
Introduction
intramuscular adipose tissue (iMAt), a small fat depot

beneath the fascia of the thigh, has been identified as a potential
contributor to mobility dysfunction in older adults (1, 2).
iMAt does not solely reflect total body adiposity or locomotor
muscle deterioration with aging (3-5) and may constitute a
marker of muscle dysfunction linked to inactivity (4-6). iMAt
may also play a more active inflammatory role influencing
cytokines such as tumor necrosis factor alpha (tnF-α) and
interleukin-6 (iL-6) within the muscle. (7, 8). Higher systemic
levels of pro-inflammatory cytokines are associated with
decreased muscle force and mobility (9-11). increased
circulating levels of pro-inflammatory cytokines such as tnF-α
and iL-6 can result in cell apoptosis (12), decreased protein
synthesis (13), and decreased muscle quality (14), all of which
may contribute to decreased muscle force and mobility in older
adults (15). the relationship of increased iMAt with decreased
muscle and mobility function (1, 2, 5, 6) mirrors that of
increased systemic inflammation and muscle and mobility

function (9-11). iMAt is hypothesized to release pro-
inflammatory cytokines directly within the muscle, resulting in
decreased muscle and mobility function (4, 7, 16). to date,
however, there has been little investigation into how increased
levels of inflammation in locomotor muscle may be linked to
increased iMAt in older adults and no study to date has
examined the relationship of iMAt and muscular inflammation
in older adults.

therefore, the aim of this case-control sampling was to
compare iMAt and muscular inflammation in non-obese, age-
and bMi-matched older frail and non-frail adults. We
hypothesized that sedentary, mobility-limited non-obese frail
older adults would have higher iMAt and muscular
inflammation levels than an age- and bMi-matched group of
active, non-mobility limited, non-frail older adults. We also
hypothesized a relationship would exist between iMAt and
muscular inflammation, and between muscular inflammation
and mobility function.
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Abstract: Objectives: intramuscular adipose tissue (iMAt) is recognized as a negative predictor of both muscle
and mobility function in older adults, however the mechanism by which iMAt may negatively influence muscle
and mobility function is currently unknown. the release of pro-inflammatory cytokines from iMAt provides a
potential reason for these negative associations. to explore this hypothesis we compared iMAt and muscular
inflammation in age-and bMi-matched older non-obese frail and non-frail adults. We also sought to examine the
relationship between iMAt and inflammation, and muscle and mobility function in this group of older adults.
Design: A case-control sampling was used for this study. Age-and bMi-matched non-obese frail and non-frail
individuals (<65 years) were recruited. Measurements: Mri was used to quantify thigh iMAt and lean tissue.
unilateral muscle biopsies were used to quantify muscular inflammation as represented by interleukin-6 (iL-6)
and tumor-necrosis factor alpha (tnF-α). Muscle and mobility function was also measured using a maximal
voluntary isometric contraction, six-minute walk, and self-selected gait speed. Participants: 26 older (80.7 +/- 5.4
years) individuals (8 frail and 18 non-frail) were enrolled. Results: the frail-group had increased iMAt (p<0.01)
and decreased lean tissue (p<0.01), and elevated iL-6 muscle mrnA (p=0.02) and iL-6 protein content (p=0.02)
compared to the non-frail group. iMAt was significantly associated with iL-6 mrnA (r=0.43, p=.04) and protein
expression within the muscle (r=0.41, p= 0.045). iL-6 mrnA was significantly associated with six-minute walk
(r=-0.63, p<0.01), and gait speed (r=-0.60, p <0.01) and iL-6 protein was significantly associated with muscle
force (r=-0.54, p=0.01), six-minute walk (r=-0.66, p<0.01), and gait speed (r=-0.76, p<0.01). no significant
relationships were found for any variables with tnF-a. Conclusion: non-obese, older, frail individuals have
increased iMAt and muscular inflammation when compared to their non-frail, age- and bMi-matched peers. A
significant relationship exists between iMAt and muscle iL-6 expression as well as between iL-6 and muscle
and mobility function of these older adults. this iMAt-inflammatory pathway provides a potential link between
iMAts and decreased muscle and mobility function.
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Methods

