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Background. Poor muscle size and function (sarcopenia) have an important role in the age-associated disability pro-
cess. However, no commonly accepted index of sarcopenia exists for use in epidemiological studies.

Methods. A cohort of 998 community-dwelling African Americans 49-65 years’ old at baseline was used to construct
the short portable sarcopenia measure (SPSM). SPSM was conceptualized as a measure of sarcopenia that combines es-
timates of muscle quantity and function into a single scale, is based on component items that can be obtained easily in the
field, represents muscle status at a single time point that can be used without sex-specific adjustments, and can be used to
follow change in muscle status over time with each person as his or her own control. We used exploratory factor analysis
(EFA) to identify a unidimensional scale based on timed chair rises, lean mass, and grip strength divided by height. We
used these three items and their EFA factor weights to construct SPSM (mean 9.0, median 9, range 0 [worst] to 18 [best]
at baseline). Construct validity of the new measure, over a period of 36 months was examined.

Results. SPSM required 8.5 pounds of equipment and 12.4 minutes to complete. It showed good score distribution and
convergent, discriminant, and predictive validity with measures of muscle function, body composition, physical perfor-
mance, psychological factors, and functional limitation cross-sectionally and with muscle function and body composition
longitudinally. Extensive sensitivity analyses confirmed SPSM’s robustness.

Conclusions. SPSM is a brief, portable, and valid measure of sarcopenia for use in epidemiological research. Similar

studies in other populations are needed.
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USCLE size and strength decline with age (1,2), and

poor muscle size, strength, power, and function (sar-
copenia) have an important role in the age-associated dis-
ability process (3). Sarcopenia has been associated with
prevalent and incident disability; with declines in lower ex-
tremity performance and self-reported functional status; and
with subclinical cardiovascular disease, falls, nursing home
admissions, and mortality (3—10). Sarcopenia has many dif-
ferent aspects and can be studied at a variety of levels (4,8,
11). Some (6,12-14) have restricted sarcopenia to mean
lack of muscle mass only (literally, “flesh loss”). However,
others (15,16) have included muscle function in the clinical
description, and several (17-19) have included muscle per-
formance in the operational definition. Adipose tissue, con-
nective tissue proteins, and other extracellular components
increase intramuscularly with age (20), and fat infiltration
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into muscles has been associated with poorer muscular per-
formance (8,21). Notably, muscle composition, strength,
and function appear to be at least as important as the amount
of muscle mass alone in explaining logically appropriate
correlates of sarcopenia (8,22).

Many previous measures of sarcopenia have used various
laboratory methods that are not field portable (8,13,23,24).
In general, measures that are appropriate for field use in-
clude bioelectrical impedance and grip strength (15). A few
portable epidemiological measures have been described.
For example, Baumgartner and colleagues (19) proposed
sex-specific equations for estimating muscle mass based on
height, weight, hip circumference, grip strength, and sex,
and others have recommended field measures of strength as
proxies for muscle mass (17,18). We found, however, that
our study participants were uncomfortable with invasive
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hands-on measures like hip circumferences obtained in their
homes by field staff. To our knowledge, no field measure
has been developed that combines estimates of muscle
quantity and function.

We used data from the African American Health (AAH)
project to develop a measure of sarcopenia that combined
estimates of muscle quantity and function into a single
scale, was based on component items that could be easily
employed in epidemiological studies, used a modicum of
equipment, and would not feel invasive to participants.
Furthermore, we wanted a measure that (a) would represent
muscle status at a single time point that could be used with-
out sex-specific adjustments; (b) could be used to follow
change in muscle status over time, with each person serving
as his or her own control; and (c) would demonstrate rea-
sonable dispersion of results with minimal ceiling or floor
effects. We then examined the convergent, discriminant,
and predictive validity of the new measure. Multiple sensi-
tivity analyses using different configurations of the new
measure were performed to examine robustness.

METHODS

Study Sample

AAH is a representative population-based panel study of
African Americans who were born in 1936 through 1950 from
two diverse socioeconomic areas of St. Louis, Missouri, with
a recruitment rate of 76% (25). The 998 participants were
aged 49-65 years at the baseline assessment in 2000-2001.
Inclusion criteria involved self-reported Black or African
American race, Mini-Mental State Examination (26) score of
16 or greater, and willingness to provide informed consent.
When sample weights are applied, the AAH cohort represents
the noninstitutionalized African American population in the
two areas in 2000. Baseline (Wave 1) assessments were per-
formed in participants’ homes and averaged 2.5 hours.

