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Abstract

Calcium controls numerous events within the vessel wall. Permeability of the endothelium is calcium dependent, as are
platelet activation and adhesion, vascular smooth muscle proliferation and migration, and synthesis of fibrous connective
tissue. Double-helix computerized tomography is a noninvasive technique that can detect, measure, and compare coronary
calcification in the coronary arteries. Despite some convincing evidence about the prognostic value and usefulness of coro-
nary artery calcium score (CACS) in the stratification of cardiovascular risk in the high risk general population and also in
hypertensive patients, current guidelines for the management of hypertension, do not include such evaluation among the
recommended procedures to be performed in the majority of patients even with the intent to detect hypertension-mediated
organ damage (HMOD) in an early phase. On the contrary, the European Society of Cardiology guidelines for the diagnosis
and management of chronic coronary syndromes, the 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular
Disease, and the 2018 Cholesterol Clinical Practice Guidelines indicate that the evaluation of CACS may be of some useful-
ness in specific subpopulations, although this view is not accepted in the US Preventive Services Task Force document. Very
recently, the European Society of Cardiology Guidelines on cardiovascular disease prevention in clinical practice stated that
CACS estimation may be considered to improve risk classification around treatment decision thresholds. In conclusion, the
use of CACS as a diagnostic tool is still controversial. While some evidence exists about is ability to improve stratification
of cardiovascular risk in primary prevention, in particular in selected patients who are at intermediate or borderline risk of
atherosclerotic cardiovascular disease, there is insufficient evidence to use it as a standard means to assess HMOD.

Keywords Atherosclerotic cardiovascular disease (ASCVD) - Hypertension-mediated organ damage (HMOD) -
Hypertension - Atherosclerosis - Calcium score - Coronary

1 Introduction

Clinical, experimental and pathologic studies strongly indi-
cate that hypertension is a major factor in coronary heart
disease, sudden death, stroke congestive heart failure and
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renal insufficiency. The deleterious effect of the elevated
blood pressure on the cardiovascular system appears to be
due mainly to the mechanical stress imposed to the heart and
blood vessels [1]. Humoral factors and vasoactive hormones
such as angiotensin, catecholamines and prostaglandins may
play arole in the pathogenesis of hypertensive cardiovascu-
lar disease [1-3]. Hypertension and the resulting increase
in tangential tension on the myocardial and arterial walls,
leads to the development of hypertensive heart disease and
congestive heart failure as well as hypertensive vascular
disease that affects not only the kidneys but also the heart
and brain [1-3]. Hypertensive vascular disease involves both
large and small arteries as well as arterioles and is charac-
terized by fibromuscular thickening of intima/media with
luminal narrowing of the small arteries and arterioles [4].
The physical stress of hypertension on the arterial wall also
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results in the aggravation and acceleration of atherosclerosis,
particularly of the coronary and cerebral vessels, leading to
atherosclerotic cardiovascular disease (ASCVD). Moreover,
hypertension appears to increase per se the susceptibility
of large arteries to atherosclerosis [1]. Thus, the patient
with hypertension is a candidate for both hypertensive and
atherosclerotic vascular damage, leading to stenotic/occlu-
sive disease of both large and small coronary and cerebral
arteries, resulting in myocardial infarction and stroke [1-3].
Other major complications of hypertensive vascular disease
include rupture and thrombotic occlusion of blood vessels,
especially in the brain [1-3]. Disease of the arterial media,
which begins in childhood with the deposition of calcium
in the vessels, may be an important cause of arterial hyper-
tension [1]. This form of hypertension may manifest itself
in adults as arteriosclerotic hypertension and lead to car-
diovascular complications very similar to those of essential
hypertension [1]. An early detection of hypertension-medi-
ated organ damage (HMOD), including that mediated by
atherosclerotic mechanisms might provide a better stratifica-
tion of risk and a more appropriate and timing therapeutic
intervention [2, 3]. In this Review the possible role of an
estimation of coronary artery calcium score (CACS) in this
regard will be addressed.

