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Abstract

Hypertension is associated with more severe disease and adverse outcomes in COVID-19 patients. Recent investigations
have indicated that hypertension might be an independent predictor of outcomes in COVID-19 patients regardless of other
cardiovascular and noncardiovascular comorbidities. We explored the significance of coronary calcifications in 694
hypertensive patients in the Score-COVID registry, an Italian multicenter study conducted during the first pandemic wave in
the Western world (March-April 2020). A total of 1565 patients admitted with RNA-PCR-positive nasopharyngeal swabs
and chest computed tomography (CT) at hospital admission were included in the study. Clinical outcomes and
cardiovascular calcifications were analyzed independently by a research core lab. Hypertensive patients had a different risk
profile than nonhypertensive patients, with more cardiovascular comorbidities. The deceased hypertensive patients had a
greater coronary calcification burden at the level of the anterior descending coronary artery. Hypertension status and the
severity cutoffs of coronary calcifications were used to stratify the clinical outcomes. For every 100-mm® increase in
coronary calcium volume, hospital mortality in hypertensive patients increased by 8%, regardless of sex, age, diabetes,
creatinine, and lung interstitial involvement. The coronary calcium score contributes to stratifying the risk of complications
in COVID-19 patients. Cardiovascular calcifications appear to be a promising imaging marker for providing
pathophysiological insight into cardiovascular risk factors and COVID-19 outcomes.
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Introduction [1]. Its prevalence is closely related to age, and it is esti-
mated to affect ~50% of the population over 60 years of age.
Hypertension is the most common primary modifiable risk In the current COVID-19 pandemic, hypertension has

factor associated with atherosclerotic cardiovascular disease been identified as a common cardiovascular risk factor in
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hospitalized patients and is highly associated with COVID-
19 disease severity and adverse outcomes.

This finding may reflect the clinical profile of patients
admitted with COVID-19 infection, who are often older,
male, and have multiple cardiovascular comorbidities, all
known risk factors for developing more severe SARS-CoV-
2 infection [2-5].

However, whether hypertension itself is an independent
predictor of COVID-19 severity and mortality remains
unknown, as does the potential pathophysiological link.

From this perspective, chest CT can help us to evaluate
the extent of viral pneumonia and allows us to quantify and
qualify cardiovascular calcifications, a surrogate marker of
cardiovascular disease.

Chest CT was usually performed during the COVID-19
pandemic for pneumonia diagnosis, assessment of severity,
and prognostication.

Behind the assessment of lung involvement, several fea-
tures of cardiovascular risk can be extracted from chest CT
[6-11], providing a more comprehensive characterization of
the risk profile of infected patients. In particular, the coronary
calcium score, easily measured from chest CT scans, is a
highly specific marker of coronary atherosclerosis and an
established cardiovascular prognosticator [6, 8—11].

However, the higher mortality observed in hypertensive
COVID-19 patients than in nonhypertensive patients could
be explained by age, male sex, higher prevalence of dia-
betes, and chronic renal failure.

Statistical collinearity between age, hypertension and
other risk factors limits the assumptions of multivariable
regression analyses, leaving the issue unsolved.

Coronary artery calcium (CAC) is a specific marker of
atherosclerosis burden that can be easily measured from
nongated chest computed tomography (CT), which is often
performed for the assessment of SARS-CoV-2 pneumonia.
Its predictive significance has not yet been specifically
investigated in the hypertensive COVID-19 population.

Coronary artery calcium (CAC) and thoracic aortic cal-
cium assessed by chest computed tomography (CT) were
also predictors of death in patients admitted due to COVID-
19 undergoing chest CT for assessment of pneumonia [8].

Imaging biomarkers such as coronary artery calcium
(CAC) score have an established role in long-term cardio-
vascular event risk stratification but might also provide
important prognostic information and pathophysiologic
insights in patients acutely ill with COVID-19.

The use of CT affords the opportunity to noninvasively
construct cross-sectional images of arteries to detect the
presence and extent of calcium attributed to atherosclerosis
in different vascular beds.

