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ORIGINAL RESEARCH

Interventions to Attenuate Cardiovascular 
Calcification Progression: A Systematic 
Review of Randomized Clinical Trials
Shashank Murali, MD; Edward R. Smith , BSc, MSc, PhD; Mark K. Tiong , MBBS, PhD;  
Sven-Jean Tan , MBBS, BMedSci, PhD; Nigel D. Toussaint , MBBS, PhD

BACKGROUND: Cardiovascular calcification, characterized by deposition of calcium phosphate in the arterial wall and heart 
valves, is associated with cardiovascular morbidity and mortality and is commonly seen in aging, diabetes, and chronic kidney 
disease. Whether evidence-based interventions could significantly attenuate cardiovascular calcification progression remains 
uncertain.

METHODS AND RESULTS: We conducted a systematic review of randomized controlled trials involving interventions, compared 
with placebo, another comparator, or standard of care, to attenuate cardiovascular calcification. Included clinical trials in-
volved participants without chronic kidney disease, and the outcome was cardiovascular calcification measured using ra-
diological methods. Quality of evidence was determined by the Cochrane risk of bias and Grading of Recommendations, 
Assessment, Development, and Evaluations assessment. Forty-nine randomized controlled trials involving 9901 participants 
(median participants 104, median duration 12 months) were eligible for inclusion. Trials involving aged garlic extract (n=6 stud-
ies) consistently showed attenuation of cardiovascular calcification. Trials involving 3-hydroxy-3-methylglutaryl coenzyme A 
reductase inhibitors (n=14), other lipid-lowering agents (n=2), hormone replacement therapies (n=3), vitamin K (n=5), lifestyle 
measures (n=4), and omega-3 fatty acids (n=2) consistently showed no attenuation of cardiovascular calcification with these 
therapies. Trials involving antiresorptive (n=2), antihypertensive (n=2), antithrombotic (n=4), and hypoglycemic agents (n=3) 
showed mixed results. Singleton studies involving salsalate, folate with vitamin B6 and 12, and dalcetrapib showed no at-
tenuation of cardiovascular calcification. Overall, Cochrane risk of bias was moderate, and the Grading of Recommendations, 
Assessment, Development, and Evaluations assessment for a majority of analyses was moderate certainty of evidence.

CONCLUSIONS: Currently, there are insufficient or conflicting data for interventions evaluated in clinical trials for mitigation of 
cardiovascular calcification. Therapy involving aged garlic extract appears most promising, but evaluable studies were small 
and of short duration.

Key Words: cardiovascular risk ■ coronary artery calcification ■ randomized controlled trials ■ systematic review ■ valvular calcification 
■ vascular calcification

Cardiovascular calcification is a heterogeneous pro-
cess characterized by deposition and accumula-
tion of calcium phosphate in the arterial wall and 

cardiac valves, and is considered a hallmark of aging. 
It is a pervasive complication of chronic kidney disease 
(CKD), diabetes, dyslipidemia, and hypertension, as 

well as chronic inflammatory conditions,1,2 and is as-
sociated with increased cardiovascular morbidity and 
mortality. Consequently, cardiovascular calcification 
has been considered a risk factor that may prompt 
strategies to reduce the burden of cardiovascular 
disease.
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The pathogenesis of cardiovascular calcification is 
not fully understood. It is recognized as a complex 
cell-regulated process, determined by an interplay of 
genetic and epigenetic factors and the inherent ten-
dency of vascular smooth muscle cells to acquire an 
osteogenic phenotype in response to certain environ-
mental cues (eg, metabolic, endocrine, and inflamma-
tory stimuli).3 Arterial calcification is often categorized 
as intimal, typically associated with atherosclerotic 
plaque, or medial, a more diffuse arteriosclerotic 
process that can lead to vascular stiffening, abnor-
mal coronary perfusion, and cardiac hypertrophy.4 
Although histologically distinct, intimal and medial 
calcification can coexist in the same arterial segment, 
and synergistically predict adverse cardiovascular 
outcomes.3 Coronary artery calcification (CAC) is 
one of the most studied calcification processes and 
widely considered pathognomonic for atherosclero-
sis.5 Although severity of CAC correlates with plaque 
burden and future risk of cardiovascular events, there 

is a complex relationship between the extent/type 
of calcification and plaque stability. Calcifications at 
other sites, including aortic, peripheral arteries, and 
valvular, also often associated with atherosclerosis, 
predict cardiovascular risk, although sometimes in-
dependent of atherosclerosis.6,7

As well as anatomical distribution and location 
within the vessel wall, the size of calcifications also 
has important functional consequences. Smaller cal-
cifications (microcalcifications) in the tunica intima 
may increase plaque instability, promote local stress 
in the aortic valve leaflets, and trigger inflammation 
pathways. Microcalcifications can aggregate to form 
larger calcifications (macrocalcification), which can 
have divergent effects on tissue function. In the tunica 
intima, calcification may decrease plaque vulnerability, 
whereas it causes vessel stiffening when present in the 
tunica media and impaired aortic valve function when 
present in the valve leaflet. Importantly, however, with 
contemporaneous imaging modalities, we are only 
able to visualize macrocalcifications.

Despite associative data between cardiovascular 
calcification and adverse outcomes, there is a lack of 
clinical evidence that supports improved clinical out-
comes with attenuation of calcification progression. 
Thus, cardiovascular calcification is considered a 
surrogate marker of cardiovascular disease but may 
not represent a therapeutic target in clinical practice. 
Despite this, pharmaceutical agents and lifestyle mea-
sures have been proposed to attenuate calcification 
burden, and numerous clinical trials have been re-
ported to evaluate efficacy of these interventions in 
mitigating its progression. One such systematic review 
of 77 prospective clinical trials was published highlight-
ing interventions to attenuate cardiovascular calcifica-
tion in people with CKD,8 with magnesium and sodium 
thiosulfate reported as potentially beneficial to atten-
uate cardiovascular calcification progression in that 
population. No systematic review to date has investi-
gated clinical trials of all interventions reported to target 
cardiovascular calcification in the general population. 
This systematic review addresses evidence-based 
strategies to attenuate the progression of cardiovascu-
lar calcification in people without CKD, as reported in 
randomized controlled trials (RCTs).

METHODS
This systematic review was conducted in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement. The protocol 
is registered in the International Prospective Register 
of Systematic Reviews (2020 CRD42021251625) (avail-
able at https://​www.​crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​
record.​php?​Recor​dID=​251625).

CLINICAL PERSPECTIVE

What Is New?
•	 Forty-nine randomized controlled trials (n=9901) 

evaluating interventions that may attenuate car-
diovascular calcification progression in the gen-
eral population without kidney disease were 
assessed in this systematic review.

•	 The systematic review showed there are in-
sufficient or conflicting data for mitigation of 
cardiovascular calcification; although therapy 
involving aged garlic extract appears most 
promising, evaluable studies were small and of 
short duration.

What Are the Clinical Implications?
•	 Although vascular calcification is associated 

with increased cardiovascular outcomes, it is 
not clear that adverse outcomes are causally 
mediated by calcification or that interventions 
to attenuate vascular calcification would reduce 
cardiovascular outcomes (eg, statin therapy, 
known to reduce cardiovascular events, does 
not reduce and can increase vascular calcifica-
tion, as outlined in this review, but should not be 
avoided as a result).

Nonstandard Abbreviations and Acronyms

AGE	 aged garlic extract

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=251625
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=251625
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Inclusion Criteria
This systematic review included RCTs evaluating all 
reported interventions to attenuate cardiovascular cal-
cification progression in the general, non-CKD popula-
tion. The search included studies looking at vascular, 
arterial, aortic, valvular, and coronary calcification, as 
well as terms including dense calcium and calcified 
plaque (Data S1). Included studies (1) had participants 
who were not prespecified to have CKD and were not 
kidney transplant recipients; (2) compared an interven-
tion with either placebo or another comparative treat-
ment; (3) radiologically measured arterial or valvular 
calcification as a primary or secondary outcome with 
computed tomography, positron emission tomogra-
phy, or intravascular ultrasound techniques; and (4) 
evaluated interventions that were pharmacological 
agents and nonpharmacological measures.

Trials specifically targeting CKD populations were 
excluded. Other excluded trials were nonhuman stud-
ies, in vitro studies, non-English language studies, and 
studies that were not RCTs (including review articles, 
retrospective studies, prospective nonrandomized tri-
als, observational studies, protocol papers, and con-
ference abstracts). Furthermore, studies addressing 
surrogate measures of cardiovascular calcification, 
including carotid intima media thickness, pulse wave 
velocity, serum calcification propensity, and calcipro-
tein particles, were excluded.

Search Strategy
Embase and MEDLINE were searched without restric-
tions on date of publication or number of trial par-
ticipants. The complete search strategy is shown in 
Data S1. Two authors (S.M. and N.D.T.) independently 
screened titles and abstracts of all articles, and stud-
ies that did not meet inclusion criteria were discarded. 
Full texts for all remaining studies were subsequently 
retrieved and evaluated.

Data Extraction, Quality Assessment and 
Statistical Analysis
Two authors (S.M. and N.D.T.) assessed each trial, and 
extracted data on participant number and characteristics, 
study duration, interventions, comparators, and measure-
ment of cardiovascular calcification. Where trials yielded 
>1 publication, findings were collated, and the publication 
with the most complete data was used for analysis.

Quality of methodology for each RCT was assessed 
using the risk of bias assessment tool developed by 
the Cochrane Bias Methods Group.9 The following 
factors were assessed: (1) random sequence gener-
ation, (2) allocation concealment, (3) blinding of par-
ticipants and outcome assessors, (4) attrition bias, (5) 
selective outcome reporting, and (6) any other bias 
(eg, study design). Furthermore, quality of evidence 

for each intervention was assessed by the Grading of 
Recommendations, Assessment, Development, and 
Evaluation approach. Each study was estimated to be 
of high, moderate, low, or very low evidence.10 Two au-
thors (S.M. and N.D.T.) independently conducted risk of 
bias and Grading of Recommendations, Assessment, 
Development, and Evaluation assessments. This sys-
tematic review had institutional ethics approval, and 
no informed consent was required for the study. The 
authors declare that all supporting data are available 
within the article and its online supplementary files.

