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Abstract

Purpose of review: to evaluate recent scientific research studies related to the changes in
skeletal muscle after stroke and the presence of sarcopenia in stroke survivors to establish its
incidence and effects on function.

Recent Findings: Recently published findings on stroke-related sarcopenia are limited. This
might be due to changes in the consensus definition of sarcopenia. Sarcopenia in stroke patients is
estimated at 14 to 54%. The presence of sarcopenia at the time of a stroke can lead to worse
recovery and functional outcomes.

Summary: Presence of sarcopenia prior to a stroke may be more common than suspected and
can lead to worse functional recovery. Clinicians should be aware of this to better identify and
treat stroke-related sarcopenia. Future research should focus on larger population studies to more
accurately establish correlation between stroke and sarcopenia.
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Introduction

Sarcopenia is characterized by loss of muscle strength and mass and impaired function (1)
(2). Itis an age-related disease that predominantly affects older populations and is associated
with disability, poor quality of life, increased risk of hospitalization, and increased risk of
death, among other negative outcomes (3). Due to the increasing age of population in most
countries of the world (4,5), the prevalence of sarcopenia is increasing. Similarly, stroke is
an important and frequent cause of disability and death worldwide(4) Changes in skeletal
muscle before and after stroke may contribute to functional deficits in stroke survivors (6,7).
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C. In this brief report, we will discuss these two conditions, sarcopenia and stroke, in
relation to each other and describe changes in muscle mass, strength, fiber composition and
functional performance in stroke survivors. We will also discuss the presence of sarcopenia
before and after stroke and the possibility that sarcopenia contributes to stroke associated
impairments and morbidity. It is important to note that there are few data regarding this
issue. Furthermore, the definition and diagnostic criteria for sarcopenia has changed
significantly in the last ten years suggesting that variability among studies may be due to
discrepancy in diagnostic criteria and assessment tools or methods (8). For this reason, we
have included studies that investigate changes in muscle even though they do not answer
directly questions about the presence of sarcopenia prior to the stroke or the consequences of
secondary sarcopenia in stroke survivors.

Stroke

Stroke is defined as an infarction of the brain attributable to ischemia or hemorrhage and
based on neuropathological, neuroimaging, and/or clinical evidence of permanent injury.
The term also broadly includes intracerebral hemorrhage and subarachnoid hemorrhage (4).
In 2010, an estimated 16.9 million cases of first-ever stroke were reported worldwide
(Figure 1). Notably, stroke incidence was markedly higher in in countries such as China,
Russia, Mongolia and in some, but not all, African and Middle East countries. There were
33 million cases of stroke survivors worldwide with 5.9 million deaths related to the event in
the same year (9). Stroke is the second leading cause of death in the world (4). The
incidence and prevalence of stroke are strongly associated with age and more than 38% of
new strokes and 55% of stroke-related deaths occur in people aged 75 years and older.
Stroke survivors and stroke deaths are expected to reach 70 million and 12 million
respectively by the year 2030 (10). In the United States, more than 795,000 people suffer a
stroke each year (11). There are 140,000 yearly deaths related to stroke (10). It is a major
source of economic burden in the United States economy with an estimated $34 billion on
costs (4). Although stroke mortality rates have decreased, the global burden of stroke is
increasing, with most of the burden in low-income and middle-income countries (1).

Stroke is also a global source of disability. Using disability-adjusted life-years (DALYS) as a
measurement of disability burden, 102.2 million DALY's were lost worldwide due to stroke
in 2010, 28% of these in the population aging 75 years and older (10). As with other
countries, stroke is also a leading cause of long-term disability in the United States because
it impairs motor performance in more than half of stroke survivors aged 65 and over (12).
Stroke patients suffer from mobility and cognitive deficits, the most frequently reported
types of disability in the United States (12). Notably, prevalence of any disability, and
particularly mobility impairments, were higher among older age groups in the United States
(4). Therefore, it is important to understand the effects of stroke on organs and systems
responsible for mobility such as skeletal muscle. (1)

Skeletal Muscle Changes in Stroke

Stroke is the leading cause of disability in adult life (13). One quarter of stroke survivors
suffer from severe motor disability at ninety days of onset (14). Although the brain is the
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main organ affected in a stroke, skeletal muscle is the main effector organ of disability
following the event. A decrease in motor unit numbers in the affected limb can be observed
as early as four hours following a stroke (15). Motor unit changes persist in the chronic
phase. Yet, the non-paretic side is also affected with signs of weakness one week following
the event (16). These changes are a result of the acute neurologic insult as well as of
restricted mobility. The contribution of many factors to these changes is illustrated
schematically in Figure 2.