Participants
to maximize potential differences in iMAt, a convenience

sample of two groups of older non-obese adults (a frail
sedentary and a non-frail active group) were recruited.
recruitment occurred between 2011 and 2012 and took place at
community health fairs, community senior centers, and via
newspaper advertisement. due to the difficulty in recruiting
frail individuals we recruited in a 1:2 model. individuals were
matched for age plus or minus 5 years, and bMi plus or minus
2 kg/m2. based on prior studies effects sizes of 1.36 to 2.39 for
differences between active and sedentary adults in iMAt and
inflammation we estimated that we would need between 3 and
6 frail and 5 and 12 non-frail individuals to achieve a power of
0.80 with a standard error of .05 to determine a significant
difference in iMAt and muscular inflammation between the
groups. We therefore conservatively sought to enroll a
minimum of 6 frail and 12 non-frail individuals.

both male and females were included if they were over the
age of 65 years with a bMi of less than 30 kg/m2. Additionally
the frail participants were required to be at least moderately
frail as classified by a modified physical performance test score
(MPPt) of < 25 (moderately frail), and reported little to no
planned physical activity over the last year (17). the active
non-frail group had MPPt scores of > 32 (not frail) and
reported at least 90 minutes of moderate activity a week over
the prior year (17). Exclusion criteria for both groups included
diseases associated with increased iMAt and decreased
functional mobility such as diabetes, COPd, chronic kidney
disease, HiV, active cancer or a history of cancer in the last
year, and any neurological diseases such as multiple sclerosis,
Parkinson disease, or a history of a stroke. Additionally a sub-
group of participants were given the option to participate in a
percutaneous muscle biopsy if they were free from heart
disease or any other condition known to increase systemic
inflammatory levels and were not using any medication known
to influence inflammation such as tobacco products,
corticosteroids, non-steroidal anti-inflammatories, hormone
replacements or anti-coagulants. Any individuals on statin
medications were asked to hold all statins for at least 7 days
prior to the muscle biopsy (Figure 1).

Study Design
Potential participants completed a telephone screen and an

in-person screen to determine eligibility. Prior to all tests
individuals provided written informed consent and signed an
institution-approved consent form. during the in-person
screen, the MPPt was performed and scored to ensure the
participants met the requisite scores (17). immediately after the
in-person screening, demographic data were gathered and the
first clinic-testing visit was scheduled within 2 weeks. during
the first clinic testing session, individuals completed an activity
questionnaire and underwent mobility and muscle force testing

and an Mri to determine the cross sectional area of iMAt in
the thigh. Within 1 week of this clinic-testing visit, individuals
who met the inclusion criteria underwent a biopsy to determine
inflammation within the muscle.

Figure 1
Participant recruitment

Activity, Mobility and Muscle force Testing
to quantify physical activity levels participants were asked

to complete the Physical Activity scale for the Elderly (PAsE)
(18). the PAsE is a self-report measure of activity over the
previous week that has been shown to be reliable and valid
method for estimating levels of physical activity in older adults.
the PAsE includes not only planned physical activity but also
considers the contribution of leisure time, volunteer, and
housework activities (18-20). A tester blinded to group
collected all muscle function and mobility measures. Mobility
was determined using two tests: (1) distance covered in the six-
minute walk test (6MW) and (2) self-selected gait-speed (Gs)
(21, 22). these performance tests were chosen to represent
mobility function and have been shown to be both valid and
reliable in this population (21-23). the 6MW test, a measure of
the distance a subject walks in 6 minutes, was used to assess
overall mobility (22). self-selected gait-speed was measured
over a 50-foot course. individuals were instructed to walk at a
comfortable pace starting at the word “go.” they were asked to
walk out 25-feet and back. timing took place from the
command “go” until the starting line was crossed on the way
back (17). Participants were allowed to use any walking aid
they used on a daily basis.

