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Heart Rate Recovery After Six-Minute Walk Test, Pulmonary
Function, Dyspnea, and Functional Status After COVID-19
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Abstract

Introduction: Coronavirus disease 2019 (COVID-19) can cause persistent cardiovascular
alterations, including autonomic dysfunction. Heart rate (HR) recovery (HRR) after exercise
is a simple marker of autonomic modulation associated with functional capacity and clinical

prognosis. Evaluating HRR during the six-minute walk test (6MWT) may help identify
W) Check for updates . . e . . . . ..
residual functional limitations in diverse patients. Objective: To compare pulmonary
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dyspnea, muscle fatigue, and functional status were assessed. Results: Based on HRR 1 min
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after 6MWT, 27 (36%) participants were classified with abnormal HRR and 48 (64%) with
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normal HRR. There were statistical differences between the groups regarding demographic
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conditions of the Creative Commons O clinical characteristics, pulmonary function, MIP, muscle fatigue, or functional status

Attribution (CC BY) license. (p > 0.05). The delayed HRR group exhibited a smaller reduction in HR in first minute of
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recovery (AHR = 6 vs. 23 beats/min), higher baseline HR (p = 0.010), and greater dyspnea
(p = 0.020). Furthermore, this group exhibited worse functional performance in the 6MWT,
with shorter distance walked (437.33 vs. 494.27 m; p = 0.019) and a lower percentage
of predicted distance (74.66 + 12.98% vs. 82.94 £ 15.71%; p = 0.023) compared with the
non-delayed HRR group. Conclusion: Delayed HRR post-COVID-19 was associated with
poorer functional performance and greater dyspnea, regardless of pulmonary function.
The blunted reduction in HRR after exertion suggests impaired cardiovascular autonomic
modulation, possibly related to attenuated vagal reactivation, which may contribute to
exercise intolerance observed in this population.

Keywords: COVID-19; heart rate recovery; autonomic nervous system; 6 min walk test;
dyspnea; functional status; pulmonary function

1. Introduction

Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) begins
with the dissemination of viral particles through the respiratory tract, promoting the
invasion of epithelial cells and triggering intense immune activation. This process induces a
“cytokine storm”, culminating in immune system dysfunction, increased metabolic demand,
and pro-coagulant activity, which contributes to a higher risk for adverse outcomes in
individuals diagnosed with coronavirus disease 2019 (COVID-19)-related cardiovascular
disease [1-3]. Furthermore, systemic inflammation may destabilize atherosclerotic plaques,
and viral infection intensifies cytokine activity and elevates cardiac workload [4].

In addition to these effects, recent evidence suggests that infection with SARS-CoV-2
can cause direct myocardial damage [5], resulting in cardiovascular complications that
increase mortality among those affected [6,7]. Notable alterations include myocardial
injury, myocarditis, acute myocardial infarction, heart failure, arrhythmias, and venous
thromboembolic events [8]. In this scenario, understanding how alterations in heart rate
(HR) reflect autonomic dysfunction or reduced physiological reserve is fundamental to the
evaluation of individuals recovering from COVID-19 [9].

In this context, HR is a sensitive marker reflecting the balance between sympathetic and
parasympathetic autonomic activity modulation [10]. Under physiological conditions, this
balance ensures an adequate chronotropic response to exertion and efficient post-exercise
recovery. When parasympathetic modulation is reduced, abnormal HR recovery occurs,
characterized by a smaller decline in the first minute. The literature indicates that reductions
of <12 beats/min after exercise suggest cardiovascular impairment, reinforcing the utility
of simple autonomic indicators in the early detection of post-infectious dysfunctions [11].

Based on this understanding, HR recovery (HRR) has been applied not only in tra-
ditional cardiopulmonary tests but also in the 6 min walk test (6MWT) because it is an
accessible and widely used method [11-14]. The distance covered in the 6MWT is an estab-
lished prognostic marker in chronic respiratory diseases [15], whereas HR responses to the
test predict the capacity for daily physical activity [16] and mortality [17,18]. Additionally,
delayed HRR is associated with lower functional capacity, poorer quality of life, and slower
recovery of peripheral oxygen saturation (SpO2) [12].

After recovery from COVID-19 (i.e., “post-COVID-19”), studies have shown that
autonomic alterations may persist even after mild or moderate cases. Women evaluated
3 months after SARS-CoV-2 infection exhibited an attenuated HR response during the
6MWT and a delay in HR reduction during the first minutes of recovery, despite walking
distances similar to those of non-infected individuals. These findings reinforce that HRR
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can act as a sensitive functional marker to identify residual limitations not detected using
traditional measures [19].

Therefore, it is expected that post-COVID-19, those who experience abnormal HRR
will exhibit lower levels of physical activity and poorer functional status than those with
preserved recovery. Identifying these alterations requires simple and reproducible methods.
As such, the use of HR monitors associated with the 6MWT constitutes an accessible strat-
egy for clinical assessment. Accordingly, the present study aimed to compare pulmonary
function, maximal inspiratory pressure (MIP), physical activity level, muscle fatigue, func-
tional status, and dyspnea among a group of individuals post-COVID-19 with or without
delayed HRR 1 min after the 6MWT.

