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Background. There is growing evidence that higher levels of inflammatory markers are associated with physical de-
cline in older persons, possibly through the catabolic effects of inflammatory markers on muscle. The aim of this study
was to investigate the association between serum levels of inflammatory markers and loss of muscle mass and strength in
older persons.

Methods. Using data on 2,177 men and women in the Health, Aging, and Body Composition Study, we examined
S-year change in thigh muscle area estimated by computed tomography and grip and knee extensor strength in relation to
serum levels of interleukin-6 (IL-6), C-reactive protein, tumor necrosis factor-alpha (TNF-au), and soluble receptors
(measured in a subsample) at baseline.

Results. Higher levels of inflammatory markers were generally associated with greater 5-year decline in thigh muscle
area. Most associations, with the exception of soluble receptors, were attenuated by adjustment for 5-year change in
weight. Higher TNF-a and interleukin-6 soluble receptor levels remained associated with greater decline in grip strength
in men. Analyses in a subgroup of weight-stable persons showed that higher levels of TNF-a and its soluble receptors
were associated with 5-year decline in thigh muscle area and that higher levels of TNF-a were associated with decline in
grip strength.

Conclusions. TNF-o and its soluble receptors showed the most consistent associations with decline in muscle mass

and strength. The results suggest a weight-associated pathway for inflammation in sarcopenia.
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IRCULATING levels of inflammatory markers such as

interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-a), and C-reactive protein (CRP) are often elevated in
older persons and have been shown to be associated with
increased morbidity (1-6) and mortality (7). In addition,
there is growing evidence that levels of these inflammatory
markers are associated with poorer physical performance
and (incident) disability (8—13).

The association between elevated levels of inflammatory
markers and physical decline may be explained by a direct
causal role of inflammatory markers in the age-related de-
cline in muscle mass and strength (14). Cross-sectional stud-
ies have demonstrated that higher levels of inflammatory
markers are associated with lower muscle mass and strength

(10,15). However, only two prospective studies have exam-
ined the relationship between inflammatory markers and sar-
copenia with inconsistent results (16,17). A limitation of
both these studies is the assessment of muscle mass by dual-
energy x-ray absorptiometry (DXA). DXA may overesti-
mate muscle mass because (increases in) muscle hydration
or intramuscular fat deposition will be detected as (an in-
crease in) lean tissue. Computed tomography (CT), however,
allows calculation of volume measures of skin, skeletal mus-
cle, and adipose tissue (with its attendant nonfat compo-
nents). A second limitation is the use of only serum levels of
inflammatory markers. There is evidence that higher levels
of soluble receptors may represent a more prolonged or se-
vere underlying inflammatory state (18,19) and might be
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more reliable markers of chronic inflammation (20). Finally,
cytokines (2,21) and muscle mass loss (22) have been linked
with weight change, and earlier studies did not account for
the possibility that weight change could modify the associa-
tion of inflammation with change in lean mass.

The aim of the present study was to examine whether high
serum levels of inflammatory markers and soluble receptors
are associated with 5-year change in muscle mass, assessed
by CT, and with 5-year change in muscle strength, measured
as isometric grip strength and isokinetic quadriceps strength,
in a large sample of well-functioning older men and women.

METHODS

Study Sample

Data were used from the Health, Aging, and Body Com-
position Study, a prospective cohort study on the interrela-
tionship of changes in body composition and health
conditions on physiological and functional changes in older
persons. The study sample includes 3,075 black and white
men and women, aged 70-79 years at baseline. Whites were
recruited from a random sample of Medicare beneficiaries
residing in zip codes form the metropolitan areas surround-
ing Pittsburgh, Pennsylvania and Memphis, Tennessee.
Blacks were recruited from all age-eligible residents in
these geographic areas. Potential participants received a
mailing, followed by a telephone eligibility screen. Eligibil-
ity criteria included age 70—79 years in the recruitment pe-
riod from March 1997 to July 1998; self-report of no
difficulty walking one quarter of a mile or climbing 10 steps
without resting; no difficulty performing basic activities of
daily living; no reported use of a cane, walker, crutches, or
other special equipment to get around; no history of active
treatment for cancer in the prior 3 years; and no plan to
move out of the area in the next 3 years.

