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The association of plasma interleukin-6 (IL-6) levels, muscle strength and functional capacity was investigated in a cross-
sectional study of community-dwelling elderly women from Belo Horizonte, Brazil. Elderly people who present controlled chronic
diseases with no negative impact on physical, psychosocial and mental functionality are considered to be community-dwelling.
Psychological and social stress due to unsuccessfully aging can represent a risk for immune system disfunctions. IL-6 levels,
isokinetic muscle strength of knee flexion/extension, and functional tests to determine time required to rise from a chair and gait
velocity were measured in 57 participants (71.21 ± 7.38 years). Serum levels of IL-6 were measured in duplicate and were
performed within one single assay (mouse monoclonal antibody against IL-6; High-Sensitivity, Quantikine®, R & D Systems,
USA; intra-assay coefficient of variance = 6.9-7.4%; interassay coefficient of variance = 9.6-6.5%; sensitivity = 0.016-0.110 pg/
mL; mean = 0.039 pg/mL). Muscle strength was assessed with the isokinetic dynamometer Biodex System 3 Pro®. After the
Shapiro-Wilk normality test was applied, correlations were investigated using Spearman and Kruskal-Wallis tests. Post hoc
analysis was performed using the Dunn test. A significant negative correlation was observed between plasma IL-6 levels (1.95
± 1.77 pg/mL) and muscle strength for knee flexion (70.70 ± 21.14%; r = -0.265; P = 0.047) and extension (271.84 ± 67.85%; r
= -0.315; P = 0.017). No significant correlation was observed between IL-6 levels and the functional tests (time to rise from a chair
= 14.65 ± 2.82 s and gait velocity = 0.95 ± 0.14 m/s).     These results suggest that IL-6 is associated with reduced muscle strength.
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Introduction

Extended lifespan is one of the greatest triumphs of
humanity. It is also, however, accompanied by tremen-
dous challenges. In developing countries, socioeconomic
development often does not keep pace with the aging of
the population (1). Between 1970 and 2025, it is expected
that the world’s elderly population will have grown by 223%
(1). Since physical incapacity often occurs in the elderly, it
is estimated that from 20 to 30% of individuals over 70
years of age experience incapacity in the performance of

tasks that require mobility and locomotion, the activities of
daily living (ADLs) and instrumental activities of daily living
(IADLs) (2,3).

Sarcopenia, which is defined as the loss of muscle
mass related to old age, contributes to the loss of func-
tional mobility and independence (4-7). Due to the femini-
zation of aging (i.e., more elderly women than men),
sarcopenia occurs mainly among women (5). In the final
stages of life, absolute maximum strength in women can
be the minimum strength necessary for performing ADLs
(8,9).
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Biological aging is associated with a series of alter-
ations specific to individual organs and systems. The group
of immune system changes related to old age is called
immunosenescence. This dysfunction increases the plas-
ma levels of inflammatory mediators, such as cytokines
and proteins of the acute phase, to two to four times the
levels in young adults (10,11).

Interleukin-6 (IL-6), a biological marker, has been called
a cytokine for gerontologists (12). A number of epidemio-
logical studies have reported an association between high
levels of IL-6 and the loss of functional capacity, as well as
an increase in mortality rates for elderly people (10,13-16).
Other studies have demonstrated an association between
high levels of IL-6 and reduced muscle strength in the
elderly (13,17,18). Haddad et al. (19) found atrophy in the
tibialis anterior muscle of mice injected locally with rela-
tively low doses of IL-6. It has been suggested that IL-6
causes functional decline by means of a catabolic effect on
muscle tissue (13,18). Nevertheless, no study was found
in the literature, which measured the muscle performance
of elderly women using an isokinetic dynamometer, an
instrument considered the gold standard for measuring
muscle strength, and plasma IL-6 levels.

The aim of the present study was to determine the
association between plasma IL-6 levels and muscle strength
and functional capacity measured in elderly women resid-
ing in the general community from the city of Belo Hori-
zonte, Brazil.

