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Effects of a symptom-titrated
exercise program on fatigue and
quality of life in people with post-
COVID condition — a randomized
controlled trial

Andreas Barz%**, Joshua Berger®*, Marco Speicher’, Arne Morsch?, Markus Wanjek?,
JUrgen Rissland%° & Johannes Jager3®

Fatigue is the most prevalent symptom within the post-COVID condition (PCC). Furthermore, many
patients suffer from decreased physical performance capacity and post-exertional malaise. Although
exercise has been proposed as an effective therapeutic strategy for PCC, there is limited evidence

on individualised and symptom-titrated exercise interventions in patients with fatigue and PEM.
Therefore, we conducted a multi-centre randomised controlled trial to investigate the effectiveness of
an individualised and symptom-titrated exercise program. We measured fatigue, health-related quality
of life, hand-grip strength, endurance capacity and PEM before and after the 10-week intervention.

A total of 118 individuals with PCC were included in the final intention-to-treat analysis. All tests

and training sessions took place in commercial fitness and health facilities. We found significant
effects on fatigue severity, health-related quality of life and physical performance capacity. Adjusting
the individual exercise load to daily fatigue has proven to be an effective and safe strategy in PCC
patients with fatigue. Under the guidance of qualified professionals and by utilising symptom-titrated
training recommendations, commercial fitness and health facilities present an appropriate setting for
outpatient exercise rehabilitation in PCC.
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BFI Brief fatigue inventory
CON Control group
CST Chester step test
DSQ-PEM DePaul symptom questionnaire-PEM
Fu Maximum hand grip strength
mean Mean hand grip strength
FSS Fatigue severity scale
HGS Hand grip strength
HR Heart rate
HRQoL Health-related quality of life
INT Intervention group
ME/CFS Myalgic encephalomyelitis/chronic fatigue syndrome
PCC Post-COVID condition
PEM Post-exertional malaise
POST Follow-up test
PRE Baseline test
PROM Patient-reported outcome measures
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RPE Rate of perceived exertion
SARS-CoV-2  Severe acute respiratory syndrome coronavirus type 2
SE-12 Short form 12 survey

Since its emergence in 2019, the severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) has been
having an enormous global effect on health and wellbeing. Even though most individuals infected with SARS-
CoV-2 will recover fully, there is a substantial proportion of people that have persistent or new symptoms weeks
or months post infection2. These sequelae of a SARS-CoV-2 infection have been described with the term “long
COVID?” for the first time by patient groups online®. Several other names (e. g. post-acute sequelae of COVID-19,
post-COVID syndrome) and definitions have been proposed to describe these persisting symptoms®®. The World
Health Organization has defined the Post COVID-19 condition (PCC) as symptoms without any other medical
explanation that continue or develop after 3 months of the infection and persist for of at least 2 months®”.

With over 200 symptoms observed in PCC, there is a large heterogeneity in the clinical presentation of this
new disease. However, one of the most common as well as debilitating symptoms is fatigue®. A German cohort
study found that 21% of individuals with a positive test for SARS-CoV-2 showed clinically relevant fatigue levels
at a median time of 9 months post infection®. The dominant role of fatigue within the PCC symptom cluster is
demonstrated in a Dutch cohort, where 75.9% of PCC patients reported fatigue 3-6 months after the infection'.
According to a meta-analysis by O'Mahoney et al.'%, fatigue affects 25.2% of individuals across hospitalized and
non-hospitalized COVID-19 patients. There is vast evidence for the high burden of disease in PCC. Fatigue,
reduced physical capacity, neurocognitive impairments as well as other symptoms negatively affect health-
related quality of life and overall well-being'?~!. Patients often display low muscular strength!*?°.and reduced
endurance capacity?!. Physical performance parameters are meaningful clinical outcomes in PCC as they are
related to overall disease severity'>!*1%2%, In terms of diagnosis, many impairments such as fatigue and reduced
health-related quality of life (HRQoL) can be quantified using standardized questionnaires'>?!. Besides these
patient reported outcome measures, measuring handgrip strength has been shown to be a practical and valid
tool to assess objective fatiguability?®.

To date, the pathophysiological pathways of acute infection, biological damage or dysregulation and PCC
symptoms are not established. Hypotheses regarding the underlying mechanisms focus on damage to various
tissues (e. g. heart, brain, mitochondria, endothelia) that are a direct consequence of viral infiltration and
lead to a persistent dysregulation as well as ongoing systemic responses (e. g. dysautonomia, inflammation,
autoimmunity, virus reactivation) in the aftermath of the acute viral infection?*-2%.

A recent meta-analysis by Fernandez-de-Las-Pefias et al.?’ found that two years post infection, 28% of PCC
patients still suffered from fatigue. These data emphasize the long-term trajectory PCC has in many individuals.
A certain proportion of those who experience long-term PCC fatigue will meet the diagnostic criteria for myalgic
encephalomyelitis/ chronic fatigue syndrome (ME/CFS), which is a post-infectious syndrome that shares several
clinical features with PCC*. One of the hallmark symptoms that is used to diagnose ME/CFS is post-exertional
malaise (PEM). PEM is the worsening of symptoms typically 12-48 h after a strenuous physical, psychological or
emotional task and can severely impair the ability to perform tasks of daily living®!. In these cases, physical training
according to common recommendations is contraindicated®?. Using the DePaul Symptom Questionnaire-PEM
(DSQ-PEM), which is a standard diagnostic tool to assess PEM, a high prevalence of PEM (58.7%) has been
observed in an online survey with 213 participants who reported to be affected by long COVID symptoms™.

