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PLASMA LEVELS OF INTERLEUKIN-6 AND SOLUBLE TUMOR 
NECROSIS FACTOR RECEPTOR ARE ASSOCIATED WITH MUSCLE 
PERFORMANCE IN PRE-FRAIL COMMUNITY-DWELLING OLDER 

WOMEN? 
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Abstract: Aim: Increased plasma levels of interleukin (IL)-6 and tumor necrosis factor (TNF)-α have been associated with frailty 
syndrome and reduced muscle strength in older. Sarcopenia influenced loss of mobility and functional independence, and 
contributed to frailty syndrome. Furthermore, sarcopenia mainly entails a decrease in type II muscle fibers, with consequent 
loss of muscle power; this could occur as a result of a lack of physical activity. Objective: To examine the correlation of muscular 
performance and the plasma levels of IL-6 and soluble TNF receptor (sTNFr) in pre-frail community-dwelling women. Methods: 
The study included 32 pre-frail women (≥ 65ys). The measurements were plasma concentrations of IL-6 and sTNFr1 (ELISA); 
muscle strength (isokinetics Biodex System). The muscle resistance program constituted 75% of maximum load (3 times/week, 
10 weeks). Statistical analysis were made through Pearson and Spearman correlation (α = 5%). Results: There was a significant 
inverse correlation between sTNFr1 and muscle strength, pre- (r = −0.36, P = .04) and post-training (r = −0.37, P = .04) and, a 
significant positive correlation between IL-6 and muscle strength (r = 0.45, P = .01). Conclusion: The correlations found between 
the inflammatory mediators and the measures of muscular performance evaluated before and after training suggest that, as the 
muscles increase their ability to generate power, sTNFr concentrations decrease, and the levels of IL-6 increase. Muscle resistance 
exercises should be encouraged in pre-frail older women to induce the release of cytokines. 
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Introduction 

Sarcopenia is a term used to describe a degeneration 
of the musculoskeletal system, which can be related to 
changes in the immune and endocrine systems, among 
others (1, 2). Sarcopenia mainly entails a decrease in type 
II muscle fibers, with consequent loss of muscle power; 
this could occur as a result of a lack of physical activity 
(3-7). Moreover, sarcopenia may have a greater health 
impact on older women than men, as women have a 
longer life expectancy and greater rates of morbidity 
(7, 8). Schaap et al (2006) reported a positive correlation 
between sarcopenia and elevated plasma levels of pro-
inflammatory cytokines, including interleukin-6 (IL-

6), C-reactive protein, and tumor necrosis factor-alpha 
(TNF-α) (4). Doherty (2003) reported that sarcopenia 
influenced loss of mobility and functional independence, 
and contributed to frailty syndrome (6). Frailty syndrome 
has been described as a clinical, multi-factorial syndrome 
characterized by 3 distinct actions: deregulation of the 
neuroendocrine system, deregulation of the immune 
system, and the induction of sarcopenia (9, 10). Thus, 
sarcopenia may be associated with a sub-threshold state 
of chronic inflammation that is characteristic of older 
people (11).  

Ferrucci et al (2002) concluded that the reduced ability 
to perform daily functional activities was associated with 
high levels of IL-6 and TNF-α, and the loss of muscular 
strength (12). These authors pointed to the deleterious 
effect of high concentrations of these cytokines in 
muscle tissue. Previous studies in our laboratory have 
demonstrated an inverse correlation between plasma 
IL-6 levels and muscle strength of lower limbs and 
hand grip in institutionalized older individuals at rest 
(13, 14). Pereira et al (2009) and Oliveira et al (2008) 
found an inverse correlation between manual and knee 
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extensor muscle strength with plasma levels of IL-6 
(15, 16). Greiwe et al (2001) reported that an increase in 
plasma levels of TNF-α is associated with loss of muscle 
mass, and that concentric resistance exercises could 
reduce plasma expression of this cytokine in their older 
participants (17). 

