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Introduction

The COVID-19 pandemic has revealed inequalities in health, well-
being, and economic status across communities. Whilst emergency ap-
proaches taken by governments worldwide have attempted to increase
service capacity, the unprecedented demand has outstripped additional
increases in personnel and infrastructure, leading to the curtailment of
routine services to meet service demand necessitated by the wide-
spread transmission and prolonged morbidity caused by COVID-19.
Transmission rates globally have fluctuated over the past months. Cur-
rently, countries, particularly in the northern hemisphere, are experi-
encing a second peak in infections; therefore, the threat of further
future waves remains. While collective efforts towards the develop-
ment of a vaccine, effective treatments and anti-body tests are all global
priorities, it remains likely that COVID-19 and its impact will be present
in society for some time. Alongside the threat of sustained transmission,
there is an urgent need to consider the complexity and chronic care
needs of those most seriously affected by COVID-19 to ensure that it
does not widen the exposed health inequalities.

Post-acute COVID-19 or ‘long-COVID’ is a colloquial term being used
to describe patients reporting persistent symptoms and illness for lon-
ger than would be typically expected, despite clinical resolution of
infection.1 Long-COVID is a multi-system disease associated with a
broad range of symptoms, including fever, fatigue, shortness of breath,
3

chest pain, headaches, neurocognitive difficulties, muscle pains and
weakness, depression and other mental health conditions.2 Whilst the
medical implications of COVID-19 are not understood in their entirety,
it is evident that the duration and severity of persisting symptom pro-
files do not follow a universal trend and could last for several weeks to
months, or even longer.3 The categorization of an individual patient's
needs is broad but has been eloquently described by Greenhalgh
et al.,4whocategorize those requiring intensive support, as 1)prolonged
intensive care unit (ICU) stays; 2) serious and potentially life threaten-
ing sequelae (e.g., thromboembolic complications); and 3) those with a
non-specific clinical picture (e.g., fatigue and breathlessness). Recent
data suggests that >50% of patients that are hospitalized5 and 10% of
all COVID-19 infections4 will experiencemusculoskeletal and neurolog-
ical de-conditioning requiring rehabilitative support. This provides a
significant challenge to clinical services to support those recovering
from COVID-19 that are being discharged into community settings
with existing and newly acquired co-morbidities.

The pandemic and its legacy present a unique opportunity to forge
impactful alliances between clinical and non-clinical support mecha-
nisms. The need to adopt a truly multidisciplinary and collaborative ap-
proach that brings together medicine and clinical services alongside
those that are aligned with disciplines such as the exercise sciences, en-
gineering, software, and digital technologists can be unified to extend
the knowledge base and support the delivery of bespoke services, lead-
ing to improved patient outcomes. The Healthy Living for Pandemic
Event Protection (HL-PIVOT) network is a recently formed team of pro-
fessionals with various backgrounds and expertise that share the unify-
ing goal of promoting human resilience and enhancing quality of life
through healthy living medicine.6 In this position statement, we high-
light the opportunities for integrated practice between professionals
from the exercise science and clinical domains to form an alliance in
the treatment of post-COVID-19 patients.
The need for bespoke cardiorespiratory rehabilitation programs

Before COVID-19, cardiac and pulmonary rehabilitation was a key as-
pect of post-acute management and long-term risk reduction for a large
population of patientswith clinically confirmed cardiovascular or pulmo-
nary disease. Such individualized treatment plans aimed to 1) address
the variety of underlying factors that contribute to the patient's disease;
2) implement a comprehensive intervention for secondary prevention
of future events, and 3) promote a healthier community overall. The
physiological benefits of structured rehabilitation programs have been
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well-described, with countless trials demonstrating improvements in
mortality, hospital readmission rates, functional status, return-to-work
time, and quality of life.7–9 Furthermore, the impact extends far beyond
physical recovery, with ample evidence to support psychological benefits
in participants, including reduced rates of depression, anxiety and
confusion.10 The myriad of high-quality evidence is reflected in interna-
tional guidelines put forward by the American Association of Cardiovas-
cular and Pulmonary Rehabilitation (AACVPR), the American Thoracic
Society (ATS), the European Respiratory Society (ERS), the American Col-
lege of Chest Physicians (ACCP), the American Heart Association (AHA),
and the American College of Cardiology (ACC), the European Society of
Cardiology (ESC), among others.9,11–13

