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ARTICLE INFO ABSTRACT

Keywords: We have been amid unhealthy living and related chronic disease pandemics for several decades. These longstanding

COVID-19 crises have troublingly synergized with the coronavirus disease 2019 (COVID-19) pandemic. The need to establish

ﬁgsee}r.ch research priorities in response to COVID-19 can be used to address broad health and wellbeing, social and economic
riorities

impacts for the future is emerging. Accordingly, this paper sets out a series of research priorities that could inform
interdisciplinary collaboration between clinical sciences, public health, business, technology, economics, healthcare
providers, and the exercise science/sports medicine communities, among others. A five-step methodology was used
to generate and evaluate the research priorities with a focus on broad health and well-being impacts. The method-

Health and wellbeing
Collaboration exercise medicine
Pandemic legacy

Prevention
ology was deployed by an international and interdisciplinary team from the Healthy Living for Pandemic Event Pro-
tection (HL- PIVOT) network. This team were all engaged in responding to the Pandemic either on the ‘front-line’
and/or in leadership positions ensuring the currency and authenticity of the process. Eight research priorities
were identified clustered into two groups: i) Societal & Environmental, and ii) Clinical. Our eight research priorities
are presented with insight from previously published research priorities from other groups.
© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Longstanding health crises have affected global health for decades and
have troublingly synergized with the coronavirus disease 2019 (COVID-
19) pandemic.'* Numerous studies have highlighted the impacts of living
an unhealthy lifestyle,>~> related chronic diseases and co-morbidities,
which can increase disease severity if infected with severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), the virus responsible for
COVID-19. Recent data also highlights that unhealthy lifestyle behaviours
have been increasing during the COVID-19 pandemic,®'! especially
sedentariness, drug and alcohol consumption and social isolation. This is
an ominous sign for the future and a challenge in the context of an accel-
erating incidence and prevalence of chronic disease, health care systems
and public health status. As such, the need to establish research priorities
in the global response to the unhealthy lifestyle, chronic diseases, and
COVID-19 pandemics to address the broad health and wellbeing, social
and economic impacts is clear. Several groups have previously set out
areas for consideration that have mostly centered on the development
of effective treatment, management strategies'?~'# and to address factors
associated with living in forced isolation.'>'8 To date, there has been little
attention directed to the lasting impacts of the COVID-19 pandemic and
the additive effect of multiple ongoing public health crises.

Accordingly, this paper sets out a series of post-pandemic research pri-
orities which were developed to inform interdisciplinary collaborations
which has been championed previously by our group.'®?° Collaborations
must be enhanced between clinical sciences, public health, business, tech-
nology, economics, and the Exercise Science and Sports Medicine commu-
nity, among others to determine diagnostic insight>'*? and to mitigate
against the longstanding impacts of COVID-19. Acknowledging the need
and importance of rigour in achieving consensus,* a five-step methodol-
ogy was used to generate and evaluate the research priorities related to
broad health and well-being impacts and the results are reported here.
The methodology was conducted by an international and interdisciplinary
team from the Healthy Living for Pandemic Event Protection (HL- PIVOT)
network.?* This team were all engaged in responding to the Pandemic ei-
ther on the ‘front-line’ and/or in leadership positions ensuring the cur-
rency and authenticity of the process. Eight research priorities were
identified that could be clustered into two groups: i) Societal and Environ-
mental; and ii) Clinical. These eight research priorities are compared
against seven published research priorities from other international re-
search groups and established organisations.

Methods

A robust, five-step methodology was used to generate and evaluate
the research priorities reported here and a process that was informed

by existing literature to ensure an equitable process was adopted and
incorporated the consideration outlined in a recent article by Blazey
et al.>> The process by which a consensus on what should be the post-
pandemic research priorities is summarized below.

The text that follows details the methodology illustrated in Fig. 1 and
in so doing covers how those involved in this process were: i) ‘selected’
and their demographics and ii) how the evidence and submissions were
reviewed.

Step 1: call for submissions

To be as inclusive and open as possible, an invitation email was sent
to all 125 members of the HL-PIVOT network, inviting expressions of in-
terest, and requesting proposals for consideration. The HL-Pivot network
is an international, multi-disciplinary network of academics, researchers,
scientists, healthcare providers, health professionals, patient representa-
tives and policymakers that are brought together by an interest in pro-
moting human resilience and quality of life by increasing healthy living
behaviours.?>® These demographics capture the much-needed interdis-
ciplinarity and the global challenge of COVID-19. Network members who
responded to the initial call (n = 11) were invited to make a full submis-
sion using an itemised template as detailed in Table 1 below.

