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Abstract

Background Lingering symptoms after acute COVID-19 present a major challenge to ambulatory care services. Since
there are reservations regarding their optimal management, we aimed to collate all available evidence on the effects
of rehabilitation treatments applicable in ambulatory care for these patients.

Methods On 9 May 2022, we systematically searched articles in COVID-19 collections, Embase, MEDLINE, Cochrane
Library, Web of Science, CINAHL, PsycArticles, PEDro, and EuropePMC. References were eligible if they reported on the
clinical effectiveness of a rehabilitation therapy applicable in ambulatory care for adult patients with persisting symp-
toms continuing 4 weeks after the onset of COVID-19. The quality of the studies was evaluated using the CASP cohort
study checklist and the Cochrane Risk of Bias Assessment Tool. Summary of Findings tables were constructed and the
certainty of evidence was assessed using the GRADE framework.

Results We included 38 studies comprising 2,790 participants. Physical training and breathing exercises may reduce
fatigue, dyspnoea, and chest pain and may improve physical capacity and quality of life, but the evidence is very weak
(based on 6 RCTs and 12 cohort studies). The evidence underpinning the effect of nutritional supplements on fatigue,
dyspnoea, muscle pain, sensory function, psychological well-being, quality of life, and functional capacity is very poor
(based on 4 RCTs). Also, the evidence-base is very weak about the effect of olfactory training on sensory function

and quality of life (based on 4 RCTs and 3 cohort studies). Multidisciplinary treatment may have beneficial effects on
fatigue, dyspnoea, physical capacity, pulmonary function, quality of life, return to daily life activities, and functional
capacity, but the evidence is very weak (based on 5 cohort studies). The certainty of evidence is very low due to study
limitations, inconsistency, indirectness, and imprecision.

Conclusions Physical training, breathing exercises, olfactory training and multidisciplinary treatment can be effective
rehabilitation therapies for patients with persisting symptoms after COVID-19, still with high uncertainty regarding
these effects. These findings can guide ambulatory care practitioners to treat these patients and should be incorpo-
rated in clinical practice guidelines. High-quality studies are needed to confirm our hypotheses and should report on
adverse events.
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Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the pathogen responsible for coronavirus disease
2019 (COVID-19), has caused considerable morbid-
ity and mortality at an unprecedented global scale [1].
Evidence on the subacute and longer-term effects of
COVID-19 is evolving worldwide [1]. Persisting symp-
toms following COVID-19 can be defined as ‘ongo-
ing symptomatic COVID-19" (symptoms lasting 4 to
12 weeks) and ‘post-COVID-19 syndrome’ (symptoms
beyond 12 weeks) according to the National Institute
for Health and Care Excellence (NICE)’s terms [2], ‘post-
COVID-19 condition’ as named by the World Health
Organisation (WHO) [3], and ‘post-COVID conditions’
as referred to by the United States Center for Disease
Control and Prevention’s (CDC) group [4]. It is esti-
mated that at an average follow-up time of 4 months, 45%
of COVID-19 survivors exhibit at least one unresolved
symptom [5]. The incidence is even higher among previ-
ously hospitalised patients, reaching 53% [5]. The most
commonly reported symptoms are fatigue, dyspnoea,
(muscle) pain, affected sleep, impaired usual activity, and
loss of smell and taste [5]. Therefore, this is a complex,
multifaceted condition affecting multiple organ systems
[5]. Also its pathogenesis is likely multifactorial and it
includes prolonged inflammation, immune-mediated
vascular dysfunction, thromboembolism, and nervous
system dysfunction [6]. Risk factors may include female
sex, increasing age, having two or more comorbidities, a
more severe acute COVID-19 illness, and a higher num-
ber of symptoms during the acute illness [7-9]. Increased
levels of D-dimer or C-reactive protein or reduced lym-
phocyte count during the acute illness may also be prog-
nostic factors [7]. Further research is needed to better
define these risk factors, to understand the underlying
mechanisms, and to address the neuropsychological
components and its impact on this new clinical disease
entity [6, 7]. Currently, there are reservations regard-
ing the optimal management of patients with persist-
ing symptoms after COVID-19, as there is insufficient
evidence on the mechanisms that underpin this con-
dition [10]. The WHO suggests that rehabilitation for
these patients requires a person-centred, comprehen-
sive, and multidisciplinary approach [11]. Interventions
for rehabilitation may include education, skills training
on self-management strategies, advice on paced return
to activities, breathing techniques (including respiratory
muscle training), physical exercise therapy, psychological
interventions, cognitive training, rehabilitation for com-
munication and swallowing difficulties, and occupational
therapy [11]. These interventions should be provided in
close collaboration with primary healthcare and several
medical specialties [11].
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We aimed to collate all available evidence on the effects
of rehabilitation treatments, applicable in ambulatory
care, for patients with persisting symptoms after COVID-
19. This review is part of the development of a guideline
on the follow-up and rehabilitation of patients with per-
sisting symptoms after COVID-19 in primary care, which
was commissioned by the Belgian government.

