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Introduction Previous cardiovascular disease (CVD) and

myocardial involvement are common in coronavirus disease-

19 (COVID-19). We investigated relationships between CVD,

cardiac biomarkers and outcome in COVID-19.

Methods We analyzed n U 252 patients from a multicenter

study and provided comparison according to the presence

or absence of underlying CVD. Cardiac biomarkers high-

sensitivity Troponin [upper reference of normality (URN)

35 pg/ml for Troponin I and 14 pg/ml for Troponin T] and

natriuretic peptides (Nt-pro-B-type natriuretic peptide, URN

300 pg/ml and B-type natriuretic peptide, URN 100 pg/ml)

were both available in n U 136.

Results Mean age was 69 W 16 years (56% men, 31% with

previous CVD). Raised hs-Troponin and natriuretic peptides

were detected in 36 and 50% of the cases respectively. Age,

chronic obstructive pulmonary disease, hemoglobin, hs-

Troponin and natriuretic peptides were independently

associated with underlying CVD (P < 0.05 for all). Compared

with the normal biomarkers subgroups, patients with

isolated hs-Troponin elevation had higher in-hospital

mortality (31 vs. 4%, P < 0.05), similar CVD prevalence (15

vs. 11%) and trend towards higher D-dimer (930 vs. 397 ng/

ml, P U 0.140). Patients with both biomarkers elevated had

higher age, D-dimer, CVD and in-hospital mortality

prevalence compared with other subgroups (all P < 0.05 for

trend). Outcome analysis revealed previous CVD [model 1:

OR 2.72 (95% CI 1.14–6.49), P U 0.024. model 2: OR 2.65

(95% CI 1.05–6.71), P U 0.039], hs-Troponin (log10) [OR 2.61

(95% CI 1.21–5.66), P U 0.015] and natriuretic peptides

(log10) [OR 5.84 (95%CI 2.43–14), P < 0.001] to be

independently associated with in-hospital mortality.

Conclusion In our population, previous CVD was part of a

vulnerable phenotype including older age, comorbidities,

increased cardiac biomarkers and worse prognosis.

Patients with isolated increase in hs-Troponin suffered

higher mortality rates despite low prevalence of CVD,

possibly explained by higher COVID-19-related systemic

involvement.
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Introduction
Coronavirus disease 2019 (COVID-19) is a respiratory

tract infection featuring variable systemic involvement

and significant mortality.1 Age and comorbidity burden

are both predictors of hospital admission in COVID-19

patients,2 whereas previous cardiovascular disease (CVD)

has been associated with worse prognosis.3–5 Notwith-

standing, the relationship between COVID-19 and CVD

could be seen as bi-directional,6 as cardiac involvement

detected in the course of the disease is not uncommon

even in CVD naive patients. Cardiac biomarker abnor-

malities, namely elevated high sensitivity Troponin (hs-

Troponin) and natriuretic peptides, have been described

and linked to adverse outcome7–11 where reasons for their

increase in COVID-19 are not fully elucidated, ranging

from myocardial infarction to myocarditis, systemic

inflammation and hypoxia.12–16 Cardiac biomarker levels

are influenced by the presence of underlying CVD, as

conditions, such as atrial fibrillation or heart failure may

be per se the reason for increased hs-Troponin or natri-

uretic peptides.17,18 However, the influence of previous

CVD on cardiac biomarker assessment in COVID-19 has

been poorly investigated to date. Lombardi et al.8 showed

that elevated hs-Troponin portended higher mortality
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risk in patients with COVID-19 either in the presence or

absence of known CVD. Fewer data are available for

natriuretic peptides. The aim of the present study was to

investigate clinical characteristics and laboratory findings,

including hs-Troponin and natriuretic peptides assess-

ment, in a cohort of patients with COVID-19 pneumonia

enrolled in a multicenter ongoing study,15 in order to

further clarify relationships between underlying CVD,

cardiac biomarkers increase and outcome in

this population.

