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Addressing Post-COVID Symptoms: A Guide for
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Background: Post-COVID symptoms, defined as symptoms lasting >4weeks postinfection, have been
identified not only among those patients who were hospitalized with severe symptoms but also among
those who were asymptomatic or with only mild symptoms. Primary care providers (PCPs) will often be
the first point of contact for patients experiencing potential complications of post-COVID symptoms.
The aim of this article is to present a post-COVID management tool for PCPs to use as a quick reference
and guide to the initial workup and management of the most common post-COVID symptoms.

Methods: Published guidance, recent literature, and expert specialist opinion were used to create
the structure outlining the outpatient evaluation and treatment for post-COVID symptoms.

Results: A quick-reference guide for management of post-COVID symptoms was created for PCPs.
Educational materials were created for clinicians to share with patients. Our article reviews several
common complaints including respiratory, cognitive, and neurological symptoms, chronic fatigue, dys-
autonomia, and anosmia and presents recommendations for management.

Conclusions: Data on long-term effects of COVID-19 are still emerging, and rapid dissemination of
this data to front-line PCPs is crucial. This table was our effort to make the currently available evidence
accessible for our PCPs in a simple, easy-to-use format. ( J Am Board Fam Med 2020;34:1229–1242.)
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Background
Over the past year, more than 30 million Americans
were diagnosed with COVID-19 caused by SARS-
CoV-2,1 and there is increasing evidence of the
enduring effects of COVID-19.2–7 While there is a
lack of consensus regarding terminology,8 symptoms
that are present beyond 3 to 4 weeks have been
included in much of the research examining the
long-term effects of COVID-19. Symptoms lasting

up to 4weeks after diagnosis are referred to as acute
COVID-19, and those symptoms that persist or
emerge related toCOVID-19 past 12weeks of infec-
tion are labeled long COVID, postacute sequelae of
SARS-CoV-2 infection, or chronic COVID-19.9

This article will use the term post-COVID to
include symptoms lasting formore than 4weeks.

Post-COVID syndrome has been identified not
only among those patients who were hospitalized
with severe symptoms but also among those who
were asymptomatic or with only mild symptoms.7

One study with a sample size of 1407 found nearly
30% of their nonhospitalized COVID-19 partici-
pants were still reporting symptoms 2 months after
infection.6 Further, based on a sample of more than
2000 participants, less than 1% of both hospitalized
and nonhospitalized patients indicated they were
symptom-free nearly 80days after infection.7
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Among a smaller sample, nearly 70% of 130
COVID-19 patients reported at least 1 persistent
symptom at 2 months after symptom onset.10

Post-COVID symptoms may exhibit differently
among age and gender cohorts.11 Huang et al6 found
nearly 3 of every 4 patients who reported lasting
symptoms from their sample were 50 to 59years of
age. In contrast, Walsh-Messinger and collegues12

found that among 43 college students recovering
fromCOVID-19, half reportedpersistent symptoms,
and all but 1 of these patients were female. Primary
reported symptoms include chest pain, dyspnea, anxi-
ety, and nausea.6 Goërtz et al7 found fatigue and
dyspnea to be the most common within their sample
of patients from the Netherlands and Belgium fol-
lowed by heart palpitations, diarrhea, ageusia, and
insomnia. In a follow-up study of 1733 patients in
Wuhan, China, 63%of the patients who identified at
least 1 symptom at a 6-month follow-up (76% of
sample) reported fatigue or muscle weakness.6

Memory loss and the inability to concentrate, also
referred to as “brain fog,” have also been associated
with post-COVID symptoms.2,12 In December
2020, the Office for National Statistics13 in the UK
found that among 8193 patients, 21% reported fa-
tigue, cough, and headache as primary symptoms 5
weeks following infection.