The people

As part of the process, all authors were asked about their profes-
sional experience during the Pandemic. Responses to this question in-

cluded -

Mapping of submissions against p d
and published research priorities in context of
COVID-19.

Review of submissions by core research group, “m——

Submissi . " .
ubmissions received using an established ¢
template shown in Table 1

Initial Call sent to HL-Pivot Network Members 4—/ 1 \

Fig. 1. The five step methodology adopted to reach consensus in the development of
subsequent research priorities.

Public E; and Panel M

to achieve ¢
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Table 1
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Template provided to all respondents from the initial call to ascertain details important to research priority development.

Submission question

Commentary

What is your Profession?

State the research question that you think it is most important that Exercise Science
and/or Sports Medicine addresses post-pandemic. Please make sure that your response

is framed as a question

What research methodology would you propose to investigate the question you pose

above?
How was your research question shaped by your experience on the front line of the
Pandemic?

How would addressing your research question help us in the next Pandemic?

Why is your research question one that could only be asked post-pandemic?

Is there an international dimension to your question?

Is there an interdisciplinary dimension to your research question or proposed
methodology? If so, can you explain it?

Is there a social or contributive justice aspect to your research question? If so, please

reflect upon it here.
If there are any existing publications that support giving priority to your research
question, please cite up to 2 of them below.

Finally, and potentially most importantly please use the space below to make the case
that your research question should be a global post-pandemic research priority. You
can do so in any way you wish including summarising the points you have made above

or introducing new arguments.

This was asked to ensure that we had representatives from a variety of healthcare
specialities and organisations.
This was the most important question being designed to get a clear response.

This question was asked so that we could classify the proposed methodologies as
i) qualitative, ii) quantitative or iii) mixed methods and to enable us to report not
only the research questions but also the proposed methodologies.

This item was designed to enable us to link the research priorities to professional
practice.

COVID-19 is not the first Pandemic, and it will not be the last. Therefore, it is
important that Post Pandemic research priorities help us prepare for the next crisis.
The purpose of this consensus statement was to identify post-pandemic research
priorities that could not or would not have been addressed before COVID-19
Pandemic.

As by definition, a pandemic is a global health emergency so some of the research
questions that emerge from it need to have an international dimension.

The need for interdisciplinary research has been recognised.

Scientific and medical research does not take place in a cultural or political vacuum
and this item was included to locate the research in a societal context.

This item helped locate the proposed research priorities within the existing
literature.

This open question was designed to ensure that responders had every opportunity
to unpack their thinking.

‘Being on the COVID-19 response team as a Nurse Practitioner from June

2020-now’

‘While working in the COVID-19 wards, I realized that patients who are
athletes and physically active had a better clinical course. On the other
hand, there were surprises when patients, despite good training had

severe clinical pictures.’

INCLUDES WHETHER

AUTHORING
STRORE
st Rkl PATIENTS |0

oS  SYSTEMDESIRE

WORRK sros INFECTION _D¥E
ACHTE
S

THE

‘Having seen COVID-19 survivors presenting with persisting dyspnoea
and fatigue, there is a need to further evaluate what physiological
systems are contributing to them.’

‘Observing the impact that the reduction in on-site CR services had on
the lives of my patients with stroke who had been participating in the
on-site program and transitioned to a program delivered by phone

ECAUTIONS

B PHYSIBLBGICAL
S HEALTHPARTNERS
HOWEVER
FACTORS NOEMAL appmEss
BEHAVIORS

STuDY

EXAMPLE SOLUTIONS

coviois

BERAVIBURS CONCERNS
BEHEITS

swsros prgGRam GHANGE ™"

Fig. 2. A word cloud developed using author submissions from the initial stages of the methodology.
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during the pandemic. The program has not resumed due to lack of staff
owing to redeployment.’

‘We have seen that certain phenotypical and clinical metrics are
correlated to risk and intensity of COVID-19 infection.’

‘Our vulnerable populations have suffered immensely during this
pandemic and our healthcare system's flaws have been exposed and
highlighted’

‘.... been intimately involved in clinical trials for treatment of COVID-19
as well as prevention research efforts (e.g, we are a COVID-19 vaccine
site for the Astra Zeneca vaccine).

‘Founding and leading the COVID-19 Special Interest Group for the
British Association of Sport and Exercise Science.’

