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Abstract

People with long COVID may suffer from a wide range of ongoing symptoms including fatigue, exertional dyspnea,
reduced exercise performance, and others. In particular, impaired exercise performance is a condition that can be
recovered in many people through an individualized physical exercise training program. However, clinical experi-
ence has shown that the presence of post-exertional malaise (PEM) is a significant barrier to physical exercise training
in people with long COVID. Currently, there is no guideline or consensus available on how to apply exercise training
in this cohort. Therefore, we conducted a literature review in the PubMed library using the following search terms:
"COVID", "post-COVID', “long COVID"and “exercise” searching for studies from January 2020 to January 2024. Data

from 46 trials were included. Exercise training regimes were very heterogeneous and none of these studies reported
on the management of PEM in the context of an exercise training program. Based on the feedback from an addi-
tional survey that was answered by 14 international experts in the field of exercise training in long COVID, combined
with the authors” own extensive practical experience, a best practice proposal for exercise training recommendations
has been developed. This proposal differentiates exercise procedures according to the presence of no, mild/moder-
ate or severe PEM in people with long COVID. These recommendations may guide allied healthcare professionals
worldwide in initiating and adjusting exercise training programs for people with long COVID, stratified according

to the presence and severity of PEM.

Key Points

Exercise training is considered as a crucial component of long COVID rehabilitation programs, but it may be com-
plicated by the presence of post-exertional malaise.

Currently, there is no consensus on the optimal training strategies for individuals with long COVID, with or with-
out post-exertional malaise (PEM).

We propose a best practice proposal for exercise training recommendations that distinguishes between exercise
procedures based on the presence of no, mild/moderate or severe PEM in individuals with long COVID.
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« Our best-practice proposal, which is based on scientific literature and extensive expert experience, can guide
healthcare professionals in initiating and adjusting exercise training programs for individuals with long COVID,
stratified according to the presence and severity of PEM.

Keywords Rehabilitation, Pulmonary rehabilitation, Post-COVID, COVID-19, SARS-CoV-2, Fatigue, Post exertional

symptom exacerbation, PEM, PESE

Background

According to the current NICE guideline, long COVID
is a term used to describe signs and symptoms that per-
sist or develop for more than four weeks after the acute
phase of COVID-19 [1]. People with long COVID may
experience a wide range of ongoing symptoms including
fatigue, exertional dyspnea, psycho-neurological impair-
ments, pain, reduced exercise performance, and others
[2]. In particular, impaired exercise performance is a con-
dition that can be recovered by an individualized physi-
cal exercise training program. Recent systematic reviews
have shown that physical rehabilitation interventions are
feasible, safe, and beneficial in people with long COVID
by improving various physical, clinical, and psycho-
logical relevant outcomes [3]. In addition, long COVID-
related symptoms such as exertional dyspnea or fatigue
have been shown to improve following exercise training
interventions [4]. However, a recent Cochrane review
concluded that the available evidence has several meth-
odological limitations that prevent the formulation of
robust suggestions for exercise practice [5]. In particular,
the presence of post-exertional malaise (PEM), a worsen-
ing of symptoms following physical, cognitive, or emo-
tional activity that typically intensifies 12—-48 h after an
activity and lasts for days or even weeks [6], is a signifi-
cant barrier to physical exercise training in long COVID.
Up to now, there are no consistent exercise training rec-
ommendations for people with long COVID available.
Therefore, we aimed to develop practical exercise train-
ing recommendations for individuals with long COVID,
depending on the presence and severity of PEM.

