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Abstract: Patients recovering from COVID-19 commonly report persistence of dyspnea, exertional
fatigue, and difficulties in carrying out their daily activities. However, the nature of these symptoms
is still unknown. The purpose of the study was to identify limiting causes of cardiopulmonary
origin for the performance of physical exercise in post-COVID-19 condition that could explain the
symptomatic persistence of dyspnea or fatigue-related symptoms. Thirty-two non-hospitalized
patients with post-COVID-19 condition (i.e., still presenting a chronic symptomatic phase lasting
>90 days since debut of symptoms that lasted for at least 2 months and cannot be explained by an
alternative diagnosis) completed a clinical examination including echocardiography, submaximal
and maximal cardiorespiratory fitness tests (Ekblom-Bak and Bruce’s protocols), and a battery of
validated questionnaires about fatigue and exercise intolerance. Four participants (12.5%) reported
an abnormal cardiac response to exercise during the submaximal test, which aroused suspicion of
the presence of chronotropic incompetence. All of them were confirmed with a positive diagnosis
maximal exercise test after cardiology screening, even with a comprehensive clinical examination,
resting ECG, and echocardiogram, without other findings. No statistical differences were found in
any physiological variables or questionnaire values, between patients with positive and negative
diagnoses. Chronotropic incompetence and other autonomic disorders may appear in patients
with mild forms of COVID-19 presentation and may persist in the long term, being responsible for
exercise intolerance after resolution of acute infection. Clinicians should be aware that chronotropic
incompetence and other autonomic disorders may be a complication of COVID-19 and should
consider appropriate diagnostic and therapeutic interventions in these patients, especially when
early exercise-related fatigability is reported.

Keywords: post-COVID-19 condition; long COVID-19; long-haulers; chronic fatigue; post-exertional
malaise; autonomic nervous system

1. Introduction

After a year of the coronavirus disease (COVID-19) pandemic, it has become evident
how SARS-CoV2 can be responsible for damage in the central nervous system (CNS) [1]
and in the autonomic nervous system (ANS), both in the acute and in the chronic, persistent
phase of the disease. Concerning the persistent phase, a new emerging condition termed
post-COVID-19 syndrome or post-COVID-19 condition, commonly named long-COVID-19,
(i-e., persistence of clinical manifestations lasting more than 12 weeks and which cannot be
explained by an alternative diagnosis [2,3]), is affecting ~10% of COVID-19 patients and
merits special attention [4]. Consisting of a range of limiting symptoms which dramatically
reduce quality of life, the post-COVID-19 condition patients mostly refers to fatigue,
post-exertional malaise, dyspnea, headache, and many other neurocognitive conditions
described as brain fog or inability to perform daily physical tasks [5].
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Damage in the ANS and CNS can lead to important dysfunctions in terms of heart
rate (HR), blood pressure (BP), and systemic inflammatory response [6,7]. In a large
cohort of COVID-19 patients, a significant increase in mean HR followed by a decrease in
mean HR was observed from the seventh day of symptoms (relative bradycardia), which
was maintained until the 21st day of evolution. This alteration was associated with a
loss of HR variability (HRV), both suggesting the existence of a secondary autonomic
malfunction in HR control [8]. Other sequelae attributable to autonomic dysfunction have
also been found in patients with long COVID-19, such as postural orthostatic tachycardia
syndrome (POTS) [9]. Both direct involvement of the sinus node in the heart and injury to
the regulatory centers of the brainstem have been postulated as pathogenic mechanisms
responsible for poor HR control during SARS-CoV2 infection [10]. These lesions could be
mediated by cytokine storm during the acute phase, by direct structural injury related to the
expression of ACE Il receptors (angiotensin II receptor) present in cardiac tissue, or immune-
mediated by the action of specific antibodies against the brainstem and neural tissues [10].

