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Abstract

Objective—To characterize skeletal muscle fat (SMF), intermuscular adipose tissue (IMAT) and
subcutaneous adipose tissue (SAT) in individuals with rheumatoid arthritis (RA), and assess the
associations between these fat depots and physical function and physical activity.

Methods—Cross-sectional analysis from an RA cohort. SMF, IMAT and SAT were measured
using computed tomography imaging of the mid-thigh cross-sectional region. Physical function
was measured with the Health Assessment Questionnaire (HAQ) and a battery of performance-
based tests that included quadriceps muscle strength, gait speed, repeated chair-stands, stair
ascend, and single leg-stance. Physical activity was assessed using an activity monitor.
Associations between SMF, IMAT and SAT, and physical function and activity were assessed by
multiple linear regression models adjusted for potential confounders such as age, gender, body
mass index, muscle area, and strength.

Results—Sixty subjects with RA (82% female, age 59 + 10 years, BMI: 31.79 + 7.16) were
included. In the adjusted models, lower SMF was associated with greater gait speed, single leg
stance, quadriceps strength, and physical activity, and less disability (R2A range .06-.25, p < .05);
whereas IMAT did not associate with physical function or activity; and SAT was negatively
associated with disability (HAQ) (R2A= .13 p<0.05) and weakly but positively associated with
muscle strength. (R2A=.023, p<0.05).

Conclusions—Fat infiltration within the muscle seems to independently contribute to low
physical function and activity in contrast to IMAT or SAT accumulation. Longitudinal studies are
necessary to confirm the impact of SMF on disability and promoting health in persons with RA.
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INTRODUCTION

Rheumatoid Arthritis (RA) affects around 1% of the population, and is an autoimmune
disease driven by systemic inflammation that predominantly affects the synovial membrane
of multiple joints. (1) The main clinical features of RA are poly-articular pain, swelling and
stiffness, but, systemic inflammation in RA also promotes protein degradation, leading to
loss of body cell mass (mostly lean mass) and concomitant increase in fat mass.(2, 3) This
loss of lean mass and gain in fat mass is a well-known finding in persons with RA,(4) and
could be accompanied by increase in fat content within or around the skeletal muscles.
Increase in fat depots in and around the skeletal muscle may affect physical function and
physical activity participation in those with RA. Investigating these fat depots may provide
insight on alternate sources of disability and low physical activity levels (5) that persist in
this population, despite relatively well-controlled disease and advanced medical
management.(6)

The mechanisms by which fat accumulation inside and around the muscle influence physical
function are not fully established, but some studies have indicated that excessive fat
infiltration may perpetrate chronic inflammatory pathways and produce toxic lipid by-
products that could interfere with normal muscle metabolic and contractile functions.(7-9)
These alterations in muscle physiological functions due to fat may consequently influence
physical function. The fat depots inside and around the skeletal muscle that associate with
physical function in non-RA populations are generally classified as skeletal muscle fat
(SMF), intermuscular adipose tissue (IMAT), and subcutaneous adipose tissue (SAT). SMF
is located within individual muscles and includes the fat inside the myocytes and around the
muscle fibers. IMAT lies within the muscle fascia and is interspersed between groups of
muscles. SAT lies outside the muscle fascia and directly underneath the skin.(10, 11) These
fat depots can be assessed in the mid-thigh region using imaging techniques such as
Computed Tomography (Figure 1).

