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Background. Sarcopenia, the age-related loss of muscle mass, may not be an isolated process but is associated with an in-
crease in fat mass. The aim of this study was to estimate the mortality risk of sarcopenia in the presence or absence of obesity.

Methods. Data are from 934 participants aged 65 years or older, enrolled in the “Invecchiare in Chianti” study, and
followed for 6 years. At baseline, a peripheral quantitative computerized tomography (pQCT) scan was performed on all
participants to evaluate the muscle density, and the muscular and fat cross-sectional areas of the calf. Walking speed was
measured on a 7-m track. Cox proportional hazard models were performed to estimate the association of pQCT measures
(per 1 standard deviation increase) with mortality.

Results. Unadjusted analyses showed significant associations of muscle density (hazard ratio [HR] 0.78, 95% confi-
dence interval [CI] 0.69-0.88), muscle area (HR 0.75, 95% CI 0.66-0.86), and fat area (HR 0.82, 95% CI0.73-0.92) with
mortality. After adjustment for potential confounders, no body composition parameter was significantly associated with
mortality. Walking speed (used as a reference measure to verify whether the negative results were due to peculiarities of
the study sample) confirmed its well-established association with mortality risk (HR 0.73, 95% CI 0.60-0.88). These
results did not change after the analyses were stratified according to sarcopenia and body mass index groups, and re-
stricted to participants with frailty or a high inflammatory profile.

Conclusions. Calf skeletal muscle and fat mass are not significant risk factors for mortality in community-dwelling
older adults. Walking speed confirmed to be a powerful predictor of health-related events.
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InCHIANTL

EVERAL studies have demonstrated that sarcopenia,

the age-related involuntary loss of skeletal muscle (1-3),
is inversely associated with muscle strength and endurance,
potentially leading to dependency in older persons (4-8). In
fact, the reduction of muscle mass occurring with aging is
significantly correlated with physical impairment and dis-
ability (1,2,8-10).

It has been suggested that the development of sarcopenia
is not an isolated process, but rather a vicious cycle, whereas
loss in muscle mass is accompanied by a parallel gain in fat
mass, and potentially leads to the extreme condition of sar-
copenic obesity (2,11,12). Accordingly, recent studies eval-
uating skeletal muscle also tend to combine information on
both fat and muscle mass (13).

Recently, Newman and colleagues (14) reported that
muscle strength, but not muscle mass, was predictive of
mortality in the Health, Aging, and Body Composition
(Health ABC) study. However, as acknowledged by the au-
thors, results might have been driven by the high functional
status of the Health ABC population. It was hypothesized

that lean mass measures may be more important in partici-
pants with some physical impairment because they reflect
not only the level of physical impairment but also the over-
all health status. Consistent results were reported by Visser
and colleagues (15) who showed in the same cohort that the
association between low muscle mass and incident mobility
limitation might be a function of lower muscle strength.

In the present study, we hypothesized that body composi-
tion, and in particular sarcopenia, may be associated with an
increased risk of mortality in a nonselected population of
older adults. This study aimed to evaluate whether low mus-
cle and high fat mass, assessed using a peripheral quantita-
tive computerized tomography (pQCT) scan of the calf, are
predictors of mortality in older persons. In particular, we
evaluated whether low muscle mass (when occurring in as-
sociation both with and without obesity) might predict mor-
tality. Following the hypothesis raised by previous studies
(14,15), in which low muscle mass might be predictive of
mortality only among the frailest older individuals, re-
stricted analyses were performed among participants with
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clinical (ie, frailty) (16) and biological (ie, high inflamma-
tory profile) markers of poor health.

METHODS

The present report is based on data from the “Invecchiare
in Chianti” (Aging in the Chianti area, INCHIANTI) study
(17), a prospective population-based study of older persons,
designed by the Laboratory of Clinical Epidemiology of
the Italian National Research Council on Aging (INRCA,
Florence, Italy). The InCHIANTI study aims to identify
risk factors for the onset of disability in the elderly popula-
tion, study physiological subsystems critical for walking,
and define critical ranges for tests evaluating the integrity
of physiological subsystems important for walking.