Muscle force was determined by a maximum voluntary
isometric contraction of the knee extensors (MViC) on a
KinCom dynamometer (Chattanooga inc. tn) as follows:
participants were stabilized by chest and thigh straps and seated
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with their knees fixed at 60 degrees of flexion with their arms
folded across their chest. Prior to testing, participants practiced
submaximal contractions at 50 and 75% of their perceived
maximal effort prior to one practice maximal contraction trial.
After a 2-minute rest period, three separate maximal
contractions were performed. Each maximal contraction was
held for 5 seconds with a 3-minute rest between trials. the
outcome variable, muscle force, was calculated as the average
force of three trials. the order of testing (right versus left) was
randomized among subjects (5).

IMAT Determination
Magnetic resonance imaging (Mri) was used for

determination of the cross-sectional area (CsA) of lean muscle
mass and iMAt as has been done previously (5). bilateral
magnetic resonance imaging (Mri) scans of the thighs were
obtained and subjects were placed supine in a 3.0 tesla whole
body Mr imager (siemens trio, siemens Medical, Erlangen,
Germany). the legs were scanned in a coronal plane and the
midpoint of the thigh was determined and defined as half way
between the superior margin of the femoral head and the
inferior margin of the femoral condyles. Axial imaging (5mm
thick slices at 1 cm intervals) of the legs was then performed
over 1/2 the length of the femur, centered at the midpoint of the
thigh. separate fat and water images were created with custom
software using the three-point dixon method (5, 24). A tissue
model was then used to calculate estimates of total fat and
nonfat volume fractions on a per-pixel basis, which were
displayed in image form. Eleven images from the middle 1/3 of
each thigh were used to determine average cross-sectional area
(cm2) of iMAt and lean tissue. Manual tracing eliminated
subcutaneous fat and bone and isolated the fascial border of the
thigh to create a subfascial region of interest (rOi). total
iMAt and lean tissue were calculated by summing the value of
percent fat fraction and percent lean tissue fraction over all
pixels within the rOi using custom-written image analysis
software (MAtLAb; the MathWorks, natick, Massachusetts).
this sum was multiplied by the area of each pixel to give total
fat and lean tissue CsAs within the rOi and the respective
iMAt and lean tissue cross sectional areas were calculated
after excluding subcutaneous adipose tissue and bone (24). the
same investigator blinded to group performed measurements of
individual participants. this technique has demonstrated high
levels of intrarater reliability (25), test-retest reliability (26).
and concurrent validity when compared to imaging of a
cadaveric phantom limb (25). to normalize iMAt for thigh
size, the percent of iMAt was calculated for each individual.
this was done by dividing the area of iMAt (in cm2) by the
overall area of the thigh (in cm2) excluding subcutaneous
adipose tissue and bone.

Muscle Biopsy
All muscle biopsies were performed within one week of the

first testing visit. the morning after a 12-hour fast a vastus

lateralis percutaneous needle biopsy was performed on the
dominant leg as defined by the participant (27). All individuals
were asked to refrain from strenuous activity for 48 hours prior.
the skin and fascia 12-15 cm above the lateral knee joint space
was anesthetized with 5cc of 1% lidocaine, and a small incision
was made. A bergstrom biopsy needle was inserted 3-5 cm
beyond the fascia into muscle and 3 passes made. the sample
obtained was quickly dissected free from blood and visible fat,
snap frozen in liquid nitrogen and stored at -80 C until analysis.

Pro-inflammatory Muscle Cytokines
iL-6 and tnF-α mrnA and protein were chosen as the pro-