To date, there are no curative therapies for PCC or ME/CEFS and therapeutic approaches are mainly targeted
towards symptom management’. Based on the positive effects physical activity has in many other chronic
diseases, exercise has been proposed as a potential therapy in PCC for symptom relieve®>3. The positive effects
of exercise on quality of life, fatigue and functional capacity in PCC have been shown in several interventional
studies®*~10. Furthermore, there is evidence for the overall safety of exercise programs in PCC*!*2. Despite these
promising results, Gloeckl et al. found that many exercise trials fail to address the management of PEM in
PCC*. Based on practical experience, they suggest using the DSQ-PEM to screen for PEM and to apply an
individualized and symptom-titration exercise regimen in those who show no or mild PEM to avoid symptom
exacerbation. There are several other authors and institutions who propose a symptom-titrated exercise approach
to account for PEM in PCC323443-45 However, feasible symptom-titrated exercise programs that can be offered
nearby patients’ homes are still missing.

Therefore, in the present study, a multi-centre randomized controlled trial (RCT) was conducted to analyse
the effectiveness of a symptom-titrated and individualized exercise program. It was hypothesized that a
symptom-titrated exercise program in a real-world setting generates significant positive effects on (a) fatigue as
a primary outcome, (b) health-related quality of life, (c) PEM and (d) physical performance parameters of hand
grip strength and endurance capacity as secondary outcomes, compared with a wait-list control group.

Methods

Participants and study design

The RCT was conducted as a multi-centre study, i.e., the implementation of the training intervention and data
collection took place in 19 selected fitness and health facilities in Germany (federal state Saarland, real-world
setting) between April and December 2023. Primary and secondary outcomes were assessed at baseline (PRE)
and after a ten-week period (POST), of which two weeks served as training familiarization and 8 weeks as
exercise intervention. The study was approved by the ethics committee of the Medical Association responsible
(identification number 07/23) and was conducted in accordance with the Declaration of Helsinki*®. It was
registered in the German Clinical Trials Register (ID: DRKS00031634) a priori. All participants gave written
informed consent before participating in the study.
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Participants were recruited via public media (newspaper, radio and social media). Furthermore, the general
practitioners’ association and the statutory health insurance fund provided information about the study to their
patients. Interested individuals were able to enrol through a designated website where they also found detailed
information about the study. They were subsequently sent an online questionnaire to screen for inclusion and
exclusion criteria as well as to obtain sociodemographic data. Inclusion criteria were (a) age between 18 and
79 years, (b) confirmed SARS-CoV-2 infection (positive PCR test) >12 weeks before, (c) mild to moderate
course of COVID-19, (d) presence of fatigue symptoms for > 12 weeks, (e) < 1 h/week of physical exercise within
the last 3 months, (f) no contraindications for physical training (pre-existing conditions, medication) and (g) a
medical certificate for physical activity readiness. Exclusion criteria were a Post-COVID-19 Functional Status
(PCES)-score of 4 as this indicates an inability to perform activities of daily living and thus exercise without
assistance?” and hospitalization due to COVID-19.

Eligible individuals were allocated to the training facility closest to their place of residency. They
were randomized to either the control (CON) or intervention (INT) group using stratification. Stratified
randomisation is a variant of randomisation in which the participants are divided into subgroups based on
important characteristics, which in this case were age and gender. This is intended to ensure that characteristics
with particularly strong significance for the intervention are distributed equally across the study groups.
Participants in CON were able to perform the same intervention after the follow-up test and were encouraged
to maintain their lifestyle habits during the waiting period. The medical certificate for physical activity readiness
had to be provided before the intervention began. Participants received information about their allocated group
after the PRE diagnostics.

Training facilities

A multi-centre approach was chosen to achieve high external validity by recruiting a diverse sample from
different locations and by choosing a non-laboratory setting for the intervention. The research sites were
commercial fitness and health facilities located in the Saarland, Germany. Training facilities were recruited by
using a convenience sample throughout the federal state. Subsequently, several steps were taken to ensure a high
degree of study standardization and internal validity. It was ensured that the necessary equipment for testing
and training interventions was available in all facilities. All trainers employed at the facilities and involved in the
supervision of participants, data collection and intervention were exercise specialists with a completed or near-
completed academic degree in exercise science or a related field. Before the start of the intervention, extensive
training on study implementation and the test instruments was carried out in the participating facilities to
ensure compliance with the study protocol and the standardised methodology. The facilities were regularly
contacted and visited by the authors during data collection to ensure that all procedures were in line with the
study protocol. For each participant, financial compensation was paid to the facilities, approximately equal to
the industry standard membership fee.

Outcomes

The primary outcome of the study was the change in the fatigue severity scale (FSS) from PRE to POST.
Secondary outcome measures were changes in health-related quality of life measured by SF-12, PEM using the
DePaul Symptom Questionnaire and physical performance parameters of strength (hand grip strength, objective
fatigability) and endurance capacity (Chester Step Test). Data were obtained digitally using online surveys. This
approach permitted the straightforward collection of data in the training facilities and the centralized storage
and subsequent data analysis. The data acquisition procedure for PRE and POST is shown in Fig. 1. The patient-
reported outcome measures (PROMs) were recorded digitally at the beginning of a testing session, followed by
the measurement of hand grip strength parameters using a specific protocol and endurance capacity using the
Chester Step Test.