The study population for these analyses included
1,155 participants between 65 and 102 years of age, ran-
domly selected from residents in two towns of the Chianti
geographic area (Greve in Chianti and Bagno a Ripoli, Tus-
cany, Italy). The data collection started in September 1998
and was completed in March 2000. A detailed description
of the sampling procedure and data collection method has
previously been published (17). Three and 6 years after the
baseline visit (2001-2003 and 2004-2006), study partici-
pants underwent repeated phlebotomy, laboratory testing,
and physical performance assessment. The Italian National
Research Council on Aging Ethical Committee ratified the
study protocol.

The present analyses were performed on data from
934 participants; 221 participants were excluded because of
missing data on pQCT and walking speed measures
(n = 153) or lost during the follow-up (n = 172).

Mortality

Mortality data were obtained from the Mortality General
Registry maintained by the Tuscany Region and from death
certificates filed upon death at the registry office of the mu-
nicipality of residence. For the present analyses, follow-up
time was defined as the period from the baseline visit till the
day of death (for participants who died) or the last contact
date (for those who did not have the outcome event).

pQOCT Measures and Sarcopenia

A right leg pQCT scan was performed on all participants
by arecent generation device (XCT 2000; Stratec, Pforzheim,
Germany) to evaluate the cross-sectional muscle and fat
areas of the calf. The pQCT technology, an increasingly used
imaging method in research [eg, see (18-20)], has been
shown to be highly reproducible for the assessment of body
composition parameters (21).

Data presented here were derived from standard 2.5-mm-
thick transverse scans obtained at 66% of the tibial length
starting from the tibiotarsal joint. Previous studies demon-
strated that this is the region with the largest outer calf di-

ameter, with a small variability across individuals (21). The
muscle density (in mg/cm?), muscle area (in cm?), and fat
area (in cm?) were ascertained using the BonAlyse software
version 3.1 (BonAlyse Ltd, Jyviskyld, Finland). Different
tissues in the analyses were separated according to different
density thresholds, using the “soft tissue” algorithm: a den-
sity value of 15 mg/mm? was used to separate fat from mus-
cle tissue and 180 mg/mm? to separate muscle from bone
tissue. Muscle density is calculated from x-ray attenuation
and represents a measure of fatty degeneration of muscle
tissue.

Sarcopenia.—Sarcopenia was defined according to the
lowest gender-specific tertile of the residuals of a linear re-
gression model that predicted the dependent variable mus-
cle mass area (in cm?) from height (in cm) and fat mass area
(log value of cm?; independent variables). A similar ap-
proach has already been used in the literature to better esti-
mate sarcopenia, especially in women and obese individuals
(13). A positive fat-adjusted muscle area indicates a rela-
tively muscular individual, whereas negative values would
indicate relatively sarcopenic individuals.

Seven-Meter Walking Speed

Walking speed was defined as the best performance
(in m/s) of two 7-m walks at usual pace along a corridor.
Participants were allowed to use canes or walkers. It is well
documented in the literature that walking speed is associ-
ated with body composition (22) and clinical conditions
(23), and represents a powerful predictor of health-related
events in older persons (24,25).

Covariates

Covariates included sociodemographic variables (age,
gender, study site, smoking habit, education), height,
weight, Mini-Mental State Examination score (26), Center
for Epidemiological Studies-Depression scale score (27),
comorbidity (adjudicated diagnoses of cancer, coronary ar-
tery disease, congestive heart failure, diabetes mellitus, hy-
pertension, osteoarthritis, peripheral artery disease,
respiratory disease, stroke), and physical activity level.

