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A B S T R A C T

Social distancing measures have been used to contain the COVID-19 pandemic; nevertheless, it causes unin-
tended greater time at home and consequently a reduction in general physical activity and an increase in se-
dentary time, which is harmful to older people. A decrease in daily physical activities and an increase in se-
dentary time culminates in an impactful skeletal muscle disuse period and reduction in neuromuscular abilities
related to functional capacity. Home-based resistance training is a strategy to mitigate physical inactivity and
improve or retain muscle function and functional performance. Therefore, it is an urgent time to encourage older
people to perform resistance exercises at home to avoid a harmful functional decline and promote physical
health.

1. COVID-19 pandemic, physical inactivity, neuromuscular and
functional impairments in older people

The novel coronavirus (COVID-19) global pandemic has negatively
impacted the population's health and the worldwide economy
(Andersen et al., 2020). In August 2020, 216 countries have reported
the disease, with more than 20 million reported cases and more than
750,000 deaths (World Health Organization, 2020a). Environmental
contamination is the COVID-19 transmission route (Ong et al., 2020).
For this reason, social distancing measures have been recommended to
slow the virus transmission and to align the medical care capacity to the
number of cases (World Health Organization, 2020b, 2020c). These
measures have directly impacted older people as the case-fatality rates
dramatically increase with age, approximately 8% to 13% in in-
dividuals between the ages of 70 and 79 years and 15% to 20% in in-
dividuals with 80 years or older (Onder et al., 2020). In the United
States, 8 out of 10 COVID-19-related deaths have occurred in adults
aged 65 years or older (Centers for Disease Control and Prevention,
2020).

Social distancing measures are essential strategies used to contain
the COVID-19 spread (World Health Organization, 2020b, 2020c).
Nevertheless, it has unintended negative consequences in increasing the
population's time at home and, thus, general physical inactivity and
sedentary behavior. Recently, Schuch et al. (2020) showed that the time

spent on moderate to vigorous physical activity decreased by 60% in
young adults, while sedentary time increased by 42% in the current
pandemic. Also, López-Sánchez et al. (2020) showed a decrease in
moderate and vigorous physical activity in men and women with
chronic conditions during the COVID-19 quarantine. It is observed that
both incidental and planned physical activity have decreased in all
people with social distancing; however, physical inactivity has harmful
consequences in older adults (Cunningham et al., 2020). As shown in
Fig. 1, isolation at home due to social distancing measures can promote
an unintended reduction of daily physical activities outside the home
(e.g. work, market, leisure activities, walking) and increase the seden-
tary time (e.g. sitting and lying) (López-Sánchez et al., 2020; Schuch
et al., 2020). This scenario culminates in an impactful skeletal muscle
disuse period, inducing a reduction of critical neuromuscular abilities
(Bamman et al., 1998; Kortebein et al., 2008, 2007; Paddon-Jones et al.,
2004; Pagano et al., 2018), which are related to the loss of intrinsic
capacity and functional ability in older people (Byrne et al., 2016; Misic
et al., 2007; Wilhelm et al., 2014). Thus, counterattack the skeletal
muscle disuse is essential in this period of unintended decreased phy-
sical activity due to social distancing measures.

Skeletal muscle disuse periods (e.g. bed rest, sitting time) have been
linked not only to lower-limb neuromuscular impairments such as loss
of strength, power output, muscle mass, and quality but also to func-
tional capacity decline (Kortebein et al., 2008, 2007; Paddon-Jones
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et al., 2004; Pagano et al., 2018). Moreover, even a decrease in the
number of daily steps (i.e. a reduction in overall low intensity aerobic
physical activity) impacts the levels of muscle strength in older in-
dividuals (Reidy et al., 2018). In addition, sarcopenic older people, as
well as those with lower strength levels and higher sitting time, are at
greater risk for premature mortality (Kim et al., 2014; León-Muñoz
et al., 2013; Li et al., 2018). Likewise, gait and sit-to-stand ability are
functional outcomes strongly associated with all-cause mortality,
especially in the oldest old (Landi et al., 2010; Studenski, 2011).
Moreover, a recent study by Esain et al. (2019) showed that three
months of no physical exercise led to a decline in physical function,
mental health and quality of life in physically active older people. Such
adverse consequences may be even greater in older individuals who are

sedentary or in poor health conditions. Thus, to combat skeletal muscle
disuse is essential in the COVID-19 pandemic period.

2. Home-based resistance training as a strategy to avoid a harmful
functional decline and promote physical health

Considering the impact of physical inactivity on overall health and
functionality, strategies to mitigate the unintended negative con-
sequences of the increased sedentary behavior are necessary. In this
scenario, resistance exercise emerges as an effective modality, espe-
cially to the lower limbs, as it suffers abrupt loss and impairments with
few weeks of inactivity (Fragala et al., 2019). Importantly, neuromus-
cular adaptations (e.g. muscle strength and power improvements) occur

Fig. 1. COVID-19 pandemic and physical inactivity consequences, neuromuscular and functional impairments in older people.