The short-term cardiac and pulmonary sequelae of the SARS-CoV-2
virus show similarities with cardiopulmonary complications previously
described with Severe Acute Respiratory Syndrome, Middle Eastern Re-
spiratory Syndrome and Influenza A virus subtype H1N1.14,15 Whilst
data indicates that fewer patients are getting fibrosis (mostly limited
to those ventilated who were on intensive care units) than in SARS
there are increasing reports of chronic pulmonary emboli and crypto-
genic organizing pneumonia.16 Cardiac injury during acute infection
has been identified in one-third of hospitalized patients,17,18 occasion-
ally measurable by a precipitous rise in troponin or echocardiographic
or electrocardiographic abnormalities,14 with data suggesting that car-
diac troponin I values are significantly increased in patients with severe
SARS-CoV-2 infection and may help in identifying a subset of patients
with possible cardiac injury and thereby predict the progression of
COVID-19 towards a worse clinical picture.19 The presentation of car-
diac injury will vary from acute coronary syndrome and myocardial in-
farction to cardiogenic shock, arrhythmia, heart failure, and fulminant
myocarditis.20 Furthermore, myocardial injury was associated with in-
creased in-hospital mortality.21,22 Pulmonary complications most com-
monly reported with COVID-19 are superimposed bacterial pneumonia
and Acute Respiratory Distress Syndrome (ARDS)14; many of these pa-
tients may have significant changes in pulmonary function that persist
for weeks after recovery, if not lifelong.23 The long-term impact of
these prolonged hospitalizations remains to be fully realized. It has
been understood that patients are at high risk of significant physical
and cognitive impairments after an ICU stay, including critical illness
polyneuropathy, critical illness myopathy, and post-intensive care
syndrome.24 Furthermore, these patients are at high risk of lasting loss
of independence and inability to return to work, which carries sig-
nificant societal implications.25 The impact on mental health will also
undoubtedly be substantial; ARDS is specifically associated with ap-
proximately one-quarter of patients reporting post-traumatic stress dis-
order, one-third suffering fromdepression, and nearly one-half carrying
a diagnosis of generalized anxiety.24

Early evidence for pulmonary rehabilitation in COVID-19 patients is
promising, revealing statistically significant improvements in quality of
life, respiratory function, and anxiety.26 As lung damage is likely revers-
ible in the majority of hospitalized cases,27 rehabilitation services must
be employed early to promote a rapid return to gainful employment and
resumption of activities of daily living. The role of inspiratory muscle
training as an adjunct to pulmonary rehabilitation should also be con-
sidered and the importance here is eloquently described in the context
of COVID-19 and future pandemics by Severin et al.28 There is additional
evidence to support the use of cardiac rehabilitation in COVID-
recovered patients whose underlying cardiac conditions have been
exacerbated.29 Beyond this, there is an ongoing need to continue reha-
bilitation services for those with non-COVID-related indications for re-
ferral, with added protective measures to prevent viral spread among
these high-risk individuals.

We recommend that all patients admitted to hospital be screened
for any evidence of cardiac involvement of COVID-19. Current prac-
tice generally supports screening with serial electrocardiogram and
4

troponinmeasurements, though there is limited data on the topic. Addi-
tionally, echocardiography at the time of admission and, as appropriate,
for hemodynamic changes alongside ultrasound to help in the identifi-
cation of cardiac manifestations30 may be considered for patients at in-
creased risk of cardiac involvement. Those who develop significant
cardiac injury that persists up to the time of discharge, or thosewith sig-
nificant cardiac complications during hospitalization (e.g., acute coro-
nary syndrome, arrhythmia, heart failure, myocarditis, pericarditis,
cardiogenic shock, or resuscitated sudden cardiac death) certainly qual-
ify for enrolment in cardiac rehabilitation or combined cardiopulmo-
nary rehabilitation.

We advocate for early initiation of rehabilitation during admission
with exclusion criteria for those trending towards critical illness.
Multiple parameters have been suggested, but it is generally agreed
upon that active fever (Temperature > 38 °C), hemodynamic instability
(e.g., hypotension, tachycardia, bradycardia), peripheral oxygenation
less than 90%, a respiratory rate greater than 40, or desaturation (>4%
from baseline) with attempted activity should prompt modification or
discontinuation of rehabilitation.31–33 In-hospital rehabilitation may
be tailored to the patient's clinical condition. Assessment of muscle
strength, nutritional needs, frailty, and current understanding of thedis-
ease process is reasonable.12 Additionally, early evaluation for poor bal-
ance, dysphagia, sleep disturbance, and mental health complications
could be considered.34,35 For those with severe COVID-19 requiringme-
chanical ventilation, passive range of motion, joint mobilization, and
stretchingmay prevent rapid deconditioning while the patient remains
sedated.12 When able, physical activities such as sitting up, sit to stand,
transfer to chair, and walking in place with the assistance of a phy-
siotherapist or occupational therapist may be initiated with careful
monitoring of oxygenation levels and symptoms throughout the inter-
vention. Maintaining isolation in this setting with the use of personal
protective equipment (PPE) is key to protecting health care workers
and avoiding further virus propagation. Early initiation will therefore
require both initial assessment and frequent re-assessment of the
patient's individual needs, their overall trajectory, and availability of
hospital resources (including staff and PPE). Evidence suggests that out-
patient rehabilitation is most efficacious when initiated 1 to 3 weeks
after the index event, with longer delay times associatedwith less over-
all benefit.12,36 It has also been suggested that participation in the first
three weeks of an exercise program is important in the development
of adherence.10 Therefore, referral should be placed by the discharge
provider near the end of the index hospitalization or by primary care
physicians or other specialists at the first follow-up visit within one
week of discharge. Establishing contact during the hospitalization by
a healthcare provider and providing information as done for cardiac
rehabilitation, could also be beneficial, considering the safety of the
healthcare provider.37