inflammatory cytokines of interest within the muscle (9-11).
Muscle analysis was performed to determine the mrnA
expression of iL-6 and tnF-α in the muscle tissue of the
participants. total rnA, cdnA synthesis and real-time
quantitative PCr were conducted as previously reported.[28]
total rnA was extracted by homogenizing 15-20 mg muscle
tissue with a hand-held homogenizing dispenser (PowerGen
125; Fisher scientific) in a solution containing 0.75 ml tri
reagent (Ls; Molecular research Center, Cincinnati, OH) and
0.25 ml nuclease free water. the rnA was separated into an
aqueous phase using 0.2 ml of chloroform and precipitated
using 0.5 ml of isopropanol. isolated rnA was washed with 1
ml of 75% ethanol, dried, and then suspended in a known
amount of nuclease-free water (1.5 µl/mg tissue). rnA was
dnase-treated using a commercially available kit (turbO
dnase-free, Life technologies, Carlsbad, CA). rnA
concentration was determined with a nanodrop 2000
(thermoFisher scientific, Waltham, MA). Afterwards, 0.5 µg
of total rnA was reverse transcribed into cdnA according to
the manufacturer’s directions (iscript, biorad, Hercules, CA).
All isolated rnA and cdnA samples were stored at -80°C
until analyzed. real-time qPCr was carried out with an
Applied biosystems 7900Ht fast sequence detection system.
taqman pre-designed primers (iL-6 and tnF-α) were
purchased from Life technologies. Values were normalized to
beta 2-microglobulin then fold change values were calculated
using the 2-∆∆Ct method (29).

standard western blot procedures were used to determine
protein expression of iL-6 and tnF-α in muscle homogenates
(30). Frozen muscle tissue was homogenized in a buffer
cocktail with protease inhibitors in a pre-chilled glass tube
under ice. Muscle homogenates were centrifuged at 6000 rpm
for 10min at 4°C, and the supernatant was subsequently
collected and transferred to a new microcentrifuge tube. total
protein concentration for each sample was determined on a
spectrophotometer using a colorimetric protein assay (bio-rad;
bradford) and an albumin standard curve. Whole muscle
homogenates were diluted 1:1 in a 2X sample buffer.
Homogenates were loaded at equal protein concentration on a
Criterion tris-HCL pre-cast polyacrylamide gel (bio-rad) and
subjected to sds-PAGE (150V) for 1h in running buffer. Each
gel contained alternating frail and non-frail samples loaded in
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duplicate, and a molecular weight ladder. An internal control
was loaded in duplicate on each gel for band normalization and
comparisons across blots. Protein was transferred (50V; 1h) to
a polyvinylidene diflouride membrane in ice cold transfer
buffer then blocked for 1h at room temperature with 2% non-fat
dry milk (nFdM) in tris-buffered saline in 0.1% tween-20
(tbst). Membranes were incubated overnight in primary
antibody diluted in 2% nFdM in tbs. the next morning, blots
were rinsed in tbst for 5 minutes, rocked in secondary
antibody for 1h at room temperature in 2% nFdM in tbs then
serially washed (15 min, 4 x 5 min) in tbst.
Chemiluminescence reagent (ECL Plus, GE Healthcare) was
applied to each blot for 5 min. Optical density measurements
were obtained with a digital imager (bio-rad). Membranes
were stripped (restore PLus, thermo scientific) of primary
and secondary antibodies then re-probed for α-tubulin
(1:50,000; sigma Aldrich, st. Louis, MO). densitometric
analysis was performed using Quantity One software (bio-
rad). After subtracting out background, all western blot data
were normalized to the internal control and replicate samples
were averaged. the following antibodies were used in this
experiment: iL-6 (1:200; santa Cruz biotechnology, santa
Cruz, CA), tnF-α (1:500; Cell signaling, boston, MA), and
toll-like receptor 4 (1:500; santa Cruz biotechnology).
donkey anti-rabbit and goat anti-mouse igG horseradish
peroxidase-conjugated secondary antibodies (1:6000) were
purchased from santa Cruz biotechnology.

Data Analysis
data were analyzed with sPss statistics 20.0 (sPss,

Chicago, iL). descriptive statistics were calculated for
demographic variables and dependent measures. due to the
small sample size muscle and mobility function, iMAt and
muscular inflammation in older frail and non-frail adults were
compared using a Mann-Whitney u test. spearman’s rho
correlations were used to examine the relationship of iMAt
and muscular inflammation and between inflammation and
muscle force and mobility function. the level of significance
was set at P<0.05.

Results

Participant Characteristics
A total of 26 individuals were enrolled, 8 frail and 18 non-

frail older adults. two individuals were eliminated for refusal
to have an Mri and non-study related illness. All remaining
individuals completed all testing resulting in data for 8 frail and
16 non-frail individuals. A subgroup of 7 frail and 11-non-frail
individuals met the inclusion criteria for a muscle biopsy. the
demographics for both groups of participants are summarized
in table 1. the frail and non-frail groups differed in all activity,
mobility, and muscle force measures.

