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Role of rehabilitation amidst the COVID‑19 
pandemic: a review
Chaoran Yu1*   and Ernest Johann Helwig2* 

Abstract 

COVID-19 remains globally a highly infectious disease targeting multiple organs. Rehabilitation is increasingly valued 
among the supportive care fields to combat COVID-19 as currently definitive curative treatment remains largely 
absent. This narrative review is to address rehabilitation related topics associated with the treatment of COVID-19 
patients. Nosocomial spread remains a high risk for healthcare workers, with comparable high ratios of exposed work-
ers suffering from the disease with more severe clinical course. Primary principle of rehabilitation is to protect reha-
bilitation physicians and cover all person-to-person interactions. Translating perspectives are encouraged through 
each multidisciplinary approach. Rehabilitation for the outpatient remains a potential beneficial approach. Artificial 
intelligence can potentially provide aid and possible answers to important problems that may emerge involving 
COVID-19. The real value of rehabilitation in COVID-19 may be very impactful and beneficial for patient’s physical and 
mental health.
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Introduction
Rehabilitation is increasingly valued among the support-
ive cares to combat COVID-19 as currently definitively 
curative treatment remains absent [1]. Rehabilitation 
physicians serve effectively in each medical team for the 
fight against COVID-19. Early clinical recommendations 
to translate rehabilitation into the explorative treatment 
of patients with COVID-19 were mainly extrapolated 
from the studies of patients with prior SARS/MERS 
epidemic or other pulmonary diseases [1, 2]. However, 
more unique rehabilitation challenges are arising from 
COVID-19 as the pandemic is robustly growing [1].

The rehabilitation of pulmonary function in COVID-19 
patients covers several tailored therapies adapted from 
the American Thoracic Society/European Respiratory [1, 

3]. The therapies include exercise training, education and 
relevant clinical interventions that aim to reduce compli-
cations, minimize disability and secure sufficient physi-
ological functions and life quality [1, 4].

COVID-19 remains a highly infectious disease target-
ing multiple organs without specific treatment except for 
the possibility of prevention with the forthcoming vacci-
nations [5]. By far, the severity pattern of COVID-19 can 
be categorized into four levels: asymptomatic infection 
cases, symptomatic cases isolating at home, symptomatic 
cases admitted to hospital, and severe cases requiring 
medical interventions like ventilation [5]. Rehabilitation 
services stand out among full multidisciplinary treat-
ments when COVID-19 pressures the routine medical 
services with significant morbidity. The National Institute 
for Health and Care Excellence suggests early initiation 
(first 30 days, post-acute phase) of progressive rehabilita-
tion programs exert the most benefits on recovery [6]. In 
fact, rehabilitation medicine serves as the key service for 
the sequelae of those surviving COVID-19 with a compa-
rable high cost of time and resources [5, 6]. Years of reha-
bilitation practice is recommended to be at the forefront 
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of COVID-19 patients at chronic phase [6]. Evidence-
based consensus has provided direct guidelines and rec-
ommendations of rehabilitation for COVID-19 patients 
[6]. However, these recommendations require further 
evidence and field experience to refine and upgrade. 
Great efforts have been made in defining a framework of 
rehabilitation for COVID-19 patients with an evidence-
based approach, such as employment of a multidisci-
plinary expert team and four evidence-based classes of 
interventions (exercise, practice, psychological support, 
and education particularly about self-management) [7].

On 17, January 2020, Dr. Leopold wrote an editorial, 
a conversation with Dr. Parekh, addressing the waste 
and fraud in the United States healthcare system [8]. 
Given the huge amount of increasing healthcare spend-
ing from 2005 to 2015, worsening administrative bloat 
of healthcare system was detected, instead of expected 
high efficiencies [8]. Of note, waste in healthcare sys-
tem, including failure of care delivery or coordination, 
administrative complexity and other issues, accounted 
for around one-quarter of all healthcare cost in the 
United States, about 1 trillion USD [8]. Substantial waste 
regarding duplication and redundancy is noticed in 
care management, quality improvement and population 
management [8]. To bend the waste curve, Dr. Parekh 
suggested using technology to streamline burdensome 
processes, such as Centers for Medicare & Medicaid 
Services’ (CMS) Blue Button 2.0, or systems to change 
practice patterns, such as High-value Healthcare Collab-
orative [8]. Also, evidence-based practices, as Dr. Parekh 
highlighted, are one of the high-valued interventions for 
patients, but difficult to disseminate [8].

Serving as a constitutive part, the rehabilitation disci-
pline’s contribution in the fight against COVID-19 is sig-
nificantly growing, and is likely to be a breakingpoint for 
waste control and dissemination of evidence-based prac-
tice in US healthcare system.

During the pandemic periods, the healthcare sys-
tem is under tremendous pressures to live-saving task 
and costs. The present and future role of rehabilitation 
medicine will not be the role it was in the past. How the 
wastefulness curve changes and how rehabilitation medi-
cine reacts to this pandemic remain unclear. Since CMS 
provides effective administration over evidence-based 
practice, it is still debatable how to decide which is evi-
dence-based rehabilitative practice and which is not [8]. 
Commonly, prior to COVID-19, literature review was 
performed in specific areas to educate what were the best 
practices by CMS. During the pandemic, a huge amount 
of literature has been on display. This is feasible for short 
term rehabilitation since most resources have been 
focused on COVID-19 patients with acute and subacute 
phase. For those entering chronic phase, the evidence of 

rehabilitation remain comparably weak or still mounting. 
Noteworthy, long- COVID, also known as COVID-19 
long-haul syndrome, or post-acute COVID-19 syndrome, 
defined by prolonged infection-related symptoms, such 
as fatigue, respiratory complaints and cognitive impair-
ment, accounts for up to 10% of total COVID-19 patients 
[9]. These patients are not severe enough to hospitali-
zation, but a prolonged negative impact remains on 
their daily life [10]. It is reasonable to presume that long 
term rehabilitation practices will be the next intensively 
studied issue, with global rehabilitation initiative com-
missioned by World Health Organization (WHO) and 
related rehabilitation education tools for professional.

This narrative review is to address rehabilitation related 
topics associated with the treatment of COVID-19 
patients.

General principles of rehabilitations for COVID‑19
The primary principle is to protect rehabilitation physi-
cians using protective equipment such as gloves, masks, 
or isolation gowns to cover all person-to-person inter-
actions [11, 12]. Nosocomial spread remains a high risk 
for healthcare workers, with comparably high ratios of 
exposed workers suffering from the disease with more 
severe clinical course [1, 11]. Viral shedding from asymp-
tomatic COVID-19 patients significantly contributes to 
the nosocomial infections [11]. Reduction of unnecessary 
interpersonal contact can be a key to prevent widespread 
disease distribution.

Self-monitoring patterns are strongly encouraged dur-
ing this pandemic. Rehabilitation should be performed 
in a self-supervised manner via telemedicine if possible. 
Previous studies have reported that equal outcomes were 
achieved between telehealth rehabilitation programs and 
center-based programs [13]. Moreover, internet-based 
rehabilitation programs also improve both painless life 
quality and physical activity [14–16].