Patient reported outcome measures

The severity of perceived fatigability was assessed using the fatigue severity scale (FSS)*$->°. The score represents
the mean of nine items ranging from 1 to 7, with 7 being the highest degree of fatigue and values > 4 indicating
clinically relevant fatigue. The FSS has been used as a measure for patient-reported fatigue in PCC and is
validated for this population?!.
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Fig. 1. Examination procedure.
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Initial
Examination

In order to assess the influence of individualized exercise on HRQoL, the SF-12 questionnaire was used
which is a validated tool with 12 questions for the general assessment of people’s physical and mental health
status®'. The SF-12 comprises the areas of physical functioning, physical limitations, physical pain, general
health, energy/fatigue, social functioning, emotional limitations and mental health, from which the sum scores
for the mental component score (MCS) and a physical component score (PCS) are calculated®. Higher values for
both scores are associated with a better state of health, lower values indicate a poorer state of health.

PEM was assessed by the German version of the DePaul Symptom Questionnaire Post-Exertional Malaise
(DSQ-PEM>3; German version®®), which could be used as a valid tool in the German translation in previous
studies®. Participants rated frequency and severity of each of five items on a scale of 0 to 4. The screening for
PEM was positive when frequency and severity for at least one item was > 2. For the total value of PEM, the mean
of frequency and intensity of all items was calculated.

Hand grip strength
To determine strength and objective fatigability, a repetitive measurement of hand grip strength (HGS) was
carried out using a hand dynamometer (EH101, Camry). The measurement procedure has been implemented
by other authors before to determine HGS and objective fatigability in PCC and ME/CFS?**22, In this test,
hand grip strength is measured 10 times in two series of measurements, one hour rest in between, using a
hand dynamometer. The HGS of PCC patients decreases significantly after one hour in the second series of
measurements”’. Furthermore, the maximum hand grip strength (HGS, F__ ) and the mean hand grip strength
(F,ean) Were determined. The decrease in strength within each series is represented by the fatigue ratio (F

F .., and the decrease between the two series by the recovery ratio (F , ./F

max/

meanl meanZ) :

Chester step test

The Chester Step Test (CST) is a submaximal multi-stage test and was used to investigate endurance capacity®.
Participants step up and down on a 20 cm-high step at a rate of 15 steps per minute in the first stage. The step
rate increased every 2 min by 10 steps/min and participants were guided by an acoustic metronome. Heart
rate (HR) and rate of perceived exertion (RPE) were taken after each 2 min-stage. HR was measured by optical
measurement with a wrist-worn device (vivosmart 5, Garmin, USA) and RPE with the Borg scale. The maximum
number of stages was five and the test was terminated as soon as individuals failed to maintain the step rate,
exceeded 80% of their estimated maximum HR (Equation 220—age) or reached an RPE of 15. The test result was
the number of total steps at test termination. The CST is a reliable tool to asses endurance capacity in PCC*’ and
can be administered to heterogenous groups with minimal space and material requirements. Furthermore, many
activities of daily living (e. g. climbing stairs) are relatable to the task tested in the CST.

Training intervention

The training intervention consisted of individualized and symptom-titrated concurrent resistance and aerobic
training over eight weeks plus a two-week familiarization period before the intervention. The guideline of the
German Respiratory Society presented the framework for the volume and frequency of training in our study**.
Figure 2 outlines the individual components of the study design.

Following the PRE diagnostic, participants in INT underwent a two-week familiarization phase in which they
completed three supervised training sessions, before they began the actual eight-week training intervention. The
training intervention was designed with the intention of providing a structured and effective training program
while acknowledging the need for pacing strategies in people with PCC*®* to avoid over exertion and symptom
exacerbation. Supervised sessions served to familiarize the participants with the individualized and symptom-
titrated training as well as the training equipment. During these sessions, the exercise specialists guided the
individuals in finding the appropriate training intensities and volumes in line with our training program. Before
each session, the acute level of fatigue was assessed by answering the first item of the Brief Fatigue Inventory
(BFI)®. Based on their fatigue severity, participants received a symptom-titrated training recommendation (see
Table 1). By adjusting volume, intensity and intra-set breaks, the dose of training was adapted to the severity
of the acute fatigue. Rather than using standardized intensities based on maximum values (e. g. one repetition
maximum, maximum heart rate), an individualized approach was chosen. Intensities were determined using
the OMNI-Scale as a measure of perceived exertion®"®2. Furthermore, the exercise specialists instructed the
patients to monitor symptoms after each session and modify the subsequent session if they perceived any
worsening of overall well-being. In addition, participants were specifically advised to adjust the training
program, if necessary, at any point, based on their own perception. Individualisation was achieved through

Supervised Unsupervised Final
Familiarization ( 2 Weeks ) Training Intervention ( 8 Weeks ) Examination

O] <© =&

Ist Session 2nd Sessi 3rd Sessii 4th Session Last Session POST

Fig. 2. Intervention procedure.

