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Relative Contributions of Adiposity and
Muscularity to Physical Function in
Community-dwelling Older Adults

Catherine M. Jankowski', Wendolyn S. Gozansky', Rachael E. Van Pelt', Margaret L. Schenkman?,
Pamela Wolfe’, Robert S. Schwartz' and Wendy M. Kohrt'

Objective: To determine the relative contributions of adiposity and muscularity to multi-dimensional
performance-based and perceived physical function in older adults living independently.

Methods and Procedures: Data from 109 women and men, aged 60 or older, with low serum dehydroepiandrosterone
(DHEA) sulfate levels were included in this cross-sectional analysis of baseline measures from a single-site, randomized,
controlled trial of DHEA replacement therapy. Physical function was determined by means of performance on the
100-point Continuous Scale-Physical Functional Performance (CS-PFP) test and by self-reporting using the physical

function subscale of the Medical Outcomes Short Form-36 (SF36

#s)- Body composition was measured by dual-energy

X-ray absorptiometry (DXA). Linear regression analyses were used to determine the contributions of body mass index
(BMI; kg body mass/m?), fat index (Fl; kg fat/m?), and appendicular skeletal muscle index (ASMI; kg muscle/m?) to the

CS-PFP and SF36,, scores, adjusted for age and sex.

Results: Age-adjusted regression analyses indicated that Fl, but not ASMI, was a significant (P < 0.001) determinant
of CS-PFP (R? = 0.54) and SF36,, (R* = 0.37). When adjusted for age and sex, BMI was nearly as good a predictor of

CS-PFP (R? = 0.50) and SF36,,. (R? = 0.34) as FI.

Discussion: Adiposity was a stronger predictor of measured and self-reported physical function than was muscularity
in older adults living independently. BMI, adjusted for sex, is a reasonable substitute for adiposity in the prediction of

physical function.

Obesity (2008) 16, 1039-1044. doi: 10.1038/0by.2007 .84

INTRODUCTION

With advancing age, many adults will have relative degrees of
both obesity and sarcopenia as a result of the inevitable increase
in fat mass (FM) and decrease in muscle mass (1,2). High BMI
(3,4), low muscle mass (5), and the combination of excess FM
with low muscle mass (6) have been associated with increased
risk for physical disability in older adults. Sarcopenic obe-
sity describes a body type that is over-fat and under-muscled
relative to body size (6,7). Although an accepted definition of
sarcopenic obesity is lacking, it has been suggested that it is
present in <10% of the elderly population (8,9), whereas the
prevalence of sarcopenia is 13-36% (10) and ~33% of older
Americans are obese (11).

Several studies (3,8,12-16) support the notion that the
impairment of physical function in the elderly is more strongly
associated with excess body mass and/or relative FM than inad-
equate fat-free mass (FFM). However, these studies were lim-
ited by the use of only self-reported physical function (8,12,14)

or the evaluation of only one dimension of performance-based
function (e.g., lower extremity function) (13,15,16). In studies
that included multi-dimensional performance-based measures
of physical function, high BMI (17-19) and low relative FFM
(18) were each significant determinants of functional limita-
tions, but the relative contributions of FM and FFM to func-
tion were not evaluated. Therefore, the aim of this study was
to determine the relative contributions of adiposity and mus-
cularity to multi-dimensional performance-based (i.e., mea-
sured) and perceived (i.e., self-reported) physical function in
community-dwelling older women and men.

METHODS AND PROCEDURES

Study population

Women and men aged 60 years or older were recruited to participate in
a randomized, double-blinded, placebo-controlled trial of dehydroepi-
androsterone (DHEA) replacement therapy conducted at a university
medical center. The study cohort included 109 participants (55 women)
for whom complete body composition and physical function testing
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were obtained at study entry. All participants provided written informed
consent to participate in the study, which was approved by the local
Institutional Review Board.

A medical history was taken and screening tests were performed to
determine eligibility for participation in the randomized trial. Participants
met the following eligibility criteria: serum DHEA sulfate <3.8 umol/l;
fasted serum triglycerides <4.52 mmol/]; blood pressure <180/95mm Hg;
normal thyroid function; normal liver enzymes; Geriatric Depression
Scale (20) score <20; Mini-mental State Exam (21) score >24; and no
contraindications for DHEA replacement therapy. Individuals were also
excluded for the following reasons: unstable health, poorly controlled
diabetes mellitus or use of insulin, and use of hormone therapies or oral
glucocorticoids in the previous 6 months. Thirteen (eleven of whom were
men) of the 261 volunteers screened for participation had serum DHEAS
levels that exceeded the inclusion criterion (22).