Methods
Detailed description of patients’ enrollment and data

acquisition at our institutions (Mother Giuseppina Van-

nini Hospital and S. Andrea Hospital, both in Rome,

Italy) have been previously reported.15 As of 15 Decem-

ber 2020, the population consists of n¼ 265 patients with

COVID-19 pneumonia enrolled during the pandemic

peaks in the Lazio region, Italy, cousin the transitory

activation of COVID-19-dedicated wards (15 March to 30

April and from 1 November to 15 December 2020; no

new admissions in between-peak periods). For the pur-

pose of the present study, we included n¼ 252 in the final

analysis (n¼ 11 excluded because of other prominent

acute clinical conditions leading to index hospital admis-

sion, including n¼ 5 myocardial infarction, n¼ 2 Takot-

subo syndrome, n¼ 2 myocarditis as confirmed by cardiac

MRI,19 n¼ 2 stroke, n¼ 2 acute decompensated heart

failure). All clinical, laboratory and arterial blood gas data

were recorded within 24 h upon admission. As previously

described,15 natriuretic peptide values were reported as

factor of guideline-suggested URN20 increase to provide

unified analysis between centers using different assays

(Vannini hospital: Nt-pro-B-type natriuretic peptide

(BNP) with guideline-defined cut-off value <300 pg/

ml. S. Andrea hospital: with guidelines defined cut-off

value <100 pg/ml). Hs-Troponin T (normal value

<14 pg/ml) and hs-Troponin I (normal value <35 pg/

ml) were assessed at Vannini and S. Andrea hospital,

respectively. Previous CVD was defined as a composite of

atrial fibrillation, coronary artery disease, heart failure and

stroke.15 History of CVD and ongoing medical therapy

was assessed at hospital admission by the accepting

physician. Hs-Troponin was available in n¼ 229 patients,

natriuretic peptides in n¼ 146; concomitant and timely

assessment of both hs-Troponin and natriuretic pep-

tides was performed in n¼ 136 patients. For the purpose

of the study, we identified subgroups with and without

previous CVD as well as with different cardiac biomark-

ers levels (both biomarkers negative, isolated hs-Tro-

ponin increase, isolated natriuretic peptides increase,

both biomarkers elevated) and provided analysis

for comparisons.

Chi-square, Fisher exact test, Mann–Whitney U test or

Kruskall–Wallis test as appropriate was used to compare

groups stratified by CVD and cardiac biomarkers results.

Between-group differences were assessed by post hoc

analysis with Bonferroni correction. Biomarkers values

were reported as log10-transformed in regression analysis

to yield an approximate normal distribution. Univariable

and multivariable logistic regression analyses were used

to investigate factors independently associated with CVD

and in-hospital mortality. All variables with P less than 0.2

at univariable analysis were included in the multivariable

models. Collinearity between independent variables was

assessed using correlation matrix. We assumed a correla-

tion closer than �0.6 as a proxy of significant collinearity

between variables21 that were thus not included within

the same multivariable model; variables meeting these

criteria were age, hs-Troponin (log10) and natriuretic

peptides (log10factor�URN) for which three separate

multivariable models were built. All analyses were carried

out using SPSS software version 25; a two-tailed P less

than 0.05 was considered statistically significant. The

study complied with the Declaration of Helsinki and

received approval from Sapienza University Ethic Com-

mittee no. CE_5773_2020. Outcome data were updated

on 31 January 2020.

Results
Baseline characteristics
Baseline clinical and demographic findings in n¼ 252

patients included in the study are summarized in Table 1.