2. Materials and Methods
2.1. Study Design

This cross-sectional study included participants presenting with persistent symptoms
approximately 1 month post-COVID-19. The study is reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) [20]
guidelines for cross-sectional studies (Figure 1). The study was conducted at the Pulmonary
Rehabilitation Laboratory of the Evangelical University of Goias (UniEVANGELICA) in
Anépolis, Goids, Brazil.

Elegibles (= 123)

Excluded (n=48)
* 26 Incomplete HR Data

* 18 due to fatigue interruption

A4

* 2 due neuromuscular diseases

* 2 due to the use of orthoses

v
Included in the study (n=75)

v '

Group with delayed Group without delay
heart rate recovery in heart rate recovery
(n=27) (n=48)

.

Analyzed (n=75)

Figure 1. Flowchart of the study according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE).

2.2. Ethics Statements

The present study was approved by the Research Ethics Committee of UniEVANGELICA
under protocol number 4.296.707 on 24 September 2020, and duly registered on the Clin-
icalTrials.gov platform under identifier NCT04982042 (COVID-19 Pulmonary Rehab). All
participants received detailed information about the objectives and procedures of the research
and expressed their agreement with such by signing the consent form. During all stages of
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data collection and evaluation, international biosafety standards were rigorously observed,
ensuring the protection of researchers and volunteers from the risk of exposure to SARS-CoV-2.

2.3. Participant Selection

Volunteer recruitment occurred between May and December 2021, using social media
outreach and informative banners placed in referral hospitals dedicated to COVID-19
treatment. Individuals who spontaneously sought follow-up care in public and private
health services in the city of Andpolis (GO), Brazil, were also included.

2.4. Inclusion and Exclusion Criteria

The study included adults 18 to 75 years of age of both sexes, who presented with
persistent symptoms or sequelae associated with a diagnosis of COVID-19, as confirmed by
serological testing. Inclusion was restricted to clinically stable individuals who provided
formal written consent to participate. Participants were excluded if they were unable
to complete the 6BMWT without interruption or if they required the use of lower limb or-
thoses. Additional exclusion criteria included incomplete clinical data, failure to adequately
perform respiratory maneuvers during spirometry, and clinical decompensation during
execution of the tests.

2.5. Outcomes and Measures

Initially, participants underwent a structured clinical evaluation to collect sociode-
mographic data, pre-existing comorbidities, COVID-19 complications, length of hospital
and intensive care unit stay, and the required ventilatory support, such as oxygen therapy,
non-invasive ventilation (NIV), and/or invasive mechanical ventilation (IMV).

All stages of data collection were performed by previously trained physical therapists
to ensure procedural uniformity and reproducibility of results. The same professionals
conducted evaluations for all participants. Data were recorded on outcome-specific forms,
reviewed for consistency, and subsequently entered into spreadsheet software (Excel,
Microsoft Corporation, Redmond, WA, USA) for analysis and statistical validation. All
6MWTs were supervised by a physical therapist, who also supervised the administration
of dyspnea, functional capacity, and fatigue scales. Spirometry tests were conducted by a
specialized technician and reported by a pulmonologist on the research team.

2.6. Group Allocation

Participants were divided into 2 groups based on HRR at 1 min after the 6 MWT. Those
who exhibited a HR reduction of <12 beats/min were classified with abnormal HRR delay,
while those with a reduction of >12 beats/min were classified with normal (non-delayed)
HRR. The threshold of 12 beats/min used in this study was based on the study by Morita
et al. [16], where it was established as a marker of impaired parasympathetic reactivation
associated with worse functional outcomes in individuals with COPD undergoing the
6-Minute Walk Test (6MWT). The authors demonstrated that late HRR was associated
with reduced exercise capacity, more sedentary physical behaviour, and worse functional
status. Thus, this cutoff value was adopted to classify HRR in the sample of post-COVID-19
patients involved in this study.

2.7. Pulmonary Function—Spirometry

Spirometry was performed using a spirometer (S5x 1000, Koko PFT, Fordham, Long-
mont, CO, USA), adhering to the technical and acceptability criteria recommended by
the American Thoracic Society (ATS), the European Respiratory Society (ERS) [21,22], and
the Guidelines of the Brazilian Society of Pulmonology and Tisiology (SBPT) [23]. All
participants underwent post-bronchodilator testing, performed after inhalation of salbu-
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tamol (400 pg) via spacer (Volumatic, GlaxoSmithKline Ltd., London, UK). The following
variables were analyzed: forced vital capacity (FVC [L and % predicted]); forced expiratory
volume in 1 s (FEV; [L and % predicted]); and the FEV; /FVC ratio. For all analyses, the
highest values obtained for each variable were considered, regardless of the best overall
curve, in accordance with the ATS/ERS acceptability and reproducibility criteria, which
require >3 acceptable, artifact-free, expiratory maneuvers.