Significant alterations at the level of skeletal muscle have been reported in various diseases
of the central nervous system(17). For example, muscle fiber types change following a
stroke. Contrary to normal aging, the prevalence of fast-twitch type 2 isoforms after stroke,
more reliant on glycolytic metabolic pathways, increases (18). This is also observed in other
chronic diseases that can cause muscle wasting, such as congestive heart failure (19). These
findings suggest that disease-related muscle wasting occur independent of the underlying
condition, perhaps sharing a common pathway (19). It has been argued that this switch to
fast, anaerobic, muscle fiber types is a strong predictor of impaired functional capacity (20).

Loss of muscle mass is also very common after a cerebrovascular accident (21). There is
close to a 24% reduction in muscle mass in the paretic side alone (19). This is accompanied
by deposition of fat and connective tissue. Inactivity and immobilization following a stroke
most likely contribute to these changes (22). For example, during hospitalization, acute
stroke patients were only physically active for less than 40 minutes throughout the day
(23,24). In healthy older adults, only ten days of bed rest led to a significant decrease in
muscle protein synthesis and reduced lean muscle mass resulting in a 16% reduction of
muscle strength (25). Yet, stroke leads to motor unit denervation, synaptic and motor system
re-organization, and loss of local neuronal balance due to cerebral damage which are not
seen in similar conditions that lead to muscle wasting (19). Thus, stroke-induced sarcopenia
might be considered a specific and unique sequel of the disease (26). Although stroke is
established as a cause of decreased skeletal muscle mass, the inverse may also be true. In
fact, in a cross-sectional study, higher skeletal mass has been reported to be associated with
fewer changes in brain white matter silent infarctions in brain matter (27).

Malnutrition can be another contributor to muscle changes in stroke patients. Present in 49%
of stroke survivors (28), it can lead to decrease body weight, muscle mass loss and changes
in muscle quality. Malnutrition can also affect stroke survivors prior to the event. In elderly
patients, nutritional status is often reduced prior to hospitalization (29). After the event,
stroke patients commonly present dysphagia which can, in turn, reduce the intake of
nutrients and calories (30). Thus, events prior to and following the stroke can affect the
nutritional status of patients. Nutritional optimization has been shown to improve outcomes
following a stroke (31). This could potentially be linked to, among other things,
improvement in muscle mass leading to reduced risk of post-stroke sarcopenia.

Spasticity is common following a stroke. After one year, 35% of stroke survivors suffer from
spasticity (19). Spasticity is a velocity-dependent phenomenon and a result of upper motor
neuron disease. It is characterized by muscle tightness impeding normal range of motion in
the affected limbs. Although it could be counter-intuitive to think that a spastic muscle is a
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weak one, hypoactivity caused by the stroke can lead to decrease in muscle mass. Spastic
muscles also suffer from changes in architecture and quality that can contribute to lower
muscle strength (32). For these reasons, spasticity can be a potential contributor to
sarcopenia following a stroke.

As seen in Figure 2, these and other factors present before and after a stroke can decrease
muscle bulk and contractile function potentially causing post-stroke sarcopenia (33).

Sarcopenia

Sarcopenia is a progressive and generalized skeletal muscle disorder that, like stroke, is
associated with an increase likelihood of adverse outcomes including falls, fractures,
physical disability, hospitalizations and mortality (1). In the revised European consensus on
its definition and diagnosis, sarcopenia is now considered a muscle disease with low muscle
strength overtaking the role of walking speed as the initial test for its diagnosis (34,35).
Sarcopenia is probable when low muscle strength is detected. The diagnosis is confirmed
with the presence of low muscle quantity or quality and impaired performance (slow
walking speed) makes it severe.