Primary care providers (PCPs) will often be the
first point of contact for patients experiencing poten-
tial complications of post-COVID symptoms.14 In
addition, as it seems that not all symptoms emerge
during the infectious period, PCPs must be prepared
to identify, evaluate, and manage these post-COVID
complications.15 Currently, there is very little evi-
dence-based guidance for PCPs in management of
post-COVID symptoms. The aim of this article is to
present a post-COVIDmanagement tool based both
on the emerging but as yet very preliminary evidence
base as well as expert consensus, with the understand-
ing that guidelines will evolve over time as additional
evidence is brought forth: PCPs will be able to use
the included table as a quick reference and guide to
the initial workup andmanagement of themost com-
mon post-COVID symptoms. This article will also
help PCPs facilitate the management of these symp-
toms and serve as a crucial link to specialty clinics.11

Methods
TheUniversity ofMichigan’s (UM’s) CampusHealth
Response Committee (CHRC) identified a need for

practice guidelines pertaining to post-COVID symp-
toms and invited collaboration from the Michigan
Medicine (MM) Hospital System including Primary
Care, Occupational Health Service, Infectious
Disease, Physical Medicine and Rehabilitation, and
University StudentHealth Service to serve the clinical
needs of theUMcommunity. To prepare for this pro-
ject, team members performed an extensive literature
review to further identify the existing information
related to post-COVID symptoms. In addition, team
members attended a Centers for Disease Control
and Prevention (CDC) Clinician Outreach and
Communication Activity (COCA) on treating post-
COVID symptoms. Following this, members reached
out toCOCAspeakers for additional, extended discus-
sions. Using CDC and National Institutes of Health
(NIH) guidance, recent studies that evaluate for post-
COVID symptoms, and expert specialist opinion,
team members created the structure for a clinician
guide outlining the outpatient evaluation and treat-
ment for post-COVID symptoms. Educational mate-
rials were created for clinicians to share with patients
via the electronic medical record or discuss during
their visit. This educational material was subsequently
made publicly available through the UM Maize and
Blueprint, which is a consolidated resource that
includes all COVID-related topics for the UM com-
munity. The hope was to make this information as
widely available as possible.

While creating this guideline and seeking out
MM specialty guidance, it was discovered that MM
was concurrently creating a multidisciplinary clinic
for post-COVID care. The team was able to collab-
orate in creating guidance on outpatient evaluation
and when specialty care referral may be appropri-
ate. Once the tool was created, it was presented to
target MM audiences that comprise most of adult
primary care including Internal Medicine, Family
Medicine, and University Health Service. The tool
and educational materials were also made available
to all MM providers through the organization’s
intranet.

Findings
Postacute and chronic COVID have been associ-
ated with a myriad of symptoms. The PCP should
be prepared to assess these symptoms systematically
and address accordingly. Many of these symptoms
(anxiety, depression, headaches, and so forth) are
common complaints in the primary care scope of
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practice and can be addressed by known and
accepted treatment paradigms. Based on current
available evidence, specialists at our institution and
others currently advise a limited evaluation for spe-
cific symptoms as listed in the accompanying table
(Table 1). PCPs should be equipped to evaluate al-
ternative etiologies of symptoms, validate symp-
toms as potentially related to post-COVID when
appropriate, and provide support as needed. Many
patients will fully recover from their illness, albeit
in a prolonged fashion. Clinicians should convey
this to patients as encouragement and also be pre-
pared to provide treatment and interventions that
will support patients during their recovery. Table 1
outlines options for how PCPs may approach initial
evaluation and management of a patient with post-
COVID symptoms. As always, clinical care should
start with a detailed history and physical and then
judicious test ordering as needed. Table 1 is not
meant to provide a list of necessary tests and inter-
ventions but rather is a comprehensive guide of
options to consider or rule out if symptoms are par-
ticularly concerning or persist even after a period of
“watchful waiting.” In the sections that follow, we
have provided additional context and explanation
for the more unique or complex symptoms that a
PCP may encounter in evaluating these patients.

Respiratory Symptoms

A persistent sensation of breathlessness (dyspnea) is
a common finding despite normal examination
findings and pulse oximetry after infection with
COVID-19. The cause of this is likely multifacto-
rial and may be impacted by thoughts, emotions,
and behaviors that the person has associated or
experienced with dyspnea. In a Norwegian prospec-
tive cohort study of patients surviving hospital
admission for COVID-19, continued dyspnea did
not necessarily correlate with lung function, com-
puted tomography (CT) findings, or intensive care
unit (ICU) admission.16

If a patient presents with continued dyspnea
post-COVID-19 infection, the history and physical
examination are important to assess whether this is
a new symptom versus a continuation of prior
symptoms. It is also important to discuss smoking/
vaping history, in addition to previously diagnosed
medical conditions involving the pulmonary and
cardiac systems. Paying attention to effort of
breathing at rest, respiratory rate, heart rate, blood
pressure, and pulse oximetry at rest and with

exertion may be helpful. The 1-minute sit to stand
test (Appendix) can help to quantify the effect of
breathlessness on function and may be useful to
track progress toward improvement over time.