Table 1

Frail Non-Frail

n 8 16
Age (years) 83.3 (79.5-87.0) 78.1 (75.05-81.07)
bMi (kg/m2) 25.0 (22.2-27.7) 23.9 (22.5-25.3)
PAsE 58.6 (30.6-86.6) 215.0 (185.0-245.0)*
MPPt 16.3 (9.8-22.7) 35.2 (34.5-35.8)*
% Lean 81.9 (77.9-86.1) 88.3 (87.3-89.4)*
% iMAt 18.0 (13.9-22.1) 11.7 (10.6-12.7)*
6MW (meters) 278.5 (155.1-401.9) 540.8 (499.3-582.3)*
Gs (m/sec) 0.67 (0.49-0.85) 1.2 (1.1-1.4)*
MViC (n) 161.9 (120.4-203.3) 323.1(258.4-387.8)*

Mean (95% confidence interval); bMi= body Mass index; PAsE = Physical Activity;
scale for the Elderly; MPPt= Modified Physical Performance test; % lean = percentage of
thigh lean tissue average cross sectional area as measured with Mri excluding
subcutaneous fat and bone; % iMAt = percentage thigh intramuscular adipose tissue
average cross sectional area as measured with Mri excluding subcutaneous fat and bone;
6MW = distance in meters covered in six minute walk test; Gs = self-selected gait speed in
meters/second; MViC = maximal voluntary isometric contraction of knee extensor muscles
in newtons; * significant difference between groups (p<.05)

Figure 2a
data (mean +/- sE) represents the fold change in mrnA for iL-

6 and tnF-α in non-frail and frail older adults. *significant
difference (p=0.02) between non-frail and frail older adults.

note: 11 non-frail and 7 frail older adults were included in the
analysis except for iL-6 mrnA where one frail older adult was

out of detectable range (>40 cycle threshold)
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Figure 2b
data (mean +/- sE) represents the arbitrary units from Western

blots for iL-6 and tnF-α protein in non-frail and frail older
adults. representative Western blot image and molecular

weight for iL-6 and tnF-α from a non-frail and frail older
adult (in replicate). Each gel contained alternating non-frail and
frail samples loaded in replicate, and a molecular weight ladder.

An internal control was loaded in duplicate on each gel for
band normalization and comparisons across blots. Alpha

tubulin was used to determine equal protein loading.
*significant difference (p=0.03) between non-frail and frail
older adults. note: 11 non-frail and 7 frail older adults were

included in all analysis

Inflammation and IMAT
despite having similar ages and bMis, significant

differences between the frail and non-frail groups were found
for thigh iMAt with the frail group having more iMAt
(p=0.002) and less lean tissue than the non-frail group
(p=0.002) (table 1). in the sub-group analysis, iL-6 mrnA
(p=0.028) and protein expression (p= 0.019) were significantly
higher in the frail group than the non-frail group. there was no
significant between group differences in tnF-α mrnA (p=
0.201) or protein expression (p= 0.248). (Figure 2a and 2b.)

there was a moderate significant positive correlation
between thigh iMAt and muscle expression of iL-6 mrnA
(r=0.431 p=0.04) and iL-6 protein (r=0.411, p=.045). there
was no significant correlation between tnF-α mrnA (r=0.240,
p=0.177) or protein (r=0.032, p=.452) and thigh iMAt. both
iL-6 protein and mrnA in the muscle were strongly and
significantly related to all mobility measures. tnF-α mrnA
and protein were not significantly correlated (r values range
from -0.27 to -0.005, p values range from 0.11 to 0.50) with
any muscle force or mobility measures. iL-6 mrnA was
strongly negatively correlated with Gs (r=-0.61, p=0.005) and 6
MW distance (r=-0.63, p= 0.004) and muscle force was
trending towards significance (r=-0.35, p= 0.08). iL-6 protein

expression was strongly negatively correlated with Gs (r=-0.76,
p<0.001), 6 MW distance (r=-0.66, p=0.001), and muscle force
(r=-0.54, p=0.01).

