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“What surprises me most is that everyone is not 
surprised by weakness.”

–Blaise Pascal (Les Pensées)

Pascal, the renowned 17th century French 
philosopher and mathematician, was admit-
tedly concerned less with physical weakness, 
than with spiritual or moral weakness when 
he penned this statement of surprise. Never-
theless, the sense of astonishment underlying 
his words remains apropos to our discus-
sion of physical weakness among individuals 
with systemic lupus erythematosus (SLE). 
Reduced physical functioning is common 
among individuals with SLE and is fre-
quently associated with significantly reduced 
health-related quality of life [1,2]. Differences 
in body composition, and in particular dif-
ferences in muscle strength, represent an 
important etiology of reduced physical func-
tioning among individuals with SLE. What 
is truly surprising is that despite the consider-
able burden of physical disability and muscle 
weakness in SLE, published data addressing 
these relationships remain limited. 

There exists, however, a body of litera-
ture examining relationships between body 
composition, muscle strength and physical 
disability among other chronic conditions, 
both rheumatic and nonrheumatic. Among 
elders and individuals with osteoarthri-
tis (OA), muscle strength and muscle mass 
(both regional and total body muscle mass) 
are inversely related to physical disabil-
ity [3,4]. However, muscle strength is more 

closely related to the degree of disability than 
is muscle mass among the elderly [5]. Among 
individuals with rheumatoid arthritis (RA), 
similar relationships exist between muscle 
mass, muscle strength and physical disabil-
ity [6]; and, similar to in OA, in RA measures 
related to muscle function are more strongly 
associated with differences in physical func-
tioning than are measures of muscle mass [7]. 
Taken together, these observations suggest 
that muscle strength makes an important 
contribution to an individual’s physical 
 functioning in various populations.

Until recently it was not known whether 
similar relationships exist among individuals 
with SLE. Our group recently demonstrated 
that among women with SLE muscle strength 
is directly associated with differences in phys-
ical functioning even when adjusting for dif-
ferences in muscle mass; and differences in 
muscle strength at baseline predict changes in 
physical functioning 2 years later [8,9]. In this 
cohort of adult women with SLE, reduced 
lower extremity muscle strength (measured 
by knee strength and chair stand time) but 
not reduced muscle mass was associated with 
reduced self-reported physical functioning 
on the SF-36 Physical Functioning subscale 
and on the Valued Life Activities assess-
ment, when adjusting for covariates such as 
disease activity, medication use and depres-
sion. Reduced knee strength also predicted 
significant decreases in physical function-
ing approximately 2 years later, as measured 
by the Short Physical Performance Battery 
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(SPPB), in similarly adjusted models. Moreover, the 
effect of baseline muscle strength on future SPPB 
scores was greatest among women with lowest baseline 
muscle strength. These observations demonstrate that 
muscle strength makes important and independent 
contributions to physical functioning among women 
with SLE, and they suggest that interventions focus-
ing on muscle strength may be beneficial in improving 
physical functioning and health-related quality of life 
for these individuals.

Despite this recent evidence that differences in mus-
cle strength account for changes in physical functioning 
over time among women with SLE, several questions 
remain regarding these relationships. For example, how 
weak does an individual need to be before his or her 
weakness becomes clinically relevant? Answers to ques-
tions such as this are emerging, thanks in large part due 
to research done by the Foundation for the National 
Institutes of Health Sarcopenia Project, which aims 
to advance understanding of aging-related changes in 
body composition, muscle strength and physical func-
tioning. The Sarcopenia Project investigators recently 
published recommended definitions of clinically mean-
ingful muscle weakness and low muscle mass for geri-
atric populations. These recommended cutpoints of 
weakness and reduced muscle mass predicted signifi-
cant changes in a clinically relevant measure of physi-
cal functioning, walking speed [10,11]. For example, a 
hand grip strength less than 16 kg, compared with 
grip strength more than 16 kg, was associated with 
approximately twice the odds of developing incident 
mobility impairment or death over 10 years among 
elderly women [11]. While a similar cutpoint of grip 
strength, approximately 14 kg, emerged in our group’s 
study of women with SLE; this definition of weakness 
did not predict significant changes in a similar mea-
sure of physical functioning. Instead, lower extremity 
weakness was a better predictor of changes in physi-
cal functioning over time [8]. Further work is needed 
to determine among individuals with SLE, and other 
rheumatic illness, the most appropriate  definitions of 
clinically relevant muscle weakness.