The following word cloud was generated from all the responses to
the inquiry about the authors activities to the Pandemic (Fig. 2).

Step 3: review of submissions

Colleagues who responded to the call (n = 8) were asked to review
each of the other submissions in a detailed, constructive, and collegial
way. The purpose of this step was to i) review the submission against
a set of criteria (outlined below); ii) add value to the proposals by
using the submitted draft as a ‘prompt’ for additional thoughts and
ideas, and iii) to consider if the submissions could be clustered into the-
matic areas. At this point authors of the submission were also sent a
copy of their submission. This was to allow them to revise it in light of
further reflection and developments in their professional practice and
the research literature.

The criteria colleagues used to assess each other's submissions were
as follows -

v Could the wording of the research question be improved?
v Could the proposed methodology be stronger?

Potentially relevant articles through
g database searching (n=1172)
§ Google Scholar (n=327)
§ Pubmed and Medline (n=747)
Sport Discus (n=98)
(. J
'
Records identified through database
searching based on title (n=204)
o0
.g
=
!
3 Records screened after duplicates
removed (n=139)
o Full-text articles assessed for eligibility
2 (n=50)
2
.20
m

.

Studies included in synthesis (n=28)

=
2
w
=
=
Qo
=]
=

-, 968)

- data)
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v How would addressing this research question impact professional
practice and/or research?

v Were there any existing publications that support giving priority to
the proposed research question?

Reviewers were also asked:

v What other comments would you like to make on this research
priority?

v Do you think this research question stands in isolation from the
others or could it be part of a thematic cluster?

Step 4: context against published research priorities

As highlighted in Table 2, research groups have previously estab-
lished research priorities in response to COVID-19 which have been
used in conjunction with policymakers and funding agencies globally.
Whilst we provide an extension to this work, it is imperative to ensure
that our work is positioned in context against those research priorities
that have been previously published. As outlined in Fig. 3 and with pub-
lished recommendations,® multiple searches of academic databases
(Scopus, PubMed, and Google Scholar) were performed using the fol-
lowing search terms; research priorities, COVID-19, pandemic, and
post-pandemic. Returning titles and abstracts were reviewed for suit-
ability and those fulfilling the criteria had their data extracted. The fol-
lowing criteria were used to determine inclusion: i) relevant to
COVID-19; ii) proposes research priorities in response to COVID-19;
and iii) has relevance to public and global health priorities. The study
methodology used to determine research priorities of all eligible papers
(n = 7) were extracted, and a critical appraisal from the core research
group to review the methodological rigour and established priorities
and the relevance to the pandemic and post-pandemic situation was
conducted.

Records excluded based on their title (n=

Screened Excluded on abstract (e.g., age
group, measurement tool(s), dynamic balance
rather than static balance) (n=89)

Full text articles excluded with reasons (n=22,
e.g., no single leg balance, only FMS no PA
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Fig. 3. A sedond word cloud developed following refinement of the research questions and priority areas.

Step 5: public engagement and panel consensus

Received submissions were reviewed by the core authorship
and confirmed as appropriate for consideration if it addressed a
public health need and/or had a significant impact on global health
and wellbeing in response to, or if it had been exacerbated by
the COVID-19 pandemic. To achieve consensus, recommendations
were reviewed in an online survey of network members (n = 45)
and a series of online focus group meetings with international rep-
resentation. From the online survey, 63% of participants ranked the
social & environmental and clinical research priorities as being
equally important (Fig. 4). Stakeholders engaged in focus group
discussions (N = 8) were encouraged to comment in a non-
threatening environment on the need and scale of the challenge
to society and public health in the context of COVID-19.

@ Societal & Environmental @Clinical BEqual Importance

Fig. 4. Ranking of importance by HL-Pivot netowrk members between the two theme
areas of societal and environmental and clinical research priorities.

11

Previously established research priorities

Our review of existing research in this space, highlighted eight pa-
pers/published areas of interest that were reviewed, the results of
which are highlighted in Table 2. Concluding our process, we were able
to establish eight research priorities that address long-standing societal
and environmental (cluster A) and clinical (cluster B) research priorities.