Fig. 2. Accessible lower-limb home-based resistance exercises. We emphasize the need to adjust the exercise according to individual physical capacity. Possible
progression of the squat exercise is exhibited from A to E, from the simplest to most difficult execution performance.
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mainly with resistance exercise compared to aerobic exercise (Izquierdo
et al., 2005; Villareal et al., 2017). Due to social distancing measures
and measures to control access to gyms, home-based resistance training
(HBRT) is a fundamental strategy to mitigate physical inactivity in the
older population (e.g. workers, physically active, inactive, healthy, frail
or chronic disease).

Previous literature has reported gains in muscle strength and func-
tional capacity in older people using HBRT modality (Hill et al., 2015;
Kis et al., 2019; Mikesky et al., 1994; Thiebaud et al., 2014). Also, a
recent meta-analysis conducted by Kis et al. (2019) showed that even
minimally supervised HBRT can be a safe, effective and low-cost ex-
ercise option to increase lower body muscle strength in older in-
dividuals with a variety of health conditions. HBRT can be designed
using exercises that simulate daily physical activities like sit and stand
up and step up, as well as climbing stairs when it is possible. It is im-
portant to note that HBRT can be performed with little material re-
sources (i.e. chair, elastic and sticks), and accessible exercises (e.g.
squat, hip flexion and calf-raise in a standing position) can be adapted
to the current individuals' physical condition (Figs. 2 to 4).

Based on strong evidence provided by the resistance exercise re-
search area, older individuals should progress from 1 to 3 sets per ex-
ercise and 8 to 12 repetitions should be performed (Chodzko-Zajko
et al., 2009; Fragala et al., 2019). The use of perceived exertion is an
effective alternative to control exercise intensity. For older individuals
on a scale from 0 to 10, moderate and vigorous intensity are re-
presented by 5–6 and 7–8, respectively (Chodzko-Zajko et al., 2009).
Two to three training sessions per week should be performed, and,
whenever possible, three or more training sessions should be preferred
(Chodzko-Zajko et al., 2009; Fragala et al., 2019; Thiebaud et al.,
2014). Resistance exercise is also essential for individuals with fragility
(Cadore et al., 2019, 2013; Fragala et al., 2019). Frailty is characterized
by the cumulative decline in several physiological systems that leads to
a state of vulnerability, having as common indicators the presence of
unintended weight loss, self-reported exhaustion, low energy ex-
penditure per week, slow gait speed and weakness (Clegg et al., 2013).
In frail older individuals, previous recommendations can be adapted.
Due to their constant fatigue sensation and low physical activity levels,
it might be necessary to use light or more tolerable intensities and lower
number of repetitions and sets per exercise, making the exercise

sessions more suitable for them (Fragala et al., 2019).
Another alternative of performing HBRT is the use of muscle power

exercise, which is mainly characterized by performing the concentric
phase of the movement as fast as possible (Byrne et al., 2016; Fragala
et al., 2019; Radaelli et al., 2019, 2018). For example, in the exercise of
sitting and getting up from the chair, the individual should be en-
couraged to stand from the chair (ascending/concentric phase) at the
highest possible velocity (< 1 s if possible), while the descending/ec-
centric phase (sitting) is performed in 2–3 s. Muscle power training is
an effective and safe strategy to increase muscle strength and hyper-
trophy adaptations, as well as greater benefits in muscle power and
functional capacity (Fragala et al., 2019; Radaelli et al., 2019, 2018;
Ramírez-Campillo et al., 2014). Also, high-velocity training at home has
also been shown to be effective for neuromuscular (e.g. muscle strength
and power) and functional improvements (e.g. stair climb time, walking
speed) (Fukumoto et al., 2017, 2014; Mair et al., 2019; Orange et al.,
2020). Similar to the traditional resistance training, muscle power
training can be conducted with 1 to 3 sets per exercise (Fragala et al.,
2019; Radaelli et al., 2019, 2018). However, light to moderate intensity
(≤60% of maximum) should be used (Byrne et al., 2016; Fragala et al.,
2019; Radaelli et al., 2019, 2018), as it provides greater muscle power
production during the exercise (Strand et al., 2019). In addition, a
lower number of repetitions per set and longer rest interval are in-
dicated, as it provides less reduction in performance during the sub-
sequent sets (Latella et al., 2019; Tufano et al., 2016). Likewise tradi-
tional resistance exercise, high-velocity exercise is important for frail
individuals and should be used if possible (Fragala et al., 2019). In
addition, for people with systemic arterial hypertension and cardio-
vascular disease, which are common in older people (Benjamin et al.,
2019; Mills et al., 2016), muscle power training should be prioritized.
This type of training is characterized by the use of light to moderate
intensity loads, submaximal sets and repetitions and higher interval rest
between sets (Byrne et al., 2016; Radaelli et al., 2019, 2018; Strand
et al., 2019) which induces lower blood pressure responses. Differently,
traditional resistance training is characterized by the use of moderate to
high intensity, greater repetitions per set, lower rest set interval and
maximum efforts (i.e. muscle concentric failure), which induces greater
blood pressure responses (Gjøvaag et al., 2016; Haslam et al., 1988;
Lamotte et al., 2010; MacDougall et al., 1985).