Methods

We performed a systematic review according to the
methods as described by Cochrane [12] and reported it
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 Check-
list (Additional File 1) [13].

Search strategy

First, we screened existing COVID-19 libraries, namely
Research Aid Networks Long Covid Library [14] and
Resources LongCovid (Care) [15] and web-based
COVID-19 collections, i.e. Cochrane COVID-19 Study
Register [16], Epistemonikos [17], and WHO COVID-
19 database [18]. In addition, we searched the follow-
ing literature databases: Embase, MEDLINE, Cochrane
Library, Web of Science Core Collection, CINAHL,
PsycArticles, PEDro, and EuropePMC (preprints). The
search string was based on two concepts: ‘persisting
symptoms after COVID-19° and ‘rehabilitation’ Full
search strategies for each database are included in Addi-
tional File 1. We also screened the references included in
NICE’s COVID-19 rapid guideline: ‘managing the long-
term effects of COVID-19’ [2]. Experts from the Belgian
guideline working group were also requested to verify the
list of retrieved publications and add publications when
missing.

Inclusion and exclusion criteria

References were eligible if they reported on the clini-
cal effectiveness of a rehabilitation therapy applicable in
ambulatory care for patients with persisting symptoms
after COVID-19 (i.e., new or ongoing symptoms contin-
uing after 4 weeks from the onset of acute COVID-19).
Studies investigating a rehabilitation therapy contigu-
ous to hospitalisation were excluded because this was
not the population of interest (i.e., these patients were
often more seriously ill and often had specific problems).
We included randomised controlled trials (RCTs), non-
randomised trials, prospective and retrospective cohort
studies, cross-sectional studies, case—control studies, and
case series with at least 10 patients. Systematic reviews,
case reports, letters, editorials, qualitative studies, con-
ference abstracts, posters, and protocols were excluded.
Preprints were not included in the final analysis, but it
was checked whether the corresponding articles had



Dillen et al. BMC Infectious Diseases (2023) 23:419

already been published. We only considered studies on
adults (>18 years) who had experienced symptomatic
and confirmed (by polymerase chain reaction, antibodies,
or chest CT) COVID-19. We excluded studies on nursing
home residents and people with specific comorbidities
(e.g., heart failure, diabetes), except if these populations
constituted less than 20% of the sample size. There were
no restrictions in terms of language, country, race, or
gender. We excluded studies investigating the effective-
ness of individual molecules and synthetic drugs, except
for over the counter nutritional supplements (such as
vitamins). If molecules were evaluated on top of a reha-
bilitation therapy, the study was included.

