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Abstract

Background: The association between various definitions of sarcopenia and hospitalization has not been evaluated in community-dwelling
older men.

Methods: We used data from 1,516 participants at Visit 3 of the Osteoporotic Fractures in Men (MrOS) study who also had linked Medicare
Fee-For-Service Claims data available. We examined the association between several sarcopenia definitions (International Working Group,
European Working Group for Sarcopenia in Older Persons, Foundation for the NIH Sarcopenia Project, Baumgartner, and Newman) and
hospitalization, using two-part (“hurdle”) models, adjusted for age, clinical center, functional limitations, self-reported health, comorbidity,
and cognitive function. Predictors included sarcopenia status (the summary definitions and the components of slowness, weakness, and/or lean
mass); outcomes included hospitalization and cumulative inpatient days/year in the 3 years following the Visit 3 exam.

Results: After accounting for confounding factors, none of the summary definitions or the definition components (slowness, weakness, or low
lean mass) were associated with likelihood of hospitalization, the rate ratio of inpatient days among those hospitalized, or the mean rate of
inpatient days amongst all participants.

Conclusions: Sarcopenia was not associated hospitalization in community-dwelling older men. These results provide further evidence that
current sarcopenia definitions are unlikely to identify those who are most likely to have greater hospitalization.

Keywords: Sarcopenia—Epidemiology—Gait—Hospital related

Introduction definitions of sarcopenia have been proposed, including definitions

o . that use only lean mass, and others that are more integrated which
Little is known about whether sarcopenia (the age-related loss of mus- . i
. L . L use slowness (based on walking speed) or weakness (based on grip
cle mass and accompanying decline in physical function) is related . .
e o . . strength) as part of a summary definition. Using data from a cohort
to health care utilization and hospitalization in community-dwelling ; ) . .
. . of community-dwelling older women, we found little evidence to
adults. A previous report by Janssen et al. estimated the health care

costs associated with sarcopenia (defined by low appendicular lean
mass/height?) as $18.5 billion in 2000. However, this study has a
number of limitations. It did not use individual level cost estimates

support associations between several competing definitions of sar-
copenia, (including Baumgartner (1); Newman (2); the International
Working Group [IWG] (3); the European Working Group on

and only evaluated one definition of sarcopenia. Many competing Sarcopenia Older Persons [EWGSOP] (4); and the Foundation for
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the NIH Sarcopenia Project [FNIH Sarcopenia Project] (5)) and sub-
sequent health care utilization, although the slowness component
of several of these definitions did identify women with at risk for
greater health care use (6). A Portuguese study of nearly 700 hos-
pitalized adults aged >18 years evaluated low lean mass (assessed
by bioelectrical impedance analysis) and weakness (assessed by grip
strength) and found that sarcopenia by these components was asso-
ciated with longer length of hospital stay, although the associations
were strongest in the youngest adults (<65 years) (7). Another study,
limited to hospitalized older European adults, found that presence of
sarcopenia was related to increased hospitalization costs (7).

Thus, using Medicare Fee-For-Service (FFS) claims data linked to
cohort data from the Osteoporotic Fractures in Men (MrOS Study),
a prospective cohort study of older community-dwelling men, we
aimed to determine whether sarcopenia as classified by a variety of
definitions (and the individual components of these definitions) was
associated with likelihood of hospitalization and rate of inpatient
days.

Methods

Study population

Between 2000 and 2002, 5,994 ambulatory community-dwelling
men aged 265 years without bilateral hip replacements were enrolled
in MrOS, a multicenter cohort study of aging and osteoporosis (8,9).
Between 2007 and 2009, 4,681 surviving participants returned for
a third clinic visit, home visit, or completed questionnaires. All men
provided written informed consent, and the study was approved by
the Institutional Review Board at each center.

Clinical measurements

Weight was measured on a balance beam or digital scale, and height
by wall-mounted stadiometers. Body mass index was calculated
as weight (kg)/height® (m?). Appendicular lean mass was assessed
by DXA (Hologic 4500 scanners, Waltham, MA) as previously
described (10). Gait speed was measured over a 6 m course using the
average of two trials (m/s) (11). Grip strength (kg) was assessed using
Jamar handheld dynamometers; the maximum value of two trials in
each hand was analyzed. Men self-reported functional limitations,
defined as the presence of difficulty/inability to complete any of sev-
eral tasks related to self-care (see footnote Table 1). Participants also
self-reported race, smoking status, health status (excellent/good vs.
fair/poor/very poor). Teng MMSE test was administered by trained
clinical staff for global cognitive function (higher scores represent
better function) (12). Comorbidity burden was assessed using the
Elixhauser comorbidity index, a sum of the presence of 31 specific
medical conditions by using ICD-9 diagnostic codes in MedPAR
(Part A claims), Hospital Outpatient, and Carrier (Physician/Supplier
Part B claims) files for each MrOS FFS participant in the 12 months
preceding the Visit 3 examination (13).