Rehabilitation for inpatient
Patients diagnosed with respiratory distress or sympto-
matic discomforts, combined with abnormal oxygen sat-
uration meet the hospitalization criteria [13]. Respiratory 
rate > 30 times each minute, oxygen saturation < 93% and 
PaO2/FiO2 < 300  mmHg are the most frequently used 
findings for monitoring [1, 13].

The work principle for the hospitalization of COVID-
19 patients is clear (Fig.  1). Once admitted, systemic 
assessment is required. Patients with severe condition 
are sent to intensive care unit (ICU) for both medical and 
rehabilitative treatment. Patients without ambulatory 
capability will receive bed mobility exercise and muscle 
training. Patients with ambulation will be under frequent 
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assessment combined with progressive training programs 
[1].

Interestingly, 4S principle (simple, safe, satisfy and save) 
of pulmonary rehabilitation guidelines for COVID-19 
patients have been established in China, in order to build 
a practical and feasible rehabilitation method in response 
to the extraordinary pressure [17]. This 4S principle is 
both applicable to inpatient and outpatient management.

Role of rehabilitation in ICU
Although early rehabilitation is beneficial to general 
COVID-19 patients, the exact performance of rehabilita-
tion in ICU may not be the same as it is for inpatients 
outside ICU. High risk of nosocomial spread in ICU 
remains a major consideration. Procedures such as tra-
cheal intubation and mechanical ventilation in ICU con-
siderably enhance the exposure of bioaerosol, exerting a 
hostile environment. Solid evidence regarding the exact 
role of rehabilitation in ICU remains vacant. However, 
muscle training is essential to patients with high risk of 
respiratory muscle weakness due to prolonged mechani-
cal ventilation [1].

Modified Borg Dyspnea Scale (MBDS) in rehabilitation
MBDS is commonly used to measure dyspnea in patients 
with chronic lung disease such as pulmonary arterial 
hypertension (PAH) [18, 19]. A 0 to 10 numerical score 
is given to assess dyspnea status of the patient receiving 
6-min walk testing [19–21] (Table  1). MBDS has been 
identified as an univariate mortality predictor in patients 
with PAH [22]. During the physical exercise of rehabilita-
tion, MBDS is an essential predictor to manage the pro-
cess [1]. If the score > 3 combined with unstable SpO2 
and oxygen supplementation, physical exercise is recom-
mended to pause [1, 23]. In addition if chest pain, palpa-
tions and dizziness occur, the activity is also paused [1]. 

MBDS is a reliable tool both for rehabilitation physicians 
to make assessment and patients to self-monitor.

Exclusion criteria of inpatients rehabilitation
Rehabilitation does not apply to inpatient when severe 
or critical conditions occur, such as loss of conscious-
ness and acute myocardial ischemia [1]. Moreover, reha-
bilitation is also recommended to exempt patients with 
progressive symptoms such as rising temperature, acute 
dyspnea, SpO2 below 90%, abnormal blood pressure 
either over 180  mmHg or below 90  mmHg, abnormal 
respiratory rate or heart rate, any symptom of shock or 
systemic inflammatory response syndrome [17, 24]. In 
fact, around 5% of apparently healthy patients could pro-
gress into severe conditions [23].

Translating muscle‑up tutorial into physical exercise 
of rehabilitation
Original bulking up training in the past was strictly seen 
in bodybuilders. Garber and Krouskop discovered the 
effects of body building on the pressure distribution in 
patients with physical disability [25]. Some bodyweight 
movements without equipment that were beneficial 
to body coordination and strength, are also promising 
for the physical exercise of rehabilitation, for example, 
crunches, push-ups, squats and walking lunges. Design 
tailored physical exercise tutorials inspired by bulk up 
may be easier for inpatients to accept and independently 
perform. Here to briefly describe the crunches move-
ment: 1. Lie on bed with both legs flat on the level. 2. 
Arms crossed in front of chest. 3. Go up as lifting shoul-
ders upwards slowly using abdominal muscles and slowly 
back down. 4. Repeat two to three sets of 8–10 as see 
fit. Meanwhile, stretching, such as upper chest and lat-
eral chest stretching, is also beneficial to pulmonary 
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Fig. 1  Flowchart of clinical management for patients with COVID-19

Table 1  Modified Borg Dyspnea Scale

Score Description of breathlessness

0 Not at all

0.5 Very, very slight (just noticeable)

1 Very slight

2 Slight

3 Moderate

4 Somewhat severe

5 Severe

6

7 Very severe

8

9 Very, very severe (almost maximal)

10 Maximal
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rehabilitation by increasing compliance as much as 50 ml 
[1].

Combinational utilization of breathing and airway 
clearance techniques
All involved techniques include autogenic drainage, air-
way clearance, air stacking, glossopharyngeal breathing, 
forced expiration maneuvers and targeted positioning. 
Application of these techniques enables secretions col-
lections and airway clearance, resulting in recruitment of 
lung volume [1]. All referred techniques should be used 
based on expertise. In fact, physical exercise serves as an 
effective contributor to airway clearance [12, 26]. How-
ever, simple mucus airway clearance from the periph-
eral to upper airway may not be as effective as physical 
exercise [24]. Both air stacking and glossopharyngeal 
breathing provide extra tidal volume to maintain respira-
tory function [27, 28]. Another important technique is 
positioning. It is easier, simpler and preferable to other 
techniques during the rehabilitation of COVID-19 inpa-
tients. Patients could choose sitting or standing position 
to facilitate lung volume, or in critical condition, choose 
targeted positioning. Dentice et  al. reported that side 
lying duration of 2  min provide a sufficient ventilation/
perfusion result [29]. Position duration longer than 3 min 
significantly worsened dose disparity [29]. To enhance 
ventilation, all positions are recommended, including 
side lying, upright, supine, sitting and others.

Obesity and COVID‑19
Obesity continues to be a significant risk variable for 
COVID-19 patients, particularly in the ICU [30]. More 
severe courses of COVID-19 infection are found in peo-
ple with excessive BMI. Overweight BMI is found in 
over two thirds of ICU patients [30, 31]. Similar results 
were also reported during influenza A pandemic in 2009 
[31]. How exactly obesity affects the disease course is yet 
to studied. Until now, human angiotensin-converting 
enzyme-2 (ACE-2), a protein highly expressed in pulmo-
nary alveolar epithelial cell and endothelium, has shown 

high affinity to the receptor of COVID-19 [32]. Com-
monly, researchers believe ACE-2 is the entry of COVID-
19 into human body through activating the signal 
pathway of renin-angiotensin-system (RAS) [33]. Among 
all types of tissues, adipose tissue may show higher 
affinity to SARS-CoV-2 than lung tissue due to higher 
expression level of ACE-2. However, direct evidence to 
support this conclusion remains absent. Patients tak-
ing the ACE inhibitors or angiotensin receptor blockers 
for hypertension treatment are suggested to keep using 
their prescribed medications [34, 35]. Meanwhile, some 
proinflammatory adipokines and cytokines that link the 
immune reaction and the severity of COVID-19 are gen-
erated by the adipose tissue [36]. However, no specific 
obesity guideline has been published targeting the treat-
ment of COVID-19 patients with obesity. Weight loss by 
hypocaloric diet and physical exercise should be further 
considered in rehabilitation therapeutic guideline.