Mean age was 69� 16 years and 56% were men. Comor-

bidities were common in our population; more than half

of the patients had known hypertension and n¼ 77 (31%)

had preexisting CVD (12% atrial fibrillation, 11% coro-

nary artery disease, 9% heart failure, 7% stroke). Venous

blood samples analysis revealed increase in median CRP

(5.7 mg/dl, normal value <0.5 mg/dl) and D-dimer

(561 ng/ml FEU, normal value <500 ng/ml FEU). We

detected raised troponin (identified by value >URN) in

36% of the cases, whereas in 14% of the patients, the

increase was beyond three times the respective URN.

Natriuretic peptides values were elevated in 50% of the

cases. On arterial blood gas analysis, mean PaO2 was

77� 26 mmHg and median PaO2/FIO2 310 (interquartile

range 244–371). In-hospital mortality rate in our popula-

tion was 18% (n¼ 44).

Characteristics of population according to underlying
cardiovascular disease
On subgroup analysis, patients who had previous CVD

were older (77 vs. 66 years old), with higher prevalence of

CKD and COPD (10 vs. 4% and 25 vs. 13%, respectively)

and lower mean hemoglobin (11.8 vs. 12.9 mg/dl),

whereas they more often were on cardiac medications.

Hs-Troponin (29 vs. 10 pg/ml) and natriuretic peptides (5

vs. 0.5 factor�URN increase) were significantly elevated

in patients with CVD, where PaO2/FIO2 was lower (290

vs. 323). A 2.5-fold increase of in-hospital mortality was

observed amongst patients with CVD (30 vs. 12%).

2 Journal of Cardiovascular Medicine 2021, Vol 00 No 00
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Multivariable logistic regression analysis identified the

following variables to be independently associated

with underlying CVD (Table 2): age [model 1: OR

1.05 (95% CI 1.02–1.07), P< 0.001], COPD [model 1:

OR 2.5 (95% CI 1.05–5.11), P¼ 0.038], Hb [model 1:

OR 0.84 (95% CI 0.71–0.99), P¼ 0.039; model 2: OR

0.8 (0.67–0.96), P¼ 0.014], hs-Troponin (log10) [model

2: OR 2.47 (95% CI 1.37–4.48), P¼ 0.003], natriuretic

peptides (log10) [model 3: OR 4.56 (95% CI 2.4–8.66),

P< 0.001].

Characteristics of population according to cardiac
biomarkers
Table 3 depicts characteristics of the n¼ 136 patients

with available assessment of both hs-Troponin and natri-

uretic peptides stratified by cardiac biomarker results;

specifically n¼ 56 had normal cardiac biomarkers levels,

n¼ 13 had increased hs-Troponin only, n¼ 23 had

increased natriuretic peptides only and n U 44 had

elevation of both biomarkers. A stepwise increase in age

was observed between groups (P< 0.001 for trend,

depicted in Fig. 2a), whereas prevalence of CVD was

significantly higher in groups including patients with

positive vs. negative natriuretic peptides (P< 0.001 for

trend, depicted in Fig. 2b). D-dimer was significantly

increased in the group with cardiac biomarkers both

elevated (depicted in Fig. 2c), but not when compared

with the group with hs-Troponin only positive; further-

more, a trend towards higher D-dimer in lone hs-Tropo-

nin increase as compared with the normal cardiac

biomarkers subgroup was detected (930 vs. 397 ng/ml,

P¼ 0.140). When compared with the subgroup of

patients with cardiac biomarkers both normal, in-hospital

mortality was significantly higher in patients with ele-

vated hs-Troponin (mortality rate of 31 and 36% in

patients with normal and elevated natriuretic peptides,

respectively vs. mortality rate of 4% in patients with

cardiac biomarkers both normal, P< 0.05 for both) but

Cardiac biomarkers and CVD in COVID-19 Arcari et al. 3

Table 1 Baseline clinical characteristics and laboratory findings in the overall population and in patients with and without previous
cardiovascular disease