Methodological Aspects

Information on exercise training procedures in peo-
ple with long COVID was derived from three different
sources. First, a systematic literature search was per-
formed in July 2023 and was updated in January 2024.
The electronic search was carried out in the PubMed
library using a search period from January 2020 to Janu-
ary 2024 and the following keywords: “COVID’, “Post-
COVID’, “long COVID” and “exercise”. We included trials
that used any kind of physical exercise training program
in people with persistent symptoms related to COVID.
There were no restrictions on study methodology (e.g.

randomized, observational, retrospective etc.). As part of
the study selection process, two independent research-
ers (R.G. and D.L.) screened the titles and the abstracts
of the articles, reviewed the full text of all articles that
met the inclusion criteria in the initial screening, and
extracted data from the eligible studies (Fig. 1). Second,
we developed a 48-question online survey on how exer-
cise training is initiated and adapted in people with long
COVID (Additional file 1). This survey was sent to inter-
national long COVID experts who have published studies
on exercise training in people with long COVID to gather
additional practical experiences beyond the reported
details in publications. Thirdly, practical experiences
from the four authors” expert centers [7-9] after treat-
ing more than 3500 people with long COVID so far were
also taken into consideration to create practical exercise
training recommendations.

Findings

The literature search revealed 46 original studies that
investigated exercise training programs in individuals
with long COVID (for extracted information on exercise
training procedures see Table 1). Most studies performed
3-5 exercise training sessions per week for a period of
3—-12 weeks. However, approaches to exercise prescrip-
tion in the scientific literature were very heterogeneous.
To determine training intensity during endurance train-
ing, various methods were employed. Ten studies used
a percentage of peak heart rate, ranging from 40 to 85%.
Eight studies used Borg exertion scores, ranging from 3
to 6 on the 0-10 point scale. Seven studies applied a per-
centage of peak work rate, ranging from 20 to 70%. Four
studies used a percentage of heart rate reserve, ranging
from 30 to 70%. Ten studies did not report how they
determined intensity and seven studies did not apply
endurance training (Table 1). Twenty of the 46 trials
(43%) reported on the safety of exercise training in peo-
ple with long COVID (without mentioning PEM). None
of these trials documented any exercise-related adverse
events. However, 57% of the included trials did not report
the prevalence of exercise-related adverse events. Addi-
tionally, 14 experts (across 8 countries) also completed
the survey. The responses from these experts were also
very heterogeneous (e.g. endurance training intensity
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Fig. 1 Literature search flow chart

ranged from 30 to 70% of peak heart rate or 30-60% of
peak work rate). Based on the literature review, the expert
survey, and the authors’ own extensive experience, a pro-
posal for practical exercise recommendations for people
with long COVID stratified by the presence, frequency,
severity, and duration of PEM was developed (Fig. 2).
Before starting an exercise program, a cardiac and
pulmonary assessment should be performed to exclude
potential contraindications to exercise training. Another
crucial aspect before prescribing exercise training is to
assess for PEM (by clinical interview and if suspected by

Records removed before
screening:

Duplicate records removed
(n=0)

Records marked as ineligible by
automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records excluded by a human
(n=417)

Reports not retrieved
(n=0)

Reports excluded:

Review, no original data

(n=173)

Study protocols (n = 9)

Acute COVID-19 instead of post-
COVID population (n = 12)
Other reasons (n = 4)

using the DePaul Symptom Questionnaire-Post-Exer-
tional Malaise, DSQ-PEM) [54]. PEM is also the cardinal
symptom of myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CES) and therefore in long COVID
cases with PEM, diagnostic ME/CEFS criteria (Canadian
Consensus or IOM criteria) should be checked [55, 56].
If there are no signs of PEM, a “conventional” exercise
training program that combines moderate to intense
endurance and strength training may be used. However,
if people develop PEM after daily physical activity an
individual activity management strategy known as pacing
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I Exclusion of any contraindication for physical exercise I

Presence of Post-Exertional Malaise (PEM)?
(assessed by clinical interview and DSQ-PEM questionnaire)

