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Abstract

The aim of this study was to determine the effectiveness of physical exercise, respiratory muscle training, and the self-manage-
ment World Health Organization (WHO) recommendations leaflet on the recovery of physical fithess, quality of life, and symptom
status in people with post-COVID-19 conditions. Eighty nonhospitalized adults with a post-COVID-19 condition were randomly
assigned to one of four 8-wk parallel intervention groups: 7) multicomponent exercise program based on concurrent training (CT,
number of subjects (n) = 20; 3 resistance and endurance supervised sessions per week at low-moderate intensity); 2) inspiratory
muscle training (RM, n = 17; 2 standardized daily sessions); 3) a combination of both of the above (CTRM, n = 23); and 4) control
group (CON, n = 20; following the WHO guidelines for post-COVID-19-related illness rehabilitation). No significant differences
between groups were detected at baseline. Although no significant differences between interventions were detected in the
VOomax Significant individual improvements were identified in the CT (7.5%; effect size, ES = 0.28) and CTRM (7.8%; ES = 0.36)
groups. Lower body muscle strength significantly improved in the CT and CTRM (14.5%—32.6%; ES = 0.27-1.13) groups compared
with RM and CON (—0.3% to 11.3%; ES = 0.10-0.19). The CT and CTRM groups improved significantly for dyspnea and fatigue, as
did the health status. In addition, significant differences between interventions were described in fatigue and depression scales
favoring CT and CTRM interventions. An individualized and supervised concurrent training with or without inspiratory muscle
training was safe and more effective than self-care recommendations and inspiratory muscle training alone, to regain cardiovas-
cular and muscular fitness, improve symptom severity, and health status in outpatients with post-COVID-19 conditions.

NEW & NOTEWORTHY Eight weeks of concurrent training, with or without inspiratory muscle exercise, was better than WHO
“Support for Rehabilitation: Self-Management after COVID-19-Related lliness” recommendations or inspiratory muscle training
alone to improve cardiopulmonary fitness, strength, and symptom severity, in a safe and effective manner. The RECOVE trial
proved the benefits and utility of a supervised exercise program in people with post-COVID-19 conditions after mild COVID-19 in
an ambulatory setting.

fatigue; long COVID; physical activity; post-COVID-19 syndrome; quality of life

INTRODUCTION

According to the World Health Organization (WHO) con-
sensus definition, a post-COVID-19 condition “occurs in indi-
viduals with a history of probable or confirmed SARS-CoV-2
infection, usually 3 mo from the onset of COVID-19, with
symptoms that last for at least 2 mo and which cannot be
explained by an alternative diagnosis” (1). These post-
COVID-19 conditions have also been commonly referred to
as long COVID or post-COVID-19 syndrome. This affects

Correspondence: J. G. Pallarés (jgpallares@um.es).

Submitted 19 August 2022 / Revised 5 December 2022 / Accepted 6 December 2022

http://www jap.org

patients who have had an acute SARS-CoV-2 infection, both
severe and mild, characterized by a varied set of symptoms
such as fatigue, postexertional malaise, shortness of breath
(dyspnea), cognitive impairment, headache, and musculo-
skeletal pain, among others (2) and which more importantly,
have a generally negative impact on everyday functioning
(3). The erratic nature of symptoms, fluctuating in intensity
and relapsing over time, and their long-term persistence, has
led many of these patients to a deterioration in their quality
of life (4). Although it is difficult to estimate the prevalence
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of persistent symptoms in people who have not required hos-
pitalization, it is estimated to be between 3% and 12% (5, 6).

Except for vaccination, which appears to have a protective
effect (7, 8), no pharmacological therapy is being used out-
side of clinical trials (9). In fact, guidelines on clinical man-
agement of nonhospitalized patients with post-COVID-19
conditions are usually limited to providing information, self-
management leaflets, peer support, and other symptom
management strategies (10). One example of this type of rec-
ommendation is the brochure produced by the WHO on
“Support for Rehabilitation: Self-Management after COVID-
19-Related Illness” that continues to be a reference in the
outpatient setting (10, 11). Nonetheless, due to the complex
nature of this syndrome, a rehabilitative intervention that
includes a multidimensional program is required (12) and,
exercise could be an important element in post-COVID-19
rehabilitation (12, 13). However, no specific training has been
recommended, and further research to determine the effec-
tiveness of exercise interventions for this population is
needed.

We proposed that the training principles of other cardiome-
tabolic, rheumatological, or respiratory diseases (14-16), based
on concurrent training (CT) and respiratory muscle training
(MR), could be adapted to post-COVID-19 conditions. These
chronic noncommunicable diseases are characterized by
chronic persistent low-grade inflammation and endothelial
damage, as has been described in long COVID (17). Exercise, in
addition to regaining physical function, could relieve symp-
tom burden, improve health-related quality of life and,
through its anti-inflammatory properties and its enhancing
effect on the immune system, improve patients after COVID-
19 infection (18, 19). Therefore, a tailored, supervised concur-
rent training program, could offer a nonpharmacological alter-
native to improve post-COVID-19 conditions.