2.8. MIP

Inspiratory muscle strength was evaluated using an electronic threshold device (Power-
Breathe Medic KH2; IMT Technologies Ltd., Birmingham, UK), coupled with real-time
feedback software (Breathe-Link Plus Medic version), in accordance with ATS/ERS guide-
lines [24]. To minimize the learning effect, 2 familiarization attempts were performed,
followed by 5 valid and reproducible maneuvers. A variation < 10% between the 2 highest
values was required, with a 1 min interval between repetitions. For analysis, the highest
absolute value of MIP and its percentage of the predicted value were used, calculated from
reference equations for the Brazilian population, adjusted for age, sex, and weight [25].

2.9. Exercise Capacity—6MWT

The 6MWT measures the maximum distance an individual can walk at their usual
pace over a 6 min period [26,27]. In this study, the 6MWT was performed in accordance
with the 2002 ATS guidelines, with continuous monitoring of vital signs and assessment
of perceived exertion (PE). The test was conducted on a 30 m flat, hard-surface track
located at the UniEVANGELICA Polysports Gymnasium [28]. HR was monitored and
recorded at rest and during the test using a commercially available HR monitor (H10 sensor,
Polar Electro, Sao Paulo, Brazil). Peripheral oxygen saturation (SpO2) was continuously
monitored using a digital organic light-emitting diode (i.e., “OLED”) graph pulse oximeter
(G-Tech, Beijing, China). Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured at the beginning and end of the test using a manual sphygmomanometer
and stethoscope. PE was quantified using the modified Borg scale for dyspnea and lower
limb fatigue. Predicted distance percentages were calculated using reference values for
the healthy Brazilian population [29]. Participants who interrupted the test were excluded
from the sample.

2.10. Muscle Fatigue—Fatigue Severity Scale

The Fatigue Severity Scale (FSS) measures the impact of fatigue on physical and func-
tional performance [30-33]. The instrument consists of 9 statements addressing motivation,
physical performance, functionality, and limitations in the activities of daily living (ADLSs),
with each item evaluated using a seven-point Likert scale. Participants responded based on
their condition over the previous 7 days. The final score is the mean of the 9 items, with
scores > 4 indicating clinically significant fatigue [30,34].

2.11. Dyspnea Severity—Medical Research Council Dyspnea Scale

The Medical Research Council (MRC) Dyspnea Scale consists of 5 categories describing
progressive levels of respiratory limitation during ADLs, from no dyspnea to the inability
to perform basic tasks due to shortness of breath [35]. Patients select the item that best
represents their degree of limitation [36,37].

2.12. Functional Status—Post-COVID-19 Functional Status Scale

The Post-COVID-19 Functional Status Scale (PCFS) quantifies the degree of limitation
in ADLs after infection with SARS-CoV-2 [38-41]. The scale ranges from 0 (no functional
limitation) to 4 (severe functional limitation). Grade 5 (death) was excluded from this study.
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Scores are based on patient self-assessment of their health and functional capacity over the
preceding 7 days [41,42].

2.13. Sample Size Calculation

Sample size was calculated using G*Power version 3.1.9.7 based on 1 min HRR data
from the 6BMWT [19]. A one-sample t-test was performed using an effect size (d) of 0.7, a
significance level (o) of 0.05, and statistical power (1 — (3) of 0.80. The calculation indicated
a minimum requirement of 52 participants. Ten additional patients were included to
compensate for potential dropouts.

2.14. Data Analysis

Statistical analyses were performed using SPSS version 21.0 (IBM Corporation, Ar-
monk, NY, USA) for Windows (Microsoft Corporation, Redmond, WA, USA). Differences
with p < 0.05 (i.e., 5%) were considered to be statistically significant. Qualitative variables
are expressed as absolute and relative frequency, and differences were analyzed using the
chi-squared test, Fisher’s exact test, or Fisher-Freeman-Halton test (Monte Carlo method).
Normality was assessed using the Kolmogorov-Smirnov test. Quantitative variables ex-
hibiting a normal distribution are expressed as mean with standard deviation (SD), whereas
non-normal data are expressed as median (minimum [min]-maximum [max]). Compar-
isons between groups (with versus [vs.] without 1 min HRR delay) were performed using
the Student’s t-test or the Mann—-Whitney U test.

3. Results
3.1. Sample Characteristics and Group Allocation

A total of 123 individuals were initially evaluated post-COVID-19. After ap-
plying the eligibility and exclusion criteria, 75 participants comprised the final sam-
ple and, based on 1 min HRR after the 6MWT, 27 (36%) were classified with abnor-
mal HRR delay (reduction < 12 beats/min), and 48 (64%) with normal HRR recovery
(reduction > 12 beats/min).

3.2. HR Analysis

In the delayed HRR group, the median post-6MWT HR was 119 beats/min (min-max,
81-161 beats/min) and the 1 min recovery HR was 113 beats/min (min-max, 81-160),
resulting in a delta (A) HR of 6 beats/min. In contrast, the non-delayed HRR group
exhibited a median post-6MWT HR of 120 beats/min (80-176) and a 1 min recovery HR
of 97 beats/min (61-156), corresponding to a AHR of 23 beats/min, demonstrating a
significantly greater HR reduction during the recovery period.