v

v

v
Mild/moderate PEM Severe PEM
No PEM DSQ-PEM frequency and intensity score 0 to 2 DSQ-PEM frequency and intensity score 3 to 4
DSQ-PEM duration <14h DSQ-PEM duration 214h
" Do not perform a maximal exercise test, but " -
Perform a maximal test e it et it i alrer Do not perform a maximal exercise test, but
to assess peak work rate or peak heart rate < i apply individual strategies for coping with PEM
exercise training program
60% of PWR, Practical advice from clinical experience 7 : i 5
Continuous | Intensity: E0 o 10%loT peak hea e Tor Practical advice from clinical experience
Endurance Borg (0 to 10 scale) exertion of 4 to 6 * Frequency: 2 to 3 exercise sessions per week
e (if tolerated) 5 . u“ “
Training Duration: Initial 10 to 15 minutes (I;:r?d:c;I!Z:r:?ntgh;r'i':‘tc‘f'r::ge?osit‘ Ee)
cing, ing, prioritizing, ionil
(3-5 sessions Increase duration up to 30 minutes * Duration: initial 5 to 10 minutes
per week) Progression:  and intensity o .
(according to patient’s tolerance) « Intensity: aim for Borg exertion below the level that « Relaxation techniques
lead to previous PEM
Highs 80 to 100% of PWR or ' - ‘ [ et e
intensity Borg (0 to 10 scale) exertion of 5 to 6 « Rather apply an interval training protocol with short Getting support (i.e. from family members, Henes
interval: exercise bouts than a continuous endurance training colleagues, or self-care groups) to manage daily life
low- protocol (e.g. 30 seconds exercise and 30 to 60
. 9,
Interval intensity Szitl?g :or igfcglfe’;)’vevng'i’on e seconds rest) « Getting professional guidance in physical activity
Endurance interval: g coaching from an experienced physiotherapist
Training * The maximum heart rate during exercise could be
Interval limited to e.g. 120 bpm
(3-5 sessions | duration: 30oke0 ccconds * Setting Iimits_ for physical/mental activity and emotional
per week) Duration Initial 10 to .20 minutes * Increase intensity/duration only collaboratively with stress to avoid overload (“crash*)
. the patient when the patient feels able to increase
Increase duration up to 30 to 40 « Writing an activity-symptom diary to recognize activity
Progression: ~minutes and intensity * In case of PEM: pause for a few days and reduce patterns that exacerbate symptoms
(according to patient’s tolerance) intensity and/or duration
Repetitions: 3 sets of 8 to 12 repetitions o B ) * Planning regular and relaxing breaks throughout the
= * Intensity: “mild to mode.rate ‘, do not aim to reach day
Str(_en-gth Reach momentary muscular failure momentary muscular failure at the end of a strength
Training Intensity: (or close to it) at the end of each training set
. strength training set « Taking care of sleep hygiene and proper treatment of
(tf::i;ms total 4 to 6 exercises for major muscle groups * In case of PEM: reduce intensity and/or number of other comorbidities
P repetitions/sets/total number of exercises
Progression: | According to the patient’s tolerance * Try short (<2 minutes) endurance muscle activities, in
Inspiratory Exertional dyspnea and/or respiratory Exertional dyspnea and/or respiratory case of orthostatic intolerance in sitting/lying position
Muscle Indication:  muscle weakness (PImax ' <82cmH,0 Indication:  muscle weakness (PImax <82cmH,0
Training or $<62cmH,0) or £<62cmH,0)
(IMT) Training 30 to 50% of PImax Training 30% of PImax
- . intensity: (with progressive increase as tolerated) | intensity: (with progressive increase as tolerated)
-/ sessions
per week) Protocol: l.e. 6x6 IMT breaths per session Protocol: l.e. 6x6 IMT breaths per session
Optional Balance training, relaxation techniques Relaxation techniques (i.e. progressive muscle
P (i.e. Qi Gong, Tai Chi), etc. relaxation in sitting or lying position)

Apply pacing strategies also
to this group as appropriate

Fig. 2 A best-practice proposal for exercise training recommendations in patients with long COVID (bpm=beats per minute, DSQ-PEM = DePaul
Symptom Questionnaire-Post-Exertional Malaise, IMT =inspiratory muscle training, Plmax=maximal inspiratory pressure, PWR = peak work rate)

or energy envelope maintenance [57] should be applied
(Fig. 2).