Selection and data extraction

Search results were imported into a reference manage-
ment program (Endnote 20.2 (Bld 15,709), Clarivate Ana-
lytics) and duplicate citations were removed [19]. Based
on inclusion and exclusion criteria, pairs of two reviewers
(11 reviewers in total) independently screened all records
by title and abstract, using Rayyan (Rayyan Systems Inc.)
[20] and Covidence [21] software (Covidence systematic
review software, Veritas Health Innovation, Melbourne,
Australia. Available at www.covidence.org.). Next, pairs
of two reviewers independently reviewed the full text of
all potentially relevant records, using the same selection
criteria. Data were extracted by one reviewer (HD) and
checked by another reviewer (GB, DP) using standard-
ised data extraction forms in Covidence and Microsoft
Excel (Version 2202). Any queries or disagreements in
either of the steps above were resolved through discus-
sion or, if necessary, another reviewer. The following data
items were extracted: title, authors, publication year,
journal, publication status, country, timeframe of patient
recruitment, study design, population characteristics
(i.e., inclusion and exclusion criteria, setting, sample size,
age, sex, follow-up time since acute COVID-19, acute
COVID-19 disease severity, hospitalisation or intensive
care unit use during acute COVID-19 illness), rehabili-
tation therapy, comparator(s), primary and secondary
endpoints, and the main results. Data were sought for the
following outcome measures: fatigue, dyspnoea, muscle
pain, chest pain, physical capacity (i.e., physical fitness
and muscle performance), pulmonary function, cognitive
function, sensory function (i.e., smell and taste), psycho-
logical well-being, quality of life, return to normal daily
life activities, functional capacity (i.e., ability to perform
‘activities of daily living’), and adverse events. All results
that were compatible with each outcome were extracted
(i.e., all measures, time points, and analyses), except for
pulmonary function for which we only extracted data for
the maximal voluntary ventilation (MVV), vital capacity
(VC), and maximal inspiratory pressure (MIP) as these
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were considered as measurable in an ambulatory care
setting. If needed, corresponding authors were contacted
for additional study information.

Risk of bias assessment

The methodological quality of the selected studies was
evaluated independently by pairs of two reviewers (HD,
GB, SG) using the CASP cohort study checklist for
cohort studies [22] and the Cochrane Risk of Bias Assess-
ment Tool 2.0 for RCTs [23].

Data analysis and certainty of evidence assessment

Due to a high heterogeneity between studies, results were
summarised narratively. We constructed Summary of
Findings (SoF) tables to summarize all available evidence
by intervention type (i.e., physical training program,
breathing exercises, nutritional supplements, olfactory
training, and multidisciplinary treatment) and subse-
quently by study design. For each outcome measure, we
assessed certainty of evidence using the methods of the
Grading of Recommendation Assessment, Development,
and Evaluation (GRADE) framework [24, 25]. GRADEpro
was used to create the SoF tables (GRADEpro Guideline
Development Tool. McMaster University and Evidence
Prime, 2022. Available from gradepro.org.).

We performed vote counting to determine by outcome
domain the number of studies demonstrating beneficial
results, no significant improvement, and mixed results
(i.e., some measures showed beneficial results, while
other measures within the same study did not show a sig-
nificant improvement).

Protocol registration
We published and prospectively registered the pro-

tocol for this systematic review on PROSPERO
(CRD42022330205).
Results

Identification of studies

From the database search on 9 May 2022, 45,479 records
were identified, of which 28,322 were screened for title
and abstract. Of those, 415 references were screened
based on full-text, whereof 38 unique studies were
retained for this review (Fig. 1).

Physical training programs were evaluated by 14 stud-
ies, breathing exercises by 10 studies, nutritional sup-
plements by four studies, olfactory training by seven
studies, and multidisciplinary treatment programs were
assessed by five studies. Seven studies evaluated other
interventions which do not fall within these categories
(i.e., narrative exposure therapy, aromatherapy, hydro-
gen inhalation, massage techniques, hyperbaric oxygen
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Records (n = 45479) identified from:
Research Aid Networks Long Covid Library (n = 654)
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_| Recordsremoved before screening (n = 17157)

Resources LongCovid—‘Care’ (n = 141)
Cochrane COVID-19 Study Register (n = 838)
Epistemonikos (n = 1046)

WHO COVID-19 database (n = 6755)
Embase (n = 12342)

Medline (n = 6202)

Cochrane Library (n = 542)

Web-of-Science Core Collection (n = 11877)
CINAHL (n =3108)

PsycArticles (n = 328)

PEDro (n = 15)

EuropePMC (n = 1610)

NICE guideline (n = 21)

Duplicate records removed (n = 16450)
Records published before 2020 (n= 707)