Nutrition intake in the course of COVID‑19
Nutrition intake is important for the normal immune 
function. Older COVID-19 patients are prone to develop 
polymorbidity, the presence of at least two chronic dis-
eases, with aging-associated factors such as oral and 
chew problems, cognitive impairment. The European 
Society for Clinical Nutrition and Metabolism (ESPEN) 
proposes that COVID-19 patients with malnutrition 
show higher mortality and worst clinical outcomes [37]. 
Nutrition optimization guidelines from ESPEN have 
been released [37]. Briefly, energy, protein and fat car-
bohydrate needs are specified based on each individual 
scenario (Table  2). Micronutrient insufficiency is also 
commonly noticed during the course with significant 
risk of worse outcome in COVID-19 patients. Between 
9 December, 2019 and 13 December 2020, case fatality 
rates significantly increase in severe-selenium-deficiency 
areas (3.16%) comparing to non-selenium-deficiency 
areas (1.17%) [38]. The role of fruits and vegetables con-
sumption has been recognized to make an impact on 
immune system [39]. Thus, vitamins family, folate, zinc, 

Table 2  Nutrition intake parameters based on The European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines

Patient type Recommendation

Energy needs Polymorbid patients aged > 65 years 27 kcal per kg per day

Severely underweight polymorbid patients 30 kcal per kg per day

Older persons based on individually comprehensive adjustment 30 kcal per kg per day

Protein needs Older persons based on individually comprehensive adjustment 1 g protein per kg per day

Polymorbid medical inpatients  ≥ 1 g protein per kg per day

Fat: carbohydrates ratio Patients without respiratory deficiency 30:70

Patients by ventilation 50:50
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copper, selenium, iron and unsaturated fatty acids should 
be added in daily nutrition intake.

Rehabilitation for outpatient
Even though the need for standardization of inpatient 
treatment remains urgent, the most common form 
of treatment and rehabilitation remains the outpa-
tient approach. On December 3rd, 2020, California saw 
200,836 COVID-19 tests done, had confirmed 22,018 
new positive tests, and had 2152 ICU positive patients 
[40]. This, on a random day, shows that most patients 
who have a COVID positive do not necessarily progress 
to the inpatient level but will most likely remain at home 
for quarantining and rehabilitation. Isolating at home is 
an important step to prevent spread, which in addition 
to precautions like handwashing and facemasks, even 
at home, can help avert dissemination amongst isolated 
people. Luckily, through the aid of technology, services 
like telemedicine are available to help track progress 
remotely and prevent further unnecessary spread.

Struyf et  al. reviewed studies of signs and symptoms 
that were commonly used to determine if patients had 
COVID and found that there were over 25+ symptoms 
possibly related to COVID [41]. Even though they do not 
appear together as a constellation, having this number of 
potential symptoms to treat is not a desirable position for 
physicians or patients as it means there must be varying 
degrees and approaches to treatment, mostly symptom 
specific. Being a respiratory disease, certain predict-
able symptoms like fever, cough, productive sputum, 
sore throat, shortness of breath, and others can appear, 
though the commonly reported symptom of anosmia or 
ageusia have perplexed researchers and medical experts.

Initial proposals for mild management by Wang 
et  al. highlight the need for physical activity, breath-
ing exercises and airway clearance [1]. Recommenda-
tions for physical activity include light exercise with a 
score of ≤ 3 on the Borg Dyspnea Scale for intensity at a 
frequency of 1 or 2 times per day, 3 to 4 times a week. 
The recommended duration varies depending on spe-
cific activity and starts at roughly 10 to 15  min for the 
first sessions and is gradually increased to 15 to 45 min 
with increase in workload and effort in subsequent ses-
sions. Recommended activities include walking and bik-
ing (if conditions permit and social distancing protocols 
are followed). Breathing exercises are encouraged and 
involve various types of focused breathing techniques. 
These include diaphragmatic breathing, abdominal con-
tractions, yoga, singing and others. Airway clearing via 
expectorants is helpful but should be done appropri-
ately and with a focus to try and prevent the spread of 
particles. Additionally, the Huff cough technique is a less 
strenuous way to help clear airways without overexertion. 

Another important facet of their suggestions includes 
general patient education focusing on lifestyle modi-
fications and psychological counsel or resources. Sup-
plementally, the standard treatment plan of consuming 
appropriate fluids and simple pharmaceutical interven-
tions such as antipyretics and analgesics function as addi-
tional helpful aids [42].

In most cases the avenue of conservative therapy will 
suffice, though there are certain population groups that 
may require extra attention. Patients suffering from 
hypertension, diabetes or certain types of cardiovascular 
issues are groups that have been found to higher admis-
sion rates than the general public. The Centers for Dis-
ease Control and Prevention (CDC-USA) found that 
patients with severe diabetes had a higher prevalence of 
severe COVID-19 [43]. Furthermore, Singh et  al. ana-
lyzed 6 various studies comparing ICU care and found 
that all 6 studies showed an increased severity of COVID-
19 in diabetics [44]. Theories as to why diabetes patients 
require extra concern deal with diabetes pathophysiology 
or modifications made by the virus to the body. Singh 
et  al. note that SARS CoV-1 and SARS CoV-2 both uti-
lize the ACE-2 receptors for gaining entrance into the cell 
leading to an assortment of changes in the body including 
increased ACE-2, increased furin, and altering Il-6 [44]. 
Changes also lead to an overall modification of innate 
immunity with various cell lineages being affected includ-
ing NK cells and myeloid cells, even extending to adaptive 
immunity and T cells [45]. For diabetic patients, spe-
cial attention is especially focused on controlling blood 
glucose level adequately, general diabetes management 
and potential effects from altering or changing medica-
tions, this due to the frequency of patients with diabetes 
already being on ACE/ARB medication. The general pre-
cautions and strategy for outpatient rehabilitation should 
be followed with certain modifications. An emphasis on 
balanced dieting for glycemic control, supervising insu-
lin and antidiabetic drugs, and consideration of their feet 
and related problems should be stressed to outpatient 
individuals with diabetes [44]. Real challenges of prevent-
ing outpatient cases from becoming inpatient care may 
be due to increased amount of viral load diabetics may 
deal with, alveolar dysfunction, endothelial dysfunction 
that can also lead to issues with coagulopathy [45].