Scientific Reports|  (2024) 14:30511 | https://doi.org/10.1038/s41598-024-82584-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Load modification Load modification
BFI | Fatigue severity | Resistance training Endurance training
9-10 | Maximum Training is contraindicated Training is contraindicated
. . . . -, . Duration: 5-10 min
6-8 | High 2 training sets per exercise with 3 clusters of 4 repetitions each (10 s intra-set break) Intensity: 4-6 RPE scale
3.5 | Moderate 1st training set per exercise: 12 repetitions in a row 2nd training set per exercise: three | Duration: > 10 and <20 min
clusters of 4 repetitions each (10 s intra-set break) Intensity: 4-8 RPE scale
L. . . . . Duration: > 20 and < 30 min
0-2 | Low 2 training sets per exercise with 12 repetitions in a row Intensity: 4-8 RPE scale

Table 1. Load modification depending on the brief fatigue index.

the training recommendations based on acute fatigue levels (see Table 1) and by enabling the participants to
further auto-regulate the training parameters. The training sessions in the familiarization phase were supervised.
In the following intervention phase, the participants trained without constant supervision. However, exercise
specialists were always present in the facilities and could be consulted every time during training. After 4 weeks
of training, participants consulted with the training staff to check training execution and discuss any exercise-
related issue. Rather than attempting a progressive increase in training dose, participants were instructed to
aim for regularity of training frequency while avoiding worsening of symptoms. The recommended training
frequency was 1-3 sessions per week. Additional comments on the exercise prescription are presented in the
supplementary materials.

Resistance and endurance training

Resistance training was performed on machines and was designed as a whole-body workout with the following
exercises: (1) leg press, (2) leg extensions, (3) leg flexion, (4) latissimus pulldown, (5) seated rowing, (6) chest
press, (7) back extensions and (8) abdominal press.

During the familiarization phase, training weights corresponding to a submaximal intensity of 8 on the
10-point OMNI-Scale were determined together with the exercise specialist. This weight was set to be the
maximum weight participants should use for the first 4 weeks. Participants performed two sets of twelve
repetitions. The rest period between sets was 90-120 s. To account for fatigue fluctuation, the set structure
was modified by implementing intra-set breaks (see Table 1). Dividing sets in clusters with short rest periods
between each cluster has shown to be an effective strategy to attenuate parameters of exercise-induced fatigue
while ensuring effective training stimuli®*¢. It has also been applied successfully in cardiac patients with low
exercise tolerance®. Additionally, participants were instructed to further alter the training load (e.g. reduce
training weights) if necessary. Exercise intensity was determined based on RPE as perceived exertion integrates
a wide array of neurophysiological perceptions® and is therefore a meaningful metric to account for different
fatigue levels in PCC.

Consequently, the OMNI scale was used to control the intensity of endurance training. The training dose
was adjusted by modifying intensity as well as duration (see Table 1). Regarding the choice of exercise form,
participants could choose freely from the ergometers available in the facility. This was intended to consider
personal preferences and thus achieve the highest possible compliance in endurance training.

Statistical analysis

To examine the differences over time and between the two groups, we ran mixed models. For each dependent
variable, group (CON vs. INT) and time as fixed effects were added. Furthermore, the interaction of group and
time was added. In addition, random intercepts for the individual participants were estimated. Including the
different training facilities as another (third) level resulted in a variance of the random intercept close to zero.
Thus, there was no substantial variance that could be contributed to the training facilities; therefore, this level
was removed from the analysis. Following the recommendations by Shatz®’, assumptions for mixed models
were visually inspected. Most of the analysis were deemed to be sufficiently satisfied. If we saw any issues in
model assumptions, we checked whether exclusion of outlying cases and data transformation techniques yielded
similar results. As this were the case, we report only the original results.

All individuals with at least one data point at both PRE and POST were included in the intention-to-treat
analysis, regardless of the number of actual training sessions. Participants with missing data points were included
in the analysis as linear mixed models are a recommended procedure for the analysis of incomplete data®®.

For a moderator analysis, we used the same analysis but included only the intervention group (thus dropping
the group term) and added the moderator. For easier interpretation, the moderators were centred around the
mean. We tested for quadratic relationships between the moderator and the intervention effect; however we
found none in all our moderator analysis. Thus, we kept only a linear relationship to simplify interpretation and
reporting. In this analysis, we determined whether the time variable interacted with the moderator. To this end,
we used a linear mixed model with individual participants as random intercepts. Time, the moderator and their
interaction were included as fixed effects. The absolute number of training sessions in the intervention period as
well as the PCFS score, and gender were included as variables. In Table 3, data are presented as means + standard
deviation, the delta values were calculated as POST-PRE values.

The R software environment (Version 4.3.3) was used for the intention-to-treat data analysis. Mixed
models were estimated using the Ime4 package (Version 1.1.35.1) and the easystats ecosystem was used for
report generation®. Due to the exploratory nature of our study and the small number of published studies at
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(n=314)

69 criteria not met
21 registration withdrawn

!
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(n=224)

|

[ 50 participation withdrawn
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11 lack of time
8 health problems (not PCC-related)
25 lost to follow-up 5 data loss
5 lost to follow-up
2 worsening of fatigue

e R

Fig. 3. Flow of participants.