The RECOVE trial (REhabilitation for post-COVID-19 con-
dition through a supervised Exercise intervention) evaluated
nonhospitalized people with post-COVID-19 conditions, to
identify the role of an exercise program, based on multicom-
ponent exercise training and/or inspiratory muscle training,
compared with the WHO self-management recommenda-
tions leaflet commonly used in outpatient scenarios, on the
recovery of persistent symptoms and functional limitations
after COVID-19. We hypothesized that the supervised exer-
cise programs would be better in improving physical and
mental status after 8 wk of physical training compared with
the conventional recommendations.

METHODS

Study Population

This study was registered at ClinicalTrials.gov (NCT0471
8506), approved by an ethical review board by Murcia
University Ethics Committee (Reference No. 3447/2021), and
reported according to the CONSORT (Consolidated Standards
of Reporting Trials) statement. Written informed consent
was obtained from all study participants.

Participants were recruited through advertisements on
social media or via general practitioners. Inclusion criteria
were subjects aged over 18 yr who had a confirmed micro-
biological diagnosis of COVID-19 by SARS-CoV-2 reverse

transcription-polymerase chain reaction on an oropharyn-
geal-nasopharyngeal swab or a positive rapid antigen test,
who presented a chronic symptomatic phase, lasting >12
wk from the onset of symptoms, and had not been hospi-
talized because of the acute COVID-19 infection. Those
with evidence of COVID-19 pneumonia needed a Brixia
score < 5 (20) and to show total recovery of pulmonary
function and radiological follow-up. None must have
received specific SARS-CoV-2 treatment. We excluded
pregnant women and those who had acute or unstable
chronic diseases such as unstable myocardiopathy, ische-
mic heart disease, uncontrolled hypertension, asthma, or
chronic obstructive pulmonary disease (COPD), and those
who had major surgery in the past 3 mo.

Study Design

The RECOVE trial is an 8-wk, four-arm, parallel experimen-
tal design. After baseline measurements, a VO,max-stratified
computer-generated randomization sequence, with 1:1:1:1
allocation to either one of the 8-wk programs, was created.

Participants were assigned to a supervised concurrent
training program [with inspiratory muscle training (CTRM) or
without it (CT)], to an autonomous inspiratory muscle train-
ing program (RM), or to the control group (CON), informed to
follow the WHO guideline: “Support for Rehabilitation: Self-
Management after COVID-19-Related Illness” (11).

Interventions

Concurrent training.

Participants from the CT and CTRM groups completed a tai-
lored multicomponent exercise program adapted from the
ACSM (American College of Sports Medicine) guidelines for
chronic obstructive pulmonary disease and cardiovascular
disease (21). Familiarization sessions were run during the
first week of the concurrent training program. They com-
pleted a three-days-a-week concurrent training routine: two
days of resistance training [50% 1RM (one-repetition maxi-
mum), 3 sets, 8 repetitions, 4 exercises (squat, bench press,
deadlift, and bench pull)] followed by moderate intensity
variable training [MIVT: 4-6 x 3-5 min at 70%-80% heart
rate reserve (HRR)/2-3 min at 55%-65% HRR], and one day
of a monitored autonomous light intensity continuous train-
ing (LICT: 30-60 min, 65%-70% HRR). A weekly linear pro-
gramming model (volume was varied in session or set of
sessions) was conducted for endurance sessions.

In addition to monitoring heart rate (HR) and individual-
izing strength training loads by movement velocity control
in each session (22), the subjective rate of perceived exertion
(RPE) was continuously assessed with a visual scale in all
sessions (RPE, according to the Borg scale: 6-20). A target
score between 11 and 12 in LICT and strength training and
without exceeding a score of 16 in MIVT was used. This RPE
monitoring (23, 24) allowed us to control the exertion inten-
sity of patients with difficulties in reaching the estimated
heart rate due to severe dyspnea, serious fatigue, or chrono-
tropic incompetency (25).

All sessions were directed by certified strength and condi-
tioning coaches and conducted under medical supervision.
Attendance > 85% (at least 20 of the 24 scheduled sessions)
was mandatory to continue in the study.

96 J Appl Physiol « doi:10.1152/japplphysiol.00489.2022 - www.jap.org
Downloaded from journals.physiol ogy.org/journal/jappl (081.135.044.012) on February 27, 2023.


http://ClinicalTrials.gov
http://www.jap.org

()) EXERCISE IN THE RECOVERY OF POST-COVID-19 CONDITIONS

Inspiratory muscle training.