2 Atherosclerosis and Hypertension

The molecular mechanism of atherosclerosis is a complex
web of cellular events that is only gradually becoming clear.
These mechanisms include lipid metabolism, inflammatory
signaling, and interaction with the complex vascular system
involved in thrombosis [5].

Atherogenesis can be divided into five key steps, which
are (1) endothelial dysfunction, (2) formation of lipid layer
or fatty streak within the intima, (3) migration of leukocytes
and smooth muscle cells into the vessel wall, (4) foam cell
formation and (5) degradation of extracellular matrix [5].

The initial (type I) lesion contains enough atherogenic
lipoprotein to elicit an increase in macrophages and forma-
tion of scattered macrophage foam cells. As in subsequent
lesion types, the changes are more marked in locations of
arteries with adaptive intimal thickening. Type II lesions
consist primarily of layers of macrophage foam cells and
lipid-laden smooth muscle cells and include lesions grossly
designated as fatty streaks. Type III is the intermediate
stage between type II and type IV (atheroma, a lesion that
is potentially symptom-producing). In addition to the lipid-
laden cells of type II, type III lesions contain scattered col-
lections of extracellular lipid droplets and particles that
disrupt the coherence of some intimal smooth muscle cells.
This extracellular lipid is the immediate precursor of the
larger, confluent, and more disruptive core of extracellular
lipid that characterizes type IV lesions. Beginning around
the fourth decade of life, lesions that usually have a lipid
core may also contain thick layers of fibrous connective tis-
sue (type V lesion) and/or fissure, hematoma, and thrombus
(type VI lesion). Some type V lesions are largely calcified
(type Vb), and some consist mainly of fibrous connective
tissue and little or no accumulated lipid or calcium (type
Vo) [7] (Fig. 1).

As mentioned, hypertension is a risk factor for the devel-
opment of atherosclerosis through various mechanisms that
may include increased shear stress, low grade inflammation,
oxidative stress, a procoagulant state and even activation of
immune mechanisms [5-7]. According to the 2018 ESC/
ESH Guidelines for the management of arterial hypertension

Terms for Atherosclerotic Lesions in Other Terms for the Same Lesions Often
Histological Classification Based on Appearance With the Unaided Eye
Type | lasion Initial lesion
Type lla lesion  Progression-prone type |l lesion Fatty dot or streak Early lesions
b Progression-resistant type Il
Type Il lesion  Intermediate lesion (praatheroma)
Type IV lesion  Atheroma } Atheromatous plague, |
Type Va lesion  Fibroatheroma V lesion fibrolipid plaque,
e (type 4 fibrous plague, plague
Vb Calcific lesion (type Vil lesion) Calcified plaque i P CanIN sl
Ve Fibrotic lesion (type VIl lesion) Fibrous plague
Type W lesion  Lesion with surface delect, and/or Complicated lasion,
hematoma-hemomhage, and/or complicated plague Y,
thrombotic deposit

Fig. 1 A definition of advanced types of atherosclerotic lesions and a histological classification of atherosclerosis: a report from the committee
on vascular lesions of the council on arteriosclerosis, American Heart Association. From reference [7]
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[3], an early detection of atherosclerotic vascular damage
is mandatory, and the standard workout include a measure-
ment of carotid intima-media thickness quantified by carotid
ultrasound, and/or the presence of plaques, the estimation
of the ankle-brachial index (ABI) (usually indicative of
advanced atherosclerosis) and the measurement of the pulse
wave velocity, hallmark of a possibly increased large artery
stiffness and partially a proxy of atherosclerotic damage.
Being the major part of the risk associated to hypertension
related to atherosclerotic damage to the heart and the brain,
the estimation of related cardiovascular risk, according to
the previously mentioned Guidelines [3], should be made
by the calculation of the Systematic COronary Risk Evalu-
ation (SCORE), a validated scoring system that predicts the
10-year risk of a first fatal atherosclerotic cardiovascular
event, in relation to age, gender, smoking, total cholesterol,
and systolic blood pressure. Similar advices were present
in the previous version of the European guidelines [2], as
well as in the American and International guidelines [8, 9].
Therefore, the absolute risk associated to hypertension and
HMOD that involve heart, brain and vessels is mainly to be
ascribed to atherosclerotic damages and its estimation in the
early phase of the disease is to be considered mandatory, in
order to provide a better stratification of risk and as a guide
to treatment [3].