It is broadly felt that limiting contact between health care providers
and those undergoing post-acute rehabilitation will reduce the risk of
nosocomial spread and preserve PPE.33 We recommend that patient-
clinician contact be limited to monitored exercise training, and, when-
ever possible, for interactions to occur primarily via telecommunication
at this time (see below for more details). While some have advocated
for home-based rehabilitation to be explored as a solution to isolation
requirements, this is unlikely to currently be a feasible option. As
many of the patients enrolled in rehabilitation were recently critically
ill and warrant careful monitoring with frequent reassessments during
exercise, we propose that rehabilitation centres instead focus on
implementing safe and effective sanitation methods and protocols for
the appropriate distancing of patients in attendance. Such interventions
as limiting group class sizes, restricting the presence of familymembers
or caregivers, providing masks, requiring hand sanitation before entry,
preventing participant aggregation at the entrance and exit of the facil-
ity, and moving tasks that do not require supervision (such as
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education) to an onlineplatformare fairly easily employed andwill con-
fer increased safety to patients and providers alike.38 For those low-risk
patients who have demonstrated the ability to exercise safely during
several sessions of centre-based rehabilitation, it is reasonable to con-
sider transitioning to a hybrid model that incorporates home sessions,
provided that they have: 1) demonstrated consistency and reliability;
2) developed a good understanding of the exercise techniques; 3) access
to facilities or exercise equipment outside of the rehabilitation centre;
4) adequate social support, and 5) not experienced any adverse events
during exercise for the first portion of the program.

Whilst the need for evidence-based and efficacious rehabilitative
programs is obvious in the post-COVID-19 period, the volume of pa-
tients requiring support will place unprecedented demand for health
care services globally. Servicing this demand, which affects all areas of
clinical spaces, may overwhelm health care systems who alongside
COVID-19 are attempting to continue to provide routine services in set-
tings that are commonly under-resourced at this time.39 A possible so-
lution is to bring the collective expertise of exercise sciences into the
clinical fold, to design and deliver interventions and address patients
physical and mental health needs.

The need for cross disciplinary approaches Incorporating Exercise
Science

There is a need to enhance and develop the role of Exercise Scientists
in the treatment andmanagement of COVID-19. Before the pandemic, a
taskforce for lung health was established in England in response to the
increasing prevalence and rising associated costs of respiratory
disease.40 In 2018, this task force published a framework that prioritized
the accurate diagnosis, availability of high-quality treatments and a
skilled and knowledgeable workforce. Given the shortage of appropri-
ately skilled clinical personnel, a possible solution is to integrate profes-
sionals with suitable training from exercise science backgrounds into
the system.41 Academics, researchers, and students from exercise sci-
ence have a broad theoretical and practical knowledge base and under-
stand the integration of the bodies systems at rest and during physical
exertion that can be applied to both sport performance and health and
disease42 as part of multidisciplinary approaches. As a result of the Pan-
demic, it is timely to (re)consider a cross disciplinary approach to the
promotion and the prescription of exercise in the context of COVID-
19. To reflect on cross disciplinary approaches which incorporate Exer-
cise Science the following 4 subsections consider the impact insights
and inputs from Exercise Science could have on i) reducing the severity
of COVID-19; ii) tackling mental health issues during the Pandemic; iii)
increasing the resources available to health care systems and iv) how in-
tegration could be achieved.

Increasing physical capacity to prevent disease severity

The role of exercise promotion is well established as a preventative
approach to numerous chronic health conditions, and exercise has
been shown to provide profound preventive and therapeutic effects
for physical health alongside the well-documented benefits to mental
wellbeing.43,44 However, immunomodulation induced by exercise is de-
pendent on the duration, intensity, and frequency of exercise. Prolonged
periods of high-intensity exercise (i.e., >2-h, >80% of maximal oxygen
uptake - VO2max) depresses immune function, whereas shorter,
moderate-intensity exercise (i.e., 45–60min, 50–70% VO2max) is bene-
ficial, particularly in those within at-risk groups. The evidence from this
novel virus suggests that the immunopathology of the SARS-CoV-2 in-
fection involves the innate and adaptive immune system.45 Following
infection, neutrophil count is increased, and natural killer (NK) cells
are reduced leading to the advent of leukopenia based upon a reduced
percentage of monocytes, eosinophils, and basophils.46 In relation to
the adaptive immune response, there have been observed reductions
in TCD4+ and TCD8+ lymphocytes which coincides with upregulation
5