Physical function performance
Measured physical function performance was determined using the
total score on the Continuous Scale-Physical Functional Performance
(CS-PEP) test (23). The CS-PFP comprises 16 tasks of varying difficulty
that represent activities of daily living and instrumental activities of daily
living, such as dressing and carrying a bag of groceries. Performance is
quantified using combinations of time to complete a task, amount of
weight carried, and/or distance walked, then scored on a scale from 0 to
100 with higher scores reflecting better function. The CS-PFP total score
is the average score of all tasks. The CS-PFP tests were administered
by three testers (inter-rater reliability = 0.94-0.99), in a standardized
laboratory setting using scripted instructions. Additional information
regarding the CS-PFP is available at http://www.coe.uga.edu/cs-pfp.
Perceived physical function was determined using the physical func-
tion subscale of the Medical Outcomes Short Form-36 (SF36,,) with
higher scores indicating better perceived function (24,25). Eight of the
ten questions within the SF36,, are similar to tasks performed in the
CS-PFP (e.g., climbing one flight of stairs). The SF36 and CS-PFP were
completed ~2 weeks apart.

Body composition

Dual-energy X-ray absorptiometry. Body composition was mea-
sured via dual-energy X-ray absorptiometry (DXA) with either a Lunar
DPXIQ (Software v4.38, GE Healthcare Technologies, Waukesha, WT)
(n = 79; 34 women, 45 men) or a Hologic Delphi W (software v11.2,
Hologic, Bedford, MA) (n = 30; 21 women, 9 men) instrument. Because
the use of two DXA instruments could not be avoided, we did a sepa-
rate study of 34 subjects (not in the present trial) measured on both
instruments. The between-instrument bias was assessed using Bland-
Altman plots and an orthogonal regression (26) of the measures from
Lunar regressed on Hologic. The mean + s.d. of the bias for body mass,
EM, FFM, and appendicular skeletal muscle mass were 0.21 + 0.69 kg,
0.71 £ 1.12 kg, —0.92 + 1.06 kg, and —0.10 * 0.70 kg, respectively. The
estimated regression coefficients from the orthogonal regression were
used to transform data for the 30 subjects measured using a Hologic
instrument in this study. Body mass, FM, and appendicular skeletal
muscle mass were normalized to height* to control for skeletal size
(10). Each variable was expressed categorically and continuously, as
described below.

BMI. BMI, an index of obesity, was derived from body mass measured
by DXA to the nearest gram and height measured to the nearest 0.1 cm.
We used the World Health Organization cutoff points for BMI (27) to
classify participants by obesity because of the widespread clinical use of
this index and for comparison with previous studies (3,8,14,18). Par-
ticipants were categorized as obese (BMI > 30), overweight (25 < BMI
< 30), or normal weight (BMI < 25).

Fat index. Fat index (FI), a measure of adiposity, was calculated as FM
normalized to height (kg/m?). Unlike BMI, FI reflects sex differences
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in adiposity. The distribution of FI was divided into tertiles for the cat-
egorical analyses.

Appendicular skeletal muscle index. Appendicular skeletal muscle
index (ASMI), a measure of muscularity, was the sum of bone-free,
fat-free tissue mass in the arms and legs normalized to height (kg/m?).
Unlike obesity, there is no single accepted clinical parameter of muscu-
larity. For the categorical analyses, cutoff points for muscularity were
selected using the method of Baumgartner et al. (9) whereby women
and men with ASMI <5.45 and <7.26, respectively, were classified as
sarcopenic (6,10). Because of the lack of consensus on the definition of
sarcopenia (9), a second approach for the categorical analyses utilized
tertiles of ASMI.

Statistical analysis

The primary dependent variables were CS-PFP and SF36,,. Sex dif-
ferences in body composition, CS-PFP, and SF36,,, were determined
by independent ¢-tests. The association of CS-PFP with SF36,, was
assessed using Spearman’s rank correlation coefficient (r). Differences
in the primary outcomes among categories of BMI, tertiles of FI, cat-
egories of sarcopenia, and tertiles of ASMI were tested using one-way
ANOVA with Tukey post-hoc tests. Linear regression models were
used to determine the relative contributions of age, sex, FI, ASMI,
and BMI, expressed as continuous variables, to CS-PFP and SF36PF
Because tests of assumptions revealed a skewed distribution of SF36,,
(i.e., a ceiling effect) and no single transformation was appropri-
ate for both SF36, and CS-PFP, confidence intervals (CI) for the
model parameters were estimated using bootstrapping methods.
We re-sampled cases with replacement 5,000 times, estimating the
regression parameters for each model on each iteration, and used the
percentile method for estimating the 95% Cls (28) for the population
parameters. Resampling of cases is preferred to resampling the errors
because the former is more robust to misspecification of the model.
For the 30 cases with transformed Hologic DXA data, errors saved
from the orthogonal regressions were sampled and attached to the
transformed body mass, FM, and appendicular skeletal muscle val-
ues before entering the bootstrap analysis. Analyses were performed
using SAS statistical software version 9.1 (SAS Institute, Cary, NC);
significance was defined as a < 0.05 except in the bootstrap estimates,
where the null hypothesis (H: p = 0) was rejected when the 95% CI
excluded 0. Data are presented as the mean + s.d.