Chronotropic incompetence is defined as a limitation to increase HR in response to
the metabolic demands proposed by exercise and may be responsible for the appearance of
fatigue and exercise intolerance in patients with post-COVID-19 condition [11]. During
exercise, the increase in HR is mainly due to the cessation of parasympathetic activity
induced by movement and, secondarily, by adrenergic sympathetic stimulation. As a
result, HR increases from 30 to 50 bpm as soon as exercise begins. Likewise, when the
stimulus ceases, recovery in HR occurs when vagal tone reappears. Both the alteration of
the initial increase and the absence of recovery are related to exercise intolerance and poor
cardiovascular prognosis in diseases such as heart failure or COPD (chronic obstructive
pulmonary disease) [12].

The purpose of the study was to identify limiting causes of cardiopulmonary origin
for the performance of physical exercise in post-COVID-19 condition that could explain the
symptomatic persistence of dyspnea or fatigue-related symptoms commonly referred by
this population.

2. Material and Methods
2.1. Experimental Design

This cross-sectional study examined the RECOVE cohort including non-hospitalized
post-COVID-19 patients (NCT04718506) [13]. After clinical screening, participants com-
pleted the Ekblom-Bak submaximal cycle ergometer test under medical supervision to
identify abnormalities in cardiovascular response. When chronotropic incompetence was
suspected, on a second visit, participants completed Bruce’s protocol on a treadmill test for
an expert cardiologist to confirm the diagnosis.

2.2. Participants

Participants were recruited for the study after they expressed interest on the registra-
tion website [14]. Participants originally learnt about the study through advertisements on
social media or via recommendations from clinicians—mainly general practitioners and
infectious diseases consultants. Thirty-two individuals fit the eligibility criteria including a
diagnosis of SARS-CoV2 using real-time reverse transcriptase polymerase chain reaction
(PCR) tests or antigenic rapid tests, who still presented a chronic symptomatic phase last-
ing >90 days since the debut of symptoms, who were not hospitalized, and who had no
evidence on clinical record of pneumonia or any other organ failure related to SARS CoV-2
infection. All participants were active before the diagnosis of COVID-19, and none of them
were on medication capable of interfering with HR, such as beta-blockers.

2.3. Echocardiography

A complete clinical examination, including electrocardiogram and echocardiogra-
phy, was performed to rule out cardiovascular diseases. A resting echocardiogram was
performed following standard procedures [15] by a team of expertise cardiologists. Left-
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ventricular (LV) systolic function was evaluated by calculating LV ejection fraction (LVEF)
using the modified Simpson rule after quantification of the LV end-systolic (LVESV) and
end-diastolic volumes (LVEDV) from the apical two- and four-chamber view. Right-
ventricular (RV) function was assessed by measuring tricuspid annular plane systolic
excursion (TAPSE) in the RV free wall. The assessment of diastolic dysfunction (DD) was
conducted using pulsed Doppler, in apical four-chamber view, by registering the mitral
inflow at the level of the mitral valve annulus, with the peak early diastolic velocity (E),
the late diastolic velocity (A), and the assessment of the E/A ratio. The right-ventricle
tricuspid annular plane systolic excursion (RV-TAPSE) was also measured.

2.4. Cardiorespiratory Fitness

The cardiorespiratory fitness assessment included a submaximal cycle ergometer test
with HR and rate of perceived exertion (RPE). Heart rate variability (HRV) was collected
for 1 week by means of the root mean square of successive differences (RMSSD) using the
Welltory app [16] as a marker for autonomic nervous system response and psychological
stress [17]. The submaximal test [18] consisted of two incremental, consecutive, and
submaximal work rates for 4 min on a cycloergometer (Ergoline, Ergoselect 200, Bitz,
Alemania). Pedal frequency was 60 revolutions per minute. The Rating Scale of Perceived
Exertion from 6-20 (RPE, Borg) [19] was used, being > 16 when the test ended. Moreover,
oxygen saturation (Hylogy MD-H32, Shenzhen, China), BP (Omro M2 basic, Omron
Healthcare, Milton Keynes, UK), and HR were monitored prior to the exercise phase
(5 min standing), during exercise (8 min submaximal test), and during the recovery phase
(3 min standing).

