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EDITORIAL

Exercise, infection and rheumatic
diseases: what do we know?

Leonard Calabrese

PHYSICAL ACTIVITY GUIDELINES AND HEALTH
BENEFITS
In recent years, there has been an increased
focus on physical activity, a general term refer-
ring to bodily movement resulting in energy
expenditure, and exercise, a form of physical
activity which is structured, repetitive with an
objective of promoting physical fitness for
patients with rheumatic diseases. Guidelines
for physical activity have been developed to
promote health benefits from physical activity
in the general population by the World
Health Organization (WHO)' and the US
Department of Health and Human Services
(HHS),? and by the EULAR for people with
inflammatory arthritis and osteoarthritis.”
WHO, HHS and EULAR physical activity
guidelines are consistent in recommending
that adults should (1) move more and sit
less throughout the day; (2) aim for at least
150-300min a week of moderate-intensity
or 75-150min a week of vigorous-intensity
aerobic physical activity; (3) engage in
whole body muscle-strengthening activities
on 2 or more days a week. These guidelines
also support that additional health bene-
fits are experienced by engaging in physical
activity beyond the equivalent of 300 min of
moderate-intensity physical activity a week.
Patients with rheumatic diseases have much
to gain by following these guidelines, espe-
cially in light of data indicating that they are
less active compared with healthy controls.”*
The physiological and health benefits of
regular physical activity are numerous and
have well-documented effects on aerobic
capacity, strength and function, mental
health, the ageing process, obesity, metabolic
syndrome, risk for chronic diseases such as
diabetes mellitus, cancer and cardiovascular
disease, arthritis and bone and joint health.?®
A recent focus has been to ‘move more and
sit less’ due to the increasing awareness that
the avoidance of sedentar;/ behaviour is crit-
ical for long term health.*”® Federal exercise
guidelines now emphasise that exercise does
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not have to be prolonged to be beneficial but
that frequent small doses work just as well.”
This shift from the former rigid exercise
prescription to the current lifestyle approach
is expected to broaden compliance in the
general population.

In the rheumatological literature, recent
reviews’ and the EULAR guidelines® empha-
sise many of the traditional benefits from
aerobic and strength training including
improved cardiorespiratory and musculo-
skeletal fitness, cardiovascular health, bone
health as well as disease specific benefits such
as reduced disease activity and pain, and
improved quality of life, sleep and mental
health.

Largely unexplored in the rheumatolog-
ical literature is another axis of the biological
effects associated with physical activity and
exercise, namely the immunological effects.
The field of exercise immunology is relatively
new with 90% of publications reported after
1990." The exercise immunology literature
is growing rapidly and we are beginning
to understand the broad effects of phys-
ical activity and training on the integrated
immune response. These include exercise-
induced influences on both innate and adap-
tive immune limbs, immune surveillance,
acute and chronic inflammation and the
trajectory of immunosenescence.'’"

From a clinical perspective, one of the most
intriguing and potentially important domains
of physical activity and exercise is its effects
on susceptibility to infection.'’ Despite the
fact that patients with inflammatory rheu-
matic diseases are particularly susceptible to
infectious complications due to the disease
process and immunomodulatory therapies,
there is a paucity of literature exploring the
potential utility of exercise training with the
explicit purpose of lowering infectious risks.

This editorial briefly explores the exercise
immunology literature with an emphasis on
the evidence that moderate exercise training
is associated with reduced infectious disease
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Exercise stimulates the ongoing exchange of leucocytes between the lymphoid tissues and the blood compartment
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risks and systemic inflammation and proposes a research
agenda to explore this unchartered field.