Discussion

this study is the first that we are aware of to examine the
relationship of iMAt and inflammation in aging muscle tissue.
We sought to examine the relationships and differences in
iMAt, muscular inflammation, and muscle and mobility
function in age- and bMi-matched, non-obese, frail and non-
frail older adults. As hypothesized, we found that older frail
adults had increased levels of iMAt and muscular
inflammation when compared to their age- and bMi-matched
non-frail peers. We also found significant positive relationships
between iMAt and the expression of iL-6 mrnA and iL-6
protein within the muscle that were related to both muscle and
mobility function in this group of older adults.

While a significant amount of work has been dedicated to
the prevalence and impact of a loss of muscle mass (31, 32),
surprisingly little research has examined the inflammatory state
of skeletal muscle in older adults. While previous studies have
compared muscle iL-6 mrnA and protein expression in
healthy older and younger adults (33, 34), or changes in muscle
inflammation pre-and-post chronic exercise (35, 36), this is the
first study that we are aware of that compares pro-inflammatory
cytokines in the muscle of otherwise healthy frail and non-frail
older adults of similar ages and bMis. Previous work has found
little to no difference in iL-6 mrnA expression in the muscle
of healthy young versus healthy older adults (33, 34). Our
finding of increased iL-6 mrnA and protein within the muscle
of frail older adults is clinically important as increased basal
serum levels of pro-inflammatory cytokines such as iL-6 are
one of the most important physiologic correlates of frailty (37,
38). Older individuals with the highest levels of serum iL-6
experience decreased strength, impaired mobility, and an
increased risk of death (10, 11, 39, 40). Our findings of a
positive relationship between locomotor muscle iL-6 and
impaired muscle and mobility function in frail older adults adds
to the existing body of literature underscoring the potentially
harmful nature of increased inflammatory levels in older adults.

Whether iMAt is merely a marker of muscle dysfunction or
if it plays a more active role in muscle and mobility dysfunction
remains unknown. iMAt is theorized to be a metabolically
active component of muscle and a potential source of
inflammatory regulation in older individuals (4, 5, 7, 16, 41).
Our results, while only correlational, add to the speculation that
the negative consequences of iMAt on mobility function may
be from the release of pro-inflammatory cytokines that may act
in a paracrine like manner on nearby muscle (4, 7, 16). An
increase in pro-inflammatory cytokines from iMAt may be
especially harmful to muscle. the close proximity of iMAt to
muscle fibers would allow a direct release of pro-inflammatory
cytokines, such as iL-6, onto the muscle fibers and may result
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in increased muscle and mobility dysfunction compared to
systemic increases in inflammation. While this theory is
currently only speculative, animal studies have suggested
increased inflammation within the muscle leads to an immune
response, catabolism, a loss of muscle mass, and decreased
strength (12, 13, 42-45). the moderate relationships we found
between iL-6 and muscle and mobility function suggest that
muscle inflammation is related to muscle and mobility function
in frail older adults and may be at least partially attributable to
levels of iMAt within the locomotor muscles.

Higher levels of circulating iL-6 have been attributed to
increased fat mass and obesity (46). Previous work
demonstrates that up to 30% of circulating levels of iL-6 may
be released from adipose tissue in obese subjects (47). Our
novel data suggests that even in the absence of obesity, iL-6
mrnA and protein expression in the muscle are associated with
iMAt. Our findings are also in agreement with beasly et al.,
who reported a positive relationship between circulating serum
levels of iL-6 with iMAt in older Caucasian women (7). We
did not find any differences in the tnF-α expression between
our groups. Findings have been equivocal on the effect of
aging on tnF-α expression in muscle (33, 48). tnF-α is also
known to have more variable expression than iL-6 (47).
subcutaneous adipose tissue releases large amounts of iL-6 but
little tnF-α, however increases in visceral adipose tissue are
associated with increased tnF-α release (47). it is possible
that given the heterogeneity of adipose tissue, no direct
relationship between iMAt and tnF-α expression exists.