Variable Overall (n¼252) No previous CVD (n¼175) Previous CVD (n¼77) P

Age 69�16 66�16 77�11 <0.001

Sex (male) (%) 142 (56) 97 (55) 45 (58) 0.657
Coexistent conditions

Hypertension (%) 143 (57) 86 (49) 57 (74) <0.001

Dyslipidemia (%) 47 (19) 23 (13) 24 (31) 0.001

Diabetes (%) 45 (18) 30 (17) 15 (19) 0.655
Previous CVD (%) 77 (31) – – –
Atrial fibrillation (%) 31 (12) – – –
Coronary artery disease (%) 29 (11) – – –
Heart failure (%) 24 (9) – – –
Stroke (%) 17 (7) – – –
CKD (%) 15 (6) 7 (4) 8 (10) 0.046

COPD (%) 41 (16) 22 (13) 19 (25) 0.015

Cancer (%) 17 (7) 12 (7) 5 (6) 0.907
Previous treatments

Ace-inhibtor/ARB therapy (%) 93 (37) 51 (29) 42 (54) <0.001

Beta-blocker (%) 55 (22) 21 (12) 34 (44) <0.001

Furosemide (%) 35 (14) 8 (5) 27 (35) <0.001

Atiplatelet (%) 62 (25) 12 (7) 50 (65) <0.001

Oral anticoagulant (%) 29 (11) 0 (0) 29 (27) <0.001

Laboratory tests
Hb (mg/dl) 12.6�2 12.9�2 11.8�2 <0.001

WBC (�109/l) 7 (5.1–10.2) 7 (5.2–10.4) 6.7 (4.3–9.2) 0.863
Neutrophil (�109/l) 4.7 (3.2–7.3) 4.7 (3.2–7.6) 4.9 (3.2–6.7) 0.682
Lymphocyte (�109/l) 0.98 (0.7–1.4) 1 (0.7–1.4) 0.94 (0.6–1.4) 0.241
Creatinine (mg/dl) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.9 (0.7–1.4) 0.414
Platelet (�109/l) 213 (160–283) 213 (167–280) 210 (133–294) 0.863
CRP (mg/dl) 5.7 (1.6–10.5) 5.5 (1.3–10.3) 6.4 (2.1–13.3) 0.151
D-dimer (FEU) 561 (301–1080) 530 (280–1044) 729 (324–1372) 0.029

Hs-Troponin (pg/ml) (available in n¼229) 14 (6–34) 10 (5–22) 29 (14–80) <0.001

Hs-Troponin > URN (available in n¼229) 81 (36) 45 (28) 36 (55) <0.001

Hs-Troponin >3�URN (available in n¼229) 31 (14) 14 (9) 17 (26) 0.001

NP (factor � URN) (available in n¼146) 0.95 (0.32–4.8) 0.5 (0.25–2.4) 5 (1, 40) <0.001

NP >URN (available in n¼146) 73 (50) 32 (33) 41 (82) <0.001

Blood gas analysis
pH 7.46�0.6 7.45�0.06 7.47�0.06 0.151
pO2 (mmHg) 77�26 78�28 75�21 0.468
pCO2 (mmHg) 36�6 36�6 36�8 0.731
PaO2/FIO2 310 (244–371) 323 (254–377) 290 (196–351) 0.028

In-hospital outcome
In-hospital death (%) 44 (18) 21 (12) 23 (30) 0.001

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CVD, cardiovascular disease; FEU, fibrinogen equivalent unit; Hb,
hemoglobin; NP, natriuretic peptide; URN, upper reference of normality; WBC, white blood cells. Bold indicates P<0.05.

© 2021 Italian Federation of Cardiology - I.F.C. All rights reserved.
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not in those with normal hs-Troponin and elevated

natriuretic peptides (mortality rate 17%) (Fig. 2d).

Outcome analysis
Univariable and multivariable analysis for factors associ-

ated with in-hospital mortality are depicted in Table 2.