RESULTS

Subject characteristics

The participants were aged 69 * 7 years (range: 60-84 years),
ambulatory, and living independently; 94% were white and
non-Hispanic (Table 1). Twenty-five participants were obese
based on BMI, 19 were sarcopenic based on ASMI, and one
was sarcopenic obese. Significant cognitive impairment and
major depression were absent. Medication use has been previ-
ously described (22). Men scored significantly (P < 0.01) better
than women on the CS-PFP, but not on the SF36 . CS-PFP was
significantly correlated with SF36,, (r = 0.53, P < 0.001). The
sex differences in body composition were as expected, with
women having similar BMI but significantly greater adiposity
and less muscularity than men.

Effects of body mass, adiposity, and muscularity on

physical function: categorical analyses

There were significant differences across BMI categories and FI
tertiles in CS-PFP (both P < 0.05) and SF36,, (both P < 0.001)
(Table 2). In the post-hoc analyses, CS-PFP was significantly
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Table 1 Subject characteristics (mean = s.d.)

Women Men

(n=55) (n=54)
Age (years) 69+7 69+7
CS-PFP 56.5+13.4 64.8+16.9
SF36,. 79.0+17.1 84.0+19.8
Body mass (kg) 70.8+16.3 84.6+13.4"
BMI (kg/m?) 27.0+5.2 27.5+43
Fat mass (kg) 30.0+£11.7 256+9.7"
Fat index (kg fat/m?) 11.4+41 8.4 +3.2**
Fat-free mass (kg) 411 +6.0 59.0+56.7*
Appendicular skeletal muscle mass (kg) 16.4 +2.9 24.8 + 3.2
Appendicular skeletal muscle index 6.3+0.9 8.1+0.9*

(kg/m?)

All body composition variables include Lunar and transformed Hologic data.
Range of CS-PFP and SF36, is 0-100.

CS-PFP, total score on the Continuous Scale-Physical Functional Performance
test; SF36,. physical function subscale of the 36-ltem Medical Outcomes
Survey.

*P < 0.01; *P < 0.001; **P < 0.05; women vs. men.

Table 2 Performance-based (CS-PFP) and perceived (SF36,,)
physical function in older women and men classified by levels
of obesity, adiposity, and muscularity

Wom:n/men CS-PFP SF36,.

Obesity by BMI (28)

Normal weight 21/14 65+132 90+ 10?2

Overweight 23/25 61+16 82+172

Obese 11/15 54+16 69+ 24
Adiposity by Fl tertiles

Low 18/18 66+ 15° 91+9°

Intermediate 18/18 61+16 83+ 17°

High 19/18 56+15 71122
Muscularity by ASMI, categories of sarcopenia (9)

Normal 47/43 61+16 81+18

Sarcopenic 8/11 59+ 13 82+20
Muscularity by ASMI tertiles

High 19/18 63+17 82+17

Intermediate 17/18 60+16 76+ 21

Low 19/18 59+ 14 86+16

All values are mean =+ s.d. Body composition variables include Lunar and trans-
formed Hologic data.

ASMI, appendicular skeletal muscle index, kg/m? CS-PFP, total score on the
Continuous Scale-Physical Functional Performance test; Fl, fat index, kg/m?
SF36,,, physical function subscale of the 36-Item Medical Outcomes Survey.
Superscripts designate significant (P < 0.05) post-hoc comparisons for each
performance outcome: dcompared to obese; "compared to high Fl tertile.

lower in the obese than the normal weight tertile, and lower
in the high FI tertile than in the low FI tertile (both P < 0.05).
SF36,, was significantly lower in the obese than in the normal
weight or overweight tertiles, and lower in the high FI tertile
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Figure 1 Association of BMI with Continuous Scale-Physical Functional
Performance (CS-PFP) test total scores in older women and men.

than in the intermediate or low FI tertiles (all P < 0.05). There
were no significant differences in CS-PFP or SF36,, between
sarcopenia categories or across ASMI tertiles.

