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Abstract

Background: Scarce and non-homogeneous data are available on the prognostic value of clinic heart
rate (HR) in coronavirus disease 2019 (COVID-19).

Methods: The present study evaluated in 389 patients hospitalized for COVID-19 the in-hospital
prognostic value of resting HR, assessed over different time periods, i.e., at hospital admission, during
wmitial 3 days and 7 days of hospitalization.

Results: Results show that assessment of this hemodynamic variable during hospitalization provides
information on the clinical outcome of the patients, greater HR values being associated with a worse in-
hospital prognosis. The prognostic value of elevated HR during COVID-19: 1) was independent on other
confounders such as age, gender, comorbidities and fever, 2) appeared to be strengthened by repeated
measurements of HR during the initial 3/7 days of hospitalization, and 3) was detectable in patients in
which the therapeutic intervention did not include drugs, such as beta-blockers, calcium antagonists,
digoxin, wabradine and antiarrhythmic compounds known to interfere with HR.

Conclusions: Heart rate may represent an important marker of a patient’s outcome in COVID-19.
(Cardiol J 2022; 29, 2: 181-187)
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Introduction

Several studies have shown that age, gender,
obesity and comorbidities represent the main pre-
dictors of coronavirus disease 2019 (COVID-19)
infection severity [1-4] and that patients with
high mortality and morbidity rate also developed
a hyperinflammatory syndrome [5]. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection has been associated with multiple abnor-
malities of the autonomic control of the circulation,
a phenomenon known as “long COVID” [6]. Activa-
tion of sympathetic cardiovascular drive together
with attenuation of vagal cardiac influences caused

by the virus itself and by inflammatory cytokines
reaction which can lead to a serious autonomic
imbalance contributing to worsen the clinical
course of the SARS-CoV-2 infection [6-9]. The
main clinical signs of these autonomic alterations
are represented by the occurrence of elevated
resting heart rate (HR) values and frequently by
the development of a resting tachycardia. Both
these alterations, which have been reported in
cardiovascular and non-cardiovascular disease as
reliable markers of an increased adrenergic neural
drive to the heart [10, 11], have been suggested to
be associated with a poor prognosis in SARS-CoV-2
infection. However, the few studies published so
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far examining the relationships between tachy-
cardia and prognosis after SARS-CoV-2 disease
provided results frequently non-homogeneous
and in the majority of cases were based only on
a single evaluation of HR at hospital admission
[12-14]. The aim of the present study was to
investigate in a systematic and standardized way
whether, and to what extent HR assessed over
different time periods during hospitalization (hos-
pital admission and during the first 3 and 7 days
of hospitalization) represents a prognostic marker
of severity of SARS-CoV-2 infection in terms of
care intensity during hospitalization. A secondary
aim was to determine the impact of HR assessed
over the above-mentioned different time periods
on Kaplan-Meyer survival curves.

Methods

Study population

This retrospective analysis was performed to
investigate the clinical characteristics of 389 pa-
tients with SARS-CoV-2 infection admitted to the
medical hospital units of the institutions involved
in the study between March 13" and December
6™, 2020. A diagnosis of SARS-CoV-2 infection was
confirmed by a positive reverse transcriptase poly-
merase chain reaction of a specimen collected via
anasopharyngeal swab. Demographic, anamnestic,
anthropometric, clinical, laboratory, instrumen-
tal, treatment and outcome data were extracted
from electronic medical records. Anamnestic data
referred to history of cigarette smoking and co-
morbidities (e.g., chronic obstructive pulmonary
disease, obstructive sleep apnea, hypertension,
diabetes mellitus, chronic heart failure, coronary
artery disease, history of atrial fibrillation or flutter,
history of implantable cardioverter-defibrillator or
permanent pacemaker implant, chronic impaired
renal function and liver disease). Treatment data
also included information on the assumption of
drugs potentially active on HR (beta-blockers, cal-
cium channel blockers, antiarrhythmic compounds,
ivabradine and digoxin) both before and during hos-
pitalization and on SARS-CoV-2 specific treatment
prescribed according to clinical needs. Detection
of an overweight/obese state at hospital admission
was also reported. For each patient we noted the
concomitant number of comorbidities > 2 or < 2.

