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ABSTRACT

Objective: To investigate cardiovascular risk factors affecting
COVID-19 outcomes in a tertiary referral hospital.

Methods: This prospective cohort study analyzed 269 participants
with COVID-19. The primary outcomes were ICU admission,
prolonged hospital stay duration, and in-hospital death. The
secondary outcomes included death, chronic symptoms, and NYHA
functional class during follow-up periods.

Results: A total of 412 patients with COVID-19 symptoms were
enrolled in the study, and out of which 269 patients had complete
medical records and positive SARS-CoV-2 PCR test results,
fulfilling the study criteria were analyzed. The patients were
divided into two groups, with cardiovascular comorbidities (group
A, n=122), such as established cardiovascular disease, diabetes
mellitus, and hypertension, and without cardiovascular comorbidities
(group B, n=147). Binary logistic regression analysis showed that
patients with underlying hypertension, diabetes, and established
cardiovascular disease had a 1.55 (95% CI: 1.28-2.26), 1.62 (95%
CI: 1.34-2.13), and 1.63 (95% CI: 1.07-5.34)-fold risk of mortality,
respectively in the adjusted model.

Conclusions: Hospitalized COVID-19 patients with predisposing
cardiovascular risk factors are more susceptible to develop worse
outcomes. More attention should be paid to the management and

follow-up of these patients.
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1. Introduction

COVID-19 was a newly diagnosed pneumonia reported to the
World Health Organization in December 201911]. It affects millions
of people around the world and remains one of the major medical
concerns nowadays(2]. Although the number of cases and deaths
is decreasing, still some unsolved problems remain in detecting its
complications.

COVID-19 affects multiple organs and causes complications such

as pneumonia, abnormalities in renal and liver functions, as well

Significance

Little is known about the effects of cardiovascular comorbidities on
COVID-19 chronic symptoms and its outcomes. Our study showed
that the majority of affected individuals report chronic symptoms, but
just the occurrence of chest pain was different between patients with
and without cardiovascular risk factors. The most important risk factor
increasing in-hospital mortality was established cardiovascular disease

such as underlying heart failure and coronary artery disease.
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as cardiac injuries[3-51. An early study reported that approximately
12% of patients with COVID-19 suffered from underlying cardiac
conditions[6]. Previous studies found that hospitalized COVID-19
patients with underlying cardiovascular disease may have poorer
prognosis compared to other patients[7-9]. While most infected
people recover and return to their normal lives after a few weeks,
some reports show that symptoms may persist even months after
recovery from acute illness, especially in patients with underlying
cardiovascular comorbidities[10].

Given that COVID-19 patients with underlying cardiovascular
disease (CVD) have higher mortality and morbidity[11], and also
cardiovascular manifestations are common in severe COVID-19(7],
there is a great need to better understand the interactions between
COVID-19 and CVDs. Although the acute course and complications
of the new coronavirus infection are relatively well understood, little
is known about the long-term effects of the disease especially in
high-risk groups of patients. Considering all the above-mentioned
issues, we conducted this study to describe chronic symptoms and
clinical outcomes of COVID-19 patients suffering from underlying
cardiovascular comorbidities as compared to the others in a follow-

up period of at least six months.

2. Patients and methods
2.1. Study setting and design

This prospective cohort study was conducted at a referral hospital
in the northwest province of Iran between August 1st, and November
30th, 2020.

2.2. Ethical approval

The study was conducted in accordance with the principles set
forth in the Helsinki Declaration 2008, and approved by the Ethics
Committee of Urmia University of Medical Science in January
2020 (approval ID: IR.UMSU.REC.1399.351). In addition, the
participants were given a participant information statement and
signed a written informed consent form. Individual personal

information was kept confidential.

2.3. Inclusion and exclusion criteria

Inclusion criteria were all patients over 18 years old admitted to our
tertiary center with COVID-19 symptoms. Exclusion criteria were:
mortality before hospital admission at the emergency department,
lack of consent to access the patient’s in-hospital and follow-up data,
incomplete medical records, and negative SARS-CoV-2 PCR test on

arrival.

2.4. Data collection

Patients signed the informed consent form. The subjects were divided
into two groups: with cardiovascular comorbidities (group A, n=122)
and without cardiovascular comorbidities (group B, n=147) (e.g.
congestive heart failure and ischemic heart disease), diabetes mellitus,
and hypertension. All participants were treated according to the global
health guidelines updated for COVID-19, and medical consults were
prescribed based on the patient’s medical circumstances.