Participants in CTRM and RM groups performed an inspira-
tory muscle training protocol with PowerBreath Classic
Heath Series mechanic threshold devices. All subjects per-
formed 1 set of 30 repetitions [62.5 * 4.6% of the PIM (maxi-
mum inspiratory pressure)], preceded by a warm-up set,
twice a day, every day of the week (26, 27).

Participants were trained by the medical team on the
setup and use of the resistance device in a familiarization
session before the first session. They were instructed that
the resistance should be increased every two weeks by
turning the load adjustment clockwise % to 1 full turn,
pending on tolerance to maintain a 12-15 RPE on Borg
scale 6-20. They were also provided with written instruc-
tions on the technical characteristics of the device, possible
adverse events, and the manufacturer’s recommendations.

Adherence was controlled through online forms that
each participant had to fill out weekly. A minimum of 10
weekly sessions was considered necessary to form part of
the study.

Nonsupervised self-management recommendations.
Participants from the control group (CON) were advised to
follow the WHO guidelines: “Support for Rehabilitation: Self-
Management after COVID-19-Related Illness” (11), as a home-
based program. They were informed about the recommenda-
tions and the leaflet was sent by email. As in real-life prac-
tice, indications were not directly supervised nor adherence
monitored ensuring that spontaneous compliance to treat-
ment was not modified.

The WHO exercise recommendations included a gradu-
ally increasing activity program using five stages con-
trolled by the Borg scale of perceived exertion (RPE: 0-10):
1) Phase 1: Preparing to return to exercise (RPE: 0-1): con-
trolled breathing exercises, light walk and stretching, and
balance exercises, 2) Phase 2: Low-intensity activity (RPE:
2-3): walking, light housework/yard work for 15 min a day,
for 1 wk, 3) Phase 3: Moderate-intensity activity (RPE: 4-5):
brisk walking, going up and down stairs, jogging for up to
30 min, and introducing resistance exercises (biceps curls,
wall pushes, arm raises, sit to stand, knee straightening,
squats, and heel raises) for 15 min. Participants were
required to continue in this phase for at least one week, 4)
Phase 4: Moderate-intensity exercises with coordination
and running skills (RPE: 5-7), running, cycling, swimming,
and dance classes. If RPE score for any of these exercises
was more than 7, the participant should return to the pre-
vious phase, and 5) Phase 5: Return to baseline exercise
(RPE: 8-10): Participant was able to complete their usual
pre-COVID-19 exercise/sports/activity regimen until the
8th wk of follow-up.

Measurements

Baseline characteristics and anthropometric measures.
Detailed baseline data including demographics, past medi-
cal history, medications, toxic habits, vital signs, and
physical examination were obtained by an infectious dis-
ease’s consultant in a face-to-face preparticipatory inter-
view. Spirometry, screening ECG (electrocardiogram), and
echocardiography were evaluated before cicloergometer
effort test by a cardiology team before randomization. Any

cardiac SARS-CoV-2 infection long-term complication or
unnoticed cardiac comorbidity were excluded.

Body composition (height, body mass, % of fat mass, and
lean body mass) and body mass index (BMI) were measured
by a multifrequency segmental body bioelectrical imped-
ance analyzer (Tanita MC-780U, Tokyo, Japan).

Main outcomes.

Cardiorespiratory fitness. Participants completed a
submaximal multistage and individualized cardiopulmo-
nary exercise test on a cycle ergometer (Ergoline, Ergoselect
200) according to the ERblom-Bak protocol (28). The test is suita-
ble in situations when a maximal test is not feasible, for exam-
ple, in health evaluations. Mean heart rate during the last
minute at the higher work rate was recorded. Outcome of exer-
cise test was the estimated VO . (mL/kg/min). The sex-based
equations to calculate Vo,,.¢ have a strong correlation between
the estimated and the actual value, with an 7* = 0.86 for men
and 7 = 0.83 for women, with a coefficient of variation (CV)
8.7% and Standard Error of the Estimate (SEE) 0.28 L-min ! (29).

Muscle strength. The individual load-velocity relation-
ships in the bench press (BP) and half squat (HSQ) exercises
were determined by means of a progressive loading test up
to the 1RM (30, 31). Following a standardized warm-up, the
initial load was set at 5 kg and was gradually increased in 5
kg increments until the attained mean propulsive velocity
(MPV) was <0.60 m-s~! for HSQ and <0.80 m-s~* for BP. The
heaviest load that each participant could properly lift using a
full range of motion and without external help, was consid-
ered his 1RM. All lifts during testing and training were con-
ducted using a Smith machine (Multipower Fitness Line,
Peroga, Murcia, Spain) with no counterweight mechanism.
Repetitions evaluated during testing and training sessions
were recorded by using a linear velocity transducer with a
sampling frequency of 1,000 Hz (T-Force System, Ergotech,
Murcia, Spain). A very high test-retest reliability of this test-
ing protocol (intraclass correlation coefficients, ICC = 0.99,
95% CI = 0.99-1.00; Coefficient of Variation, CV = 2.5%) has
been recently described (32). Outcomes from the following
neuromuscular parameters were considered for the analysis:
1RM strength and average MPV attained against common
absolute loads to PRE and POST assessments (MPV ar1).