Only participants with complete data on the inflamma-
tory markers (IL-6, CRP, and/or TNF-a) at baseline and
with complete data on 5-year change in muscle mass and/or
muscle strength were included in the study (n = 2,177).
Most of the persons with missing data were deceased (83%).
Compared with the 2,177 participants included in the analy-
ses, those who dropped out were older, more often male,
more often black, had a lower knee extensor strength, had
higher levels of inflammatory markers (IL-6, CRP, and
TNF-a), were less physically active, and more often had
one or more chronic diseases (all p values < .05).

The study was reviewed and approved by the Institutional
Review Boards at the University of Tennessee and the Uni-
versity of Pittsburgh. All participants provided informed
consent before participating in the study.

Muscle Mass
Muscle mass was assessed as mid-thigh cross-sectional
muscle area by CT. Axial CT scans at the mid-thigh level

were obtained during the baseline examination and after a
5-year follow-up. CT images were acquired in Pittsburgh
(9800 Advantage; General Electric, Milwaukee, WI) or in
Memphis (Somatom Plus 4; Siemens, Erlangen, Germany
and PQ 2000S; Marconi Medical Systems, Cleveland, OH).
All images were transferred electronically to a central read-
ing center and analyzed by a single observer on a SUN
workstation (SPARC station II; Sun Microsystems, Moun-
tain View, CA) using IDL development software (RSI Sys-
tems, Boulder, CO). The procedures are described in detail
elsewhere (23). The total area of nonadipose, nonbone tis-
sue within the deep fascial plane was used as a measure of
muscle area. Reproducibility of muscle area was assessed
by reanalyzing a 5% convenience sample of the study co-
hort and showed a coefficient of variation (CV) less than
5%. We used data from persons in whom the same leg was
scanned at baseline and at 5-year follow-up in whom the
slice location on the femur was within 20 mm of the base-
line location (mean difference +3.9 mm [SD 6.0]). All per-
sons included in this study met these criteria.

Muscle Strength

Handgrip strength (kg) was measured using a hand-held
dynamometer (Jamar; TEC, Clifton, NJ). The dynamometer
was adjusted for hand size for each participant, and two tri-
als were performed on each hand. The maximum values of
the right and the left hand were summed (24).

Isokinetic strength of the knee extensors was measured
by a Kin-Com 125 AP Dynamometer (Chattanooga, TN) at
60 degrees per second and was calculated from the average
of three reproducible and acceptable trials out of a maxi-
mum of six trials. Due to strict criteria for safety reasons,
knee extensor strength was assessed in 87% (n = 2,674) of
the original cohort of 3,075 persons.

Inflammatory Markers

Levels of IL-6, TNF-a, CRP and the soluble receptors of
IL-2 (IL-2 soluble receptor [IL-2sR], n = 498), IL-6 (IL-6
soluble receptor [IL-6sR], n = 499), and TNF-a (TNFsR1,
n =496 and TNFsR2, n = 486, randomly selected from the
original total sample of 3,075 persons) were assessed in du-
plicate from frozen-stored serum collected after an over-
night fast at baseline. Cytokines and soluble cytokine
receptor levels were measured using enzyme-linked im-
munosorbent assay kits (R&D Systems, Minneapolis, MN)
and CRP levels using enzyme-linked immunosorbent assay
based on purified protein and polyclonal anti-CRP antibod-
ies (Calbiochem, San Diego, CA). The detectible limits are
described elsewhere (12). The CRP assay was standardized
according to the World Health Organization First Interna-
tional Reference Standard with a sensitivity of 0.08 pg/mL.
Assays of blind duplicates collected for 150 participants
yielded an average interassay CV of 10.3% for IL-6, 8.0%
for CRP, and 15.8% for TNF-a.
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Potential Confounders

Covariates included age, sex, race, study site, chronic dis-
eases, physical activity, steroid use, estrogen use, anti-
inflammatory drug use, statin use, and weight change.
Physical activity of the past 7 days and the intensity level at
which each activity was performed were assessed by ques-
tionnaire. Based on the metabolic equivalent of each activity
and body weight, an overall activity score in kilocalorie per week
was created. Steroid use, estrogen use, anti-inflammatory drug
use, and statin use were determined from drug data coded using
the Iowa Drug Information System code (25). Chronic dis-
eases were assessed by self-report, medication use, and clini-
cal data and included pulmonary disease, cardiac disease,
diabetes mellitus, arthritis, cerebrovascular diseases, periph-
eral atherosclerosis, and cancer. Weight (total mass) was as-
sessed by DXA at baseline and at 5-year follow-up.