The role of SMF, IMAT and SAT on physical function has been mostly studied in healthy
elderly adults in large longitudinal studies; however, the overall evidence is not entirely
consistent across studies despite robust study designs and an attempt to account for probable
confounders. Higher SMF accumulation was associated with lower physical function in one
longitudinal and two cross-sectional studies,(12—14) whereas no associations were reported
in another longitudinal study.(15) Higher IMAT accumulation was significantly associated
with decline in physical function in two longitudinal studies(16, 17), while no associations
were found in another longitudinal study.(15) Higher SAT accumulation was associated with
decline in physical function over time among women, but not in men,(16, 17) whereas one
cross-sectional study reported no associations between SAT and physical function.(12)
Three of the above studies also examined whether the associations of these fat depots on
physical function decline were independent of muscle area and muscle strength; but
conflicting results were reported.(13-15) As muscle area and strength are known to
contribute to physical function, and also associate with SMF,(18) adjusting for these muscle
characteristics would inform whether these fat depots influence physical function beyond
what is already explained by muscle size and force generating capacity. Variations among
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the different study samples of healthy adults in terms of lifestyle, co-morbidities, degree of
functional limitations or fat accumulation could drive these inconsistent findings.

Findings from healthy populations may not directly translate to populations with chronic
conditions such as RA, who experience a greater degree of functional limitations, are less
active, and have more loss of muscle mass and gain in fat mass compared to healthy
populations. Currently, there is limited insight on how SMF, IMAT and SAT contribute to
physical function in RA. While previous RA studies have investigated the role of overall
body adiposity (19-22) in physical function, these studies used methods(19-21) (22) that do
not quantify SMF or IMAT. To date, we are aware of only study in RA that used methods to
distinguish these different fat depots and explored their associations with physical function.
(23) In cross-sectional analyses, SMF and total fat outside the muscle (IMAT and SAT
combined) were associated with lower physical function in RA,(23) but muscle strength was
not taken into account when assessing the associations.

The current study sought to characterize SMF, IMAT and SAT separately, assess the
associations of each fat depot with measures of physical function and physical activity, and
determine whether the contributions of SMF, IMAT and SAT are unique and independent of
commonly known factors that directly influence physical function such as age, gender, BMI,
muscle area, and muscle strength. We hypothesized that after accounting for confounding
SMF, IMAT and SAT would associate with physical function and physical activity.

METHODS

Design

The current study was an ancillary, cross-sectional analysis of baseline data from 60
individuals with RA who participated in a randomized clinical trial that compared two
strengthening exercise programs to reverse muscle atrophy (Clinical Trials Registration
NCT00924625). The study was conducted in the Department of Physical therapy at the
University of Pittsburgh between December 2009 and September 2013. Computed
tomography (CT) imaging was obtained at the University of Pittsburgh Radiology
Department, and physical function measures were obtained in the Department of Physical
Therapy.

Study Sample

Participants included those above 21 years of age, diagnosed with RA by a rheumatologist as
per the 1987 American College of Rheumatology criteria, and able to ambulate
independently. Participants were excluded if they had contra-indications that precluded safe
participation in strength training of the lower extremity, such as cardiovascular disease,
uncontrolled hypertension, neurological or muscular conditions affecting the lower limbs, or
recent lower extremity surgery. All eligible participants signed an informed consent
approved by the University of Pittsburgh Institutional Review Board prior to study
enrollment.
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Procedures and Measurements

SMF, IMAT and SAT were obtained from mid-thigh CT imaging using previously described
methods.(24, 25) Briefly, we obtained a 10-mm thick axial image of the mid-thigh region at
the femoral mid-point, which is the center of a line joining the lateral most part of the
greater trochanter and the lateral femoral epicondyle. Scanning parameters were 120kVp
and 200-250mA, and subjects were positioned in supine with both femurs in neutral
position. Slice-O-Matic proprietary software was used to quantify SMF, IMAT and SAT
from the CT images. The software differentiates between muscle, fat, and bone tissue based
their physical density properties, which is measured on an interval scale in Hounsfeld Units
(HU), with water as the reference at 0 HU. Muscle tissue was identified by values between 0
to 100 HU, while adipose tissue was identified by values from —190 to -30 HU. SMF
accumulation was assessed using the average muscle density in HU, with lower average
muscle density corresponding to higher amounts of SMF accumulation, and higher muscle
density corresponding to low SMF accumulation. We obtained the average muscle density
(HU) and muscle cross-sectional area (square centimeters) for both quadriceps muscle and
total mid-thigh muscle area. SAT and IMAT were separated by tracing the muscle fascia,
and their cross-sectional areas measured in square centimeters.(Figure 1) For analyses, all
CT variables were averaged for both legs. This method to assess muscle area and fat content
using CT imaging is reliable and valid with ICCs >0.98, and coefficients of variation less
than 2%. (26)