Many risk factors, including hypertension, are associated
with atherosclerotic calcification.
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It has been shown that vascular calcification is associated
with increased arterial stiffness [9].

In normotensive subjects, CAC was associated with
retinopathy, suggesting a common pathophysiologic
process underlying both micro- and macrovascular dis-
ease. Several studies have shown a clear association
between hypertension and CAC, which are both inde-
pendently related to systemic arterial abnormalities
[10, 11].

Study aims

The present study aims to explore the prognostic sig-
nificance of coronary calcium in a large cohort of COVID-
19 hypertensive patients.

Methods

Consecutive patients with positive RT-PCR for SARS-
CoV-2 and a noncontrast chest CT performed at hospital
admission from March 1st to April 20th, 2020 in 16 Italian
hospitals were included in the study.

The exclusion criteria were previous coronary artery
stenting for impaired quantitative measurement of
calcium score.

The study was approved by the regional ethics committee
of the Emilia Romagna region and by the ethics committee
of the individual hospitals.

The following clinical and laboratory variables were
derived from electronic medical records from each center:
demographic characteristics (age, sex, and body mass
index), cardiovascular risk factors (hypertension, coronary
heart disease, diabetes, peripheral artery disease), comor-
bidities (chronic lung disease, chronic kidney disease, active
neoplasms), laboratory data at admission (hemoglobin,
white blood cell count, creatinine), lactate dehydrogenase
(LDH), C-reactive protein (CRP), and patient outcomes (in-
hospital death, intubation, noninvasive ventilation, oxygen
therapy).

Chest CT data

Chest CTs were collected and analyzed in a single Core
Lab, where images were reformatted at a standard slice
thickness of 2.5 mm without overlap or gaps and visualized
using a standard mediastinal window (width 350 HU; center
40 HU).

The coronary calcium score and calcium volume
were semiautomatically extracted by expert cardiac radi-
ologists blinded to clinical data using dedicated software
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(Intellispace Portal v. 8.0, Philips). In addition, a qualitative
assessment of coronary artery calcification was performed.

Pneumonia lung involvement was assessed semi-
quantitatively as follows: score 0: absent; score 1: <25%,
score 2: 25-50%, score 3: 50-75%, and score 4: >75% [7].

Statistical analysis

Continuous and categorical variables are displayed as the
mean =+ standard deviation (SD) and percentage, respectively.

Student’s ¢ test was used to assess the differences
between continuous data. Differences were analyzed by the
chi-square test for categorical variables and analysis of
variance (ANOVA) for continuous variables.

The population was classified into eight groups based on
the presence or absence of hypertension and the severity of
coronary calcium calcifications using established cutoffs in
the radiological literature (CAC O: absent; 0-100: mild;
100-400: moderate and CAC>400 for severe coronary
calcification burden).

The coronary calcium volume variable was then cate-
gorized as >100 mm® and >400 mm? in the respective Cox
regression models for mortality. Therefore, a model cate-
gorizing 100-mm? incremental values of coronary calcium
volume was applied. The results are reported as hazard
ratios (HRs) with associated 95% confidence intervals (CIs).

The mortality prediction of coronary calcium (both as a
continuous and categorical variable) in hypertensive
patients was tested with Cox proportional hazards models
for age, sex, creatinine, diabetes, and lung interstitial
involvement variables.

The results were considered statistically significant when
the P value was <0.05.

Statistical analysis was performed using SPSS (version
23, Chicago, IL, USA).

Results

Characteristics of hypertensive and
nonhypertensive patients

The final cohort of 1561 patients consisted mainly of men
(1043/1565, 66.6%), with a mean age of 68+ 13 years.
Most of the patients suffered from diabetes (297/1565,
19%), as well as ischemic heart disease (177/1565, 11.3%)
and chronic lung disease (164/1565, 10.5%) (Table 1).

At admission, patients had hemoglobin values in the
normal range, with a mean creatinine of 1.19 +0.76 mg/dL.