Statistical Analyses

Changes in muscle characteristics and body weight were
calculated as 5-year follow-up value minus baseline value.
Serum levels of inflammatory markers that were not normally
distributed were log (In) transformed. Multiple linear regres-
sion analyses were used to identify regression coefficients per
standard deviation in (In) serum inflammatory markers for
change in muscle characteristics. Analyses were adjusted for
the baseline measure of the outcome variable, age, sex, race,
study site, chronic diseases, physical activity, and medication
use. In a second model, analyses were additionally adjusted
for 5-year change in weight. Potential sex and race differ-
ences in the associations under study were tested (p < .10)
using Sex x Inflammatory markers and Race x Inflammatory
markers product terms. The analyses were repeated in sub-
groups of weight-stable persons (weight change <3%).

RESULTS

Baseline characteristics of the study sample are shown in
Table 1. The mean 5-year change in mid-thigh muscle area
was —13.5 cm? + SD 19.1 (=5.1%) in men and —6.3 cm? +
SD 14.5 (-3.4%) in women. The mean change in grip
strength was —7.2 kg + SD 12.5 (=9.2%) in men and —3.6 kg
+ SD 9.0 (-7.6%) in women. The mean change in knee ex-
tensor strength was —24.9 Nm + SD 27.8 (—18.4%) in men
and —13.2 Nm * SD 18.3 (-16.0%) in women. Baseline
characteristics of the subsample with data on soluble recep-
tors are also shown in Table 1.

Spearman correlations between cytokines and soluble re-
ceptors were calculated (Table 2). The strongest correlation
existed between IL-6 and CRP (r = .47). There were also
significant correlations between IL-6 and TNF-a (r = .27)
and between CRP and TNF-a (r = .13). TNFsR1 and
TNFsR2 showed a strong intercorrelation (r = .79), and both
were highly correlated with IL-2sR (r = .59 and r = .61,
respectively) and TNF-a (r = .49 and r = .57, respectively).
Overall, IL-6sR showed the weakest correlations with the

cytokines and soluble receptors. The correlation between
IL-6 and IL-6sR was .06.

Persons with higher levels of IL-6, CRP, and TNF-a
experienced a greater loss of thigh muscle area (Table 3,
model 1). However, after additional adjustment for 5-year
change in weight (model 2), the associations were no longer
significant. Of the soluble receptors, lower levels of IL-6sR
were associated with decline in thigh muscle area, whereas
higher levels of TNFsR1 were associated with decline in
thigh muscle area. These associations remained significant
after additional adjustment for change in weight.

Table 4 shows the result of multiple linear regression
analyses of inflammatory markers with 5-year change in grip
strength and knee extensor strength. A higher level of TNF-a
was associated with a greater decline in grip strength and knee
extensor strength, and these associations remained significant
after adjustment for change in weight (p = .13 for knee exten-
sor strength). No associations were observed for IL-6 or CRP.

The associations between the soluble receptors (IL-2sR,
IL-6sR, TNFsR1, and TNFsR2) and the 5-year change in
grip strength and knee extensor strength are shown in Table 5.
Only higher levels of IL-6sR were associated with greater
decline in grip strength. Additional adjustment for change
in weight did not markedly change this association. There
were no associations between the soluble receptors and
knee extensor strength.

To further eliminate the influence of weight change, we
performed additional analyses in weight-stable persons only
(weight loss or gain <3%). Higher levels of TNF-a were
associated with a decline in thigh muscle area (p = .02;
Figure 1) and a decline in grip strength (p = .03). Of the
soluble receptors, lower levels of IL-6sR were associated
with a decline in thigh muscle area (p = .003) and higher
levels of TNFsR1 and TNFsR2 were associated with decline
in thigh muscle area (p = .01 and p = .001, respectively).

No interactions were found between inflammatory mark-
ers and sex or race for any of the associations (p > .10).

DiscusSION

To our knowledge, this is the first study investigating the
association between inflammatory markers and 5-year
change in muscle mass and muscle strength. We were able
to measure thigh muscle area by CT and we used two mea-
sures of muscle strength (grip strength and knee extensor
strength). Moreover, we used data on serum levels of in-
flammatory markers as well as soluble receptors.