Subjects and Methods

This was an observational, cross-sectional study that
included women from the general community of the city of
Belo Horizonte, MG, Brazil. The sample selection was
achieved by convenience, with the elderly women being
recruited by an active search and contacted in person or by
telephone from social groups and health centers in Belo
Horizonte. Participants were included if they were 60 years
of age or older (according to the World Health Organization
definition of “elderly” for people living in developing coun-
tries) (5,20), had a body mass index that classified them as
neither malnourished (below 18.49 kg/m2) nor overweight
(over 30 kg/m2) (21), and were capable of walking with or
without the use of an assistive device. The exclusion criteria
were: acute unstable disease or illness; amputation or frac-
ture of the upper or lower limbs in the previous 6 months;
presence of any neurological disease; use of anti-inflamma-
tory immunosuppressant drugs; cognitive disturbance de-
tected by the mini-mental state examination adapted for the
use with the Brazilian population (22), and a positive result
obtained on the Geriatric Depression Scale (23).

A socio-demographic questionnaire was administered
to all participants by the same group of researchers. The
initial sample size of 62 participants was defined based on
hypothetical tests for the significance of a correlation coef-
ficient, taking into account an effect size of 0.35, signifi-
cance level of 0.05, non-directional test, and a discrimina-
tory power of 0.8     (24).

Procedures
Sample characterization was made by the application of

a socio-demographic questionnaire, containing items about
participant health conditions, habits and life style.

In order to measure plasma IL-6 levels, 5 mL blood was
withdrawn from the participants and immediately centri-
fuged at 1500 g to obtain plasma. Aliquots were removed
under a laminar flow hood and stored at -70°C for 2
months.

IL-6 was measured in duplicate by enzyme-linked im-
munosorbent assay of the previously frozen specimens
(microplates coated with a mouse monoclonal antibody
against IL-6; High-Sensitivity Quantikine® HS Kits, R & D
Systems, USA). Results are reported as the mean of the
duplicate samples in pg/mL ± SD, following the guidelines
established by the manufacturer (intra-assay coefficient of
variance = 6.9-7.4%; interassay coefficient of variance =
9.6-6.5%; sensitivity = 0.016-0.110 pg/mL; mean = 0.039
pg/mL). All determinations were performed within one
single assay.

Functional capacity was assessed using the Five-
Times-Sit-to-Stand test (45 cm in height), and by Habitual
and Maximal Gait Velocities. Participants were instructed
to rise from and sit down on the chair with their arms
crossed in front of their chests for five times. The results
are reported as the time in seconds spent on the task. For
the walking velocity at both normal and fast paces, partici-
pants were instructed to walk a distance of 10 m, initially at
a comfortable pace and then at the maximum possible
velocity (25). Two trials for each walking velocity were
conducted. A chronometer (Q & Q Japan CBM Corp.,
Japan) was used to measure the time spent on each of the
four trials. In order to avoid interference from the accelera-
tion and deceleration phases of the gait trials (25), only the
data obtained from 3 to 8 m were considered for statistical
analysis. Results are reported as the mean of the two trials
for each gait velocity in m/s ± SD. These tests were used
because they have shown high reliability (intraclass corre-
lation coefficient = 0.84-0.92) and are commonly used to
assess function in elderly people (26). During the tests, all
participants received the same instructions from the same
examiner for all trials.

A Biodex Systems 3 Pro (Biodex Medical Systems,
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USA) isokinetic dynamometer was used to assess the
muscle strength of the quadriceps and hamstring groups.
The procedure was carried out according to manufacturer
instructions. A 10-min walk was completed, as a lower-
limb muscle warm-up, prior to assessment with the isokinetic
dynamometer.