Established HL-PIVOT research priorities

Here we present two clusters of research priorities that can be
categorised as A: Social and Environmental research themes and B: Clin-
ical research priorities. The total submissions and engagement with
stakeholders produced several research priorities that were not in-
cluded following the conclusion of the consensus process. Detail of
these can be found in Table 3. Whilst the authors acknowledge that
these are still important and warrant investigation, there is a need to
consolidate efforts in the highlighted areas to achieve broad health
and wellbeing, societal and economic impact,

Cluster A: societal & environmental

This cluster of four questions are linked by ethical concerns related
to either ensuring Exercise Science and Sports Medicine: i) treating peo-
ple equally and ensuring that the most vulnerable can access services;
and/or ii) the importance of the environment to human wellbeing and
health. A theme evident in the first three questions is the integration
of technologies to achieve fairer health care.

Al: How can we ensure that the opportunity to meet evidence-based
guidelines for Physical Activity are equitably distributed?

Rationale: COVID-19 has identified many causal factors for severe
health outcomes that are disproportionately affecting people of colour
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Table 3
Research priorities that were put forward but not included in the resulting priority areas
following the consensus process.

1  The importance of considering training and education within (i) healthy
living concepts and self-care in health professionals, and (ii) how health
professionals incorporate patient education and health promotion.

2 The use of online and digital platforms that can be used to promote and
deliver physical activity and the impact upon human behaviour.

3 Investigate the impact of physical activity and exercise on Covid-19
cardiorespiratory sequelae, among other repercussions.

4 Screen time in children (and possibly adults) and the effect on physical and
emotional health

5  What impact does COVID-19 infection have on cardiovascular and pulmonary
function after recovery?

6  Energy Conservation Techniques to manage Symptoms (e.g., Fatigue,
Dyspnoea due to Lung Fibrosis) of long term COVID-19.

7  How can we use lessons from the pandemic to emphasize prevention
(i.e., lifestyle medicine)?

8  The impact of physical activity-based rehabilitation in recovery from long
COVID.

9 Incorporation of exercise and physical activity into the treatment plans for all

patients with chronic conditions.

Differentiating the health outcomes that result from progressive levels of

physical activity (self-reported vs directly measured [pedometers,

accelerometers] and cardiorespiratory fitness (estimated from attained
speed/grade or kg/min) or directly measured or distance covered during the
6-min walk test.

10

and those with poor health status and comorbidities. To address this, we
need to implement changes that allow us to move toward a more equi-
table future. There is a clear need for sustained local, national, and global
surveillance of physical activity (PA) and sedentary behaviours. This
surveillance should be implemented across multiple settings (e.g.,
schools, workplaces, communities) and domains (e.g., leisure, occupa-
tional), and provide frequent updates (e.g., periodicity of every
5 years). An intentional focus should be placed on social justice that
prioritises equity with race, ethnicity, and language being part of the
data points available for disaggregation and analyses.?’

Proposed methodology: Traditional research methodologies overlook
the complexities of the systems involved. For example, large cohort
studies that use multivariate regression to identify broad associations
between PA and health outcomes may overlook differences in physiol-
ogy, behaviours, and social determinants. To address this, computer-
based methodologies are needed which adopt a systems science ap-
proach to PA research. Incorporating systems approaches and methods
means designing and implementing computer-based approaches in
ways that account for and help characterize the complex systems in-
volved. This requires approaches that use the power of Artificial Intelli-
gence, Machine Learning and/or Computer-Simulated Modelling to
achieve scalable intervention approaches and broad health and social
impacts.

Post-pandemic credentials: The Pandemic highlighted: i) broad
health inequalities; and ii) the importance to incorporate Machine
Learning and big data. During the consensus process, the established
network ranked this research priority as the highest priority (24%).

Preparation for the next pandemic: Surveillance systems enable the
ongoing collection, analysis, and dissemination of data to prevent and
control disease or injury. Surveillance systems for PA (or sedentary be-
haviour [SB]) could result in comprehensive data that, when analysed
and interpreted using computer-assisted systems science-based
methods, could inform population-level PA guidance, advance precision
public health, and prevent disease. Comprehensive surveillance would
capture the amount of time a person engages in PA or SB throughout
the day, during work, their level of cardiorespiratory fitness, during
commuting, availability and use of interventions that support PA, and
the types of policies that encourage healthy levels of PA. Such data
would also provide insight into subpopulations including those who
have suffered more severe outcomes of COVID-19 than others, including
ethnic groups and those with underlying health conditions.

12
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International dimension: The disparities in health outcomes due to
COVID-19 have been noted and experienced across the globe.

Interdisciplinary dimension: Multidisciplinary approaches are needed
to address this question and specifically the bring together of Clinical,
Exercise and Computing Sciences.!>%°

Justice aspect: By using surveillance data to identify needs and gaps,
people of all walks of life across all aspects of society and community
can find ways to contribute to the common good.