Assessment of resting HR was performed at
the time of the hospital admission and repeated
each morning during the first 3/7 days of hospi-
talization. It was obtained through physical ex-
amination (palpatory method of the radial artery,

average of 3 measurements performed within
10 min) and reported in clinical diaries. For each
HR measurement we concomitantly evaluated
whether the patient was febrile (body temperature
> 37.5°C). Clinical data also included chest X-ray
and clinic blood pressure values recorded at the
time of hospital admission. We categorized each
participant according to the highest care intensity
needed during hospitalization, defining four sever-
ity outcome classes of SARS-CoV-2 infection as
follows: 1) severity outcome class I, no need for
oxygen support/need for low flow oxygen therapy
(maximum 35% FiO, delivered through nasal can-
nula or Venturi mask), 2) severity outcome class II,
need for high flow oxygen therapy/continuous
positive airway pressure, 3) severity outcome
class III, transfer to the intensive care unit, and
4) severity outcome class IV, and death.

Statistical analysis

Heart rate values were evaluated both as the
first measurement at the hospital admission and
as the means of HR values over 3-days and 7-days
from hospitalization respectively, before inclu-
sion of the patient in one of the severity classes
described previously. Patient characteristics were
analyzed by descriptive statistics. For continuous
variables, the mean and standard deviation (mean
+ SD) or the median and interquartile range were
calculated. For discrete (categorical) variables,
percentages (%) in each category were calculated.
The statistical significance of the between-group
differences was assessed by ANOVA, the Kruskal-
-Wallis test, ” test or the Fisher exact test. Trends
between the severity outcome classes and clinical
variables were tested using integer values (1, 2,
3 and 4) in a linear regression model or Cochran-
Armitage test for trend. Trends were also adjusted
for sex, age, number of comorbidities greater than
2 and number of days in which body temperature
> 37.5°C. The Kaplan-Meier survival curves based
on all cause death or intensive care unit admission
were calculated for the groups of patients display-
ing at various periods of hospitalization (hospital
admission, first 3-days and 7-days of hospitaliza-
tion) HR values below and above 80 beats/min,
1.e., the value indicated by the European Society
of Cardiology/European Society of Hypertension
guidelines as the cutoff above which cardiovas-
cular risk is clearly elevated [15]. All p values
were two-sided and a p < 0.05 was considered as
statistically significant. The statistical analysis was
carried out by the SAS package (SAS Institute,
Cary, NC, USA).
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Figure 1. Relationships between the outcome of SARS-CoV-2 infection and the first assessment of heart rate at hospi-
tal admission (n = 389, A), mean heart rate values referred to the first 3-days and 7-days of hospitalization (n = 217, B)
and mean heart rate values referred to the first 3-days and 7-days of hospitalization in patients not receiving drugs
potentially interfering with heart rate (n = 118, C). Data are shown as means + standard deviation.

Results

The present analysis was divided into three
steps (Fig. 1). The association between resting
HR and clinical outcome of SARS-CoV-2 infection
assessing HR values was initially examined at hos-

pital admission. HR assessment was then repeated
taking into account values recorded during the first
3-days and 7-days of hospitalization, respectively.
Finally, the evaluation was repeated excluding pa-
tients treated with drugs which potentially affected
HR. In the study population as a whole (n = 389),
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Table 1. Baseline characteristics of patients with SARS-CoV-2 infection at the time of the hospital ad-