The back of the chair was positioned at 85°, with a knee
range of motion of 85°, starting at a 90° knee flexion.
Muscle performance was assessed on the dominant leg at
the angular velocity of 60°/s, with a single series of 5
repetitions. Participants initially familiarized themselves
with the instrument by practicing an average of three times
at sub-maximum force. The torque produced by the leg
was then measured to correct for the effect of gravity. Five
trials were then conducted, during which the participants
were verbally encouraged to move the arm of the dyna-
mometer “as fast and with as much force as possible”.
These results are reported in newtons/meter (Nm) for peak
torque and percentage in work per body weight for both
knee movements.

Procedures were approved by the Ethics Committee of
the Universidade Federal de Minas Gerais (ETIC 186/05).
Informed written consent was obtained from all subjects
prior to their participation and subjects’ rights were pro-
tected at all times (World Medical Association Declaration
of Helsinki).

Statistical analysis
Descriptive analysis was performed in order to charac-

terize the sample according to the following variables: age,
weight, height, body mass index, plasma IL-6. The normal-
ity hypothesis of the response variable (IL-6) was verified
by means of the Shapiro-Wilk test and rejected at the
significance level of 5%. Spearman’s correlation coeffi-
cient was used to determine the association of IL-6 levels
with muscle strength and functional performance. Age was
categorized in decades, and the Kruskal-Wallis test was
used to determine the relationship between IL-6 and age.

The response variable (IL-6) was categorized by distri-

bution of the sample into tertiles. The Kruskal-Wallis test
was used to assess the relationship between the catego-
rized IL-6 and age and the quantitative variables (strength
and functional capacity). A post hoc analysis was per-
formed with the Dunn test for the significant Kruskal-Wallis
tests. The level of significance was set at 0.05 and all
analyses were performed using the statistical package
SPSS, version 13.0.

Results

Of the 62 participants initially recruited, 5 were ex-
cluded after IL-6 measurement, 2 no longer wished to
participate in the study and 3 had health problems (fracture
of the femur, uterine cancer and hepatic cirrhosis). There-
fore, 57 elderly women (71.21 ± 7.38 years old) completed
the study. IL-6 levels did not follow normal distribution
(1.95 ± 1.77 pg/mL). Sample characteristics are reported
in Table 1.

The sample was subdivided into tertiles of IL-6 distribu-
tion for the analysis of the relationship between IL-6 levels
and the variables described above. Tertiles included IL-6
values ranging from 0.00 to 1.00, from 1.01 to 2.25, and
from 2.26 to 8.89 pg/mL.

There was no statistically significant difference (P =
0.330) in the distribution of IL-6 levels by age either for the
overall sample (Table 2) or for the IL-6 subdivided into
tertiles (P = 0.101; Table 3). A statistically significant
difference was found among the IL-6 plasma concentra-
tions divided in tertiles by the Kruskal-Wallis test (Table 3).
In order to locate and identify intergroup difference, the
Dunn test was performed to compare two independent
groups and a statistical difference was shown between the
first and third tertiles in the variable work for body weight in
knee extensors.

Generally, there was a negative correlation between
IL-6 plasma levels and muscle strength, indicating that
greater muscle strength was associated with lower levels
of IL-6. Statistically significant correlations were observed

Table 1. Table 1. Table 1. Table 1. Table 1. Characteristics of 57 elderly women who participated in
this study.

Mean ± SD Median Minimum Maximum

Age (years) 71.2 ± 7.4 70.0 60.0 88.0
Weight (kg) 63.0 ± 10.5 61.7 39.6 85.1
Height (m) 1.5 ± 0.06 1.5 1.4 1.6
BMI (kg/m2) 27.0 ± 4.2 27.0 18.3 38.0
IL-6 (pg/mL) 2.0 ± 1.8 1.4 0.0 8.9

BMI = body mass index; IL-6 = plasma interleukin-6.

Table 2.Table 2.Table 2.Table 2.Table 2. Comparison of plasma IL-6 levels among subjects of
different ages.