Adjudicated disease diagnoses were based on self-
reported history, clinical documentation, and medication use,
as well as prestandardized criteria derived from the Wom-
en’s Health and Aging Study protocol (28). Physical activity
was assessed using an interviewer-administered question-
naire in which participants were asked to indicate their aver-
age level of physical activity during the past year. This
questionnaire has previously been described (29) and used
(30,31) in the literature. In the present study, we defined as
“physically active” any participant reporting moderate- to
high-intensity exercise performed for at least 1-2 h/wk or
light-intensity exercise performed for more than 4 h/wk.
This categorization provided the closest approximation to
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the recommended levels of moderate physical activity de-
fined by the U.S. Department of Health and Human Services
(ie, moderate-intensity physical activity for >30 minutes on
>5 d/wk or vigorous-intensity physical activity on
>3 d/wk for >20 minutes per occasion) (32).

Obesity.—Given the well-established nonlinear relationship
between body mass index (BMI) and mortality (33-35), and
aiming at evaluating how obesity modified the relationship of
sarcopenia with the study outcome, all the sarcopenia-related
analyses were stratified according to the following BMI
groups: (a) BMI less than 25 kg/m?, (b) BMI 25-29.9 kg/m?,
and (c) BMI 30 kg/m? or greater. BMI was defined as body
weight (in kg) divided by square height (in m?).

Frailty.—Because body composition parameters might
have a different prognostic value for mortality in individu-
als with poorer health status, analyses were also performed
in a restricted sample of pre-frail or frail participants (those
presenting at least one of the five frailty criteria defined by
Fried and colleagues, ie, weight loss, exhaustion, physical
inactivity, low walking speed, and low hand grip strength)
(16). This frailty definition has been shown to be predictive
of adverse outcomes that geriatricians tend to associate with
“being frail” (such as falls, hospitalizations, disability, and
death) (16). Moreover, these criteria were also found to
be correlated with body composition parameters in the
InCHIANTI study (36).

Inflammatory markers.—Interleukin-6 (IL-6), C-reactive
protein (CRP), and tumor necrosis factor-o. (TNF-o) were
considered as additional potential explanatory covariates
in the adjusted models to evaluate the relationship of body
composition measures and sarcopenia with mortality. This
is consistent with the hypothesis that inflammatory mark-
ers are not only able to predict major health-related adverse
events (37,38) but are also associated with body composi-
tion (39,40) and physical function (41,42) modifications.
Moreover, to further investigate whether body composition
is an indicator for mortality among frail participants, re-
stricted analyses were performed in a sample of partici-
pants presenting a biological marker of poor health status
(ie, high inflammatory profile). Participants having two or
three inflammatory markers above their median values
were considered as presenting a high inflammatory profile
and consequently classified as biologically “frail.”

The venipuncture was performed in the morning after a
12-hour fast and after the patient was sedentary in a sitting or
supine position for at least 15 minutes. Serum was aliquoted
and stored at —80°C until enzyme-linked immunosorbent as-
say (ELISA) tests were performed. All cytokine assays were
performed at the INRCA central laboratory. IL-6 and TNF-a
were quantified with immunoassay kits (BioSource Cyto-
screen human IL-6 and human TNF-a UltraSensitive kits;
BioSource International, Inc, Camarillo, CA). The minimum

detectable concentrations were 0.10 pg/mL for IL-6 and 0.09
pg/mL for TNF-a. The interassay coefficient of variation
was 7% for both kits. High-sensitivity CRP concentrations
were measured using an ELISA and colorimetric competitive
immunoassay (Roche Diagnostics, Mannheim, Germany).
The lower detectable concentration was 0.03 mg/L, and the
interassay coefficient of variation was 5%. All assays were
performed in duplicate for all inflammatory markers.