For hypertensive patients and patients with heart 
conditions, interaction with angiotensin II receptors 
can provide certain challenges since the virus uses 
ACE-2 receptors as an entry point that can poten-
tially lead to alterations at the physiological level or 
changes in necessary medications. Kulkarni et  al. 
point to the connection of HTN and left ventricular 
hypertrophy and fibrosis as reason to which patients 
may be at higher risk and further point to findings in 
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other studies that indicated COVID-19 patients show 
higher than normal myocardial damage through car-
diac biomarkers like troponin I and lactate dehydro-
genase (LDH) [46]. Hypertension is thought to carry 
roughly a 2.5 times higher risk of developing a more 
severe COVID-19 infection or risk of dying, especially 
in elderly populations [47]. As in the diabetic commu-
nity, outpatient individuals require standard rehabili-
tation and it is recommended that they acquire home 
blood pressure monitors, as this allows for less strain 
on primary and secondary health care services during 
a pandemic and encourages patient interaction in their 
own health [46]. Any necessary titration or consulta-
tion should be done via telehealth and in-person vis-
its should be reserved for extenuating circumstances. 
The main issue is whether to maintain or discon-
tinue the use of ACE or ARB pharmacotherapy as it 
is unclear whether increased ACE-2 expression can 
have the effect of increase the susceptibility or risk of 
SARS-CoV-2 [46]. Since the data for RAAS and COVID 
association is so scarce, there is no real clear clinical 
evidence to point to, but confusion may stem from dif-
ferentiating ACE-1 and ACE-2 in the RAAS system and 
mechanism of actions of medications, namely ARBs 
[48]. Meng et al. postulate that RAAS medications can 
have a positive impact on the inflammatory response 
leading to a decrease in IL-6 levels and benefitting the 
immune pool of T Cells by inhibiting their depletion, 
which would help at-risk patients [49].

The unique symptoms of ageusia and anosmia have 
managed to baffle scholars due to their unforeseen 
appearance in the list of common COVID-19 symptoms. 
The SARS-CoV-2 virus relies on the spiny S1 protein 
that attaches to ACE-2 receptors, which is distributed 
throughout the nervous system and manages to interfere 
with certain nerves. In the case of anosmia, the nerves 
effected are the olfactory bulb and olfactory nerve, 
which because it is a respiratory disease, sees increased 
viral load in that region eventually leading to inflamma-
tion and disruption [50]. This symptom may be impor-
tant and even potentially indicative of disease severity 
as admitted patients were roughly 10 times less likely to 
report the symptom of anosmia [51]. There are currently 
no guidelines for treatment of anosmia, though there is 
conflicting thought on how it should be treated, as some 
groups like the WHO initially felt giving corticosteroids 
may make the situation worse by exacerbating the disease 
in those with non-severe COVID-19, or others who feel 
that corticosteroids may be beneficial to decrease inflam-
mation in effected zones thus regaining function [51]. 
For ageusia, there is no current treatment available and 
the condition seemingly resolves itself slowly [52]. For 
both symptoms, the common timeframe of resolution 

is estimated at 14 days after clearing the virus and both 
gradually return to normal.

Currently, there is no specific outpatient pharma-
ceutical intervention approved by the Food and Drug 
Administration (FDA) in the United States, as most 
interventions are reserved for hospitalized patients. The 
approval of Remdesivir for admitted patients has given 
physicians a useful tool for combating the virus, but 
application for this medication has yet to be approved or 
had focused trials for outpatient use [53]. Even the other 
FDA approved alternative medication, Baricitinib, must 
be used in conjunction with Remdesivir in individu-
als already requiring some assistance breathing. Like-
wise, Dexamethasone is recommended only for severe 
COVID-19 infections, which is classified as having res-
piratory distress and altered respiratory rate and oxygen 
saturation, though, there may be special considerations 
for pregnant women with mild diagnosed COVID to take 
antenatal steroids after benefit/harm analysis is done for 
mother and child [54]. Future potential therapies seem 
aimed at components of inflammation like IL-6 and oth-
ers, or therapeutic antibodies with monoclonal antibod-
ies [55].

The significance of having dedicated outpatient strate-
gies cannot be stressed enough, as there is a vast differ-
ence between a 2-week disease and something that is life 
threatening. The goal for outpatient therapies should be 
conservative and ideally to prevent the long-term harm, 
unwanted aftereffects or even for the need of admission. 
Disease unpredictability can be seen in various parts of 
the body including heart through cardiac injury, neuro-
logical issues as seen in cases where anosmia or ageusia 
are persistently present, interactions with pre-existing 
conditions or even negative psychological effects from 
sickness, so naturally the aim of preventing disease sever-
ity from increasing in outpatients is paramount [56].

Incorporating artificial intelligence and deep 
learning to improve health outcomes
Though in its infant stage of true implementation, arti-
ficial intelligence, also referred to as deep learning or 
machine learning, can potentially provide aid and pos-
sible answers to important problems that may emerge 
involving COVID-19. Thus far, early attempts to apply 
machine learning or deep learning to solving the COVID 
puzzle have included: screening of SARS-CoV-2 assays, 
development of methods for screening depending on 
patient’s breathing patterns, and analysis of CT imag-
ing [57]. Other important ways Vaishya et  al. believe 
AI can be utilized is with monitoring treatment and 
extracting visual data for disease progression, finding 
levels of infections through contact tracing, projecting 
infection rates and mortality, studying data to create or 
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enhance medications, and finally for general prevention 
and reduction of workload on healthcare systems [58]. 
Meanwhile, AI can be useful to make early detection of 
long-haul symptoms. Since significant clinical features 
between initial and post-acute COVID-19 syndrome 
have been distinguished (Table  3), similar data can be 
retrieved for training of AI-based algorithms, enabling to 
build early risk assessment models.

An important step in the rehabilitation process is see-
ing who would benefit the most from certain inter-
ventions, Pu et  al. used machine learning to evaluate 
differences in treatment plans [59]. This type of compara-
tive analysis helps personalize medicine to the individual 
and helps clarify different routes that may be available 
for patients, avoiding the “one size fits all” approach that 
may persist. Hassanien et  al. employed machine learn-
ing to better understand and forecast how a patient may 
react to the disease and the possibilities they may have 
for recovery [60]. While prioritizing certain patients is 
not a simple excursion, there are scenarios in which this 
needs to be done, mostly due to resources and time being 
finite and in order to give the patient the best chance at 
recovery at the appropriate time. Prediction models that 
would exponentially help healthcare providers and have 
been postulated include likelihood of ICU visit, or use of 
biomarkers for mortality, which can help highlight those 
who are most at risk so resources like allocation of res-
pirators or general case severity can be understood and 
immediately acted upon by providers [61]. Tools like 

these are essential for elucidating the possibilities for 
improved patient recovery.

In the coming years, there is no doubt that eventually 
there will be designated pharmaceutical treatments that 
will address SARS-CoV-2 infections. However, a general 
question that is asked is “Do we have enough time?” or 
“Have we studied this enough to implement broadly?”. 
This is the scenario currently seen by health providers 
doing their best to help patients, pharmaceutical compa-
nies trying to create medications, and the general pub-
lic who is waiting for a tried and tested treatment but 
is also skeptical about a rushed finished produce and 
how much research it has undergone. Interestingly, this 
may be an area in which AI may be most helpful. Early 
in 2020, Stebbing et  al. used BenevolentAI, an AI algo-
rithm to see if there was a way to repurpose drugs. In this 
case, they used the previously mentioned Baricitinib, an 
immunosuppressant used in rheumatoid arthritis that 
can also perform the indirect functions of an antiviral to 
slow down infection, to see if there was any possibility it 
could be employed in the fight against COVID [62]. One 
important reason for attempting this is time, as repur-
posed drugs require less research and development time, 
and already provide a foundation of pharmacokinetics 
and pharmacodynamics.