the difference in activity levels between our groups also
suggests that increased iMAt and iL-6 within the muscle of
otherwise healthy frail older individuals may be at least
partially due to sedentary behavior. increases in both iMAt
and serum levels of iL-6 have been associated with both
increased age (16, 49-53) and decreased physical activity (4,
54-57). Our prospective experimental results provide additional
detail to support large epidemiological studies suggesting that
increased iMAt and intramuscular inflammation may be more
a result of inactivity than aging. While some elevation of
systemic inflammation may be expected with normal aging, a
large part of this increase may be attributable to decreased
physical activity or the existence of co-morbid conditions (51).

to date, the literature regarding aging and iMAt is
equivocal, delmonico et al. reported in a 5 year longitudinal
study that iMAt levels increased even in individuals who lost
weight (16). However, more recently Wroblewski et al.,
reported in a cross-sectional study of master athletes ages 40 to
70 plus years of age that iMAt levels did not increase
significantly with age (57). Further support of the inactivity
hypothesis was found by Manini et al. who demonstrated
increased iMAt levels in the thigh and calf of young (19-28
years old) individuals after 30 days of single limb unloading.
iMAt volume increased up to 20% in the lower extremity
suggesting that even in young healthy individuals, increased
iMAt is a consequence of decreased activity (4). intramuscular

inflammatory levels also differ significantly between sedentary
and active adults, and increased physical activity may result in
decreased inflammation in the muscle, even when no systemic
changes in inflammation occur (35, 36, 58).

taken together with our findings, increased iMAt and
muscular inflammatory levels are more likely a product of
disuse then age per se. While we did not have a younger group
of individuals to compare, if increases in iMAt and muscular
inflammation were solely an age and bMi related phenomenon
we would expect to see similar levels of iMAt in our frail and
non-frail age- and bMi-matched participants. Our results differ
from those of buford et al. (59) who found no difference in
iMAt between non-frail older adults and frail older adults, but
did find a difference in iMAt between young and older adults.
buford, however, studied sedentary adults with multiple co-
morbid conditions. the participants in our study had markedly
different activity levels and while we cannot attribute the
between group iMAt differences in this case-control analysis
to activity level alone, our findings do suggest that relative to
iMAt deposition in the thigh muscles, all older adults are not
created equal. this is an important finding as physical activity
may be protective against locomotor iMAt deposition in older
adults (4, 57). Goodpaster et al. identified that walking just two
times per week nearly amerilorated an increase in iMAt in the
midthigh of healthy mobile older adults age 70-89.

Limitations and Directions for Future Research
Our results are not without limitations. the small sample

size and cross sectional nature of these results requires caution
when interpreting the results. While we did control for multiple
co-morbidities and illness in our age- and bMi-matched
cohorts, it is possible that undiagnosed co-morbidities, or the
small age discrepancy, could have influenced the differing
levels of iMAt and inflammation. However, given that
previous work has demonstrated no significant differences
between iL-6 mrnA expression in young and old healthy
individuals, this appears unlikely (33, 34). We also included
both male and females in this analysis in an attempt to make
our findings more generalizable. We do recognize that sex
could have a potential influence on our results as previous work
has found iMAt difference between males and females (7).
However, even when our groups were analyzed by sex, the
findings of differences between iMAt and inflammation in
frail and non-frail older adults still remain (results not
presented). Finally, because we controlled for both bMi and
co-morbidities in both groups, our findings are likely
conservative. the relationship of muscular inflammation and
iMAt in older adults may be even more robust if we include
individuals with obesity and diagnosed diseases typically
associated with inflammation such as diabetes or heart disease.

this study is the first to examine the relationship of iMAt
and inflammation in aging muscle tissue. A significant
relationship was found between iMAt and iL-6 protein and
mrnA expression. this iMAt-inflammatory pathway provides
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a potential mechanistic link underlying iMAts negative
influence on muscle and mobility function and provides insight
into the potential harmful effects of iMAt on skeletal muscle.
studies with larger samples are needed to more definitively
delineate the relationship between iMAt and inflammation in
older adults and to explore if exercise can be used to decrease
both iMAt and inflammation in older adults.
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