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Abstract

During hospitalisation with COVID-19, individuals may experience prolonged periods of immobilisation. Combined
with the inflammatory effects of the virus, this may lead to a significant reduction in both muscle mass and strength.
Data from several long-term studies suggest that these symptoms may not fully resolve within one year. Owing to
its effectiveness at inducing muscle fibre hypertrophy and improving neuromuscular efficiency, resistance training
is of great interest in the rehabilitation of this population. This narrative review aims to identify the rationale and
potential efficacy of resistance training for restoring physical function following infection with SARS-CoV-2, as
well as evidence of its use in clinical practice. The studies included in this narrative review consisted mostly of
multi-component rehabilitation trials. Of these, widespread improvements in muscle strength were reported using
intensities of up to 80% of participants’ 1-repetition-maximum. Evidence thus far indicates that resistance training
may be safe and effective in patients following COVID-19, although its individual contribution is difficult to discern.
Future exercise intervention studies investigating the efficacy of resistance training as a sole modality are needed.
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Introduction

A prospective cohort study of 1077 individuals
hospitalised with COVID-19 found that 92.8% still
experienced a minimum of one persistent symptom six
months after discharge'. Physically slowing down (49.9%)
and limb weakness (46.3%) were among the most
commonly reported symptoms. Functional impairment,
indicated by a score of 10 or less in the Short Performance
Physical Battery, was present in 46.2% of this population.
Hospitalisation and intensive care admission leads to a
reduction in both muscle mass and strength, even with short
hospital stays of 5 days?3. This is particularly concerning
for elderly individuals who are more likely to initially present
with low muscle mass and functional impairment*>. Due to
the nature of the COVID-19 virus and its impact on energy
production, it has been hypothesised that it could be more
detrimental to the musculoskeletal system compared to
other conditions causing similar lengths of immobilisation,
such as limb fracture or severe pneumonia®.

Resistance training has proved an effective strategy for
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preventing the deterioration of muscle and strength loss
inducedby ageingandchronic disease”®. Comparedto aerobic
exercise, resistance training elicits superior hypertrophic and
strength adaptations in skeletal muscle tissue'®''. In acutely
hospitalised elderly individuals, a recent meta-analysis
reported an average improvement in hand grip strength and
maximum leg press of 2.5 kg and 19.28 kg, respectively,
following the implementation of a high-frequency (5-7
days per week) resistance training programme'2. The same
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Figure 1. Diagram detailing the physiological and psychological response to resistance training. Whole-body responses are outlined and include
both short-term and long-term adaptations and effects. (Abbreviations: T2DM = type 2 diabetes mellitus).

review noted a mean score improvement of 1.79 in the Short
Performance Physical Battery, indicating improved lower
limb functional capacity. Several papers have demonstrated
the effectiveness of modified pulmonary rehabilitation
in those discharged from hospital with COVID-19, which
includes elements of resistance training'*"'5, but the isolated
effect of resistance training on functional capacity and
quality of life in this population is not well understood. This
narrative review will explore the rationale behind resistance
training prescription in COVID-19 survivors and identify the
potential effects on physical function and quality of life.

Skeletal muscle consequences of COVID-19

Individuals hospitalised with COVID-19 experience
prolonged periods of inactivity in addition to common viral
symptoms such as reduced appetite, nausea, vomiting and
diarrhoea'é. This combination of nutrient loss and muscle
disuse provides an environment conducive to skeletal
muscle catabolism'”. As a result, it has been identified that
individuals discharged from hospital following COVID-19 are
at an increased risk of muscle loss and resultant functional
impairment'®, Previous evidence from 55 individuals with an
acute exacerbation of chronic respiratory disease showed
an average 8.3% loss of quadriceps muscle thickness over
a median of 5 days of hospitalisation®. The same study
observed a sustained loss of muscle thickness at 6-week
follow-up and only partial recovery at 3 months. Inindividuals
with COVID-19, these effects may be more profound. An
average 30% loss of quadriceps muscle thickness has been
observed after ten days of immobilisation in a COVID-19
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intensive care unit'®. It is currently unclear how long is
required for muscle function to return to previous levels in
these individuals, or what rehabilitative strategies may be
optimal.