2.5. Chronotropic Incompetence Diagnosis

When chronotropic incompetence was suspected, to confirm this diagnosis, patients
underwent a maximal graded exercise test according to Bruce’s treadmill protocol [20].
To diagnose chronotropic incompetence, the inability to reach 80% of the age-estimated
HRmax or HR reserve obtained during a maximal incremental exercise test had to be
evidenced [12]. Ideally, to avoid the possibility of not reaching high HR due to low exercise
capacity, the metabolic chronotropic index (MCI) can be defined by the regression line
between the percentage of reserve HR and the percentage of reserve oxygen consumption.
This shows that exercise limitation is mediated by the impossibility of increasing HR and
not because of a poor exercise capacity [21]. MCI is calculated using the relationship
among age, HR, and exercise capacity for a given stage of the maximal stress test as
follows: HR stage = ((220 — age — HR rest)) x (METs stage — 1)/(METs peak — 1)
+ HR rest). Any single result of MCI for a stage of <0.8 is considered diagnostic of
chronotropic incompetence [12,22].

2.6. Dyspnea, Fatigue, and Exercise Intolerance in Daily Living Activities

Participants were provided with a battery of self-rating questionnaires (the higher the
score, the worst the health status) to evaluate dyspnea, fatigue, and exercise intolerance in
daily living activities: Chalder Scale (Chalder Fatigue Scale, CFS-11) [23], Fatigue Severity
Scale (FSS) [24], DePaul Symptom Questionnaire Short Form (DSQ-14 short form) [25], Post-
COVID-19 Functional Status (PCFS) scale [26], and Modified Medical Research Council
Dyspneal Scale (mMRC) [27].

2.7. Statistical Analysis

Descriptive data analysis included means and standard deviations. Crosstabs and
chi-squared analysis were used to examine the distribution of symptoms between people
with positive and negative chronotropic incompetence diagnoses. Mean differences were
identified by Student’s t-test for independent samples. Calculations were performed using
IBM SPSS v. 20.0 (Armonk, NY, USA: IBM Corp.).
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3. Results

From 62 patients who expressed interest in the study from 1 February to 15 April,
32 complied with inclusion/exclusion criteria and were enrolled in the study (Figure 1).
These thirty-two individuals presented a chronic symptomatic phase lasting >90 days
since debut of symptoms, were not hospitalized, and had no evidence on clinical record
of pneumonia or any other organ failure related to SARS CoV-2 infection. SARS-CoV2
infection was diagnosed using real-time reverse transcriptase polymerase chain reaction
(PCR) tests or antigenic rapid tests. All participants were active before the diagnosis of
COVID-19, and none of them were on medication capable of interfering with HR, such
as beta-blockers.

5 Expressed interest in the study
s (since 01 Feb 2021)
o
£ (n=62)
[}
]
v Ineligible
Telephone screening Unable to attend (n = 8)
> Symptoms < 12 wks._ (n = 4)
(n =52) Hospitalized (n = 6)
l No diagnostic test (n = 1)
o
E Cited to laboratory screening
§ (n=33)
’ I
Laboratory screening Ineligible:
(n=32) Unable to attend (n=1)
—
— |
B Post-COVID-19 syndrome
] patients included (15 Apr 2021)
©
£ (n=32)
—

Figure 1. PRISMA flow diagram of recruitment results.

Baseline characteristics of participants are shown in Table 1. Participants had a mean
age of 45 years and were mostly female (69%). The most commonly reported pre-existing
conditions were psychiatric history, asthma, and hypertension. There were no abnormalities
in terms of heart rhythm, heart rate, PR interval, QRS interval, and QTc (corrected QT
interval), nor were there repolarization abnormalities in the resting ECG.