Physical function was measured using the self-reported Health Assessment Questionnaire
(HAQ) questionnaire and a battery of physical performance tests shown to be reliable, valid,
and well tolerated in the RA population.(27-30) The HAQ assesses limitations during 20
activities of daily living, and is scored between 0 (no disability) to 3 (severe disability).(31)
Maximum voluntary isometric strength of the quadriceps was measured using an isokinetic
dynamometer (Biodex,Inc). Subjects sat on the dynamometer with 70 degrees of knee
flexion and performed five trials of isometric knee extension per leg. The highest three trials
for each leg were averaged, and further averaged for both limbs. Repeated chair-stand test
consisted of the time taken to stand up from a chair five times. Stair climbing test recorded
the time taken to ascend one flight of 12 stairs. Self-selected gait speed was calculated from
the time taken to walk four meters. The single-leg stance test measured the time (up to 30
seconds) a subject could stand on one leg without losing balance. Each leg underwent three
trials for single-leg stance, and the values from both limbs were averaged.

Physical activity was measured by the Sense Wear Armband (Bodymedia, Inc), which is a
reliable and valid multi-sensor activity monitor.(32, 33) Subjects wore the monitor on the
right upper arm for 8 days, up to 24 hours per day, except during water related activities. We
calculated the daily time spent in activities of moderate or higher intensities. A minimum of
4 days with at least 10 hours of data was required to yield reliable estimates of physical
activity.(34)

Demographics and biomedical characteristics included age, gender, race, education, body
mass index (BMI), and disease duration and activity. BMI was calculated with weight and
height measured on-site. Disease activity was measured by the disease activity score
(DAS-28), a validated tool that involves the examination of 28 joints for tenderness and
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swelling, ESR, and patient reported global health on a scale of 0 to 100. Validated
algorithms provide scores ranging from 0 to 9.4, with scores < 3.2 indicating low disease
activity, >3.2 < 5.1 indicating moderate disease activity and scores > 5.1 indicating high
disease activity.(35)

Statistical Analysis

The parent trial recruited sixty subjects who were all included in the current secondary
analysis. With 60 subjects, the current study had 80% power to detect small to moderate
associations (p = 0.35, a=0.05). The sample also achieved 80% power to detect an R-square
of 0.16 with up to 4 covariates in a regression model, and an R-square increment of 0.11
with one predictor in the main set.

Data were described using means+standard deviations or medians(25"-75t" percentiles) for
continuous variables, and frequencies(percentages) for categorical variables. We calculated
the 95% CI around the fat depots, and physical function and activity measures to provide
estimates of precision. Univariate associations of average muscle density (proxy measure of
SMF), and IMAT and SAT areas with physical function and physical activity were assessed
using Pearson’s (r) or Spearman’s (rs) correlation coefficients, depending on data
distribution. The strength of the correlations were interpreted based on the values provided
by Cohen.(36)