mission.
Variable Outcome P trend
Overall Severity Severity Severity Severity
class 1 class 2 class 3 class 4
Number of patients 389 121 142 43 83
Demographic characteristics
Age [years] 674 =146 624 +16.1 678135 61394 77 =*11.2 < 0.0001
Male 68.4% 62.8% 70.4% 83.7% 65.1% 0.4405
Current smoking 4.5% 5.9% 2.2% 2.3% 7.7% 0.5897
Comorbirdities
BMI > 25 kg/m? 39.1% 33.6% 44.9% 42.5% 35% 0.9355
Hypertension 52.4% 43% 54.9% 51.2% 62.7% 0.0106
Diabetes mellitus 22.2% 16.7% 22.5% 20.9% 30.1% 0.0332
Chronic kidney disease 10.3% 10.7% 7.7% 0% 19.3% 0.1332
COPD 5.7% 4.1% 5.6% 4.7% 8.4% 0.2321
Heart failure 8.5% 7.4% 6.4% 0% 18.1% 0.0264
Coronary heart disease 14.1% 15.7% 9.2% 2.3% 26.5% 0.0745
Obstructive sleep apnea 3.1% 1.7% 2.8% 7% 3.6% 0.2601
ICD/PPM 3.1% 1.7% 4.2% 0% 4.8% 0.3839
Atrial fibrillation or flutter history 14.7 10.7 12.7 0 3.3 0.0007
Liver disease 1.3% 1.7% 1.4% 0% 1.2% 0.3227
Number of comobidities > 2 50.1% 39.7% 52.1% 34.9% 69.9% 0.0004
Admission profile
Body temperature > 37.5°C 28.7% 20.7% 29.3% 42.9% 32.5% 0.0357
PaO,/FiO, 276 328 261 210 190 < 0.0001
(200-323)  (300-368.5) (222-304) (121-266) (134-266)
Systolic BP [mmHg] 138 = 21.8 136.3 + 21.4 138.8 =23 1329 + 18 142.2 = 21.7 0.1700
Diastolic BP [mmHg] 79.7 £13.7 79713 80148 76.9=* 10.7 80.6 = 14.4 0.9538
Heart rate [bpm] 90.4 +17.1 88+ 139 89.3+ 179 934 + 13.8 94.3 + 20.7 0.0049
WBC count [cell/uL] 6960 6460 6925 7300 8140 <.0001
(5030-10240) (4710-8230) (5270-10475) (5160-9490) (5440-12260)
Hs-CRP concentration [mg/dL] 6.5 2.3 6.9 10.6 12.1 0.8125
(2.1-13) (0.8-6.8) (3.6-13) (5.9-13.7)  (5.2-16.5)
Creatinine [mg/dL] 1.4 +1.3 1.3+ 1.6 1.3+1.2 1.2 = 0.6 1.7 = 1.3 0.0476
eGFR [mL/min/1.73 m?| 58.6 + 27.1 66.0 = 27.6 58.6 =+ 24.3 57.1 = 20.2 48.8 + 30.7 < 0.0001

Data are shown as means = standard deviation or median (interquartile range) or as percent values; BMI — body mass index; BP — blood pres-
sure; COPD — chronic obstructive pulmonary disease; hs-CRP — high-sensivity C-reactive protein; e-GFR — estimated glomerular filtration
rate (MDRD formula); IDC/PPM — implantable cardioverter-defibrillator/permanent pacemaker placement; WBC — white blood cell

121 (31%) participants were categorized in sever-
ity outcome class I, while the remaining 268 were
in the other classes > I, 1.e., 142 (37%) class II,
43 (11%) class III and 83 (21%) class IV (Table 1).
Typical chest-X ray findings included pulmonary
consolidation or ground-glass opacities with dif-
ferent pulmonary distribution. Mean age amounted
to 67.4 = 14 years, 264 (68%) were males and
125 (32%) females. 50% of the patients displayed
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at least two comorbidities and 42% were under
pharmacological treatment with drugs acting on
HR. The deceased patients aged 77.1 = 11 years,
they displayed a high number of comorbidities and
elevated serum levels of inflammatory markers.
Assessment of resting HR at hospital admis-
sion was available in 381 patients, which displayed
an average value amounting to 90.1 = 17 beats/
/min. For each class increase in maximum care in-
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tensity, a corresponding significant increase in HR
was observed (p value trend = 0.0397) (Fig. 1A).
HR measurements during hospitalization were
available in 217 patients, 24% were categorized in
severity outcome class I, 27% in class II, 14% in
class IIT and 35% class IV. Baseline characteristics
were representative of the overall population. For
each class increase in maximum care intensity,
a corresponding significant increase in HR was
observed which considered data collected dur-
ing first 3 days of hospitalization (p value trend
< 0.0006) and more so during the first 7 days of
hospitalization (p value trend < 0.0001) (Fig. 1B).
The significant trend was maintained after adjust-
ment for age, gender, number of comorbidities and
number of days during which body temperature
was > 37.5°C.

The same analysis was performed in the 118
patients not receiving drugs potentially acting on
HR both before and during hospitalization. Even in
this case, a significant trend was observed between
the increase in the average HR and the severity
of the infection taking into account data collected
during the first 3 days (p value trend = 0.02) 7 days
(p value trend = 0.002) of hospitalization (Fig. 1C).

Finally, as shown in Figure 2, the Kaplan-Meier
curves for survival based on HR assessment at
hospital admission or during the 3-days and 7-days
of hospitalization displayed during the follow-up
survival probability curves were quite similar, with
a decreased survival rate in the patients displaying
greater clinic HR values.