Records removed attitle and abstractscreening

Records screened based ontitle and abstract(n = 28322) }

(n =27907)

Records excluded based on full-text (n = 374)
Wrong outcome (n = 140)
»| Wrong publication type (n = 121)

Records screened based on full-text (n = 415) |

A

Records includedin qualitative synthesis (n = 41)
38 unique studies

Wrong population (n = 52)
Full-text not available (n = 18)
Wrong intervention (n = 15)
Duplicate (n =11)

Wrong study design (n = 9)
Wrong setting (n = 8)

Fig. 1 PRISMA flow-chart. Study identification and process for selection of studies included in the review

therapy, enhanced external counterpulsation). Character-
istics of included studies are presented in Table 1.

Risk of bias

Of the 27 cohort studies assessed with the CASP cohort
study checklist, 14 had a good overall score (i.e., 7 or 8),
12 had a moderate score (i.e., 4—6), and one study had
a low score (i.e.,,<3). Of the 13 RCTs assessed with the
Cochrane Risk of Bias Assessment Tool 2.0, two had a
low risk of bias, three had some concerns, and eight had
a high risk of bias. Full details on the risk of bias assess-
ment can be found in Additional file 2.

Effects of rehabilitation interventions

Figure 2 graphically summarises the results of the
included studies. Full details and SoF tables can be found
in Additional File 1.

Physical training program

Three RCTs [33, 41, 42] and 11 cohort studies [26-32,
38-40, 43] evaluated physical training as part of a reha-
bilitation program in patients with persisting complaints

after COVID-19. Beneficial effects have been reported for
the following outcomes (however, certainty of evidence is
very low): dyspnoea, physical capacity, pulmonary func-
tion, quality of life, fatigue, chest pain, cognitive function,
psychological well-being, and functional capacity. An
improvement could not be demonstrated for muscle pain
and return to work (very low certainty of evidence). One
RCT [33] found that, in men with post-COVID-19 sar-
copenia, low intensity training resulted in an increased
handgrip strength and a better quality of life compared
to high intensity training. Two studies [32, 41] reported
adverse events, and when detected, none were related to
the intervention.

Breathing exercises

Five RCTs [35-37, 41, 42] and five cohort studies [34, 38—
40, 43] evaluated breathing exercises as part of a rehabilita-
tion program in patients with prolonged symptoms after
COVID-19. Beneficial effects (all with very low certainty of
evidence) have been reported for the following outcomes:
dyspnoea, physical capacity, pulmonary function, psy-
chological well-being, quality of life, functional capacity,
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Fig. 2 Graphical summary of the results of the included studies.

Nut. S.=nutritional supplements, Tx =treatment, + (green) = beneficial results, ? (yellow) = mixed results, - (red) =no significant improvement,

R=randomized controlled trial, C=cohort study

fatigue, muscle pain, chest pain, cognitive function, and
return to normal daily life activities. Two studies reported
adverse events such as hospitalisations [41] and dizziness
[36]. One study reported that participation could trigger
exacerbation of symptoms such as fatigue [36].

Nutritional supplements

Four RCTs assessed the effects of nutritional supplements
in patients with persisting symptoms after COVID-19.
The following supplements were evaluated: palmitoyle-
thanolamide and luteolin (two studies [44, 45]), systemic
enzymes (ImmunoSEB) and probiotics (one study [46]),
and acetyl-carnitine (one study [42]).

Beneficial effects have been reported for the following
outcomes (all with very low certainty of evidence): fatigue
(systemic enzymes and probiotics), dyspnoea (acetyl-car-
nitine), muscle pain (acetyl-carnitine), sensory function
(palmitoylethanolamide and luteolin), psychological well-
being (acetyl-carnitine), quality of life (acetyl-carnitine),
and functional capacity (acetyl-carnitine, mixed results).
Two studies [45, 46] reported on adverse events, of which
none were detected.