Statistical Analyses

Differences in proportions and means of variables ac-
cording to the vital status at the end of the follow-up were
assessed using chi-square and analysis of variance statistics,
respectively. Median values with interquartile ranges and
p values based on Mann-Whitney U statistics were calculated
and reported for nonnormally distributed variables. All vari-
ables found to be significantly different (p < .10) in univari-
ate analyses were used as covariate to adjust subsequent
multivariate analyses. For nonnormally distributed vari-
ables, log transformation was used. Pearson’s correlation
analyses were performed among the independent variables
of interest. Cox proportional hazard models were used to
evaluate the relationship of calf pQCT measures with sur-
vival (dependent variable). Hazard ratios (HRs) and 95%
confidence intervals (95% CIs) are shown in the results. To
permit direct comparison between pQCT measures, risks
are shown per standard deviation (SD) increase. Kaplan-
Meier survival curves stratified for BMI were analyzed
according to sarcopenia groups. BMlI-stratified adjusted
Cox proportional hazard models were also performed to
estimate the risk of sarcopenia on time to death. A p value
less than .05 was considered as indicating statistical signifi-
cance for all analyses.

RESULTS

The mean age of the sample population (N = 934) was
74.5 (SD 7.0) years at baseline; 54.9% of the sample were
women. The main sociodemographic, clinical, and biologi-
cal characteristics of the studied sample according to the
study outcome (vital status) are presented in Table 1. At
baseline, participants who died during the follow-up
(n =263 [28.2%]; mean length of the follow-up, 5.1 years)
were older, more likely to be men, and had lower education
and cognitive function than those who survived. Moreover,
they also had a higher prevalence of many chronic diseases
(congestive heart failure, coronary artery disease, hyperten-
sion, peripheral artery disease, respiratory disease, osteoar-
thritis, and stroke) and higher levels of inflammatory
markers. Participants who died during the follow-up had
significantly lower muscle density, muscle and fat areas,
and walking speed compared with those who survived.

Spearman’s correlation analyses showed significant and
inverse correlations of fat area with muscle area (r = —.261)
and muscle density (r = —.192; all p values <.001). No
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Table 1. Sample (N = 934) Characteristics According to the Study Outcome (Mortality)

Survived (N = 671) Deceased (N = 263) p

Age 723+55 80.0+7.3 <.001
Gender (women) 57.5 48.3 .01
Site (Bagno a Ripoli) 54.5 46.4 .03
Smoking status

Never 59.3 55.1

Former 27.1 28.1 .38

Current 13.6 16.7
Education (y) 58+33 4.6+29 <.001
MMSE score 259+2.8 22.7+53 <.001
CES-D score 12.3+8.8 14.1+8.6 .005
Physical activity” 423 23.0 <.001
Body mass index (kg/m?) 27.7+4.0 27.0+4.1 .02

<25 25.9 359

25-29.9 48.6 41.4 .02

>30 25.6 22.7
Height (cm) 159.1 156.3 <.001
Weight (kg) 70.1 66.1 <.001
Cancer 5.8 8.7 A1
Congestive heart failure 1.8 12.2 <.001
Coronary artery disease 6.7 10.6 .04
Diabetes mellitus 10.0 13.7 .10
Hypertension 34.1 41.1 .05
Osteoarthritis 9.2 16.0 .003
Peripheral artery disease 33 14.4 <.001
Respiratory disease 5.5 14.4 <.001
Stroke 2.8 9.9 <.001
Interleukin-6 (pg/mL) 1.31 (0.78-1.99) 1.89 (1.11-3.34) <.001
C-reactive protein (pg/mL) 2.39 (1.25-4.99) 3.41 (1.60-6.59) <.001
Tumor necrosis factor-o (pg/mL) 1.90 (1.48-3.12) 2.32 (1.69-3.65) <.001
Muscle density (mg/cm?) 71.20+3.44 69.64 +3.67 <.001
Muscle area (cm?) 64.0+12.2 58.0+12.6 <.001
Fat area (cm?2) 17.4 (10.8-26.5) 14.0 (8.4-21.2) <.001
Walking speed (m/s) 1.20+£0.24 0.91£0.35 <.001

Notes: MMSE = Mini-Mental State Examination; CES-D = Center for Epidemiological Studies-Depression scale. Values expressed as percentage, mean *

standard deviation, or median (interquartile range).