BenevolentAI predicted Baricitinib could effectively be 
used as a substitute anti-viral since it inhibited certain 
essential processes that were involved in viral entry [63]. 
This led to experiments into Baricitinib’s anti-inflam-
matory against NK Cells, CD4 and CD8 T Cells, Il-6 
and others, which led to the conclusion that viral load 
could be reduced [63]. Next, permission was given to 
use the medication via expanded access, or compassion-
ate use, in 4 patients with pneumonia who subsequently 
saw improvements in fever and cough with decreased 
viral loads. This then led to a deeper randomized, pla-
cebo-controlled, double-blinded study with 1033 people 
enrolled and led to the discovery that Baricitinib + Rem-
desivir being superior to just Remdesivir alone, especially 
as those with high-flow oxygen or non-invasive venti-
lation were found to have reduced recovery time and 
improved clinical outcomes [64]. Scenarios like this show 
evidence how AI can be used to affect health outcomes in 
the future.

Abd-Alrazaq note that most AI studies involving 
COVID come from China, due to it being the origin of 
the disease and being one the leaders in the AI field, and 
that most studies to this point have lacked a focus on con-
tact tracing, education for health care workers, or how 
robotics may potentially be implemented [65]. Some-
thing that cannot be understated is that a big challenge 
for AI’s inclusion into the general conversation comes 
from the fact that the disease is relatively new compared 

Table 3  Clinical features comparison between initial stage and 
post-acute COVID-19 syndrome patients

*  < 0.05, ** < 0.01, *** < 0.005, **** < 0.001

Clinical features [9] Initial stage (% of 
patients)

Post-acute 
(% of 
patients)

Fever*** 60 10

Shivers*** 56.7 13.3

Myalgia 76.7 53.3

Arthralgia 43.3 46.7

Cough*** 73.3 26.7

Dyspnea 80 46.7

Thoracic oppression 83.3 56.7

Diarrhea 50 30

Nausea 23.3 10

Anosmia* 43.3 10

Fatigue 93.3 82.8

Thoracic pain 36.7 23.3

Cephalalgia 36.7 36.7

Paresthesia**** 0 60

Burning pain** 0 43.3
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to others, which most importantly means that data pools 
to improve or refine algorithms are currently scarce. To 
ensure more precision, data of all kind, including epide-
miological, clinical, diagnostic, and others, needs to be 
collected, which can then be used to find new patterns, 
unseen or overlooked concepts, and important clues that 
can assist physicians in finding the most optimum treat-
ments for diseased patients.

Perspective and prospective
There is simply no way to underestimate the impact 
that the COVID-19 virus has had on the world at large. 
Almost every single facet of daily living has some way 
been altered or changed in some manner. A basic chore 
like grocery shopping saw consumer behavior drastically 
change normal consumption to panic-buying and hoard-
ing which included reasonable items like water or pasta 
and unreasonable products toilet paper and milk [66]. 
The health concerns of buying groceries during a pan-
demic are not just limited to being in public, hence, being 
potentially exposed, it can also include what products 
people buy and how choices trickle into unlikely things 
such as stay-at-home orders for COVID prevention caus-
ing further changes to overall mental and physical health 
of patients. This can be seen in the sales of alcohol during 
the pandemic. The National Institute on Alcohol Abuse 
and Alcoholism (USA) estimates that there was a roughly 
20% increase in spirit sales for the states of Arkansas and 
Tennessee, and a 63% increase in the state of Delaware 
in May 2020, when compared to the 3 previous years 
averages [67]. Interestingly, certain surveys of European 
countries like Italy and Turkey have shown that smoking 
and tobacco consumption have decreased and individuals 
attempting smoking cessation has increased, most likely 
due to COVID being a respiratory disease [68, 69].

Another important consideration is the effect COVID 
has had on employment and people’s general mental 
health during the pandemic. In the United States, the U.S. 
Bureau of Labor Statistics found that at the start of the 
pandemic there was an increase in the unemployment 
rate, which in February 2020, showed unemployment 
which was at 3.8%, the lowest mark in roughly 50 years, 
skyrocket to roughly 14.7% in April [70]. The hardest hit 
groups were those in some of the most vulnerable demo-
graphics: females, minority and immigrant populations. 
In different parts of the world people are seeing volatil-
ity in their stock markets, increased unemployment and 
uncertainty in their economies and once again, the most 
vulnerable individuals are those in developing countries 
[71]. The importance of having job security and income, 
or lack thereof, is a source of both relief and stress to 
individuals. The lack of employment due to the virus, 
coupled with the virus itself being harmful, has led to 

an increase in adverse mental health challenges. A CDC 
survey conducted between June 24th and June 30th, 2020 
found that 40.9% of respondents showed a minimum of 
1 adverse behavioral or mental health condition, that 
included anxiety, depression, and trauma- and stressor- 
related disorder, and 13.3% of individuals reported they 
had started, or increased substance use a means to cope 
with the pandemic [72]. This is a troubling picture when 
compared to previous data from 2019 that showed a 
3 × increase in anxiety related symptoms (25.5% to 8.1%) 
and 4 × increase in depression related symptoms (24.3% 
to 6.5%). Troublingly, there was a more than 2 × increase 
in people who had “seriously considered suicide in the 
past 30  days” when compared to 2018 statistics (10.7% 
to 4.3%) [72]. Even in things that we do not perceive as 
being related to COVID infection, things like shopping 
habits, economics or mental health, we see the virus indi-
rectly manifest itself and exert influence the public’s gen-
eral health.

While not a panacea, the development of 2 vaccines, 
Moderna and Pfizer-BioNTech, represent an important 
milestone in the pandemic and important step in an opti-
mistic direction. The 2 vaccines, while not undergoing 
the longest trial periods, have been approved for emer-
gency in the United States by the CDC and symbolize 
that scientists and researchers are working hard to find 
a solution to this overwhelming situation [73]. Ideally, 
the efficacy of the vaccine should inspire individuals in 
the larger public to seek immunization, while continuing 
practical prevention strategies to mitigate disease spread. 
The dissemination of new information is incredibly valu-
able and essential, though it can also be alarming as seen 
with the recent supposed discovery of a UK COVID 
variant that has led to lockdowns in the region [74]. It is 
important to stress to the general public that there is a 
universal strategy so that there is an understanding that 
there is a general direction and things will gradually 
improve if we employ a pragmatic approach to ending 
the pandemic. Information that would be essential to the 
general public should include steps being taken to com-
bat the disease such as research or trends, addressing dis-
ease forecasts, effective means to receive healthcare and 
strategies that allow for people to earn a living and keep 
employment during the pandemic. This would hopefully 
reduce the direct health threat of the COVID-19 virus 
and help ease any mental health and indirectly health 
effects that might occur.

Conclusion
At a quick glance, it is easy to think that rehabilitation 
for a primarily respiratory virus like SARS-CoV-2 could 
be straightforward or in a manner that we normally see 
in other respiratory illnesses, but the challenges brought 
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on by COVID-19 pandemic extend further than that. 
While outpatient treatment does remain standard when 
compared to others in its category, the real difficult lies 
in the novelty of the virus and how the evolution of inpa-
tient cases has changed during discovery and subsequent 
research. As more data is gathered, treatment is further 
optimized and improved. Questions do remain about 
the potential sequelae that individuals may be forced to 
deal with in the future as it has only been roughly 1 year 
since the disease continued. Another important task 
is providing mental health solutions to those who had 
been adversely affected by the pandemic, whether they 
be from the anxiety or depression caused by the event or 
loss of livelihood.