In this context, some authors have suggested that 
physical activity, or a program of specific resistance 
exercises, could reduce the plasma levels of pro-
inflammatory mediators and possibly reduce the 
deleterious consequences of these cytokines in 
musculoskeletal tissue (5, 13, 17-19). The explanation 
behind this hypothesis relates to the fact that IL-6 can 
be released by muscle contraction (named myokine), 
independently of TNF-α, thereby inducing the release 
of other anti-inflammatory cytokines (IL-10 and IL-1ra) 
that could reduce plasma concentrations of TNF-α (5, 
17-20). These assumptions are even more significant when 
considering the muscular and inflammatory systems of 
older individuals with frailty syndrome. Moreover, a 
recent study demonstrated an improvement in muscle 
strength and function after a resistance exercise program, 
but no changes in inflammatory mediators following 
the program. However, discontinuation of this program 
increased the plasma levels of TNF-α (21).  

The objective of this study was therefore to assess the 
correlation between the muscle strength of knee extensors 
and plasma indexes of IL-6 and sTNFr1, before and after 
a resistance exercise program for the lower limbs in pre-
frail older women. 

Methods

This study was a cross-sectional analysis as part of a 
randomized, blind, crossover clinical trial approved by 
the Research Ethics Committee of Universidade Federal 
de Minas Gerais, decree ETIC 321/2007. The protocol for 
this study was registered in BioMed Central (BMC) under 
number ISRCTN62824599 (http://www.controlled-
trials.com/ISRCTN62824599). All participants signed 
an informed consent form before starting the study, 
and were recruited from the clinics of 2 universities, 
through verbal invitation.  After the initial evaluation, the 
participants started training (3 times/week, for 10 weeks) 
at 75% of maximal load. The physiotherapist responsible 
for the intervention had no knowledge of the evaluations 
performed. The evaluators had no knowledge of the 
group to which each participant belonged (21, 22). 

 
Sample

Thirty-two community-dwelling older women (aged 
65 years and older) were selected; pre-frail criteria, 
according to the phenotype proposed by Fried et al (2010) 
were used.2 All participants answered a questionnaire 
aimed to characterize the sample in terms of clinical and 
socio-demographic aspects.

Exclusion criteria were cognitive impairment 
(Mini Mental State Exam, 1994) (23), orthopedic and 
neurological diseases that could affect test outcomes, 
acute inflammatory disease, cancer, and use of drugs that 
act on the immune system. 

Measuring Instruments 

The plasma levels of IL-6 and sTNFr1 were measured 
by enzyme-linked immunosorbent assay using 
high sensitivity kits (Quantikine®HS, R&D Systems, 
Minneapolis, USA). The samples were analyzed by 
a micro-plate reader set to 490 nm and corrected for 
wavelength at 650 nm. The blood sample analyses of 
plasma concentrations of IL-6 and sTNFr1 were 
performed on different days from the muscle tests, 
with at least a 48-h interval and always in the morning 
between 8 and 10 am. A qualified professional performed 
the blood collection, following the necessary standards 
and procedures. Five milliliters of blood was collected 
and centrifuged at 1,500 rpm for 15 min to separate the 
plasma. The plasma was properly identified and stored 
in a freezer at −70°C. The analyses were performed in 
duplicate, and the results were presented as the average 
of the 2 measures ± standard deviation, in pg/ml.

The muscle performance of the knee extensor muscles 
were measured by an isokinetic dynamometer (Biodex 
System 3 Pro®) at an angular velocity of 60º/s and 180º/s. 
At each velocity, 3 training repetitions at sub-maximal 
effort were used to familiarize the participants with the 
procedure. The isokinetic evaluation was conducted 
by measuring 5 and 15 repetitions at maximum effort, 
at angular velocities of 60º/s and 180º/s, respectively. 
Participants were motivated during the test by using 
clapping and verbal encouragement. This standardized 
version of the test has been used in previous studies [16]. 
For the analyses, the variable, i.e. work, was standardized 
by body weight, average power, and peak torque at the 
angular velocities of 60º/s and 180º/s.

Intervention 

The resistance exercise program was conducted during 
a period of 10 weeks, with 3 sessions per week. Each 
session consisted of exercises performed in groups of 
4−6 participants, with direct guidance and supervision 
by a physiotherapist. The exercises targeted the lower 
limbs, particularly the knee extensors, using open and 
closed kinetic chain exercises, and a load of 75% of the 
participant’s maximal load (24). The choice of exercises 
and program dynamic was based on previous studies (24) 
and is in agreement with the previously published study 
protocol (25). 