RESULTS
Search Results
A Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses flow diagram is shown in the 
Figure representing search results. A total of 5573 po-
tentially relevant records were identified through data-
base searches. After duplicates were removed, 4539 
records were screened by title and abstract, and a re-
maining 177 records were identified for full-text review. 
A total of 49 studies met inclusion criteria and were 
included in this review.11-59

Study Characteristics
Tables 1 through 7 display study characteristics, target 
population, and outcome of 49 included RCTs. Included 
studies had a total of 9901 participants (median partic-
ipants 104, average participants 202, range 19–1005; 
median study duration 12 months, range 3–72 months). 
Arterial or valvular calcification was the primary out-
come in 27 studies. Interventions studied in at least 2 
RCTs included HMG-CoA (3-hydroxy-3-methylglutaryl 
coenzyme A) reductase inhibitors, other lipid-lower-
ing agents, aged garlic extract (AGE), antiresorptive 
therapies, antihypertensive agents, hormone replace-
ment therapies (HRTs), lifestyle measures, vitamin K, 
omega-3 fatty acids, oral hypoglycemic agents, and 
antithrombotic therapies. There were single trials for 
each of salsalate (a platelet-sparing nonsteroidal anti-
inflammatory drug), dalcetrapib (a cholesteryl ester 
transfer protein inhibitor with antilipid actions), and mul-
tivitamins containing folate and vitamins B12 and B6.

Study Interventions
Lipid-Lowering Agents

Fourteen trials evaluated the effect of HMG-CoA re-
ductase inhibitors in mitigating progression of car-
diovascular calcification in 3477 participants (median 
participants 151, range 47–1005; median duration 
12 months, range 12–48 months) (Table 1).11,12,13,14,15,16,17

,18,19,20,21,49,50,51 Attenuation of vascular calcification was 
the primary outcome in 9 trials, with coronary arteries 
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being the most common site evaluated (n=13). Aortic 
valvular calcification was also evaluated in 2 trials.12,13 
There was participant heterogeneity in the HMG-CoA 
reductase trials, which included target populations 
with, but not limited to, dyslipidemia, HIV infection, 
systemic lupus erythematosus, and calcific aortic ste-
nosis. Confirmed presence of cardiovascular calcifica-
tion at baseline was required in some but not all trials. 
Twelve trials used computed tomography or electron 
beam, 3 trials used intravascular ultrasound combined 
with virtual histology software techniques to measure 
dense calcium or calcified plaque, and 1 trial used 
optical coherence tomography harnessing catheter-
guided infrared light to measure calcification burden.

Thirteen of the 14 trials did not demonstrate significant 
cardiovascular calcification attenuation with HMG-CoA 
reductase inhibitors, including 9 placebo-controlled trials. 
The largest trial with the longest duration of follow-up by 

Arad et al evaluated the impact of 20 mg atorvastatin, 1 g 
vitamin C, and 1000 IU vitamin E daily compared with 
placebo at 48 months in 1005 participants aged 50 to 
70 years with coronary artery calcium score at or above 
the 80th percentile.11 In this study, there was no significant 
difference in the secondary outcome of CAC at 4 years 
between treatment and control groups. Addition of eze-
timibe to HMG-CoA reductase inhibitors, evaluated by 
Hougaard et al and Lee et al, did not significantly attenu-
ate cardiovascular calcification.52,53

Aged Garlic Extract

Six trials evaluated the effect of AGE in attenuat-
ing the progression of cardiovascular calcification in 
388 participants (median participants 65, range 19–
104) (Table  2).22-27 All trials were placebo controlled, 
12 months in duration, and evaluated coronary arteries 

Figure.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
CKD indicates chronic kidney disease; and RCT, randomized controlled trial.
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as the site. Participants had cardiovascular risk fac-
tors or confirmed presence of CAC, and those with 
CKD (serum creatinine >124 μmol/L for women or 
>140 μmol/L for men) were excluded in all trials.

Four of 6 trials demonstrated significant attenuation 
of cardiovascular calcification with AGE supplementa-
tion compared with placebo. The largest of these tri-
als was a double-blinded placebo-controlled RCT with 
104 participants by Wlosinska et al, which found that 
AGE significantly reduced progression of annular CAC 
compared with placebo over 12 months.27 However, 
2 trials that evaluated percentage change in dense 
calcium in coronary arteries did not demonstrate at-
tenuation despite higher doses of AGE (2400 mg daily) 
compared with placebo at 12 months.24,25

Hormone Replacement Therapies

Three trials examined the clinical impact of HRTs in 
mitigating progression of cardiovascular calcification in 
1205 participants (Table 3).28-31 None of the included tri-
als that investigated HRTs (estrogen in postmenopau-
sal populations and testosterone replacement in men 
with testosterone deficiency) reached their primary or 
secondary outcome in attenuating calcification.

Vitamin K

Five trials evaluated the effect of vitamin K in attenuat-
ing progression of cardiovascular calcification in 1074 
participants (median participants 154, range 68–388; 
median duration 12 months, range 3–36 months) 
(Table 4).32,33,34,35,54 All included RCTs evaluated calcifi-
cation attenuation as their primary outcome, but there 
was heterogeneity in the site evaluated, including vari-
ous vascular beds and valvular calcification. Two trials 
used computed tomography to identify cardiovascular 
calcification, and 2 used positron emission tomogra-
phy scans to assess the target-to-background ratio as 
a measure of calcification burden.

Three hundred eighty-eight men and postmeno-
pausal women aged 60 to 80 years were included in the 
largest trial by Shea et al, with a mean study duration of 
36 months and randomization to vitamin K 500 μg daily 
or multivitamin.34 In the primary intention-to-treat anal-
ysis, there was no significant attenuation at the coro-
nary arteries between groups; however, when results 
were restricted to participants >85% adherent to the 
intervention, or who had mild CAC at baseline, attenu-
ation was observed. Only 1 RCT evaluating vitamin K 
achieved the primary outcome.33

Lifestyle Measures

Lifestyle measures were investigated as strategies to 
attenuate cardiovascular calcification in 4 RCTs, with Ta

b
le

 3
. 

S
u

m
m

a
ry

 o
f 

H
o

rm
o

n
e 

R
e

p
la

c
em

e
n

t 
T

h
e

ra
p

y 
S

tu
d

y 
C

h
a

ra
c

te
ri

st
ic

s 
a

n
d

 C
a

rd
io

va
sc

u
la

r 
C

a
lc

if
ic

at
io

n 
O

u
tc

o
m

e 
(3

 S
tu

d
ie

s)

A
u

th
o

r 
an

d
 y

ea
r

M
ea

n 
st

u
d

y 
d

u
ra

ti
o

n
, m

o
Ta

rg
et

 p
o

p
u

la
ti

o
n

S
tu

d
y 

sa
m

p
le

 
si

ze
In

te
rv

en
ti

o
n

C
o

m
p

ar
at

o
r

P
ri

m
ar

y 
o

r 
se

co
n

d
ar

y 
en

d
 p

o
in

t
Im

ag
in

g
 

m
o

d
al

it
y

S
it

e
R

ep
o

rt
ed

 o
u

tc
o

m
es

In
te

rp
re

ta
ti

o
n

B
as

ar
ia

 
20

15
28

36
≥6

0 
y 

w
ith

 lo
w

 to
 lo

w
-n

or
m

al
 

te
st

os
te

ro
ne

 le
ve

ls
30

8
7.

5 
g 

of
 1

%
 te

st
os

te
ro

ne
 g

el
P

la
ce

b
o

P
rim

ar
y

C
T

C
om

m
on

 c
ar

ot
id

 
ar

te
ry

Δ
 C

A
C

 r
at

e 
of

 c
ha

ng
e,

 
A

ga
ts

to
n 

un
its

/y
ea

r;
 m

ea
n 

d
iff

er
en

ce
 (9

5%
 C

I);
 −

10
.8

 
(−

45
.7

 to
 2

4.
2)

 (P
=

0.
54

)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n

S
er

um
 c

re
at

in
in

e 
>2

.5
 m

g/
d

L 
ex

cl
ud

ed

B
ud

of
f 

20
17

29
12

M
en

 a
ge

d 
≥6

5 
y 

w
ith

 
sy

m
pt

om
at

ic
 lo

w
 te

st
os

te
ro

ne
 

le
ve

ls
 (<

27
5 

ng
/d

L)

17
0

1%
 te

st
os

te
ro

ne
 g

el
P

la
ce

b
o

S
ec

on
d

ar
y

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

A
C

 r
at

e 
of

 c
ha

ng
e 

A
ga

ts
to

n 
un

its
/y

ea
r;

 m
ea

n 
d

iff
er

en
ce

 
(9

5%
 C

I);
 −

27
 (−

80
 to

 2
6)

 
(P

=
0.

31
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n

eG
FR

 <
60

 m
L

/m
in

 p
er

 1
.7

3 
m

2  
ex

cl
ud

ed

H
ar

m
an

 
20

14
30

48
P

os
tm

en
op

au
sa

l w
om

en
 a

ge
d 

42
–5

8 
y

72
7

0.
45

 m
g 

or
al

 c
on

ju
ga

te
d 

eq
ui

ne
 e

st
ro

ge
n 

d
ai

ly
 

or
 5

0 
μg

 tr
an

sd
er

m
al

 
17

ß-
es

tr
ad

io
l d

ai
ly

, e
ac

h 
w

ith
 2

00
 m

g 
cy

cl
ic

al
 

p
ro

ge
st

er
on

e

P
la

ce
b

o
S

ec
on

d
ar

y
C

T
C

or
on

ar
y 

ar
te

ry
Δ

 C
A

C
 (h

or
m

on
e 

gr
ou

p 
m

in
us

 
p

la
ce

b
o)

, %
 (9

5%
 C

I);
 −

3.
6 

(−
11

.4
 to

 4
.1

) f
or

 o
ra

l e
st

ro
ge

n,
(P

=
0.

