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ABSTRACT

INTRODUCTION  The clinical presentation of COVID-19 may range from asymptomatic infection to se-
vere disease. Previous studies reported a relationship between the course of COVID-19 and a history of
cardiovascular (CV) disease (CVD).

0BJECTIVES We aimed to analyze the influence of CV risk factors, established CVD, and treatment with
CV drugs on short- and long-term survival in patients hospitalized for COVID-19.

PATIENTS AND METHODS ~ We retrospectively analyzed data of patients hospitalized in 13 COVID-19 hospitals
in Poland (between March and October 2020). Individual deaths during the follow-up were recorded until
March 2021.

RESULTS  Overall, 2346 patients with COVID-19 were included (mean age, 61 years; 50.2% women). A total
of 341 patients (14.5%) died during the hospitalization, and 95 (4.7%) died during the follow-up. Independent
predictors of in-hospital death were older age, a history of established CVD, heart failure, and chronic kidney
disease (CKD), while treatment with renin-angiotensin-aldosterone system blockers or statins was associated
with a lower risk of death during hospitalization. Factors that independently predicted death during the follow-
-up were older age, a history of established CVD, CKD, and a history of cancer. The presence of CV risk factors
did not increase the odds of death either in the hospital or during the follow-up. Of note, higher systolic blood
pressure and oxygen blood saturation on admission were associated with better short- and long-term prognosis.
concLusions  Established CVD and CKD were the main predictors of mortality during both the hospi-
talization and the follow-up in the patients hospitalized for COVID-19, while the use of CV drugs during
the hospitalization was associated with better prognosis. The presence of CV risk factors did not increase
the odds of in-hospital and postdischarge death.

INTRODUCTION  The clinical spectrum of SARS-
-CoV-2 infection ranges from asymptomatic in-
fection to life-threatening, fatal disease with

persistent severe symptoms and even marked or-
gan dysfunction, including cardiorenal damage."?
The degree of cardiac involvement in COVID-19
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WHAT'S NEW?

The influence of various factors on the course of COVID-19 has been widely
analyzed. In the present study, we assessed the impact of cardiovascular risk
factors and established cardiovascular disease not only on in-hospital but
also on long-term mortality during a follow-up of at least 5 months. Of inter-
est, cardiovascular risk factors were not linked to the risk of death either in
the hospital or during the follow-up, while established cardiovascular disease
significantly increased the mortality risk during both the hospitalization and
the follow-up.

is variable and ranges from mildly elevated levels
of cardiac biomarkers to acute cardiogenic shock
and sudden cardiac death.?*

There are reports in the literature of a relation-
ship between the course of acute respiratory dis-
ease syndrome caused by SARS-CoV-2 and a his-
tory of hypertension and cardiovascular (CV) dis-
ease (CVD).5"'? The results of studies on the rela-
tionship of CV risk factors, established CVD, and
the use of CV drugs with the course of COVID-19
are inconsistent.®10-13

In the first year of the pandemic, comorbidi-
ties such as hypertension, diabetes mellitus, and
hypercholesterolemia were identified as risk fac-
tors for poor outcome in COVID-19.6-81012 Simj-
larly, for unconfirmed reasons, the prognosis of
patients with COVID-19 was speculated to be
negatively affected by the use of angiotensin-
-converting enzyme inhibitors (ACEIs) and an-
giotensin II receptor blockers (ARBs).'* In sub-
sequent studies, based mainly on retrospec-
tive analyses, the prognostic value of hyper-
tension turned out to be insignificant,'"'"® and
it was also stated that the use of ACEIs/ARBs
did not worsen the prognosis of patients with
COVID-19.""16-18 Considering most of the es-
tablished risk factors for CVD, it was observed
that the coexistence of COVID-19 with estab-
lished CVD worsens the prognosis.”'*'2 Howev-
er, a question arises whether the CV risk factors
are indeed independent predictors of mortality
in COVID-19 patients without established CVD.

As the number of patients with COVID-19 con-
stantly increases, the assessment of short- and
long-term prognosis of these patients in rela-
tion to the CV risk factors, presence of CVD, and
its treatment represents an important aspect in
terms of clinical management of COVID-19.7'?
This multicenter Cor-Cardio study undertaken
by the National Institute of Cardiology in War-
saw and the University Hospital in Krak6w aimed
to assess the influence of CV risk factors, estab-
lished CVD, and the use of CV drugs on short-
and long-term survival of patients hospitalized
for COVID-19.