Four participants (12.5%) reported an abnormal cardiac response to exercise during
the submaximal test, i.e., HRmax < 70% of estimated HRmax with an elevated RPE > 16
(6-20 scale) which aroused suspicion of the presence of chronotropic incompetence. To
confirm this diagnosis, patients underwent a maximal graded exercise test according to
Bruce’s treadmill protocol. Not one of them was able to reach 80% of the age-estimated
HRmax (M % SD = 69.6% =+ 5.0%); therefore, chronotropic incompetence was diagnosed.
Comprehensive clinical examination and resting ECG and echocardiography parameters
were withing normal limits (Table 2). Likewise, no statistical differences were found in
echocardiography variables or in exercise intolerance and fatigue questionnaires between
patients with positive and negative diagnoses (Table 3). The experimental design and main
findings are depicted in Figure 2.
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Table 1. Characteristics, clinical history, and symptomatology of recruited patients with post-COVID-19 syndrome (1 = 32).
Variable Variable
Age (years) 44.7 +10.9 Total mean symptoms (1) 6.81+3.3
Sex (n) Symptom’s length (weeks) 23.1 +13.6
Male 10 (31.3) Symptoms
Female 22 (68.8) Fatigue 26 (81.3)
Body composition Dyspnea 18 (56.3)
Body mass (kg) 723 +14.8 Lack of concentration 18 (56.3)
Height (m) 1.66 &= 0.10 Memory problems or confusion 17 (53.1)
BMI (kg-m~2) 260444 Low mood 17 (53.1)
Fat mass (%) 30.6 £8.3 Brain fog 17 (53.1)
Lean body mass (kg) 499 + 11.6 Insomnia or sleep disturbances 17 (53.1)
Comorbidity (1) Headache 13 (40.6)
Psychiatric conditions 12 (37.5) Myalgia 10 (31.3)
Asthma 5(15.6) Anxiety 10 (31.3)
Hypertension 2 (6.3) Loss of smell/taste 9 (28.1)
Structural heart disease 2(6.3) Hair loss 8 (25.0)
COPD 1(3.1) Chest pain 8 (25.0)
Diabetes 1(3.1) Dizziness 7 (21.9)
Toxic habits (n) Low-grade fever 7 (21.9)
Alcohol 3(9.4) Palpitations 5(15.6)
Active smoker 2 (6.3) Weight loss 5 (15.6)
Former smoker 9 (28.1) Cough 4 (12.5)
Medication (1) Diarrhea 4 (12.5)
Taking medication 25 (78.1) Abdominal pain 3(9.4)
Antidepressants 13 (40.6) Loss appetite 3(9.4)
Benzodiazepines 11 (34.4) Nausea and/or vomiting 2 (6.3)
Bronchodilators 7 (21.9) Evolution
Fluctuating course 19 (59.4)
Progressive improvement 23 (71.9)

Data are means and standard deviations (M = SD) or frequencies and percentages (1 (%)). COPD: chronic obstructive pulmonary disease.

Table 2. Patients with post-COVID-19 syndrome and chronotropic incompetence.

Age,Sex  Main Symptoms Symffv’v“:eg“gth HRV-RMSSD (ms) Hl'iz;‘;“:;elfm) HRmZis(tbpm) CI (% HRmax)
Cephalea, mental
fog, cognitive
52, female impairment, 9 (20) 55.1 173 102 Positive (62.1)
anosmia, ageusia,
dyspnea
Cephalea, anos-
30, male mia/dysgeusia, 7 (17) 75.9 186 121 Positive (71.0)
dyspnea, fatigue
Mental fog, anos-
50, male mia/dysgeusia, 3(18) 82.4 174 126 Positive (72.9)
fatigue
47, male Dyspnea, fatigue 2 (12) 324 177 128 Positive (72.3)

HRV: heart rate variability. RMSSD: root mean square of successive differences, mean values from 1 week records. Estimated HRmax:
estimated maximal heart rate from standardized equations. Test HRmax: maximal heart rate achieved in the Ekblom-Bak test registered by
HR monitor. CI: chronotropic incompetence.
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Table 3. Patients with post-COVID19 syndrome and chronotropic incompetence.