Sarcopenia definitions

We evaluated the following definitions of sarcopenia, as previously
described: (14) Baumgartner (1); Newman (2); the IWG (3); the
EWGSOP (4); and the FNIH Sarcopenia Project (5) (see footnote,
Table 2). The consensus definitions are similar in that all combine
lean mass assessed by DXA with a strength and/or physical perfor-
mance component; the Newman and Baumgartner definitions rely
lean mass and body size or composition estimates alone (without
inclusion of physical performance). For the FNIH and Newman

definitions, we used both the primary definition in primary analyses
and report alternative definition in the Supplementary Table.

Medicare data linkage

Linkage of the MrOS cohort to Medicare claims data was completed
as previously described. Of the 5,994 men enrolled initially in MrOS,
5,876 (98.0%) were determined to have valid linkages to Medicare
claims data; of these, 2,997 (51.0%) were enrolled in Medicare Fee-
For-Service for at least one month after the baseline exam.

Analysis subset

Of the 4,681 men who attended part of Visit 3 (or completed a study
questionnaire), 3,621 had a clinic visit and complete data needed
for calculating all of the sarcopenia definitions (Figure 1). Men
who did not have a complete clinic visit (N = 1060) were older and
less healthy than hen who had a completed clinic visit (N = 3,621;
Supplementary Table 3). Of the men with a complete clinic visit,
1,516 men were enrolled in Medicare Fee-For-Service for at least
one month following Visit 3, and comprised the analytic cohort for
these analyses. Among those with a complete clinic visit, there were
few differences between men enrolled in Medicare FFS (N = 1516,
analytic cohort) and those who were not enrolled in Medicare FFS
(N = 2105, Supplementary Table 3).

Statistical analyses

Participant characteristics were compared by the presence/absence
of the various sarcopenia definitions using #-tests for continuous nor-
mal variables, Kruskall-Wallis tests for skewed continuous variables,
and chi-square tests for categorical variables. We used two-part
models (“hurdle” models) (15) with bootstrapping to estimate the
likelihood of hospitalization, the rate ratio of inpatient hospital days
amongst those hospitalized, and the mean number of inpatient days
among all participants (with 95% confidence intervals) according to
sarcopenia status, for each definition or component separately. The
two-part “hurdle” mode estimates the odds of being hospitalized
(yes/no) using a logit function, and then among those who are hos-
pitalized, the means of inpatient days were estimated using log-link
functions. We used two-part models (“hurdle” models) (15) with
bootstrapping to estimate the likelihood of hospitalization, the rate
ratio of inpatient hospital days amongst those hospitalized, and the
mean number of inpatient days among all participants (with 95%
confidence intervals) according to sarcopenia status, for each defi-
nition or component separately. The two-part “hurdle” mode esti-
mates the odds of being hospitalized (yes/no) using a logit function,
and then among those who are hospitalized, the means of inpatient
days were estimated using log-link functions, adjusted for follow-up
time using an offset of the logarithm of follow-up time. These so-
called hurdle models allow for analysis of outcome data, such as our
hospitalization outcomes that include many observations with no
events, and additional observations with many events. The outcome
data are specified to be modeled by two different statistical pro-
cesses: binomial distribution (no hospitalization vs hospitalization);
and a truncated-at-zero distribution (eg, truncated Poisson) govern-
ing all positive counts for nonzero outcomes. Advantages of these
models include (a) they allow for simultaneous calculation of odds
ratios for any event versus none, and also for rate ratios (using count
data) among those who have had an event, as well as mean rates, (b)
they allow for predictors to be different or have different degrees of
association with the chance of hospitalization as opposed to hospi-
talization days, and (c) they allow analysis of the mean number of
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After multivariate adjustment, none of the summary definitions of
sarcopenia were associated with likelihood of hospitalization, the
rate ratio of inpatient days among those hospitalized, or the mean
rate of impotent days for all participants.

Components of definitions of sarcopenia and
hospitalization

In age-adjusted models, slowness by any definition was associated
with greater likelihood of hospitalization, a higher rate ratio of inpa-
tient days amongst those hospitalized, and a greater mean number of
days hospitalized amongst all participants.

There was a suggestion that weakness by the EWGSOP definition
was associated with the likelihood of hospitalization and a greater
mean rate of inpatient days amongst all participants, but not with a
higher rate ratio of inpatient days amongst those hospitalized. None
of the other components of the various definitions, including any
measure of lean mass, were associated with hospitalization.