THE IMMUNE RESPONSE TO EXERCISE

The immune system reacts quickly and robustly to acute
exercise bouts with the magnitude and nature of the
response related to the workload intensity and dura-
tion.!0 11 16 Specific types of immune cells with high
effector and cytotoxic functions are recruited from
peripheral lymphoid tissues into the blood compartment
during exercise bouts."’ '® These include neutrophils,
monocytes, natural killer (NK) cells, cytotoxic T cells,
TCR-Yd T cells and immature B cells (figure 1). During
exercise recovery, a rapid egress ensues consisting of
lymphocytes and non-classical monocytes that exhibit
phenotypes with increased effector and tissue migration
functions.'® The mobilisation of immune cells with exer-
cise is due to many factors including increased haemod-
ynamic forces, hormone production, body temperature
and cytokine levels.

Both animal and human studies support the role of
exercise in augmenting the trafficking of immune cells
through the lymphoid and peripheral tissues and blood
and lymph compartments.10 8 The transient exercise-
induced recirculation of immune cells has the capacity
to enhance immunosurveillance and host protection
against pathogens.16 Antiviral activity of tissue macro-
phages is also stimulated in response to exercise.'’ Exer-
cise promotes the recirculation of immunoglobulins and
the production of anti-inflammatory cytokines such as
IL-10 and IL-1ra. During moderate-to-vigorous exercise,
the muscle myokine IL-6 is produced and released and
in distinction to its classical role as a driver of the inflam-
matory response appears to support numerous benefi-
cial metabolic and immunoregulatory roles.'’ ' Within
the bone marrow, mechanical stimulation induced by
exercise augments the supply of lymphoid progenitors
for specific types of immune cells including dendrites
and T, B and NK lymphocytes.17 This exercise-generated
effect may help counter the typical age-related decrease
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Figure 2 The percentage difference in infectious disease incidence and mortality rates between physically active and inactive

adults.'0121820-2% Negr-

daily physical activity compared with inactivity has been linked to reduced incidence rates for influenza,

the common cold and severe cases of COVID-19, with diminished mortality rates for pneumonia and other viral and bacterial

infections.

in lymphoid progenitors as demonstrated in clinical
studies.

Taken together, emerging data suggests that physical
activity can have beneficial effects on the integrated
immune response and provides a physiological basis for
the role of exercise training to augment host defences
against infections.

EXERCISE AND INFECTIOUS DISEASE
When exercise training is sustained for weeks and months,
it may be postulated that the recurrent transient surge
in circulating immune cells augments immunosurveil-
lance against pathogens, lowers systemic inflammation,
enhances antibody responses to vaccinations and reduces
infectious disease morbidity and mortality.'""? Figure 2
summarises the burgeoning evidence supporting a
broad spectrum and beneficial effect of regular exercise
training against viral and bacterial infections.!? 12 18 20-23
Near-daily physical activity compared with inactivity has
been linked to reduced incidence rates for influenza, the
common cold and severe cases of COVID-19, with dimin-
ished mortality rates for pneumonia and other viral and
bacterial infections in the general population.*’™*
Multiple lines of experimental evidence support the
hypothesis that moderate exercise may lower risk for
respiratory infection in the general population. In a large
epidemiological study of 97844 adults from England
and Scotland, exercise training was associated with

a lowering of the risk for bacterial and viral infectious
disease mortality by more than 50% over a 9-year period*'
(figure 2). Acute respiratory illness (number of days ill
during 12 weeks of the winter and fall seasons) was 43%
lower in adults engaging in an average of 5 or more days
per week of aerobic exercise compared with those who
were largely inactive after accounting for confounders
such as age, education level, marital status, gender, body
mass index and perceived mental stress (figure 2).** Data
from the UK Biobank showed that physical inactivity was
related to a 32% increased risk for COVID-19 hospitalisa-
tions™ (figure 2). The lifestyle combination of physical
inactivity, cigarette smoking and obesity increased the
risk of COVID-19 hospitalisation 4.4-fold compared with
optimal lifestyles and accounted for up to 51% of the
population attributable risk. Other data support reduc-
tions in incidence and mortality rates for influenza and
pneumonia.”*!