Most of the patients (674/1565, 43.3%) had moderate
pneumonia extension at hospital admission. The median
coronary calcium volume was 34 mm? (0263 mm3).

Orotracheal intubation occurred in 19.3% of patients, and
22.7% of patients died.

Compared with nonhypertensive patients, hypertensive
patients were older (72.3 £ 11 vs. 62.3 + 14, p value 0.001)
and had a similar sex distribution (233/694 in hypertensive
vs. 289/871 in nonhypertensive patients, p value 0.85).

Diabetes was three times more frequent in hypertensive
patients, while coronary heart disease was ~4 times more
frequent than in nonhypertensive patients. Hypertensive
patients did not differ from nonhypertensive patients in
regard to white blood cells or CRP and had slightly higher
creatinine values (1.25 +0.75 vs. 1.13 £0.8, p value 0.001)
and higher LDH values.

Pneumonia on chest CT was not significantly different
between hypertensive and nonhypertensive patients.

In addition, concerning cardiovascular calcifications, the
median values of coronary, aortic valvular, thoracic aortic,
and left anterior descending calcium volumes did not differ
significantly. There were no significant differences in out-
comes other than mortality, which was higher in hyper-
tensive patients (15.2 vs. 7.5%, p value 0.001) (Table 1).

Hypertensive patients: survivors vs. nonsurvivors

The deceased hypertensive patients were older (77.9 9 vs.
70+ 11 years old, p value 0.001), with a higher prevalence
of men (93.5% vs. 73%, p value 0.001) and compromised
renal function (1.6+1 vs. 1.1 +0.5 mg/dl, p value 0.001).
Deceased patients had severe systemic inflammation docu-
mented by higher values of white blood cells and CRP
(WBC: 8260 +4000 vs. 7500 +3720/mm°, p value 0,01;
CRP: 14+£9 vs. 11£9, p value 0,001) and slightly worse
baseline oxygen saturation (879 vs. 90+ 11%, p value
0.001).

Cardiovascular comorbidities, unexpectedly, were not
more frequent in deceased hypertensive patients who had a
greater calcium burden in the anterior descending artery
(CAC - LAD: 17 mm?® vs. 13.5 mm? in survivors, p value
0.027).

Acute coronary syndromes and strokes were slightly
more frequent in deceased hypertensive patients (stroke:
1.1% vs. 0.8%, p value 0.008; acute coronary syndrome:
0.5% vs. 0.4%, p value 0.071). There were no significant
differences regarding pulmoiary embolism (Tables 2, 3).

Hypertension and coronary calcium burden severity

Based on the presence of hypertension and calcium score
classes, the population was classified into eight groups that
were significantly different in terms of age, creatinine,
pneumonia severity, intubation rate, stroke rate, and
mortality.
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Table 1 Demographic and clinical variables