A2: How should virtual models of cardiac rehabilitation developed during
the Pandemic be used to improve access to on-site supervised programmes
for underserved vulnerable groups?

Rationale: Globally cardiac rehabilitation (CR) programs should con-
tinue using the virtual models of delivery developed during COVID-19
to support patients not requiring close monitoring. Post pandemic this
will reduce a long-standing burden on resources for patients who had
previously been denied referrals owing to restrictive CR eligibility
criteria.

Proposed methodology: A two-part methodology is proposed. First,
survey CR program managers around the world to determine barriers
and facilitators to including underserved populations with a needs as-
sessment of the health workforce (e.g., size, composition, competencies,
and skill mix to correspond to the health needs of these populations).
Second, conduct a systematic review to inform the development of an
international web-based resource of best practices to operationalize a
mix of CR delivery models. Importantly, there is the need to also inves-
tigate the adaptability of existing programs to a variety of health con-
texts that incorporates co-design methods.

Post-pandemic credentials: With the success of virtual programming
during the pandemic program managers will be more likely to support
the continued use of virtual health delivery models for those that do not
require close monitoring. This will free up resources to allow vulnerable
patients to attend on-site programming. During the consensus process,
the established network ranked this research priority as the joint fourth
most important with 10% of the votes.

Preparation for the next pandemic: The continued use and develop-
ment of virtual delivery models would significantly improve the resil-
ience of CR programs come the next Pandemic.

International dimension: Globally, 49% of CR programs discontinued
delivery during the pandemic.® In Canada, within two months of
COVID-19, 41% of CR programs closed and % of the staff were rede-
ployed. 1-to-1 models of care mostly by phone were adopted. Vulnera-
ble populations became ineligible owing to safety concerns.?? With
evidence of greater disparities in access for these populations during
the pandemic, there is an urgent need to redistribute resources to im-
prove access globally.>® With CR being offered in 111 of 123 countries,!
there is potential to improve the lives of millions of people who would
otherwise have not had access to CR services.

Interdisciplinary dimension: Input from patients, caregivers, cardio-
vascular clinicians, exercise physiologists, and cardiac rehabilitation
specialists,>? would be needed to take this work forward.

Justice aspect: People have the right to equitable access to health care
services. However, research of people following stroke, peripheral ar-
tery disease, and lower-limb amputation pre-pandemic demonstrates
that as mobility severity increases, eligibility to be referred to CR pro-
grams decreases.>>~3° This is regardless of having or not having a co-
morbid diagnosis of coronary artery disease. This demonstrates a
treatment-risk paradox where the patients who most need CR are inel-
igible.

A3: How can Exercise Science address the challenges of general
wellness promotion to the vulnerable population through Nature-Based
interventions (NBI)?

Rationale: Arguably the greatest contribution that Exercise Science
can make to public health lies in the prevention of disease and the pro-
motion of wellness.>® Post-pandemic, rather than returning to the ‘old
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normal’ when health care services focused on the treatment of disease,
there is an opportunity to create a ‘new normal’ focused on prevention,
wellness, and resilience. As well as being better for ‘patients’ this ‘new
normal’ may also be more rewarding and health-promoting for health
and exercise professionals.

Proposed methodology: Whilst we know a lot about exercise in
clinical and fitness settings, we know comparatively less about the
therapeutic value of exercise and PA in natural settings. A two-part
methodology is suggested. First, a feasibility interventional study
using wearable technologies to measure physiological stress, wellbeing,
and influence of NBI's on vulnerable populations. Second, A systematic
review of the literature to identify how NBI is defined and another
review of the literature to identify the effect of NBI on vulnerable popu-
lations' wellbeing.

Post-pandemic credentials: We did not know how fragile the current
system was until it was fractured by the Pandemic. Incorporating NBI
into mainstream healthcare options will also provide opportunities to
build conservation elements into wellbeing practices. During the con-
sensus process, the established network ranked this research priority
as the joint fourth most important with 10% of the votes.

Preparation for the next pandemic: Exploring ways to increase general
wellbeing in vulnerable populations (and healthcare workers) may pro-
vide a stronger and broader foundation for global resilience.

International dimension: As natural settings differ across geographi-
cal locations there are opportunities to conduct comparative studies.