Statistical Analysis

The sample size was calculated considering a 



JOURNAL OF AGING RESEARCH AND CLINICAL PRACTICE©

211

confidence interval of 95%, an alpha (α) value of 5%, and 
a standard error of 20%. To test for the normality of the 
data, the Anderson Darling test was performed, and a 
Box Cox transformation for optimal lambda (λ) was done 
for the IL-6 variable as it was not normally distributed. 
The correlations between variables were made by Pearson 
and Spearman correlation test. The level of significance 
was set at α = 5%.

Results

This study included 32 pre-frail older women. All 
volunteers were classified as pre-frail, according to 
criteria described by Fried et al (1, 2) and 16 (1 in 2 cases) 
out of the 32 older women evaluated had 2 positive 
criteria. The most prevalent criteria were reduction in 
hand grip strength (43.8%), low caloric expenditure 
(43.8%), reduction in gait speed (34.4%) and reported 
exhaustion (25%). The clinical and demographic 
characteristics of each group are shown in Table 1.

Table 1
Demographic and characteristics of participants 

Characteristics (n = 32)

Age (yrs), mean (SD) 72 (4)
BMI (kg/m2), mean (SD) 29.2 (4.2)
MEEM, mean (SD) 23 (4.8)
Waist circumference (cm), mean (SD) 97.9 (12.2)
Waist/hip ratio, mean (SD) 0.9 (0.1)
White, number (%) 10 (31.3)
Mixed race, number (%) 20 (62.5)
Married, number (%) 12 (37.5)
Widow, number (%) 15 (46.9)
Low education level, number (%) 26 (81.3)
SD, standard deviation; MEEM,Mini Mental State Exam

The analyses of correlation were done before and 
after the exercises. Before training, there was a poor 
but significant inverse correlation between the plasma 
concentration of sTNFr1 and work, which was 
standardized by body weight in the angular velocity 
of 180º/s (r = −0.36, P = .04), peak torque at 180º/s (r = 
−0.38, P = .03) and average power at 180º/s (r = −0.40, 
P = .02), showing that sTNFr1 concentrations were 
lower when the power, peak torque, and average power 
increased (Table 2). After exercises, there was a poor but 
significant inverse correlation between the concentration 
of sTNFr1 and the measures of standardized work by 
body weight and average power at 180º/s (r = −0.37, P = 
.04; r = −0.37, P = .04, respectively). 

Furthermore, there was a positive significant 
correlation between the plasma concentration of IL-6 and 
the peak torque and average power at 60º/s (r = 0.45, P = 

.01; r = 0.44, P = .01, respectively) and at 180º/s (r = 0.46, P 
= .01; r = 0.37, P = .04, respectively). These results showed 
an increase in IL-6 associated with an increase in peak 
torque and muscle power, suggesting that this cytokine 
was released after training (Table 2). 

The statistical analyses showed improvement on the 
muscular power and on the functional capacity after 
training period, but there was no difference on the 
inflammatory mediators (data not shown, but previously 
published). Likewise, after the period of 10 weeks of 
follow-up there was statistical difference on the sTNFr 
measures (data not shown, but previously published) 
(21). 

Discussion

The aim of this study was to assess the correlation 
between the muscle strength of knee extensors and 
plasma indexes of IL-6 and sTNFr1 before and after a 
resistance exercise program for the lower limbs in pre-
frail older women. The results showed that there was a 
significant inverse correlation between sTNFr1 and the 
muscle strength parameters, before and after training. 
Furthermore, a significant positive correlation between 
IL-6 and the muscle parameters was detected after 
training, indicating a probable anti-inflammatory effect 
of IL-6 released by muscular contraction after resistance 
exercises. 

These findings are in agreement with the results of 
some authors who suggested using the term myokine for 
the cytokines that are released by muscle contraction, in 
particular, IL-6 (11, 19, 20). According to these authors, 
in response to muscle contraction, type I and II fibers 
induce the release of IL-6 (11, 19, 20). Thus, this cytokine 
would exert a local effect on the muscle, and peripheral 
effects via the induction and inhibition of other pro- 
and anti-inflammatory cytokines, thereby increasing 
glucose levels, which are needed for muscle contraction 
and fat oxidation (18, 19, 26, 27). In this context, there 
is evidence of an increase in IL-1ra and IL-10 and a 
reduction in TNF-α after physical exercise, suggesting 
that exercise has anti-inflammatory effects (19, 21, 28). 
Therefore, the significant correlations found in this 
study are in agreement with the literature, showing that 
greater muscular performance is associated with lower 
concentrations of sTNFr and higher concentrations of 
IL-6. 