Initial evaluation with a complete blood count
(CBC) and basic metabolic panel (BMP) can help
evaluate for other causes of dyspnea. Screening for
obstructive sleep apnea (OSA) using the STOP-
BANG questionnaire as well as a chest radiograph
(CXR) and a complete pulmonary function test
(PFT) are also suggestions for evaluation. If there
are concerning examination or PFT findings, a CT
chest is recommended. Pulmonary consultation
should be considered with abnormalities on imag-
ing or PFT, abnormalities on examination such as
dry/velcro crackles, or a history of progressively
worsening dyspnea.

If the patient’s evaluation yields no or only mini-
mal abnormalities, reassurance and focusing on a cog-
nitive-behavioral approach such as the breathing
thinking functioning (BTF) model can be useful (see
Figure 1 and symptom management approaches
below).17 Breathing exercises (see “Breathing
Techniques”) and the use of an incentive spirometry
may be helpful for recovery, especially in the presence
of anxiety worsening the sensation of breathlessness.
In addition, a relatively inexpensive home pulse-ox
monitoring may help with patient reassurance.

Breathing Techniques

The following breathing techniques are examples
of ways to breathe more efficiently, while enhanc-
ing relaxation and promoting awareness of the
breath and its effects on the body.

The patient should be encouraged to practice 1
or more of the following breathing techniques 5 to
10 times per day and as needed during episodes of
breathlessness to aid in relaxation and maximizing
oxygenation:
1. Belly or diaphragmatic breathing is best practiced

in a supine position. A patient should place one
hand on the stomach and another on the chest.
While inhaling 4 counts, an expansion of the
stomach (not chest) is the goal. As the patient
exhales on 4 counts the belly goes back down.

2. Pursed-lip breathing can be practiced in a
relaxed sitting position. A patient should
repeatedly breathe in through one’s nose in 2
counts then purse lips to blow out slowly in 4
counts.
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3. Boxed breathing involves inhaling on 4 counts,
holding on 4 counts, exhaling on 4 counts, and
holding again on 4 counts.

Cognitive Symptoms

Patients can also report cognitive changes, such as
“brain fog,” decreased concentration, or memory
difficulties. Preliminary data suggest post-COVID
cognitive impairment is most common following a
medically complex course (development of ICU de-
lirium, multiorgan involvement, and so on).18,19

Initial workup may include CBC, complete meta-
bolic panel (CMP), vitamin B12, vitamin D-3, and
thyroid stimulating hormone (TSH). The provider
can offer much benefit by giving education on the
mind–body connection, setting expectations for
improvement while being mindful not to provide
guarantees about the final outcome at this early
stage in our understanding of the disease, and help-
ing the patient to optimize other factors that may
be impacting functional cognition, including mood,
pain, and medication effects. While the outcomes

Figure 1. An updated breathing thinking functioning model.

Table 2. Return to Exercise Guidance Chart

Severity of Symptoms

Recommendations No Symptoms Mild Symptoms Moderate Symptoms*
Severe Symptoms or

Hospitalized

Rest No exercise for 10 days
from positive test result

No exercise for 10 days or
more since symptom
onset AND no
symptoms for >10 days

No exercise for
>10 days since
symptom onset AND
no symptoms for
>10 days

See your medical
provider or
cardiologist before
returning to
exercise

Cardiovascular testing Not advised Not advised Evaluation by a medical
provider and
consideration of
cardiovascular testing

Return to exercise
guidance

Paced and gradual return
to activity

Paced and gradual return
to activity

Clearance from medical
provider to return to
activity

Note: Stop activity and see your medical provider if new symptoms such as dizziness, chest pain, shortness of breath, or palpitations
develop while returning to exercise.
*Patients above 65 years old or those with significant cardiovascular risk factors such as diabetes, hypertension, coronary artery dis-
ease, atrial fibrillation, or kidney disease would also fall into this category.
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literature continues to evolve, these nondisease-spe-
cific factors are most likely to be a primary contrib-
utor to cognitive symptom experience in cases
where patients had an uncomplicated medical
course but are reporting significant cognitive
changes (Figure 2). This is supported by findings of
only mild cognitive change for most recovered
patients, with those changes associated with degree
of inflammation, when controlling for factors such
as mental health disorders, need for psychotropic
medications, and history of substance abuse.19 The
threshold for referral for psychotherapy should be
low, given the impact mood and distress can have
on functional cognition.