We used multiple linear regression to assess the independent contribution of muscle density,
IMAT and SAT (independent variables) towards physical function and physical activity
(dependent variables) after accounting for potential confounders. We selected age, gender,
BMI, muscle area and strength as potential confounders because of their known associations
with physical function. Disease activity was not included as a potential confounder as we
postulated that increase fat accumulation is a direct consequence of high disease activity
(systemic inflammation). Since disease activity is now on the causal pathway for low
physical function, it would not fulfil the criteria of a confounder. Separate models were
created for each independent variable and its ability to explain the variance for each
dependent variable. Regression modeling entailed two steps. First, we assessed the
confounding effect of age, BMI, gender, and muscle area and strength by adding each
potential confounder separately into the model with the independent variable. The potential
confounder was included in the final adjusted model if it produced a change of 10% or
higher in the effect size estimates of the independent variable (unstandardized beta-
coefficients).(37) Given the relatively small sample size (N=60) we chose to only adjust for
variables that met the definition of confounding to avoid saturating the models by merely
adjusting for all potential confounders. Quadriceps strength was a dependent variable, but
also selected as a potential confounder for the hierarchical models built to predict the other
physical function and physical activity variables. This was done to assess whether muscle fat
can explain alterations in physical function and PA beyond muscle force generating capacity.
After entering the confounding variables in the regression models, we entered the
independent variable to determine the magnitude of effect by observing the R? change (R?2
A) and the beta-coefficients. We ran regression diagnostics and performed data
transformations (if needed) to ensure that the assumptions for linear regression (i.e.,

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khoja et al.

Page 6

normality of the error distribution, linearity, homoscedasticity) were not violated. Statistical
analyses were performed using the IBM SPSS software, version 21.(IBM Corporation)

For clarity of presentation, the results only contain data on muscle density and muscle cross-
sectional area derived specifically from the quadriceps muscle. This was done for two
reasons. First, the average density for the total mid-thigh muscle and quadriceps only were
highly correlated (r >0.8). Second, because muscle strength was assessed only for the
quadriceps muscles, it was appropriate to build regression models using quadriceps density
and muscle area measures.

RESULTS

Subjects were on average 59 + 10 years, mostly white (83%), female (82%), and obese
(mean BMI: 31.79 + 7.16), had median RA duration of 13.5 years, and moderate disease
activity levels. (Table 1). Quadriceps density (SMF accumulation) was normally distributed
with relatively lower variability and narrower confidence intervals compared to IMAT and
SAT areas that were positively skewed with larger variability and wider confidence intervals.
(Table 2)

Univariate associations indicated that greater muscle density (lower SMF) associated
moderately with lesser time to ascend 12 steps, faster gait speed, longer single leg stance
time, greater quadriceps strength, lower HAQ scores, and higher physical activity (p <.05).
Larger IMAT area showed weak to moderate associations with slower gait speed, longer
repeated chair-stand time, and longer time to ascend 12 steps, higher HAQ scores and lower
physical activity levels (p < .05). Greater SAT area was weakly associated with longer time
for to ascend 12 steps and lower physical activity levels (p < .05). (Table 2)

After identifying and controlling for confounders, greater muscle density (lower SMF)
demonstrated moderate to large positive associations with gait speed, single leg stance time
and physical activity, and negative associations with HAQ scores (R2A range .06-.25, p <.
05). Greater muscle density (lower SMF) was weakly and positively associated with
quadriceps strength (R2A = .023, p <.05), and not associated with stair ascent and repeated
chair-stand time, (p >.05). (Table 3) IMAT did not associate with any measures of physical
function or physical activity after controlling for confounding, (Table 4) while SAT showed
moderate negative associations with HAQ scores (R2A = .13 p <.05), and weak positive
associations with quadriceps strength (R2A = .023, p <.05). (Table 5)

DISCUSSION

This is the first study to investigate the individual roles of SMF, IMAT, and SAT on
objectively measured physical function and physical activity outcomes in RA. Study
findings demonstrate that muscle density (SMF) significantly associated with most physical
function measures (4 of 6) and to physical activity in individuals with RA, even after
accounting for confounders such as muscle area and strength, BMI, age, and gender. In
contrast, associations of IMAT and SAT with physical function and physical activity
significantly attenuated after accounting for muscle area, strength, BMI, age or gender.
These findings are unique and suggest that physical function and physical activity may not
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be solely influenced by the amount of muscle or its ability to generate force, but, also by the
amount of fat within the muscle.