Discussion

We have presented best practice recommendations for
exercise training in people with long COVID, based on
a mixture of scientific literature, an international expert
survey and our own practical experience. We believe that
differentiating whether people with long COVID have a
history of PEM and/or develop PEM after exercise is an

important consideration concerning the adaptation of
exercise training programs. If subjects with long COVID
do not develop PEM, a fairly regular fitness training pro-
gram of combined endurance and strength training could
be applied as in healthy untrained individuals. If peo-
ple develop mild to moderate PEM, a modified exercise
training program might be used (depending on individual
tolerance). For people with long COVID and severe PEM,
the focus should be on pacing strategies similar to those
used in patients with ME/CFS.
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In January 2023, the World Health Organization
(WHO) suggested that people with long COVID and
significant impact on everyday functioning should be
referred to rehabilitation services [58, 59]. There was also
a recommendation that the presence of PEM will require
interventions to be modified without mentioning further
details [58]. The WHO, as well as the Cochrane Institute,
concluded that there is currently no direct evidence of
the effectiveness of rehabilitation in the subgroup of peo-
ple with long COVID and PEM [58, 60]. Our literature
review supports these statements since none of the 46
studies specifically reported on PEM (Table 1). However,
12 out of 14 survey participants stated that long COVID
individuals should be screened for PEM.

One condition in which PEM plays an important role
is ME/CFS. However, the updated 2021 NICE guideline
for ME/CES no longer recommends graded exercise
therapy (GET) [61] anymore (compared to the previous
guideline version). GET is defined as “first establishing
an individual’s baseline of achievable exercise or physical
activity, then making fixed incremental increases in the
time spent being physically active including supervision
by a physiotherapist in a ME/CEFS specialist team” [6]. Up
to now, studies that investigated GET as an intervention
in patients with ME/CES used also very heterogeneous
training approaches (i.e. intensity at 50% of peak heart
rate, at 70% from the anaerobic threshold, or just the
advice to “start at a level that patients think they can do”)
[62]. This paradigm change in the NICE guideline regard-
ing GET evolved also into a controversial debate on the
role of exercise training [63—65]. However, it is regarded
as common sense that in patients with PEM, activity
management strategies must be carefully customized
to reflect the individual needs and limits of each indi-
vidual [66, 67]. We therefore propose an individualized
and symptom-titrated approach rather than GET with
a fixed progression of the exercise load in patients with
mild/moderate PEM. Our recommendation for pacing
(energy envelope maintenance) in severe PEM is based
on a recent UK study showing that a structured pacing
protocol significantly reduced the incidence of PEM and
improved the general condition of patients with long
COVID [68]. Screening and scoring PEM was suggested
to be a useful procedure for assessing the tolerance of
certain interventions in patients with chronic fatigue
[69]. Pacing was shown to be associated with better out-
comes in the management of people with long COVID
[70] and may be especially beneficial for individuals with
higher available energy who are pushing themselves
beyond their energy limitations [57]. Since people with
mild to moderate PEM are at risk of developing more
frequent, severe, and long-lasting PEM triggered by daily
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activities, they need to be carefully guided to remain as
active as possible while avoiding “crashes” resulting from
too much exertion [57].

One limitation of our literature review is that we used
only a single database (PubMed). However, our literature
review was not designed to provide evidence of effective-
ness. Rather, we wanted to compare approaches to exer-
cise training in people with long COVID, and these were
found to be very heterogeneous. Another limitation of
our proposal is that evidence of the efficacy of our rec-
ommendations in people with long COVID is limited so
far. Moreover, different recommendations might be nec-
essary for children with long COVID. However, several
individual components of our practical recommenda-
tions have already been investigated in specific clinical
trials and were found to be beneficial and safe in many
people with long COVID (e.g. interval endurance train-
ing [38] or inspiratory muscle training [30]).

Conclusion

In our best-practice proposal, we merged the scientific
literature and international expert experiences to propose
a more homogeneous exercise training concept in people
with long COVID, stratified depending on the presence
and severity of PEM. These recommendations may guide
allied healthcare professionals worldwide to initiate and
adjust exercise training programs in long COVID.
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