Olfactory training

Four RCTs [44, 45, 47, 50] and three cohort studies [48,
49, 51] evaluated olfactory training in patients with per-
sisting olfactory complaints after COVID-19. For the

RCTs, we only used control group data, so these were all
considered as observational studies. Five studies [44, 47,
48, 50, 51] reported beneficial results on olfactory func-
tion, while two studies [45, 49] reported no difference
(very low certainty of evidence). One study [51] reported
beneficial effects on quality of life (very low certainty of
evidence). One RCT [50] suggested that advanced olfac-
tory training (i.e., increasing the number of essences)
does not show superiority over classical olfactory train-
ing. Two studies reported adverse events: one study [50]
observed that 18 out of 80 participants had side effects
with olfactory training, while the other study [45] did not
detect any adverse effect.

Multidisciplinary treatment

Five cohort studies [52-57] evaluated the effects of
multidisciplinary treatment in patients with persisting
complaints after COVID-19. All five studies included
physiotherapy, four included psychological support, four
included nutritional counselling and three included occu-
pational therapy. Beneficial effects have been reported for
the following outcomes (all with very low certainty of evi-
dence): fatigue, dyspnoea, physical capacity, pulmonary
function, cognitive function, psychological well-being,
quality of life, return to work, and functional capac-
ity. Two studies [52, 53, 56] reported adverse events and
none were detected.
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Other interventions

Three RCTs and four cohort studies investigated other
interventions in patients with persisting symptoms after
COVID-19. Narrative exposure therapy can have a posi-
tive effect on post-traumatic stress symptoms (one RCT
[59], very low certainty of evidence). Aromatherapy can
improve energy levels among women who are experienc-
ing fatigue after recovering from COVID-19 (one RCT
[60], low certainty of evidence). Hydrogen inhalation
may increase the tolerance to physical activity (one RCT
[64], very low certainty of evidence). Massage techniques
may reduce fatigue and may improve cognitive function
and psychological well-being (two cohort studies [58,
61], very low certainty of evidence). Hyperbaric oxygen
therapy can have beneficial effects on fatigue (one cohort
study [62], very low certainty of evidence). Enhanced
external counterpulsation may reduce fatigue and brain
fog and may improve physical capacity, psychological
well-being, and functional capacity (one cohort study
[63], very low certainty of evidence). Adverse events were
reported for the following interventions: aromatherapy
(one participant experienced headache; no other adverse
events), hydrogen inhalation (none were detected), and
hyperbaric oxygen therapy (none were detected).

Discussion

Main findings

Physical training programs and breathing exercises
may reduce fatigue, dyspnoea, and chest pain and may
improve physical capacity and quality of life, but the sup-
porting evidence is very weak. Their effects on muscle
pain, pulmonary function, cognitive function, psycholog-
ical well-being, return to normal daily life activities, and
functional capacity are still unclear. The evidence under-
pinning the effect of nutritional supplements on fatigue,
dyspnoea, muscle pain, sensory function, psychological
well-being, quality of life, and functional capacity is con-
sidered to be very poor. Also, the evidence is very uncer-
tain about the effect of olfactory training on sensory
function and quality of life. Multidisciplinary treatment
may have beneficial effects on fatigue, dyspnoea, physi-
cal capacity, pulmonary function, quality of life, return
to normal daily life activities, and functional capacity,
but the evidence is very uncertain. Its effect on cognitive
function and psychological well-being is still unclear. The
certainty of evidence is very low due to study limitations
(the majority of studies have a cohort design), inconsist-
ency (e.g., some studies found positive results while oth-
ers showed negative or mixed results), indirectness (e.g.,
physical training programs and breathing exercises were
often evaluated simultaneously), and imprecision (low
number of participants). For instance, some rehabilita-
tion programs consisted of a combination of exercises
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(e.g., aerobic and strength training, with or without
breathing techniques), so we are unable to derive from
these data the most effective type of training.

Strengths and limitations

A key strength of this systematic review is a rigorous
methodology, including an extensive search and the use
of the GRADE framework [24, 25] to assess the certainty
of evidence, which was not performed in similar reviews
[65-69]. Also, various ambulatory care professionals
(i.e., general practitioners, physiotherapists, occupa-
tional therapists, psychologists, and dieticians) as well as
patients with persisting symptoms after COVID-19 were
involved in the literature search, which allowed them,
from the perspective of their discipline and/or experi-
ence, to verify the list of retrieved publications and to
add missing ones. Further, the use of existing COVID-19
libraries limited the chance that relevant literature was
not identified.