We are only aware of one previous study in RA that investigated SMF with respect to
physical function.(23) Kramer et al reported that SMF significantly associated with lower
physical function in regression models simultaneously adjusted for appropriate confounders
such as subject demographics, RA disease characteristics, muscle area and thigh fat area
(SAT +IMAT combined). However, the unique variability explained by SMF, SAT and IMAT
on physical function was not ascertained, and the role of muscle strength was not assessed.
To our knowledge, our study is the first to demonstrate that SMF independently explains a
significant amount of variability in physical function (4 of 6 measures) and physical activity
independent of muscle strength. These findings suggest that there might be underlying
mechanisms not related to muscle force-generating capacity that can also affect an
individual’s physical function or activity participation. Although not directly studied, it has
been postulated that fat encroachment within the skeletal muscle can affect the contractile,
neuromuscular, and metabolic functions by altering the muscle’s extracellular matrix and
connective tissue properties,(9) and through release of toxic lipid by-products.(8) Few small
RA studies, conducted over 40 years ago, explored the histological properties of muscle
spindles in RA and found accumulation of fluid, thickening of the muscle spindle capsule,
and fibrotic changes in the intrafusal muscle fibers. (38—40) There is a possibility that fat
encroachment around the muscle spindles may affect the intrafusal muscle fibers in a similar
fashion, however, this investigation would require studies that directly assess muscle
ultrastructure and intramyocellular lipid content in RA.

The role of SMF on physical function may also depend on the type of activity carried out by
the contracting muscle and the energy source utilized. We observed that SMF had greater
associations with activities that challenged neuromuscular control (single leg stance) and
muscle endurance (walking) compared to those that replicated a quick strong burst in muscle
activity (e.g. isometric contraction or climbing up a flight of stairs). The reason that we
observed only a small association between SMF and quadriceps strength and no associations
with stair ascend or chair stand time could be that the source of energy used during these
activities is largely glycogen and not intramyocellular lipid, which is represented by SMF
(25).

In contrast to SMF, IMAT did not explain additional variability in physical function or
activity, and the associations significantly attenuated after accounting for confounding, with
BMI being the most consistent confounder. The role of IMAT on physical function has not
been previously reported in RA, but there seems to be conflicting results between non-RA
studies that also adjusted for the effect of BMI and other confounders.(15, 17) Murphy et al
reported that IMAT was associated with a small but significant risk of developing mobility
limitations over time (Hazard Ratio range: 1.00-1.47, (95% CI 1.00-2.02)),(17) whereas
Reinders et al observed no associations between IMAT and worsening of physical function
measures over time (Odds ratio range: 1.00-1.14, (95% CI: 0.82-1.54)).(15) Based on the
current RA and previous non-RA findings, it is likely that the magnitude of the independent
associations between IMAT and physical function or physical activity is small after
accounting for overall body adiposity such as BMI. Although IMAT was not a significant
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predictor of physical function or activity, it has been associated with metabolic
complications, such as poor glucose metabolism and chronic systemic inflammation in the
elderly, obese and diabetes populations.(10, 41-45) Recently, a cross-sectional study in RA
reported that IMAT accumulation was associated with greater insulin resistance.(46)

SAT accumulation did not associate with most physical function variables or physical
activity, but, was positively associated with strength and negatively with HAQ scores (R2A
=.023 and .127, respectively). Similar to IMAT, most associations between SAT and
physical function or activity significantly attenuated after accounting for BMI, as well as
age, gender, and muscle area. Although previous studies in RA have not specifically studied
SAT, prior RA studies reported positive associations between regional adiposity and
disability, which contradict the current study results.(19, 23) Giles et al and Kramer et al
observed a detrimental effect of overall body and appendicular fat mass, and total thigh fat
area (SAT and IMAT combined), respectively, on HAQ scores in adjusted models.(19, 23) In
healthy elderly populations, the associations between SAT and physical function is
inconsistent among studies. Among studies that accounted for BMI and demographics,
Therkelson et al reported no associations,(12) whereas Murphy et al, and Beavers et al
reported significant associations between SAT and worsening of physical function over time
in women, but not men. (16, 17) There does exist some literature in healthy elderly and
obese populations suggesting that subcutaneous fat mass, particularly in the lower body
region, is not associated with adverse metabolic complications, and may be attributed to
favorable metabolic profile (43, 47, 48). In RA, being overweight and obese was associated
with lower mortality, (49, 50) but, the RA studies only used BMI as a proxy measure of
body fat, and did not assess SAT specifically. Therefore, SAT may not be a fat depot that
adversely affects physical or metabolic health. It is also possible that the protective
associations between SAT and disability, and strength could be due to a strong negative
confounding effect of BMI. Further investigation in RA is necessary to confirm these
findings, and tease out the role of BMI as a confounder or effect modifier of these
relationships.