If moderate to severe cognitive impairment is
suspected in the context of a more severe, medically
complex case of COVID-19, further testing may be
indicated including: HIV, rapid plasma reagin
(RPR), folate, thiamine, and neuropsychological
testing. Magnetic resonance imaging (MRI) may be
useful if patients have had moderate to severe
COVID, are >50 years of age, or have focal neuro-
logic findings.20,21 It will be important to interpret
these often-nonspecific MRI findings in the context
of known high rates of cerebrovascular disease,
including silent disease, in the general public.22 In
these cases, it would be difficult if not impossible

for the provider to determine if the MRI findings
are specific to the COVID diagnosis, and misattri-
bution to the virus may inadvertently discourage
the patient from managing ongoing modifiable vas-
cular risk factors with diet, exercise, and appropriate
medications or medical devices such as continuous
positive airway pressure (CPAP). Referral for for-
mal neuropsychological evaluation should be con-
sidered for severe or persistent symptoms.
Recommendations from this evaluation can help
determine appropriateness of cognitive rehabilita-
tion or other treatments, as well as decisions about
return to work, school, or other activities of daily
living. Treatment with neurostimulants is generally
discouraged given the potential for addiction, sleep
disruption, and increased anxiety but may be con-
sidered depending on level of functional disruption.
Ideally, cognitive impairment will have been con-
firmed by a neuropsychologist before trialing
neurostimulants.

Neurological Symptoms

Neurological symptoms, which have been docu-
mented in previous CoV endemics,23 may include
chronic headaches, weakness, paresthesias, and dizzi-
ness.4 Patients will describe the headache as constant
pressure, often waxing and waning.20 Other

Figure 2. Possible factors influencing symptom reporting acutely, postacutely, and long after a COVID-19 infec-

tion. PTSD, post-traumatic stress disorder.

doi: 10.3122/jabfm.2021.06.210254 Addressing Post-COVID Symptoms 1237

 on 2 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2021.06.210254 on 12 N

ovem
ber 2021. D

ow
nloaded from

 

http://www.jabfm.org/


neurologic symptoms, including paresthesias and diz-
ziness, can occur in 10% to 15% of COVID-19 survi-
vors.23 Paresthesias can have amyriad of presentations
including changing locations, focal, or diffuse.20

After a detailed history of the individual’s current
symptoms, pattern of symptoms, COVID history,
and past medical history are obtained, a small and
focused workup can be appropriate based on the
symptoms.20 Neurologic imaging (MRI brain) for
individuals with headache is recommended if there is
an escalating pattern or additional red flags of a
chronic headache (ie, “worst headache of life,” associ-
ated neurologic findings) or if a patient has moderate
to severe COVID-19, is older than 50, or has comor-
bidities.20,21 For many cases of chronic headaches,
lifestyle modifications in exercise, diet, and sleep are
recommended. For individuals presenting with other
neurologic symptoms such as paresthesias or dizzi-
ness, initial workup should include CBC, CMP,
TSH, vitamin D, vitamin B12, and hemoglobin A1c
(if paresthesias are present). An MRI brain would be
indicated if neurologic red flag symptoms (as dis-
cussed above) are present or if weakness, paresthesias,
or impaired mobility are present. Reassurance is key
for patients, especially in the presence of a normal
workup and mild symptoms.23 There are medica-
tions thatmay alleviate this neurological pain, includ-
ing gabapentin, pregabalin, tricyclics, or serotonin-
norepinephrine reuptake inhibitors (SNRIs), and/or
physical or occupational therapy can be suggested. A
patient should be referred to amultidisciplinary post-
COVID clinic if symptoms have not lessened since
initial treatment, or neurology, psychology and/or
physical medicine and rehabilitation (PM&R) if
clinic time is not available or applicable.