Maximal isometric hand grip strength was determined on
the dominant hand using a digital dynamometer (TKK5101,
Grip-D, Takey, Tokyo, Japan). The average result of two repe-
titions was recorded (kp). The assessment was conducted
with the subject standing, shoulders neutrally rotated and
adducted, and forearm in neutral.

Secondary outcomes.

Severity of symptoms. Patient-reported outcomes meas-
ures (PROM) included health-related quality of life by the 12-
item Short Form Survey (SF-12), calculating the mental com-
ponent (MH) and physical activity (PA) domain scores (33).
Anxiety and depression symptoms were calculated using the
General Anxiety Disorder Questionnaire-7 (GAD-7) (34) and
the Patient Health Questionnaire-9 (PHQ-9) (35). A cut-off
score for moderate-severe depression and anxiety > 10
points was considered for secondary analyses. Perception of
dyspnea was estimated using the Modified Medical Research
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Council Dyspnea Scale (mMRC) (36). A cut-off score for
severe breathlessness > 2 was considered for secondary anal-
yses. Fatigue intensity was determined using the average
score on Fatigue Severity Scale (FSS) (37) and Chalder
Fatigue Scale (CFS) using the Linkert scoring system (38).
Scores of >4 in FSS and >18 in CFS indicate severe fatigue.
Functional limitations after COVID-19 were calculated using
the Post-COVID-19 Functional Status (PCFS) scale (39).

Statistical Analysis

Standard statistical methods were used for the calculation
of mean, standard deviation (SD), median, interquartile range
(IQR), and standard error of the means (SEM). Assumption of
normality was verified using the Shapiro-Wilk test and the
homogeneity of variance across groups (CT, RM, CTRM, and
CON) using the Levene’s test. A 2 (group) x 2 (time: pre vs.
post) factorial analysis of variance with Bonferroni adjust-
ment was used to analyze the differences between groups.
One-way ANOVA was also run to compare the percentage of
change scores (A%) between pre versus post time points in the
main outcomes. McNemar’s test was applied to identify dif-
ferences in categorical PROMs. Effect size (ES) was estimated
by Cohen’s d for factorial analyses (0.3 small, 0.5 moderate,
and 0.7 large) and Cohen’s g for McNemar’s analyses (0.05
small, 0.15 medium, and 0.25 large). Statistical significance
was established at the P < 0.05 level. Analyses were per-
formed using SPSS software version 25.0 (IBM Corp., Armonk,
NY) and the rcompanion and Cohen G packages for RStudio
(v.2021.09.1). Determination of efficacy was based on the per-
protocol (PP) population, which consisted of all participants
who were randomized and completed the assigned programs.

RESULTS

Eighty patients were included in the per-protocol analysis,
per group: CT (n = 21), CTMR (n = 25), RM (n = 17), and CON
(n = 20). Three patients dropped out of the study for reasons
unrelated to symptom worsening: one due to moderate SARS-
CoV-2 reinfection (CTRM group), one due to instability of psy-
chiatric pathology and adherence problems (CTRM group),
and one due to lack of commitment to the program (CT). No
adverse event occurred during the training sessions. The mean
number of supervised training sessions performed by partici-
pants in the concurrent training groups was 88.0% (CT = 87.3%
and CTRM = 88.7%, with no differences between groups).
Furthermore, 100% of patients in the RM group reported fol-
low-up information. The median number of declared session
compliance to RM training was 12 of 14 per week.

Baseline Characteristics

The main basic characteristics of the sample as well as the
evolution of symptom characteristics are shown in Table 1.
All patients except one (Arab) were Caucasian. There were
no significant differences between groups in any of the base-
line characteristics, nor for any of the symptoms referred
(P = 0.270-0.983). As the patients were stratified by main
outcome (estimated VO,m4x), there were no significant differ-
ences between groups (P = 0.372).