In the intergroup comparison, there was no significant difference in post-6MWT HR
(p = 0.8214); however, the HR at the first minute of recovery was significantly lower in the
non-delayed HRR group than that in the delayed HRR group (p = 0.0001).

3.3. Demographic and Clinical Data

The mean (+SD) age of the sample (54.7% male) was 47.6 & 13.1 years. The mean body
mass index (BMI) was 30.7 + 6.3 kg/m?, indicating a predominance of overweight or mild
obesity. Among the 60 hospitalized individuals (80% of the sample), all required oxygen
therapy, and 15% progressed to IMV. There were no statistically significant differences
between groups in terms of age, sex, ethnicity, BMI, length of hospital stay, ventilatory
support, or the presence of pre-existing comorbidities (p > 0.05) (Table 1).
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Table 1. Anthropometric, demographic and clinical characteristics.

With Delay in Without Delay

Total RHR (1=27)  in RHR (1 = 48) 4
Anthropometric data
Age 47.6 +13.1 50.3 £ 11.2 46.1 +13.9 0.1832
Height 165.9 +9.7 166.1 £9.3 165.8 £ 10.0 0.8882
Weight 83.8 £17.1 85.7 +17.3 828 +17.1 0.4952
BMI 30.7 £ 6.3 31.0 £5.8 30.5 £+ 6.6 0.7402
Gender
Male 41 16 (39.0) 25 (61.0) 0529
Female 34 11 (32.4) 23 (67.6)
Ethnicity
Caucasian 26 8 (30.8) 18 (69.2) 0.292b
Brown 34 11 (32.4) 23 (67.6)
Afro-descendants 15 8 (53.3) 7 (46.7)
COVID-19
Hospitalisation 60 24 (40.0) 36 (60.0) 0.149b
Ward 60 24 (40.0) 36 (60.0) N/A
ICU 25 8 (32.0) 17 (68.0) 0.285P
Days of
hospitalisation
Ward 5 [0-24] 7 [0-24] 5[0-21] 0.1954
ICU 10 [3-45] 17 [3-22] 10 [3-45] 0.619
Total of days 11 [0-52] 11 [0-32] 10 [3-52] 0.8459
Management
Oxygen therapy 60 24 (40.0) 36 (60.0) N/A
NIV 40 16 (40.0) 24 (60.0) 1.000 P
MV 9 3(33.3) 6 (66.7) 0.729 ¢
Tracheostomy 4 1(25.0) 3 (75.0) 1.000 €

Note: RHR: Recovery heart rate; BMI: Body mass index; ICU: Intensive Care Unit; NIV: Non-invasive ventilation;
MV: Invasive mechanical ventilation; Quantitative data presented as median, minimum, and maximum. Qualita-
tive data presented as absolute and relative frequency. N/A: Not applicable. Statistical tests: (*) Student’s ¢-test;
®) Chi-square test; (°) Fisher’s exact test; G Mann-Whitney test.

The most frequent comorbidities included anxiety (30.7%), systemic arterial hyper-
tension (25.3%), obesity (14.7%), and type 2 diabetes mellitus (10.7%) (Table 2). Regarding
self-reported symptoms, dyspnea (74.1% vs. 54.2%; p = 0.092) and muscle weakness (74.1%
vs. 66.7%; p = 0.511) were the most prevalent manifestations in both groups, followed by
persistent cough (51.9% vs. 39.6%; p = 0.311) and tachycardia (51.9% vs. 35.4%; p = 0.170).
Symptoms such as vertigo (48.1% vs. 27.1%; p = 0.067) and myalgia (48.1% vs. 33.3%;
p = 0.211) also showed higher relative frequencies in the group with delayed HRR. The
most observed post-COVID-19 complications included renal alterations (8%) and hep-
atic steatosis (8%). None of these variables exhibited a significant difference between the
groups with and without delayed HRR. However, a higher relative frequency of metabolic
comorbidities and a consistent trend toward greater symptom frequency were observed
in the delayed HRR group, particularly for cardiorespiratory and autonomic symptomes,
suggesting a possible subclinical association with cardiovascular autonomic dysfunction.

3.4. Pulmonary Function and Clinical Scales

A comparison of pulmonary function, MIP, fatigue, dyspnea, and functional status
among the study participants is presented in Table 3. Mean spirometry parameter values
indicated overall preservation of pulmonary function (FVC=3.7 £ 1.0L; FEV; =29 £ 09 L;
FEV;/FVC = 0.8). Intergroup comparison revealed no statistically significant differences
for any pulmonary function variable (p > 0.05). The mean values for %predicted FEV;
(approximately 87.5%) and %predicted FVC (approximately 90.7%) suggested a mild
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restrictive ventilatory pattern, consistent with the standard profile described in patients
post-COVID-19, although without relevant functional repercussions.

Table 2. Comorbidities, self-reported symptoms and post-coronavirus disease 2019 complications.