3 Calcium Score and Atherosclerosis

As previously mentioned, calcium deposition represents
an important mechanism in the development of the com-
plicated atherosclerotic plaque (Vb lesions) [7] (Fig. 1).
However, calcium particles are often found within the lipid
cores even in young adults [7]. Lesions containing a large
amount of calcium generally also have increased fibrous
connective tissue, and often have the underlying morphol-
ogy of fibroatheroma. Lesions in which mineralization is the
dominant feature may be called type Vb (calcific) lesions.
Mineral deposits may replace the accumulated remnants
of dead cells and extracellular lipid, including entire lipid
cores. Elsewhere, the calcific lesion has been labeled the
type VII lesion [7].

Ultrafast computed tomography may allow an early detec-
tion of coronary lesions by means of highly sensitive non-
invasive demonstration of coronary artery calcium (CAC)
[10].

It was suggested that the presence of CAC detected by
ultrafast computed tomography, may be a sensitive early
noninvasive marker for the presence and progression of
atherosclerosis before development of ischemia-producing
stenosis or complication [10, 11].

Cardiac computed tomography (CCT) (Fig. 2) has
emerged in the last decade as an important non-invasive

modality for the evaluation of coronary artery disease
(CAD) with actively expanding indications [12]. Initial
research led to the establishment of a CACS for improved
risk stratification of asymptomatic patients with intermit-
tent probability for adverse atherosclerotic events; a CACS
of zero is associated with low rates of future adverse
events [13], although also in those patients polygenic risk
scores remain associated with ASCVD events [14].

CCT allows quantification of plaque calcium burden
by measuring the Agatston score [15]. CACS is based on
a low radiation dose, non-contrast CCT [16] and repre-
sents a simple, quick, inexpensive, and reproducible test.
CACS has shown to correlate well with long-term risk of
cardiac events when used as a binary or categorical num-
ber [13, 17-20]. For example, the 10-year risk for adverse
atherosclerotic events of a 65-year-old male with hyper-
lipidemia and medically treated hypertension is over 10%.
If the same individual has a CACS of zero, then the risk
becomes 3.5%. Importantly, the predictive value of CACS
is incremental to that of traditional risk factors and risk
calculators that have included CACS have outperformed
established risk scores, such as the Framingham score and
the 2013 American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) risk estimator [21]. Today,
CACS is an established way to better assess the ASCVD
risk of asymptomatic individuals that otherwise fall into
intermediate risk and start appropriate risk factor modi-
fication therapy [class IIb recommendation in European
Society of Cardiology guidelines for the diagnosis and
management of chronic coronary syndromes [22] and Ila
in the 2019 ACC/AHA Guideline on the Primary Preven-
tion of Cardiovascular Disease [23].

In particular, the former guideline report the following
statement: “assessment of coronary artery calcium score
with computed tomography may be considered as a risk
modifier in the cardiovascular risk assessment of asymp-
tomatic subjects” [22], while in the latter the following
recommendation is present “in adults at intermediate risk
(=7.5% to < 20% 10-year ASCVD risk) or selected adults
at borderline risk (5% to < 7.5% 10-year ASCVD risk), if
risk-based decisions for preventive interventions (e.g., sta-
tin therapy) remain uncertain, it is reasonable to measure a
coronary artery calcium score to guide clinician—patient risk
discussion” (Table 1).

In Table 1 recommendations from the 2018 Cholesterol
Clinical Practice Guidelines [24], which are included in
the previously mentioned ACC/AHA guidelines [23] are
reported; at point 7 the use of CACS is suggested. In Fig. 3
selected examples of candidates for CAC measurement who
might benefit from knowing their CACS is zero is reported
[23].