Severe acute weight loss during hospitalisation can have
a detrimental impact on muscle mass and may contribute to
the development of acute sarcopenia®®?'. Muscle strength
is also impacted, with 86% of individuals displaying
quadriceps weakness at discharge (categorised as maximal
voluntary isometric contraction less than 80% of predicted
normal value?2, Although total body mass may return to pre-
illness levels several months following hospitalisation, this
may not necessarily coincide with muscle function. Despite
receiving dietary support, physical activity guidance, and
physiotherapy assistance during the recovery period, 14.3%
of individuals reported a persistent loss of muscle strength
six months after discharge from hospital with COVID-19%3,
Data from the PHOSP-COVID trial suggests that this figure
may be significantly larger when taking into account fatigue,
physical slowness and limb weakness, with around half of all
patients affected at six months'.

It should be considered that the long-term effects of
COVID-19 on the musculoskeletal system may not be as
pronounced in young healthy populations, where baseline
muscle mass and strength is greater than that of older
individuals. In the elderly population, exposure to the
inflammatory burden of an acute illness such as COVID-19,
combined with high levels of inactivity during hospital
admission, is likely to have a detrimental effect on long-term
health outcomes?“, It is therefore of paramount importance
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to deliver safe and effective rehabilitation strategies to assist
recovery in these individuals.

Resistance training as a therapeutic
intervention in COVID-19

Rationale

In contrast to aerobic exercise, resistance training involves
greater levels of mechanical tension, comparatively fewer
repetitions, and greater control of movement. Performing
reqular resistance training at an adequate intensity and
volume results in positive muscular and neurological
adaptations (Figure 1), such as increased muscle cross-
sectional area and greater and more efficient motor unit
recruitment?>. These effects have proven beneficial in
improving functional capacity in elderly individuals and those
with respiratory, circulatory, infectious, renal, urological,
neurological,  gastrointestinal, and  musculoskeletal
conditions'2.

In an initial attempt to reduce the severity of functional
deterioration during a period of intensive care, activities such
as sitting out of bed, standing up, walking, arm exercises
and self-care activities are often performed as soon as the
patient is physically able. Strategies such as these may
have a positive short-term effect on muscle strength and
mobility2427, In patients at risk of hospital-acquired disability
(indicated by the loss of ability to perform one or more basic
activities of daily living), performing bodyweight resistance
exercises twice per day during hospital admission reduced
the risk of functional decline by 70% compared to those who
received standard care?®. This effect remained significant
threemonthsfollowingdischarge, despite adjustingforclinical
characteristics and functional performance at admission.
Externally loaded exercises may also be utilised to elicit
positive adaptations where feasible. Individuals hospitalised
with an acute exacerbation of chronic respiratory disease
increased quadriceps maximal voluntary force by 9.7%
following a 7-day knee extension programme, performing 3
sets of 8 repetitions at 70% of their 1-repetition-maximum
(1RM)%,

In an outpatient setting, resistance training has
demonstrated high levels of effectiveness and tolerability in
those with respiratory conditions. In a 2015 meta-analysis
of chronic obstructive pulmonary disease (COPD) exercise
intervention studies, resistance training increased muscle
strength both with and without the inclusion of aerobic
exercise®°, Importantly, no related adverse events were
reported across the 18 trials with a total of 750 participants.
Even when exercises are performed with heavier loads (80%
of 1-repetition maximum), the effectiveness and safety of
the intervention remains unchanged?®'.

Safety
Mechanistically,resistancetraininginducesbothperipheral
and central demands on the body. Intrathoracic pressure
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increases rapidly during the eccentric-to-concentric portion
of the movement, precipitating the Valsalva manoeuvre at
higher intensities and causing a notable haemodynamic
response2. Although those with respiratory conditions may
have a reduced work capacity, the elicited physiological
response during resistance training does not seem to result
in dangerous cardio-pulmonary manifestations, with VO, and
minute ventilation changes during resistance training similar
to that of healthy individuals®3. Although there are several
distinct differences in the sequelae and manifestations of
chronic respiratory conditions and COVID-19, studies such
as these suggest a low ventilatory demand and dyspnoea
associated with resistance training3435,

Furthermore, the discontinuous nature of a typical
resistance training session enables a greater accumulation
of training volume whilst minimising the risk of symptom
exacerbation®®. Likely due to a combination of these factors,
a recent review concluded that resistance training was
better tolerated than aerobic exercise (86-95% vs 73%)
in individuals hospitalised with an exacerbation of chronic
obstructive pulmonary disease or with community-acquired
pneumonia3s. However, tolerability was measured by session
attendance rather than physical parameters, with a significant
number of non-attendances due to logistical reasons such as
interruptions by medical staff or unavailability of the patient/
therapist, and therefore this misrepresents tolerability.