*Percent of participants reporting moderate- to high-intensity exercise performed for at least 1-2 h/wk or light-intensity exercise performed for more than 4 h/wk.

significant correlation was found between muscle density
and muscle area (p = .90).

Results from Cox proportional hazard analyses exploring
the predictive value for mortality of pQCT parameters and
walking speed are reported in Table 2. Unadjusted analyses
showed significant associations of muscle density (per SD in-
crease HR 0.78, 95% CI 0.69-0.88), muscle area (per SD in-

crease HR 0.75, 95% CI 0.66-0.86), and fat area (per SD
increase HR 0.82, 95% CI 0.73-0.92) with mortality. After ad-
justment for potential confounders, no significant results were
reported for the association between body composition param-
eters and mortality.

In Figure 1, Kaplan-Meier survival curves for mortality
are shown according to sarcopenia and BMI groups.

Table 2. Results From Separate Cox Proportional Hazard Analyses Exploring the Relationship of Body Composition Parameters and Physical
Performance (per Standard Deviation Increments) With Mortality

Model 1, HR (95% CI)

0.75 (0.65-0.86)"
0.83 (0.69-0.98)"
0.74 (0.64—0.84)"
0.55 (0.48-0.62)"

Model 2, HR (95% CI)

0.90 (0.78-1.04)
0.82 (0.66-1.00)
1.00 (0.84-1.19)
0.69 (0.59-0.81)"

Model 3, HR (95% CI)

0.94 (0.80-1.10)
0.84 (0.67-1.05)
0.99 (0.82-1.19)
0.72 (0.60-0.87)"

Model 4, HR (95% CI)

0.94 (0.80-1.11)
0.86 (0.68-1.08)
0.96 (0.78-1.18)
0.73 (0.60-0.88)"

Muscle density (mg/cm?)
Muscle area (cm?)

Fat area (log value of cm?)
Walking speed (m/s)

Notes: Standard deviations: muscle density, 3.570 mg/cm?; muscle area, 12.568 cm?; fat area (log value of cm?), 0.63086; walking speed, 0.30370 m/s. Model 1:
adjusted for height and weight. Model 2: adjusted for model 1 + age and gender. Model 3: adjusted for model 2 + site, education, Mini-Mental State Examination
score, height, weight, Center for Epidemiological Studies-Depression scale score, physical activity, congestive heart failure, coronary artery disease, hypertension,
peripheral artery disease, respiratory disease, osteoarthritis, and stroke. Model 3: adjusted for model 3 + interleukin-6 (log value), C-reactive protein (log value), and
tumor necrosis factor-a (log value). HR = hazard ratio; CI = confidence interval.

*p <.05.
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Figure 1. Kaplan-Meier survival curves for mortality according to sarcope-
nia and body mass index (BMI) groups.

Borderline significances (all p values <.1) were obtained
from pairwise comparisons between nonsarcopenic and sar-
copenic participants, independent of BMI groups.

Results from adjusted Cox proportional hazard analyses
(model 4 adjustment) are presented in Table 3. No significant
difference was reported in the estimate of mortality risk across
the six sarcopenia and BMI groups. No significant interactions
of gender or obesity were found in the relationship between the
independent variables of interest and the mortality outcome
(all p values for interaction terms >.4).

Finally, to evaluate the hypothesis that body composition
parameters may be associated with mortality in older partici-
pants with a poorer health status, restricted secondary analyses
were performed (a) in a sample of participants (n = 436, n of
events = 155 [35.6%]) reporting one or more frailty criteria
(16), and (b) in a sample of participants having at least two in-
flammatory markers (ie, CRP, IL-6, TNF-a)) above their me-
dian levels (n = 461, n of events = 165 [35.8%]). Results from
restricted samples were consistent with those obtained in the
general population. In fact, no significant association with
mortality was found for body composition parameters in both
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Figure 2. Kaplan-Meier survival curves for mortality according to walking
speed (WS) and body mass index (BMI) groups.

o 4

restricted samples. No significant interaction was found for
frailty or high inflammatory profile in the relationship between
sarcopenia and mortality.