A remarkable finding was the consistent association be-
tween TNF-o and decline in muscle mass and strength.
These associations were attenuated when adjusting for
weight change, and the results were confirmed in the sub-
group of weight-stable persons. TNF-a is known to be an
important cytokine in skeletal muscle wasting and reduced
muscle function (26). Muscle catabolism has been attributed
to TNF-a in inflammatory diseases including cancer (27),
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Table 1. Characteristics of the Study Sample

Study Sample

Subsample With Soluble Receptors

Men (n = 1,023) Women (n = 1,154) Men (n = 162) Women (n = 177)
Age, M = SD 73.6+2.8 733+2.38 73.7+£2.8 734+29
Study site, %
Pittsburgh 50.3 48.2 53.1 49.2
Memphis 49.7 51.8 475 50.8
Race, %
Black 31.5 423 56.2 53.1
White 68.5 57.7 43.8 46.9
Current 9.0 7.8 9.9 10.2
Physical activity (kcal/wk), median (IQR) 5581.1(3121.1-9232.2) 5002.1 (2802.4-7808.6) 5224.3 (3034.4-8039.2) 4733.9 (2766.5-7247.3)
Body mass index 272+3.8 27.6+54 269+3.8 28.0+5.3
Weight, M + SD 81.8+13.1 70.5+14.5 80.2+12.6 71.4+14.2
5-y change in weight, M + SD -1.7+£52 -1.5+54 -1.7+54 -2.0£5.6
Chronic diseases, %
Cancer, excl skin cancer 18.3 15.1 17.9 15.9
Cardiovascular disease 30.5 20.0 34.0 20.7
Peripheral arterial disease 5.1 3.4 7.7 5.8
Diabetes mellitus 24.5 18.9 23.9 19.8
Symptomatic osteoarthritis 5.9 14.0 43 15.3
Osteoporosis 32 25.7 1.9 254
Lung disease 9.9 11.2 13.0 14.8
Congestive heart failure 2.6 1.6 2.5 2.3
Anti-inflammatory drug use, % 522 53.8 53.1 56.5
Oral steroid use, % 1.3 2.7 1.2 1.7
Oral estrogen use, % — 24.4 — 22.6
Statin use, % 12.5 13.1 12.3 11.9

IL-6 (pg/mL), median (IQR)
CRP (mg/l), median (IQR) 1.39 (0.91-2.47)
TNF-o (pg/mL), median (IQR) 3.21 (2.43-4.07)
IL-2sR (mg/mL), median (IQR) —
IL-6sR (mg/mL), median (IQR) —
TNFsR1 (mg/mL), median (IQR) —
TNFsR2 (mg/mL), median (IQR) —

1.80 (1.27-2.67)

Baseline thigh muscle area (cm?), M + SD 264.7+42.5
5-y change thigh muscle area, M + SD -13.5£19.1
Baseline grip strength (kg), M = SD 78.0+16.4
5-y change grip strength, M + SD -7.2+125
Baseline knee extensor strength (Nm), M £ SD 135.3+349
5-y change knee extensor strength, M + SD -249+27.8

1.66 (1.14-2.57)
1.92 (1.06-3.48)
3.04 (2.35-3.84)

1.84 (1.30-2.81)
1.53 (0.89-2.61)
3.26 (2.40-4.11)
1.26 (0.99-1.56)
3.24 (2.75-3.97)
1.52 (1.31-1.85)
3.44 (3.02-3.97)

1.73 (1.24-2.75)
2.04 (1.22-3.83)
2.96 (2.42-3.85)
1.17 (0.91-1.58)
3.49 (3.00-4.16)
1.51 (1.24-1.78)
3.29 (2.79-3.91)

184.8 £34.2 265.4 £46.7 186.3 £34.6
-6.3+14.5 -16.4+19.3 -6.5+14.9
475+11.4 779 £16.2 484+ 11.1
-3.6+9.0 -7.7+134 -5.0+8.8
82.7+222 133.5+33.2 83.0+22.8

-132+183 -26.5 +24.9 -13.3+17.2

Notes: CRP = C-reactive protein; IL-6 = interleukin-6; IL-2sR = interleukin-2 soluble receptor; IL-6sR = interleukin-6 soluble receptor; IQR = interquartile range;
TNF-o = tumor necrosis factor-alpha; TNFsR1 = tumor necrosis factor soluble receptor 1; TNFsR2 = tumor necrosis factor soluble receptor 2.