Age [years] 535+11.9 53.5+12.3 52.8+11.6
Height [cm] 170.0+8.6 169.7+8.7 170.3+8.6
Bodyweight [kg] 78.9+19.3 78.0£20.0 79.9+£18.6
BMI [kg/mz] 27.1+5.2 26.8+4.9 27.4+5.4

Table 2. Descriptive data of participants. n= quantity, CON control group, INT intervention group, cm
centimetre, kg kilogram, BMI body mass index, m? square metres, none of the anthropometric variables
differed between groups at baseline (all p>0.05).

study conceptualization, we did not perform an a priori sample size calculation or power analysis. Instead, we
integrated all interested participants who wanted to take part in the study and fulfilled the inclusion criteria. We
deemed all effects with a p-value <0.05 as significant.

Results

A participant flow chart is given in Fig. 3. Between study inclusion and PRE, 50 participants who were
randomized did not commence the study. Additionally, 56 participants (CON: 25; INT: 31) ceased participation
between PRE and POST.

Table 2 shows the anthropometric data of the participants. A total of 174 people were randomized of which
118 were included in the final analysis. There were no significant group differences at the beginning of the study.
During the familiarization and training phase, participants of INT performed 19.9 +5.7 sessions with a total
duration of the intervention of 9.7 + 3.1 weeks.

Scientific Reports|  (2024) 14:30511 | https://doi.org/10.1038/s41598-024-82584-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Main outcomes

The descriptive values of the parameters at PRE and POST as well as the changes are illustrated in Table 3.
The baseline data did not differ significantly between groups. Due to technical input errors during digital data
transmission, single individual values could not be included in the analysis. For the sake of completeness, the
number of missing values for each variable and group is given in square brackets after the mean +standard
deviation data.

Compared to CON, the intervention group had a significant favourable change as indicated by the mixed
models in FSS (b=-0.93, 95% [-1.30,—0.56], p<0.001), F__ (b=2.68, 95% [0.93,4.43], p=0.003), F_
(b=3.02, 95% [0.78,5.26], p=0.008), SF-12 mental score (b= 3 91 95% [0.37,7.44], p=0.031), SF-12 physical
score (b=3.62, 95% [0.63,6.61], p=0.018) and the total steps of CST (b=27.13, 95% [4.28,49.99], p=0.020).
There was no statistical difference between the groups in the fatigue ratios as well as the recovery ratio.

The DSQ-PEM indicated PEM in all participants in CON at study onset. In INT, two participants were below
the threshold for PEM at PRE. Mean PEM frequency and intensity showed overall mild to moderate PEM in
CON (PEM: 2.39+0.68) and INT (PEM: 2.43 +0.75) at study onset.

The covariates used for interaction analysis were the number of training sessions, PCFS score and gender. We
found a linear relationship between time and the moderator such as individuals with more training sessions had
an increased decline of FSS (b=-0.07, 95% [—0.12,—0.02], p=0.009), increased rise of F_, = (b=0.25, 95%
[0.09,0.40], p=0.002), increased rise of F___ (b=0.26, 95% [0.10,0.41], p=0.002) and an increased decline of
PEM b=-0.04, 95% [—0.07,0.00], p=0. 024) There were no effects of the PCFS score as well as gender on the
outcome parameters.

Discussion

The purpose of this study was to investigate the effects of an individualized, symptom-titrated and feasible
exercise program on fatigue, health related quality of life, The exercise program had a significant effect on
fatigue in comparison to the control group but not on objective fatigability. Furthermore, the intervention had
a significant effect on handgrip strength, endurance capacity and HRQoL. There were no effects on PEM as well
as measures of objective fatigability.

Fatigue and fatigability

The individualized and symptom-titrated exercise program significantly reduced fatigue in INT from 5.67 to
4.51 compared to CON (Pre: 5.49; Post: 5.29) on the FSS. These findings are in line with Jimeno-Almazan et al.
who found mean improvements on the FSS from 5.0 to 3.4 after eight weeks of supervised concurrent training™.
The decrease of fatigue in INT (— 1.14; 20.1%) is within the range of the minimal clinically important difference
for a global change (0.5 to 1.2)7°. In contrast to our study, Jimeno-Almazén et al. determined endurance
training intensities based on objective parameters (e.g. heart rate reserve) and used RPE in those individuals
who could not adhere to objective parameters. Kerling et al.>> did not find greater improvements in fatigue
than in a control group after a three month exercise intervention. Exercise intensities were based on maximum
heart rate (60-75%) and the designated training volume was not individually adjusted but set at 150 min per
week, with additional bouts of intense exercise. The authors noted that they overestimated the participants’