The 36-month follow-up (Wave 4) was also performed in
the home and averaged 1.5 hours. Of the 998 participants
who were assessed at baseline, 853 were successfully reas-
sessed at Wave 4, representing 90.1% of 947 participants
who survived to the 36-month follow-up. Attrition analysis
indicated that dropout status was associated only with diag-
noses of cancer and heart disease and better vision. There-
fore, no potentially confounding attrition bias was evident.
All procedures were approved by the institutional review
boards at the involved institutions, and all participants
provided informed consent.

The Short Portable Sarcopenia Measure

Components.—To construct the short portable sarcopenia
measure (SPSM), we first selected measures to represent
lean mass (“lean body mass index [BMI],” using bioelectri-
cal impedance body compositional measurement), upper

body muscular status (grip strength/height), and physical
performance related to lower body strength and power (27,
28) (timed chair stands). For lean BMI, weight was deter-
mined using the portable Tanita Ultimate Scale Model 2001
(Tanita Corporation of America, Arlington Heights, IL),
with participants in bare feet and wearing their usual house
clothing, and percent body fat was measured using the
Tanita scale’s bioelectrical impedance program. Height was
measured using nonmarring tape, a plastic right angle, and
a retractable tape measure while the participant stood erect
without shoes against a doorframe. We defined lean BMI as
[1 — percent body fat] x [body weight in kg/height in m?],
which we validated using dual energy x-ray absorptiometry
(DEXA, Hologic QDR 4500W; Hologic, Inc., Bedford, MA)
on a subsample of the cohort in the clinical testing center. In
brief, DEXA was used to estimate non-bone total lean mass
(excluding the head) and non-bone appendicular skeletal mass
(ASM), in grams. Tanita total lean mass was calculated as [1
— percent body fat] x [body weight in kg]; correlation with
DEXA total lean was .90. Tanita percent lean was determined
as [1 — percent body fat]; its correlation with DEXA percent
ASM was .83. (More details are available on request.)

Grip strength was assessed as the average of three maxi-
mal effort trials using a hand-held isometric dynamometer
(Baseline; Fabrication Enterprises, Inc., Irvington, NY, or
Jamar; Preston Corp., Jackson, MI). Consistent with prior
literature (29,30), grip strength was found to have a strong
(r =.59), linear association with height. Thus, we adjusted
for this relationship by dividing grip strength by height. We
elected against adjusting for BMI to avoid confounding the
lean BMI component contribution to SPSM. For chair
stands, participants were asked to complete five rises and
returns as fast as possible (60 seconds maximum). Test—
retest intrarater intraclass correlation coefficients (ICCs)
were .80 (95% confidence interval [CI] 0.71-0.88) for grip
strength divided by height, 0.72 (0.55-0.83) for chair stands,
and .86 (0.78-0.92) for lean BMI in a randomly selected
subsample of 80 participants 5—45 days after baseline (31).

Wave 1 performance results were divided so that approx-
imately one fifth of participants were in each of 5-score cat-
egories (0—4) for each component. Cut-point scores for
handgrip divided by height were: O for unable, unsafe, too
much pain, or <14.07 kg/m; 1 for >14.07 to <17.64 kg/m;
2 for >17.64 to <20.57 kg/m; 3 for >20.57 to <25.04 kg/m;
and 4 for >25.04 kg/m. Cut-point scores for chair stands
were: 0 for unable, unsafe, too much pain, or >23.88 sec-
onds; 1 for >13.67 to <23.88 seconds; 2 for >11.29 to
<13.67 seconds; 3 for >9.13 to <11.29 seconds; and 4 for
<9.13 seconds. Cut-point scores for lean BMI were: 0 for
<16.95 kg/m2, 1 for >16.95 to <18.31 kg/m?, 2 for >18.31 to
<19.61 kg/m?, 3 for >19.61 to <21.10 kg/m?, and 4 for
>21.10 kg/m?.