Age group N Mean ± SD Median Kruskal-Wallis

60 to 69 years 26 1.9243 ± 2.0084 1.5690 0.330
70 to 79 years 22 1.6330 ± 1.1547 1.2655
80 years or older 9 2.7940 ± 2.1914 2.2500
Total 57 1.9491 ± 1.7723 1.3655

Plasma interleukin-6 (IL-6) levels are reported as pg/mL.
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Table 3.Table 3.Table 3.Table 3.Table 3. Plasma interleukin-6 (IL-6) levels classified in terms of tertile, age and muscle strength.

Independent variable Tertile of IL-6 (pg/mL) Kruskal-Wallis

0.00 |-| 1.00 Median 1.00 -| 2.25 Median 2.25 -| 8.89 Median

Age (years) 68.63 ± 7.11 67.0 71.16 ± 6.37 70.0 73.84 ± 8.00 74.0 0.1010

Work per body weight (%) 150.64 ± 31.36 141.5 146.82 ± 35.35 150.2 129.19 ± 28.56 120.5 0.0390*
60°/s extension (J)

Work per body weight (%) 78.53 ± 27.22 77.7 70.14 ± 15.92 72.7 63.42 ± 16.59 61.9 0.2020
60°/s flexion (J)

Data are reported as means ± SD and median. *P < 0.05 (Kruskal-Wallis test).

only between the work per body weight and IL-6 for both
knee flexion (P = 0.047) and extension (P = 0.017; Table 4).

There was no significant correlation of plasma IL-6 with
the performance of the Five-Times-Sit-to-Stand functional
tests (rs = 0.061; P = 0.658), habitual gait velocity (rs =
0.241; P = 0.072) and maximal gait speed (rs = 0.128; P =
0.343).

Discussion

In the present study, the increase in the levels of IL-6
showed a significant inverse correlation with muscle
strength, as assessed using an isokinetic dynamometer in
community-dwelling health elderly women.

A number of studies have demonstrated that chroni-
cally high IL-6 plasma levels in the elderly reduce muscle
mass and strength (13,17,18,27)     but not in community-
dwelling health elderly women. This is the first Brazilian
study to investigate whether IL-6 levels are associated with
muscle performance and functional capacity in commu-
nity-dwelling elderly women.

Psychological and social stress related to unsuccess-
ful aging is a risk factor for immune system alterations (28).
It has been demonstrated that depression, chronic stress,
socioeconomic factors, hopelessness, hostility, and other
factors are associated with elevation of circulating cytokine
levels in adults and elderly people (29-31).

High IL-6 plasma levels have also been associated
with a decline in maximum isometric force of the knee
extensors in elderly women (13) as well as with a reduction
in the strength of the lower limbs and manual grip strength
(17).

After completion of the post hoc analysis using the
Dunn test, it was noted that within the study sample there
was a statistically significant difference in the association
between the IL-6 plasma levels and muscular strength only
between the first and third tertiles. This suggests that the

levels of IL-6 show a stronger association with the de-
crease of strength when IL-6 is present in higher concen-
trations as reported in the literature (10,13).

The muscular strength for the extension and flexion
knee movements variable was represented by work by
body weight. In older individuals, this parameter is ex-
tremely important because it is a measure of the individu-
al’s capacity to maintain muscular contraction during the
entire excursion of the handle of the arm of the isokinetic
dynamometer; this is represented in the graph as the area
below the torque curve. The work by body weight corre-
sponds to the actual force produced by the muscle during
muscle contraction.

Barbieri et al. (17) observed that an increase in IL-6
concentration above the 1.73 pg/mL threshold was an
independent predictor of decreased muscle strength. In
the present study, the average value of IL-6 plasma con-
centration of the global sample was 1.95 pg/mL. The
muscular strength of the knee extensors and flexors as-
sessed by isokinetic analysis inversely correlated with this

Table 4.Table 4.Table 4.Table 4.Table 4. Associations between muscle strength indices and
plasma IL-6 levels.