Variables Hypertensive Not hypertensive All patients P value
patients patients
Number of patients, N (%) 871 (7, 55) 694 (3, 44) 1565 (100)
Age, years, +SD 723+11 623+ 14 67.9+13 0.001
Female sex, n/N (%) 289 (5, 18) 233 (9, 14) 522 (4, 33) 0.85
Type 2 diabetes mellitus, n/N (%) 226 (14, 4) 71 4,5) 297 (19) 0.001
History of CAD, n/N (%) 141 9) 36 (2, 3) 177 (11, 3) 0.001
History of Atrial Fibrillation, n/N (%) 114 (7, 5) 26 (1,7) 140 (9, 3) 0.001
History of PAD, n/N (%) 71 4, 5) 20 (1, 3) 91 (5, 8) 0.001
History of smoking, n/N (%) 50 4, 2) 15 (1, 3) 65 (4, 2) 0.001
Chronic lung disease, n/N (%) 116 (7, 4) 48 (3, 1) 164 (10, 5) 0.001
Previous oncological malignancy, n/N (%) 43 (2, 7) 34 (2,2) 77 4, 9) 0.97
Laboratory variables
Hemoglobin, g/dl + SD 132+2 13.6+19 133+2 0.001
Creatinine, mg/dl + SD 1.25+0.75 1.13+0.8 1.19+0.76 0.001
White blood cells, n/1000 + SD 7720+ 3812 7710 £4322 7715 £4040 0.96
C-Reactive protein, mg/dl + SD 12.0+9.1 123+9.8 12+9.4 0.44
LDH, u/l+SD 405 +239 373 +255 392 +246 0.035
Respiratory variables
Baseline on air oxygen saturation, n + SD 89+10 89+13 89+12 0.63
Lung CT interstitial involvement <25%, 270 (17, 3) 231 (14, 8) 501 (32) 0.33
n/N (%)
Lung CT interstitial involvement 384 (44, 6) 290 (18, 5) 674 (43, 1) 0.36
25-50%, n/N (%)
Lung CT interstitial involvement 177 (11, 3) 128 (8, 2) 305 (19, 5) 0.35
50-75%, n/N (%)
Lung CT interstitial involvement >75%, 28 (1, 8) 34 (2,2) 62 (4) 0.09
n/N (%)
Cardio-thoracic vascular calcifications
Coronary calcium volume, mm’ 34.3 (0-283) 34 (0-253) 34 (0-263) 0.91
LAD coronary calcium volume, mm?> 15 (0-138) 14 (0-130) 14 (0-134) 0.98
Thoracic aorta calcium volume, mm?® 383 (19-2461) 302 (14-2153) 362 (16-2304) 0.22
Aortic valve calcium volume, mm® 0 (0-80) 0 (0-50) 0 (0-63) 0.11
Clinical outcomes
Respiratory support with non invasive 142 (9, 1) 117 (7, 5) 259 (16, 5) 0.76
ventilation without intubation, n/N (%)
Orotracheal intubation, n/N (%) 163 (10.6%) 134 (8, 7) 297 (19, 3) 0.74
Pulmonary embolism, n/N (%) 258 (1, 6) 28 (1, 8) 53 (3, 4) 0.2
Acute coronary syndrome, n/N (%) 7 (0, 5) 8 (0, 5) 15 (1) 0.48
Stroke, n/N (%) 16 (1) 9 (0, 6) 25 (1, 6) 0.39
Time to death after admission, n + SD 9+7 8+6 9+6 0.25
Death, n/N (%) 238 (15, 2) 117 (7, 5) 355 (22, 7) 0.001

Descriptive table with the characteristics of the entire population, of hypertensive and non-hypertensive patients

Patients without hypertension and with calcium scores of
zero were on average 10 years younger than patients in
other groups.

The mortality rate and oxygen therapy differed among
the 8 groups (Figs. 1, 2).

In particular, Fig. 3 shows the risk of hospital death
with a colorimetric map (risk < 2%, risk 2-5%, risk > 5%).

SPRINGER NATURE

The risk of hospital death was especially increased in
patients with CAC >400 mm>. In patients with CAC <
400 mm>, nonhypertensive patients had a mortality rate
<2%, in contrast to hypertensive patients (2-5% risk of
death).