Component combination.—We conducted an exploratory
factor analysis of the three component items (scored 0—4) at
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baseline. A single-factor solution emerged, with the follow-
ing factor loadings: chair stands 0.433, lean BMI 0.625, and
grip strength 0.873, supporting factorial validity. We com-
bined the three components using a weighting scheme
based on these factor loadings: the chair stands score was
weighted 1, the lean BMI score was weighted 1.5, and the
grip strength score was weighted 2. The SPSM score was
the sum of the three weighted component scores and ranged
from O (greatest sarcopenia) to 18 (least sarcopenia), in 0.5
increments. This scoring algorithm was used to determine
SPSM at both Waves 1 and 4. For participants with missing
data on one component (8%, 13%, and 9%, respectively, for
grip strength divided by height, lean BMI, and chair stands
at baseline), the total score was calculated as the average of
the other two components x 3 (32). SPSM scores were
available for 912 participants at baseline and for 780 at
36-month follow-up. SPSM intrarater test—retest reliability
using the ICC was .89 (95% CI 0.82—0.93) in a randomly
selected subsample of 71 participants 5-45 days after base-
line assessment.

Construct Validation of SPSM

Using the approach described in Carmines and Zeller
(33), we examined the construct validity of SPSM. Conver-
gent validity measures were obtained in the clinical testing
center on subsamples of participants, plus self-reported and
physical performance measures acquired during in-home
assessments. The clinical center measures included muscle
testing using a computerized isokinetic dynamometer
(Biodex Medical Systems, Inc., Shirley, NY), body compo-
sition using DEXA, and two physical performance assess-
ments. Using the Biodex set at 60° per second angular
velocity, maximum strength, power, and total work were
calculated as the average over two sets of the maximum
peak torque, power, and total work per set of three repeti-
tions, in foot-pounds, watts, and foot-pounds, respectively.
The clinical center’s physical performance measures were a
4-m usual gait speed assessment (the average of two trials in
meters per second, using a preestablished course free of
obstacles) and a 6-minute walk test using an unimpeded
90-ft hallway path and a standardized protocol (34). The
average time delay between in-home assessment and
in-center evaluation was 47 (SD 36) days for Wave 1 and 42
(SD 37) days for Wave 4.

In the home, usual gait speed was measured as the aver-
age of two trials in meters per second, using a standardized
3- or 4-m course (31,35), and the standing balance score
from the Short Physical Performance Battery (SPPB) ranged
from O to 4 (4,35). Falls efficacy was measured using Ti-
netti’s scale (36) (total score 0 = lowest self-efficacy to 100 =
highest self-efficacy). Depressive symptoms were measured
using the 1l-item Center for Epidemiologic Studies—
Depression scale (37). We hypothesized a priori that the
correlation between SPSM and the isokinetic dynamometer

and DEXA measures would be higher than those with the
other measures of convergent validity.

Discriminant validation measures were collected during
the in-home assessments. Lower body functional limitation
(continuous variable) was measured as the sum of repo-
rted difficulty for (or inability to perform) five activities
(walking one-quarter mile, going up and down 10 steps,
standing for 2 hours, stooping—crouching—kneeling, and
lifting and carrying 10 pounds) (25). Dichotomous valida-
tion measures included self-reports of walking one-quarter
mile more than once per week, falling >2 times in the past
year, experiencing >1 injurious falls in the past year, having
fear of falling, and fair or poor self-rated health (38). We
hypothesized that SPSM would demonstrate a part correla-
tion moderately lower than correlations with the isokinetic
dynamometer and DEXA measures but higher than part
correlations with the other convergent validity measures in
Table 1. Furthermore, we hypothesized that SPSM would
be a significant predictor of all the dichotomous discrimi-
nant measures, with the strongest relationship with fear of
falling.

Predictive validation involved correlations between
change in SPSM from Wave 1 to Wave 4 and change over
the same time in each of the isokinetic dynamometer and
DEXA measures for the subsample of participants with
measures at both waves. We hypothesized that SPSM would
correlate significantly with change in each of the validating
variables.