The exclusion of individuals with certain clinical features
in some studies may result in limited applicability to the
COVID-19 patient, who is likely to suffer from multiple
comorbidities®”38, For example, the study by Kongsgaard
and colleagues®' excluded those with cardiac conditions
when screening, however, cardiac comorbidities have been
reported in 42.2% of individuals following hospitalisation
with COVID-19'. In addition, the aforementioned systematic
review by Rice and colleagues®® excluded intensive-care
patients from their criteria, a group that would likely
benefit most from a resistance training intervention due
to the high probability of muscle mass and strength loss®°.
Considerations will need to be assessed on an individual basis
when planning any form of exercise for these individuals.

Current evidence

Guidelines for pulmonary rehabilitation in adults
published by The British Thoracic Society recommend
progressive resistance training that targets major muscle
groups, consisting of two to four sets of 10-15 repetitions
per exercise®. Although there are currently no specific
guidelines for the use of resistance training in COVID-19
rehabilitation, many studies have reported positive results
from programmes that follow a similar structure*'. Gobbi
and colleagues*? assessed the effects of a 28-day strength
programme combined with aerobic exercise in 34 individuals
with and without low muscle mass following discharge from
hospital with COVID-19. Participants performed 1-3 sets of
8-12 repetitions for each exercise, with 2 minutes of rest in
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between sets. When assessed at the end of the programme,
appendicular skeletal muscle mass increased in both low
muscle and normal muscle groups by 8.51% and 10.67%,
respectively. However, this study implemented a concurrent
nutritional programme which may prevent practitioners from
replicating these results where nutritional support may not
be feasible.

Evidence of widespread improvements in muscle
cross-sectional area following a post-COVID-19 exercise
intervention has been reported by Nambi and colleagues*3.
Individuals with clinically diagnosed low muscle mass were
prescribed 8 weeks of resistance training combined with
either low or high-intensity aerobic exercise. Three sets of
10 repetitions were performed 4 times per week targeting
both the upper and lower body. Muscle cross-sectional
area of the arm (5.3%, 4.8%), calf (10.1%, 10.3%) and
thigh (7.8%, 7.8%) all increased in both groups over the
intervention period as well as hand-grip strength (10.9%
and 4.5%). Perhaps most valuably, quality of life (measured
by the Sarcopenia and Quality of Life (SarQol) questionnaire)
improved by 20.4% in the low-intensity group and 4.8%
in the high-intensity group. The session frequency in this
study exceeded the amount outlined in current pulmonary
rehabilitation quidelines (minimum twice per week)*.
Future research may need to explore the optimal, tolerable
frequency and volume of resistance training in those at
an increased risk of low muscle mass following COVID-19
hospitalisation.

In  multi-component  COVID-19  exercise ftrials,
descriptions of resistance training load prescription, intensity
and selection of exercises vary significantly. This is likely due
to a greater focus on outcomes such as aerobic capacity and
symptoms such as breathlessness and fatigue. However,
several trials have provided detailed descriptions of their
methods relating to resistance training prescription, with
the majority reporting improvements in muscle strength and
functional capacity*'. In a larger trial, individuals with reduced
exercise capacity following COVID- 19 (defined by the authors
as the value below 85% of predicted peak oxygen uptake
(Vo,,.,)) performed aerobic and resistance training for
8-weeks*4. Resistance exercises included: leg extension/
flexion, abduction/adduction, leg press, push-up/pull-down
and abdomen and back exercises. Load was prescribed
using 40% of the subjects’ 1-repetition-maximum and was
performed for 2-3 sets of 12 repetitions for each muscle
group. Interestingly, the authors reported a 0% dropout rate
throughout the intervention period, which is supportive of a
previous systematic review demonstrating higher tolerability
among patients on pulmonary rehabilitation programmes
when resistance training was included®s. The intervention
was effective at improving 1-repetition-maximum in all major
muscle groups, with overall strength improvements ranging
from 16% to 33%. The absence of any functional or quality-
of-life outcomes or control group limits the interpretability of
these results, although previous evidence has indicated that
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improvements in muscle strength may translate to improved
functional capacity in vulnerable, hospitalised individuals'2.