Delta Mixed linear model
Outcome parameter Group | PRE POST POST-PRE | Cohen’s d [95% CI] Time X Group
CON |549+087[0] |52941.07[2] |—-023+082 |— 0.23 [=0.02, —0.44]
FSS [score] INT |5.67+0.92[1] 4.51+1.42 (1] 1145119 |—0.89[=0.60,—1.18] |P <0001
CON | 39.95+104[0] |4208+10.86[2] |2.18+857 | 0.20 [0,41,0.00] ~
SE-12 MCS [score] INT | 41.62+1089[1] |47.86+10.15[1] |5.94+10.57 |0.55[0.83,0.28] p=0.031
] CON |3479+7.88[0] |3531£9.72[2] |0.81+623 |0.09 [0.26, —0.09] _
SE-12 PCS [score] INT | 3442+885[1] |38.75+1091[1] |433+£9.71 | 0.42[0.68,0.16] p=0018
CON |239+068[0] |223+076[2] |—0.19£0.65 |—0.26[0.02, —0.49] _
PEM [mean] INT |243+075[1] |202+085[1] |—-041+069 |—-0.50[-027,—073] |P=006>
P [kl CON | 29.10+13.35[0] | 27.54+1148[0] | —1.56+7.85 |—0.12 [0.03, —0.28] —0.008
max (K8 INT | 3023+1037[0] |31.7441145[2] |145+343 | 0.13[0.20, 0.05] p=0.
[kl CON | 23.09411.05[0] |22.39+1039[0] |—-070+578 |—0.06[0.07, —0.20] 0003
mean (K8 INT | 24.59+9.59[0] |26.69+10.07[2] |1.97+3.40 | 0.19[0.28,0.11] p=0.
4 4 CON |1224016[0] |1212017[1] |—-001+0.14 |—005[0.17,—027] _
Fatigue ratio 1 [Index] | n\p™ | 1153 011 [0] | 11520.08(5] | —00420.12 | —038 [-0.01,— 0.74] | P=276
4 4 CON |119+017[2] |1212015[2] |0.01+0.18 | 0.04 [0.32, — 0.24] _
Fatigueratio 2 [Index] | [\ | "9 013 (2] | 1154008 [2] | —0.04+0.11 | —0.32[-0.05,—0.59] |P=0085
A CON |096+017[2] |095+0.12[3] |—-001£0.16 |—0.09[0.18, —0.36] _
Recovery ratio [Index] | 4™ | 0985012 [2] | 100012 (5] | 0034014 | 0.26 [0.61, —0.08] p=0.191
CON | 166.40+76.04 [0] | 161.42%76.54 [1] | —3.56%58.70 | —0.05 [0.15, — 0.24] _
CST Total Steps [number] | 1\ | 1504537572 [1] | 183.22+71.21 [4] | 22.72465.18 | 030 [0.54, 0.07] p=0.020

Table 3. Changes in main outcome measures as means + standard deviation. CON control group, INT
intervention group, FSS fatigue severity scale, SF-12 short-form 12, MCS mental component score, PCS
physical component score, CST chester step test; number in square brackets delineates number of missing
values.
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ability to adhere to their program and concluded that only patients with milder forms of fatigue could benefit
from their program. Given these results, the data presented here underline the importance of an individualized
and symptom-titrated approach to exercise therapy in PCC3»#37!, Instructing patients to autoregulate training
has already been applied as an effective strategy to account for symptom fluctuation in other studies*2. To the
authors’ knowledge, this is the first RCT to investigate the efficacy of exercise as a stand-alone therapy to reduce
fatigue in PCC, with exercise prescriptions based on daily fatigue levels and exercise intensity determined by RPE
rather than objective parameters. Furthermore, the findings show that using cluster sets in resistance training
is a feasible strategy in PCC as the additional intra-set breaks ameliorate perceptual, mechanical and metabolic
fatigue®. Regarding the descriptive values (no statistical significance), a reduction in PEM was observed in the
intervention group, which confirms the benefit of symptom-titrated exercise for moderate PEM in PCC patients.

We observed no changes in objective fatigability as assessed by fatigue ratios as well as recovery ratio in
either group. When analysing patient reported fatigue by questionnaire and objective fatigability by an isokinetic
fatigue task, Fietsam et al. found that patients with PCC had increased fatigue but not fatigability compared to a
control group’?. This is contrasted by other observational studies that assessed objective fatigability with the same
repeated HGS protocol as in this study and found high levels of subjective fatigue as well as objective fatigability
in ME-CFS and PCC?*?2, To our knowledge, this is the first experimental study to investigate changes in fatigue
as well as objective fatiguability after an exercise intervention in PCC. In a cohort of PCC patients, Legler et al.
observed improvements in fatigue ratios at two follow-ups at 3-8 months and 17-20 months after COVID-19
manifestation’>. While exercise in our study has reduced the subjective fatigability during activities of daily
living as evidenced by the reduction in FSS scores, it did not improve the objective fatigability (fatigue ratiol/2,
recovery ratio) in tasks requiring consecutive maximum exertion of effort such as the repeated HGS test. Our
findings also allude to deconditioning not being the cause for objective fatigability in PCC. Given the increase of
maximum (1.45 =+ 3.43 kg) and mean strength (1.97 +3.40 kg) in INT, muscular fatigability is likely not an effect
of alack of overall strength. These are relevant results as they point towards different neurobiological mechanisms
for subjective and objective fatigability in PCC. As other authors have stated before, investigating these distinct
pathways in fatigue is of paramount importance to provide a basis for targeted therapeutical interventions®*’477.
Given the evidence on the multidimensional nature of (chronic) fatigue symptoms, it is apparent that research
in PCC so far often focuses solely on self-reported fatigue and neglects objective fatigability measures such as
repeated hand grip strength tests. Furthermore, analysing biomarkers (e.g. neurophysiological measurements) in
addition to functional assessment of fatigability has the potential to shine light on the neurobiological etiology of
fatigue in PCC’®. It should be noted that, while repeated HGS has been used as a measure of objective fatigability
in PCC and ME/CFS before?*?>73, there is currently no consensus on a definition for objective fatigability and
several instruments have been proposed for its evaluation”*76,