Interdisciplinary dimension: A focus on NBI would enable Exercise
Science to investigate in more detail the environmental determinants
and outcomes of active living. This would bring together researchers
from a range of disciplines from the social sciences including psychol-
ogy, geography, and sociology.

Justice aspect: As conceived here NBI would not only provide oppor-
tunities to work with vulnerable groups but also improve global health.

A4: How can Exercise Science, clinical exercise physiologists and Sports
Medicine help address the climate change emergency?

Rationale: COVID-19 negatively impacted the quality of life for mil-
lions of people worldwide. It has damaged societies, crippled econo-
mies, and ravaged the educational opportunities of a generation. This
wake of destruction cannot be allowed to stand as the Pandemic's
only legacy. A ‘silver lining’ in the very dark cloud of the Pandemic is
an opportunity to do more to tackle the climate change emergency.
Physical activity is negatively impacted by air pollution, extreme tem-
peratures, and natural disasters which in broader contexts has implica-
tions for the global health and wellbeing agenda.3” Accordingly, exercise
science professionals as part of their roles should be advocates for cli-
mate change initiatives to improve climate change goals and health out-
comes in an interconnected approach.>®

Proposed methodology: The proposed research methodology is as fol-
lows. A systematic review of the literature to identify what other scien-
tific disciplines professions and organisations are doing to actively
reduce their carbon footprint and to become more sustainable. A survey
of the world's Exercise Science professional bodies and learned societies
(e.g., British Association of Sport and Exercise Science and the American
College of Sports Medicine) to establish what actions are being taken. A
longitudinal case study of an Exercise Science Laboratory and/or clinic
to demonstrate a process of change aimed at decreasing its carbon foot-
print.

Post-pandemic credentials: This question could have been asked be-
fore the Pandemic but was not. It has taken COVID-19 to remind us of
the fragility of the human condition. During the consensus process,
the established network ranked this priority as the fifth most important
with 6% of the votes.

Preparation for the next pandemic: It is a sobering thought that the
Climate Change Emergency presents a bigger existential threat to hu-
mankind than COVID-19. In that sense, it is the next ‘pandemic’ or
more accurately a ‘syndemic’ requiring urgent action.®
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International dimension: Climate change is recognised as a global
challenge.

Interdisciplinary dimension: The interdisciplinary dimension to this
research question is the need to develop sustainable practice in physiol-
ogy, psychology, and biomechanics. This is inclusive of but not limited to
reducing laboratory consumable budgets, moving away from single-use
plastics, and looking at sustainable practices for conferences/interna-
tional meetings.

Justice aspect: Sanders (2020) writes ‘From Aristotle to the American
republican tradition, from Hegal to Catholic social teaching, theories of
contributive justice teach us that we are most fully human when we
contribute to the common good and earn the esteem of our fellow citi-
zens for the contribution we make’ (page 212,°). By acting proactively
to help address the climate change emergency we will make a positive
contribution to the global common good.

Cluster B: clinical

This cluster of questions focus on clinical issues and focus on a
variety of ways of patient care either in the acute or chronic stage of
infection. In this way, they are different but complementary to the ques-
tions proposed in Cluster A.

B1: How will we screen and identify pulmonary arterial hypertension (PH)
among patients in post-COVID-19 rehabilitation?

Rationale: COVID-19 has a direct impact upon the cardio-respiratory
systems and its sequelae have broad implications for exercise intoler-
ance and healthy lifestyle behaviours.>*! The incidence of PH may in-
crease post-pandemic.*? Therefore, it is important to understand the
factors that contribute to chronic exercise intolerance among those in-
fected by the virus. This will affect how professionals prescribe exercise
to improve functional status. Researchers across specialisations should
be prepared to implement large-scale, well-conducted multi-national
follow-up registries to i) monitor the incidence of PH post-pandemic;
and ii) inform rehabilitation approaches.

Proposed methodology: Approaches to addressing this question in-
clude surveying exercise specialists to determine evaluation and pre-
scription patterns for those with PH. In addition, observational studies
focused on exercise-based evaluations (e.g., cardiopulmonary exercise
testing; CPX or functional tests) in COVID-19 survivors with and with-
out PH are vital to identify specific responses to exercise when used in
isolation or combination with other investigations such as transthoracic
echocardiography and pulmonary function tests. The relevance of PA
cannot be understated and assessing PA (objectively and subjectively),
activities of daily living and experiences (qualitatively) among COVID-
19 survivors with and without PH are important areas to study. Know-
ing that the various exercise limitations in PH respond to exercise
training,*>* it is important to assess the effects of exercise training in-
terventions in COVID-19 survivors +PH and also study the recovery tra-
jectories of cardiorespiratory fitness among COVID-19 survivors with
and without PH.