With Delay in Without Delay

Total RHR (1=27)  in RHR (1 = 48) P
Comorbidities
SAH 19 6 (31.6) 13 (68.4) 0.6422
DM2 8 2 (25.0) 6 (75.0) 0.703b
Asthma 3 1(33.3) 2 (66.7) 1.000 P
COPD 1 0(0.0) 1 (100.0) 1.000 b
Dyslipidaemia 6 2(33.3) 4 (66.7) 1.000 b
Hypothyroidism 5 0 (0.0) 5 (100.0) 0.153b
Obesity 11 6 (54.5) 5 (45.5) 0.188P
Depression 6 2(33.3) 4(66.7) 1.000 °
Anxiety 23 9(39.1) 14 (60.9) 0.707 2
Hepatic steatosis 6 3(50.0) 3 (50.0) 0.6612
Self-reported symptoms
Persistent cough 33 14 (51.9) 19 (39.6) 0.311P
Anosmia 15 8 (29.6) 7 (14.6) 0.133b
Ageusia 16 8 (29.6) 8 (16.7) 0.193 P
Dyspnea 46 20 (74.1) 26 (54.2) 0.092°
Tachycardia 31 14 (51.9) 17 (35.4) 0.170b
Balance deficit 29 11 (40.7) 18 (37.5) 0.839 ©
Muscle weakness 52 20 (74.1) 32 (66.7) 0.511b
Myalgia 29 13 (48.1) 16 (33.3) 0.211°
Arthralgia 16 6 (22.2) 10 (20.8) 0.890 P
Vertigo 26 13 (48.1) 13 (27.1) 0.067 P
Complications
AMI 3 0(0.0) 3 (100.0) 0.549 b
Stroke 3 2 (66.7) 1(33.3) 0.293b
PTE 2 1 (50.0) 1 (50.0) 1.000 P
Renal dysfunction 6 3(50.0) 3 (50.0) 0.661°

Note: RHR: Recovery heart rate; SAH: Systemic Arterial Hypertension; DM2: Diabetes Mellitus 2; COPD:
Chronic Obstructive Pulmonary Disease; AMI: Acute myocardial infarction; PTE: Pulmonary thromboembolism.
Percentage relative to the line. Quantitative data presented as median, minimum, and maximum. Qualitative
data presented as absolute and relative frequency. Statistical tests: (*) Chi-square test; (°) Fisher’s exact test.

There was no evidence of bronchial obstruction (FEV;/FVC > 0.7 in both groups).
Mean MIP values were 74.3 cmH,O in the delayed HRR group and 85.2 cmH,O in the
non-delayed HRR group, with a 12.7% difference in favor of those with normal recovery,
although this difference did not reach statistical significance.

Dyspnea severity, assessed using the modified MRC (mMRC) scale, differed signifi-
cantly between the groups (p = 0.020). The delayed HRR group exhibited higher scores,
indicating greater limitations in ADL. Muscle fatigue and the degree of functional limitation
did not differ significantly; however, the delayed HRR group exhibited a trend toward
higher median values, reflecting a subjective decline in physical performance.

There was a statistically significant difference in functional performance of the 6SMWT
between the groups (Figure 2). Participants with delayed HRR covered a shorter average
distance and a lower percentage of the predicted distance compared with those with normal
HRR. The group with delayed HRR covered, on average, 437.33 & 100.76 m, corresponding
to 74.66 £ 12.98% of the predicted distance, while the group without delayed HRR covered
an average of 494.27 £ 97.28 m and 82.94 + 15.71% of the predicted distance, with a
statistically significant difference for both the distance covered (p = 0.019; A = 56.94 m) and
percentage of the predicted distance (p = 0.023; A = 8.28%).
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Table 3. Pulmonary function, maximum inspiratory pressure, fatigue, dyspnea, and functional status

according to heart rate recovery.

With Delay in =~ Without Delay

Total HRR (=27)  in HRR (1 = 48) P
CVF (L) 3.7+ 1.0 354+ 1.0 374+ 1.0 0.468
FVC (%pred) 90.7 + 18.5 87.6 + 14.2 92.3 +20.3 0.327 2
FEV; (L) 29409 28409 29409 0.645 2
FEV; (%pred) 87.5 4+ 21.2 85.4 + 16.7 88.6 +23.2 0.564 2
FEV; /FVC(L) 0.8 [0.3-0.9] 0.8 [0.6-0.9] 0.8 [0.3-0.9] 0.832°
FEV,/FVC (%) 100 [38-120] 99 [79-110] 100 [38-120] 0.406 P
MIP (cmH,0) 743 + 31.9 85.2 + 35.8 81.3 +34.6 0.203 2
MIP (%pred) 76.1 + 26.8 87.2 +32.1 83.2 + 30.6 0.1412
FSS 4.4[1.3-7.0] 4.2[1.0-6.9] 4.4[1.0-7.0] 0.276 P
MRC 4[1-5] 2 [1-5] 3[1-5] 0.020
PCFS 3 [0-4] 2 [1-4] 3[0-4] 0.365P

Note: HRR: Heart rate recovery; FVC: Forced vital capacity; L: liters; %pred: Percentage of predicted; FEV:
Forced expiratory volume in the first second; MIP: Maximum inspiratory pressure; cmH,O: centimeters of water;
FSS: Fatigue Severity Scale; MRC: Medical Research Council; PCFS: Post-COVID-19 Functional Status. Statistical
tests: () Student’s t-test; (°) Mann-Whitney test.
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Figure 2. Distance traveled (in meters) and percentage of predicted distance between patients with
and without delayed heart rate recovery. Note: (A) 6MWT: 6-min walk test; HR: heart rate. (B) 6MWT:
6-min walk test; HR: heart rate.