36
); 

−
2.

1 
(−

10
 to

 5
.7

) f
or

 
tr

an
sd

er
m

al
 e

st
ro

ge
n,

 (P
=

0.
59

)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n

C
A

C
 in

d
ic

at
es

 c
or

on
ar

y 
ar

te
ry

 c
al

ci
fic

at
io

n;
 C

T,
 c

om
p

ut
ed

 to
m

og
ra

p
hy

; a
nd

 e
G

FR
, e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
.



J Am Heart Assoc. 2023;12:e031676. DOI: 10.1161/JAHA.123.031676� 9

Murali et al� Attenuate Cardiovascular Calcification Progression

Ta
b

le
 4

. 
S

u
m

m
a

ry
 o

f 
V

it
a

m
in

 K
 S

tu
d

y 
C

h
a

ra
c

te
ri

st
ic

s 
a

n
d

 C
a

rd
io

va
sc

u
la

r 
C

a
lc

if
ic

at
io

n 
O

u
tc

o
m

e 
(5

 S
tu

d
ie

s)

A
u

th
o

r 
an

d
 

ye
ar

M
ea

n 
st

u
d

y 
d

u
ra

ti
o

n
, 

m
o

Ta
rg

et
 

p
o

p
u

la
ti

o
n

S
tu

d
y 

sa
m

p
le

 
si

ze
In

te
rv

en
ti

o
n

C
o

m
p

ar
at

o
r

P
ri

m
ar

y 
o

r 
se

co
n

d
ar

y 
en

d
 

p
o

in
t

Im
ag

in
g

 
m

o
d

al
it

y
S

it
e

R
ep

o
rt

ed
 o

u
tc

o
m

es
In

te
rp

re
ta

ti
o

n

B
el

lin
ge

 
20

22
31

3
A

ge
d 

≥4
0 

y 
w

ith
 

d
ia

b
et

es
 a

nd
 

kn
ow

n 
C

A
C

15
4

V
ita

m
in

 K
1 

(1
0 

m
g/

d
) a

nd
 

co
lc

hi
ci

ne
 

(0
.5

 m
g/

d
)

P
la

ce
b

o/
p

la
ce

b
o 

vi
ta

m
in

 
K

 (1
0 

m
g/

d
)/

p
la

ce
b

o 
co

lc
hi

ci
ne

 
(0

.5
 m

g/
d

)/
p

la
ce

b
o

P
rim

ar
y

18
F-

N
aF

 P
E

T
C

or
on

ar
y 

ar
te

ry
 

an
d 

ao
rt

a
Δ

 C
or

on
ar

y 
TB

R
m

ax
, 

m
ea

n 
d

iff
er

en
ce

 fo
r 

tr
ea

tm
en

t c
om

pa
re

d 
w

ith
 

p
la

ce
b

o±
S

D
; 0

.0
0±

0.
16

 
an

d 
0.

01
±

0.
17

 fo
r 

vi
ta

m
in

 K
 a

nd
 c

ol
ch

ic
in

e,
 

re
sp

ec
tiv

el
y 

(P
>

0.
05

)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

of
 T

B
R

m
ax

 
w

ith
 v

ita
m

in
 K

1 
or

 
co

lc
hi

ci
ne

 c
om

pa
re

d 
w

ith
 p

la
ce

b
o

B
ra

nd
en

b
ur

g 
20

17
32

12
M

in
im

al
ly

 
sy

m
pt

om
at

ic
 

ao
rt

ic
 v

al
ve

 
ca

lc
ifi

ca
tio

n

99
2 

m
g 

vi
ta

m
in

 K
1 

(p
hy

to
m

en
ad

io
ne

) 
d

ai
ly

P
la

ce
b

o
P

rim
ar

y
C

T
A

or
tic

 v
al

ve
Δ

 A
or

tic
 v

al
ve

 c
al

ci
fic

at
io

n 
vo

lu
m

e,
 m

L 
(m

ea
n±

S
D

); 
78

±1
65

 tr
ea

tm
en

t v
s 

18
1±

23
4 

co
nt

ro
l (

P
=

0.
04

)

S
ig

ni
fic

an
t a

tt
en

ua
tio

n 
of

 p
ro

gr
es

si
on

 b
y 

vi
ta

m
in

 K
 c

om
pa

re
d 

w
ith

 p
la

ce
b

o

D
ie

d
er

ic
hs

en
 

20
22

54
24

A
or

tic
 v

al
ve

 
ca

lc
ifi

ca
tio

n 
sc

or
e 

>
30

0 
ar

b
itr

ar
y 

un
its

36
5

72
0 
μg

 
m

en
aq

ui
no

ne
-7

 
(v

ita
m

in
 K

2)
 d

ai
ly

 
+2

5 
μg

 v
ita

m
in

 D

P
la

ce
b

o
P

rim
ar

y
C

T
A

or
tic

 v
al

ve
Δ

 A
or

tic
 v

al
ve

 c
al

ci
fic

at
io

n 
(A

ga
ts

to
n 

un
its

) o
f 

in
te

rv
en

tio
n 

co
m

pa
re

d 
w

ith
 p

la
ce

b
o,

 m
ea

n 
(9

5%
 

C
I);

 1
7 

(−
86

 to
 5

3)
 (P

=
0.

64
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

in
 v

al
vu

la
r 

ca
lc

ifi
ca

tio
n 

by
 v

ita
m

in
 

K
2 

an
d 

D

S
he

a 
20

09
33

36
M

en
 a

nd
 

p
os

tm
en

op
au

sa
l 

w
om

en
 a

ge
d 

60
–8

0 
y

38
8

50
0 
μg

 v
ita

m
in

 K
1 

(p
hy

lo
q

ui
no

ne
) 

d
ai

ly

M
ul

tiv
ita

m
in

P
rim

ar
y

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

A
C

 p
ro

gr
es

si
on

, m
ea

n 
A

ga
ts

to
n 

sc
or

e 
(9

5%
 C

I);
 

27
 (1

5 
to

 3
8)

 tr
ea

tm
en

t 
vs

 3
7 

(2
4 

to
 5

0)
 c

on
tr

ol
 

(P
=

0.
26

)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n.

 S
ig

ni
fic

an
t 

at
te

nu
at

io
n 

am
on

g 
ad

he
re

nt
 p

ar
tic

ip
an

ts
 

an
d 

th
os

e 
w

ith
 

p
re

ex
is

tin
g 

m
ild

 C
A

C

Zw
ak

en
b

er
g 

20
19

34
6

A
ge

 >
40

 y 
w

ith
 d

ia
b

et
es

, 
ca

rd
io

va
sc

ul
ar

 
d

is
ea

se
, a

nd
 

eG
FR

 >
30

68
36

0 
μg

 
m

en
aq

ui
no

ne
-7

 
d

ai
ly

P
la

ce
b

o
S

ec
on

d
ar

y
P

E
T-

C
T 

fo
r 

TB
R

Fe
m

or
al

 a
rt

er
y,

 
ot

he
r 

va
sc

ul
ar

 
b

ed
s 

ex
am

in
ed

 
p

os
t h

oc

Δ
 F

em
or

al
 a

rt
er

ia
l T

B
R

m
ax

 
w

ith
 tr

ea
tm

en
t c

om
pa

re
d 

w
ith

 c
on

tr
ol

; m
ea

n 
(9

5%
 

C
I);

 0
.2

5 
(−

0.
02

 to
 0

.5
1)

 
(P

=
0.

06
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

on
 a

ny
 

va
sc

ul
ar

 b
ed

 w
ith

 
m

en
aq

ui
no

ne
-7

 
su

p
p

le
m

en
ta

tio
n

18
F-

N
aF

 in
d

ic
at

es
 s

od
iu

m
 fl

uo
rid

e 
F1

8;
 C

A
C

, c
or

on
ar

y 
ar

te
ry

 c
al

ci
fic

at
io

n;
 C

T,
 c

om
p

ut
ed

 to
m

og
ra

p
hy

; e
G

FR
, e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
; P

E
T,

 p
os

itr
on

 e
m

is
si

on
 to

m
og

ra
p

hy
; a

nd
 T

B
R

, t
ar

ge
t-

to
-b

ac
kg

ro
un

d 
ra

tio
.