In the Kaiser Permanente Atherosclerotic Cardiovascular
Disease (ASCVD) Primary Prevention Guideline 2020 [25]
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Fig.2 Current and emerging roles of cardiac computed tomography
in predicting adverse coronary events. Comprehensive assessment of
coronary artery disease with cardiac computed tomography (CCT)
includes coronary artery calcium score, anatomic assessment to iden-
tify stenosis, plaque volume, and high-risk plaque features, hemody-
namic assessment using computational fluid dynamics to compute
fractional flow reserve (FFR) and endothelial shear stress (ESS), as

the suggested indications to the measurement of CACS were
summarized as follows:

e CACS: consider for patients at indeterminate risk or at
intermediate risk and undecided about statins.

e CACS, although not routinely recommended, may be
helpful for patients at intermediate ASCVD risk who are
uncertain about taking a statin, and/or patients whose
calculated risk is higher or lower than expected.

Who should consider getting CACS testing?

e Individuals at intermediate ASCVD risk (aged 40-75
years without diabetes and with LDL-C levels > 70 mg/
dL, at a 10-year ASCVD risk of > 7.5% and < 20%), if
risk status or decision about statin therapy is uncertain
(for example, due to patient reluctance to start phar-
macotherapy). For these patients, treatment with statin
therapy may be withheld or delayed if CACS = 0, except
in cigarette smokers and those with a strong family his-
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well as derivation of perivascular fat attenuation index. Perivascular
fat attenuation index figure is owned by: Oxford Academic Cardio-
vascular CT Core Lab and Lab of Inflammation and Cardiometabolic
Diseases at NHLBI, published under Attribution-NonCommercial 2.0
Generic (CC BY-NC 2.0). Link to license: https://creativecommons.
org/licenses/by-nc/2.0/. From reference [12]

tory of premature ASCVD. A CACS of 1-99 favors statin
therapy, especially in those aged > 55 years. For any
patient, if the CACS is > 100 or > 75th percentile, statin
therapy is indicated.

e Measurement of CAC may be considered in select adults
with borderline elevated ASCVD risk (5-7.4% 10-year
ASCVD risk) for further risk stratification, in whom
the presence of CAC may change decision-making with
regard to statin treatment and intensity of ASCVD risk
factor modification.

If patients get CAC testing but remain untreated, repeat-
ing CAC measurement in 5—10 years may have some value
in reassessing for CAC progression, but data are limited.

Who should not get CAC score testing?

e Routine CAC measurement is not recommended in
patients at low (< 5% 10-year risk) or high (> 20%
10-year risk) ASCVD risk, as the results are generally
unlikely to change management.
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Selected Examples of Candidates for Coronary Artery Calcium Measurement Who Might Benefit From Knowing Their

Coronary Artery Calcium Score Is Zero

Coronary Artery Calcium Measurement Candidates Who Might Benefit from Knowing Their Coronary Artery Calcium Score Is Zero

B Patients reluctant to initiate statin who wish to understand their risk and potential for benefit more precisely

B Patients concerned about need to reinstitute statin therapy after discontinuation for statin-associated symptoms

B Older patients (men 55-80 y of age; women 60-80 y of age) with low burden of risk factors (54.4-42) who question whether they would benefit from statin

therapy

B Middle-aged adults (40-55 y of age) with PCE-calculated 10-year risk for ASCVD 5% to <7.5% with factors that increase their ASCVD risk, although they

are in a borderline risk group.

Caveats: If patient is at intermediate risk and if a risk decision is uncertain and a coronary artery calcium score is obtained, it is reasonable to withhold statin therapy unless higher-risk
conditions, such as cigarette smoking, family history of premature ASCVD, or diabetes mellitus, are present and to reassess the coronary artery calcium score in 5 to 10 years. Moreover,
if coronary artery calcium is recommended, it should be performed in facilities that have current technology and expertise to deliver the lowest radiation possible.

ASCVD indicates atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; and PCE, pooled cohort equations.
Reproduced with permission from Grundy et al. (54.3-1). Copyright © 2018, American Heart Association, Inc., and American College of Cardiology Foundation.