Relative contributions of body mass, adiposity, and
muscularity to physical function: regression models

The relative contributions of body mass, adiposity, and mus-
cularity to CS-PFP and SF36, were tested using linear regres-
sion (Table 3). During model development sex was found
to be highly collinear with ASMI (Kendall’s T correlation
coefficient = 0.60) and FI (Kendall’s T correlation coefficient =
—0.32); the interaction of sex with ASMI or FI was not sig-
nificant (P = 0.09 and P = 0.86 respectively). Therefore, in
the primary analysis sex was dropped from models that
included ASMI or FI. Sex remained a significant independ-
ent predictor of function in the presence of BMI, such that
the level of function was higher in men than in women for
any given BMI (Figure 1).

The four regression models evaluated were: (i) CS-PFP as
a function of age, FI, and ASMI; (ii) CS-PFP as a function
of age, sex, and BMI; (iii) SF36,, as a function of age, FI, and
ASMI; and (iv) SF36,.asa function of age, sex, and BMI. After
adjustment for age, which was a significant independent and
inverse predictor of function in all models, FI was a signifi-
cant inverse determinant of CS-PFP and SF36,. ASMI was
of borderline significance in predicting CS-PFP (CI: -0.02,
3.46) but not a significant determinant of SF36,.. Therefore,
we added two simplified Adiposity models: CS-PEP as a func-
tion of age and FI and SF36, as a function of age and F1. BMI,
when adjusted for sex, was almost as robust a determinant of
CS-PFP and SF36,,, as FI. ASMI explained <2% of the vari-
ability in either outcome.

In an exploratory analysis, sex-specific regression models
of the relative contributions of ASMI and FI to CS-PFP and
SF36,, (adjusted for age) were tested. These results concur
with the primary analysis: FI is a consistent, highly significant
(P < 0.001 for all models) predictor of function whereas ASMI
ranged from just significant (e.g., prediction of CS-PFP only
in older men) to not significant, depending on the model. FI
was inversely related to function in all of the sex-specific mod-
els, and the absolute value of the standardized coefficient on
FI ranged from 0.5 to >20 times greater than that of ASMI.
Therefore, adiposity was more important to physical function
than was muscularity in healthy older adults.
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Table 3 Linear regression models of performance-based (CS-PFP) and perceived (SF36,.) physical function in older

women and men

Predictor . o
Dependent variables Models variables R? B s.e. (B) 95% Cl

CS-PFP Adiposity+muscularity Age 0.54 -1.27 0.16 -1.59, -0.99
Fl -2.04 0.29 -2.63, -1.50

ASMI 2.06 0.87 -0.02, 3.46
Adiposity Age 0.52 -1.35 0.15 -1.64,-1.07
FI -2.02 0.30 -2.62,-1.47
Obesity Age 0.50 -1.38 017 -1.72,-1.07
BMI -1.38 0.25 -1.88, -0.91
Sex 8.90 2.13 4.94,13.28
SF36,, Adiposity+muscularity Age 0.37 -0.94 0.25 -1.43, -0.47
Fl -2.60 0.42 -3.47,-1.85

ASMI -0.25 0.97 -2.11,1.73
Adiposity Age 0.37 -0.93 0.24 -1.41,-0.46
FI -2.60 0.42 -3.48,-1.85
Obesity Age 0.34 -1.01 0.26 -1.50, -0.51
BMI -2.02 0.37 -2.78,-1.34
Sex 5.91 2.90 0.61,11.82

Confidence intervals (Cl) were based on the bootstrap percentile method: 5,000 samples with replacement were drawn from the original data, estimates of the para-
meters saved, and the results sorted. The 95% confidence limits are the 2.5th and 97.5th percentile points of the ordered estimates. Body composition variables include

Lunar and transformed Hologic data.

ASMI, appendicular skeletal muscle index, kg/m?; CS-PFP, overall score on the Continuous Scale-Physical Functional Performance test; Fl, fat index, kg/m?; s.e. (),
bootstrap estimates of variance; SF36,,,, physical function subscale of the 36-Item Medical Outcomes Survey; f, parameter estimate of the original linear regression.

Bold type indicates rejection of the null hypothesis (H:p=0).

