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EDITORIAL COMMENT

Coronary Artery Calciﬁcation
A Janus-Faced Biomarker?*
Chris Reutelingsperger, PHD, Leon Schurgers, PHD

C

oronary artery calciﬁcation (CAC) is highly

and medical debate, and both sides have persuasive

prevalent in coronary heart disease and is

arguments supported by experimental and clinical

associated with increased cardiovascular

data (4).

mortality and morbidity. CAC is strongly associated

CAC can be measured clinically by noninvasive

with atherosclerosis, and progression of CAC is a

electron beam computed tomography (EBCT) and

strong predictor of future adverse cardiac events (1).

multidetector computed tomography (MDCT) and by

Calciﬁcation of atherosclerotic plaques mainly occurs

invasive

as intimal calciﬁcation. This is different from medial

techniques register and quantify plaque volume and

calciﬁcation,

macrocalciﬁcations (calcium deposits >200 m m), and

also

termed

Mönckeberg

sclerosis,

intravascular

ultrasound

(IVUS).

These

which is thought to be less abundant in coronary ar-

they do not detect microcalciﬁcations (calcium

tery disease (CAD) and is more frequently observed

deposits <50 mm) and activity of the calciﬁcation

in the arteries of patients with renal disease and dia-

process. EBCT and MDCT cannot discriminate be-

betes mellitus (2). CAC was long regarded as an end-

tween

stage product resulting from chronic inﬂammation

calciﬁcations are detected as spotty and sheet

medial

and

with little clinical relevance to therapeutic interven-

calciﬁcations; the spotty type is associated with plavulnerability.

intimal

calciﬁcation.

tion. This view changed dramatically during the last

que

decade. CAC is now appreciated as a regulated pro-

observed in the ﬁbrous cap of human atherosclerotic

cess involving the active participation of vascular

plaques, where they may cause biomechanical insta-

cells such as vascular smooth muscle cells (VSMCs)

bility (5). Microcalciﬁcations can also act detrimen-

and macrophages. In fact, in many respects it resem-

tally

bles the tightly regulated ossiﬁcation of bones (3).

perspective. Investigators found that hydroxyapatite

The unveiling of molecules and mechanisms of CAC

crystals (<8 m m) isolated from human atherosclerotic

not only provided a better understanding of its

plaques signiﬁcantly triggered VSMC apoptosis (6),

pathophysiology but also revealed potential targets

which, in turn, accelerated calciﬁcation (7) and

on

plaque

Microcalciﬁcations

Macro-

stability

from

a

have

cell

been

biology

for pharmacological modulation of the mineralization

contributed to plaque destabilization (8). Micro-

process.

calciﬁcations in coronary atherosclerotic plaques are

These possibilities raise the intriguing and crucial

associated with increased inﬂammation and osteo-

question: are calcium deposits in atherosclerotic

chondrogenic transdifferentiation of VSMCs (9), fea-

plaques friends or foes? In other words, do they

tures indicating a vulnerable plaque phenotype.

contribute to plaque stability or do they increase

Progression of CAC as measured by EBCT, MDCT, and

plaque instability? This is still a matter of scientiﬁc

IVUS can predict adverse events. Because macrocalciﬁcation is accompanied and preceded by microcalciﬁcation

(10),

this

makes

sense

from

the

standpoint that microcalciﬁcations promote plaque
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inhibitors (statins) reduces plaque volume and in-

Similar mechanisms may be operative in coronary

creases CAC progression (12). These studies suggested

artery plaques of warfarin-treated patients, thus

that densely calciﬁed plaques are more stable and less

explaining the observed increased progression of CAC
and the number of calciﬁed coronary plaques (17).

prone to rupture.
The mechanisms of statin-induced plaque stabili-

Andrews et al. (14) could not draw conclusions

zation in the presence of active calciﬁcation are

regarding plaque vulnerability because IVUS does not

still unknown and remain subjects for future in-

detect microcalciﬁcations and metabolic processes

vestigations. An appealing hypothesis is that statin

underlying calciﬁcation such as apoptosis. Moreover,

therapy accelerates calciﬁcation as well as conver-

analysis protocols were not set up to measure out-

sion of microcalciﬁcations into macrocalciﬁcations,

ward remodeling. Hence, whether CAC progression

thereby reducing the life span of destabilizing

during warfarin use is associated with increased pla-

microcalciﬁcations

que stability, as in the case of statin use, cannot be

in

the

plaque.

Investigators

postulated that statins may attenuate the vitamin
K–based

inhibition

of

vascular

calciﬁcation

by

causing local vitamin K 2 deﬁciency in VSMCs (13).

determined at this time.
Although both warfarin and statins likely increase
CAC through vitamin K–dependent mechanisms,
their effects on plaque stability may be not be similar

SEE PAGE 1315

and may not be reﬂected by CAC as recorded by

In this issue of iJACC, Andrews et al. (14) report

IVUS. This notion is supported by the observations

that warfarin treatment of patients with CAD is

that statins reduced atheroma volume, whereas

associated with increased progression of CAC. The

warfarin had no effect on atheroma volume. As

study is a post hoc patient-level analysis of 8 pro-

pointed out by Andrews et al. (14), further clinical

spective randomized clinical trials using serial coro-

studies are needed to assess the effects of long-term

nary IVUS studies of matched arterial segments in

warfarin use on clinical events in patients with cor-

patients with CAD who were treated with warfarin

onary heart disease. Such studies will also probe the

(n ¼ 171) or not (n ¼ 4,129). Andrews et al. (14) used

true value of CAC as a biomarker of adverse cardiac

robust statistics to draw a solid conclusion on the

events.

association of warfarin use and CAC evolution from

Given

that

various

features

of

CAC

remain

serially obtained data from the 8 different clinical

largely unseen by EBCT, MDCT, and IVUS, it can be

trials. Interestingly, the association of warfarin use

anticipated that CAC may become a more infor-

with accelerated CAC progression was independent of

mative and discriminative biomarker as soon as its

baseline CAC, atheroma volume, concomitant statin

features of medial and intimal localization and

therapy, and renal function. The study is consistent

active microcalciﬁcations can be visualized and

with cross-sectional clinical studies reporting pro-

metrically measured. Segregation of the aggregate

calciﬁc effects of warfarin on arteries (15).

CAC in this manner will require new noninvasive

The

intriguing question

arises

again:

is the

observed increased progression of CAC in warfarin-

imaging protocols that can be used in clinical
studies.

treated patients good or bad? Warfarin is a vitamin

Determination of the true nature of CAC on a

K antagonist that targets both vitamin K–dependent

personalized basis by using noninvasive imaging

coagulation factors and vitamin K–dependent extra-

techniques such as positron emission tomography or

hepatic proteins such as vascular smooth muscle cell–

magnetic resonance imaging to identify metabolic

derived matrix Gla-protein (MGP). The crucial func-

processes underlying CAC will likely eliminate the

tion of vascular MGP in suppressing calciﬁcation of

apparent paradox arising from the association studies

arteries was shown in MGP knockout mice and in

of statin and warfarin use and CAC. A clear view of

experimental animals with chemical knockdown by

the features of CAC will also guide the design of new

warfarin; in both groups, initiation and progression of

therapeutic strategies aiming to modulate CAC pro-

vascular calciﬁcation resulted (16). Animal experi-

gression and regression by targeting the molecular

ments also demonstrated that warfarin increases both

machinery of CAC.

medial calciﬁcation and intimal calciﬁcation of
atherosclerotic plaques without affecting atheroma
volume (17). The same animal study also showed that
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