Long-term exercise training has also been shown in
multiple studies to improve the immune response to
influenza vaccination.'” " Ongoing research will deter-
mine if physical activity augments the antibody and T
cell response to COVID-19 vaccines, especially among
the obese, elderly and subgroups if patients with arthritis
who experience reduced vaccine efficacy.'” '* ¥

These findings may be of particular clinical value
for individuals with autoimmune inflammatory rheu-
matic diseases (AIIRD) who by virtue of complex
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Table 1

Exercise immunology training studies with RA participants

Investigators

Study participants

Research design

Primary findings

Andersson et
al, 2020%

Bartlett et al,
2018%

Baslund et al,
1993%8

Rall et al,
1996%°

49 older adults (>65years) with
RA

12 physically inactive older
adults (age 64+7 years) with
RA

18 adults with RA randomised
to training (49+3years) and
control (47+3years) groups

8 adults with RA (ages 25-65
years), 8 healthy young adults
(ages 22-30 years), 14 healthy
elderly adults (ages 65-80
years)

Randomised to 20 weeks of mixed
aerobic and resistance exercise
(supervised three sessions/week) or
control (home-based light exercise)
groups

All participants, 10 weeks of high
intensity interval walk training (three
sessions/week, 30 min/session, 10
1 min intense intervals); no control
group

Training group exercised on bicycle
ergometers for 8 weeks (4-5
sessions/week, interval training with
3x5min intense intervals

Participants with RA, young adults
and half of elderly adults trained for
12 weeks; progressive resistance
training, 2 sessions/week, 5
exercises, 3 sets, 8 reps

Despite improvements in aerobic
capacity and strength with supervised
exercise, no group differences for
DAS28, CRP or MDSCs. Proportions
of blood regulatory T and B cells
decreased with supervised exercise

Aerobic capacity improved, with 38%
decrease in DAS28; improvement in
several measures of innate immune
function; no changed in CRP and
cytokines

No group differences over time for
measures of T and NK cell function or
blood cytokine levels (IL-6, IL-1a, IL-
1B)

No group differences over time

for immune cell counts, cytokine
production, T cell proliferation or DTH
response.

CRP, C reactive protein; DAS28, disease activity score 28; DTH, delayed type hypersensitivity; IL, interleukin; MDSCs, myeloid derived

suppressor cells; NK, natural killer; RA, rheumatoid arthritis.

dysfunctional immune changes from their underlying
diseases compounded by immunosuppressive therapies
and a high prevalence of comorbidities appear to be
at increased risk of infectious complications including
acute respiratory viral infections and severe outcomes in
COVID-19.**® Importantly, the role of relative physical
inactivity as a risk factor potentially contributing to these
risks remains unexplored.

Few studies have assessed the effects of exercise on
immunity in individuals with AIIRD and none have
appraised the potential for exercise training to affect the
incidence or severity of infectious diseases. In terms of
assessing the effects of exercise on immune parameters,
the results are mixed and disappointing given the large
potential to shift biomarkers in the beneficial direction
(table 1).*** Contributing factors include weak study
designs and lack of control for numerous potential
confounding factors. For example, the study by Bartlett
et al’” with 12 physically inactive adults with rheumatoid
arthritis (stable, no recent medication changes) showed
that 10 weeks of high-intensity interval walking training
reduced disease activity and improved several measures
of innate immune function. The investigators speculated
that exercise training may improve joint health by moving
dysfunctional immune cells out of the joint, allowing
for replacement with more functional immune cells.”’
However, this study did not include a randomised control
group and thus was unable to determine if changes were
due to the exercise intervention or the passage of time.
No meaningful changes occurred in C reactive protein or
inflammatory cytokines, and the authors recommended

that aerobic training should be combined with weight
loss to reduce inflammation biomarkers.”