Another argument about these associations has 
been suggested, concerning the mechanism of this 
phenomenon. Febbraio et al (2002) and Petersen et al 
(2005) showed that the plasma levels of IL-6 tend to 
increase in response to an increase in adrenal sympathetic 
response induced by the β-adrenergic pathway (11, 19). 
Therefore, modifications in the glycogen available for 
muscle contraction would be sufficient to initiate greater 
release of IL-6, which, in turn, would alter levels of sTNFr 
(11, 19, 20). The present study did not intend to elucidate 
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the physiological mechanisms that occur during the 
release of mediators, but the significant correlations that 
were found suggest that improved muscular performance 
is one factor that can modify the plasma concentrations of 
these inflammatory mediators. However, this hypothesis 
must be further investigated in future studies with an 
adequate methodology to explain such mechanisms. 

Muscle resistance-training programs have been 
identified as a positive factor that influences the plasma 
levels of some cytokines, such as IL-6 and TNF-α 
(20). Febbraio et al (2002) and Petersen et al (2005) 
demonstrated that IL-6 can be released by muscle 
activation, independently of TNF-α, after performing 
strenuous exercise that involves large muscle groups 
(11, 19). These authors argued that the muscle could be 
considered an endocrine organ owing to its participation 
in the release of cytokines, having consequential 
endocrine and paracrine actions (11, 18, 20, 27). In 
this context, IL-6 can induce other anti-inflammatory 
cytokines (IL-10 and IL-1ra) and thereby inhibit the 
deleterious effects of TNF-α in muscular tissue (19, 27). 
Therefore, considering the association between muscle 
strength and inflammatory mediators, our findings 
suggest that there are modifications occurring in relation 
these cytokine mediators’ causing functional limitations 
before the clinical detection of loss of strength in older 
people. These modifications could be triggered and/
or exacerbated by not performing physical activities. 
However, this phenomenon may also be exacerbated 
owing to the fluctuating condition and vulnerability of 
patients with frailty syndrome, which was the target 
sample of this study.

Finally, studies on the pathogenesis of sarcopenia are 
not yet conclusive. Several factors may be involved in 

the loss of muscle mass and strength that are inherent 
to aging and its association with the inability to 
perform some activities (2). One of the factors involved, 
which is currently being studied and may contribute 
to muscle loss, is the increase in fat between muscle 
fibers (27). Besides complicating the physiology of muscle 
contraction, obesity may also contribute to the increased 
plasma levels of inflammatory mediators (18, 27). Even 
though this study did not aim to verify the correlation 
between obesity and sarcopenia, the body mass index 
of the volunteers (29.3 kg/m2 ± 4.1 kg/m2) at basal 
levels suggests that this variable may have influenced 
the observed results. Since body mass index was not 
controlled for different stages of the study, this variable 
may be a limitation of the study. The observation that 
the participants were overweight and had a greater 
abdomen/hip circumference reinforces this hypothesis. 
However, at this time, a link between high body mass 
index and muscle strength is a speculative observation 
that should be investigated in future work. 

The correlations found between the inflammatory 
mediators and the measures of muscular performance 
evaluated before and after training suggest that, as the 
muscles increase their ability to generate power, sTNFr 
concentrations decrease, and the levels of IL-6 increase. 
Physiotherapists and health professionals who investigate 
functional and muscular performance in older people 
must consider the silent activities of inflammatory 
mediators in their studies. 
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Table 2 
Correlation between sTNFr1 and IL-6 with muscular variables, pre- and post-intervention 

Variable 1 Variable 2 r value (P value) r value (P value)
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Work/body weight at 180º/s  −0.36 (.04)* −0.35 (.05)
Peak torque at 60º/s −0.32 (.08) −0.05 (.78)
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Work/ body weight at 180º/s 0.22 (.23) 0.19 (.27)
Peak torque at 60º/s 0.28 (.12) 0.45 (.01)*
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* Significant difference; IL-6, interleukin-6; sTNFr, soluble tumor necrosis factor receptor.
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