J Am Heart Assoc. 2023;12:e031676. DOI: 10.1161/JAHA.123.031676� 10

Murali et al� Attenuate Cardiovascular Calcification Progression

Ta
b

le
 5

. 
S

u
m

m
a

ry
 o

f 
L

if
es

ty
le

 (n
=

4)
 a

n
d

 A
n

ti
h

yp
e

rt
e

n
si

ve
 (n

=
2)

 S
tu

d
y 

C
h

a
ra

c
te

ri
st

ic
s 

a
n

d
 C

a
rd

io
va

sc
u

la
r 

C
a

lc
if

ic
at

io
n 

O
u

tc
o

m
e

A
u

th
o

r 
an

d
 

ye
ar

M
ea

n 
st

u
d

y 
d

u
ra

ti
o

n
, 

m
o

Ta
rg

et
 

p
o

p
u

la
ti

o
n

S
tu

d
y 

sa
m

p
le

 
si

ze
In

te
rv

en
ti

o
n

C
o

m
p

ar
at

o
r

P
ri

m
ar

y 
o

r 
se

co
n

d
ar

y 
en

d
 p

o
in

t
Im

ag
in

g
 

m
o

d
al

it
y

S
it

e
R

ep
o

rt
ed

 o
u

tc
o

m
es

In
te

rp
re

ta
ti

o
n

H
en

ze
l 2

02
158

15
N

on
ob

st
ru

ct
iv

e 
co

ro
na

ry
 

at
he

ro
sc

le
ro

si
s

92
A

d
he

re
nc

e 
to

 th
e 

D
ie

ta
ry

 
A

p
p

ro
ac

he
s 

to
 

S
to

p 
H

yp
er

te
ns

io
n 

m
od

el
 a

nd
 

in
cr

ea
se

 p
hy

si
ca

l 
ac

tiv
ity

+
op

tim
al

 
m

ed
ic

al
 th

er
ap

y

O
pt

im
al

 m
ed

ic
al

 
th

er
ap

y
S

ec
on

d
ar

y
C

T,
 

an
gi

og
ra

m
C

or
on

ar
y 

ar
te

ry
Δ

 D
en

se
 c

al
ci

um
 m

m
3 ,

 m
ea

n±
S

D
; 

33
.8

±
68

.9
 tr

ea
tm

en
t v

s 
30

.2
±

52
.5

 
co

nt
ro

l (
P

=
0.

78
)

N
o 

d
iff

er
en

ce
 in

 d
en

se
 

ca
lc

iu
m

 c
ha

ng
es

 w
er

e 
ob

se
rv

ed
 b

et
w

ee
n 

gr
ou

ps

Fi
tc

h 
20

12
59

12
H

IV
-in

fe
ct

ed
 

an
d 

m
et

ab
ol

ic
 

sy
nd

ro
m

e

50
2×

2 
fa

ct
or

ia
l s

tu
d

y,
 

lif
es

ty
le

+
m

et
fo

rm
in

, 
lif

es
ty

le
+

p
la

ce
b

o

N
o 

lif
es

ty
le

+
m

et
fo

rm
in

, 
no

 li
fe

st
yl

e+
p

la
ce

b
o

P
rim

ar
y

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

A
C

 s
co

re
, m

ea
n±

S
D

; −
1±

2 
m

et
fo

rm
in

 v
s 

33
±1

7 
co

nt
ro

l, 
(P

=
0.

00
4)

; 8
±

6 
LS

M
 v

s 
21

±1
4 

no
 L

S
M

 
(P

=
0.

82
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

of
 C

A
C

 w
ith

 
lif

es
ty

le
 m

od
ifi

ca
tio

n 
co

m
pa

re
d 

w
ith

 p
la

ce
b

o.
 

S
ig

ni
fic

an
t a

tt
en

ua
tio

n 
of

 C
A

C
 b

y 
m

et
fo

rm
in

 
co

m
pa

re
d 

w
ith

 p
la

ce
b

o

K
ul

le
r 

20
11

35
48

O
ve

rw
ei

gh
t 

w
om

en
 a

ge
d 

52
–6

2 
y 

w
ith

 
no

 h
is

to
ry

 o
f 

ca
rd

io
va

sc
ul

ar
 

d
is

ea
se

50
8

S
tr

ic
t d

ie
ta

ry
 g

oa
ls

, 
ca

lo
ric

 ta
rg

et
s,

 a
nd

 
p

hy
si

ca
l a

ct
iv

ity

H
ea

lth
 e

d
uc

at
io

n
S

ec
on

d
ar

y
E

B
C

T
C

or
on

ar
y 

ar
te

ry
Δ

 C
or

on
ar

y 
ca

lc
iu

m
, m

ea
n±

S
D

; 
4±

13
 tr

ea
tm

en
t v

s 
4±

10
 c

on
tr

ol
 

am
on

g 
pa

rt
ic

ip
an

ts
 w

ith
 n

o 
ba

se
lin

e 
co

ro
na

ry
 c

al
ci

um
; 7

5±
10

2 
tr

ea
tm

en
t 

vs
 7

0±
14

2 
co

nt
ro

l a
m

on
g 

pa
rt

ic
ip

an
ts

 
w

ith
 b

as
el

in
e 

co
ro

na
ry

 c
al

ci
um

 ≥
10

; 
no

 P
 v

al
ue

s 
p

ro
vi

d
ed

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

w
ith

 li
fe

st
yl

e 
in

te
rv

en
tio

n

Le
hm

an
n 

20
11

36
36

C
or

on
ar

y 
ar

te
ry

 
d

is
ea

se
96

M
ed

ite
rr

an
ea

n 
d

ie
t a

nd
 s

tr
es

s 
re

d
uc

tio
n

W
rit

te
n 

ad
vi

ce
 o

nl
y

P
rim

ar
y

E
B

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

A
C

 p
ro

gr
es

si
on

, m
ed

ia
n 

fa
ct

or
 

ch
an

ge
s 

(IQ
R

); 
1.

46
 (1

.1
6

–2
.1

9)
 

tr
ea

tm
en

t v
s 

1.
41

 (1
.2

0
–1

.7
9)

 c
on

tr
ol

 
(P

=
0.

68
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

w
ith

 li
fe

st
yl

e 
in

te
rv

en
tio

n

M
ot

ro
 2

00
043

36
A

ge
d 

55
–8

0 
y 

w
ith

 
hy

p
er

te
ns

io
n 

an
d 

ca
rd

io
va

sc
ul

ar
 

ris
k 

fa
ct

or
s

20
1

30
 m

g 
ni

fe
d

ip
in

e 
d

ai
ly

25
 m

g 
hy

d
ro

ch
lo

ro
th

ia
zi

d
e 

d
ai

ly
 a

nd
 2

.5
 m

g 
am

ilo
rid

e 
d

ai
ly

 
(c

o-
am

ilo
zi

d
e)

S
ec

on
d

ar
y

C
T

C
or

on
ar

y
Δ

 C
or

on
ar

y 
ca

lc
iu

m
, m

ea
n 

%
; 4

0%
 

tr
ea

tm
en

t v
s 

78
%

 c
on

tr
ol

 (P
=

0.
02

)
S

ig
ni

fic
an

t a
tt

en
ua

tio
n 

by
 n

ife
d

ip
in

e 
co

m
pa

re
d 

w
ith

 c
o-

am
ilo

zi
d

e

M
ot

ro
 2

00
744

72
 (4

.5
–6

 y
)

S
ta

b
le

 a
ng

in
a 

p
ec

to
ris

 w
ith

 
co

ro
na

ry
 a

rt
er

y 
d

is
ea

se

51
8

60
 m

g 
ni

fe
d

ip
in

e 
d

ai
ly

P
la

ce
b

o
S

ec
on

d
ar

y
C

T
C

or
on

ar
y

Δ
 C

or
on

ar
y 

ca
lc

ifi
ca

tio
n,

 m
ed

ia
n 

(IQ
R

); 
73

 (5
–2

44
) t

re
at

m
en

t v
s 

55
 

(7
–3

05
) c

on
tr

ol
 (P

=
0.

85
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n

C
A

C
 in

d
ic

at
es

 c
or

on
ar

y 
ar

te
ry

 c
al

ci
um

; C
T,

 c
om

p
ut

ed
 to

m
og

ra
p

hy
; E

B
C

T,
 e

le
ct

ro
n-

b
ea

m
 c

om
p

ut
ed

 to
m

og
ra

p
hy

; H
IV

, h
um

an
 im

m
un

od
ef

ic
ie

nc
y 

vi
ru

s;
 IQ

R
, i

nt
er

q
ua

rt
ile

 r
an

ge
; a

nd
 L

S
M

, l
ife

st
yl

e 
m

od
ifi

ca
tio

n.



J Am Heart Assoc. 2023;12:e031676. DOI: 10.1161/JAHA.123.031676� 11

Murali et al� Attenuate Cardiovascular Calcification Progression

Ta
b

le
 6

. 
S

u
m

m
a

ry
 o

f 
A

n
ti

th
ro

m
b

o
ti

c 
(n

=
4)

 a
n

d
 A

n
ti

re
so

rp
ti

ve
 T

h
e

ra
p

y 
(n

=
2)

 S
tu

d
y 

C
h

a
ra

c
te

ri
st

ic
s 

a
n

d
 C

a
rd

io
va

sc
u

la
r 

C
a

lc
if

ic
at

io
n 

O
u

tc
o

m
e

A
u

th
o

r 
an

d
 

ye
ar

M
ea

n 
st

u
d

y 
d

u
ra

ti
o

n
, 

m
o

Ta
rg

et
 

p
o

p
u

la
ti

o
n

S
tu

d
y 

sa
m

p
le

 
si

ze
In

te
rv

en
ti

o
n

C
o

m
p

ar
at

o
r

P
ri

m
ar

y 
o

r 
se

co
n

d
ar

y 
en

d
 p

o
in

t
Im

ag
in

g
 

m
o

d
al

it
y

S
it

e
R

ep
o

rt
ed

 o
u

tc
o

m
es

In
te

rp
re

ta
ti

o
n

Le
e 

20
17

37
6

A
ge

d 
40

–7
0 

y 
w

ith
 t

yp
e 

2 
d

ia
b

et
es

 a
nd

 
co

ro
na

ry
 a

rt
er

y 
na

rr
ow

in
g

40
30

0 
m

g 
sa

rp
og

re
la

te
 

d
ai

ly
+1

00
 m

g 
as

p
iri

n 
d

ai
ly

10
0 

m
g 

as
p

iri
n 

d
ai

ly
P

rim
ar

y
C

T
C

or
on

ar
y 

ar
te

ry
C

A
C

, m
ea

n±
S

D
; 1

92
±

53
 to

 1
89

±
45

 
tr

ea
tm

en
t v

s 
96

±
36

 to
 9

9±
03

5 
co

nt
ro

l 
(P

=
0.