Recent reviews have concluded that existing data do
not support that AIIRD-induced increases in inflamma-
tion or disease activity can be countered through exer-
cise training despite improvements in exercise capacity,
physical function and quality of life.”” *' Improvement
in immune and inflammation biomarkers with exercise
training in individuals with AIIRD may require higher
exercise workload volumes and significant weightloss that
exceed what they are willing or capable of achieving.””

Barriers to physical activity in rheumatic diseases

Despite evidence of the beneficial effects of physical
activity on general health and well-being there are
numerous barriers which account for the low level of
physical activity in patients with arthritis and allied condi-
tions that must be overcome.” These include disease
specific factors including joint damage, pain and fatigue
in many patients which may require active engagement
and accommodation and at times lowering goals which
may begin with reducing sedentary habits with the ‘move
more sit less’ approach. Psychological and perceptual
barriers must be addressed as well and educating patients
on both the broad benefits of physical activity as well as
the potential for exercise to enhance immune defences
may be empowering. Perhaps mostimpactful, and empha-
sised in the 2018 EULAR guidelines for physical activity in
people with inflammatory arthritis and osteoarthritis,3 is
emphasising the importance and responsibility of physi-
cians and advanced practitioners and not just physical
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therapists and physiatrists, to promote physical activity to
our patients by educating them on its broad beneficial
effects. A recent review of the benefits and promotion of
physical activity in rheumatoid arthritis suggests that our
patients are not getting the message.”* Finally physicians
and other providers are in need of education to enhance
their confidence to counsel and instruct their patients on
evidence based guidelines for physical activity as well as
general wellness behaviours.

RESEARCH DIRECTIONS

The increased susceptibility to infections in individ-
uals with AIIRD is likely due to an admixture of factors
including an underlying complex dysfunctional autore-
active immune system compounded by physical inactivity,
obesity and immunosuppressive and anti-inflammatory
therapies. The failure of exercise interventions to impact
immune parameters in clinical studies summarised in
table 1 likely reflects limitations of trial design and crude
outputs as well as the difficulty of controlling for the
above noted putative confounders in randomised trials.
Studies assessing the incidence and severity of infections
in patients with AIIRD must also begin to assess and
control for levels of physical activity and training.

The multifaceted nature of AIIRD may demand a
human systems biology approach using metabolomics,
proteomics, lipidomics, genomics, epigenetics and micro-
biomics. Immunometabolism links cellular metabolism
and immunology and has shown that disease states can be
traced to alterations in the bioenergetic metabolism of
immune cells."* These approaches are increasingly being
applied in the field of exercise immunology and offer a
more integrated approach to improve understanding of
how exercise influences the immune system and impacts
health, the ageing process and susceptibility to infectious
disease.'” !

These emerging omics technologies have the potential
to more clearly define underlying mechanisms and adjust
for multiple types of lifestyle and therapy interventions
with patients with AIIRD. These types of studies resource
intensive and require sensitive mass spectrometry plat-
forms with thousands of chemical standards, rigorous
sample extraction and processing procedures, precise
quality control and identification protocols and sophis-
ticated bioinformatics support but are being increasingly
incorporated in the field."

CONCLUSION

Regular physical activity can be viewed as an important
immune system adjuvant to stimulate the trafficking of
distinct and highly active immune cell subtypes between
the circulation and tissues."” With near daily exercise,
these acute changes operate through a summation effect
to enhance immune defence activity against a variety of
pathogens and overall metabolic health. Randomised
clinical trials and epidemiological studies consistently
support the inverse relationship between moderate

exercise training and incidence of acute respiratory infec-
tions including the common cold, influenza, pneumonia
and COVID-19. Regular exercise training has numerous
effects on the integrated immune response with evidence
supporting an overall anti-inflammatory effect, especially
when combined with weight loss and the summation of
these changes may potentially provide meaningful clin-
ical benefits for individuals with AIIRD. Future studies
using a multiomics and humans systems biology approach
may reveal heretofore undiscovered benefits.
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