Demographic and clinical data were obtained from the patient’s
medical records and reviewed by two medical doctors. Baseline
characteristics including age, sex, comorbidities, the New York
Heart Association (NYHA) functional class, systolic blood pressure,
diastolic blood pressure, heart rate, and oxygen saturation were
obtained on the first day of admission, and patients were followed for
at least 6 months, post-discharge. Information about the presence or
absence of any cardiovascular symptoms (e.g., chronic cough, dyspnea
on exertion, chest pain, etc.), as well as the patient’s functional status
during follow-up were recorded using telephone calls or serial in-
person visits in cases of suspected complications. The follow-up

period duration was between 6-12 months.

2.5. Primary and secondary outcomes

The primary outcomes were ICU admission, prolonged hospital
stay duration, and in-hospital death. The secondary outcomes
included death, chronic symptoms, and NYHA functional class

during follow-up periods.

Admitted patients with COVID-19 symptoms
between August Ist, and November 30th, 2020
(n=412)

Excluded (n=143):

- Deceased on arrival before
admission (n=18)

- Not assigned informed consent
(n=113)

- Negative SARS-CoV-2 PCR test
(n=12)

A 4
Final study size (n=269)

I
! !

Group A, with Group B, without

cardiovascular cardiovascular

comorbidities comorbidities
(n=122) (n=147)

Figure 1. The study flowchart.
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2.6. Statistical analysis

Data were presented as meantstandard deviation, median,
frequencies, and percentages wherever applicable. Differences
between groups were assessed using independent ¢-tests for
continuous and normally distributed variables and chi-squared test
(or Fisher’s exact test) for categorical variables. To evaluate the
relationship between baseline variables and in-hospital and follow-
up death, at first, we put each variable in a data set, separately by
using univariate analysis. Then we entered all variables with a
probable relationship with mortality (P<0.1) into the binary logistic
regression model by using a stepwise backward method, in order
to demonstrate the prognostic factors of in-hospital and follow-up
mortality. The odds ratio (OR) and confidence interval (CI) were
calculated for each independent parameter in crude and adjusted
model by sex and age, and the P<0.05 was considered statistically
significant. All analyses were performed using IBM SPSS software

for Windows version 22.

3. Results

A total of 412 patients with COVID-19 symptoms were enrolled in
the study. Eighteen cases deceased on arrival before admission to the
specific ward. Only 281 patients signed the informed consent form,
and out of which 269 patients had completed medical records and
positive SARS-CoV-2 PCR test results, fulfilling the study criteria
(Figure 1).

The mean age of the patients was (55.0£16.1) years and
150 (55.8%) were male. In group A, 85 patients (31.6%) had
hypertension, 45 (16.7%) suffered from diabetes mellitus, and 39
(14.5%) had documented cardiovascular disease (e.g. heart failure or
ischemic heart disease). 52 Patients died during hospital stay (n=47)
and follow-up period (n=5) (Table 1).

Patients in Group A were older (61.1+14.3 ys. 49.8+15.7, P=0.001)
and more likely to be hospitalized in intensive care units (50.0%
vs. 25.9%, P=0.001). Moreover, they were more likely to be on
NYHA functional class 2 or higher during the follow-up period

Table 1. Baseline demographic and clinical characteristics among the studied COVID-19 patients (n=269).

Variables Group A (n=122) Group B (n=147) ti P
Age, years, mean+SD 61.1+14.3 49.8+15.7 6.110 0.001
Sex, n, %
Male 65 (53.3) 85 (57.8) 0.558 0.455
Female 57 (46.7) 62 (42.2)
NYHA class >2, n, % 11 (9.0) 6(4.1) 2.742 0.097
Systolic blood pressure, mmHg, mean+SD 119.57+10.42 117.62+10.12 1.552 0.155
Diastolic blood pressure, mmHg, mean+SD 74.11£8.47 74.79+8.19 0.667 0.513
Heart rate, beat per minute, mean+SD 87.49+12.63 89.11£11.00 2.124 0.260
Oxygen saturation, %, mean+SD 90.16+14.15 90.23+14.25 0.040 0.966

NYHA: The New York Heart Association.

Table 2. Events and outcomes of COVID-19 patients during hospital stay and follow-up (n=269).

Variables Group A (n=122) Group B (n=147) til P

Duration of follow-up, month, mean+SD 8.1£3.5 7.8+4.1 0.641 0.897
ICU admission, n, % 61 (50.0) 38(25.9) 16.717 0.001
Length of hospital stay, day, mean+SD 8.1+5.6 7.0+4.7 1.751 0.074
In-hospital death, n, % 30 (24.6) 17 (11.6) 7.845 0.005
Death at follow-up, n, % 4(3.3) 1 (0.7) 2.468 0.116
NYHA class >2 at follow-up, n, % 23 (18.8) 21(14.3) 1.016 0.031

NYHA: The New York Heart Association.