Positive Chronotropic

Variable All Diagnosed Negative Chronotropic Diagnosed Sig. (p)
Echocardiography
LVEF (%) 62.7 £ 3.7 59.7 £ 2.6 63.1 +37 0.070
RV-TAPSE (mm) 229+23 235+27 22.8+23 0.671
LVEDV (cm3/m?) 428+50 421+46 429+51 0.769
E/A (em-s™1) 1.2+£04 12+£04 1.1+04 0.936
Fatigue and exercise intolerance

CFQ-11 Likert 219+£73 20 £13.1 221+67 0.805
CFQ-11 bimodal 77 +£3.0 6.6 £3.5 78+£29 0.612
FSS 53+12 62+13 52+12 0.344
DSQ-14 frequency 304 £ 89 33.6+£72 30.1+£9.1 0.498
DSQ-14 severity 26.14+9.3 32.6 £10.0 254 4+9.1 0.209
DSQ-14 0-100 54.8 £20.2 49.7 £35.8 55.6 £18.0 0.597
PCFS 24+10 1.5£0.7 25+1.0 0.162
mMRC 1.3+ 09 20£1.0 1.3+ 09 0.361

LVEEF: left-ventricular ejection fraction, RV-TAPSE: right-ventricular tricuspid annular plane systolic excursion, LVEDV: left-ventricular
end-diastolic volume, E/ A ratio: early diastolic velocity (E), late diastolic velocity (A). CFQ-11: Chalder Fatigue Scale. FSS: Fatigue Severity
Scale. DSQ-14: The DePaul Symptom Questionnaire. PCFS: Post-COVID-19 Functional Status Scale. mMRC: Modified Medical Research

Council dyspnea scale.
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Figure 2. Infographic showing the experimental design and main findings.

4. Discussion

In this study, we examined a cohort of non-hospitalized patients with post-COVID-19
condition to identify a possible explanation for the exercise intolerance and fatigue, com-
monly referred by this population. The results showed the presence of chronotropic incom-
petence in 12.5% of ambulatory patients as a possible central cause for these symptoms and
not only due to skeletal muscle dysfunction as other have suggested [28]. To our knowledge,
this is one of few studies [11,28,29] exploring functional cardiorespiratory abnormalities in
post-COVID-19 conditions and the first to describe the long-term chronotropic incompe-
tence persistence in a non-hospitalized post-COVID-19 syndrome cohort.

The presence of autonomic dysfunction, understood as increased sympathetic activity
and loss of parasympathetic counter-regulation that characterizes other cardiovascular
diseases and the hyperacute phase of COVID-19 [8,30], may not be an expected long-term
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finding. It is possible that, because of sympathetic overstimulation in the early stages of
the SARS-CoV2 infection, there is a depletion of 3 adrenergic receptors in the heart and,
thus, a loss of tachycardia in response to the demand proposed by exercise, as occurs, for
example, in heart failure or COPD [21]. It could also be the case that the second phase
of HR activation upon exercise, mediated by the sympathetic system, disappears due to
direct or immune-mediated damage to the ANS during the COVID-19. The direct effect
of the difficulty to increase HR, adapting it to the demand of exercise, is the inability to
increase cardiac output. Therefore, peripheral muscle perfusion decreases, determining the
sensation of early fatigue and dyspnea during exercise.