The nonhypertensive patients with a calcium score of
zero had a mortality rate of 1.6% compared to 7.5% in
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:S;b\!fv: d]Zrillze(rlzzceZZeZetween Variables Degeased hypertensive Sur.vived hypertensive P value
hypertensive patients patients patients
Demographic and clinical variables
Number of patients, n/N (%) 238 (27, 3) 633 (72, 6)
Age, years, +SD 77.9+9 7011 0.001
Sex, n/N (%) 56 (6, 5) 231 (27) 0.001
Type 2 diabetes mellitus, n/N (%) 75 (8, 8) 148 (17, 3) 0.009
History of CAD, n/N (%) 49 (5, 7) 90 (10, 5) 0.016
History of Atrial Fibrillation, n/N (%) 44 (5, 2) 67 (7, 9) 0.001
History of PAD, n/N (%) 32(3,7) 39 (4, 6) 0.001
History of smoking, n/N (%) 14 (2, 3) 36 (6) 0.49
Chronic lung disease, n/N (%) 45 (5, 3) 68 (7, 9) 0.001
Previous oncological malignancy, 10 (1, 2) 33(3,9) 0.57
n/N (%)
Laboratory values
Hemoglobin, g/dl + SD 132 13.3+2 0.21
Creatinine, mg/dl + SD 1.6x1 1.1+£0.5 0.001
White blood cells, n/1000 + SD 8260 +4000 7500 £ 3720 0.011
C-Reactive protein, mg/dl + SD 14+9 11+9 0.001
LDH, u/l1+SD 496 +279 371+212 0.001
Respiratory variables
Baseline on air oxygen saturation, 87+9 90=+11 0.001
n=+SD (%)
Lung CT interstitial involvement 70 (8, 2) 195 (22, 8) 0.81
<25%, n/N (%)
Lung CT interstitial involvement 98 (11, 4) 281 (32, 8) 0.51
25-50%, n/N (%)
Lung CT interstitial involvement 52 (6, 1) 121 (14, 1) 0.303
50-75%, n/N (%)
Lung CT interstitial involvement 8 (0,9) 20 (2, 3) 0.84
>75%, n/N (%)
Cardio-thoracic vascular calcifications
Coronary calcium volume, mm® 44 (0-426) 31 (0-247) 0.1
LAD coronary calcium volume, mm® 17 (0-211) 13.5 (0-119) 0.027
Thoracic aorta calcium volume, mm® 432 (15-2703) 371 (19-2366) 0.36
Aortic valve calcium volume, mm® 0 (0-57) 0 (0-85) 0.35
Outcomes
Orotracheal intubation 17 (2) 146 (17) 0.001
Pulmonary embolism, n/N (%) 4(0,5) 20 (2, 3) 0.24
Acute coronary syndrome, n/N (%) 4 (0, 5) 3(0,4) 0.071
Stroke, n/N (%) 9(1, 1 7 (0, 8) 0.008

Descriptive table with the characteristics of surviving and deceased hypertensive patients

hypertensive patients with a calcium score >400 mm®
(p value 0.001) (Figs. 1, 4).

Cox regression models for 30-day mortality
In univariate Cox regression, coronary calcium (mm3) was a

significant risk factor for mortality with an HR of 1.001
(95% CI 1-1.001) and maintained its significance even in

the multivariate model that included age, female sex, dia-
betes, creatinine, and pneumonia extension. A coronary
calcium score > 100 mm?® was associated with mortality risk
in the hypertensive population with an HR of 1.34 (95% CI
1.029-1.757).

Similarly, a coronary calcium score greater than 400
mm® was also associated with a comparable increased risk

of mortality (HR 1.315 95% CI 1.01-1.713).
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For every 100 mm? increase in coronary calcium volume,
there was an increase in mortality of approximately 8% (HR
1.082 95% CI 1.033-1.133), regardless of age, sex, dia-
betes, creatinine, and pneumonia extension on CT.

In the Kaplan—Meier curves (Fig. 5), the survival curves of
hypertensive patients with a coronary calcium score greater
than 100 mm?® and greater than 400 mm?® diverge significantly.
Death tended to occur increasingly earlier in patients with a
greater coronary calcium burden (Fig. 5) (Table 4).

Clinical Outcome according to Hypertension Status and
Coronary Calcium Volume Severity

& Mortality
 Intubation

Pulmonary Embolism
 Stroke

 Acute Coronary Syndrome

Death

& Intubation

& Non Invasive Ventilation
Nasal Oxygen Therapy

W Hospitalization without

oxygen supplementation

W Early Discharge

Fig. 2 Hospital and respiratory outcomes classified according to
hypertensive status and coronary calcium volume

Discussion

Hypertension is a common risk factor, and in the literature,
there is no real stratification of hypertensive patients based
on known clinical and subclinical cardiac organ damage.
Stratification based on anamnestic comorbidities in non-
randomized studies represents a limitation to the available
studies.