Case finding for sarcopenia should start based on specific patient reported symptoms.
Questionnaires such as the SARC-F can aid in eliciting such self-reported symptoms (36).
Criteria such as a being older than 65 years of age, frequent falls, recent loss of muscle
strength, and living in a nursing home have been suggested as additional indications for
screening and evaluation (37).

When indicated, tests of muscle strength, muscle mass and physical performance are
administered to diagnose sarcopenia. Grip strength has been proposed as an accurate and
simple measurement of muscle strength. Accurate measurements require a calibrated
handheld dynamometer (38). The chair stand test is another acceptable way of measuring
muscle strength, having the patient stand from a chair as many times as possible for 30
seconds (1). However, this test may reflect not only strength but also local muscular
endurance. The assessment of muscle mass is also important in establishing the diagnosis of
sarcopenia. Muscle mass can be assessed by computed tomography (CT), magnetic
resonance image (MRI) or dual-energy X-ray absorptiometry (DXA) (39). Physical
performance has been closely linked to locomotion where gait speed measurements (1,6,7)
and tests such as the Timed-Up and Go test can aid in identifying any deficits in
performance. The current consensus establishes an algorithm utilizing all these tests for
case-finding, diagnosis, and determination of severity of sarcopenia.

As noted above, the definition of sarcopenia has evolved over time. Consensus statements
published earlier and by various groups differ (40). This is particularly important when
evaluating the medical and scientific literature regarding this condition as different authors
have used different parameters, testing methods, and guidelines for the evaluation and
diagnosis. Thus, the details on studies regarding sarcopenia used for this review, for example
the prevalence of sarcopenia in stroke survivors, may vary depending on the year of
publication and the diagnostic criteria used by the various authors.
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Muscle mass and strength reach maximum levels in young adulthood, approximately in the
fifth decade of life (41). Beyond, loss of muscle mass and strength is progressive (1).
Sarcopenia can be categorized as primary (or age-related) and secondary (due to causal
factors other than, or in addition to, aging) (42). Stroke-related sarcopenia is then qualified
as that of the secondary type.

Physical activity (strength conditioning) and nutritional supplementation have been the
cornerstones of sarcopenia treatment (42). In a systematic review, strengthening (also known
as high-resistance and weight-training) exercises were noted to improve muscle mass and
strength when compared to low-intensity home exercise and when administered for three to
eighteen months (42). Yet, muscle strength and physical performance were more likely to
improve than muscle mass in multiple studies evaluating either resistance-training exercises
or combined exercise protocols (43-45).

Nutritional interventions usually focus on supplementation of either proteins, amino acids,
B-hydroxy B-methylbutyric acid or fatty acids. However, the evidence for the first two is
stronger than for the latter two interventions (46). The combination of both interventions,
physical activity and nutrient supplementation, was also evaluated in a separate systematic
review (47). In general, muscle mass, strength and physical performance generally improved
with exercise. However, the combination of exercise with nutritional supplements did not
always provide an additional benefit when compared to exercise alone. This comparison
among studies may be limited by the use of different amounts of protein supplements. Some
studies showed an additional effect on muscle mass when combining protein or creatine with
exercise. Creatine and exercise in conjunction also had a positive effect on muscle strength
(46). However, as noted above, most studies researching these combination protocols only
focused on healthy older subjects and did not include stroke survivors. There might be an
additional effect of dietary supplementation (protein and vitamin D) and exercise in stroke
survivors that may be sarcopenic and frail that warrants future research (19).