Variables independently associated with a worse outcome

included: age [model 1: OR 1.08 (95% CI 1.04–1.13),

P< 0.001], previous CVD [model 1: OR 2.72 (95% CI

1.14–6.49), P¼ 0.024; model 2: OR 2.65 (95% CI 1.05–

6.71), P¼ 0.039], CRP (model 3: OR 4.06 (95% CI 1.04–

15.9), P¼ 0.044], hs-Troponin (log10) [model 2: OR 2.61

(95% CI 1.21–5.66), P¼ 0.015], natriuretic peptides

(log10) [model 3: OR 5.84 (95% CI 2.43–14), P< 0.001]

and PaO2/FIO2 (per 10-point increase) [model 1: 0.94

(95% CI 0.89–0.98), P¼ 0.007; model 2: OR 0.95 (95% CI

0.90–0.99), P¼ 0.047].

Discussion
Main findings of the present study are as follows: patients

with underlying CVD are characterized by increased car-

diac biomarker levels, older age and clustering of comor-

bidities, such as anemia and COPD; a limited subgroup of

patients with COVID-19 pneumonia, characterized by

relatively low prevalence of underlying CVD, presents

with increased hs-Troponin, normal natriuretic peptides

and worse outcome; previous CVD, increasing hs-Tropo-

nin and natriuretic peptides were all independently asso-

ciated with higher in-hospital mortality.

We found patients with COVID-19 and underlying CVD

to be older and having higher prevalence of comorbidities

including COPD, anemia and chronic kidney disease.

However, the CRP level did not differ between groups,

whereas differences regarding PaO2/FIO2 (lower in

patients with CVD) and D-dimer (higher in patients with

CVD) were not significant after multivariable analysis.

This is in keeping with findings from others,6 suggesting

that the higher mortality rate in this vulnerable subset of

patients might be highly influenced by underlying pre-

existing conditions rather than more severe COVID-19

pneumonia at hospital admission. Hs-Troponin and natri-

uretic peptides were both significantly higher in patients

with than without underlying CVD. Furthermore,

patients with both cardiac biomarkers elevated were

elderly, with higher prevalence of CVD as well as in-

hospital mortality. Hence, the prognostic value retained

by these biomarkers might be partly explained by their

4 Journal of Cardiovascular Medicine 2021, Vol 00 No 00

Table 2 Univariable and multivariable logistic regression analysis for factors associated with previous cardiovascular disease (top) and
univariable and multivariable logistic regression analysis for factors associated with in-hospital mortality (bottom)

Previous CVD

Variable

Univariable Multivariable model 1 Multivariable model 2 Multivariable model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.06 (1.03–1.08) <0.001 1.05 (1.02–1.07) <0.001 – – – –
Sex (male) 1.13 (0.66–1.95) 0.657 – – – – – –
COPD 2.3 (1.16–4.57) 0.017 2.31 (1.05–5.11) 0.038 NS NS NS NS
Creatinine 1.12 (0.89–1.4) 0.324 – – – – – –
Hb (g/dl) 0.75 (0.65.0.86) <0.001 0.84 (0.71–0.99) 0.039 0.8 (0.67–0.96) 0.014 NS NS
CRP (log10) 1.54 (0.99–2.42) 0.057 NS NS NS NS NS NS
D-dimer (log10) 1.76 (0.92–3.34) 0.086 NS NS NS NS NS NS
Hs-Troponin (log10) 3.21 (1.87–5.53) <0.001 – – 2.47 (1.37–4.48) 0.003 – –
NP factor � URN (log10) 4.64 (2.57–8.39) <0.001 – – – – 4.56 (2.4–8.66) <0.001