29
 b

et
w

ee
n 

gr
ou

ps
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n

Le
e 

20
19

38
12

A
ge

d 
30

–8
0 

y 
w

ith
 d

ia
b

et
es

 a
nd

 
co

ro
na

ry
 a

rt
er

y 
na

rr
ow

in
g

10
0

20
0 

m
g 

ci
lo

st
az

ol
 

d
ai

ly
10

0 
m

g 
as

p
iri

n 
d

ai
ly

S
ec

on
d

ar
y

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

A
C

, m
ea

n;
 5

4.
6 

w
ith

 tr
ea

tm
en

t v
s 

63
.1

 w
ith

 c
on

tr
ol

 (P
=

0.
23

5)
N

o 
si

gn
ifi

ca
nt

 
at

te
nu

at
io

n

Le
e 

20
18

39
12

N
on

va
lv

ul
ar

 A
F

12
0

20
 m

g 
riv

ar
ox

ab
an

 
d

ai
ly

W
ar

fa
rin

 
tit

ra
te

d 
to

 IN
R

 
2–

3

P
rim

ar
y

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

or
on

ar
y 

ca
lc

ifi
ed

 p
la

q
ue

 v
ol

um
e 

m
m

3 ,
 m

ed
ia

n 
(IQ

R
); 

0.
8 

(0
 to

 9
.8

) 
tr

ea
tm

en
t v

s 
3.

9 
(0

 to
 2

9.
2)

 c
on

tr
ol

 
(P

=
0.

22
)

S
ig

ni
fic

an
t a

tt
en

ua
tio

n 
w

ith
 r

iv
ar

ox
ab

an
 

co
m

pa
re

d 
w

ith
 w

ar
fa

rin
 

on
ly

 o
n 

m
ul

tiv
ar

ia
te

 
an

al
ys

is
 (P

=
0.

02
6)

W
in

 2
01

940
12

N
on

va
lv

ul
ar

 A
F

66
5 

m
g 

ap
ix

ab
an

 t
w

ic
e 

d
ai

ly
W

ar
fa

rin
 

tit
ra

te
d 

to
 IN

R
 

2–
3

P
rim

ar
y

C
T

C
or

on
ar

y 
ar

te
ry

C
al

ci
fie

d 
co

ro
na

ry
 p

la
q

ue
 v

ol
um

e 
15

.1
±

30
.3

 tr
ea

tm
en

t v
s 

18
.1

±
41

.2
 

co
nt

ro
l (

P
=

0.
45

)

S
ig

ni
fic

an
t a

tt
en

ua
tio

n 
w

ith
 a

p
ix

ab
an

 c
om

pa
re

d 
w

ith
 w

ar
fa

rin
 o

nl
y 

on
 

m
ul

tiv
ar

ia
te

 a
na

ly
si

s 
(P

=
0.

00
5)

K
ra

ne
nb

ur
g 

20
18

41
12

P
se

ud
ox

an
th

om
a 

el
as

tic
um

 w
ith

 
ca

lc
ifi

ca
tio

n 
of

 lo
w

er
 li

m
b 

ve
ss

el
s

74
C

yc
lic

al
 2

0 
m

g/
kg

 e
tid

ro
na

te
 fo

r 
2 

w
ee

ks
 e

ve
ry

 
12

 w
ee

ks

P
la

ce
b

o
S

ec
on

d
ar

y
C

T
Fe

m
or

al
 a

rt
er

y,
 

w
ith

 o
th

er
 

va
sc

ul
ar

 b
ed

s 
ev

al
ua

te
d 

p
os

t 
ho

c

Δ
 F

em
or

al
 a

rt
er

ia
l c

al
ci

fic
at

io
n 

%
, 

m
ed

ia
n 

(IQ
R

); 
−

4 
(−

10
 to

 7
) t

re
at

m
en

t 
vs

 8
 (−

1 
to

 2
0)

 c
on

tr
ol

 (P
=

0.
00

1)

A
tt

en
ua

tio
n 

of
 fe

m
or

al
 

ar
te

ria
l c

al
ci

fic
at

io
n 

by
 

et
id

ro
na

te

B
ar

ts
tr

a 
20

20
60

 p
os

t 
ho

c 
tr

ia
l*

A
tt

en
ua

tio
n 

of
 V

C
 in

 
al

l o
th

er
 v

as
cu

la
r 

b
ed

s 
ex

ce
pt

 c
or

on
ar

y 
ar

te
rie

s 
an

d 
ca

ro
tid

 s
ip

ho
n

P
aw

ad
e 

20
21

42
24

A
ge

d 
>

50
 y 

w
ith

 
ao

rt
ic

 v
al

ve
 

ca
lc

ifi
ca

tio
n

15
0

Tr
ea

tm
en

t A
: 

60
 m

g 
d

en
os

um
ab

 
su

b
cu

ta
ne

ou
s 

ev
er

y 
6 

m
on

th
s

P
la

ce
b

o
P

rim
ar

y
C

T
A

or
tic

 v
al

ve
Δ

 A
or

tic
 v

al
ve

 c
al

ci
um

 s
co

re
, A

ga
ts

to
n 

un
its

, m
ea

n 
(9

5%
 C

I);
 3

43
 (1

98
 to

 8
04

) 
tr

ea
tm

en
t A

 v
s 

35
4 

(7
6 

to
 6

75
) c

on
tr

ol
 

(P
=

0.
41

); 
32

6 
(1

38
 to

 8
13

) t
re

at
m

en
t B

 
vs

 3
54

 (7
6 

to
 6

75
) (

P
=

0.
49

)

N
o 

si
gn

ifi
ca

nt
 a

tt
en

ua
tio

n 
w

ith
 d

en
os

um
ab

 o
r 

al
en

d
ro

na
te

Tr
ea

tm
en

t B
: 7

0 
m

g 
al

en
d

ro
ni

c 
ac

id
 o

ra
l 

d
ai

ly

A
F 

in
d

ic
at

es
 a

tr
ia

l f
ib

ril
la

tio
n;

 C
A

C
, c

or
on

ar
y 

ar
te

ry
 c

al
ci

um
; C

T,
 c

om
p

ut
ed

 to
m

og
ra

p
hy

; I
N

R
, i

nt
er

na
tio

na
l n

or
m

al
iz

ed
 r

at
io

; I
Q

R
, i

nt
er

q
ua

rt
ile

 r
an

ge
; a

nd
 V

C
, v

as
cu

la
r 

ca
lc

ifi
ca

tio
n.

*P
os

t h
oc

 a
na

ly
si

s 
of

 s
tu

d
y 

by
 K

ra
ne

nb
ur

g 
(2

01
8)

.41



J Am Heart Assoc. 2023;12:e031676. DOI: 10.1161/JAHA.123.031676� 12

Murali et al� Attenuate Cardiovascular Calcification Progression

Ta
b

le
 7

. 
S

u
m

m
a

ry
 o

f 
O

m
eg

a-
3 

Fa
tt

y 
A

c
id

s 
(n

=
2)

, O
ra

l H
yp

o
g

ly
c

em
ic

 A
g

e
n

ts
 (n

=
2)

, a
n

d
 O

th
e

r 
S

in
g

le
to

n 
T

h
e

ra
p

y 
(n

=
3)

 S
tu

d
y 

C
h

a
ra

c
te

ri
st

ic
s 

a
n

d
 C

a
rd

io
va

sc
u

la
r 

C
a

lc
if

ic
at

io
n 

O
u

tc
o

m
e 

(n
=

3 
S

tu
d

ie
s)

A
u

th
o

r 
an

d
 

ye
ar

M
ea

n 
st

u
d

y 
d

u
ra

ti
o

n
, m

o
Ta

rg
et

 p
o

p
u

la
ti

o
n

S
tu

d
y 

sa
m

p
le

 
si

ze
In

te
rv

en
ti

o
n

C
o

m
p

ar
at

o
r

P
ri

m
ar

y 
o

r 
se

co
n

d
ar

y 
en

d
 p

o
in

t
Im

ag
in

g
 

m
o

d
al

it
y

S
it

e
R

ep
o

rt
ed

 o
u

tc
o

m
es

In
te

rp
re

ta
ti

o
n

A
lfa

d
d

ag
h 

20
17

56
30

S
ta

b
le

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

 o
n 

H
M

G
-C

oA
 r

ed
uc

ta
se

 
in

hi
b

ito
rs

28
5

O
m

eg
a-

3 
fa

tt
y 

ac
id

 (1
.8

6 
g 

ei
co

sa
p

en
ta

en
oi

c 
ac

id
 a

nd
 1

.5
 g

 
d

oc
os

ah
ex

ae
no

ic
 

ac
id

) d
ai

ly

N
o 

om
eg

a-
3 

tr
ea

tm
en

t
S

ec
on

d
ar

y
C

C
TA

C
or

on
ar

y 
ar

te
ry

Δ
 C

al
ci

fie
d 

p
la

q
ue

 v
ol

um
e,

 %
 

m
ed

ia
n 

(IQ
R

); 
39

.1
 (−

5.
2 

to
 

11
8.

1)
 tr

ea
tm

en
t v

s 
57

.4
 (4

.3
 to

 
14

6.
6)

 (P
=

0.
18

)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

in
 

ca
lc

ifi
ed

 p
la

q
ue

B
ud

of
f 2

02
055

18
C

or
on

ar
y 

at
he

ro
sc

le
ro

si
s

80
O

m
eg

a-
3 

fa
tt

y 
ac

id
 

(4
 g

 ic
os

ap
en

t e
th

yl
) 

d
ai

ly

P
la

ce
b

o
S

ec
on

d
ar

y
C

C
TA

C
or

on
ar

y 
ar

te
ry

Δ
 D

en
se

 c
al

ci
um

, %
 m

ea
n±

S
D

; 
0.

0±
0.

5 
tr

ea
tm

en
t v

s 
0.

4±
1.

2 
co

nt
ro

l (
P

=
0.