Fig.3 Selected examples of candidates who might benefit from knowing their coronary artery calcium score is zero. From reference [23]

e Patients who are averse to treatment and unlikely to
initiate treatment even if CAC is identified should not
undergo CAC testing.

However, the US Preventive Services Task Force (USP-
STF 2018) examined whether the addition of CAC to the
traditional risk factors improves risk classification [26]. The
report concluded that—while CACS statistically improves
risk stratification—there was insufficient evidence to deter-
mine either the benefits and harms of using CACS testing for
risk assessment, or whether adding it to the tools currently
used would reduce the incidence of cardiac heart disease or
mortality following statin therapy [26]. The USPSTF found
therefore inadequate evidence to assess whether treatment
decisions guided by ABI, high sensitivity C-reactive protein
(hsCRP) level, or CAC score, in addition to risk factors in
existing cardiovascular disease (CVD) risk assessment mod-
els, leads to reduced incidence of CVD events or mortality
[26]. The USPSTF found adequate evidence to conceptu-
ally bound the harms of early detection and interventions
as small [26], however the current evidence is insufficient
to assess the balance of benefits and harms of using ABI,
hsCRP level, or CAC score in risk assessment for CVD in
asymptomatic adults to prevent CVD events [26].

Concerns about the clinical applications of CACS include
the followings: the serial use of CACS is less clear, particu-
larly in patients who are on statin therapy [27], while it may
be of some help in patients taking aspirin: higher CAC is
associated with both ASCVD and bleeding events, with a
stronger association with ASCVD [28]. A high CAC score
identifies individuals estimated to obtain net benefit from
primary prevention with aspirin therapy from those who
would not, but only in the setting of lower bleeding risk and
estimated ASCVD risk that is not low [28].

Nevertheless, the clinical application of CACS must take
into account the pre-test probability of CAD, even when
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CACS is zero, as plaque can be non-calcified, particularly in
younger, high-risk patients. Along these lines, clinical deci-
sions for symptomatic patients should not be based solely
on CACS, and in fact, CACS is not recommended in that
scenario, as shown in the CORE64 trial where > 10% of
symptomatic patients with CACS of zero had obstructive
CAD [29], although this was not confirmed in the PROMISE
Study (Prospective Multicenter Imaging Study for Evalua-
tion of Chest Pain) Study [30], In fact, most patients experi-
encing clinical events among stable outpatients presenting
with suspected CAD have measurable CAC at baseline [30].

In summary, the evaluation of CACS has a good clinical
values, since it has good correlation with long-term risk of
cardiac events and incremental predictive value on top of
traditional risk factors, it has some pros (low radiation, no
contrast, quick, inexpensive, reproducible) but also some
cons (unclear value of serial CCT assessments, must con-
sider pre-test probability of CAD) [12].

Absolute CACS and CAC percentiles can identify dif-
ferent patient groups, which could be confusing in clinical
practice; a relatively simple "rule of thumb" for identifying
the American College of Cardiology/American Heart Asso-
ciation [23] endorsed 75th CAC percentile based on age,
gender, and the absolute CACS was proposed [31]. Using
the Multi-Ethnic Study of Atherosclerosis, the authors cal-
culated the age and gender-specific percent likelihood that
a guideline-based absolute CACS group (1 to 100, 100 to
300, > 300) will place a patient above the 75th percentile.
Also, gender-specific age cutoffs by which 95% of partici-
pants with any (> 0), moderate (> 100), or severe (> 300)
CACS would be over the 75th percentile were derived. The
sensitivity analysis was repeated using the 90th percentile
threshold. Any CACS > 0 places 95% of women younger
than 60 years and over 90% of men younger than 50 years
over the 75th percentile. Moderate absolute CACS (> 100)
place nearly all men < 60 years and all women < 70 years
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over the 75th percentile. Confirmatory analysis for age
cutoffs was consistent with primary analysis, with cutoffs
of 48 years for men and 59 years for women indicating a
95% likelihood that any CACS would place patients over
the 75th percentile. In conclusion, the study [31] provides
a simple rule of thumb (men < 50 years and women < 60
years with any CACS, men < 60 years and women < 70
years with CAC S > 100) for identifying CACS > 75th per-
centile that might be readily adopted in clinical practice.
CACS could predict coronary artery disease reporting and
data system (CAD-RADS) with an accuracy of 80% [32].
Several personalized risk prediction tools, including CACS,
polygenic risk scores, and metabolic risk scores may be able
to improve risk assessment [33].