Abbreviations
CDC: Center for Disease Control and Prevention (USA); FDA: Food and Drug 
Administration (USA); CMS: Centers for Medicare & Medicaid Services’; ICU: 
Intensive care unit; MBDS: Modified Borg Dyspnea Scale; PAH: Pulmonary arte-
rial hypertension; ACE-2: Angiotensin-converting enzyme-2; RAS: Renin-angio-
tensin-system; ESPEN: European Society for Clinical Nutrition and Metabolism; 
LDH: Lactate dehydrogenase.

Acknowledgements
Not applicable.

Authors’ contributions
CY and EJH carried out data analysis. CY and EJH drafted the manuscript. CY 
and EJH participated in study design and data collection. All authors read and 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data and material supporting the conclusion of this article are included 
within the article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors declare no conflict of interest in this study.

Received: 27 January 2021   Accepted: 19 August 2021

References
	1.	 Wang TJ, Chau B, Lui M, Lam GT, Lin N, Humbert S. Physical Medicine and 

rehabilitation and pulmonary rehabilitation for COVID-19. Am J Phys Med 
Rehabil. 2020;99(9):769–74.

	2.	 Janssens JP, Chappuis-Gisin É, Maragkoudakis C, Bhatia C, Da Silva S, Glas-
sey J, Lador F, Soccal PM. Réhabilitation pulmonaire lors de pathologies 
autres que la BPCO : un programme sur mesure [Pulmonary rehabilitation 
in respiratory disorders other than COPD : an individualized approach]. 
Rev Med Suisse. 2018;14(627):2054–7.

	3.	 Spruit MA, Singh SJ, Garvey C, et al. An official American Thoracic Society/
European Respiratory Society statement: key concepts and advances in 
pulmonary rehabilitation [published correction appears in Am J Respir 
Crit Care Med. 2014 Jun 15;189(12):1570]. Am J Respir Crit Care Med. 
2013;188(8):e13–64.

	4.	 Chinese Association of Rehabilitation Medicine; Respiratory Rehabilita-
tion Committee of Chinese Association of Rehabilitation Medicine; 
Cardiopulmonary Rehabilitation Group of Chinese Society of Physi-
cal Medicine and Rehabilitation. Zhonghua Jie He He Hu Xi Za Zhi. 
2020;43(4):308–314.

	5.	 Barker-Davies RM, O’Sullivan O, Senaratne KPP, et al. The Stanford Hall 
consensus statement for post-COVID-19 rehabilitation. Br J Sports Med. 
2020;54(16):949–59.

	6.	 Centre for Clinical Practice at NICE (UK). Rehabilitation After Critical Illness. 
London: National Institute for Health and Clinical Excellence; 2009.

	7.	 Wade DT. Rehabilitation after COVID-19: an evidence-based approach. 
Clin Med. 2020;20(4):359–65. https://​doi.​org/​10.​7861/​clinm​ed.​2020-​0353.

	8.	 Leopold SS. A conversation with … Natasha Parekh MD, MS-expert on 
waste and fraud in the US healthcare system. Clin Orthop Relat Res. 
2020;478(3):447–50.

	9.	 Scherlinger M, Felten R, Gallais F, et al. Refining “Long-COVID” by a 
prospective multimodal evaluation of patients with long-term symptoms 
attributed to SARS-CoV-2 infection. Infect Dis Ther. 2021;10(3):1747–63.

	10.	 Vanichkachorn G, Newcomb R, Cowl CT, et al. Post-COVID-19 Syndrome 
(Long Haul Syndrome): description of a multidisciplinary clinic at Mayo 
clinic and characteristics of the initial patient cohort. Mayo Clin Proc. 
2021;96(7):1782–91.

	11.	 Harada S, Uno S, Ando T, et al. Control of a nosocomial outbreak 
of COVID-19 in a University Hospital. Open Forum Infect Dis. 
2020;7(12):ofaa512.

	12.	 Guo YR, Cao QD, Hong ZS, et al. The origin, transmission and clinical 
therapies on coronavirus disease 2019 (COVID-19) outbreak—an update 
on the status. Mil Med Res. 2020;7(1):11.

	13.	 Lin L, Li TS. Interpretation of Guidelines for the diagnosis and treatment of 
novel coronavirus (2019-nCoV) infection by the National Health Commis-
sion (Trial Version 5). Zhonghua Yi Xue Za Zhi. 2020;100:E001.

	14.	 Xie SH, Wang Q, Wang LQ, Wang L, Song KP, He CQ. Effect of internet-
based rehabilitation programs on improvement of pain and physical 
function in patients with knee osteoarthritis: systematic review and 
meta-analysis of randomized controlled trials. J Med Internet Res. 
2021;23(1):e21542.

	15.	 Thamman R, Janardhanan R. Cardiac rehabilitation using telemedi-
cine: the need for tele cardiac rehabilitation. Rev Cardiovasc Med. 
2020;21(4):497–500.

	16.	 Meinhart F, Stütz T, Sareban M, Kulnik ST, Niebauer J. Mobile technolo-
gies to promote physical activity during cardiac rehabilitation: a scoping 
review. Sensors. 2020;21(1):65.

	17.	 Yang F, Liu N, Hu JY, et al. Zhonghua Jie He He Hu Xi Za Zhi. 
2020;43(3):180–2.

	18.	 Cullen DL, Rodak B. Clinical utility of measures of breathlessness. Respir 
Care. 2002;47(9):986–93.

	19.	 Banerjee D, Kamuren J, Baird GL, et al. The Modified Borg Dyspnea Scale 
does not predict hospitalization in pulmonary arterial hypertension. Pulm 
Circ. 2017;7(2):384–90.

	20.	 Burdon JG, Juniper EF, Killian KJ, Hargreave FE, Campbell EJ. The percep-
tion of breathlessness in asthma. Am Rev Respir Dis. 1982;126(5):825–8.

	21.	 Kendrick KR, Baxi SC, Smith RM. Usefulness of the modified 0–10 Borg 
scale in assessing the degree of dyspnea in patients with COPD and 
asthma. J Emerg Nurs. 2000;26(3):216–22.

	22.	 Cenedese E, Speich R, Dorschner L, et al. Measurement of quality 
of life in pulmonary hypertension and its significance. Eur Respir J. 
2006;28(4):808–15.

	23.	 Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, et al. 
Clinical, laboratory and imaging features of COVID-19: a systematic 
review and meta-analysis. Travel Med Infect Dis. 2020;34:101623.

	24.	 Balk RA. Systemic inflammatory response syndrome (SIRS): where did it 
come from and is it still relevant today? Virulence. 2014;5(1):20–6.

	25.	 Garber SL, Krouskop TA. Body build and its relationship to pressure 
distribution in the seated wheelchair patient. Arch Phys Med Rehabil. 
1982;63(1):17–20.

https://doi.org/10.7861/clinmed.2020-0353


Page 10 of 11Yu and Helwig ﻿J Transl Med          (2021) 19:376 

	26.	 Gosselink R. Breathing techniques in patients with chronic obstructive 
pulmonary disease (COPD). Chron Respir Dis. 2004;1(3):163–72.