Walking Speed

Given the lack of significant results obtained for pQCT
parameters, analyses were reperformed considering a physi-
cal performance measure (ie, 7-m walking speed) as an ad-
ditional independent variable of interest. The aim of these
ancillary analyses was to evaluate through a well-established
predictor of negative health-related events in older persons
(24,25) whether the negative results obtained with pQCT
parameters might have been biased by abnormalities within
our sample population.

Spearman’s correlation analyses showed that walking speed
was significantly correlated with muscle area (r = .417), mus-
cle density (r = .268), and fat area (r = —.137; all p values
<.001). Walking speed showed to be significantly associated
with mortality (Table 2), even after adjustment for all the po-
tential confounders (Model 4 adjustment: per SD increase, HR

Table 3. Results From Adjusted Cox Proportional Hazard Models (Expressed as Hazard Ratio [95% Confidence Interval]) Exploring the
Relationship of Sarcopenia and Low Walking Speed With Mortality According to Body Mass Index (BMI, in kg/m?) Groups

No Sarcopenia

Sarcopenia

BMI < 25 1 (reference group), n/N = 18/81

BMI 25-29.9 1.17 (0.65-2.09), n/N = 63/307

BMI > 30 0.99 (0.53-1.84), n/N = 40/188
No low walking speed

BMI < 25 1 (reference group), n/N = 27/163

BMI 25-29.9 1.33 (0.77-2.27), n/N = 37/289

BMI > 30 1.09 (0.58-2.07), n/N = 20/146

1.25 (0.69-2.25), n/N = 66/168
1.24 (0.65-2.37), n/N = 30/94
1.18 (0.46-3.02), n/N = 10/25
Low walking speed

2.29 (1.36-3.88)", n/N = 52/85
1.98 (1.17-3.35)", n/N = 58/126
2.15 (1.22-3.78)", n/N = 36/79

Notes: n/N, number of events/total number of participants. Sarcopenia defined according to the lowest gender-specific tertile of the residuals of fat- and height-
adjusted muscle mass: men, —3.38363; women, —5.75560. Low walking speed defined according to the lowest gender-specific tertile of walking speed: men,
1.1475 m/s; women, 0.9845 m/s. Analyses are adjusted for age, gender, site, education, Mini-Mental State Examination score, Center for Epidemiological Studies-
Depression scale score, physical activity, congestive heart failure, coronary artery disease, hypertension, peripheral artery disease, respiratory disease, osteoarthritis,
stroke, interleukin-6 (log value), C-reactive protein (log value), and tumor necrosis factor-a. (log value).

*p < .05.
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0.73, 95% CI 0.60-0.88). Kaplan-Meier survival curves for
mortality were performed according to slow walking speed
(defined as the slowest gender-specific walking speed tertiles)
and BMI groups (Figure 2). Significant differences were found
when participants with slow walking speed were compared
with participants with normal walking speed, independent of
BMI groups (all p values <.001). These results were also con-
firmed by adjusted Cox proportional hazard models (Table 3).
Walking speed (continuous variable) did not lose its significant
association with mortality even when analyses were restricted
to participants with one or more frailty criteria or high inflam-
matory profile (model 3 adjustment: per SD increase HR 0.68,
95% CI 0.54-0.84; and HR 0.70, 95% CI 0.54-0.90, respec-
tively). No significant interaction was found for frailty or high
inflammatory profile in the relationship between low walking
speed and mortality.

DiscUsSION

In the present study, we explored the relationship between
skeletal muscle parameters and mortality risk in a sample of
community-dwelling older persons. Our findings showed
that body composition measures (in particular, sarcopenia)
are not associated with a significantly increased risk of mor-
tality, whereas walking speed confirmed to be a powerful
predictor of adverse health-related events.