Fig. 3. Accessible lower-limb home-based resistance exercises. Possible progression of the calf-rise exercise is exhibited in panels A (chair) and 3B (wall).
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Recently, other models of muscle power training including the
cluster design and resistance elastic-assisted or overspeed exercise have
been recommended. In the cluster design, a traditional set (i.e. con-
tinuous repetitions) is organized with rest intervals between repetitions
(Latella et al., 2019; Ramirez-Campillo et al., 2018; Tufano et al.,
2017). For example, a continuous set of 8 repetitions can be divided
into 8 (or less) blocks of 1 (or more) repetition with an interval of
30–45 s after each repetition (Latella et al., 2019; Ramirez-Campillo
et al., 2018; Tufano et al., 2017). Cluster training has shown greater
preservation of muscle power levels during exercise (Latella et al.,
2019; Tufano et al., 2016) and also positive adaptations on functional
capacity and quality of life in older individuals, which may be superior
to traditional muscle power training (Ramirez-Campillo et al., 2018). In
addition, as this training design can also provide a lower cardiovascular
response during exercise (Iglesias-Soler et al., 2015; Ribeiro-Torres
et al., 2020), it also appears as an option for the older people with
cardiovascular risk factors or hypertensive response to exercise. When
the resistance elastic-assisted or overspeed exercise format is per-
formed, an elastic is positioned for implementing a greater velocity
during the concentric phase of the movement (Tufano, 2019; Tufano
et al., 2020; Vetrovsky et al., 2020). As an example, an individual who
does a bodyweight squat or jump would position a resistance elastic
band at a high point and hold it during the movement; in the eccentric/
downward phase of the movement, the elastic stretches, and in the
concentric/upward phase, the elastic is shortened, providing an in-
creased velocity of the movement beyond the voluntary capacity,
causing an overspeed (supramaximal execution) during the concentric
phase. The use of overspeed exercise has recently been suggested for the
older individuals, showing benefits in the neuromuscular parameters

and lower perceived exertion in this population (Tufano, 2019; Tufano
et al., 2020; Vetrovsky et al., 2020).

Because poor mobility and risk of falls are hallmarks of frailty,
multicomponent training, including resistance training, gait and bal-
ance exercises should be applied (Cadore et al., 2019). Home-based
multicomponent training, including traditional resistance or high-ve-
locity exercise, is effective to induce neuromuscular and functional
improvements in healthy and frail older people (Bohrer et al., 2019;
Garcia et al., 2020). The complementary program should include ex-
ercises as walking with changes in pace and direction, stepping prac-
tice, stair climbing, stationary cycling, tandem foot standing, multi-
directional weight lifts, heel-toe walking, line walking, standing on one
leg, and weight transfers (from one leg to the other) (Cadore et al.,
2019, 2013).

It is important to consider the existing relationship between moti-
vation, intensity and supervision influence the overall strength im-
provements in HBRT (Thiebaud et al., 2014). Also, attention should also
be given to provide clear exercise instructions and control progression
according to the individual's physical capacity. Telehealth can be used
with the older population and promote physical exercise during the
COVID-19 pandemic (Denay et al., 2020; Verduzco-Gutierrez et al.,
2020). The use of technology can be useful to instruct, monitor and
control HBRT through digital devices (Denay et al., 2020; Jay et al.,
2014; Verduzco-Gutierrez et al., 2020; Yoshiko et al., 2018). Figs. 2 to 4
show examples of lower-limb exercises that are easy to reproduce at
home and can be adapted according to the individual's current condi-
tion. The exercises selected involve muscle groups (e.g. quadriceps fe-
moris) with higher age-related loss (Abe et al., 2014; Janssen et al.,
2000; Lynch et al., 1999), which are associated to functional capacity in

Fig. 4. Accessible lower-limb home-based resistance exercises. Possible hip-flexion exercise.
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older individuals (Akima et al., 2020; Byrne et al., 2016; Misic et al.,
2007; Suzuki et al., 2001; Wilhelm et al., 2014). Moreover, a sequence
of progression of squat exercise is shown in Fig. 2A to E starting from
the simplest way to more challenging ways to perform it. Finally, it is
essential to consider patient compliance to both exercise and the pro-
posed training prescription.

3. Conclusion

In summary, it is an urgent time for older people to practice both
resistance/strength and power training at home to mitigate the harmful
functional decline and to promote physical health in this population.
Finally, the definitive end of the pandemic remains uncertain; there-
fore, strategies that help to avoid physical inactivity and promote
physical health in older people are needed. In this scenario, HBRT
should be encouraged as it is an alternative modality of exercise to
promote and maintain physical health during this period.
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