A new contribution of the present study is the use of a submaximal, safe, short,
reproducible, and noninvasive test (Ekblom-Bak protocol) for the identification of patients
with exercise limitations and may assist in the identification of cardiac complications such
as chronotropic incompetence. As a practical application, we found that people achieving
HRmax < 70% of estimated HRmax with an elevated RPE > 16 (6-20 scale) were likely to
get a positive diagnosis. In fact, this finding is clinically relevant in individuals with post-
COVID-19 condition complaining of dyspnea and post-exercise malaise or fatigue, because
basing intensities of exercise on predicted maximal HR could be nefarious. This would
lead to an overestimation of the target heart rate during exercise, whereby the subsequent
inability to achieve it will cause discomfort, as well as a sensation of shortness of breath,
and, in the short term, compromise adherence to the training program. Given that the
Ekblom-Bak protocol is submaximal in nature, we can also conclude that the limitation of
exercise appears not only at high intensity, but also at moderate intensities, which clearly
implies the commitment of the activities of daily life. In addition, the use of adapted
exercise tests as a screening tool in people with post-COVID-19 condition seems important
considering that spirometry may fail in identifying exertional intolerance and dyspnea in
this population [31]. The ongoing RECOVE study [13] can provide information about best
practice for prescribing and monitoring exercise intensity in post-COVID-19 condition and
whether training could normalize the chronotropic response in these subjects.

The persistent clinical manifestations of post-COVID-19 condition are extraordinarily
varied and multisystemic in nature [5]. Fatigue and malaise are the most common symp-
toms along with dyspnea, and all of them can be related to cardiopulmonary disorders and
other underlying conditions which should ideally be excluded to confirm the diagnosis of
post-COVID-19 condition [32,33]. Nonetheless, it should be noted that, since fatigue is a
common manifestation of many diseases and does not have a gold standard to confirm
its diagnosis, the attribution of the symptom may vary across individuals and may be
influenced by other neuropsychological or social disturbances.

HRYV has previously been used in patients with acute COVID-19 as a noninvasive
measure of autonomic function, finding that, after an early increase in parasympathetic
activity, patients with elevations of poor prognostic biomarkers, such as CRP (C-reactive
protein), exhibited a prior loss of HRV [34,35]. This implies that HRV determination may
have prognostic implications. To date, the RECOVE study includes the only known data on
the standardized registry of HRV in patients with post-COVID-19 condition (unpublished
data). In chronotropic incompetent patients, we found high rMSSDs, in the time-domain
measures of HRV, which suggest that, in the persistent phase, parasympathetic activity
predominates, which could explain the insufficient heart rate response during exercise and
impaired wellbeing perception [36]. The effect of anxiety, depression, stress, loss of quality
of life, and deconditioning on these findings is unknown.

It must be noted that the current findings are limited by the reduced sample size, the
lack of a control group, and the absence of previous stress tests. We cannot rule out the
possibility that failure to achieved estimated HR is justified by COVID-19 alone. Nonethe-
less, this study is strengthened by the novelty of the findings and its practical implications
(i-e., the use of the 8 min Ekblom-Bak test to screen for cardiovascular abnormalities)
for clinicians dealing with patients with post-COVID-19 conditions or other conditions
characterized by unexplained fatigue and exercise intolerant symptoms.



J. Clin. Med. 2021, 10, 5434 80f10

5. Conclusions

Chronotropic incompetence and other autonomic disorders may appear in patients
with mild forms of COVID-19 presentation and persist in the long term, being responsible
for exercise intolerance after resolution of the acute infection. Clinicians should be aware
that chronotropic incompetence and other autonomic disorders may be a frequent complica-
tion of COVID-19 and should consider an appropriate diagnostic test, especially when early
exercise-related fatigability is reported. Our research group supports that, in those patients
in whom structural damage caused by SARS-CoV2 infection has been ruled out, a stress
test should be performed to complete the diagnosis. Carrying out an 8 min Ekblom-Bak
test is a simple, accurate, reproducible, non-time-consuming, and low-risk tool, in any
clinical setting, including primary care. The presence of simple criteria (HRmax <70%
of estimated HRmax with an elevated RPE > 16 (6-20 scale)) can indicate the diagnosis
of chronotropic incompetence. Once confirmed by ergospirometry, the decision on the
prescription of physical exercise must be individualized. The direct effects of training on
the reversal of chronotropic incompetence are not well known; thus, new studies in people
with post-COVID-19 condition must be carried out.
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