of B lymphocytes and the detection of high levels of IgG in the plasma
7–10 days after SARS-CoV-2 infection. Proinflammatory cytokines
(e.g., tumor-necrosis factor (TNF)-α, interleukin (IL)-6, IL-1β, IL-8,
IL-17, and IL-2) are also elevated in an abnormal manner.47 These ab-
normal elevations lead to crosstalk activation of the neuroendocrine-
immune system,with a consequent release of glucocorticoidswhich im-
pair the immune response and lead to clinical complications such as
multiple organ failure.48 This is particularly an issue in the lungs
where a cytokine-induced infiltration of neutrophils and macrophages
can provoke the formation of hyalinemembranes and fracture of the al-
veolar wall,47 leading to chronic complaints and irreversible lung dam-
age. There is a clear role for the exercise sciences to work alongside the
clinical sector to apply this knowledge and implement widespread ex-
ercise programs for the larger population,most notably in those consid-
ered vulnerable or ‘at risk’. Such interventions could prime the body's
immune response in the event of a positive diagnosis, reducing the pos-
sibility of an intense clinical intervention and lasting, multisystem com-
plications in theweeks,months and years followingCOVID-19 infection.

Addressing the broader mental health crisis

The physical health of patients is an important consideration but
previous epidemics (e.g., SARS-1) have demonstrated significant reduc-
tions in mental health and wellbeing in patients, health care workers
and broader society.41 COVID-19 has seen the introduction of national
lockdowns around the world that have restricted movement, resulted
in large population groups switching to remote working and having
their leisure activities significantly curtailed.Whilst national lockdowns
are being replacedwith localized restrictions enforced relative to spikes
in transmission, the results of lockdowns and social distancing mea-
sures will inevitably have a lasting impact on physical and mental
health. Evidence already demonstrates that regular structured exercise
and psychological interventions from exercise science are effective in
improving people's mental health and can address broader health and
wellbeing issues like those elicited by COVID-19 [42,43]. Therefore,
adopting interprofessional health responses that combine clinical and
allied health practice to support broad rehabilitative processes are
needed and of great importance.

The need for a clinical response to the acute and long-term physical
impacts of COVID-19 is largely understood. However, what is now be-
coming apparent is the need to consider other aspects than just the
physical.49,50 Both the disease itself and the lockdown measures taken
to combat it may have significant impacts on the mental and social
wellbeing of people, as well as their physical wellbeing.51 As people
live with the impacts of the disease for longer clinicians are increasingly
understanding the need for interprofessional health responses, bring-
ing medicine and allied health practice together in rehabilitative
processes.52 Beyond the biological impacts, models such as the bio-
psychosocial framework consider the interaction of the psychological
and social impacts in those that have contracted the virus, and those
living within imposed measures to control transmission. The biopsy-
chosocial model provides a lens through which this topic can be ap-
proached to appreciate the complex and inter-related facets of
‘health.’ This thematic approach allows for a fuller understanding of
the various aspects of wellbeing during a pandemic, and the compli-
cated way in which they in turn influence each other. A greater under-
standing of this complexitywill enable the accurate targeting of services
and resources and aid in improving the advice given. National ap-
proaches using this framework emphasize the need for integrated and
holistic approaches to meet the broad needs of the population who
are experiencing difficulty with the imposed disease control measures.51

To date, data collected from >13,000 participants from the United
Kingdom highlight the biological, psychological, and social determi-
nants that must be considered in response to the increasing global
challenge. A range of biological issues was reported in relation to wors-
ening health conditions (blood pressure, diabetes, and epidermal
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conditions). There were reports related to the progression of health is-
sues, due to curtailed clinical services. Of additional interest were psy-
chological issues such as stress, anxiety, and social issues such as
overeating and reduced levels of physical activity whichwere of greater
significance in those with existing health conditions. Psychological is-
sues included new or elevated stress, anxiety, depression, panic attacks,
and obsessive behaviourswhichwere unpinned by long-term low-level
and multifaceted worry and post-traumatic stress disorder. Countering
the development of lasting psychological disorders is paramount tomit-
igating against a COVID-19 legacy. Whilst there is efficacy in adopting
self-help strategies such as mindfulness, nature connectedness and so-
cialization with friends and family some of these approaches have
been impeded due to imposed restrictions. Interestingly here, the inter-
action with pre-existing biological conditions could exacerbate impor-
tant psychological distress and health conditions in the post-COVID-19
period. The social perspectivewas themost complex, including amatrix
of negative impact from the disease control measures such as isolation
and loneliness, loss of meaningful activities, loss of physical contact,
loss or changes to education and employment, additional emotional
burden caring for children, parents, and or community members.
Adopting digital and technology solutions could alleviate some of
these issues and will be a key tool in any recovery planning (in both
broader welfare and targeted rehabilitation). Considering the complex-
ity and interaction, biopsychosocial perspectives are critical to support
people suffering from COVID-19 or the imposed control measures
instilled to mitigate against sustained transmission. Interventions
must extend beyond clinical settings to support individuals and
communities, where depressive and anxiety symptoms have been
reported.53