In a previous study from the Health ABC database (14), no
significant relationship of muscle area and mass with mortal-
ity was observed. In contrast, quadriceps and grip strength
were strongly predictive of mortality. As noted by the authors,
the Health ABC population was not disabled at the baseline.
Therefore, the prognostic value of body composition param-
eters and sarcopenia in older persons with some degree of
impairment could not be determined. Our results, besides be-
ing confirmatory of this previous study (14), extend these
findings to a wider population of older persons. In fact, our
sample is drawn from a heterogeneous, representative popu-
lation enrolled with no application of exclusion criteria (17).
Moreover, physical performance was the only independent
variable of interest significantly associated with an increased
risk of mortality, even after the analyses were restricted to
participants with biological or clinical markers of frailty.

Because sarcopenia was not a risk factor for mortality, the
relationship between walking speed and risk of dying requires
further explanations. Sarcopenia is defined on the basis of
static measurements of skeletal muscle obtained by different
imaging methodologies. On the contrary, walking is the re-
sult of multiple interactions existing among several different
systems (eg, nervous system, respiratory system, cardiovas-
cular system), in addition to the skeletal muscular apparatus.
The harmonic integration of these systems allows the correct
explication of the critical subcomponents of walking (eg, mo-
tor programming, coordination, execution, energy production
and delivery, oxygenation). Consequently, objective measures
of physical performance provides a comprehensive assess-

ment of the multiple and complex interactions among the
various systems required for optimal physical functioning.
Therefore, walking speed may be considered as a more thor-
ough indicator of well-being rather than body composition
measures. As a result, it is likely that the increased risk of
adverse health events captured by poor physical performance
may simply be the ultimate outcome of the accumulation of a
broader range of age-related pathophysiological modifica-
tions and (sub)clinical conditions.

Our analyses considered the part played by inflammation
as a potential explanatory and effect modifier contributing to
the relationship between body composition parameters or
walking speed and mortality. The irrelevant effect of inflam-
mation on the relationship between physical performance
and mortality risk further confirms that walking speed may
provide information beyond functional status. Consistent
with previous findings (24), after the inclusion of medical
conditions and disease risk factors in the adjusted models, the
strength of the relationship between physical performance
and mortality remained almost unchanged. This innate link
between walking speed and survival is not peculiar of humans
but is also common to other species [eg, Caenorhabditis ele-
gans (43), Drosophila melanogaster (44), mouse (45), rat
(46)]. This universal feature of physical performance mea-
sures may further justify the use of walking speed as a marker
of aging or as an objective indicator in the extent of cumula-
tive age-related body changes or disease burden.

Some limitations of the present study need to be mentioned.
The InCHIANTI study allows for the adjustment of our analy-
ses for many health- and disease-related characteristics. How-
ever, there could be unmeasured factors potentially explaining
the observed relationships. The muscle and fat measurements
considered in the present study were obtained from tibial
pQCT scans. Therefore, our findings may not be applicable to
the entire body composition. In our sample population, a lim-
ited number of participants (n = 77) were frail according to the
Fried and colleagues’ definition (ie, presence of three or more
criteria). Therefore, to avoid the possible lack of adequate sta-
tistical power and the consequent risk of false-negative results,
we chose to also consider pre-frail participants (ie, presence
of one or two frailty criteria) in our restricted analyses. How-
ever, we believe this choice did not significantly affect our
findings. In fact, although participants with one or two frailty
criteria may not be defined as frail, their pre-frailty status still
expose them at increased risk for short- and long-term nega-
tive health-related events, including mortality (16).

In conclusion, our study shows that skeletal muscle mea-
sures and sarcopenia are not associated with a significantly
higher risk of mortality in community-dwelling older per-
sons. Physical performance (in particular, walking speed)
confirms to be a powerful predictor of health-related events,
independent of sociodemographics, clinical conditions, and
inflammation. The use of physical performance tests in the
clinical and research setting should be encouraged to pro-
vide a better evaluation of older participants.
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