When considering outcomes following rehabilitation, it
is important that any gains in strength and lean body mass
translate to enhanced functional capacity, especially following
intensive care admission where functional deterioration
is likely*>. Udina and colleagues*® recruited post-acute
care COVID-19 individuals for a multi-component exercise
intervention study. Resistance exercises were performed
with 1-2 sets of 8—-10 repetitions per exercise at an intensity
of 30-80% of individuals’ 1-repetition-maximum. Whilst
muscle strength and lean body mass were not assessed
in this trial, lower limb functional capacity measured by
the Short Physical Performance Battery chair stand test
improved from 35.4 to 14.1 seconds. Improvements in
similar functional measures such as the sit-to-stand test
have also been observed in another cohort of COVID-19
patients where bodyweight exercises such as sit-to-stand,
calf raises, and squats were reqularly performed*’. However,
contrary to these findings, Piquet and colleagues*” also
reported that independence for personal tasks of daily living
had not returned to pre-infection levels. Therefore, further
research is needed to understand the impact of COVID-19
rehabilitation on health-related quality of life and long-term
functional outcomes.

One problem that is encountered when interpreting the
effects of resistance training in COVID-19 rehabilitation
trials is the multi-factorial nature of the interventions. Many
studies include a combination of exercise modes including
aerobic, resistance, power, and flexibility training*', making
it difficult to interpret the contribution of each element to
the resultant physiological adaptations. It is important to
recognise that aerobic capacity will play an important role
in mediating the recovery in those with impaired physical
function, although future research may need to explore
the individual effect of each mode of exercise in individuals
following COVID-19. This may be done through parallel and
crossover study designs where aerobic exercise interventions
are compared to combined exercise interventions,
replicating previous studies in individuals with COPD#852,
The CISCO-2 152 and EXER-COVID>* protocols describe two
COVID-19 rehabilitation studies where resistance training is
the sole or primary modality. The rationale of the authors
reflects the major points covered in this narrative review,
highlighting the potency of resistance training as a non-
pharmacological method of ameliorating the loss of lean
tissue and strength. Results of such studies will develop our
understanding of effective rehabilitation strategies following
COVID-19.

Practical recommendations for clinicians

Current available literature exploring the direct impact
and safety of resistance training in COVID-19 survivors
is sparse. Therefore, any practical recommendations for
exercise prescription in this population will reflect current
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rehabilitation practice in other respiratory conditions.
Nevertheless, it seems as though resistance training
remains an important component of modified pulmonary
rehabilitation following COVID-19 and is generally well
tolerated. Interventions mentioned in this narrative review
included exercises that targeted most major muscle
groups and ranged from 1-4 sets and 8-15 repetitions
per exercise with loads of up to 80% of an individual’s
1-repetition-maximum. As with any resistance training
programme, the intensity and volume of the work should
be gradually increased over a period of several weeks to
allow physiological adaptation to occur.

Clinicians should be mindful that most COVID-19
patients, even those who were physically active prior to
hospitalisation, may lack familiarity with resistance training
and its potential advantages®®. Resistance training offers
a feasible and well-adhered approach for home-bound
elderly individuals to maintain physical activity levels®®57,
as it can be performed without access to gym facilities and
with minimal associated costs®®. For those deemed safe to
engage in unsupervised exercise, clinicians should consider
incorporating muscle-strengthening exercises into their
general recommendations.

Although the downstream effects of resistance training
on activities of daily living and quality of life in this population
are unclear, short to medium-term improvements in muscle
strength and functional capacity have beenreportedin several
trials included in this narrative review. In addition, most
studies thus far have included both resistance and aerobic
training. Differentiating the relative benefit of resistance
training in this population will be important in developing an
optimal, individualised approach to rehabilitation.

Conclusion

Although numerous studies have demonstrated the
efficacy of exercise interventions for various symptoms,
further research is required to enable the development of
targeted rehabilitation programmes. Resistance training
has proven to be effective in enhancing muscle strength in
several multi-component COVID-19 rehabilitation trials.
Consequently, it is vital for researchers and healthcare
providers to evaluate and convey the advantages of
resistance training to affected individuals while incorporating
it into a safe and personalised program.
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