PaO2/FIO2 (per 10-point increase) 0.97 (0.94–0.99) 0.017 NS NS NS NS NS NS

In-hospital mortality

Variable

Univariable Multivariable model 1 Multivariable model 2 Multivariable model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.075 (1.04–1.11) <0.001 1.08 (1.04–1.13) <0.001 – – – –
Sex (male) 1.15 (0.59–2.22) 0.687 – – – – – –
COPD 1.96 (0.89–4,28) 0.094 NS NS NS NS NS NS
Cancer 0.61 (0.13–2.77) 0.521 – – – – – –
Lymphocyte (�109/l) 0.27 (0.11–0.63) 0.003 NS NS NS NS NS NS
Creatinine 1.33 (1.04–1.7) 0.025 NS NS NS NS NS NS
Previous CVD 3.12 (1.6–6.09) 0.001 2.72 (1.14–6.49) 0.024 2.65 (1.05–6.71) 0.039 NS NS
Hb (g/dl) 0.79 (0.67–0.92) 0.003 NS NS NS NS NS NS
CRP (log10) 2.42 (1.25–4.67) 0.008 NS NS NS NS 4.06 (1.04–15.9) 0.044

D-dimer (log10) 2.37 (1.11–5.05) 0.025 NS NS NS NS NS NS
Hs-Troponin (log10) 5.03 (2.6–9.71) <0.001 – – 2.61 (1.21–5.66) 0.015 – –
NP factor � URN (log10) 3.94 (2.14–7.27) <0.001 – – – – 5.84 (2.43–14) <0.001

PaO2/FIO2 (per 10-point increase) 0.93 (0.90–0.96) <0.001 0.94 (0.89–0.98) 0.007 0.95 (0.90–0.99) 0.047 NS NS

Bold indicates P less than 0.05. CI, confidence interval; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CVD, cardiovascular disease; Hb,
hemoglobin; NP, natriuretic peptide; URN, upper reference of normality; WBC, white blood cells.

© 2021 Italian Federation of Cardiology - I.F.C. All rights reserved.
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ability for identifying the vulnerable subset of older and

comorbid patients, in whom their increase is partly

explained by underlying comorbidities.17,22,23

In accordance with previous literature,7 we observed hs-

Troponin and natriuretic peptides to be highly correlated

with each other, whereas the majority of patients with

abnormal cardiac biomarkers showed increased levels of

both. Notwithstanding, smaller subgroups of the study

population had isolated increases in either hs-Troponin

or natriuretic peptides, displaying peculiar patterns.

Patients with a lone increase in hs-Troponin had a similar

prevalence of underlying CVD albeit a significantly higher

mortality rate and trend towards higher D-dimer levels,

whereas patients with a lone increase in natriuretic pep-

tides had a higher prevalence of CVD but not significantly

higher mortality as compared with patients with cardiac

biomarkers both within normal ranges of normality. Sev-

eral hypotheses could be made to explain myocardial

injury unrelated to underlying CVD in the course of

COVID-19. In particular, some studies have reported that

an excessive host inflammatory response may cause

multiorgan damage.24 The imbalance between NF-KB

vs. interferon activity during the flogistic cascade promotes

the development of myocardial inflammation with variable

extension, through direct and indirect effects on monocyte

migration.25 Moreover, cytokine storm also induces vascu-

lar remodeling and thrombosis phenomena, accelerating

hypoxia-related damage.11 All these mechanisms could in

the end lead to myocardial inflammation, detected by

cardiac MRI with tissue mapping in a consistent proportion

of patients with recovered COVID-19, with its extent

related to the hs-Troponin but not the NT-pro-BNP

level.16 Lombardi et al.8 showed that patients with

COVID-19, elevated hs-Troponin and no previous CVD

had similar mortality to patients with previous CVD and

nonelevated hs-Troponin, suggesting that COVID-19-

related myocardial injury can be a marker of more severe

disease and worse outcome. Indeed, a more conspicuous

cytokine storm and a multiorgan involvement26 might

contribute to the higher mortality rate observed in this

subgroup. Such a manifestation is not uncommon in

COVID-19, where the onset of any organ dysfunction

increases the risk of complications and mortality.27

Cardiac biomarkers and CVD in COVID-19 Arcari et al. 5

Fig. 1

Boxplots and bar graph show significantly higher age (a), hs-Troponin (b), and natriuretic peptides (c) and in-hospital mortality rate (d) in patients with
underlying CVD.