It is also not known what causes muscle weakness 
in SLE; and how muscle weakness, independent from 
effects of muscle loss, contributes to physical disabil-
ity. Exciting insights into these questions have come 
from the study of weakness in nonrheumatic chronic 

inflammatory conditions, including congestive heart 
failure (CHF) and chronic obstructive pulmonary 
disease (COPD). Mounting evidence suggests that 
chronic inflammation can directly impede muscle fiber 
contractility and cause weakness that is not simply a 
function of muscle atrophy [12,13]. Various biomarkers 
of inflammation, including TNF-α, IL-6 and c-reac-
tive protein (CRP), inversely correlate with muscle 
strength among individuals with CHF and COPD [12]. 
Of these biomarkers, TNF is perhaps the best studied. 
Serum levels of TNF correlate with diaphragm and 
limb muscle strength in CHF patients [14]. In mouse 
models of CHF, TNF upregulation leads to increased 
oxidative stress in muscle fibers, and this increased 
oxidative stress reduces the force generated by mus-
cle fibers when they contract [15]. Last, the ability of 
increased oxidative stress to impede muscle fiber con-
tractility is abrogated by antioxidant therapy, such as 
N-acetyl-cysteine [16]. These findings, taken together, 
suggest a compelling potential mechanism by which 
chronic inflammatory conditions, including SLE, may 
lead to reduced skeletal muscle function and reduced 
muscle strength.

Despite its potentially great relevance to mecha-
nisms of reduced physical functioning, understanding 
of relationships between chronic systemic inflamma-
tion and muscle weakness among individuals with 
rheumatic illness remains limited. Among individuals 
with RA, IL-6 serum levels correlate with measures of 
muscle quality and some measures of physical func-
tioning [7]; and DAS28-CRP values are associated 
with differences in calf muscle quality [17]. These rela-
tionships have not been directly characterized among 
 individuals with SLE.

Recent exciting discoveries of the secretory functions 
of skeletal muscle may further unify these inter-related 
observations on chronic inflammation, muscle strength 
and physical function. Whereas skeletal muscle has 
historically been viewed as a ‘workhorse’ that received 
a stimulus, contracts and generates movement; grow-
ing evidence reveals that when skeletal muscle con-
tracts it may also secret a whole host of cytokines that 
have pleiotropic effects throughout the body [18]. As a 
result, we now speak of ‘myokine’ pathways to describe 
the effects that these muscle-secreted cytokines have 
on processes ranging from lipid metabolism, to insulin 
sensitivity, to bone turnover [19]. These myokine path-
ways hold great promise for both advancing under-
standing of the pathogenesis of physical disability and 
developing new treatment modalities.

With these recent advances, we find ourselves at an 
exciting crossroads with respect to research on muscle 
strength and physical functioning among individu-
als with SLE and other rheumatic illnesses. There are 
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many important areas that require further investiga-
tion. One important next step is to determine how 
best to identify individuals at greatest risk for muscle 
weakness and reduced physical functioning. Do cer-
tain clinical features identify which individuals are 
at particular risk for going on to become weak and 
disabled? By identifying those at greatest risk, we can 
then work to develop focused interventions aimed at 
increasing muscle strength, improving physical func-
tioning and optimizing health-related quality of life for 
these individuals. After all, one of the greatest potential 
impacts of learning how muscle weakness contributes 
to reduced physical functioning among individuals 
with SLE is to develop ways of preventing this physi-

cal disability from occurring in the first place. Ideally 
the day will come where what is most surprising about 
muscle weakness, is in fact the array of modalities used 
to treat it.
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