Table 3. Risk factors of mortality by cardiovascular diseases based on adjusted model.

Risk factors

In-hospital death

Death at follow—up

OR (95% CI)

P OR (95% CI) P

Positive cardiovascular risk profile”
Hypertension
Diabetes mellitus

1.49 (1.20-2.52)
1.55 (1.28-2.26)
1.62 (1.34-2.13)

Established cardiovascular disease” 1.63 (1.07-5.34)

0.001 1.17 (0.84-1.39) 0.187
0.001 1.42 (0.89-2.13) 0.158
0.001 1.26 (0.77-2.77) 0.253
0.001 0.93 (0.49-1.71) 0.791

"Including cardiovascular disease (established), diabetes mellitus, and hypertension. “i.e. Ischemic heart disease (history of percutaneous coronary
intervention, coronary bypass surgery, or obstructive coronary artery disease), and heart failure.



Cardiovascular risk profile and COVID-19 outcomes 11

Table 4. Chronic symptoms reported by participants at follow-up (n, %).

Variables Group A (n=88) Group B (n=147) Ve P

Cerebrovascular accident 1(1.7) 0 (0) 1.473 0.163
Fatigue 20 (22.7) 31 (24.0) 0.049 0.708
Cough 36 (40.9) 47 (36.4) 0.444 0.544
Dyspnea on exertion 30 (34.1) 33 (25.6) 1.839 0.241
Loss of taste or smell 12 (13.6) 16 (12.4) 0.071 0.811
Headache 26 (29.5) 26 (20.2) 2.532 0.201
Myalgia 21(23.9) 24 (18.6) 0.880 0.410
Chest pain 19 (21.6) 10 (7.7) 8.653 0.017
Vertigo 12 (13.6) 22 (17.0) 0.463 0.591
Hair loss 14 (15.9) 20 (15.5) 0.007 0.956
Palpitation 15 (17.0) 11 (8.5) 3.599 0.110

752 patients died during hospital stay and follow-up.

(18.8% wvs. 14.3%, P=0.031), as well as having a higher rate of in-
hospital death as compared to the other group (24.6% vs. 11.6%,
P=0.005). However, there was no significant difference in terms of
other baseline characteristics or long-term mortality between the two
groups (Table 2).

As illustrated in Table 3, in group A, patients had a 1.49-
fold risk of in-hospital death as compared to the other group.
Patients with underlying hypertension, diabetes, and established
cardiovascular disease had a 1.55, 1.62, and 1.63-fold risk of in-
hospital death, respectively in the adjusted model (adjusted for
age and sex). We followed 217 patients for a mean follow-up
period of 9.4 months. 5 Patients had major cardiovascular events
(2 cerebrovascular accidents, 2 myocardial infarctions, and 1
pulmonary emboli). During follow-up, 29 (13.4%) participants
reported that their underlying diabetes or hypertension was out of
control (9 and 8 patients, respectively), or experienced new-onset
diabetes or hypertension (7 and 5 patients, respectively). About one-
third of subjects (n=70, 32.3%) were symptom-free after discharge,
and half of the participants (n=110) reported at least one cardiac or
non-cardiac symptom lasting for more than one month, which was
defined as chronic symptoms. The most common chronic symptoms
reported by the participants were cough (38.2%), dyspnea on exertion
(29.0%), headache (24.0%), and fatigue (23.5%). Other less reported
but important chronic symptoms were myalgia (20.7%), vertigo
(15.7%), hair loss (15.7%), chest pain (13.4%), and loss of taste or
smell (12.9%), the latter persisting for more than 6 months in two
patients (Table 4). There was no significant difference between the
two groups of patients in terms of cardiac and non-cardiac symptoms,
except for chest pain during follow-up. Patients in group A were
more likely to experience episodes of recurrent prolonged chest
pains leading to outpatient cardiology visits in order to evaluate its
significance during the follow-up period (20.7% vs. 8.0%, P=0.017).