05
31

)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

in
 

d
en

se
 c

al
ci

um

D
av

id
so

n 
20

10
45

17
 (7

2 
w

k)
A

ge
d 

45
–8

5 
y 

w
ith

 
ty

p
e 

2 
d

ia
b

et
es

29
9

15
–4

5 
m

g 
p

io
gl

ita
zo

ne
 d

ai
ly

 
ai

m
in

g 
fo

r 
fa

st
in

g 
b

lo
od

 g
lu

co
se

 o
f 

7.
8 

m
m

ol
/L

 o
r 

lo
w

er

1–
4 

m
g 

gl
im

ep
iri

d
e 

d
ai

ly
 a

im
in

g 
fo

r 
fa

st
in

g 
b

lo
od

 
gl

uc
os

e 
of

 
7.

8 
m

m
ol

/L
 o

r 
lo

w
er

S
ec

on
d

ar
y

E
B

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

A
C

 b
et

w
ee

n 
tr

ea
tm

en
t a

nd
 

co
nt

ro
l g

ro
up

s 
no

t q
ua

nt
ifi

ed
N

o 
si

gn
ifi

ca
nt

 
at

te
nu

at
io

n

N
oz

ue
 2

01
657

11
Ty

p
e 

2 
d

ia
b

et
es

 w
ho

 
un

d
er

w
en

t s
uc

ce
ss

fu
l 

el
ec

tiv
e 

P
C

I

28
50

 m
g 

si
ta

gl
ip

tin
 

d
ai

ly
C

on
tin

ue
 

an
tid

ia
b

et
ic

 
m

ed
ic

at
io

n 
at

 ti
m

e 
of

 r
an

d
om

iz
at

io
n

S
ec

on
d

ar
y

IV
U

S
N

on
-P

C
I l

es
io

n 
in

 
co

ro
na

ry
 a

rt
er

y
C

al
ci

fie
d 

p
la

q
ue

 v
ol

um
e,

 m
m

3 ,
 

m
ea

n±
S

D
; 2

.1
±

0.
9 

to
 3

.2
±1

.8
 

tr
ea

tm
en

t (
P

=
0.

06
); 

2.
3±

1.
7 

to
 

4.
8±

3.
5 

(P
=

0.
04

); 
b

et
w

ee
n-

gr
ou

p 
P

 v
al

ue
 d

iff
er

en
ce

 n
ot

 
re

p
or

te
d

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

of
 

ca
lc

ifi
ed

 p
la

q
ue

H
au

se
r 

20
16

46
30

O
ve

rw
ei

gh
t m

en
 

an
d 

w
om

en
 o

n 
st

ab
le

 H
M

G
-C

oA
 

re
d

uc
ta

se
 in

hi
b

ito
r 

th
er

ap
y 

w
ith

 c
or

on
ar

y 
he

ar
t d

is
ea

se
 a

nd
 

cr
ea

tin
in

e 
cl

ea
ra

nc
e 

>
60

 m
L

/m
in

 p
er

 
1.

73
 m

2

25
7

3.
5 

g 
sa

ls
al

at
e 

d
ai

ly
P

la
ce

b
o

S
ec

on
d

ar
y

C
T

C
or

on
ar

y 
ar

te
ry

Δ
 C

al
ci

fie
d 

p
la

q
ue

 v
ol

um
e,

 
m

m
3 ,

 m
ea

n 
(9

5%
 C

I) 
(p

la
ce

b
o 

m
in

us
 tr

ea
tm

en
t);

 −
5 

(−
13

 to
 2

) 
(P

=
0.

17
)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n

H
od

is
 2

00
947

37
A

ge
d 

≥4
0 

y,
 w

ith
 

fa
st

in
g 

ho
m

oc
ys

te
in

e 
le

ve
l ≥

8.
5 
μm

ol
/L

50
6

5 
m

g 
fo

lic
 a

ci
d 

d
ai

ly
, 

0.
4 

m
g 

vi
ta

m
in

 B
12

 
d

ai
ly

, a
nd

 5
0 

m
g 

vi
ta

m
in

 B
6 

d
ai

ly

P
la

ce
b

o
S

ec
on

d
ar

y
C

T
C

or
on

ar
y 

ar
te

ry
Δ

 C
A

C
, m

ed
ia

n 
(IQ

R
); 

0 
(0

 
to

 4
3)

 tr
ea

tm
en

t v
s 

0 
(0

 to
 5

2)
 

co
nt

ro
l (

P
=

0.
82

)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n

Jo
sh

i 2
01

6,
 

p
os

t-
ho

c 
an

al
ys

is
 o

f t
he

 
d

al
-P

L
A

Q
U

E
 

tr
ia

l48

6 
(in

 p
os

t-
ho

c;
 

24
 in

 o
rig

in
al

 
d

al
-P

L
A

Q
U

E
 

tr
ia

l)

C
or

on
ar

y 
he

ar
t 

d
is

ea
se

 o
r 

ca
rd

io
va

sc
ul

ar
 r

is
k 

fa
ct

or
s

13
0

60
0 

m
g 

d
al

ce
tr

ap
ib

 
d

ai
ly

P
la

ce
b

o
S

ec
on

d
ar

y
C

T
A

or
tic

 a
rc

h,
 

as
ce

nd
in

g 
ao

rt
a,

 
ca

ro
tid

 a
rt

er
y,

 
an

d 
co

ro
na

ry
 

ar
te

ry

Δ
 C

or
on

ar
y 

ar
te

ry
 c

al
ci

um
 

w
ith

 tr
ea

tm
en

t m
in

us
 c

on
tr

ol
 

A
ga

ts
to

n 
un

its
, m

ea
n 

(9
5%

 C
I);

 
−

61
 (−

17
1 

to
 4

8)
 (P

=
0.

26
3)

N
o 

si
gn

ifi
ca

nt
 

at
te

nu
at

io
n 

in
 a

ny
 

ar
te

ria
l t

er
rit

or
y

C
A

C
 in

d
ic

at
es

 c
or

on
ar

y 
ar

te
ry

 c
al

ci
um

; 
C

T,
 c

om
p

ut
ed

 t
om

og
ra

p
hy

; 
C

C
TA

, 
co

ro
na

ry
 c

om
p

ut
ed

 t
om

og
ra

p
hy

 a
ng

io
gr

ap
hy

; 
d

al
-P

L
A

Q
U

E,
 S

af
et

y 
an

d 
ef

fic
ac

y 
of

 d
al

ce
tr

ap
ib

 o
n 

at
he

ro
sc

le
ro

tic
 d

is
ea

se
 u

si
ng

 n
ov

el
 

no
n-

in
va

si
ve

 m
ul

tim
od

al
ity

 im
ag

in
g;

 E
B

C
T,

 e
le

ct
ro

n-
b

ea
m

 c
om

p
ut

ed
 t

om
og

ra
p

hy
; H

M
G

-C
oA

, 3
-h

yd
ro

xy
-3

-m
et

hy
lg

lu
ta

ry
l c

oe
nz

ym
e 

A
; I

Q
R

, i
nt

er
q

ua
rt

ile
 r

an
ge

; I
V

U
S

, i
nt

ra
va

sc
ul

ar
 u

ltr
as

ou
nd

; a
nd

 P
C

I, 
p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n.



J Am Heart Assoc. 2023;12:e031676. DOI: 10.1161/JAHA.123.031676� 13

Murali et al� Attenuate Cardiovascular Calcification Progression

a total of 746 participants (average study duration 
28 months) (Table 5).36,37,58,59 CAC was evaluated in all 
trials, and no trial demonstrated efficacy with nonphar-
macological measures, specifically diet and exercise.

Antithrombotic and Anticoagulant Therapies

Four RCTs evaluated the impact of antithrombotic or 
anticoagulant therapy in attenuating progression of 
cardiovascular calcification (Table 6).38-41 Agents eval-
uated included those with antiplatelet mechanisms, 
including sarpogrelate and cilostazol, and direct oral 
anticoagulant drugs, rivaroxaban and apixaban. Both 
sarpogrelate and cilostazol were compared with as-
pirin in 140 participants, and there was no significant 
benefit in mitigating calcification progression.37,38 
Direct oral anticoagulant drugs were compared with 
the vitamin K antagonist warfarin (international normal-
ized ratio of 2–3) in 104 patients with nonvalvular atrial 
fibrillation. Apixaban and rivaroxaban were associated 
with reduced cardiovascular calcification progression 
compared with warfarin on multivariate analysis.39,40

Antiresorptive Agents

Two trials presented the impact of antiresorptive ther-
apy in 224 participants and involved a heterogeneous 
population (Table  6)42,43; 1 study involved 74 partici-
pants with confirmed pseudoxanthoma elasticum, and 
1 study involved 150 participants with calcific aor-
tic stenosis. The former trial compared etidronate to 
placebo, and as a secondary outcome, attenuation 
of femoral artery calcification was demonstrated.41,60 
However, Pawade et al reported no significant differ-
ences in aortic valve calcification in individuals aged 
>50 years with either denosumab or alendronate com-
pared with placebo.42

Antihypertensive Therapy

Two trials examined the effect of antihypertensive 
agents on cardiovascular calcification as a secondary 
outcome (Table 5)44,45 involving 719 participants with 
cardiovascular risk factors. In the trial by Motro et al, 
there was significant attenuation by nifedipine when 
compared with combination treatment with hydro-
chlorothiazide and amiloride.43 In contrast, a placebo-
controlled RCT by Motro et  al, which included 518 
participants with angiographic, radiographic, or clinical 
evidence of ischemic heart disease, demonstrated no 
significant attenuation with nifedipine.44

Oral Hypoglycemic Agents

Fitch et al investigated the effect of both lifestyle modi-
fication and metformin compared with placebo on 
CAC in a 2×2 factorial RCT in 50 participants with 

HIV and metabolic syndrome (Table  5).59 Metformin-
treated participants had significantly less progression 
of CAC over 1 year of follow-up even after stratifying for 
antiretroviral therapy. Non-placebo-controlled trials by 
Davison et al and Nozue et al investigated the effect of 
oral hypoglycemics on CAC among 327 participants 
with type 2 diabetes (Table 7). Pioglitazone was com-
pared with glimepiride, and sitagliptin to control (usual 
diabetic medication), and in both studies, intervention 
did not demonstrate attenuation of cardiovascular 
calcification.