Statistical Analysis

All analyses were performed using SPSS, version 14.0
(SPSS, Inc., Chicago, IL), and sample weights. The rela-
tionships between SPSM and strength, power, work, and
total and appendicular lean mass were examined using
Pearson correlations. The associations with physical perfor-
mance (Table 1, panel B), psychological variables (Table 1,
panel C), and lower body functional limitation (Table 2,
panel A) were assessed using multiple linear regression, ad-
justed for age and sex using the part correlation. The rela-
tionships with dichotomous discriminant variables (Table 2,
panel B) were investigated using multivariable logistic re-
gression, adjusted for age and sex. The associations of
change in SPSM with change in the isokinetic dynamome-
ter and DEXA measures for a period of 36 months were
examined using Pearson correlations and the (Wave 1 —
Wave 4) score for each variable.

Sensitivity analyses included the following. Analyses
were run using only participants with data for all three
component tests, and analyses using age—sex adjustments
were repeated without them. Different definitions of SPSM
were examined, including: continuous variable versions of
lean BMI, grip strength divided by height, and chair stands
were tested to assess the need for an aggregate measure of
all three; SPSM was constructed as a simple sum of items
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Table 1. Correlation of Muscle Function, Body Composition, Physical Performance, and Psychological Variables With SPSM Using Sample-

Weighted Data
Measure Wave 1 SPSM Wave 4 SPSM
A. Muscle Function and Body Composition n Correlation p Value n Correlation p Value
Knee extension
Maximum peak torque* 179 633 <.001 309 .621 <.001
Maximum power? 179 615 <.001 309 610 <.001
Maximum total work* 179 .650 <.001 309 562 <.001
Knee flexion
Maximum peak torque* 179 .615 <.001 309 .653 <.001
Maximum power’ 179 .628 <.001 309 .633 <.001
Maximum total work¥ 179 .625 <.001 309 585 <.001
Total lean mass® 182 663 <.001 318 .680 <.001
Appendicular skeletal mass® 182 .658 <.001 318 613 <.001
B. Physical Performance n Part Correlation" p Value n Part Correlation" p Value
4-m walk, in center 169 288 <.001 312 263 <.001
6-min walk, in center® 156 204 .002 279 267 <.001
Usual gait speed** 476 .094 .007 674 .143 <.001
Standing balance score' 895 257 <.001 755 .149 <.001
C. Psychological Variables n Part Correlation" p Value n Part Correlation" p Value
Falls efficacy scale 911 213 <.001 778 206 <.001
CES-D 11 score# 909 -.237 <.001 776 —-.168 <.001

Notes: CES-D = Center for Epidemiologic Studies—Depression scale; SPSM = short portable sarcopenia measure.

*Measured as the average of the maximum peak torque from each of two sets of three repetitions at 60° per second.

“Measured as the average of the maximum power for one repetition from each of two sets of three repetitions at 60° per second.
#Measured as the average maximum total work for one repetition from each of two sets of three repetitions at 60° per second.

§Measured by dual energy x-ray absorptiometry; bones and head excluded.
I Adjusted for age and sex.

TMeasured as the average of two trials in meters per second using a 4-m course in testing center; participants were instructed to walk at their usual pace.
#Measured using a 90-ft path in the testing center; participants were instructed to walk as far as possible in 6 minutes.

**Measured as the average of two trials in meters per second using a 3- or 4-m course in home; participants were instructed to walk at their usual pace (35).
* Hierarchical standing balance component of the Short Physical Performance Battery (4).

#CES-D 11 denotes the 11-item short form of the CES-D.

(ie, without weighting the component items); lean BMI was
changed to a simple measure of percent lean [1 — percent
body fat]; lean BMI was dropped from the SPSM specifica-
tion; chair stands (the lowest weighted SPSM item) was
dropped; and a physical performance measure of lower
body functioning, the SPPB (4,35), was substituted for
SPSM to examine whether SPSM essentially represents
physical performance, not sarcopenia per se. (Table 1 con-
vergent analyses were used for these examinations.) Finally,
because Newman and colleagues (2) showed that measures
of adiposity were associated with strength and muscle quality
independently of muscle mass, we adjusted the validation
analyses with strength, power, and total work for BMI and
for percent body fat in separate sets of analyses.