DISCUSSION

The aim of this study was to determine the relative contribu-
tions of body mass, adiposity, and muscularity to measured
(i.e., performance-based) and perceived (i.e., self-reported)
physical function in community-dwelling, older women and
men. The major finding, based on both categorical and regres-
sion analyses, was that adiposity (FI) and obesity (BMI), but
not muscularity (ASMI), were strong determinants of both
measured and perceived physical function.

Categorical analyses

We evaluated functional status according to the category of
BMI and sarcopenia because this approach has been used by
other investigators (3,5,8,14,17,18). However, because BMI is
not a sex-specific index of obesity (i.e., at a given BMI, women
have a greater relative FM than men) and because there is no
accepted definition of sarcopenia, we also conducted categori-
cal analyses according to tertiles of FI and ASMI. Both of these
approaches yielded similar findings; measured and perceived
function were different across categories of BMI and FI, but not
across categories of sarcopenia or ASMI (Table 2). The observed
associations of BMI with function concurred with previous
studies that included multi-dimensional, performance-based
measures of function (17,18).

By contrast, the results of this study were not consistent with
previous findings that showed that measured functional limi-
tations were significantly more prevalent in older adults with
low, as compared to normal, relative skeletal muscle mass (5)
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or relative FEM (18). This discordance may be partly explained
by the small number of participants in this study who were
sarcopenic. However, we also found no trends for function to
vary across tertiles of ASMIL

Regression models

We also evaluated the impact of age, BMI, FI, and ASMI, as
continuous variables, on physical function using regression
models. It is important to note that Fl and ASMI are parameters
that differ based on sex, whereas BMI does not (Table 1).
Therefore, the regression models in the primary analysis that
included FI or ASMI were not adjusted for sex, but models that
included BMI were.

The age-adjusted regression models corroborated the cat-
egorical analyses that BMI and FI were independent deter-
minants of measured and self-reported function, but ASMI
was not. Importantly, when adjusted for age and sex, a simple
clinical index of obesity (BMI) was nearly as good at predicting
functional ability as the DXA measurement of adiposity (FI).
Although the results indicate that muscularity is of little impor-
tance in predicting physical function in older adults, this must
be interpreted cautiously because the lower CI for ASMI in the
Adiposity+Muscularity model predicting CS-PFP approached
zero (Table 3). Furthermore, the sex-specific models in the
exploratory analysis suggest that muscularity was an independent
determinant of CS-PFP in older men. It is possible that ASMI
would have emerged as an independent determinant of function
if we had studied a larger or more diverse group of older adults.
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We and others (23) found a moderate, positive correlation
between CS-PFP and SF36,, in older adults even though 8 of
the 10 questions within the SF36,, are similar to tasks per-
formed in the CS-PFP. One of the strengths of the CS-PFP test
is the absence of a ceiling effect because performance is based
on workload and time to complete tasks (23). Self-reporting
can overestimate performance-based function if, e.g., a person
is able to climb a flight of stairs but does so very slowly (29).
Despite the limitations in the use of self-reported physical
function, the regression and categorical analyses support the
hypothesis of worse function in those persons with greater
body mass or adiposity.

Limitations

One limitation of this study was the cross-sectional design.
In two prospective studies (12,30), absolute and relative FM
at baseline were significantly and directly associated with
incidental self-reported disability in older women and men.
One study (30) also found that low relative FFM at baseline
predicted disability. There is little knowledge as to whether
interventions aimed at reducing FM in older adults result in
improved physical function. However, in two studies of obese
older women, measured and self-reported physical function
improved significantly in response to exercise and diet inter-
ventions that resulted in reductions in FM and preservation of
FEM (18,31).

Other limitations to this study must also be recognized. The
CS-PFP and SF36,scores were indicative of independently liv-
ing older adults (32) with minor medical conditions (25). Thus,
the findings may not extend to clinical populations with mus-
cle wasting (i.e., cancer cachexia, nursing home residents). The
cutoff values for categorizing ASMI as normal or sarcopenic
were population-specific (6,9,10) and may have led to the mis-
classification of cases in this study. Furthermore, sarcopenic
obesity was defined using BMI criteria, as opposed to other
measures of adiposity. Finally, it was beyond the scope of the
study to include measures of regional fat distribution. Upper
body adiposity may explain some of the variance in functional
performance in our study population.

In conclusion, we found that adiposity or obesity was a
stronger predictor of physical function than was muscularity
in older, community-dwelling adults. Longitudinal inter-
vention studies will be needed to determine if strategies for
protecting physical functional abilities with aging should
focus on minimizing the accumulation of body fat. Studies
of this nature will benefit from the use of performance-based
physical function tests, such as the CS-PFP, that do not have
a ceiling effect.
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