This study also characterized fat content in those with RA. We were able to compare our
ranges of SMF, SAT and IMAT to those from the Healthy Aging and Body Composition
Study as they used similar methods to measure and report fat values. SMF (quadriceps
attenuation) in our RA sample was slightly higher than the healthy ABC study (41.1 £ 6.9
HU), SAT was greater compared to the healthy older adults (77.9 + 47.1 cm?) and IMAT
was similar to that reported in older adults (10.2 + 6.6 cm?2).(18)

The current study is not without limitations. The study sample consisted mainly of
Caucasian women. However, this sample is representative of the RA populations examined
in most western developed societies in terms of gender distribution, BMI, and disease
characteristics.(23, 46) The cross-sectional design also precludes temporal or causal
inferences. The current study investigated fat depots as the primary pathway for reduced
physical function and physical activity, however, it can also be argued that physical
inactivity may lead to fat accumulation, and consequently to muscle weakness and impaired
function. These relationships between fat depots, physical function and physical activity are
likely circular and self-perpetuating in nature, hence future longitudinal studies in RA are
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necessary to investigate the temporal relationship between fat depots and physical function
and activity behavior.

In summary, this study demonstrates that fat infiltration within the muscle (SMF) has a
unique association with physical function and physical activity in individuals with RA, that
is independent of body size, muscle area or muscle strength. These findings suggest that fat
encroachment may drive some metabolic and physical changes within the muscle that may
consequently contribute to worse physical function and low physical activity levels in RA. In
contrast, fat infiltration outside the muscle (IMAT and SAT), does not seem to explain much
variability in physical function or physical activity beyond what is explained by overall body
size (BMI), demographics, or muscle area. These findings are clinically relevant because
they suggest that fat within the muscle may be an alternate source of disability in this
population. Future longitudinal studies assessing the effect of fat infiltration within muscle
on physical function and activity will be necessary to confirm these findings, and to examine
whether targeting these fat depots may be beneficial in promoting the health of those with
RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovation

Shift in body composition towards higher overall body fat mass and lower
lean body mass is a known finding in individuals with RA, however, there is
limited information on whether accumulation of fat in specific depots within
the muscle (skeletal muscle fat) and around the muscles (intermuscular
adipose tissue and subcutaneous adipose tissue) contributes to functional
limitations in this population.

To address the gaps in knowledge this study investigated associations between
skeletal muscle fat, intermuscular adipose tissue and subcutaneous adipose
tissue, and physical function and physical activity in RA after accounting for
factors that are likely to influence physical function and physical activity.
Findings demonstrated that accumulation of skeletal muscle fat, but not
intermuscular or subcutaneous adipose tissue was independently associated
with both lower physical function and activity in RA after accounting for
confounding.