	27.	 Kang SW, Bach JR. Maximum insufflation capacity: vital capacity 
and cough flows in neuromuscular disease. Am J Phys Med Rehabil. 
2000;79(3):222–7.

	28.	 Maltais F. Glossopharyngeal breathing. Am J Respir Crit Care Med. 
2011;184(3):381.

	29.	 Dentice RL, Elkins MR, Dwyer GM, Bye PTP. The use of an alternate side 
lying positioning strategy during inhalation therapy does not prolong 
nebulisation time in adults with Cystic Fibrosis: a randomised crossover 
trial. BMC Pulm Med. 2018;18(1):3.

	30.	 Intensive Care National Audit & Research Centre. ICNARC Report on 
COVID-19 in Critical Care. Intensive Care National Audit & Research Cen-
tre; 2020.

	31.	 Rychter AM, Zawada A, Ratajczak AE, Dobrowolska A, Krela-Kaźmierczak 
I. Should patients with obesity be more afraid of COVID-19? Obes Rev. 
2020;21(9):e13083.

	32.	 Gupta R, Misra A. Contentious issues and evolving concepts in the 
clinical presentation and management of patients with COVID-19 
infection with reference to use of therapeutic and other drugs used in 
Co-morbid diseases (Hypertension, diabetes etc). Diabetes Metab Syndr. 
2020;14(3):251–4.

	33.	 Malavazos AE, Corsi Romanelli MM, Bandera F, Iacobellis G. Targeting the 
adipose tissue in COVID-19. Obesity. 2020;28(7):1178–9.

	34.	 Patients taking ACE‐i and ARBs who contract COVID‐19 should continue 
treatment, unless otherwise advised by their physician . American Heart 
Association. https://​newsr​oom.​heart.​org/​news/​patie​nts-​taking-​ace-i-​and-​
arbs-​who-​contr​act-​covid-​19-​should-​conti​nue-​treat​ment-​unless-​other​
wise-​advis​ed-​by-​their-​physi​cian

	35.	 HFSA/ACC/AHA Statement Addresses Concerns Re: using RAAS antago-
nists in COVID‐19 ‐ American College of Cardiology. https://​www.​acc.​org/​
latest-​in-​cardi​ology/​artic​les/​2020/​03/​17/​08/​59/​hfsa-​acc-​aha-​state​ment-​
addre​sses-​conce​rns-​re-​using-​raas-​antag​onists-​in-​covid-​19

	36.	 Simonnet A, Chetboun M, Poissy J, et al. High prevalence of obesity in 
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) requiring 
invasive mechanical ventilation [published correction appears in Obesity 
(Silver Spring). 2020 Oct;28(10):1994]. Obesity. 2020;28(7):1195–9.

	37.	 Barazzoni R, Bischoff SC, Breda J, et al. ESPEN expert statements and 
practical guidance for nutritional management of individuals with SARS-
CoV-2 infection. Clin Nutr. 2020;39(6):1631–8.

	38.	 Zhang HY, Zhang AR, Lu QB, et al. Association between fatality rate 
of COVID-19 and selenium deficiency in China. BMC Infect Dis. 
2021;21(1):452.

	39.	 Moreb NA, Albandary A, Jaiswal S, Jaiswal AK. Fruits and vegetables in the 
management of underlying Conditions for COVID-19 high-risk groups. 
Foods. 2021;10(2):389.

	40.	 “Tracking COVID-19 in California.” Coronavirus COVID-19 Response, 3 Dec. 
2020, covid19.ca.gov/state-dashboard/, The state of California.

	41.	 Struyf T, Deeks JJ, Dinnes J, Takwoingi Y, Davenport C, Leeflang MM, 
Spijker R, Hooft L, Emperador D, Dittrich S, Domen J, Horn S, Van den 
Bruel A, Cochrane COVID-19 Diagnostic Test Accuracy Group. Signs and 
symptoms to determine if a patient presenting in primary care or hos-
pital outpatient settings has COVID-19 disease. Cochrane Database Syst 
Rev. 2020;7(7):CD013665.

	42.	 Sartor Z, Hess B. Increasing the signal-to-noise ratio: COVID-19 clini-
cal synopsis for outpatient providers. J Prim Care Commun Health. 
2020;11:2150132720922957.

	43.	 Preliminary estimates of the prevalence of selected underlying health 
conditions among patients with coronavirus disease 2019 United States, 
february 12, march 28, 2020. CDC COVID-19 response team.

	44.	 Singh AK, Gupta R, Ghosh A, Misra A. Diabetes in COVID-19: prevalence, 
pathophysiology, prognosis and practical considerations. Diabetes Metab 
Synd. 2020;14(4):303–10.

	45.	 Erener S. Diabetes, infection risk and COVID-19. Mol Metab. 
2020;39:101044.

	46.	 Kulkarni S, Jenner BL, Wilkinson I. COVID-19 and hypertension. 
Journal of the renin-angiotensin-aldosterone system. 2020;21(2): 
1470320320927851.

	47.	 Lippi G, Wong J, Henry BM. Hypertension in patients with coronavirus 
disease 2019 (COVID-19): a pooled analysis. Polish Arch Intern Med. 
2020;130(4):304–9.

	48.	 Tadic M, Cuspidi C, Mancia G, Dell’Oro R, Grassi G. COVID-19, hypertension 
and cardiovascular diseases: should we change the therapy? Pharmacol 
Res. 2020;158:104906.

	49.	 Meng J, Xiao G, Zhang J, He X, Ou M, Bi J, Yang R, Di W, Wang Z, Li Z, 
Gao H, Liu L, Zhang G. Renin-angiotensin system inhibitors improve the 
clinical outcomes of COVID-19 patients with hypertension. Emerg Microb 
Infect. 2020;9(1):757–60.

	50.	 Meng X, Deng Y, Dai Z, Meng Z. COVID-19 and anosmia: a review based 
on up-to-date knowledge. Am J Otolaryngol. 2020;41(5):102581.

	51.	 Yan CH, Faraji F, Prajapati DP, Ostrander BT, DeConde AS. Self-reported 
olfactory loss associates with outpatient clinical course in COVID-19. Int 
Forum Allergy Rhinol. 2020;10(7):821–31.

	52.	 Tanasa IA, Manciuc C, Carauleanu A, Navolan DB, Bohiltea RE, Nemescu D. 
Anosmia and ageusia associated with coronavirus infection (COVID-19)—
what is known? Exp Ther Med. 2020;20(3):2344–7.

	53.	 Risch HA. Early outpatient treatment of symptomatic, high-risk COVID-19 
patients that should be ramped up immediately as key to the pandemic 
crisis. Am J Epidemiol. 2020;189(11):1218–26.