Post-pandemic credentials: This question focuses on COVID-19 survi-
vors and addresses an important pandemic legacy. During the consen-
sus process, the established network ranked this research priority as
the least important with 1% of the total votes.

Preparation for the next pandemic: Improving our understanding of
PH would improve healthcare when the next virus reaches pandemic
status.

International dimension: Anecdotal evidence suggests a geographical
variation in the occurrence of PH among COVID-19 survivors.

Interdisciplinary dimension: This area of research will require the in-
volvement of basic scientists, molecular biologists, clinicians in cardiol-
ogy and pulmonology, exercise scientists and rehabilitation experts.

Justice aspect: In resource-limited settings, where access to CPX is
limited, the use of alternate field tests could increase access.*®
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B2: How can clinical exercise physiology help prevent and respond to chronic
symptomology (e.g, fatigue) related to viral infections including COVID-19?

Rationale: The pandemic has spotlighted the need to learn more
about how to manage long-haul symptomology.

Proposed methodology: A Randomised Control Trial (RCT) on the ef-
fects of exercise on chronic fatigue and other symptoms in individuals
with long-haul COVID-19.

Post-pandemic credentials: We can learn from analysing data from
pre and during the pandemic to learn about health behaviours that
are related to symptoms and outcomes. During the consensus process,
the established network ranked this research priority as the third
most important with 16% of the votes.

Preparation for the next pandemic: The next pandemic may result in
some patients suffering from chronic symptoms such as fatigue. By
learning from this pandemic, we can be better placed to develop be-
spoke support mechanisms to care for affected patients.

International dimension: The findings from this study will have a
global impact and sit across political borders.

Interdisciplinary dimension: The response of clinical exercise physiol-
ogists to addressing the prevalence of symptoms due to pandemic
disease is specific to the field but there are large public health implica-
tions to this research question, especially in understanding the cause
and effect between healthy behaviours and symptomology.

Justice aspect: The assessment of health behaviours will always be
framed within these themes.

By reducing the chronic impact of COVID-19 survivors will be better
placed to contribute to society and stay in employment thereby reduc-
ing the risk of them falling into poverty.

B3: What are the long-term impacts of 24-h activity behaviours (PA, seden-
tary, sleep) and cardiometabolic health?

Rationale: COVID-19 has markedly impacted health behaviours, in-
cluding PA."" Many have had to adapt their lifestyles, of which, some ad-
aptations are likely to persist. Currently, while it is clear that moving
more and sitting less leads to numerous health benefits,***” the mini-
mum amount needed and optimal combination of activity behaviours
to promote health is unknown. In addition, more research is needed to
understand the determinants of these behaviours and how to effectively
promote behaviour change and long-term adherence.*®

Proposed methodology: A systematic review of the literature
reporting on activity behaviours during and post-COVID. This was
followed by the collection of observational cohort data to determine
which cluster of 24-h activity behaviours is most associated with cardio-
metabolic disease risk, and the multi-level determinants of the cluster.

Post-pandemic credentials: The PA behaviours component has been
well-researched, and sleep and sedentary behaviour research have gained
momentum. The interest in these behaviours has been accelerated during
COVID-19. During the consensus process, the established network ranked
this research priority as joint second highest with 17% of the votes.

Preparation for the next pandemic: An increased understanding of
how activity behaviours interact with other behaviours will help us pre-
pare for the next health crises.

International dimension: Health enhancing behaviours over the 24-h
cycle will likely differ across cultures, providing an opportunity for in-
ternational and cross-cultural comparisons.

Interdisciplinary dimension: To address this question will require
input from physiology, psychology, public health, systems science, and
implementation science.

Justice aspect: Minority groups have been disproportionately af-
fected by COVID-19 and are frequently less resourced and therefore
less resilient.?’

B4: What is the impact of PA on the severity of COVID-19 infection, and
which are the determinants of a poor prognosis in athletes?

Rationale: Whilst several studies have shown that for the majority of
people PA has helped protect individuals from the more severe effects of
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COVID-19 infection: i) the mechanism by which this happens remains
unclear, and ii) despite high levels of fitness some athletes have been se-
verely impacted when infected.?->!