After 8 wk of follow-up, the total number of symptoms
decreased significantly in the full sample, as did the

percentage of patients who considered their symptoms to be
moderate or severe (P < 0.001). The symptoms decreased on
average: —3 for CT and CTMR and -1 for RM and CON
groups. The percentage of change of each participant accord-
ing to intervention group is shown in Fig. 1. The concurrent
training groups (CT and CTRM) had a significant reduction
in symptoms with respect to the RM and CON groups (P <
0.05). Dyspnea, fatigue, and anxiety have also significantly
improved in favor of CT and CTRM groups (A —50 to 13%,
P < 0.05). No differences in any other symptom prevalence,
including headache, brain fog, or neurocognitive manifesta-
tions, were found between interventions (Table 1).

Main Outcomes

Following the 8 wk-intervention period, no significant differ-
ences between groups were detected in the estimated VO,max
(P > 0.05), even though significant individual improvements
were identified in the CT (A 7.5%; P < 0.05) and CTRM (A 7.8%;
P < 0.05) groups (Fig. 2A).

Lower body maximal and submaximal strength (squat
1IRM and MPV,;;) significantly improved for both groups
who accomplished the multicomponent exercise training
(A 14.5-32.6%; P < 0.05), whereas no changes were
detected for RM or CON groups (A —0.3 to 11.3%; P > 0.05;
Fig. 2, C and D). In addition, significant interaction was
found for upper body submaximal strength (Bench Press
MPV 1) (P < 0.05) for CT and CTRM groups, whereas sig-
nificant pre-post improvements were detected in maximal
(IRM) and submaximal strength (MPV 1) for BP following
these interventions (A 7.8-39.5%; P < 0.05), without rele-
vant changes in the MR and CON groups (A —1.4 to 3.8%;
P > 0.05; Fig. 2, E and F). No inter- or intragroup interac-
tions were found for the dominant hand grip strength (P >
0.05) (Fig. 2B).

The individual changes experienced in each group for the
main outcomes are also represented in Fig. 2. In the concur-
rent training groups, the percentage of responders who
increased the estimated VO,max Was between 30% and 40%,
and over 80% in strength outcomes (IRM and MPV,iy),
reaching 95% in submaximal strength in HSQ.

Secondary Outcomes (PROM)

At the end of follow-up, the entire cohort significantly
improved scores on all PROMs. The PCFS scale decreased
from a median of 3 (IQR 2-3) to 1 (IQR 1-3), (P < 0.001).
Similarly, the number of participants with mMRC < 2
increased from 55% to 79% (P < 0.001). Participants with a
score >10 on depression and anxiety scale significantly
decreases from 65% to 35% and from 50% to 27.5% respec-
tively (both, P < 0.001). The same thing happened on the
FSS < 4 (18.8%-42.5%, P < 0.001) and CSF-Linkert <18
(28.7%—-57.5%, P < 0.001). SF-12 PA and mental health (MH)
domains also showed relevant differences (SF-12 PA 35.2-
42.9; P < 0.001 and SF-12 MH, 41.4-44.6; P = 0.002).

Pre-post intervention differences in PROMs are listed in
Table 2. After 8 wk-intervention period, no significant differ-
ences between groups were detected in the mMRC (dysp-
nea), GAD-7 (anxiety), PCFS (functional status), and SF-12 PA
and MH (health-related quality of life). Fatigue (FFS and
CFS-Linkert) and depression (PHQ-9) significantly improved
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Total (n = 80) CON (n = 20) CT (n = 20) CTRM (n = 23) RM (n = 17)

Age, yr 453+8.0 478+7.6 443+9.6 441+7.4 43.0+6.9
Female sex 55 (69) 14 (70) 14 (70) 17 (74) 10 (59)
BMI, kg/m? 26.6+4.6 26.0+£3.7 25.7+3.9 26.7+5.2 28.0t5.5
Weeks of symptoms 39.3+233 39.4+247 40.8+24.5 43.0+24.8 49.0+22.5
Comorbidity

Nonpsychiatric* 19 (24) 3(19) 4 (20) 6 (26) 6 (35)

Mood disorders 34 (42) 5 (25) 8 (40) 13 (56) 8 (47)
Medication

Taking any medication 55 (69) 13 (65) 14 (70) 17 (73) 1(64)

Antidepressants 23 (29) 8 (40) 7 (35) 5(21) 3(17)

Benzodiazepines 25 (31) 7 (35) 7 (35) 7 (30) 4 (23)

Bronchodilators 16 (20) 5(25) 3 (15) 3(13) 5(30)

Pre Post Pre Post Pre Post Pre Post Pre Post

No. of symptomst 8+3 6+44# 8+4 7+5# 7+3 4+3# 9+3 6+4# 8+3 7+5#

Moderate or severe 56 (70) 37 (46)# 15 (795) 10 (50) 10 (50) 5 (25) 18 (78) 12 (52) 13 (76) 10 (59)
Symptoms (order of frequency)

Fatiguet 69 (86) 46 (57)# 16 (80) 15 (75) 17 (85) 7 (35)# 21(91) 14 (61)# 15 (88) 10 (59)