	54.	 World Health Organization. (2020). Corticosteroids for COVID-19: living 
guidance, 2 September 2020.World Healthrganization. https://​apps.​who.​
int/​iris/​handle/​10665/​334125. License: CC BY-NC-SA 3.0 IGO

	55.	 Pascarella G, Strumia A, Piliego C, Bruno F, Del Buono R, Costa F, Scarlata S, 
Agrò FE. COVID-19 diagnosis and management: a comprehensive review. 
J Intern Med. 2020;288(2):192–206.

	56.	 Sheehy LM. Considerations for postacute rehabilitation for survivors of 
COVID-19. JMIR Public Health Surveill. 2020;6(2):e19462.

	57.	 Alimadadi A, Aryal S, Manandhar I, Munroe PB, Joe B, Cheng X. Artificial 
intelligence and machine learning to fight COVID-19. Physiol Genomics. 
2020;52(4):200–2.

	58.	 Vaishya R, Javaid M, Khan IH, Haleem A. Artificial Intelligence (AI) applica-
tions for COVID-19 pandemic. Diabetes Metab Syndr. 2020;14(4):337–9.

	59.	 Pu X, Chen K, Liu J, Wen J, Zhneng S, Li H. Machine learning-based 
method for interpreting the guidelines of the diagnosis and treatment 
of covid-19. Sheng wu yi xue gong cheng xue za zhi. 2020;37(3):365–72. 
https://​doi.​org/​10.​7507/​1001-​5515.​20200​3045.

	60.	 Hassanien A.E., Salam A., Darwish A.. Artificial intelligence approach to 
pre- dict the covid-19 patient’s recovery. EasyChair Preprint no. 3223; 
(EasyChair, 2020a).

	61.	 Tayarani NMH. Applications of artificial intelligence in battling against 
Covid-19: a literature review. Chaos Solitons Fractals. 2020;142:110338.

	62.	 Stebbing J, Krishnan V, de Bono S, Ottaviani S, Casalini G, Richardson PJ, 
Monteil V, Lauschke VM, Mirazimi A, Youhanna S, Tan YJ, Baldanti F, Sarasini 
A, Terres J, Nickoloff BJ, Higgs RE, Rocha G, Byers NL, Schlichting DE, Nirula 
A. Mechanism of baricitinib supports artificial intelligence-predicted test-
ing in COVID-19 patients. EMBO Mol Med. 2020;12(8):e12697.

	63.	 Schultz MB, Vera D, Sinclair DA. Can artificial intelligence identify effective 
COVID-19 therapies? EMBO Mol Med. 2020;12(8):e12817.

	64.	 Kalil AC, Patterson TF, Mehta AK, Tomashek KM, Wolfe CR, Ghazaryan 
V, Marconi VC, Ruiz-Palacios GM, Hsieh L, Kline S, Tapson V, Iovine NM, 
Jain MK, Sweeney DA, El Sahly HM, Branche AR, Regalado Pineda J, Lye 
DC, Sandkovsky U, Luetkemeyer AF, et al. Baricitinib plus remdesivir for 
hospitalized adults with Covid-19. New Engl J Med. 2020;384(9):795–807.

	65.	 Abd-Alrazaq A, Alajlani M, Alhuwail D, Schneider J, Al-Kuwari S, Shah Z, 
Hamdi M, Househ M. Artificial intelligence in the fight against COVID-19: 
scoping review. J Med Internet Res. 2020;22(12):e20756.

	66.	 Martin-Neuninger R, Ruby MB. What does food retail research tell us 
about the implications of coronavirus (COVID-19) for grocery purchasing 
habits? Front Psychol. 2020;11:1448.

	67.	 “Alcohol Sales During the COVID-19 Pandemic.” National Institute on 
Alcohol Abuse and Alcoholism, U.S. Department of Health and Human 
Services, pubs.niaaa.nih.gov/publications/surveillance-covid-19/COVS-
ALES.htm.

	68.	 Di Renzo L, Gualtieri P, Pivari F, Soldati L, Attinà A, Cinelli G, Leggeri C, 
Caparello G, Barrea L, Scerbo F, Esposito E, De Lorenzo A. Eating habits 
and lifestyle changes during COVID-19 lockdown: an Italian survey. J 
Transl Med. 2020;18(1):229.

	69.	 Tetik KB, Tekinemre IG, Taş S. The effect of the COVID-19 pandemic on 
smoking cessation success. J Commun Health. 2020;46:1–5.

	70.	 U.S. Bureau of Labor Statistics, Unemployment Rate [UNRATE], retrieved 
from FRED, Federal Reserve Bank of St. Louis; https://​fred.​stlou​isfed.​org/​
series/​UNRATE, Accessed Jan 4 2021.

https://newsroom.heart.org/news/patients-taking-ace-i-and-arbs-who-contract-covid-19-should-continue-treatment-unless-otherwise-advised-by-their-physician
https://newsroom.heart.org/news/patients-taking-ace-i-and-arbs-who-contract-covid-19-should-continue-treatment-unless-otherwise-advised-by-their-physician
https://newsroom.heart.org/news/patients-taking-ace-i-and-arbs-who-contract-covid-19-should-continue-treatment-unless-otherwise-advised-by-their-physician
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://apps.who.int/iris/handle/10665/334125
https://apps.who.int/iris/handle/10665/334125
https://doi.org/10.7507/1001-5515.202003045
https://fred.stlouisfed.org/series/UNRATE
https://fred.stlouisfed.org/series/UNRATE


Page 11 of 11Yu and Helwig ﻿J Transl Med          (2021) 19:376 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	71.	 Fagoonee I, Pellicano R. COVID-19 brings the world economy to its knees. 
Minerva Med. 2020;111(4):297–9.

	72.	 Czeisler MÉ, Lane RI, Petrosky E, Wiley JF, Christensen A, Njai R, Weaver 
MD, Robbins R, Facer-Childs ER, Barger LK, Czeisler CA, Howard ME, 
Rajaratnam S. Mental health, substance use, and suicidal ideation during 
the COVID-19 pandemic - United States, June 24–30, 2020. MMWR Morb 
Mortal Wkly Rep. 2020;69(32):1049–57.

	73.	 “Interim Clinical Considerations for Use of MRNA COVID-19 Vaccines 
Currently Authorized in the United States.” Centers for Disease Control 
and Prevention, Centers for Disease Control and Prevention, 30 Dec. 2020, 

www.​cdc.​gov/​vacci​nes/​covid-​19/​info-​by-​produ​ct/​clini​cal-​consi​derat​ions.​
html.

	74.	 Wise J. (2020). Covid-19: New coronavirus variant is identified in UK. BMJ 
(Clinical research ed.), 371, m4857.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html
http://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html

	Role of rehabilitation amidst the COVID-19 pandemic: a review
	Abstract 
	Introduction
	General principles of rehabilitations for COVID-19
	Rehabilitation for inpatient
	Role of rehabilitation in ICU
	Modified Borg Dyspnea Scale (MBDS) in rehabilitation
	Exclusion criteria of inpatients rehabilitation
	Translating muscle-up tutorial into physical exercise of rehabilitation
	Combinational utilization of breathing and airway clearance techniques
	Obesity and COVID-19
	Nutrition intake in the course of COVID-19

	Rehabilitation for outpatient
	Incorporating artificial intelligence and deep learning to improve health outcomes
	Perspective and prospective
	Conclusion
	Acknowledgements
	References