PATIENTS AND METHODS Data of consecutive
patients with COVID-19 treated in 13 COVID-19
hospitals in Poland were analyzed in the study.
In all centers, data on prehospital diagnoses and
medications, clinical status on admission, clinical
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course, complications, and duration of the hospi-
talization were collected. Hospitalizations took
place between March 6, 2020 and October 15,
2020. The status of the patients (alive or de-
ceased) was established as of March 26, 2021
based on data from the National Electronic Pop-
ulation Registration System in Poland.

The Cor-Cardio study was registered at Clinical-
Trials.gov (NCT04374110), and received the ap-
proval of the Ethics Committee at the National
Institute of Cardiology (1860).

COVID-19 was diagnosed according to
the World Health Organization and Polish
guidelines with the use of the reverse tran-
scription—polymerase chain reaction test.!?2°
The patients were treated in accordance with
the recommendations of the Polish Association
of Epidemiologists and Infectiologists.'®?? We de-
fined the CV risk factors as follows: 1) type 2 di-
abetes mellitus: a history of diabetes or current
use of hypoglycemic drugs, 2) hypertension: a his-
tory of hypertension or current use of antihy-
pertensive drugs, and 3) hypercholesterolemia:
a history of hypercholesterolemia or current use
of lipid-lowering drugs. Established CVD includ-
ed a history of 1) coronary artery disease: a histo-
ry of myocardial infarction, coronary revascular-
ization, or a diagnosis of chronic coronary syn-
drome, and 2) cerebrovascular disease: a history
of stroke or transient ischemic attack. Both CV
risk factors and established CVD were identified
based on the medical history of prehospital di-
agnosis and/ or treatment, and were defined ac-
cording to the current guidelines of the Europe-
an Society of Cardiology.?'

Other evaluated diseases were defined as fol-
lows: 1) heart failure (HF): previous HF diagno-
sis, 2) atrial fibrillation (AF): a history of AF or AF
on admission, 3) chronic kidney disease (CKD):
previous CKD diagnosis or prehospital estimat-
ed glomerular filtration rate (eGFR) value below
60 ml/min/1.73 m?, 4) chronic obstructive pul-
monary disease (COPD) or asthma: a history of
COPD or asthma, and 5) cancer: a history of or
current cancer. We also analyzed the use of se-
lected CV drugs that had previously been asso-
ciated with a prognosis in COVID-19, including
B-blockers, ACEIs/ARBs, statins, mineralocorti-
coid receptor antagonists (MRAs), and acetylsal-
icylic acid (ASA).

The analyzed end points according to the pro-
tocol of our study were in-hospital all-cause mor-
tality and out-of-hospital mortality in the pa-
tients surviving the hospitalization. We also as-
sessed the need for mechanical ventilation and
length of hospital stay.

Statistical analysis Database management
and statistical analyses were performed with
the PASW Statistics 18 software (formerly
SPSS Inc., Chciago, Illinois, United States) and
SAS software, version 9.4 (SAS Institute, Cary,
North Carolina, United States). The results are
expressed as percentages for categorical variables
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and mean with SD or median with interquartile
range (IQR) for continuous variables, depend-
ing on the normality of their distribution (as-
sessed by the Shapiro-Wilk test).

To analyze the differences between the stud-
ied groups (survivors vs nonsurvivors and in-
-hospital death vs death during the follow-
-up), we applied the 1-way analysis of variance
(ANOVA) for the normally distributed and the
Kruskal-Wallis test for the non-normally distrib-
uted continuous variables. Categorical variables
were compared by the X2 test in the FREQ Proce-
dure. All post hoc analyses were performed us-
ing the Bonferroni adjustments.

Finally, in the logistic regression analyses, inde-
pendent predictors of in-hospital death or death
during the follow-up were explored. Differenc-
es were considered significant at P below 0.05.

RESULTS We evaluated 2346 patients hos-
pitalized for COVID-19 between March and
October 2020. The mean (SD) age of the patients
was 61 (17) years, and 50.2% of them were wom-
en. The median (IQR) duration of hospitalization
was 16 (10-24) days. During the hospitalization,
a total of 341 patients died (14.5%). The medi-
an (IQR) follow-up of the patients who survived
the hospitalization was 213 (172-293) days. Dur-
ing this period, 95 patients died, which represent-
ed 4.7% of the 2005 patients discharged from
the hospital. The vast majority of in-hospital and
follow-up deaths occurred among the patients
over 65 years of age. Among the 95 patients who
died during the follow-up, only 15 were younger
than 65 years (FIGURE 1).