© 2021 Italian Federation of Cardiology - I.F.C. All rights reserved.
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Table 3 Baseline clinical characteristics and laboratory findings in subgroup of patients with variable cardiac biomarkers results

Variable
Cardiac biomarkers both

negative (n¼56)
Hs-Troponin positive –
NP negative (n¼13)

Hs-Troponin negative –
NP positive (n¼23)

Cardiac biomarkers both
positive (n¼44) P

Age 58�15b,c,d 70�13a,d 77�9a 83�8a,b
<0.001

Sex (male) (%) 34 (61) 11 (85) 12 (52) 23 (52) 0.149
Coexistent conditions

Hypertension (%) 25 (45)d 8 (61) 14 (61) 35 (79) 0.005
Dyslipidemia (%) 9 (16) 5 (38) 4 (17) 8 (18) 0.314
Diabetes (%) 7 (12) 1 (8) 4 (17) 12 (27) 0.196
Previous CVD (%) 6 (11)c,d 2 (15)d 9 (39)a 28 (64)a,b

<0.001

Atrial fibrillation (%) 0 (0)c,d 0 (0) 4 (17)a 14 (33)a <0.001

Coronary artery disease (%) 4 (7) 1 (8) 5 (22) 11 (26) 0.049

Heart failure (%) 0 (0)c 0 (0) 1 (4) 12 (27)a <0.001

Stroke (%) 2 (4) 1 (8) 1 (4) 5 (12) 0.443
CKD (%) 0 (0)c,d 0 (0) 3 (13)a 8 (19)a 0.004

COPD (%) 7 (12) 2 (15) 4 (17) 9 (21) 0.731
Cancer (%) 3 (5) 0 (0) 3 (13) 2 (5) 0.342

Laboratory tests
Hb (mg/dl) 13.5�1.5c,d 12.5�2 11.7�1.7a 11.4�1.9a

<0.001

WBC (� 109/l) 6.6 (4.9–9.2) 5.7 (5.3–10.5) 8.3 (5.9–16) 7.8 (5.8–11) 0.066
Neutrophil (�109/l) 4.6 (3.1–7.2) 3.9 (3.3–5.9) 4.8 (3.3–9) 5.5 (4–9.3) 0.209
Lymphocyte (�109/l) 0.98 (0.61–1.35) 1.1 (0.96–1.78) 1.1 (0.5–1.7) 0.8 (0.6–1.3) 0.311
Creatinine (mg/dl) 0.8 (0.7–0.9)d 1 (0.9–1.3) 1.1 (0.7–1.3) 1 (0.8–1.7)a <0.001

Platelet (�109/l) 225 (188–276) 222 (158–278) 210 (138–273) 192 (149–295) 0.706
CRP (mg/dl) 5 (1–9)d 5.5 (2.6–11.7) 5.4 (4.3–11.8) 7.6 (3.4–19.6)a 0.027

D-dimer (ng/ml FEU) 397 (252–774)d 930 (553–1481) 616 (344–1072)d 1346 (670–2820)a,c
<0.001

Blood gas analysis
pH 7.45�0.06 7.5�0.1 7.44�0.09 7.46�0.07 0.069
pO2 (mmHg) 78�20 68�9 75�17 73�23
pCO2 (mmHg) 37�5 34�6 37�7 35�7 0.344
PaO2/FIO2 305 (242–382) 316 (288–333) 328 (203–385) 271 (150–328) 0.075

In-hospital outcome
In-hospital death 2 (4)b,d 4 (31)a 4 (17) 16 (36)a <0.001

Bold indicates P less than 0.05 for trend. ARB, angiotensin receptor blocker; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein; CVD, cardiovascular disease; FEU, fibrinogen equivalent unit; Hb, hemoglobin; NP, Natriuretic peptide; URN, upper reference of normality; WBC, white blood cells.
a P less than 0.05 vs. Cardiac biomarkers both negative group. b P less than 0.05 vs. Hs-Troponin-positive–NP-negative group. c P less than 0.05 vs. Hs-Troponin-
negative–NP-positive group. d P less than 0.05 vs. Cardiac biomarkers both positive group.