4. Discussion

Older patients, and those with pre-existing medical situations (such

as CVD, chronic respiratory disease, or diabetes) are reported to be
at risk for severe disease from COVID-19(5.6,12-16]. According to
the present study, patients with a cardiovascular risk profile were
more likely to be hospitalized in ICU, have a higher rate of in-
hospital mortality (OR: 1.63, 95% CI: 1.07-5.34), and experience
NYHA class >2 during follow-up. Multiple explanations exist for
these findings. First, the median age of our patients with underlying
cardiovascular disease or its risk factors was 61 years, in line with
all other previous studies which showed that older age is crucial
in increasing the disease complications. Moreover, the frailty of
elderly patients with multi-comorbidities makes them more likely to
have worse outcomes(17]. A positive cardiovascular risk profile may
contribute to increasing mortality in COVID-19 patients, at least
in part, because of the consequent hemodynamic deterioration, or
weakening of the patient’s immune systems.

In accordance with our observations, prior studies have found
that during other viral infections, for instance, influenza epidemics,
cardiovascular comorbidities were strongly related to increased
mortality. For example, data from the severe HIN1 pandemic in
2009 indicated that elevated troponin and left ventricular dysfunction
(ejection fraction <50%) were related to high mortality[18]. In an
earlier meta-analysis, Sabatino et al. reported that pre-existing
cardiovascular comorbidities or risk factors have a significant role in
increasing mortality[19]. In multiple recent meta-analyses, CVD and
its risk factors (hypertension and diabetes) were closely associated
with worse outcomes in COVID-19 patients[20-22].

Our findings showed that hypertensive patients are at risk for in-
hospital death from COVID-19 (OR: 1.55, 95% CI: 1.28-2.26). In
line with this result, previous studies suggested that hypertension
can serve as a risk factor for worse hospital outcomes in these
patients[3,23-25]. The exact mechanism of the interaction between
hypertension and increased mortality in COVID-19 patients is
not clear. However, the dysregulation of the inflammatory and
renin-angiotensin system in hypertensive patients may lead to
excessive cytokine release, vasoconstriction, cell injury, and worse
outcomes[6,26,27].

Diabetes was the second most common comorbidity (after
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hypertension) observed in our patients, leading to a 1.62-fold risk of
in-hospital mortality. In a cohort study of 7337 COVID-19 patients,
suffering from type-2 diabetes was associated with more complex
hospitalization, and increased mortality[28]. Silverio et al. showed
that diabetic COVID-19-affected patients have a higher risk for
in-hospital death independent of age, compared to those without
diabetes[29]. Besides the link between diabetes and atherosclerosis,
iatrogenic poor glycemic control in COVID-19 patients may arise
from various mechanisms: corticosteroid therapy commonly used in
severe infection, hyperglycemia due to the septic status, inadequate
glucose monitoring in patients with infection, lack of recommended
follow-up and required medical contact on diabetes management,
and discontinuation of medications such as angiotensin-converting
enzyme inhibitors according to some hospital’s treatment
protocols[30].

In our study, about 50% of patients reported that they had at
least one cardiac or non-cardiac symptom lasting for more than
one month. The most common chronic symptoms reported by
participants at follow-up were cough, dyspnea on exertion, headache,
and fatigue. In a survey of adults with positive outpatient test results
for SARS-CoV-2, 20% (1 in 5) reported that some symptoms were
prolonged. These persistent symptoms included fatigue, cough,
congestion, dyspnea on exertion, loss of taste or smell, headache,
myalgia, gastrointestinal symptoms, chest pain, and confusion[31].
According to our observations, patients with underlying CVD or
its risk factors were more likely to experience episodes of recurrent
chest pains leading to outpatient cardiology visits compared to the
other group, which could warrant special attention to screening
these subjects for probable cardiac complications (e.g., pericarditis,
myocarditis, acute coronary syndrome, pulmonary emboli, eic.)
during follow-up.

Several limitations of this study can be addressed. First, our
single-hospital experience may not be generalized to the broader
community. Second, it is often hard to differentiate between
complications caused by comorbidities and possible direct damage
caused by COVID-19. However, we used a logistic regression
model to overcome this limitation. Third and in particular, our study
did not include echocardiographic data and laboratory markers of
inflammation, as their application was not routine during the first
years of COVID-19 appearance. In addition, analyzing the effects
of different treatment methods used during hospitalization was
out of the scope of this study, but all the protocols were guided
by our infectious disease specialists to achieve more precise data
collection. The study size may be small for analyzing different types
of underlying cardiovascular comorbidities and future meta-analyses
may overcome this limitation.

More attention should be paid to elderly adult patients with
underlying CVD who are more susceptible to developing worse

outcomes. The underlying CVD may have an independent role in

causing death and a worse prognosis. Raising public awareness
to reduce the burden of underlying comorbidities, as well as
encouraging susceptible patients to comply with protection

instructions against COVID-19, are recommended.
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