Dyspneat 55 (69) 35 (44)# 13 (65) 14 (70) 12 (60) 2 (10)# 17 (74) 1 (48)# 13 (76) 8 (47)

Lack of concentration 51(64) 40 (50)# 12 (60) 11(55) 13 (65) 6 (30)# 15 (65) 12 (52) 11(65) 11(68)

Memory problems 51(64) 46 (57) 12 (60) 10 (50) 12 (60) 9 (45) 16 (70) 16 (70) 11(65) 11(65)

Brain fog 49 (61) 39 (49)# 11(55) 9 (45) 11(55) 6 (30) 18 (78) 13 (56) 9 (53) 11(65)

Sleep disturbances 47 (59) 31(39)# 11(55) 6 (30) 9 (45) 5 (26) 14 (61) 12 (52) 13 (76) 8 847)

Myalgia 45 (56) 33(42) 11(55) 9 (45) 9 (45) 5 (25) 15 (65) 13 (59) 10 (59) 6 (35)

Low mood 42 (52) 25 (3N# 11(55) 7 (35) 8 (40) 3 (15)# 13 (57) 8 (34)# 10 (59) 7 (41)

Headache 41(51) 32 (40)# 10 (50) 6 (30) 8 (40) 6 (30) 14 (61) 10 (45) 9 (53) 9 (53)

Anxietyt 36 (45) 30 (37) 9 (45) 5 (25) 7 (35) 4 (20) 14 (61) 11(48) 6 (35) 10 (59)

Data are frequencies and percentages [n (%)] or means and standard deviation (M * SD). BMI, body mass index; CON, control group;
CT, concurrent training group; CTRM, concurrent training + respiratory muscle training group; ES, effect size; RM, respiratory muscle
training group. *Nonpsychiatric comorbidity includes asthma [n = 10, (12.5%)], hypertension [n = 6 (7.5%)], diabetes [n = 3 (3.8%)], struc-
tural heart disease [n = 3, (3.8)], cerebrovascular disease [n =1 (1.3%)], and COPD (chronic obstructive pulmonary disease) [n = 1, (1.3%)].
There were no significant differences between groups in any of the baseline characteristics. TFavors CT and CTRM interventions, P <

0.005; #pre-post significant differences (P < 0.05). n represents number of subjects.

in concurrent training groups (P = 0.007-0.039). Pre-post
measurements for participants in the CT and CTRM groups
improved significantly in all PROMs [with the exceptions of
the SF-12 MH (P = 0.09) and GAD-7 < 10 and mMRC in the
CT group (both P=0.063) and the PCFS < 2 in the CTRM (P =
0.102)]. Changes were also observed in SF-12 PA domain for
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Figure 1. Changes in total number of symptoms after 8 wk of follow-up.
Data expressed with means + SEM and effect size (ES). *Statistically signif-
icant differences from CON group, #statistically significant differences
from RM group. CON, control.

RM group. No relevant change was observed in the control
group in pre-post analysis for any of these variables.

DISCUSSION

To our knowledge, this is the first randomized clinical
trial to evaluate the effect of a concurrent exercise pro-
gram with or without inspiratory muscle training on phys-
ical condition and symptom perception in a cohort
composed exclusively of patients with post-COVID-19 con-
ditions after nonhospitalized mild SARS-CoV-2 infection.
The results support the hypothesis that a supervised mul-
ticomponent training program confers benefits on cardio-
vascular fitness and muscle strength, as well as on the
recovery of the physical and mental health status of these
patients. The concurrent training, regardless of the addition of
inspiratory muscle training, was more effective in improving
the primary outcomes (estimated VO,max and maximal and
submaximal muscle strength) as well as the two main symp-
toms (fatigue and dyspnea) than respiratory muscle training
alone or the issuance of general nonindividualized exercise
guidelines (i.e., WHO recommendations) when these are not
subject to supervision or monitoring, as in real life conditions.
Regarding the safety of the interventions, the benefits were
achieved in the absence of complications and in the outpatient
setting, with minimal medical resources and under the super-
vision of qualified strength and conditioning trainers, so they
can be easily generalized to the population with the same
selection criteria as this study.
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Figure 2. Changes in selected cardiorespiratory and muscle strength variables from pre to post intervention for each group. Each bar represents a subject.
Groups’ means and SEM of the change are indicated by the horizontal and error lines. A: VOomay. B: hand grip strength. C: half squat mean propulsive veloc-
ity (MPV). D: half squat one repetition maximum (1RM). E: bench press mean propulsive velocity (MPV). F: bench press one repetition maximum (1RM).
*Statistically significant differences from CON group. #Statistically significant differences from RM group. Bar colors mean positive responders (green), non-
responders (blue), and negative responders (red), considering the measurement error of the tests (yellow shadow). CON, control; ES, effect size.
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Table 2. Pre-post intervention follow-up data for PROM