In the group of patients who survived the hos-
pitalization or were alive at the end of the follow-
-up we observed a lower prevalence of established
CVD, HF, CKD, and history of cancer than in
the nonsurvivors (TABLE 1). The patients who sur-
vived were also younger than those who died dur-
ing the hospitalization or the follow-up. The num-
ber of individuals with CV risk factors but without
established CVD was higher among the survivors
than in those who died during the hospitalization.
The patients who died during the hospitalization
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shared a similar prevalence of CV risk factors, es-
tablished CVD, and other concomitant diseases
to those who died during the follow-up (TABLE 1).
Regarding the clinical condition on admission,
the patients who died in the hospital, as com-
pared with those who survived the hospitaliza-
tion, were characterized by lower blood pressure,
higher heart rate and plasma glucose concentra-
tion, as well as by lower oxygen saturation. They
also more often required mechanical ventilation
(TABLE 1). The patients who died during the follow-
-up were hospitalized for a longer time and more
frequently required mechanical ventilation than
those who were alive at the end of the follow-
-up (TABLE 1).

The frequency of treatment with the selected
CV drugs is presented in TABLE 2.

The patients who died during the hospitaliza-
tion were less commonly treated with ACEIs/ARBs
or MRAs than those who survived both the hos-
pitalization and the follow-up (P £0.04). The pa-
tients who died after discharge form the hospital
were more often treated with B-blockers, MRAs,
and ASA than those who survived in the post-
-discharge period (P <0.002).

Independent predictors of in-hospital death Older
age, a history of established CVD, HE, and CKD
were independently associated with higher odds
of in-hospital death, while a history of asthma and
treatment with ACEIs/ARBs, MRAs, and statins
correlated with a lower risk of in-hospital death
(TABLE 3).

In the next model, which included variables re-
flecting the clinical condition assessed on admis-
sion (blood pressure, heart rate, and oxygen satu-
ration) along with the aforementioned variables,
a history of HF and CKD, as well as increased
heart rate, correlated with a higher risk of death,
whereas treatment with ACEIs/ARBs or MRAs, as
well as higher systolic blood pressure (SBP) and
oxygen saturation, were associated with a lower
risk of in-hospital death.

Among the patients over 65 years of age,
the predictors of death were similar to those iden-
tified in the whole study population (Supplemen-
tary material, Table SI). In the group of patients
younger than 65 years, the presence of CVD risk
factors, HE, and CKD were among the indepen-
dent predictors of in-hospital death. The use of
CV drugs was not an independent predictor of
in-hospital death in this group (Supplementary
material, Table S2).

Independent predictors of death during the follow-up
The same models were constructed to evaluate
the predictors of death during the follow-up.
This analysis showed that older age, a history
of established CVD, CKD, and a history of can-
cer were associated with a higher risk of death
during the follow-up. In the model considering
the clinical condition on admission, higher oxy-
gen saturation and SBP were associated with bet-
ter prognosis.

Impact of CVD and CV risk factors on the survival of COVID-19 patients 3



TABLE 1 Baseline characteristics of the study population according to the survival status

Variable All patients Group 1: Group 2: Group 3: P value
(n = 2346) alive (n = 1910) in-hospital death during (ANOVA)

death the follow-up

(n = 341) (n = 95)
Male sex, % 49.8 49.1 54.3 48.4 0.21 0.08 0.9 0.31
Age, y 61.1(17.4) 57.8 (16.7) 75.6 (12.5) 75(11.9) <0.001 <0.001 <0.001  0.96
Duration of 16 (10-24) 16 (11-24) 10 (5-18) 29 (15-43) <0.001 <0.001 <0.001 <0.001
hospitalization, d
BMI?, kg/m? 28.4 (5.1) 28.5 (4.9) 28 (5.8) 26.2 (5.5) 0.16 0.91 0.28 0.61
SBP2, mm Hg 133 (21) 134 (20) 126 (26) 131(23) <0.001 <0.001 0.75 0.18
DBP:, mm Hg 82 (13) 83(12) 75(17) 80 (15) <0.001 <0.001 0.17 0.01
HRe, bpm 85 (15) 84 (14) 87(19) 82 (16) <0.001 <0.001 0.46 <0.001
Sp0.2, % 96 (93-97) 96 (94-97) 93 (87-96) 95 (92-97) <0.001 <0.001 <0.001  0.001
Glucose?, mmol/l 5.77(5.03-7.11) 5.68(5.02-6.88)  6.89 (5.34-9.34) 5.5(4.82-7.44) <0.001 <0.001 0.94 0.001
Mechanical ventilation, % 9 3.5 40.2 9.5 <0.001 <0.001 0.003 <0.001
HT, % 56.6 53.5 7.8 64.2 <0.001 <0.001 0.04 0.15
DM, % 244 21.3 36.4 44.2 <0.001 <0.001 <0.001  0.16
HCH, % 20.2 19.6 21.7 25.3 0.13 0.37 0.18 0.46
Presence of CV risk 32.6 341 25.8 25.3 0.003 0.002 0.07 0.91
factors, %
CAD, % 16.2 13.1 30.2 214 <0.001 <0.001 <0.001 059
Stroke, % 1.8 5.9 14.7 21.1 <0.001 <0.001 <0.001  0.13
History of established 21.3 17.4 36.9 421 <0.001 <0.001 <0.001  0.36
CVD, %
AF, % 9.9 1.6 19.4 23.2 <0.001 <0.001 <0.001 0.4
HF, % 11.9 8.3 21.9 26.3 <0.001 <0.001 <0.001 0.77
CKD?, % 6.7 4.4 17.0 16.8 <0.001 <0.001 <0.001  0.97
COPDz, % 5.3 43 8.2 13.7 <0.001 0.002 <0.001 0.M
Asthmaz, % 5.8 6.3 3.2 3.2 0.04 0.03 0.21 0.97
History of cancer?, % 11.8 10.5 15.9 22.1 <0.001 0.004 <0.001 0.16