RESULTS

Descriptive Data

At baseline, the mean age of participants was 56.7 years,
and 58% were women. The average educational attainment
was 12.5 years, 19% reported less than $20,000 in annual
household income, and 49% had a BMI >30. Mean baseline
lower body functional limitation was 1.29 (SD 1.45). By the

36-month follow-up, 51 participants had died and 16 had
been admitted to a nursing home. The equipment used for
measuring SPSM weighed 8.5 pounds and cost $299 per
assessment kit (in 2008 dollars). SPSM averaged 12.4 min-
utes to complete and demonstrated an approximately nor-
mal distribution (Figure 1), with 2.5% and 1.9% at ceiling
(SPSM = 18) and 1.4% and 3.2% at floor (SPSM = 0) for
Waves 1 and 4, respectively.

Construct Validity

Both baseline and follow-up SPSM scores were strongly
associated with knee strength, power, and total work, and
with total lean and ASM. As predicted, SPSM was indepen-
dently associated with the four physical performance and two
psychological measures, but the associations were weaker
than were those with isokinetic dynamometer and body com-
position measures (Table 1). SPSM demonstrated discrimi-
nant validity for the lower body functional limitation (Table 2,
panel A) and the five dichotomous variables, except for a
marginal relationship with injurious falls at both Waves
(Table 2, panel B). Our a priori hypotheses were generally
confirmed, although the strongest relationship with the
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Table 2. Discriminant Validity

MILLER ET AL.

: Association of Functional Limitations, Frequency of Walking One-Quarter Mile, Fall-Related Outcomes, and

Self-rated Health With SPSM Using Sample-Weighted Data

Measure Wave 1 SPSM Wave 4 SPSM

A. Continuous Variable* n Part Correlation p Value n Part Correlation p Value
LBFL 910 -.255 <.001 780 -.236 <.001

B. Dichotomous Variables® n Prevalence AOR? (95% CI) p Value n Prevalence, OR* (95% CI) p Value
Walking one-quarter mile$ 887 1.123 (1.080-1.168) <.001 767 1.117 (1.072-1.164) <.001
Frequent falling (>2 per year) 909 0.859 (0.804-0.917) <.001 778 0.913 (0.864-0.966) .002
Any injurious fall in past year 912 0.933 (0.854-1.019) A2 780 0.914 (0.832-1.003) .06
Fear of falling (yes = 1, no = 0) 912 0.888 (0.850-0.927) <.001 779 0.892 (0.853-0.933) <.001
Self-rated health (fair—poor = 1, others = 0) 911 0.868 (0.834-0.904) <.001 780 0.867 (0.829-0.906) <.001

Notes: CI = confidence interval; OR = odds ratio; LBFL = lower body functional limitation; SPSM = short portable sarcopenia measure.

*Multiple linear regression analysis, adjusted for age and sex.
TMultivariable logistic regression analysis, adjusted for age and sex.

#Nota bene: the adjusted OR denotes the change in the validating variable per point on SPSM.

§Measured as <1 time/wk versus greater than one time per week.

dichotomous variables was with self-rated health, closely
followed by the fear of falling and walking one-quarter mile.
Notably, there was a 9%—14% decrease in having experi-
enced the dichotomous validating outcome for each point in
SPSM.

The predictive validation results demonstrated significant
relationships between change in SPSM and change in the
torque, power, and work for knee extension and more modest
associations for knee flexion measures (Table 3). There was
very little change in total lean mass and ASM across the co-
hort (data available on request) over the 36-month follow-up,
which probably explained the lack of correlation with change
in SPSM.

Sensitivity analyses including only participants with
complete data on all three component items and those drop-

10
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Figure 1. SPSM unweighted score distributions for Wave 1 (baseline) and
Wave 4 (36-month follow-up). n =912, M = 9.0, SD = 4.4, range = 0-18, 1.4%
with score of 0 and 2.5% with score of 18 at Wave 1, and n =780, M = 8.6, SD =
3.9, range = 0-18, 3.2% with score of 0 and 1.9% with score of 18 at Wave 4.
(For clarity of presentation, scores were rounded to the nearest integer.) SPSM =
short portable sarcopenia measure.