Insights from the CARDIA and MESA Study suggest that
elevated remnant cholesterol levels were associated with an
increased risk of CAC progression independent of traditional
cardiovascular risk factors, even in individuals with optimal
LDL-C levels [34].

However, some methodological concerns were recently
risen about the evaluation of coronary calcium density, on
the basis that the Agatston score may be upweighted based
on the assumption that peak calcium density and ASCVD
risk are positively correlated [35]. Recent evidence dem-
onstrates that calcium density may be inversely associated
with lesion vulnerability and ASCVD risk in population-
based cohorts when accounting for age and plaque area [35].
Recently, evaluation of calcium density through CACS with
non-contrast computed tomography was reviewed by focus-
ing on 3 main areas: (1) CAC scan acquisition parameters;
(2) pathophysiology of calcified plaques; and (3) epidemio-
logic evidence relating calcium density to ASCVD outcomes
[35]. Future and present development in this area include
automated cardiovascular risk categorization through arti-
ficial intelligence-driven coronary calcium quantification
in cardiac PET acquired attenuation correction CCT [36]
or machine learning approach for cardiovascular risk and
CACS [37] or even new in vitro tools [38].

Table 2 Evidences concerning CACS estimation in hypertension

Finally and most recently, in September 2021, the Euro-
pean Society of Cardiology (ESC) Guidelines on cardiovas-
cular disease prevention in clinical practice were published
[39]. CACS was considered as a risk modifier, and its esti-
mation “may be considered to improve risk classification
around treatment decision thresholds” (class of recommen-
dation IIb, level of evidence B) (Table 1).

4 Calcium Score in Hypertension

In 2699 Framingham Heart Study participants who were
part of a multidetector computed tomography substudy from
2008 to 2011 it was demonstrated that renal artery calcium
(RAC) is common and independently associated with micro-
albuminuria and hypertension after adjustment for nonrenal
vascular calcium [40], therefore RAC may be uniquely asso-
ciated with these markers of renal end-organ damage [40].
An association was also observed between the presence of
aortic valve calcium and coronary calcium score on spiral
computed tomography in high-risk hypertensive patients,
supporting a high association between aortic valve calcium
and increased risk of death from cardiovascular causes [41].
Mild renal dysfunction accelerated coronary artery calcifi-
cations, above and beyond conventional risk factors in 547
high-risk Israeli hypertensive patients [42].

The presence of CAC as assessed by dual slice spiral
computed tomography predicted cardiovascular events also
in high-risk asymptomatic hypertensive patients enrolled in
the INSIGHT (International Nifedipine Study Intervention
as Goal for Hypertension Therapy) [43], similarly to what
previously demonstrated in subjects prone to atherosclerosis.
This was confirmed also in an extended follow up (15 years)
in the calcification side arm of the INSIGHT [44, 45], as
well as in the subgroup of patients with combined diabetes
mellitus and systemic hypertension [46] (Table 2).

Prehypertension is a frequent condition and has been
demonstrated to increase cardiovascular risk. However, the