Discussion

The aim of the present study was to deter-
mine in patients hospitalized for SARS-CoV-2
disease the prognostic relevance of resting HR
evaluated at different time periods during hospi-
talization. The results show that assessment of
this hemodynamic variable during hospitalization
provides information on the clinical outcome of the
patients, greater HR values being associated with
a worse in-hospital prognosis. Additional results of
the study are represented by the finding that the
prognostic value of elevated HR during COVID-19:
1) is independent on other confounders such as
age, gender, comorbidities and fever, 2) appears to
be strengthened by repeated measurements of HR
during the initial 3/7 days of hospitalization, and
3) can be detected also in the groups of patients in
which pharmacological treatment was not based on
drugs, such as beta-blockers, calcium antagonists,
digoxin, ivabradine and antiarrhythmic compounds

known to interfere with HR. The current analysis
on the relevance of HR as in-hospital prognostic
marker provides an additional result. That is that
the assessment of HR based on 7-days evaluation
may allow obtaining an estimation of survival prob-
ability more sensitive and accurate than the other
evaluations based on HR at admission and during
the first 3 days of hospitalization.

It is well known that the increase in HR and
the development of a resting tachycardia rep-
resents the result of an increased sympathetic
cardiac drive with a concomitant reduction of the
parasympathetic influences to the heart [11]. This
1s supported by the evidence that in a number of
cardiovascular and non-cardiovascular diseases
there is a close significant direct relationship be-
tween different markers of sympathetic cardiovas-
cular drive (venous plasma norepinephrine, cardiac
norepinephrine spill over, direct recording of effer-
ent postganglionic sympathetic nerve traffic to the
skeletal muscle) and resting HR [10, 16, 17]. The
autonomic alterations described above (which may
have a reflex origin mediated by arterial barorecep-
tor and chemoreceptor alterations [16, 17]) may
occur in COVID-19 and thus may be responsible
for the HR elevation detected in diseased patients.

Conclusions

The present study has strengths and limita-
tions. As mentioned above the strengths are: 1) the
value of HR as prognostic marker in COVID-19 pa-
tients even after data adjustment for confounders,
2) the data analysis performed taking into account
the number of comorbidities, and 3) the separate
analysis of the data done in patients untreated with
drugs known to interfere with HR. The limitations
include: 1) the relatively small number of patients
included in the study, a limitation which may also
depend on the strict criteria adopted in patient
selection, 2) the fact that the analysis was limited
to the first 7 days of hospitalization only, no further
evaluation was made after this time period, 3) the
consideration that a comparison of the Kaplan-
-Meyer curves based on HR evaluations at different
time periods is limited to the reduced number of
patients available particularly for the 3 and 7 day
assessment, and 4) the fact that in the present
study, the mechanisms through which elevated
HR may adversely affect prognosis in COVID-19
patients were not investigated. However, in other
diseases, such as in heart failure, coronary ar-
tery disease and hypertension conclusive evi-
dence has been provided that elevated HR values:

www . cardiologyjournal.org 185



Cardiology Journal 2022, Vol. 29, No. 2

A 1.0
HR < 80 bpm
0.8
2 064 HR = 80 bpm
S
2
o
s 0.4+
1=
&
0.2
Hospital admission
Log rank p-value = 0.0273
0.0 T T T T T T ,
0 2 4 6 8 10 12 14

Time from hospital admission [days]

e I T
0s- — 1=
= HR < 80 bpm
=
= 0.6
=
= HR = 80 bpm
s 0.4+
1=
&
0.2
Average 3 days hospitalization
Log rank p-value = 0.0133
0.0 T T T T T . )
0 2 4 6 8 10 12 14
Time from hospital admission [days]
C 1.0
I_l_
0,84 HR < 80 bpm
Q\E
2
= 0.6
3
o
=
g 04 HR = 80 bpm
3B
0.2
Average 7 days hospitalization
Log rank p-value < 0.0001
0.0 T T T T T T 1
0 2 4 6 8 10 12 14

Time from hospital admission [days]

Figure 2. Kaplan-Meyer curves for survival without poor outcome (death or intensive care unit admission) in patients
with resting heart rate (HR) below or above 80 beats/minute [bpm] based on measurements of HR performed at hos-
pital admission (A), during the first 3 days (B) or 7 days (C) of hospitalization.

1) increase cardiac work and myocardial oxygen de-
mand [17], 2) augment arterial wall stress [16, 17],
3) decrease arterial distensibility, and 4) favour the
development and progression of the coronary ath-
erosclerotic plaque [11, 16]. All these pathophysi-
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ological consequences may be responsible also in
COVID-19 for the adverse prognostic impact of
elevated HR values reported in the present study.
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