Sarcopenia and Stroke

The many changes in skeletal muscle reviewed in the previous section may suggest, but not
necessarily confirm, the presence of sarcopenia after stroke. Recent modifications in the
definition of sarcopenia and shift in focus from performance to muscle strength change the
way the condition is assessed in both the general population and in patients with chronic
conditions. Prior to this change, however, assessing both physical performance and muscle
strength was challenging after a stroke due to the inherent changes in function caused by the
disease. For example, reduced gait speed has been used as a diagnostic criterion for
sarcopenia (48). Assessment tools such as the 6-minute Walk Test have been used for this
purpose, yet their applicability is limited in stroke patients because of the presence of
mobility limitations. Patients who are initially unable to walk after a stroke, may not be able
to walk again (15,49). As expected, even in stroke patients that can ambulate, paresis itself
can affect gait and thus limit the validity and reliability of gait speed tests as a tool to
monitor sarcopenia. However, lower limb muscle strength evaluation is possible in stroke
patients and can be reliably performed from a sitting or supine position. Tests such as
isometric knee extension measurement and bicycle ergometer with one lower limb have been
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used reliably in this patient population (50). Upper limb muscle strength has been reliably
measured by way of isometric hand grip strength (51). It can be used in the non-paretic side
to measure muscle strength and assess for sarcopenia in stroke patients.

A summary of selected recent studies on the topic of sarcopenia and stroke is presented in
Table 1. To our knowledge, no longitudinal studies have been conducted to examine the
possible contribution of pre-existing sarcopenia on the incidence, prevalence, and sequelae
of stroke. Using various study designs, the prevalence of sarcopenia in patients after stroke,
however, has been reported to range from 14 to 54%. Ryan et al reported a prevalence of 14
to 18% in stroke survivors (51). It is also more prevalent in stroke patients than in control-
matched non-stroke counterparts (52). However, other studies have reported sarcopenia in
stroke patients as high as 54% (53). This wide range in prevalence rates might be due to the
use of different definitions of sarcopenia, measurement tools, or cutoff values. Ethnicity has
also been shown to influence prevalence as well as cutoff values for measurements such as
muscle strength, thus affecting sarcopenia reported rates (54).

Because of the changes mentioned above, it is reasonable to conclude that stroke-induced
sarcopenia is a real phenomenon. In a study of 152 patients, the possible presence of
sarcopenia before the stroke was estimated retrospectively on admission to a rehabilitation
facility using the SARC-F questionnaire score and reported to be 18% (55,56). More
importantly, the score was an independent predictor of functional outcomes 3 months after a
stroke by a considerable margin. Pre-stroke sarcopenia was also established as an
independent predictor of stroke severity as measured by initial National Institute of Health
Stroke Scale score (NIHSS) (54). The presence of sarcopenia two weeks after a stroke, as
measured by handgrip strength in the non-paretic limb, was also associated with poor
functional outcomes at 6 months following the event (57,58). However, as previously noted,
the non-paretic side can show signs of weakness one week after the stroke so this might not
necessarily constitute pre-stroke sarcopenia. Sarcopenia in patients admitted to an inpatient
rehabilitation unit following a stroke was a predictor of worse functional recovery and
decreased likelihood of community discharge (59). Post-stroke ambulatory patients with
diagnosed sarcopenia were also likely to have worse recovery when compared to non-
sarcopenic stroke survivors (60).

It can be suggested that the treatment and rehabilitation of stroke-related sarcopenia should
follow the same previously described management cornerstones including the use of
nutritional interventions and strength conditioning. A stroke can greatly affect a patient’s
nutritional status because of metabolic changes due to the inciting event or poor caloric
intake due to dysphagia, among others. An early consult with a nutritionist can aid in
preventing malnutrition and in the treatment of sarcopenia. Strengthening of both the paretic
and non-paretic side is paramount in the functional treatment of stroke (61). Increasing
muscle mass and decreasing intramuscular fat in chronic stroke survivors may increase
muscle strength (56).

Curr Phys Med Rehabil Rep. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mas et al. Page 7

Conclusions:

Stroke and sarcopenia are frequent in the general population. The presence of sarcopenia
prior to a stroke may be more common than suspected and can lead to worse functional
recovery. Stroke can also lead to sarcopenia due to changes in skeletal muscle mass, quality
and architecture. These changes are secondary to common issues following a stroke
including malnutrition, decreased mobility, spasticity and motor system re-organization,
among others. Nutritional optimization and muscle strengthening can potentially decrease
stroke-related sarcopenia and improve functional recovery as well as increase the likelihood
of community discharge. Clinicians following stroke patients should be aware of this
condition and incorporate effective interventions in the rehabilitation plan (60).
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Fig. 1.
Age-standardized stroke incidence per 100,000 person-years for 2010 [4].
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