Proposed methodology: A two-part methodology is proposed. First, a
questionnaire would collect data from medical care institutions to
‘mine’ their data on this subject. Second, patients would be interviewed
by phone to collect retrospective data relating to their training history,
competition status and experience of COVID-19 concerning infection
and impact upon training and by extension the implication on physical
and mental wellbeing.

Post-pandemic credentials: During the pandemic, all resources were
rightly directed to respond to the immediate challenge of saving lives
and preventing transmission. When the pandemic is over, studies
such as the one proposed here will help us understand ‘what just hap-
pened.’ During the consensus process, the established network ranked
this research priority as joint second highest with 17% of the votes.

Preparation for the next pandemic: Reflections and learning from this
would enable us to know what levels and methods of physical activity
are most beneficial and which is compromising during the next pan-
demic.

International dimension: This question addresses an issue that is a
global challenge.

Interdisciplinary dimension: There is an interdisciplinary dimension
to this question in that it would need input from a range of disciplines
and medical specialists.

Justice aspect: By routinely advising appropriate levels of PA, we con-
tribute to the public good, especially for the most vulnerable in our so-
cieties who may be unable to pay for adequate treatment.

Discussion

Increased collaborative efforts and global initiatives have permitted the
development of efficacious vaccines and acute management strategies
that have and continue to be effective in reducing severe illness and mor-
tality during these latter stages of the COVID-19 pandemic. Whilst concen-
trated efforts are required to ensure that vaccines and treatments are
accessible and equitable for all,>? there is a need to focus on the long-
term impacts that will undoubtedly pose challenges to health settings
and providers and have a long-standing impact upon population health
and well-being. This includes the need to strengthen links between scien-
tists, health care professionals and the community to develop targeted
support and rehabilitative pathways aimed at increasing functional status
and quality of life. In addition, there is a need to reflect on the lessons that
have been learnt during the COVID-19 pandemic and begin planning and
developing proactive mitigation strategies in preparation for the next pan-
demic/global health crisis. Finally, there is a need to celebrate and forge in-
terdisciplinary collaborations and maximise the global appetite for
collaborative efforts to address long-standing health challenges.’ These
can be impacted by the adoption of healthy lifestyle behaviours to mitigate
the burden on health care services and economies globally. A previously
published consensus statement entitled “Healthy lifestyle interventions
to combat noncommunicable disease-a novel non-hierarchical connectiv-
ity model for key stakeholders: a policy statement from the American
Heart Association, European Society of Cardiology, European Association
for Cardiovascular Prevention and Rehabilitation, and American College
of Preventive Medicine” called for a forward-thinking community model
to address the chronic disease crisis.?®>> These same principles apply in
the COVID-19 era, perhaps more so.

Whilst we acknowledge at the time of writing that the COVID-19
pandemic is not yet over, there appears to be a glimmer of light at the
end of a very long tunnel. The threat of sustained transmission and
the threat of emerging variants remains real and serious threats to
global health and wellbeing, global and domestic economies, and the
multitude of ways in which society interacts. As we look forward to
the endemic phase of COVID-19 in the near future, there are consider-
able knowledge gaps and complexities that need to be addressed and
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should inform the development of research questions and hypotheses
designed to generate results that will instruct clinical practices, initiate
policy development, and influence international health agendas.
Previous attempts to address the COVID-19 research agenda were the
result of a need to develop effective treatments or understand the impli-
cations of imposed social restrictions. Whereas this was imperative to
the international management of the pandemic, the evidence and
longstanding impacts are only now coming to fruition. Accordingly,
we consulted a multi-disciplinary international group of experts with
varying backgrounds and a shared enthusiasm for promoting healthy-
lifestyle behaviours to conceptualise and direct research in the endemic
phase. We are conscious of a perceived bias in the publication of the re-
sulting research priorities but feel that the methodology utilised was
evidence-based and in line with best practice recommendations that
was established in accepted epistemological approaches and that per-
mitted scrutiny of a ‘group think’ approach.?® Accordingly, the resulting
research priorities are driven by a need for collaborative approaches to
tackling new and longstanding issues that pose challenges to population
health and wellbeing.

Conclusion

COVID-19 has and continues to have broad implications for popula-
tion health and wellbeing. Here we propose eight research priorities
that have been developed by leading researchers, clinicians and health
professionals that can address long-term pandemic impacts and global
health challenges. The proposed research priorities can answer the ‘so
what?’ challenge as they have a direct link to improving public health
through optimising patient care and advocating healthy lifestyle behav-
iours.
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