Our results highlighted the value of CACS in risk stra-
tification in hypertensive COVID-19 patients.

COVID-19 patients suffering from hypertension with
moderate to severe coronary calcium scores tend to
experience less favorable clinical outcomes [6, 12]. In
particular, the mortality rate increased by ~8% for every
100 mm? increase in coronary calcium volume.

In fact, in multivariable Cox analysis, the coronary cal-
cium score was a predictor of mortality, regardless of age,
sex, creatinine, diabetes, and lung interstitial involvement
[7, 13-15].

Cardiovascular calcifications are associated with non-
physiological aging and reflect atherosclerotic burden [8, 9].
In addition, they are associated with arterial stiffening and
are a leading cause of isolated systolic hypertension in the
elderly population.

CACS can be easily measured from chest CT performed
for pneumonia assessment [7, 9, 16-18], and CACS has
been demonstrated to be a strong independent predictor of
future cardiovascular events [16, 17].

We propose 3 hypotheses that explain the predictive
ability of the coronary calcium score in COVID-19.

The first “cardiovascular” hypothesis is that CAC is a
more sensitive cardiovascular marker than other anamnestic
variables (probably weakened by suboptimal data collection
in retrospective studies). CAC is a cumulative marker of
cardiovascular damage with varying degrees of severity,
even in asymptomatic patients.

The second hypothesis is that of “frailty”. Patient with
more cardiovascular calcifications and who are more fragile
and elderly and experience complications of SARS-CoV2
disease have higher mortality.

Fig. 3 Mortality risk map for
Covid-19 according to
hypertensive state and severity
of coronary calcifications

No Hypertension

Death <2%

Covid-19 Hospital Mortality Risk Card

Mortality CACO CAC0-100 CAC 100-400 CAC > 400

Risk of In-Hospital

. Risk of In-Hospital
Death 2-5%

Risk of In-Hospital
Death >5%
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Fig. 4 30-day survival curves

30-day mortality stratified by "Arterial Hypertension" and "Coronary Calcium Volume"

(CAC 0, CAC 0-100, CAC 100-400, CAC> 400)

based on hypertensive status and 0,06
coronary calcification severity
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Fig. 5 Mortality of hypertensive patients based on CAC 100 mm3 and CAC 400 mm3 cut-off values

The third hypothesis is the “immunological” hypothesis;
these patients have a higher baseline cardiometabolic
inflammatory phenotype with a more pronounced inflam-
matory response that exposes them more to the SARS-CoV-
2-induced cytokine storm.

There is growing interest in using the CAC score to
stratify the risk of hypertensive patients for the selection of
personalized targets for blood pressure and cardiovascular
prevention.

In the CAC Consortium study, in 6375 patients with
“SPRINT-like” characteristics (age>50 years and Fra-
mingham risk score > 15%), it was shown that CAC stra-
tifies hypertension and recategorizes the 10-year risk
probability of cardiovascular events [19].

In the same way, our results highlight the value of the
calcium score in risk stratification in hypertensive COVID-19
patients, increasing the risk of adverse events and mortality.

Previous studies found that in COVID-19 patients,
despite the presence of comorbidities, coronary calcium and

SPRINGER NATURE

its severity were associated with MACEs (acute coronary
syndrome, pulmonary embolism, and stroke) and mortality
[7, 9, 20].

The coronary calcium score stratifies hypertensive
patients, identifying clinical and subclinical atherosclerosis,
heart damage and potentially increased susceptibility to
disease progression and severity in hypertensive COVID-19
patients [10].

Hence, coronary calcium appears to be a promising
biomarker in SARS-CoV-2 disease patients with prognostic
significance [11].

Patients with a higher calcification burden have a worse
baseline risk profile, as they have worse endothelial func-
tion, and hypoxic damage can exacerbate myocardial stress.