Data are presented as mean (SD), median (IQR), or percentage.

a Data available in 935 patients for BMI, 2028 patients for SBF, 2024 patients for DBP, 1975 patients for HR, 1987 patients for Sp0,, 1881 patients
for glucose, 2345 patients for CKD, 2345 patients for COPD, 2345 patients for asthma, and 344 patients for a history of cancer

Abbreviations: AF, atrial fibrillation; ANOVA, analysis of variance; BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; CV, cardiovascular; CVD, cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes mellitus;
HCH, hypercholesterolemia; HF, heart failure; HR, heart rate; HT, hypertension; SBP, systolic blood pressure

TABLE 2 Medications used in the study population according to the survival status

Variable All patients ~ Group 1: alive  Group 2: Group 3: P value
(n=2346) (n=1910) in-hospital death during (ANOVA)

death the follow-up

(n = 341) (n = 95)
ACEI/ARB, % 2346 28.3 29.1 22.9 31.6 0.049 0.02 0.61 0.08
B-Blocker, % 2346 39.3 36.8 47.8 59.4 <0.001 <0.001 <0.001 0.04
MRA, % 2344 4 4 1.8 115 <0.001 0.04 <0.001 <0.001
Statin, % 2346 16.6 16 18.5 23.2 0.11 0.25 0.06 0.31
ASA, % 2344 17.6 16.4 20.8 284 0.003 0.046 0.002 0.12

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; ASA, acetylsalicylic acid; MRA, mineralocorticoid
receptor antagonist; others, see TABLE 1

In the patients older than 65 years, the pre-  (Supplementary material, Table S1). In the group
dictors of death were similar to those identi-  of patients younger than 65 years, few deaths
fied in the whole study population; however,  during the follow-up were observed, which pre-
the use of statins during the hospitalization  cluded a meaningful analysis (Supplementary
positively influenced prognosis after discharge  material, Table S2).

4 POLISH ARCHIVES OF INTERNAL MEDICINE  2023; 133 (7-8)



TABLE 3 Independent predictors of death in the hospital or during the follow-up

Evaluated variable In-hospital death Death during the follow-up
Model 1 Model 2 Model 3 Model 4

Clinical characteristics

Male sex - - - -

Age (per 10-year increase) 1.08 (1.07-1.09) 1.1(1.08-1.12) 1.08 (1.06-1.1) 1.09 (1.06-1.12)

Presence of CV risk factors® - - - -

History of established CVD 1.55 (1.09-2.22) - 1.83(1.02-3.27) -

AF - - - -

HF 1.77 (1.24-2.55) 1.76 (1.11-2.77) - -

CKD 2.58 (1.68-3.96) 2(1.16-3.46) 2.04 (1.04-4.01) -

COPD - - - -

Asthma 0.44 (0.22-0.87) - - -

History of cancer -

- 2.01(1.16-3.5) -

Cardiovascular drugs (recognized as influencing the prognosis)

ACEI/ARB 0.47 (0.34-0.64) 0.48(0.32-0.71) - -

B-Blocker - - - -

MRA 0.2 (0.08-0.48) 0.19(0.06-0.55) - -

Statins 0.69 (0.48-0.99) - - -

ASA - - - -

Clinical condition on admission

Sp0, (per 10% increase) - 0.92 (0.89-0.94) - 0.93 (0.9-0.97)
SBP (per 10 mm Hg increase) - 0.99 (0.98-1) - 0.98 (0.97-1)