Expert facilities and infrastructure

Alongside the need for multidisciplinary collaborations and a shared
knowledge base is the need to make available sports facilities and
equipment that can be utilized to support the delivery of rehabilitation
programs and clinical recovery approaches. Housed within universities
and applied performance centres, exercise scientists are extensive and
well-funded. Some of these have been specifically developed with
health andwellbeing in mind and could be usedwith very little adapta-
tion for clinical services. 54(p19) Otherswere created tomeet the needs of
elite high-performance athletes but with care could be transformed to
meet the needs of clinical groups. Whilst these facilities differ between
institutions normally, they include laboratory spaces that can provide
physiological, biomechanical, and psychological support. University-
based exercise physiology laboratories have been established for some
time and teach students a range of skills from blood sampling to aerobic
capacity andmuscle function to body composition assessment. It is pos-
sible to utilize this space, and staff expertise, to conduct physiological
assessments (e.g., cardiopulmonary exercise testing) under the super-
vision of a clinician, to monitor recovery and develop rehabilitation
strategies to ultimately improve patient outcomes. Biomechanics labo-
ratories have been used for sports research for many decades. More re-
cently, these spaces have been used in health research to examine, for
example, gait and balance in patients with neuromuscular disorders.
Biomechanics laboratories and the techniques used could assist in help-
ing regain balance and return to walking in patients who have spent
time in ICU as a result of COVID-19.55 Additionally, many Sport and Ex-
ercise Psychologists work without the need for a lab in areas such as
motivation, perfectionism, self-esteem, and attitudes. Some of this
work has applications that are relevant to addressing the COVID-19
pandemic, for example, developing interventions to help patients to ad-
here to rehabilitation programs. In addition, some universities have
Sport and Exercise Psychology Laboratories. Whilst it is hard to gene-
ralize about the resources in these labs many will have: 1) advanced
statistical and mathematical modelling software; 2) psychometric in-
ventories; 3) interview and focus group rooms; 4) test apparatus for
6

motor control and learning; 5) eye-tracking systems; and 6) systems
for the assessment of stress and anxiety. Alongside the more specialist
facilities, most universities have fitness facilities for their students and
manyof these are open to thepublic, someofwhich already host cardiac
rehabilitation classes. These facilities normally include cardiovascular
and strength training equipment as well as spaces for people to work
on their flexibility and balance. They often offer both individual and
group-based exercise programs as well as interventions designed to
promote exercise adherence.

Integrating the knowledge and skills of the exercise sciences

In Fig. 1, we provide a blueprint that demonstrates how well placed
the exercise sciences are to support and have a critical role to play here.
The specialist has the skills, knowledge and competencies to design,
promote and deliver general physical activity counselling and clinical
exercise prescription for a range of populations including older adults,56

from the healthy to those with chronic and complex diseases.57 For
some, the recovery fromCOVID-19will be a lengthy processwith the re-
ality that some may never return to their pre-COVID status. Rehabilita-
tion resources within many health care sectors around the world are
scarce, therefore, incorporating these skills sets into healthcare settings
could assist in preventing overburdening of clinical settings and assist in
the design and delivery of interventions to address mental and physical
patient needs.42 These collaborative approaches offer a cohesive ap-
proach to understand COVID-19 via targeted research, enhance
recovery52 and provide much needed capacity. However, for this to be
effective and to achieve the associated broad impacts, a greater under-
standing of the possibilities is needed from international governments,
clinical commissioners, and policymakers. Therefore, health and social
care policy makers, commissioners and managers need to engage with
national (e.g., the British Association for Sport and Exercise Sciences
(BASES)) and international (e.g., the American College Sports Medicine
(ACSM) and the European College of Sports Science (ECSS)) organiza-
tions to establishwhat the exercise sciences sector can offer and formu-
late a blueprint to achieve a collaborative approach that helps meet the
needs of the world's population.