Study Conclusion References
INSIGHT CACS predicted cardiovascular events also in high-risk asymptomatic hypertensive patients [43]
INSIGHT In hypertensive patients, progression of CAC is associated with long-term cardiovascular events [44, 45]
INSIGHT Patients with hypertension and diabetes mellitus can be stratified into a lower cardiovascular risk in the [46]
absence of CAC.
Heinz Nixdorf Recall Risk of myocardial infarction and stroke in hypertension but also in prehypertension depended on the degree [47]
of CAC
INSIGHT Slower progression of coronary calcification in hypertensive patients on nifedipine once daily versus co- [48]
amilozide
ACTION Nifedipine GITS was not effective in slowing down the progression of calcium in advanced atherosclerotic ~ [49]

plaques in patients with stable angina pectoris, half of them hypertensives

CACS coronary artery calcium score, CAC coronary artery calcium
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association with coronary atherosclerosis as part of target
organ damage is not well understood. Cross-sectional rela-
tionship and longitudinal outcome between blood pressure
categories and CAC, quantified by electron beam computed
tomography was investigated in 4181 participants from the
population-based Heinz Nixdorf Recall Study cohort [47].
Risk of myocardial infarction and stroke in hypertension but
also in prehypertension depended on the degree of CAC.
According to the Authors, this marker of target-organ dam-
age might be included, when lifestyle modification and phar-
macotherapeutic effects in prehypertensive individuals are
tested to avoid exposure to risk and increase benefit [47].

Measurement of CACS may be of some help also in
treated hypertensive patients. Using double-helix computer-
ized tomography, a side arm of the INSIGHT study (Interna-
tional Nifedipine Study: Intervention as Goal for Hyperten-
sion Therapy) was aimed to show the efficacy of nifedipine
once daily versus co-amilozide (hydrochlorothiazide plus
amiloride) in high-risk hypertensive patients in arresting or
slowing-down the progression of coronary artery calcifica-
tion [48]. Inhibition of coronary calcium progression was
significant in the nifedipine versus the co-amilozide group
during the first year, not significant during the second year,
and significant during the third year [48]. The results point
therefore to a slower progression of coronary calcification
in hypertensive patients on nifedipine once daily versus co-
amilozide [48] (Table 2).

However, in the ACTION (A Coronary Disease Trial
Investigating Outcome with Nifedipine GITS) trial, nifedi-
pine GITS was not effective in slowing down the progression
of calcium in advanced atherosclerotic plaques in patients
with stable angina pectoris, half of them hypertensives [49]
(Table 2).

According to the 2013 Guidelines for the management of
arterial hypertension of the European Society of Hyperten-
sion and of the European Society of Cardiology, coronary
calcium score is one of the recommended strategies for the
search for HMOD, with cardiovascular predictive value rated
++, availability +, reproducibility +++ and cost-effective-
ness + [2], while the 2018 version of the European Guide-
lines [3], as well as in the current American [8] and Inter-
national [9] guidelines do not consider coronary calcium
score among the suggested procedures to evaluate HMOD.

5 Conclusions

Calcium controls numerous events within the vessel wall.
Permeability of the endothelium is calcium dependent, as
are platelet activation and adhesion, vascular smooth muscle
proliferation and migration, and synthesis of fibrous con-
nective tissue. Double-helix computerized tomography is a
noninvasive technique that can detect, measure, and compare

A\ Adis

coronary calcification in the coronary arteries [48]. Despite
some convincing evidence about the prognostic value and
usefulness of CACS in the stratification of cardiovascular
risk in the high risk general population and also in hyper-
tensive patients, current guidelines for the management of
hypertension, do not include such evaluation among the
recommended procedure to be performed in the majority
of patients even with the intent to detect HMOD in an early
phase. On the contrary, the European Society of Cardiol-
ogy guidelines for the diagnosis and management of chronic
coronary syndromes [22], the 2019 ACC/AHA Guideline on
the Primary Prevention of Cardiovascular Disease [23], the
2018 Cholesterol Clinical Practice Guidelines [24] and the
2021 European Society of Cardiology Guidelines on cardio-
vascular disease prevention in clinical practice [39] indicate
that the evaluation of CACS may be of some usefulness in
specific subpopulations (Table 1), although this view is not
accepted in the US Preventive Services Task Force docu-
ment [26].

Therefore, the use of CAC as a diagnostic tool is still
controversial. While some evidence exists about is ability
to improve stratification of cardiovascular risk in primary
prevention, in particular in selected patients who are at
intermediate or borderline risk of ASCVD [50, 51], there is
insufficient evidence to use it as a standard means to assess
HMOD.
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