congestive heart failure (28), AIDS (29), and chronic ob-
structive pulmonary disease (30). There are at least two
different mechanisms by which TNF-a. may compromise
muscle function. First, it has been shown that TNF-a, can

Table 2. Correlation” Between Inflammatory Markers

IL-6 CRP TNF-o IL-2sR IL-6sR TNFsR1 TNFsR2

IL-6 — A7 27 21 .06 31 .28
CRP — — 13 12 -.01 25 21
TNF-a — — — 44 21 49 .57
IL-2sR — — — — .28 .59 .61
IL-6sR — — — — — 31 27
TNFsR1 — — — — — — — 79

Notes: CRP = C-reactive protein; IL-6 = interleukin-6; IL-2sR = interleukin-2
soluble receptor; IL-6sR = interleukin-6 soluble receptor; TNF-o = tumor
necrosis factor-alpha; TNFsR1 = tumor necrosis factor soluble receptor 1;
TNFsR2 = tumor necrosis factor soluble receptor 2.

*Spearman correlation coefficients.

directly stimulate protein loss in muscle cells (31,32).
Second, experimental studies have indicated that TNF-a
can induce alterations of muscle proteins independent of
protein loss, resulting in diminished force production
(33). This is supported by the results of our study in
which we found associations of TNF-a with decline in
grip strength.

Because weight change has been linked with inflamma-
tory markers (2,21) and muscle mass (22), we investigated
whether change in weight could explain (part of) the asso-
ciation between inflammatory markers and change in mus-
cle mass. Indeed, many associations between inflammatory
markers and change in muscle mass were reduced after
adjustment for weight change, suggesting a mediating role
for weight change in the associations under study. However,
when we performed additional analyses in subgroups of
weight-stable persons, we still found significant associations
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Table 3. Linear Regression Analysis of Inflammatory Markers With
Absolute Change in Muscle Mass by Computed Tomography (per
SD" change in marker)

Table 4. Linear Regression Analysis of Inflammatory Markers With
Absolute Change in Grip Strength and Knee Extensor Strength (per
SD” change in marker)

Model 1 Model 2 Model 1 Model 2
N B (SE) p Value B (SE) p Value N B (SE) p Value B (SE) p Value
1L-6 1,494 —-1.30 (0.45) .004 —-0.14 (0.37) 71 5-y change in grip
CRP 1,538 -1.32(0.45) .004 —-0.48 (0.37) .19 strength (kg)
TNF-a 1,449 —1.34 (0.45) .003 —-0.37 (0.37) 32 IL-6 1,913 -0.30(0.24) .22 -0.20(0.24) 41
IL-2sR 228 -2.16 (1.34) 11 —1.08 (1.08) 32 CRP 1,970 -0.25(0.25) .32 -0.20(0.25) .44
IL-6sR 228 1.52(0.76) .05 2.03 (0.60) .001 TNF-o 1,856 -0.62(0.24) .01 -0.53(0.24) .03
TNFsR1 228 -3.73 (1.36) .007 =223 (1.11) .05 5-y change in knee
TNFsR2 225 —-1.63 (0.98) .10 -0.78 (0.79) .33 extensor strength (Nm)
. . IL-6 1,649 -0.55(0.53) .30 -0.25(0.53) .63

. Notes:‘quel 1: ad]ust-ed for ?Ja-selme .n?uscle mass, age, sex, race,. study CRP 1,696 0.23 (0.54) 68 0.36 (0.54) 50

site, chronic diseases, physical activity, anti-inflammatory drug use, statin use, TNF-a 1599 —1.02(0.52) .05 ~0.79 (0.52) 13

estrogen use, and steroid use; model 2: additionally adjusted for 5-year change
in weight. CRP = C-reactive protein; IL-6 = interleukin-6; IL-2sR = interleukin-2
soluble receptor; IL-6sR = interleukin-6 soluble receptor; IQR = interquartile
range; TNF-a = tumor necrosis factor-alpha; TNFsR1 = tumor necrosis factor
soluble receptor 1; TNFsR2 = tumor necrosis factor soluble receptor 2.