The vascular calcification burden is associated with a
greater atherosclerotic burden, which confers greater sus-
ceptibility to more aggressive viral replication, greater
inflammatory stimuli, and therefore more cardiovascular
manifestations of COVID-19.
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Table 4 Univariate and multivariate Cox regression for Mortality

Variables Patients with hypertension
95% 1C
HR Lower Upper P value
Univariate cox regression for mortality
Age, years, £SD 1,051 1,038 1,063  0.001
Female sex 0,654 0,484 0,844  0.006
Diabetes 1,391 1,056 1,831 0.019
Creatinine, mg/dl 1,366 1,247 1,496  0.001
Coronary calcium volume, mm’ 1,001 1,000 1,001 0.003

Lung interstitial involvement, n/N 1,2 1,034 1,408 0.017
Multivariate cox regression for mortality (coronary calcium volume)

Age, years, £SD 1,045 1,032 1,058  0.001
Female sex 0,695 0,504 0,958 0.026
Diabetes 1,289 0,973 1,707 0.077
Creatinine, mg/dl 1,239 1,121 1,370  0.001
Coronary calcium volume, mm’ 1,001 1,000 1,001 0.001

Lung interstitial involvement, n/N 1,216 1,037 1,425  0.016
Multivariate cox regression for mortality (coronary calcium volume > 100)

Age, years, =SD 1,048 1,035 1,061  0.001
Female sex 0,705 0,511 0,972  0.033
Diabetes 1,296 0,978 1,717 0.071
Creatinine, mg/dl 1,231 1,114 1,361  0.001

Coronary calcium volume >100, mm? 1,345 1,029 1,757 0.030
Lung interstitial involvement, n/N 1,204 1,027 1,411 0.022

Multivariate cox regression for mortality (coronary calcium volume >400)

Age, years, +SD 1,047 1,034 1,060 0.001
Female sex 0,698 0,506 0,962 0.028
Diabetes 1,280 0,966 1,696 0.085
Creatinine, mg/dl 1,242 1,123 1,373  0.001

Coronary calcium volume >400, mm® 1,315 1,010 1,713 0.042
Lung interstitial involvement, n/N 1,214 1,036 1,422 0.016

Multivariate cox regression for mortality (coronary calcium volume ordinal
variabile for every 100 mm®)

Age, years, £SD 1,044 1,031 1,058  0.001
Female sex 0,708 0,512 0,981 0.038
Diabetes 1,286 0966 1,713  0.085
Creatinine, mg/dl 1,235 1,117 1,366  0.001
Coronary calcium volume, mm? 1,082 1,033 1,133 0.001

Lung interstitial involvement, n/N 1,200 1,020 1,412  0.028

Cox regression models: top to bottom univariate Cox regression,
multivariate Cox regression with quantitative coronary calcifications
(volume mm?®), multivariate cox regression using coronary calcifica-
tions categorized according to cut-offs of 100 and 400 mm?>. In the last
model, calcium volume is expressed as an ordinal variable for every
100 mm® of calcium volume (including only patients with values
between 0 and 1000 mm®)

In a disease with cardiovascular tropism, cardiovascular
calcifications could indirectly represent the cardiovascular
health of an individual (independent of other anamnestic
and laboratory variables), and their quantification allows
evaluation of cardiovascular resilience to SARS-CoV-2.

The burden of cardiovascular calcifications probably
reflects presumed greater endothelial dysfunction. Patients
at high cardiovascular risk (identified by the greater
burden of calcifications) are more susceptible to viral

endothelial damage and thus develop a more aggressive
disease.

Whether the calcification burden correlates with a dif-
ferent inflammatory response remains to be evaluated in the
future.

The correlation between coronary artery calcification and
epicardial adipose tissue (EAT) is known in the literature
and includes both atherosclerotic and cardiometabolic risks.
Epicardial adipose tissue inflammation was found to be
associated with troponin increases in COVID-19 patients
and more severe disease.

In Slipczuk’s work [10], the combination of CAC and
EAT further stratifies composite outcomes in the COVID-
19 population.

The values of EAT appear higher than to those of CAC in
terms of stratification, suggesting a different inflammatory
response phenotype (TNF and IL-6) that favors the cytokine
storm, which is related to severe cases of COVID-19.