These results indicate that delayed autonomic recovery of HR is associated with lower
functional capacity, as reflected by lower tolerance to physical exertion. This finding may
suggest impaired parasympathetic cardiac autonomic dysfunction and possible impairment
of cardiorespiratory fitness in these individuals.

When analyzing the physiological variables during the 6MWT and at 1 min of
HRR, a distinct behavior was observed between the evaluated groups (Table 4). At
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the start of the test, baseline HR was significantly higher in the delayed HRR group
(97.2 £ 19.0 beats/min) than that in the non-delayed group (86.1 £ 16.5 beats/min;
p = 0.010). This suggests lower baseline autonomic adjustment and potential sympathetic
predominance in individuals with post-COVID-19 autonomic dysfunction. This difference
did not persist at the end of the test, as both groups achieved similar mean HR values
(p = 0.821), indicating physical exertion of comparable intensity.

Table 4. Physiological variables measured in participants with and without delayed heart
rate recovery.

With Delayin ~ Without Delay

Total HRR (7=27)  in HRR (1 = 48) P
6MWT initial
SBP 120[100-150] 120 [100-150] 120 [100-150] 0.453 b
DBP 80 [60-120] 80 [60-110] 80 [60-120] 0.099 b
HR 90.1 + 18.1 97.2 +19.0 86.1 +16.5 0.0102
SpO2 96 [89-99] 96 [93-99] 96 [89-99] 0.525b
Bor
dyspngea 0 [0-8] 0 [0-7] 0 [0-8] 0.580
Borg fatigue 0 [0-8] 3[0-7] 0 [0-8] 0.166 °
6MWT final
SBP 120 [100-160] 130 [110-150] 120 [100-160] 0.616°
DBP 80 [60-130] 80 [60-110] 80 [60-130] 0320
HR 120.3 + 19.1 120.9 £ 20.7 119.9 + 183 0.8212
SpO2 94 [85-98] 94 [86-97] 94 [85-98] 0532
Bor
dyspngea 3[0-9] 3[0-7] 3[0-9] 0.744 b

Note: HRR: Heart rate recovery; 6MWT: 6 min walk test; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; SpO2: Peripheral oxygen saturation. Statistical tests: (%) Student’s t-test; (°) Mann-Whitney test.

Other hemodynamic and respiratory variables, including SBP, DBP, SpO2, and Borg
scores for dyspnea and fatigue, showed no statistically significant differences (p > 0.05) and
remained stable at the initial, final, and 1 min recovery time points.

These findings suggest that the primary contrast between the groups lies in the initial
chronotropic response and autonomic HRR, rather than in hemodynamic or ventilatory
alterations. This reinforces the hypothesis of cardiac autonomic dysfunction in individuals
with COVID-19 who present with delayed HRR.

4. Discussion

Results of the present study indicate that 36% of the individuals evaluated exhibited
delayed HRR (<12 beats/min), representing a subgroup associated with worse functional
performance in the post-COVID-19 period. Despite the absence of differences in clinical
characteristics, infection severity, or pulmonary function, participants with delayed HRR
demonstrated shorter 6BMWT distances, greater dyspnea, higher baseline HR, and a smaller
reduction in HR during the first minute of recovery. These findings suggest impaired
vagal reactivation with possible sympathetic predominance, which may reflect residual
cardiovascular autonomic dysfunction associated with reduced functional capacity in
post-COVID-19 individuals.

It is important to emphasize that HRR represents an indirect, non-invasive marker of
autonomic function, reflecting the balance between sympathetic withdrawal and parasym-
pathetic reactivation after exercise [11,13]. Although widely used in clinical and research
settings, HRR does not provide a direct measurement of autonomic nervous system activity
and should therefore be interpreted as a surrogate indicator of cardiovascular autonomic
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modulation [12,16]. This consideration is particularly relevant in post-COVID-19 popula-
tions, in which altered HRR has been associated with impaired functional responses and
possible autonomic imbalance [19].

In the study conducted by Carrijo et al. [43], a high incidence of post-traumatic stress,
anxiety, and depression was observed in post-COVID-19 patients. According to the authors,
early psychotherapeutic interventions are crucial to combat psychiatric manifestations in
these patients, aiming to improve functional capacity and quality of life, consequently
reducing the chances of developing neurocognitive deficits that will compromise the auto-
nomic system. Thus, it is essential to develop strategies to address autonomic, cognitive,
and behavioural changes due to isolation, treatment in a hospital environment, and/or in
the ICU. Factors that increase the fear of death and generate negative beliefs that compro-
mise the quality of life after discharge from the hospitalisation period [43].