However, this review has some limitations. Given per-
sistent symptoms after COVID-19 is a relatively new con-
dition, the majority of included studies are single-group
cohort studies with a short follow-up period, which had
an impact on the certainty of evidence. Additionally, the
range of outcomes for the same intervention as well as
the heterogeneity in interventions might limit the gener-
alizability of our findings. We were also not able to sum-
marize the results quantitatively. Moreover, this review
did not consider the effect of the interventions on some
other important symptoms that are commonly reported
by these patients, such as general pain or discomfort,
affected sleep, impaired walking, joint pain, and cough,
with heterogeneity in number and severity experienced
[5]. Last, few studies included in this review reported
on the side effects or adverse events with the therapies
applied. Reports on post exertional malaise or post exer-
tional symptom exacerbation after (exercise) training
have been made available and this may require tapering
down or even stopping of the training program [70-72].
Further research is needed on the place of other interven-
tions (such as occupational therapy) in this context [73].

Comparison to existing literature

Previous reviews on rehabilitation interventions for
patients with persisting symptoms after COVID-19
focussed on pulmonary rehabilitation [65] or only
included RCTs [66]. Other reviews covered all or other
(i.e., earlier) stages of rehabilitation of COVID-19
patients [67-69]. Their evidence suggests that, in line
with our results, physical training and breathing exer-
cises can be useful in patients with persisting symptoms
after COVID-19. A review by Décary et al. summarized
the current literature on care models and pathways for
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post COVID-19 condition and advises that rehabilita-
tion care for these patients should include multiple pro-
fessionals at different levels [74], which is in accordance
with our results on the effects of multidisciplinary treat-
ment. Since the closing of this review at least two RCTs
were published. One RCT reported significant improve-
ments in physical fitness, fatigue, quality of life, and
symptoms of depression for using an 8-week supervised
exercise training program compared to the WHO self-
management brochure [75] in patients with mild initial
COVID-19 [76]. The other RCT investigated the effect
of respiratory muscle training and confirmed its effects
on improvements of dyspnoea [77]. These newer studies
provide further support to our findings.

Implications for clinical practice and further research
These findings can guide ambulatory care practition-
ers for treating patients with persisting symptoms after
COVID-19. This evidence should therefore be incorpo-
rated in clinical practice guidelines for the care of these
patients, as already partially implemented in England [2],
Germany [78], the Netherlands [79] and Belgium [80].
Given the paucity of evidence, high-quality and rig-
orous studies are needed to confirm our hypotheses.
Future studies preferably have a controlled design and
should include a sufficient number of participants. Also,
adverse events of rehabilitation programs in ambulatory
care must be studied more. Moreover, evidence is par-
ticularly scarce for the following interventions: advice on
how to self-manage symptoms and on return to activi-
ties, occupational therapy, rehabilitation for communica-
tion and swallowing difficulties, cognitive training, and
psychological interventions including coping and post-
traumatic stress management strategies. Besides, stand-
ardized structured questionnaires specific to qualitative
olfactory dysfunction should be routinely used, since the
Sniffin” Sticks test, which was mainly used in the olfac-
tory training studies included in this review [44, 45, 47—
51], focuses on quantitative loss of olfactory function and
therefore can underestimate the prevalence of persistent
COVID-related parosmia [81]. Finally, research into the
prevalence, risk factors, and pathophysiology of persist-
ing symptoms after COVID-19 will give more insight
into which rehabilitation interventions may be most ben-
eficial in this population, along with a tailored treatment
according to the subtype of the condition.

Conclusions

Physical training programs, breathing exercises, olfac-
tory training, and multidisciplinary treatment can be
effective rehabilitation therapies for patients with per-
sisting symptoms after COVID-19. They have already
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shown marked effects on fatigue, dyspnoea, physical
capacity, and quality of life. However, the certainty of
evidence is very low, which means there is still a lot of
uncertainty about these effects.
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