Omega-3 Fatty Acids

Two trials evaluated the effect of omega-3 fatty acids 
compared with placebo on cardiovascular calcification 
(Table 7).55,56 No significant attenuation of calcification 
was observed with treatment compared with placebo 
in 365 participants.

Singleton Therapies

Three other singleton therapies were examined and 
are listed in Table 7.46-48 They included salsalate, folate 
with vitamin B6 and 12, and dalcetrapib against pla-
cebo. No significant differences in cardiovascular cal-
cification attenuation were observed with treatment 
compared with placebo or standard of care.

Risk of Bias and Grading of 
Recommendations, Assessment, 
Development, and Evaluations 
Assessment
Table S1 summarizes the risk of bias assessment for 
included RCTs. Random sequence generation and al-
location concealment were reported with low risks of 
bias in 100% and 37% of trials, respectively. Blinding of 
participants and investigators to the allocated interven-
tion and blinding to outcomes were reported with low 
risk of bias in 69% and 90% of trials, respectively.

Table S2 summarizes the Grading of Recommen
dations, Assessment, Development, and Evaluations 
assessment for quality of evidence of studies for each 
intervention. A majority of analyses were based on 
moderate certainty of evidence, primarily due to risk 
of bias, imprecision of reporting, and publication bias. 
Imprecision grading was based on small event num-
bers. All trials included were RCTs.

DISCUSSION
This is the first systematic review of RCTs evaluating 
the impact of all interventions reported to attenuate 
progression of cardiovascular calcification in clinical tri-
als involving the general population and not specifically 
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targeting patients with CKD. Forty-nine trials were 
included, with a variable range of study participants 
(median 104 participants) and study duration (median 
12 months). Six trials had >500 participants each, and 
17 trials were 24 months or more in study duration. 
Treatment benefit was consistently seen with the use 
of AGE, whereas vitamin K supplementation, direct 
anticoagulant therapy, antiresorptive, antihypertensive, 
and hypoglycemic agents had insufficient evidence to 
affirm treatment benefit. HMG-CoA reductase inhibi-
tors, which had the largest number of included trials, 
as well as other lipid-lowering agents, antithrombotic 
therapies, lifestyle measures (diet and exercise), HRTs, 
omega-3 fatty acids, salsalate, folic acid, and dal-
cetrapib were unlikely to mitigate cardiovascular calci-
fication progression (Table 8).

Significant heterogeneity was identified across in-
cluded clinical trials with respect to target populations. 
Participant characteristics in RCTs included preex-
isting cardiovascular risk factors (eg, coronary artery 
disease, dyslipidemia, type 2 diabetes, and valvular 
disease), proinflammatory conditions (eg, systemic 
lupus erythematosus, pseudoxanthoma elasticum, 
and HIV infection), and varying ages, body mass index, 
and menopausal status for women. Heterogeneity was 
also seen in trials with regard to baseline cardiovascu-
lar calcification in participants, target of cardiovascu-
lar calcification site (eg, coronary arteries, aortic valve, 
femoral arteries), and the comparator (alternative inter-
vention, standard of care, or placebo).

HMG-CoA reductase inhibitor therapy is important 
in managing dyslipidemia and mitigating progression 
of atherosclerotic disease, by means of plaque sta-
bilization, and is therefore prescribed as primary and 
secondary prevention to reduce cardiovascular risk.61 
In our systematic review of RCTs, HMG-CoA reductase 
inhibitors (statins) were the most frequently evaluated 

intervention. Thirteen of 14 trials did not demonstrate 
calcification attenuation, 9 of which were placebo-con-
trolled trials, including trials of several dosing regimens 
from 10 mg rosuvastatin daily, and up to 80 mg ator-
vastatin in 5 RCTs. Higher doses did not demonstrate 
significant calcification attenuation. One trial (Plazak 
et al) reported that 40 mg atorvastatin was superior to 
placebo in attenuating progression of CAC among par-
ticipants with SLE18; however, these results were not 
reproduced in a larger trial involving similar participants 
by Petri et al.17

Discordance in cardiovascular outcomes with sta-
tin therapy, in its application as secondary prevention, 
yet failure to mitigate cardiovascular calcification, may 
be due to inherent properties of HMG-CoA reductase 
inhibitors in accelerating plaque calcification. A retro-
spective cohort analysis of the CAC Consortium, eval-
uating 28 025 individuals, highlighted that statin users 
had higher CAC compared with nonstatin users (281 
versus 107 Agatston score).62 It has been postulated 
that accelerated calcification of atheromatous lesions, 
which may be seen in people on statin therapy, might 
be protective through plaque stabilization, prevention 
of plaque rupture, and reduction in incident acute coro-
nary syndromes.63,64 High-intensity statin therapy may 
increase calcification density while at the same time re-
ducing the lipid-rich necrotic core, making plaque less 
likely to rupture and decreasing cardiovascular event 
risk, but paradoxically increasing the Agatston score.

The basis of estrogen supplementation in post-
menopausal women is underpinned by the well-es-
tablished acceleration of cardiovascular risk with 
endogenous estrogen withdrawal following meno-
pause. Disappointingly, the Women’s Health Initiative 
trial of conjugated estrogens compared with placebo 
in postmenopausal women who had undergone hys-
terectomies demonstrated no significant cardiovascu-
lar benefit with HRT in 10 739 women, but revealed a 
higher risk of stroke, venous thromboembolism, and 
breast cancer.65 Results from a follow-up study of 1079 
women highlighted that the mean CAC score was 
lower among women in the treatment arm,66 but CAC 
was not measured before randomization, and therefore 
attenuation of calcification progression over time can-
not be argued. Three RCTs evaluating HRTs against 
placebo (estrogen supplementation for 727 postmeno-
pausal women and testosterone supplementation for 
478 men with testosterone deficiency) were included 
in this systematic review. Unfortunately, none of these 
studies demonstrated significant attenuation of calci-
fication progression, and consistent with this finding, 
HRT is not recommended as first line for prevention of 
cardiovascular disease.

Two meta-analyses have demonstrated choles-
terol-lowering effects of garlic supplementation.67,68 
Mechanisms by which AGE confers beneficial effects 

Table 8.  Summary of Evidence-Based Interventions 
Reported to Attenuate Cardiovascular Calcification

Probably reduces 
progression

Possibly reduces 
progression

Unlikely to reduce 
progression

Aged garlic extract Vitamin K Lipid-lowering 
agents

Hypoglycemic 
agents

Antithrombotic 
therapy

Antiresorptive 
therapy

Hormone 
replacement therapy

Antihypertensive 
therapy

Salsalate

Direct anticoagulant 
therapy*

Folic acid

Dalcetrapib

Lifestyle (diet and 
exercise)

Omega-3 fatty acids

*Compared with warfarin.



J Am Heart Assoc. 2023;12:e031676. DOI: 10.1161/JAHA.123.031676� 15

Murali et al� Attenuate Cardiovascular Calcification Progression

on atherosclerotic disease include prevention of vas-
cular smooth muscle cell proliferation, mitigating entry 
of lipids into the arterial wall, and mediating low-density 
lipoprotein oxidation.26,69,70 The largest RCT evaluating 
AGE also reported a beneficial effect on inflamma-
tion, with measurable reductions in IL-6 (interleukin 6), 
which is postulated to exert a positive effect on CAC 
scores.27 In our systematic review, we presented 6 pla-
cebo-controlled RCTs examining the impact of AGE 
on cardiovascular calcification attenuation. Four trials 
demonstrated significant attenuation of progression 
of cardiovascular calcification as its primary outcome. 
These RCTs, however, were limited by moderate risk 
of bias (by attrition, industry involvement, and lack of 
reporting across Cochrane risk of bias domains), small 
sample sizes (median 65 participants), and short study 
duration (median 12 months), reflecting challenges in 
translating its effects in clinical practice.

Increasing studies demonstrate the impact of vita-
min K antagonists, for example warfarin, in accelerat-
ing cardiovascular calcification, including retrospective 
non-CKD cohorts71,72 and 2 recent prospective RCTs, 
which compared warfarin with direct oral antico-
agulant drugs.39,40 Warfarin may impair the vitamin 
K-dependant γ-carboxylation of MGP (matrix Gla pro-
tein), a potent inhibitor of mineralization. The mecha-
nism of action of MGP is still not fully understood but 
thought to involve inhibition of Bone morphogenetic 
protein-driven osteogenic differentiation of vascular 
smooth muscle cells and direct binding to nascent 
calcium phosphate crystals and blocking their depo-
sition in the arterial wall.73 In 2 RCTs in our systematic 
review, reporting on 186 participants with nonvalvular 
atrial fibrillation, warfarin demonstrated increased cal-
cified plaque evolution when compared with direct oral 
anticoagulant drugs (rivaroxaban and apixaban, which 
work independent of vitamin K). However, although vi-
tamin K antagonism is thought to contribute to cardio-
vascular calcification, it is not clear whether vitamin K 
supplementation represents a therapeutic approach to 
ameliorate calcification in non-CKD populations. Only 
1 of 5 trials evaluating the efficacy of vitamin K (against 
placebo or multivitamins) in mitigating vascular and 
valvular calcification progression reached its primary 
outcome. Subgroup analysis by Shea et al, however, 
demonstrated less progression among participants 
with excellent treatment adherence (>85%) or who had 
mild baseline CAC.34 Similarly, post hoc analysis of a 
2×2 factorial trial by Bellinge et al showed beneficial ef-
fects of vitamin K supplementation in mitigating burden 
of positron emission tomography-positive lesions (as a 
measure of calcification).74