CON CT CTRM RM
Pre Post ES Pre Post ES Pre Post ES Pre Post ES
SF-PA 36.5+1.7 385+13.4 - 352+11.6 482+10.4*% 118 33.8+10.3 41.0+£10.8** 0.60 35.8+104 441+10.4* 0.64
SF-MH 39.5+121 422+1.6 - 46.3+11.9 496195 - 39.5+11.5 44.8+10.9* 0.51 403+11.3 413115 -
mMRC < 2 11(55) 13 (65) - 12 (60) 17 (85) - 11(48) 19 (83)* 0.50 10 (59) 14 (82) -
FSS < 4t 4 (20) 6 (30) - 6 (30) 14 (70)** 0.50 2(9) 8 (35)* 0.50 3(18) 6 (35) -
CFS < 18t 4 (20) 7 (35) - 5 (25) 17 (85)** 0.50 8 (35) 15 (65)* 0.39 6 (35) 7 (41) -
PHQ9 < 10t 5 (25) 9 (45) - 6 (30) 18 (90)** 0.50 10 (43) 16 (70)* 0.50 7 (41) 9 (53) -
GAD7 < 10 O (45) 12 (60) - 13 (65) 18 (90) - 9 (39) 17 (74)* 0.50 9 (53) 11(65) -
PCFS < 2 4 (20) 9 (45) - 3 (15) 14 (70)** 0.50 7 (17) 8 (35) - 3(18) 8 (47) -

Data are frequencies and percentages [n (%)] or means and standard deviation (M + SD). CFS, Chalder Fatigue Scale; CON, control
group; CT, concurrent training group; CTRM, concurrent training + respiratory muscle training group; ES, effect size; FSS, Fatigue
Severity Scale; GAD-7, Generalized Anxiety Disorder-7; mMRC, Modified Medical Research Council Dyspnea Scale; PCFS, Post-COVID-19
Functional Status; PHQ-9, Patient Health Questionnaire-9; PROM, Patient Reported Outcome Measures; RM, respiratory muscle training
group; SF-12 MH, 12-item Short Form Survey Mental Health domain; SF-12 PA, 12-item Short Form Survey Physical Activity domain.
tFavors CT and CTRM interventions, P < 0.05; Pre-post significant differences *P < 0.05, **P < 0.001.

Overall, the clinical course was satisfactory over time for the
entire sample (n = 80), with or without training, both for the
number of symptoms and their perceived intensity (see Table 1
and Fig. 1). This physical and mental health recovery in post-
COVID-19 condition patients has recently been suggested in the
literature (40). However, current research suggests that this
post-COVID-19 symptomatology improvement could be signifi-
cant only in the case of physical rehabilitation (CT and CTRM
groups), showing that exercise plays a critical role in the acceler-
ation of recovery compared with usual care (self-management
exercise recommendations and general tips for handling symp-
toms). This could translate into a better ability to cope with
daily life, given the relationship between the number of symp-
toms and their intensity, as has been previously described (41).

Remarkably, over 80% of the participants responded posi-
tively to both of the supervised training interventions (CT
and CTRM, Fig. 2), demonstrating that the individual-paced
approach was highly effective for most individuals. And
although the commitment in the RM group was high enough
(12 weekly sessions), arguably, the worst individual response
in unsupervised interventions may be explained due to the
lack of control in the intensity progression. We considered
that a targeted supervision, for example, through the use of
accelerometers, adherence questionnaires, exercise diaries,
messaging reminders, etc. in the CON group would have
interfered with the behavior of the participants in real life.
Monitoring raises patients’ awareness of their exercise habits
and it contributes to better improvements (42). Nonetheless,
the use of self-care recommendations and symptomatic
management of patients with post-COVID-19 conditions con-
tinues to be one of the reference treatments in primary care
(10, 12). This is partly due to insufficient evidence to support
exercise programs in populations with post-COVID-19 condi-
tions that have not required hospitalization. Recent system-
atic reviews with meta-analyses on the role that pulmonary
rehabilitation programs play in the recovery of patients with
long COVID-19 (43, 44) reinforce this idea: until the RECOVE
study, there had been no studies in outpatient population to
support concurrent training in the ambulatory settings.