Chronic Fatigue

Chronic fatigue is 1 of the most commonly reported
symptoms in patients with a history of COVID-19,
with >50% incidence reported in multiple stud-
ies.2,6,24,25 Presence or severity of fatigue is not neces-
sarily associated with severity of illness or with
routine lab markers of inflammation.25 The underly-
ing cause of fatigue in post-COVID syndrome is
under investigation. A study by Ortelli et al26 sug-
gests that COVID-19-associated inflammation may
lead to GABA-ergic impairment, explaining apathy
and executive functioning deficits. Another proposed
framework suggests that fatigue is dependent on both
conditional (task, environment, physical and mental
capacity of individuals) and physiologic (central and

psychological) factors.27 In the absence of evidence
addressing specific treatments for COVID-related
fatigue, clinicians can apply their normal approach
formanaging chronic fatigue due toother conditions.
Graded or paced exercise of low impact and short du-
ration may be recommended. Exercise should be
undertaken cautiously and reduced if exacerbations
in other symptoms such as breathlessness or myalgia
occur.28 In severe cases, stimulants may be consid-
ered, but patients should be monitored carefully for
adverse reactions, particularly if cardiovascular com-
plications are present. In all cases, patients should be
provided empathy and reassurance.

Insomnia/Mood Changes

Mood and sleep changes are fairly common after
COVID-19 infection. Following severe infection
requiring an ICU stay, preliminary studies show the
psychological impact is similar to what is seen fol-
lowing prolonged ICU stays for similar or co-occur-
ring diagnoses18 and may include depression,
anxiety, and/or a post-traumatic response. Although
we anticipate a more pronounced effect on mood
and sleep withmore severe cases, those with premor-
bid vulnerabilities may experience significant effects
in these areas with even amild case.

For mood symptoms, referral to psychotherapy
should be considered as a first-line treatment, given
adjustment difficultiesmay be the primary driver or a
contributory factor for other symptoms (eg, anxiety
may be driving sleep disruptions, palpitations or
lightheadedness, depression may be driving slowed
cognitive processing or fatigue, and so forth). PCPs
should refer to therapists who use evidence-based
therapies, which may include cognitive behavioral
therapy (CBT), acceptance and commitment ther-
apy (ACT), or trauma-processing protocols such as
cognitive processing therapy (CPT) or prolonged
exposure (PE).29

An initial workup for sleep disruption should
include TSH, CBC, and an iron study. A PCP
should also screen for OSA, using the STOP-
BANG questionnaire. First-line treatment should
include cognitive behavioral therapy for insomnia
(CBT-I)29 and sleep hygiene exercises, though sleep
aids, including melatonin, mirtazapine, gabapentin,
and amitriptyline (if paresthesias or headaches are
also present) can also be considered. A patient’s age
and cognitive status should be considered when
prescribing sleep aids, as some of these medications
have a strong cognitive burden. Additional sleep
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medicine may be recommended if symptoms have
not lessened with these treatments.

Dysautonomia

Dysautonomia or the feeling of lightheadedness or
palpitations can occur in patients who have recov-
ered from COVID-19. Given the overlap with
other clinical manifestations of post-COVID symp-
toms, it is difficult to accurately report the full
impact of dysautonomia.30 Initial workup using a
limited, focused approach should be concentrated
on identifying any underlying cause. Laboratory
evaluation should include a CBC, CMP, and TSH.
In-office evaluation for orthostatic hypotension
should also be performed, and one can consider
referral for tilt table testing.31

Treatment should be tailored to the symptoms
and response but should focus on hydration,
increasing salt intake, and use of compression
stockings.20 The breathing techniques discussed
above as well as meditation may be useful tools to
alleviate some of these symptoms. If symptoms are
severe or refractory, consider referral to cardiology
or a multidisciplinary COVID team (if available)
and possible use of midodrine, fludrocortisone, or
b -blockers for hyperadrenergic POTS.31

Anosmia and Smell Retraining

In most cases, anosmia related to COVID-19 infec-
tion is described as sudden in onset, with short dura-
tion, and with quick recovery back to baseline taste
or smell.While research suggests thatmost individu-
als find significant improvement in taste or smell
within 7 to 10days, it can last weeks or months.32

Although the explanation is currently not clear,33

possible explanations as to what may cause anosmia
during COVID-19 infection include congestion,
damage to the olfactory nerve, inflammation in cells
within the lining of the nasal cavity, and viral effects
on the cranial nerves within the brain. Underlying
etiologies such as allergies should be considered. If
allergic rhinitis or association congestion is present,
nasal steroids may be useful for some patients and
carry minimal risk. Smell retraining can be effective
over time, while referral to an ear, nose, and throat
(ENT) doctor should be considered if symptoms
persist for longer than 6months.