Nonpharmacological approaches, specifically exer-
cise and diet, are important strategies to modify car-
diovascular risk; however, RCTs evaluating the impact 
of lifestyle measures on cardiovascular calcification 

attenuation in our systematic review did not show 
benefit. The WOMAN (Woman on the Move Through 
Activity and Nutrition) trial by Kuller et al was a large, 
randomized trial of 508 participants investigating the 
impact of lifestyle intervention, which included a low-
fat, low-calorie diet and 150 minutes of weekly mod-
erate-intensity exercise.36 At 48 months, there were no 
differences in calcification burden between treatment 
arms. Lehmann et al similarly demonstrated that pre-
scription of an intensive 12-month lifestyle program 
compared with written advice only did not attenuate 
CAC at 3 years.37 In alignment with these findings, 
nonrandomized studies have suggested that physi-
cal activity may enhance progression of CAC. A pro-
spective cohort study recruited >25 000 participants, 
and demonstrated that physically active participants 
had accelerated CAC regardless of baseline CAC.75 
Similarly, a large prospective observational study by 
DeFina et  al highlighted that participants with high 
physical activity had presence of CAC.66 Interestingly, 
this was in the absence of increased all-cause or car-
diovascular mortality at a 10-year follow-up even with 
clinically significant CAC levels. Mechanisms by which 
exercise may be associated with cardiovascular cal-
cification remain unknown but are postulated to be 
secondary to hyperdynamic coronary circulation and 
systemic inflammatory responses in exercise increas-
ing shear forces.76 Our systematic review included 4 
RCTs that do not support routine exercise prescription 
as a means to mitigate calcification, although recogniz-
ing that increased physical activity remains important 
in optimizing cardiovascular risk in primary practice in 
general.

Observational studies have reported associations 
between CAC and dietary factors including lower 
carbohydrate intake and higher lipid intake (espe-
cially saturated fatty acids),77-79 although not all stud-
ies consistently report this association.80 PREDIMED 
(Prevención con Dieta Mediterránea [Prevention With 
Mediterranean Diet]) was the first RCT designed to 
evaluate beneficial effects of a Mediterranean diet on 
primary prevention of cardiovascular disease, with a 
substudy reporting a 1% increase in total saturated 
fatty acid intake associated with an 8% increase in the 
prevalence of moderate-to-severe CAC.77 Few clinical 
trials, however, have used dietary measures as inter-
ventions to assess an effect on vascular calcification. 
One RCT, by Henzel et al, reported on 92 participants 
with nonobstructive coronary atherosclerosis ran-
domized to a dietary and lifestyle intervention (involv-
ing dietitian follow-up and prescription of the Dietary 
Approaches to Stop Hypertension nutrition model) 
compared with optimal medical therapy alone.68 After 
a mean of 67 weeks of follow-up, there was a signifi-
cant reduction in progression of atherosclerosis and 
noncalcified plaque with the dietary intervention but 
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no difference in the dense calcium changes between 
groups.

Antihypertensive therapy and optimizing glycemic 
control in patients with diabetes are established mea-
sures to reduce complications including cardiovascu-
lar events, stroke, and CKD. However, there is paucity 
of data, specifically RCT evidence, evaluating the im-
pact of these strategies on attenuation of cardiovas-
cular calcification. The Coronary Calcification study, a 
side-arm study of a larger trial by Poole-Wilson,81 as-
sessed the impact of nifedipine on progression of CAC 
score (using dual-energy computed tomography) every 
2 years over a 6-year period. Change in calcium score 
was not significantly different between treatment and 
placebo groups.45 The landmark EDIC (Epidemiology 
of Diabetes Interventions and Complications) trial was 
conducted as an observational follow-up of the 1993 
DCCT (Diabetes Control and Complications Trial) and 
investigated the legacy effect of intensive glycemic 
control (Hemoglobin A1c 7.2% in intensive arm, 9.1% 
in conventional arm) on diabetic complications includ-
ing CAC.82 There were 1205 participants included in 
this follow-up, and there was lasting benefit of intensive 
glycemic control, up to 9 years following completion 
of the DCCT, on cardiovascular calcification atten-
uation despite loss of glycemic separation between 
treatment arms. However, the impact of treatment 
over time can only be inferred because baseline CAC 
scores were not obtained in either the DCCT or EDIC 
studies. Both trials were excluded from our systematic 
review, underpinning the paucity of randomized data 
on addressing metabolic risk to attenuate calcification 
progression. One placebo-controlled RCT also as-
sessed the impact of hypoglycemic agents in reduc-
ing calcification progression in non-CKD populations. 
Fitch et  al demonstrated that metformin significantly 
attenuated CAC progression compared with placebo 
after 1 year of follow-up, postulating that metformin 
may have vasoprotective effects and mitigate plaque 
progression by AMP-kinase activation and secondary 
regulation of cholesterol and fatty acid oxidation.59

There are no RCTs evaluating the impact of aspi-
rin on cardiovascular calcification. Sarpogrelate is a 
selective serotonin 2A (5-HT2A) receptor antagonist 
that inhibits platelet aggregation. Lee et  al examined 
the combined effect of sarpogrelate and aspirin com-
pared with aspirin alone on CAC, and demonstrated no 
significant additive benefit of sarpogrelate in mediat-
ing attenuation.38 Similarly, Lee et al demonstrated no 
significant difference between cilosatzol, a phosphodi-
esterase-3 inhibitor, and aspirin on coronary calcified 
plaque volume progression.39 There is insufficient RCT 
evidence to affirm quantifiable cardiovascular calcifica-
tion attenuation with aspirin; however, epidemiological 
evidence from longitudinal data suggests a net favor-
able cardiovascular outcome with aspirin prescription 

in participants with elevated CAC scores.83 Therefore, 
the Cardiac Society of Australia and New Zealand rec-
ommends asymptomatic CAC testing among patients 
aged 45 to 75 years with intermediate cardiovascular 
risk, and aspirin therapy is suggested for patients with 
CAC scores >100.84

One of the mechanisms mediating valvular calcifi-
cation is preferential osteoblastic differentiation in the 
valve, stimulated by the RANK (receptor activator of 
nuclear factor kappa-β) ligand. Therefore, therapies 
targeting the RANK ligand and other antiresorptive 
agents have been well studied, but its use in clinical 
practice to mitigate cardiovascular calcification re-
mains contentious. A majority of RCTs are studied in 
participants with CKD, and a systematic review by Xu 
et  al reported possible attenuation of cardiovascular 
calcification progression with antiresorptive therapy in 
this population, although most trials were small and of 
short duration.8 Two small RCTs were included in our 
systematic review that evaluated antiresorptive ther-
apy in the non-CKD population. Pawade et al demon-
strated no amelioration of valvular calcification in 150 
participants with either antiresorptive therapy com-
pared with placebo,43 in stark contrast with the trial 
by Kranenburg et  al, which demonstrated favorable 
response with etidronate compared with placebo in 
patients with pseudoxanthoma elasticum.42 However, 
both trials were small, with heterogeneous vascular 
targets and populations, and therefore, there is insuf-
ficient evidence to support the use of antiresorptive 
therapy for cardiovascular calcification attenuation in 
the general population.

Based on our systematic review, there is insufficient 
and conflicting data for interventions evaluated in RCTs 
for the mitigation of cardiovascular calcification. AGE 
therapies appear most promising, but the  evaluated 
studies were small and of short duration, with moder-
ate Cochrane risk of bias. These findings require con-
firmation with randomized trials with larger cohorts. 
Interestingly, HMG-CoA reductase inhibitors and life-
style interventions, including low-caloric diet and ex-
ercise, were associated with higher cardiovascular 
calcification in participants, without impact on mortal-
ity or incident adverse coronary outcomes. This may 
be secondary to the inherent properties of calcification 
in plaque stabilization and prevention of plaque rup-
ture. Although vitamin K antagonism has a well-estab-
lished role in cardiovascular calcification propagation, 
our systematic review demonstrates that the vitamin 
K pathway may not represent a therapeutic target to 
mitigate this in a non-CKD cohort. Results presented in 
our systematic review should be interpreted with cau-
tion due to the heterogeneity in study populations and 
exclusion criteria across trials. Also, given the nature of 
many of the clinical trials evaluating vascular calcifica-
tion, and the size and heterogeneity of these studies 
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(eg, different populations and different measurements 
of vascular or valvular calcification), unfortunately me-
ta-analyses were not able to be performed, nor would 
they be any more meaningful than the descriptive data 
presented in our study.

Critically, we await definitive evidence that targeting 
vascular or valvular calcification translates to improved 
patient outcomes. Therefore, future clinical trials of in-
terventions to slow cardiovascular calcification progres-
sion should prioritize recruitment of larger cohorts with 
longer durations of follow-up, and report on cardiovas-
cular outcomes so its application in clinical practice 
can be cautiously considered. This is especially true in 
the general population, because calcification in arterial 
and valvular tissues develops over the course of de-
cades. It is important to also note that although vascu-
lar calcification is associated with worse cardiovascular 
outcomes, it is not clear that adverse outcomes are 
causally mediated by calcification or that interventions 
to attenuate vascular calcification would be expected 
to reduce cardiovascular outcomes. This is exemplified 
by the fact that statin therapy and lifestyle interventions, 
known to reduce cardiovascular events, do not reduce, 
and can increase vascular calcification, as highlighted in 
RCTs in this systematic review, likely through stabilizing 
plaque via calcification. Therefore, with a general goal 
of management to reduce cardiovascular events, these 
beneficial interventions should not be avoided because 
of concerns for increased vascular calcification.
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