ping age and sex adjustments made no meaningful differ-
ence in observed associations. SPSM consistently showed
stronger associations with the validating measures in Table 1
than any of the individual tests, with limited, unsurprising
exceptions such as stronger relationships of lean BMI with
muscle mass measures, chair stands with physical perfor-
mance measures, and grip strength with the 6-minute walk
and the falls efficacy scale at Wave 1. Changing the lean
mass component to percent lean or dropping it altogether
led to sizable decreases in the associations with muscle per-
formance by Biodex and body composition by DEXA but
somewhat stronger relationships with the other measures.
Dropping chair stands led to consistent decreases in asso-
ciations with Biodex measures, although modest increases
in associations with DEXA measures. Substituting SPPB
for SPSM showed considerable decreased Biodex measure
associations and no significant association with DEXA
measures, although improved associations with physical
performance and psychological measures. Because SPSM
was designed to represent sarcopenia (represented by strong,
consistent association with Table 1, panel A, measures, with
more modest association with Table 1, panels B and C mea-
sures), the original definition was retained. Addition of ei-
ther BMI or percent body fat did not meaningfully change
the associations between SPSM and the isokinetic measure-
ments or increase the explanatory power in the construct
validation models.

DiscussIoN

The longer that older adults can maintain proper muscle
mass and function, the more likely they are to avoid or delay
age-associated health problems such as lower body func-
tional limitation, disability, falls, and mortality (3,39). Ef-
forts to understand the effects of and changes in muscle size
and function over time at the population level would be
greatly facilitated by a valid and reliable evaluation instru-
ment that measures the essential features of muscle status.
SPSM may serve this purpose. We believe that this study
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Table 3. Predictive Validity: Correlation of 36-Month Change in
Muscle Function and Body Composition for a Period of 36 Months
With 36-Month Change in SPSM Using Sample-Weighted Data

Measure W1 SPSM Minus W4 SPSM
A. Muscle Function and Body Composition n Correlation  p Value
Knee extension
Maximum peak torque W1 minus W4* 117 267 .004
Maximum power W1 minus W47 117 235 012
Maximum total work W1 minus W4# 117 317 <.001
Knee flexion
Maximum peak torque W1 minus W4* 117 172 .069
Maximum power W1 minus W4¥ 117 182 .054
Maximum total work W1 minus W4# 117 236 .012
Total lean mass W1 minus W4$ 124 -.061 526
Appendicular skeletal mass W1 minus W45~ 124 -.014 .886

Notes: SPSM = short portable sarcopenia measure; W1 = Wave 1; W4 =
Wave 4.

*Measured as the average of the maximum peak torque from each of two
sets of three repetitions at 60° per second.

"Measured as the average of the maximum power for one repetition from
each of two sets of three repetitions at 60° per second.

#Measured as the average maximum total work for one repetition from
each of two sets of three repetitions at 60° per second.

§Measured by dual energy x-ray absorptiometry; bones and head
excluded.

has demonstrated its reliability, validity, and definitional ro-
bustness. Our results are consistent with those of Lauretani
and colleagues (17), who found that grip strength was a
strong correlate of muscle mass and functional limitations
but extends their work to include other factors (lean mass
and chair stands) that appear to have improved the correla-
tion of the composite with the validating variables compared
with grip strength alone. Our participants were also much
more willing to participate in the Tanita-derived lean BMI
determination than have their hip circumference measured
accurately (ie, with minimal interference from clothing).
Notably, DEXA could be substituted for our bioelectrical
impedance measure of lean BMI in clinic settings with eas-
ier access to DEXA. In addition to its practicality, low cost,
and time efficiency, SPSM is also safe to measure. We have
obtained the SPSM component measures in participants’
homes more than 1,700 times without a single complaint,
fall, or other serious adverse event.

The population studied (late middle-age, urban-dwelling
African Americans) is both an advantage and a potential
limitation. On the one hand, African Americans are particu-
larly susceptible to experiencing age-associated declines in
physical functioning (25,40,41). On the other hand, this
study involved a single race—ethnic group of limited age
range from a single metropolitan area, which restricts its
generalizability. Thus, replication of these analyses in other
populations, in other age groups, in other geographic areas,
and with different types of chronic illnesses (eg, arthritis,
heart failure) is needed (15).

In summary, SPSM appears to be a brief, portable, reli-
able, valid, and robust sarcopenia measure for epidemio-

logical research. As interventions are developed to prevent
or ameliorate age-associated declines in muscle quantity
and function and are disseminated into the community with
the intent of having a long lasting impact, a validated field
measure that integrates several important aspects of the
muscle deterioration syndrome of sarcopenia should prove
useful (3).
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