Similarly, Campos et al. [44] reported that approximately 20% of patients with post-
acute COVID-19 syndrome exhibited chronotropic incompetence during cardiopulmonary
exercise testing. This condition was associated with lower predicted maximal oxygen
consumption (i.e., “VO,max”) and a higher probability of sedentary behavior, suggesting
that inadequate HR responses to exertion contribute to reduced aerobic capacity post-
COVID-19. Oliveira et al. [45] corroborated these findings, demonstrating a progressive
decline in functional capacity and poorer quality of life according to COVID-19 severity,
independent of preserved lung function.

Amput et al. [46] demonstrated that post-COVID-19 patients with <6 months of
recovery show worse performance in the 6MWT (503 m vs. 541 m in healthy controls and
vs. 542 m in patients >6 months), greater muscle fatigue, and an exacerbated cardiovascular
response to effort. However, in another study by the same group, Amput et al. [47] observed
that mild hypertensive patients post-COVID-19 normalised post-effort heart rate, distance
in the 6BMWT, and quality of life within 3 months, contrasting with the 36% attenuated vagal
recovery in the present study. This suggests that the persistence of autonomic dysfunction
depends not only on the time elapsed since the infection and hypertension, present in
25.3% of the sample in this present study, but also on the severity of the infection and other
comorbidities, highlighting the heterogeneity of post-COVID-19 recovery.

Longobardi et al. [48] reported that an elevated HR relative to metabolic demand may
restrict oxygen delivery to tissues, which may partially explain the smaller HR variations
and poorer functional performance. This reinforces the role of autonomic dysfunction as
a central mechanism of exercise intolerance in patients post-COVID-19. Singh et al. [49]
also observed that individuals in the post-COVID-19 period may present with persistent
autonomic dysfunction characterized by reduced parasympathetic activity and sympathetic
predominance, manifested by delayed HRR and inadequate cardiovascular responses
to exercise.

Traditionally, the evaluation of 1 min HRR is performed through maximal tests on a
treadmill or cycle ergometer [11,13,50]. However, in accordance with the methodologies
described by Shiroishi et al. [12] and Morita et al. [16], this study used the 6MWT, demon-
strating that submaximal field tests constitute a simple, safe, and effective alternative for
identifying autonomic variations, especially in clinical populations. In clinical rehabilitation
settings, HRR assessment may be complemented by additional tools that provide a more
comprehensive evaluation of functional and autonomic status. Cardiopulmonary exercise
testing (CPET) remains the gold standard for assessing aerobic capacity and chronotropic re-
sponse, allowing detailed analysis of oxygen uptake kinetics and ventilatory efficiency [49].

Furthermore, heart rate variability (HRV) analysis offers a more direct assessment of
autonomic nervous system modulation, particularly under resting conditions. Functional
field tests, such as the sit-to-stand test and the incremental shuttle walk test, may also
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provide complementary information on exercise tolerance and physical performance, as
recommended by international guidelines [15,37]. In addition, patient-reported outcome
measures—including fatigue scales, dyspnea indices, and functional status questionnaires—
are essential to capture the multidimensional impact of post-COVID-19 syndrome and may
enhance the interpretation of HRR findings in clinical practice [16,19,51].

From a clinical perspective, HRR may represent a practical and accessible tool to
support rehabilitation strategies in post-COVID-19 individuals. Impaired HRR may help
identify patients with reduced autonomic adaptability and lower exercise tolerance, who
may benefit from individualized rehabilitation programs. In addition, HRR can be used to
assist in exercise intensity prescription, as attenuated post-exercise recovery may reflect an
inadequate physiological response to exertion, suggesting the need for gradual progression
and closer monitoring. Furthermore, serial assessment of HRR over time may provide a
simple method to monitor rehabilitation progress and cardiovascular adaptation to training.
This approach is particularly relevant in post-COVID-19 populations, in which persistent
autonomic dysfunction and exercise intolerance have been reported [19,49,51].

In the present study, the analysis of post-exercise HR behavior revealed marked
differences between the groups in both the immediate post-exercise response and after
1 min of recovery (p < 0.001). Previous studies using this approach have also observed that
individuals with delayed HRR cover shorter distances in the 6MWT, particularly those
with impaired autonomic recovery [16,19]. This reinforces that the distance walked, even
in submaximal tests, is sensitive to the presence of autonomic dysfunction.

Regarding dyspnea, a trend toward higher mMRC scores was observed among those
with delayed HRR, suggesting a more intense perception of ventilatory limitation during
ADL; although, the difference did not reach statistical significance (p = 0.08). Additional
studies have indicated that individuals with persistent dyspnea present lower peak VO,
shorter 6MWT distances, and poorer quality of life, even with normal resting cardiopul-
monary parameters. This suggests that mechanisms, such as ventilatory inefficiency,
ventilation—perfusion mismatch, or exertional hyperventilation patterns, may contribute to
exercise intolerance [52,53].