Fig. 2

Boxplots and bar graphs show stepwise increase in age among cardiac biomarkers subgroups (a). CVD prevalence was significantly higher in
patients with elevated natriuretic peptides only (b). Patients with both cardiac biomarkers significantly elevated had a higher D-dimer level as
compared with patients with normal hs-Troponin, but not when compared with patients with isolated hs-Troponin increase (c). Groups with both
cardiac biomarkers increased and isolated hs-Troponin increase (but not those with isolated natriuretic peptides increase) had significantly higher in-
hospital mortality rates as compared with patients with normal cardiac biomarkers (d).
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Taken together, these findings support the hypothesis

that isolated elevation of hs-Troponin, especially in the

absence of any CVD, might represent higher COVID-19-

related systemic involvement, where isolated natriuretic

peptides increase could be more related to preexisting

cardiac vulnerability given by underlying CVD. When hs-

Troponin and natriuretic peptides are both elevated,

often acute myocardial injury, CVD, severe inflammation

and comorbidities coexist in the same patient, leading to

the highest rate of in-hospital mortality.

Our findings could potentially carry clinical implications.

Irrespective of the underlying mechanisms, previous

CVD and elevated cardiac biomarkers in our study were

independently associated with increased in-hospital mor-

tality. Hence, all measures available to improve prognosis

in this vulnerable subset of patients should be consid-

ered, including preventive measures, such as precocious

vaccination in CVD patients and a lower threshold for

hospitalization whenever infected. Furthermore, our data

support an integrated reading of hs-Troponin and natri-

uretic peptide values in relation to the presence of

underlying CVD, in order to provide a more comprehen-

sive interpretation of cardiac biomarker results. Patients

with COVID-19 represent a heterogeneous and highly

comorbid population, in which prompt identification of

an acute heart failure rather than more severe COVID-19

status with larger systemic involvement might help in

guiding clinical management.

Limitations
The present study should be read in light of several

limitations, including its retrospective nature, limited

sample size, especially of subgroups with cardiac bio-

marker assessment, noncritical care setting and geo-

graphic specificity, which might reduce generalizability

of our findings. Associations that we observed must be

cautiously interpreted as hypothesis-generating only, not

allowing cause–effect relationships to be established. In

our study, we only detected a trend towards higher D-

dimer levels in patients with lone hs-Troponin increase,

in the context of limited subgroup size influencing sta-

tistical power. Assessment of CVD and ongoing medical

treatments was determined at the clinical level; hence we

acknowledge that collected data might be partly incom-

plete because of patients’ carelessness or inability in self-

reporting medical history as well as to the presence of

underlying asymptomatic and undetected CVD. Cause

of death has not been systematically investigated in our

population; furthermore, autopsies, as well as compre-

hensive evaluation of thromboembolic phenomena

(including microvessel thrombosis), were not routinely

performed preventing us from confirming the hypothesis

as to whether the subgroup of patients with COVID-19

and isolated hs-Troponin increase was characterized by

higher inflammatory28 or thrombotic24 drivers. Finally,

the number of patients who died in hospital was relatively

low, and statistical overfitting might have occurred.

Conclusion
In conclusion, in our COVID-19 population, we found a

common occurrence of underlying previous CVD, which

was part of a vulnerable phenotype, including older age,

comorbidities, increased cardiac biomarkers and worse

prognosis. Patients with isolated increase in hs-Troponin

suffered increased mortality, despite the low prevalence

of CVD, possibly explained by higher COVID-19-related

systemic involvement.
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