Software and digital technologists

For patients in isolation who do not have significant symptoms,
there is an increasing amount of useful information and communication
technologies to increase physical activity levels. These technologies are
capable of reaching a considerable number of individuals at the same
time. One of the primary potentialities of information and communica-
tion technology is the possibility of immediate interventions (Just-in-
time interventions), i.e., allowing users to engage more dynamically.
To date, the evidence for these technologies, specifically in patients
with and after COVID-19, is scarce or even non-existent. However, it is
reasonable to speculate that these tools will be even more essential
post-COVID-19, as the landscape of clinical outpatient care changes
from mainly in-person visits to a greater reliance on telemedicine and
remote monitoring.58 According to recent recommendations from the
American College of Sports Medicine,59 five categories of technologies
present more consistent scientific evidence, and we believe that they
could be implemented in the context of the current pandemic.60 These
include wearable activity monitors, physical activity interventions of-
fered by telephone or through websites, computer-tailored print inter-
ventions and interventions using mobile phone text messaging.

Mobile health (mHealth) can be described as the public health
strategy supported by mobile devices, such as mobile phones, health
monitoring devices likewearable, flexible and unobtrusive devices, per-
sonal digital assistants like tablet computers, and other wireless
devices.61 In addition to video visits or virtual consultants, mHealth
can track the contacts of infected people and provide support and care
for patients with suspected or confirmed COVID-19 and those who
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require other routine clinical services.Wearable devices have enormous
potential both in the prevention and care of patients with COVID-19.
These devices can be used for respiratory monitoring (e.g., peripheral
O2 saturation, respiratory rate, auscultation), cardiovascularmonitoring
with measures of rhythm/variability of heart rate and blood pressure,
for monitoring symptoms such as cough, for measuring blood pressure,
body temperature and, within the scope of this text, tomonitor physical
activity and encourage a physically more active lifestyle.61

To our knowledge, there are no clinical trials that have evaluated the
effects of mobile technologies on patients with COVID-19. However, a
cohort study showed that using a smartphone application for physical
activity was positively associated with the change in habitual physical
activity in MET/min/week. Physical activity decreased less with the in-
crease in the frequency of use of the application. Also, a potential inde-
pendent of gamification has been identified among all functionalities.62

Unfortunately, the effects of using technologies to increase the level of
physical activity in adults have been investigated in advisedly and
only in the short term. The dynamic context of smartphone applications,
for example, demands dynamic and adaptive interventions. Therefore,
the efficiency of conventional randomised clinical trials is questionable.
The Multiphase Optimization Strategy (MOST) could be used post-
pandemic to identify the best combination and intensity of favourable
behaviour changes concerning physical activity.63

Apps for physical activity and fitness have also been developed
to date with little or no scientific basis, exploring a minimal number
of available behaviour change techniques. For smartphone applica-
tions, a maximum of 8 techniques64 was identified, and for activity
trackers, there is evidence of using a maximum of 20 behaviour
change techniques,65 considering almost a hundred available
techniques.66 As for cardiorespiratory fitness, Muntaner-Mas
et al.67 identified only six applications with sufficient scientific
basis and validation studies. Critical physiological variables, such
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as heart rate and blood pressure, have been neglected in these
applications.67

For this type of technology tomake a difference inside or outside the
pandemic context, applications must be developed scientifically, with a
more significant number of behavioural techniques, greater exploration
of gamification, and interactionwith the built and natural environment.
Also, there is already artificial intelligence and data mining technology
capable ofmaking the user experience increasingly personalized and in-
teractive. Accordingly, Sporrel et al.68 described an application with in-
novative features proposed by a consortium between Brazilian and
Dutch researchers. Althoughmore research is needed to achieve the ob-
jectivesmentioned above, the study68 showed a rational and feasible di-
rection for smartphone applications' future development to increase
adults' activity and physical fitness levels.

Therefore, considering the need for social distance, technologies can
be promising to maintain and increase the level of activity and physical
fitness of adults recovering from COVID-19 or in asymptomatic individ-
uals and playing an essential role in uninfected adults. The use of tech-
nologies for physical activity and fitness could be encouraged through
social media and mass campaigns. The World Health Organization has
highlightedmass campaigns as a critical strategy for reducing the prev-
alence of worldwide physical inactivity69 and has shown to be effective
in increasing physical exercise.70 In the case of social networks, the ev-
idence is based on studies of questionable methodological quality.71

However, it has been recommended by the American College of Sports
Medicine as promising to encourage amore physically active lifestyle.59

In the urgent moment we are challenging, with an almost absolute ab-
sence of specific evidence for patients with COVID-19, it is rational to
propose using the technologies highlighted above to mitigate the
pandemic's negative impact on physical activity and fitness.
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Telemedicine and remote support programs