Fat encroachment within the muscle may be a more important contributor to
worse physical function and low physical activity levels in RA compared to
fat accumulated outside the muscle. Future longitudinal studies would be
necessary to assess whether fat in the muscle needs to be directly targeted to
promote health in those with RA.
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POSTERIOR

The blue region represents the mid-thigh muscle area, and skeletal
muscle fat is represented by the average attenuation values of the
blue colored region in Hounsfield Units (HU)

The yellow outline represents the borders of the muscle fascia

The orange region underneath the yellow line represents the
intermuscular adipose tissue cross-sectional area

The red region outside the yellow line represents the subcutaneous
adipose tissue cross-sectional area

Figure 1.
Cross-sectional Bilateral Images of the Mid-thigh Region Illustrating Skeletal Muscle Fat,

Intermuscular Adipose Tissue and Subcutaneous Adipose Tissue. The right mid-thigh cross-
section shows the original image obtained by Computed Tomography, and the left mid-thigh
cross-section represents the processed image with the fat depots.
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Individual Characteristics of the Sample.

Table 1

Variables

Total Sample (N=60)

Age in years, mean = SD
Number of Females, (%)
Number of Caucasians, (%)
Education Level, N (%)

- High School

- College Education
Marital status, N (%)

- Married

- Single/never married

- Other (divorced, widowed, etc.)
Employment Status, N (%)

- Regular Full Time or Part time

- Retired (not due to health)

- Retired or unable to work due to health

- Other (modified or light duty, unemployed, homemaker)
Height in meters, median (25th-75th percentile)
Weight in kg, mean + SD
BMI in kg/m2 mean = SD
RA duration in years, median (25175 percentile)
DAS-28 score, mean £ SD
HAQ score, median (25075t percentile)
Charleston Co-morbidity index, median (25175 percentile)

Raw Score

Age Adjusted Score

59.0+9.8
49 (82)
50 (83)

16 (27)
44 (73)

32 (53)
12 (20)
16 (27)

20 (33)
20 (33)
11 (18)
9 (14)

1.63 (1.59-1.69)
849 +21.1
312472
13.5 (6-22)

40+13

0.88 (0.38-1.25)

0(0.0-1.0)
2.0 (1.0-3.0)

BMI: Body Mass Index, DAS: Disease Activity Score, HAQ: Health Status Questionnaire
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Table 2

Descriptive Statistics of the Dependent and Independent Variables along with Results of their Univariate
Associations.

Univariate Correlation Coefficients (Pearson’s r or
Mean + SD or Median Spearman’s rho)
(25th-75th Percentile) Quadriceps
95% Confidence Density, HU Intermuscular  Subcutaneous
Interval (Skeletal Muscle Adipose Adipose
+ Tissue, sg.cm Tissue, sg.cm
Fat)
Dependent Variables
Quadriceps Strength, Newton-meters? 141.6 (114.8 - 165.9) 134.3 - 158.7 4547 072 075
Single leg stance, seconds? 12.7(3.2-235)11.0-16.3 508 -211 -071
Gait speed, meters/second 1.06 +0.250.99 - 1.12 397" -389% -.219
5-Chair-stand time, seconds 12.5(10.4-15.1) 12.0 -14.9 -.244 270" 128
Stair ascend time, seconds 6.3(5.1-7.7)6.1-7.6 576~ 372% 289%
HAQ 0.88 (0.38-1.25) 0.72 - 1.04 —418% 4% .190
Physical Activity, minutes/day 34.0 (16.0 -47.0) 31.1 -52.4 .578** —388% —301%
Independent Variables?
Skeletal muscle fat (quadriceps density, HU) 46.4+£4.7451-476
Intermuscular adipose tissue area (sg. cm) 11.8(7.9-17.3) 11.4-15.3
Subcutaneous adipose tissue area (sq.cm) 106.3 (69.4 — 153.4) 101.3 -134.9

N =60, except for HAQ (N = 59), Gait speed (N = 59), and Chair-stand (N=58) due to missing data, and Physical Activity (N=51) due to
insufficient activity monitor data (<10 hours per day on 4 days).

*
significant at alpha level 0.05
THigher values of muscle density corresponds to lower amount of skeletal muscle fat

iVaIues represent the averages of the right and left leg.

HAQ: Health Assessment Questionnaire, HU: Hounsfeld Units, sq.cm: square centimeter
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