*8D 0.66 for IL-6, 0.85 for CRP, 0.41 for TNF-a, 0.42 for IL-2sR, 0.32 for
IL-6sR, 0.29 for TNFsR1, and 0.29 for TNFsR2.

of TNF-a and its soluble receptors with change in thigh
muscle area, suggesting that weight change does not com-
pletely explain the associations between inflammatory
markers and change in muscle mass. More research on the
(possibly mediating) role for weight change is warranted.

Contrary to all other inflammatory markers under study,
we found a positive association of IL-6sR with change in
thigh muscle area. IL-6sRs appear to facilitate and enhance
IL-6 activity (34). IL-6 has been classified as both a pro-
inflammatory and anti-inflammatory cytokine. IL-6 is
tightly linked to TNF-a; TNF-a induces production of IL-6,
whereas IL-6 inhibits TNF gene expression. The complex
of IL-6sR and IL-6 can act as a very strong inhibitor of
TNF-a (35). Higher levels of IL-6sR may therefore indicate
a tight regulation of TNF-a, preventing the loss of muscle
mass. On the other hand, IL-6sR showed a negative associa-
tion with change in muscle strength. Other biological stud-
ies are needed to further investigate the role of IL-6sR in
sarcopenia and loss of strength.

This study did not show any statistically significant as-
sociations between inflammatory markers and change in
knee extensor strength. Due to the stringent exclusion crite-
ria of the knee extensor strength test, 13% of the persons in
the original cohort were excluded from that test. These per-
sons were older, had lower grip strength, lower thigh muscle
area, and higher levels of inflammatory markers. These
frailer persons were, however, included in the grip strength
test. This may explain the differences in associations be-
tween inflammatory markers and grip strength compared
with knee extensor strength.

This study has a few limitations. First, the study sample
consisted of well-functioning men and women without any
self-reported physical limitations at baseline. Therefore,
persons with low muscle mass and strength were more

Notes: Model 1: adjusted for baseline grip strength or knee extensor
strength, age, sex, race, study site, chronic diseases, physical activity, anti-
inflammatory drug use, statin use, estrogen use, and steroid use; model 2:
additionally adjusted for 5-year change in weight. CRP = C-reactive protein;
IL-6 = interleukin-6; TNF-a = tumor necrosis factor-alpha.

*SD 0.66 for IL-6, 0.85 for CRP, 0.41 for TNF-a.

likely to be excluded from the study. However, the associa-
tion of inflammation status with decline in muscle mass and
strength can be well studied in healthy nondisabled persons
who are gradually losing health and function. Second, be-
cause there was a relatively long follow-up of 5 years, many
respondents were excluded from the analyses. The main
reason for this loss to follow-up was death, which is an im-
portant issue in cohort studies of older persons. Therefore,
we should be careful with the generalizability of our results.
Compared with the participants included in the analyses,

Table 5. Linear Regression Analysis of Soluble Receptors With
Absolute Change in Grip Strength and Knee Extensor Strength (per
SD* change in marker)

Model 1 Model 2
N B (SE) p Value B (SE) p Value
5-y change in grip
strength (kg)
IL-2sR 309 -1.14(0.71) .11 —-1.04 (0.71) 15
IL-6sR 309 -1.05(0.47) .03 —-1.01 (0.47) .03
TNFsR1 306 -0.38(0.85) .66 —-0.27 (0.86) 5
TNFsR2 305 0.05(0.51) .93 0.09 (0.51) .85

5-y change in knee
extensor strength (Nm)

IL-2sR 256 -1.83(1.48) .22 —-1.68 (1.47) 25
IL-6sR 256 -1.44(0.93) .13 —-1.20 (0.94) .20
TNFsR1 255 -2.24(1.59) .16 —-1.86 (1.59) 25
TNFsR2 253 -1.54(1.00) .13 —1.44 (1.00) 15

Notes: Model 1: adjusted for baseline grip strength or knee extensor
strength, age, sex, race, study site, chronic diseases, physical activity, anti-
inflammatory drug use, statin use, estrogen use, and steroid use; model 2:
additionally adjusted for 5-year change in weight. CRP = C-reactive
protein; IL-6 = interleukin-6; IL-2sR = interleukin-2 soluble receptor; IL-6sR =
interleukin-6 soluble receptor; IQR = interquartile range; TNF-a = tumor
necrosis factor-alpha; TNFsR1 = tumor necrosis factor soluble receptor 1;
TNFsR2 = tumor necrosis factor soluble receptor 2.