DBP (per 10 mm Hg increase)

HR (per 5 bpm increase) -

1.04 (1.02-1.05) - -

Data are presented as odds ratios (95% Cls).
a  Without established cardiovascular disease

Abbreviations: see TABLE 2

DISCUSSION This study demonstrates that
the patients with COVID-19 who survived both
the hospitalization and the follow-up were
younger and had a lower prevalence of estab-
lished CVD than the nonsurvivors. They were
also characterized by a lower prevalence of oth-
er concomitant diseases. The patients who died
during the hospitalization, as compared with
those who died during the follow-up, had a sim-
ilar prevalence of CVD and other concomitant
diseases. We showed that established CVD and
CKD were the main predictors of death, where-
as the use of CV drugs had a beneficial effect on
survival. Moreover, we found that the presence
of CV risk factors did not increase the odds of
either in-hospital or post-discharge death.
Data from previous studies®® showed that CV
risk factors, including hypertension, diabetes mel-
litus, and hypercholesterolemia, were associated
with higher in-hospital mortality in COVID-19 pa-
tients; however, these observations were not con-
firmed in other analyses.""?*?* Our findings sup-
port those of the latter studies, since we showed
that CKD and established CVD were indepen-
dent predictors of in-hospital death but the pres-
ence of CV risk factors was not. Identification of
independent predictors of death in COVID-19
is important to select high-risk patient groups,

thus allowing to implement targeted interven-
tion strategies. Based on our data, the risk of in-
-hospital mortality in COVID-19 patients seems
to be similar in the individuals with and without
CV risk factors, in the absence of CVD. The nov-
el finding of our study is that the presence of CV
risk factors is not a predictor of death during
COVID-19 hospitalization, while established CVD
poses a significant risk. This finding highlights
the importance of CVD prevention for the reduc-
tion of mortality in COVID-19.25-2¢

At the beginning of the COVID-19 pandem-
ic, the use of renin-angiotensin-aldosterone sys-
tem (RAAS) blockers was a matter of concern due
to their potential for worsening the COVID-19
course,'® which was not confirmed by later stud-
ies.'116-18 Moreover, further observations have
shown that the use of RAAS blockers is not only
safe but also improves the prognosis.?*-*' Our
observations are in line with the results of those
studies, showing beneficial effects of ACEI/ARB
use on survival probability among patients hos-
pitalized for COVID-19. In addition, we showed
that treatment with MRAs also improves progno-
sis, and that they can be used in the prevention
of acute complications of COVID-19, including
HEF, as formerly suggested by Chowdhury et al.?®
Previous studies®?* indicated that statins had
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a positive effect on survival in COVID-19 patients.
Our findings support this observation.

Most studies conducted so far focused mainly
on post—-COVID-19 complications; few of them
considered the topics of long-term mortali-
ty and independent predictors of death during
the follow-up. Among such analyses, an Esto-
nian study by Uuskula et al** assessed the long-
-term all-cause mortality after SARS-CoV-2 in-
fection in a group of 66 267 patients in compari-
son with a reference group of uninfected individ-
uals (n = 254 969). They reported that in the indi-
viduals with SARS-CoV-2 infection, the mortality
rate substantially increased during 12 months
post infection, driven by deaths in older peo-
ple (>60 years). Among the older participants,
the risk of CV death was the highest during
the first 5 weeks of the follow-up, and the mor-
tality rate was driven by deaths due to hyperten-
sive heart disease, chronic ischemic heart disease,
CKD, stroke, and myocardial infarction.** This is
in accordance with our results that also empha-
size the impact of established CVD on long-term
postdischarge mortality in the patients hospital-
ized for COVID-19.

The present Cor-Cardio study has several lim-
itations. First, the study population was rela-
tively small and comprised patients from 13 cen-
ters. However, it can be assumed that the pa-
tients were managed in a similar way, in accor-
dance with the general regulations on the man-
agement of patients with COVID-19 in Poland.
Second, it was a retrospective analysis that only
included data available from hospital computer
systems, with no information about treatment in
the postdischarge period. Third, we acknowledge
that our analysis of biochemical parameters was
based on a single-time measurement performed
on admission, and must have been influenced
by the infection status. Finally, we implement-
ed the same statistical model to analyze the pre-
dictors of in-hospital and postdischarge mortali-
ty. The differences in the follow-up duration may
have influenced our results.

To conclude, established CVD, but not the pres-
ence of CV risk factors, correlated with a high-
er risk of in-hospital death and death during
the follow-up. The use of CV drugs during hospi-
talization was associated with better prognosis.

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.
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