Among themany consequences of the COVID-19 pandemic has been
an urgent acceleration of reliance on remote health care, commonly
termed “telehealth”. Telehealth has been defined as “the investigation,
monitoring and management of patients and education of patients
and staff, using systemswhich allow access to expert advice and patient
information, no matter where the patient or relevant information is
located”.72 While telehealth had been expanding rapidly prior to
COVID-19, it accounted for only ~19% of health care encounters globally
in 2019, a number that is projected to increase roughly 4-fold going for-
ward largely due to the COVID-19 pandemic.73 Greater reliance on
telehealth has been necessary as COVID-19 mandated social distancing
to reduce staff exposure, preserve PPE, and minimize the impact of pa-
tient surges on facilities. Potential positive effects of this transition to
greater use of telehealth include improved convenience and access to
care, better patient outcomes, and more efficient provision of care.74

For the exercise professional involved in prevention and rehabilitation
programs, this sudden, obligatory transformation in healthcare has pro-
vided an opportunity to rise to the occasion, to embrace alternative
methods of providing rehabilitative services and strengthen their role
as allied healthcare providers. Given the rapid changes in technology
and reimbursement patterns for rehabilitation, the argument has been
made that COVID-19 merely accelerated a process that was already
underway.75,76

COVID-19 has brought an urgent acceleration of this transformation
to telehealth; indeed, there is a “new normal” that has created opportu-
nities for preventive and rehabilitative services to evolve through inno-
vative, technology-driven models of delivery. While patients are less
often seen in person or a group setting, the Exercise Scientist is well-
equipped to function not only to provide exercise guidance but also to
be a health counsellor/navigator as they guide the patient through an
individualized plan that optimizes their health. With a little imagina-
tion, the ability to exercise at home can be facilitated in numerous
ways, including calisthenics, yoga, chair exercises, encouragingwalking,
gardening, or other household activities, or when it is safe, joining an
exercise program at a senior centre. Telehealth can be utilized to moni-
tor real time exercise sessions to ensure patient safety. Additionally,
telehealth can be used for patient feedback, exercise progression and
post-exercise review of data by an exercise professional. Although
new technologies applied to rehabilitation have several caveats to con-
sider (see below), there have been numerous recent innovative efforts
to provide activity surveillance and case-management through com-
puter programs designed for this purpose, in addition to guidance
through video chat, text/messaging using smartphones or use of
wrist-worn devices.77–79 Real-time monitoring of physiological data
can be obtained (e.g., heart rate, respiratory rate, accelerometery) and
many devices provide education and motivational support. Simple
apps or trackers are commonplace due to their incorporation into tech-
nological devices (e.g., mobile phone and watches) which reduces the
barrier for both patients and health professionals to monitor progress;
in addition to facilitating accountability, many of these tools provide a
reference for counselling and optimizing compliance. Application of an
exercise program through telehealth, monitored by an exercise profes-
sional, has the potential to counter many of the personnel, organiza-
tional, cost, and transportation barriers that deter participation in
regular exercise for individuals with cardiovascular and pulmonary
disease.

In recent years the use of telemedicine in the context of prevention/
rehabilitation has expanded beyond cardiovascular and pulmonary dis-
ease to monitor and treat conditions that include cancer, diabetes, kid-
ney disease, post-surgical interventions, and many others.80 Relative
to usual care, exercise programs using telehealth are convenient, scal-
able, and cost-effective.76,81 Telehealth improves access to care, can be
delivered at homeon a personalized schedule, and provides an opportu-
nity for social support and the promotion of healthy behaviours.76,78
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When compared to traditional hospital-based cardiac rehabilitation
programs, innovative technologies applying remote monitoring via
telehealth in selected populations have reported superior compliance
and results that are similar in terms of achieving functional improve-
ment, management of risk factors, and improved quality of life. Longer
follow-up studies have also reported similar mortality and re-
hospitalization rates between traditional in-hospital and telehealth
programs.8,82 Some studies have shown that patient dropout rates
were lower and the degree of responsiveness and patient preference
were higher using telehealth compared to traditional rehabilitation.82

The application of telehealth is consistent with a recent American
Heart Association Presidential Advisory calling for the reengineering of
community exercise programs to enhance access, adherence, and effec-
tiveness of health care.83,84 Finally, telehealth provides an opportunity
to incorporate the “Inclusive Chronic Disease Model” of care,85 which
endeavours to expand the utilization of services yet reduce costs by
restructuring health care delivery through utilization of non-physician,
allied health professionals.

The priorities needed to support the development of efficacious sup-
port programs

Whilst the benefits of exercise across various health conditions is
well established, there is more to be done to further advance the exer-
cise sciences within the context of the “new normal” during and follow-
ing the COVID-19 pandemic. This, however, requires a clear roadmap to
ensure a steady pace of development in this area.