When adjusted for additional potential confounders, none of the
definition components (slowness, weakness or low lean mass) were
associated with the likelihood of hospitalization, the rate ratio of
inpatient days among those hospitalized, or the mean rate of inpa-
tient days amongst all participants. For the models examining slow-
ness, adjustment for confounding factors attenuated the association
with hospitalization.

None of the alternative FNIH or Newman definitions of sarco-
penia (Supplementary Table) were associated with hospitalization in
age and clinical center adjusted or multivariate adjusted models.

Discussion

In this cohort of community-dwelling men enrolled in Medicare
Fee-for-Service, none of the definitions of sarcopenia evaluated were
independently associated with likelihood of hospitalization, the rate
ratio of inpatient days once hospitalized, or the mean rate of hospi-
talization amongst all participants. In addition, none of the compo-
nents of these sarcopenia definitions (eg, slowness, weakness, or low
lean mass) were independently associated with hospitalization.

Our results are consistent with our previous study in women in
that none of the summary definitions of sarcopenia were associated
with hospitalization. However, unlike our previous study in older
women, slowness in men was not independently associated with hos-
pitalization. Although significant in age and clinical center adjusted
models, the association between slowness and hospitalization was
strongly attenuated after adjustment by confounding factors. It is
possible that this reflects a sex difference, in that walking speed may
be more strongly associated with hospitalization in women than
in men. Women have greater disability burden than men (16) and
perhaps these discrepant findings reflect such sex differences. On
the other hand, the discrepant results may also reflect differences
between the cohorts and analytic strategy, as the current analysis in
men accounted for somewhat different confounding factors than the
study in women (due to different data collection in the cohorts), and
the studies were completed during different calendar years amongst
participants recruited from different geographical areas. In addition,
women in the previous study were older and had slower walking
speed than the men in the present analyses; perhaps a greater preva-
lence of slowness led to the different findings.

Other studies have suggested a relationship between sarcope-
nia and health care costs (17); and such studies are often cited to
justify the development of interventions to combat sarcopenia (18).
However, we did not find a strong association between sarcopenia

and health care utilization as measured by hospitalization (although
we did not specifically estimate costs; this will be a topic of future
research). It is unlikely that specific investigation of cost per se would
significantly alter our overall conclusion that sarcopenia as currently
defined is largely unrelated to health care use once confounding fac-
tors are taken into account. Finally, our results are generally congru-
ent with the Portuguese hospitalized patient study, as in that study,
sarcopenia was not associated with length of hospital stay amongst
individuals aged 265 years (7). A study of sarcopenia and health
care costs, limited to hospitalized European adults (7), found that
while presence of sarcopenia was associated with greater cost, the
increased cost was greater among younger, rather than older, adults.
It is possible an analysis similar to ours but in a younger population
would find different results.

Why is there no association between the current definitions of
sarcopenia and hospitalization in men? It could be that sarcopenia—
regardless of the construct and specific definition used to define it—is
unrelated to health care use. An alternative is that the definitions as
currently constructed are incorrect, and that revision of these defini-
tions would reveal an association between sarcopenia and hospitali-
zation. The definitions evaluated herein were mostly based on expert
opinion, or were developed using data-driven approaches against a
narrow range of outcomes. Changes or updates to sarcopenia defini-
tions by validating against a wider range of outcomes might yield dif-
ferent findings. In addition, some of these definitions are comprised
of factors related to mobility, rather than just muscle mass alone, and
therefore reflect a broader concept of sarcopenia that incorporates
function rather than just a low absolute amount of muscle.

Our study has several strengths. We used data from a very well
characterized cohort of older community-dwelling men and deter-
mined health care use through linkage to Medicare claims data.
However, a number of important limitations must be noted. First,
our study included relatively healthy older men; thus, generalizations
to other populations such as younger adults and the institutional-
ized may be limited. For example, individuals with many previous
hospitalizations may not have been healthy enough to attend the
MrOS clinic visit, and it is unknown whether these findings would
be similar in such a population. Second, the data were subset to men
with data from Medicare FFS which may also limit generalizability
to those who receive care from other health care systems. Third, our
sample size was relatively small and we have had somewhat limited
power to detect small effects. Although the prevalence of sarcopenia
was low by some definitions, the relative size of the effect estimates
were modest and confidence intervals excluded strong effect sizes
which suggests that our study did not miss large, clinically important
effects. Given the observational nature of this study, we may not
have fully accounted for the potentially confounding factors, either
by omission or through poor assessment. For example, our measure
of functional status is not from a validated scale, and we have no
information about diet or nutritional status; therefore, our account-
ing for functional status and diet may not be accurate, and the con-
founding effects of these factors may still be present.

In summary, sarcopenia was not associated hospitalization in
community-dwelling older men. These results provide further evi-
dence that current sarcopenia definitions are unlikely to identify
those who are most likely to have greater hospitalization.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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