*8D 0.42 for IL-2sR, 0.32 for IL-6sR, 0.29 for TNFsR1 and 0.29 for
TNFsR2.
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Five-year change in thigh muscle area (cm2)

4
)
-
c 2
(]
o
E
S Y S N R
o
c
9 +
8 2
(]
S
[2]
(7]
12 -4
L6 CRP TNF-a
Five-year change in grip strength (kg)
4
a
k=
8 2]
o
5
e  0d.-e.- + ......... + ..................
o
c
2
2 2
(]
S
o
)
X 4

IL6 CRP TNF-a

Five-year change in knee extensor strength

(Nm)

4
-
3
S 27
E
[
8
OF 0o
S~
0
0
g 21
o
[
©

-4

IL6 CRP TNF-a

Five-year change in thigh muscle area (cm2)

12
a
- 8
(=
2
L 4 4
: .
]
S 04 @ .
§
B -4
0
e
=) -8 4
Q
x

-12

IL-2sR IL-6sR TNFsR1  TNFsR2
Five-year change in grip strength (kg)
8

)
=
2 44
o
E
]
8 0 - + ...............
f=
=}
2
¢ 4 4
=]
Q
x

IL-2sR IL-6sR TNFsR1 TNFsR2

Five-year change in knee extensor strength

(Nm)
12

8
4

Regression coefficient
(B)

IL-2sR IL-6sR TNFsR1 TNFsR2

Figure 1. Association between inflammatory markers and 5-year change in thigh muscle area (cm?) and grip strength in weight-stable (within 3% change in
weight) persons per standard deviation change in marker. Notes: Adjusted for baseline measures of the outcome, age, sex, race, study site, chronic diseases, physical
activity, anti-inflammatory drug use, statin use, estrogen use, and steroid use. Number of persons in the analyses: 5-year change in thigh muscle area: n = 617 for IL-6;
n =605 for CRP; n =601 for TNF-a; n = 85 for IL-2sR, IL-6sR, and TNFsR1; n = 84 for TNFsR2. 5-year change in grip strength: n = 760 for IL-6, n = 779 for CRP,
n =739 for TNF-a, n =117 for IL-2sR and IL-6sR, n = 115 for TNFsrl, n = 116 for TNFsR2. 5-year change in knee extensor strength: n = 685 for IL-6, n = 702 for
CRP, n = 667 for TNF-a, n = 101 for IL-2sR and IL-6sR, n = 100 for TNFsR1 and TNFsR2. CRP = C-reactive protein; IL-6 = interleukin-6; IL-2sR = interleukin-2
soluble receptor; IL-6sR = interleukin-6 soluble receptor; TNF-o = tumor necrosis factor-alpha; TNFsR1 = tumor necrosis factor soluble receptor 1; TNFsR2 = tumor

necrosis factor soluble receptor 2.

those who were excluded were older, more often male, more
often black, had a lower knee extensor strength, had higher
levels of inflammatory markers (IL-6, CRP, and TNF-a),
were less physically active, and more often had one or more
chronic diseases. Our results may therefore underestimate
the relationship between inflammation and decline in muscle
mass and strength. Another limitation is the single assess-
ment of the inflammatory markers at baseline, which makes
it impossible to investigate the association between change
in inflammatory markers and decline in muscle mass and
strength. Third, soluble receptors were measured in a ran-
dom subsample. Therefore, the numbers used in the analyses
with the soluble receptors were small, and the results in
the weight-stable subgroup should be interpreted carefully.
To increase statistical power, all analyses in the subgroup

of weight-stable persons were repeated, using only those
confounders that changed the regression coefficient by 10%.
The results were similar to the initial analyses with all con-
founders (data not shown).

In conclusion, higher levels of IL-6, CRP, TNF-a, IL-6sR,
and TNFsR1 were associated with 5-year change in thigh
muscle area. After adjustment for 5-year change in weight,
these associations (except for IL-6sR) were attenuated.
TNF-a was associated with decline in grip strength and
borderline associated with decline in knee extensor strength.
Overall, TNF-a and its soluble receptors showed the stron-
gest associations and might be important markers of loss
of muscle mass and strength. Future studies investigating
inflammation-related changes in muscle mass and strength
should carefully account for the effects of weight change.
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