Clinical research

Advancements on the benefits of exercise has grown immensely
over the last years. Data from PubMed has shown a rising trend in the
number of studies related to exercises with the initial studies being
reported from the 1800s. However, from the 1950s, there has been
a steep rise in the number of studies with approximately >38,800
studies to date. These studies have spanned the areas of chronic, non-
communicable diseases, physical activity, sports, and exercise through
various models of delivery. More research into alternate models of
delivery, the use of digital health technology, artificial intelligence and
machine learning still requires a lot more research. The need for re-
mote monitoring and technology driven assessment and prescription
methods is paramount and requires validation and field testing. Fur-
thermore, implementation research, large scale population studies and
exercise studies across various resource settings should become a prior-
ity as this would greatly enhance the application and relevance of
exercise-based interventions.

Trans disciplinarity in research is key and is required for advance-
ment. The integration of sports engineers, software and digital technol-
ogists, architectural and design experts, social workers, and public
health scientists are some key strategic relations that could foster and
spearhead research in this area. Researcher-industry partnerships to fa-
cilitate community wide dissemination of innovations are important
and should be a priority to ensure a public health impact and to reach
a mass audience. Integrating with basic science research to establish
the cellular and molecular basis for responses to a healthy lifestyle is
crucial to strengthening the physiological and cellular basis for healthy
living interventions through both animal and translational research.

Health policy and systems

Many healthcare systems and policies across the world are not
favourable towards exercise specialists or those working to promote
healthy living. The need for policy and health systems to accommodate
exercise specialists is still lacking inmost countries. Considering the im-
pact of COVID on long term sequelae, there is a growing need for post-
acute care rehabilitation. In this scenario, this would be the opportune
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time to emphasize the need for exercise scientists and healthy living
specialists to play a vital role in the post-COVID rehabilitation interven-
tions, that should be a global priority. Facilitating dialogues with the
Government agencies for policy creation should be a priority. Altering
the healthcare system and health care policy to promote interdisciplin-
aritymodels of carewhich include exercise specialists should be consid-
ered to further facilitate healthy living. Introducing reimbursement
strategies for rehabilitation andhealthy living interventionswould facil-
itate the wider reach of exercise specialists. All these are possible only
with strong advocacy campaigns by professional bodies and the scien-
tific community.

Education and capacity building

Considering the need to utilize non-physician health workers
and allied health professionals for the success of the “inclusive
chronic disease model”,85 it is imperative that there be strong initia-
tives building capacity in these areas. Apart from mainstream uni-
versity based education programs that work towards creating
competent professionals in the exercise sciences and allied health,
there is the need to re-structure these specialities such that they
achieve greater impact on the healthcare needs of those with
chronic disease and recovering from COVID-19. Programs like the
Healthy Living Practitioner86 appears to be both timely and relevant
in the current context with enormous global relevance. Raising the
professional bar through doctoral programs is also key and is
being initiated through the Doctor of Clinical Exercise Physiology
program that is being rolled out in the USA.

With all these priorities, it is important also for funding agencies,
professional bodies, and governments to understand the need for
further advances in exercise sciences to be better prepared to deal
with the immediate and the lasting impact of the COVID pandemic.
These implications of exercise advancement transcend all borders
and societies and will generate evidence that will be beneficial to
the world at large.

The need and impact of an integrated approach

COVID-19 has presented an unprecedented challenge to global
healthcare systems, economies, and broader society. Whilst vaccine tri-
als and knowledge to support efficacious treatments are nearing com-
pletion, social distancing and restricted social activity are likely to
remain in place for the foreseeable future. Whilst most people that con-
tract COVID-19 will be either asymptomatic or have mild symptoms at
most, those admitted to hospitals are likely to experience extended pe-
riods ofmorbidity in themonths following discharge. In themost severe
cases (i.e., those requiring prolonged stays in ICUs) patients will experi-
ence irreversible damage to their lungs and other organs which could
result in profound disability. These extraordinary circumstances will
create additional requirements for healthcare providers to support pa-
tients during their rehabilitation and to restore functional status in the
coming months and years. With many healthcare settings suffering
from chronic underfunding and insufficient resource, this additional
and unforeseen pressure will challenge the capacity of clinical services
even further. The synergies and complementary knowledge, skillsets
and facilities contained within the disciplines of the exercise sciences
can create a unique opportunity to promote collaborative working,
ease pressure on clinical staff and services and realize the widespread
impact that is not limited to improving patient outcomes and the health
and wellbeing agenda.

Conclusion

Whilst the opportunity for effective collaboration is apparent,
key government agencies and policymakers must seize the opportu-
nity and engage professional bodies from the exercise sciences
9

(e.g., American College of Sports Medicine, European College Sport
Sciences and the British Association of Sport and Exercise Sciences)
and clinical services (e.g., American Pharmacists Association and Na-
tional Health Service, UK). This is essential to develop and formalize
a blueprint that encourages effective collaborative and cross disci-
plinary approaches that utilizes a substantial resource in response
to this and future health crisis.
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