Collectively, these previous findings corroborate those of the present study, in which
no statistically significant differences in pulmonary function were observed between groups.
However, the mildly reduced predicted values of FVC and FEV1 observed in the overall
sample suggest the presence of subtle ventilatory impairment in post-COVID-19 indi-
viduals. Therefore, these findings should be interpreted with caution, as the absence of
intergroup differences does not necessarily indicate normal pulmonary function, but rather
a similar functional profile between groups [54].

Regarding physiological variables, our results are consistent with those reported by
Morita et al. [16] given that no significant differences were found in peripheral SpO2,
respiratory rate, blood pressure, or other hemodynamic markers between the groups.
Similarly, Baranauskas and Carter [19] reported no significant hemodynamic changes in
women evaluated after the acute phase of COVID-19.

MIP measurements did not differ significantly between the groups (p > 0.05). Nev-
ertheless, a trend toward lower performance was observed in the delayed HRR group
(74.3 cmH,0 [76.1% predicted]) compared with the non-delayed group (85.2 cmH,O
[87.2% predicted]), suggesting a possible reduction in inspiratory muscle reserve. Al-
though not statistically significant, these values align with the greater functional limitation
observed in the group with attenuated vagal recovery.

Quantitative analyses of muscle fatigue (FSS), dyspnea (nMRC), and functional limita-
tion (PCFS) reinforce the trend in poorer functional status among individuals with delayed
HRR. These findings are consistent with previous studies demonstrating associations be-
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tween reduced HR variability, poorer functional status, and lower quality of life in patients
with chronic respiratory diseases [16,55]. Furthermore, Serviente et al. [55] highlighted that
persistent physical sequelae after SARS-CoV-2 infection involve not only the cardiorespi-
ratory system but also peripheral muscle alterations and impaired integration between
cardiovascular and muscular responses.

Given these alterations, there is a clear need for rehabilitation strategies focused on
autonomic modulation and exercise tolerance in individuals post-COVID-19. The results
of supervised pulmonary rehabilitation interventions have shown that an individualized
eight-week program significantly improves resting HR and HRR, while increasing 6MWT
distance in survivors of severe COVID-19, evidencing favorable cardiovascular adaptations
to physical training [56].

Interpretation of these findings should be approached with caution. The cross-sectional
design precludes the establishment of causal relationships between delayed heart rate
recovery and functional impairment. Despite the small number of patients involved in
this study, the sample exceeded what was proposed by the sample size calculation, which
allows for the extrapolation of the results to other future studies.

Another limitation is the absence of a comprehensive assessment of cardiovascular
function using gold-standard methods, which restricts a more detailed understanding of the
underlying autonomic mechanisms. Furthermore, information regarding pre-COVID-19
physical activity levels was not systematically collected. In addition, more direct mea-
sures of autonomic function, such as heart rate variability and assessment of chronotropic
incompetence, were not included, limiting a more comprehensive interpretation of the
mechanisms underlying impaired HRR. These factors may have influenced functional
performance and heart rate recovery, representing potential confounding variables in the
interpretation of autonomic dysfunction.

Another limitation of this study is the absence of a control group composed of healthy
individuals without prior COVID-19. The inclusion of such a group would allow for a
more robust comparison and a clearer understanding of the extent to which the observed
findings are specifically related to post-COVID-19 conditions. Nevertheless, the internal
comparison between individuals with and without delayed HRR provides relevant insights
into functional differences within this population. Additionally, the cutoff value used
to define delayed HRR (<12 beats/min) was derived from previous studies in other
clinical populations, particularly those with cardiopulmonary diseases, and has not been
specifically validated for post-COVID-19 individuals or for the 6MWT, requiring cautious
interpretation. Finally, the analysis was limited to HRR at 1 min after the 6MWT. Although
this time point is widely used and reflects early parasympathetic reactivation, additional
recovery time points (e.g., 2 min HRR) may provide further insights into autonomic
regulation. Future studies should incorporate longitudinal designs, matched control groups,
detailed symptom profiling, and comprehensive cardiovascular assessments to further
elucidate these relationships.

5. Conclusions

Results of the present study indicate that delayed heart rate recovery after the 6MWT
is associated with poorer functional performance and greater dyspnea in post-COVID-19
individuals, regardless of pulmonary function. These results suggest that attenuated HRR
may reflect impaired cardiovascular autonomic modulation, potentially contributing to
exercise intolerance in this population. From a clinical perspective, HRR appears to be a
simple, non-invasive, and accessible tool that may support functional assessment and guide
rehabilitation strategies, including exercise prescription and monitoring of patient progress.
In this context, the integration of HRR assessment into clinical practice may help identify
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individuals who could benefit from targeted rehabilitation interventions. However, given
the cross-sectional nature of this study, causal relationships cannot be established. Therefore,
future longitudinal studies are warranted to better understand the temporal dynamics of
HRR and its relationship with functional recovery in post-COVID-19 populations.
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