Several researchers have evaluated patients with post-
COVID-19 conditions with persistent postexertional fatigue
and dyspnea, finding impairments in lung function, breath-
ing pattern, and abnormal muscular oxygen extraction when
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compared with healthy controls (45, 46). These factors
potentially contributed to reduced maximal oxygen con-
sumption (VO,max), t0 greater minute ventilation, and to ven-
tilatory inefficiency (greater equivalents for carbon dioxide,
VE/VCOymax) during cardiopulmonary exercise test (47). In
addition, a depressed chronotropic response (25) has also
been described as a potential mechanism for both clinical
manifestations. It has been suggested that autonomic, endo-
thelial, and mitochondrial dysfunction are possible underly-
ing mechanisms for these findings and could be caused by
direct SARS-CoV-2 cell damage, chronic inflammation, or
anomalous autoimmune responses(17). No published study
has included comprehensive autonomic testing, endothelial
examination, or tested direct mitochondrial function (47, 48)
to prove the mechanisms by which exercise in post-COVID-
19 conditions may be helpful.

The concurrent training program, with and without inspir-
atory muscle training, allowed the participants to recover an
average VO,max Of 2.5 mL-kgmin ' and 2.9 mL-kg:min,
respectively [half of the expected mean loss in patients with
long COVID-19 (—4.9 mL-kg:-min?) (95% CI, —3.4 to 6.4) (47)]
and significantly improve maximal and submaximal strength,
with gains ranging from 20% to 40%, in just 8 wk of super-
vised training (Fig. 2). Strength training enables superior
adaptations when performed in conjunction with resistance
training in healthy and chronically ill individuals, increasing
specific gains in muscle performance, resistance to fatigue,
and contributing to gains in VO,max (49). The effect of inspira-
tory muscle training on estimated VO,n.x Was null, support-
ing the fact that this type of exercise improves respiratory
muscle strength but does not improve VO,.x in healthy indi-
viduals (50). These gains in physical performance may
explain the symptomatic improvement in dyspnea and fa-
tigue in CT and CTRM groups, since VO,may is the main deter-
minant of physical condition, even though no significant
differences were detected between the interventions (Fig. 2A).

In addition to recovery in physical condition, concurrent
training provides greater benefits on health-related quality
of life and symptom intensity (Table 2). Only in the multi-
component training groups (CT and CTRM) and the RM
group, were there significant improvements in health-
related quality of life, dyspnea (mMRC), and fatigue (both
FSS and CFS-Linkert) over time. In addition, the concurrent
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training strategy (CT and CTRM), alone or with respiratory
muscle training, was shown to be superior in reducing fatigue
and depressive symptoms than respiratory training alone or
self-managed programs, as recommended by the WHO guide-
line. These findings are consistent with previous experiences
published in the hospital setting or specialized rehabilitation
centers in patients with COVID-19 pneumonia who under-
went multicomponent cardiopulmonary rehabilitation (51, 52)
and those in whom only respiratory muscle training was used
(53). Unlike these programs, which are difficult to access for
outpatients, the main advantage of our proposal is that it was
designed for mild patients who currently represent the largest
number of COVID-19 cases, with a low investment of resour-
ces, safely in any training center, and supervised by qualified
strength and conditioning coaches.

Limitations

This work poses several limitations. First, the sample size
and the characteristics of the participants, it does not allow
the results to be generalized in a population that required
hospitalization, other races, or child and elderly populations.
Second, the lack of follow-up after its completion does not
allow us to assume the sustainability of the results. Third,
low levels of supervision of exercise programs in RM and
CON groups, or uncontrolled intensity, may result in non-
significant health benefits. In addition, the prognosis of
patients with COVID-19 has changed over the time of the
study, thanks to new treatments and vaccines, and it is not
clearly known whether the vaccines have an inducing or
relieving effect on the symptoms once the syndrome has
developed (54). Finally, other aspects such as nutrition and
hydration status, sleep and rest time, medications, and other
behavioral factors, were not controlled and could have modi-
fied the findings.

Perspective and Significance

Even though there have been significant advances in the
treatment, prognosis, and prevention of acute SARS-CoV-2
infection, the number of patients affected by persistent con-
ditions due to COVID-19 continues to grow, and the science
community has not been able to offer a useful strategy for
these patients’ symptomatic relief. Dependence on pharma-
cotherapy or vaccines as the only mitigation strategies may
not optimally reduce the long-term social, economic, and
health consequences of SARS-CoV-2 infections.

In this scenario, a multicomponent exercise program was
shown to be a safe and useful tool for improving cardiovas-
cular fitness, muscular strength, and to ameliorate symptom
burden and improve mood and quality of life in patients
with post-COVID-19 conditions with low costs and minimal
structural and human resources. Self-care and informed rec-
ommendations used in an ambulatory setting are highly
inefficient and are not an effective treatment alternative
when used in isolation. Inspiratory muscle training requires
strict control and high adherence to achieve effective results.
Further research exploring other combinations of training
(e.g., high intensity interval training) or a combination of
treatments (physical and neuropsychobiological approach)
and healthy life-style interventions (nutrition, toxic habits,
sleep quality) is warranted to achieve even better results.
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