The coronary calcium score in COVID-19 proved to be a
versatile marker that is easy to use for both diagnosis and
prognostic assessment [21, 22].

Its ease of use may add value and retrospectively com-
plement published data on hypertension in COVID-19
patients.

From the data of pharmacological trials, it can be inferred
whether patients with coronary calcifications respond better
or worse to certain treatments (primarily heparin and ster-
oids), indicating this imaging biomarker’s “diagnostic and
therapeutic” value.

From the perspective of hypertensive patients, it will be
interesting to verify the correlation of the coronary calcium
score with other markers of subclinical organ damage
(cardiac, carotid, renal, peripheral arterial) and understand
the real potential of this imaging biomarker [23-25].

Limitations of the study

The results of the study must be considered in the context of
some methodological limitations and biases.

First, the data from our work refer to the first pandemic
wave in the Western world.

Within this very short time, the country has been hit by
nothing short of a tsunami of unprecedented force, punc-
tuated by an incessant stream of deaths.

Italy appears to be the country with the highest propor-
tion of severely ill patients requiring invasive ventilation
and with the highest percentage of deaths, with the health
care system being heavily burdened by the strain of the
current epidemic.

In particular, the first pandemic wave was characterized
by a lack of RNA-PCR nasopharyngeal swabs (which jus-
tified extensive use of chest CT at hospital admission) and a
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lack of health care organization and ICU beds. The lack of
ICU beds and personnel trained in invasive/noninvasive
ventilation techniques may have affected respiratory
outcomes.

Another important bias common in the COVID-19 lit-
erature is the lack of prespecified causes of death in patients
with SARS-CoV-2 infection. COVID-19-related deaths are
not clearly defined in the international reports available thus
far, and differences in definitions of what is or is not a
COVID-19-related death might explain variation in case-
fatality rates among different countries.

Furthermore, we have no information regarding the
empirical therapies used to treat these patients since evi-
dence on heparin, corticosteroids and ventilatory therapy
emerged in the subsequent pandemic waves.

Even if the definition of hypertension is validated by
administrative data (and is therefore reliable), we have no
information regarding the classes of antihypertensives taken
by these patients.

Future research perspectives

The coronary calcium score promises to be an ideal marker,
as it correlates with COVID-19 clinical outcomes, is both a
qualitative and quantitative marker, is not costly, and pro-
vides additional information.

The coronary calcium score can be understood as a
surrogate marker of cardiovascular disease and certainly
deserves further study and investigation.

The current advantage of the calcium score is that it can
be calculated retrospectively and better clarify the rela-
tionships between hypertension, cardiovascular disease, and
COVID-19 outcomes.

Cardiovascular calcifications could clarify, both retro-
spectively and prospectively, some aspects of cardiovas-
cular pathophysiology still not fully elucidated in the
context of SARS-CoV-2 infection.

By conducting a subanalysis of the randomized clinical
trials that performed chest CT as criteria for inclusion in the
study, it will be possible to know whether patients with
coronary calcifications respond better or worse to available
pharmacological and respiratory therapies.

Conclusions

The coronary calcium score contributes to the stratification
of the risk of adverse outcomes (especially mortality) in
hypertensive COVID-19 patients.

The classification of COVID-19 patients based on
hypertensive status and the severity of coronary calcifica-
tions allows the identification of subgroups at greater risk of
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respiratory support, cardiovascular events (ACS, stroke, and
pulmonary embolism), and mortality.

The coronary calcium score, regardless of age, sex,
creatinine, diabetes, and interstitial lung involvement, pre-
dicted the risk of death in hypertensive patients.

Coronary calcification burden (in terms of volume mm3)
was associated with an increased risk of death regardless of
age, sex, creatinine, diabetes, and lung interstitial involve-
ment. Cardiovascular calcifications appear to be a promising
imaging marker that can provide pathophysiological insight
into cardiovascular risk factors and COVID-19 outcomes.
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