Health-related quality of life
The exercise intervention led to significant improvements in the mental component as well as the physical
component of the SF-12. Lower levels of HRQoL are a consequence of the wide array of symptoms in PCC!"7°
and are associated with pain and discomfort in PCC patients®’. Furthermore, HRQoL has found to worsen with
fatigue severity'*. Symptoms experienced during the acute phase of infection lead to a decrease in HRQoL that
is typically no longer present after three months in SARS-CoV-2 survivors without PCC8!. In a German cohort
of 318 PCC patients, the results in SF-36 (longer version of SF-12) were 36.3 +10.1 for the PCS and 40.9+11.6
MCS”. At POST the results in INT (PCS: 38.75+10.91; MCS: 47.86+10.15) were still below the German
standard values (PCS: 48.4+9.4; MCS: 50.9 +8.8)° for the physical health score while having normalized for
mental health. These results have a strong implication on patients’ overall wellbeing as HRQoL was found to be
correlated with perceived ability to work in PCC”®. While many different biological abnormalities were observed,
there is still an absence of objective diagnostic biomarkers in PCC*. In addition, many PCC symptoms also
occur in the general population or other diseases, so their presence is not necessarily a consequence of a SARS-
CoV-2 infection sequelae®?®*, HRQoL is therefore a meaningful outcome, as it reflects the extent to which
individuals meeting the WHO definition for PCC suffer from their disease.

Our results proof that an individualized and symptom-titrated exercise program is effective in improving
HRQoL and the overall burden of disease. The observed effects are in line with other studies investigating the
effects of physical rehabilitations (e.g. exercise therapy) on HRQoL in PCC3.

Physical performance
The exercise intervention led to significant changes in parameters of physical performance. The changes in
maximum and mean HGS were significantly greater in INC than CON. Furthermore, participants in INC
showed significantly greater improvements in the number of steps during the CST, indicating a higher endurance
capacity in submaximal tasks of daily living (e.g. climbing stairs). Deterioration in physical performance and
muscular weakness in particular are common observations in PCC?®. According to data from a representative
German cohort, mean HGS is 32.2 + 5.9 kg for females aged 50-54 and 49.1 + 8.5 kg for males aged 55-59 in the
healthy reference population®. In our study, at PRE mean HGS was 19.04 + 6.03 kg for females (age 51 + 12 year)
and 34.31+10.12 kg for males (age 57+ 11 years). These are compelling findings as HGS is associated with
overall functional capacity in PCCY. Furthermore, low HGS predicts the onset of several other chronic diseases
(e.g. type 2 diabetes, cardiovascular disease) and overall mortality?”. The improvements in HGS indicate the
efficacy of the resistance training intervention and point to exercise-induced functional and structural adaptions
on the peripheral level.

Several potential pathophysiological processes may result in muscular weakness and loss of functional
capacity in PCC. It is well established that SARS-CoV-2 infiltration can give rise to a pronounced inflammatory
response, which in turn can cause alterations in muscle structure, mitochondrial dysfunction, and endothelial
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damage. This can result in a reduction in muscle mass and physical performance®®%. Persistent systemic
inflammation beyond the acute phase of disease has been proposed as a pathomechanism in PCC* and can
negatively impact muscle protein metabolism as well as functional capacity®®*°. Castro et al.’! have identified
elevated inflammatory markers accompanied with reduced functional capacity in patients with PCC in
comparison to a control group. Another area of interest in the search for causative mechanisms is the potential
role of mitochondrial dysfunction as a result of viral infiltration?*%>3, Studies have identified myopathic changes
affecting muscle structure, mitochondrial functioning and endothelia that are directly associated with reduced
strength and performance®-%. It is plausible that peripheral changes not only yield a deterioration in physical
performance but also play a causative role in the development of PCC fatigue and PEM**-%,

Given the extensive research conducted within the field of sports medicine on the biological abnormalities
commonly observed in several chronic diseases, there is a wealth of evidence for the beneficial effects of exercise
on mitochondrial functioning, inflammation, metabolism and other biological pathways potentially relevant
in PCC*-193, Despite the current paucity of consensus on the pathophysiology, the available evidence suggests
that exercise may act as a therapeutic agent in PCC by addressing the underlying pathomechanisms rather than
merely alleviating symptoms and counteracting deconditioning. Although we did not assess biological markers
(e.g. laboratory markers, muscle biopsy), the improvements in physical performance and HRQoL as well as
the reduction of fatigue observed in our study nevertheless provide support for this hypothesis. Based on the
growing body of research on the effectiveness of exercise, further research is encouraged to elucidate exercise-
induced biological changes and their link to PCC pathophysiology.