Return to Exercise

Patients are often eager to return to normal activ-
ities, including exercise, after recovering from

COVID-19.However, it is known that patients diag-
nosed with COVID are at risk of cardiac complica-
tions, including myocarditis, pericarditis, and
arrhythmia. It would not be feasible to provide car-
diac testing before all patients return to exercise.
Kim et al34 have outlined a straightforward, targeted
risk-stratification approach to advising patients
based on their age, illness course, and level of athletic
participation. In general, those who are asymptom-
atic or only mildly ill will need to abstain from exer-
cise for 10days and symptom resolution. For those
with moderate to severe illness or who are hospital-
ized, they advise resting an additional 10days beyond
symptom resolution as well as testing with electro-
cardiogram (EKG), high-sensitivity troponin, and
echocardiogram. If testing is normal, and for those
who were asymptomatic or only mildly ill, they can
proceed to gradual return to play. Kim et al further
risk-stratify their guidance with specific return-to-
play algorithms for athletes in competitive high
school sports, recreational master athletes, and adult
athletes in competitive sports. These algorithms
serve as an excellent resource for clinicians.

We have adapted Table 2 to reflect published
guidelines on return to exercise from Kim and col-
leagues34 and Elliott et al35 to help guide clinicians
and patients. Visit the link http://www.med.umich.
edu/1libr/FamilyMedicine/PostCOVIDclinic/Post-
COVID%20ReturnToExercise.pdf for more detail
and suggestions for patients.

Discussion
The management of acute COVID has been vigo-
rously studied since the appearance of the virus in late
2019 and early 2020, but data on long-term effects of
the disease are still emerging. In the absence of evi-
dence-based resources for management of post-
COVID symptoms, PCPs are relying on their existing
knowledge base for treatment of their patients. As
more data about management of this syndrome
become available, rapid dissemination of this data to
front-line PCPs is crucial. This table was our effort to
make the currently available evidence accessible for
our PCPs in a simple, easy-to-use format.
Recognizing that both patients and providers would
find it valuable, we also created educational resources
that are readily available to address these various com-
monpostacute and chronicCOVID symptoms.

Literature on post-COVID care is limited but
rapidly developing as our experience with the novel
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virus expands. In addition, many health systems
have developed different systems for managing
post- and long-COVID patients that have not been
published. As the knowledge base expands, recom-
mendations on management will likely need to be
altered. This work aligned with an institutional
effort to create a multidisciplinary post-Covid clinic
at MM. Not all hospital systems will have a multi-
disciplinary post-COVID clinic, and recommenda-
tions for referral will vary.

Future research could focus on validation of the
proposed tool, as well as provider experience of the
usefulness and reliability. It would also be beneficial
to gather information, both evidence-based and
patient-driven, on whether accepted approaches for
management of common symptoms such as fatigue
and headache are appropriate in these populations.

To see this article online, please go to: http://jabfm.org/content/
34/6/1229.full.
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Appendix
The 1-minute sit to stand test (1STST) was per-
formed as previously described with a chair of stand-
ard height (46 cm) without armrests positioned
against a wall. The patient was seated upright on the
chair with knees and hips flexed at 90°, feet placed flat
on the floor a hip-width apart, and arms held station-
ary by placing their hands on their hips. Patients were
asked to perform repetitions of standing upright and
then sitting down in the same position at a self-paced
speed (safe and comfortable) as many times as possible

for 1 minute. They were instructed not to use their
arms for support while rising or sitting. Patients were
permitted to rest during the 1-minute period. The
number of repetitions was recorded. The modified
Borg scale (0 to 10) was used to assess dyspnea and fa-
tigue immediately before and after each test. A finger
pulse oximeter (Nellcor OxiMax N-65; Covidien,
Minneapolis, MN) was connected throughout the test
for continuous recording of SpO2 and heart rate. A
desaturation level >4% was considered clinically sig-
nificant for this study.
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