cation has been proven both in vitro?” and in vivo in mice
models.”® In the latter study, osteoporosis was induced by
prednisone in human RANKL knock-in mice, who became
responsive to denosumab, unlike their wild-type counter-
parts. Subsequent denosumab therapy resulted in atten-
uation of aortic calcium deposition up to 50% compared
with the control group. In humans the data remains
conflicting. An RCT conducted in haemodialysis patients
by Iseri et al, did not demonstrate a statistically significant
difference in CAC progression from baseline to follow-up
at 12 months. Notably, only 18 patients reached follow-up
time. Additionally, this study did not include a control
group and hence did not meet the eligibility criteria for
inclusion in the present review. In contrast, a larger, more
recent study published by Suzuki et a’ conducted over a
30-month period demonstrated the capabilities of denos-
umab in reducing aortic arch calcification in haemodial-
ysis patients. Given the narrow patient selection criteria,
the results may not be generalisable to a wider cohort.
However, these findings corroborate those published by
Chen et al,'® suggesting that denosumab may have selec-
tive utility to improve vascular calcification in those with
end-stage CKD.

CAC progression versus prevalence

Notably, the review included only papers which investi-
gated the impact of antiosteoporotic medications on
CAC progression over time. Hence, studies evaluating
the point prevalence of CAC in bisphosphonate or
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denosumab users were excluded. The largest study to
date investigating bisphosphonate use on the prevalence
of atherosclerosis is the Multi-Ethnic Study of Atheroscle-
rosis study.” The study included over 3000 women from
diverse ethnic backgrounds and found that bisphospho-
nate use was associated with a reduced prevalence of
overall cardiovascular calcification in women over the
age of 65. However, this was not statistically significant for
CAC, which is supported by our review. While men made
up the bulk of participants in our review, the mean age of
participants was alike, which may explain the similarity to
the review’s findings.

Antiosteoporotics and calcification in other vasculature

To the authors’ knowledge, the RCT conducted by
Pawade et al is the first of its kind to apply CAC scoring
to measure aortic valve stenosis (AS) in the context of
bisphosphonate and denosumab use.?” The study did not
find a statistically significant result between intervention
and control in either case. Other papers have reported
the effect of bisphosphonates on the progression of AS
but measured via aortic valve area and mean and peak
gradients. Using these parameters, the literature remains
conflicting, with some evidence to suggest the slowing of
AS by bisphosphonates,” ** and other evidence contra-
dicting such an effect.”

One study reported on the review’s secondary outcome
of aortic calcification.” A statistically significant reduc-
tion in aortic calcification in the etidronic acid group
compared with control was demonstrated; whilst not
statistically significant in the coronary arteries, a reduc-
tion was still noted. Whilst the underlying mechanism of
calcification remains analogous between the two arteries,
the differences in intimal and medial histological elastic
and smooth muscle fibre composition® as well as differ-
ences in shearing forces between the vessels could theo-
retically result in delayed improvement in calcification
measurements over the given timeframe.”

Strengths and limitations
This review is likely to have captured most, if notall papers
reporting on the topic of CAC progression in antiresorp-
tive medication use, through its use of (1) inclusion of
multiple study designs, (2) inclusion of wide study popu-
lations, that is, no limitation according to sex or presence
of comorbidities and (3) a methodical search of three
large databases and citation lists of relevant papers.
Meta-analysis was unable to be performed in view of
the small number of heterogeneous papers eligible for
inclusion in the review. Furthermore, three of the four
studies were shown to have a moderate risk of bias which
may limit the interpretation of the data. Two studies were
undertaken in patients with end-stage renal failure on
dialysis, specifically, and one in patients with concomitant
secondary hyperparathyroidism with normocalcaemia.
Therefore, these studies may not be generalisable to the
broader population, particularly in those with alternate

pathological mechanisms to cause their osteoporotic
bony disease and simultaneous vascular calcification.

Future directions

Further research on etidronate in renal failure patients
appears warranted, given previous promising results
in this demographic. Larger scale studies which aim to
balance therapeutic dosing with adverse events appear
worthwhile. Additionally, data pertaining to the long-
term use of both first generation and nitrogen-containing
bisphosphonates, and RANKL inhibitors in patients with
and without renal disease would be useful to establish the
temporal relationship between antiosteoporotic medica-
tions and CAC. Large-scale RCTs would be most benefi-
cial to draw valid conclusions.

CONCLUSIONS

Given the limited number of heterogeneous studies, the
present review demonstrates that there is insufficient
evidence currently available to support a correlation
between bisphosphonate or RANKL inhibitor use and
CAC progression. Further research is warranted.
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