Muscle strength IL-6 correlation

Spearman’s coefficient P

Peak torque
Extension (N/m) -0.188 0.162
Flexion (N/m) -0.167 0.214

Total effort
Extension (J) -0.183 0.174
Flexion (J) -0.142 0.291

Work per body weight
Extension (%) -0.315 0.017*
Flexion (%) -0.265 0.047*

IL-6 = interleukin-6. *P < 0.05 (Spearman’s correlation coeffi-
cient).
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index, demonstrating that it is a sensitive parameter in
detecting IL-6 plasma alterations. Use of the isokinetic
dynamometer, an instrument considered the gold stand-
ard for such analyses, may have contributed to the greater
sensitivity of the measurements.

No significant correlation was observed between the
functional tests and IL-6 plasma levels. In a longitudinal
study, alterations only occurred when IL-6 plasma levels
surpassed 2.5 pg/mL (10). In another study, Ferrucci et al.
(13) observed that an increase in IL-6 was predictive of
severe limitation in walking and other mobility activities in
elderly individuals who had IL-6 levels above 3.1 pg/mL.
Because the mean IL-6 value for the sample in the present
study was 1.95 pg/mL, it is possible that the plasma levels
did not reach a sufficient threshold to influence the func-
tional capacity of the participants. It is also possible that
other functional tests with a greater degree of difficulty
would be more sensitive in detecting potential functional
problems.

There is evidence that plasma IL-6 levels and their
harmful effects increase with age (10,11). Although the
participants of the present study were of an average age of
71.21 ± 7.38 years, this phenomenon was not observed in
the present study for either the overall sample or when the
statistical analysis considered the IL-6 values subdivided
into tertiles (N = 19 in each tertile). The participants of the
present cross-sectional study had normal aging, shown by
their good state of health, the fact that they were independ-
ent in the performance of ADLs and IADLs, and the fact
that many of the participants (63%) performed regular and
adequate, non-strenuous physical exercise (such as walk-
ing), besides house-work activity, and leisure activities. In
normal aging, controlled chronic diseases with no negative
impact in physical, psychosocial and mental functionality
may coexist.

The literature reports that physically active elderly indi-
viduals exhibit low IL-6 levels. Physical exercise reduces
IL-6 levels (32-39), and it is suggested as a strategy for the
prevention and treatment of sarcopenia (4-6,8,9). Physical
exercise performed with adequate parameters favors the
release of IL-6 by the muscle (myokine) through an inde-

pendent tumor necrosis factor alpha (TNF-α) pathway, as
observed in a normal inflammatory cascade (32,33,35,
37,40). The IL-6 released by the muscle stimulates the
appearance of other anti-inflammatory cytokines, such as
IL-1 receptor antagonist (IL-1-RA) and IL-10, and inhibits
the production of pro-inflammatory cytokines, such as
TNF-α, and the entire cascade it triggers (35,37,40).

The present study has some limitations. First, a cross-
sectional study only allows us to state the existence of an
association between measures. Second, because 5 par-
ticipants dropped out of the study, the final sample size of
57 elderly women may not have been sufficiently large to
demonstrate other significant associations that have been
described previously in the literature, such as the associa-
tion of IL-6 levels with age, associations demonstrated
using other functional tests, and other variables assessed
using the isokinetic dynamometer test. Therefore, it is
possible that a type II error may have occurred. Finally,
because the present sample is composed of healthy eld-
erly women who, for the most part, are functionally inde-
pendent and without significant limitations or restrictions of
their ADLs and IADLs, the possibility of generalizing these
data to the general elderly female population is potentially
reduced.

This study identified a significant negative correlation
between strength of the quadriceps and hamstring muscles
and IL-6 plasma levels in healthy elderly women residing in
the general community. However, functional capacity, as
assessed by tests measuring gait velocity and Five-Times-
Sit-to-Stand test, was not correlated with IL-6 plasma
levels. These results, together with previous research,
emphasize the need for health professionals to recognize
the silent, chronic action of inflammatory mediators on
muscle tissue in the elderly and its impact on the function
of this population.
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