Safety and feasibility

The present study shows that an individualized and symptom-titrated exercise program is safe and feasible in
people with PCC without worsening the fatigue severity. Between PRE and POST 32.2% of all participants
(CON: 29.4%; INT: 34.8%) ceased the intervention. The most prevalent reasons for discontinuation in INT
were lack of time (n=11; 12.4%) and health problems that were not related to PCC (n=8; 9.0%). Kerling et al.
were able to include 66% of the participants that were allocated to their 3-month exercise intervention in their
final analysis®. Jimeno-Almazén reported a lower rate of discontinuation (7.0%) in PCC patients performing
concurrent training>®. A possible explanation for this variation is that all sessions were supervised in the latter
study which potentially has a positive effect on adherence. In the present study, two participants discontinued
the exercise intervention due to transient worsening of fatigue. They ceased participation after the third and
sixth training session, respectively. In one participant it was possible to measure fatigue severity by FSS three
weeks after the last training session and we found no clinically relevant difference to study onset (5.9 to 5.7).
Other than that, no adverse events were recorded. Many triggers can cause symptom worsening in PCC'%* and
it is plausible that transient increases in fatigue occurred in CON as well. While there are effective strategies (e.g.
pacing) to reduce the risk for symptom exacerbation, PEM occurs even when pacing is applied’. It is important
to note that pacing is a method of disease management, but not a therapeutic strategy in PCC and ME/CFS>®.
Therefore, pacing or energy management is a tool that should be combined with an exercise intervention as
proposed by Gloeckl et al.**. Tryfonos et al. have recently shown that acute bouts of exercise did not lead to
greater fatigue worsening in PCC with PEM symptoms than in healthy controls and concluded that a symptom-
oriented exercise prescription can counteract the peripheral pathologies found in their participants'®. While
these are relevant findings, the question of a long-term or cumulative risk of exercise was still unanswered.
The present study partially closes this knowledge gap by demonstrating a significant improvement in fatigue,
physical capacity and HRQoL of PCC patients through a symptom-titrated training intervention over several
weeks, without a parallel deterioration in the recorded PEM.

Within the scientific and patient community there is some controversy around the effectiveness and safety
of graded exercise therapy in chronic fatigue syndromes!%®!%7. For this reason, we want to highlight that an
individualized and symptom-titrated exercise program as proposed by other authors***>1% and applied in our
study is a distinctively different approach. Rather than using fixed increments and objective markers for exercise
prescription, we determined the training dose based on daily fatigue and instructed patients to further adjust
volume and intensity if necessary. This approach considers symptom fluctuation and is an effective strategy for
ensuring long-term and safe engagement in physical activity. Furthermore, given the interindividual variability
in PEM, fatigue triggers and experience!®!%, it is essential to empower PCC patients to adjust their training
autonomously while still providing structured guidance. The present findings contribute to the search for
effective and safe exercise programs in PCC without a worsening of any symptoms. The use of acute daily fatigue
as a reference point for exercise adjustment seems to be a feasible approach to prevent worsening of exercise-
induced fatigue in PCC patients with moderate PEM levels. PEM is also a hallmark symptom of ME/CES, and a
significant proportion of patients with PCC will eventually meet the diagnostic criteria for ME/CFS'*. Given
the substantial clinical overlap between ME/CFS and PCC!, we encourage future research to investigate the
feasibility of an individualized and symptom-titrated exercise program in patients with ME/CFS who display a
baseline functional capacity that allows them to engage in exercise.

This study shows that exercise therapy for PCC patients can be safely performed in commercial fitness and
health facilities. With over 9,000 facilities in Germany, they play an important role for public health in providing
preventive and rehabilitative exercise in an easy accessible, outpatient setting!!.

Strength and limitations

A strength of the present study was the inclusion of a wait-list control group and the multi-centre approach, with
tests and training conducted in a real-life setting. Furthermore, a novel approach to individualized and symptom-
titrated exercise was proposed which is of high relevance in clinical practices. To the authors knowledge this is
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the first exercise trial investigating the effects of exercise on parameters of fatigue as well as objective fatigability
in PCC.

While a relatively large number of participants was included in the study, the lack of an a priori sample size
calculation should be addressed as a methodological limitation.

For the CST, a wrist-worn activity tracker with an optical heart rate sensor was used, which is not the gold
standard for heart rate measurement. Detached from the control of the termination criteria, a more accurate
heart rate measurement could provide a more detailed heart rate history, potentially supporting a more
comprehensive evaluation and thus represents a limitation of this study. Furthermore, the digital data collection
via mobile devices was a time and cost-efficient method for the multi-centre study but led to some instances
of data loss when data were not correctly transmitted. Digital or analogue data backups that are stored at the
research facilities are a possible way to deal with this issue in future studies. Although prescribing intensities
based on subjective parameters has been shown to be effective and feasible, we did not record training intensities
based on maximum values (e. g. one repetition maximum, maximum heart rate). This could help to determine
objective measures for intensity prescription in PCC.

One major limitation of this study is the relatively high attrition rate. In particular, the number of individuals
who did not commence the study despite being included or who dropped out of the intervention must be
acknowledged. Possible reasons for non-participation or discontinuation might be a generally low expectancy of
improvement or previous negative experiences with physical activity.

Conclusion

An individualized and symptom-titrated exercise program is effective in reducing fatigue as well as improving
HRQoL and parameters of physical performance in PCC. A positive screening for PEM is not a contraindication
for a structured exercise program that is tailored to daily fatigue in those individuals. Adjusting the training
dose to the acute level of fatigue is a feasible strategy to ensure safe exercise in PCC patients with mild to
moderate PEM. These findings underline the importance of exercise therapy in PCC and support the previous
expert opinions and guidelines. This study indicates that commercial fitness and health facilities represent an
appropriate setting for safe and effective outpatient exercise therapy. Future research is needed to elucidate how
exercise-induced biological adaptations affect PCC pathophysiology.

Data availability
As participants did not consent to the use of their individual data by third parties, the dataset is not publicly
available, but is available from the corresponding author on reasonable request.
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