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Background. Muscle impairment is a common condition in older people and a powerful risk factor for disability and
mortality. The aim of this study was to apply the European Working Group on Sarcopenia in Older People criteria to
estimate the prevalence and investigate the clinical correlates of sarcopenia, in a sample of Italian community-dwelling
older people.

Methods. Cross-sectional analysis of 730 participants (74% aged 65 years and older) enrolled in the INCHIANTI
study. Sarcopenia was defined according to the European Working Group on Sarcopenia in Older People criteria using
bioimpedance analysis for muscle mass assessment. Logistic regression analysis was used to identify the factors inde-
pendently associated with sarcopenia.

Results. Sarcopenia defined by the European Working Group on Sarcopenia in Older People criteria increased steeply
with age (p < .001), with 31.6% of women and 17.4% of men aged 80 years or older being affected by this condition.
Higher education (odds ratio: 0.85; 95% CI: 0.74-0.98), lower insulin-like growth factor I (lowest vs highest tertile, odds
ratio: 3.89; 95% CI: 1.03-14.1), and low bioavailable testosterone (odds ratio: 2.67; 95% CI: 1.31-5.44) were indepen-
dently associated with the likelihood of being sarcopenic. Nutritional intake, physical activity, and level of comorbidity
were not associated with sarcopenia.

Conclusions. Sarcopenia identified by the European Working Group on Sarcopenia in Older People criteria is a rela-
tively common condition in Italian octogenarians, and its prevalence increases with aging. Correlates of sarcopenia
identified in this study might suggest new approaches for prevention and treatment of sarcopenia.
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GING is accompanied by a change in body composi-

tion, including a loss of skeletal muscle mass, result-
ing in loss of strength and function that has been referred
to as sarcopenia (1,2). Muscle impairment is associated
with an increased risk of adverse outcomes including
physical disability, poor quality of life, and death and thus
may be an important and potentially reversible cause of
morbidity and mortality in older persons. Since the coin-
ing of the term “sarcopenia” in 1989 by Rosenberg (1),
many suggestions have been made to establish a clinically
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applicable definition. Recently, the European Working
Group on Sarcopenia in Older People (EWGSOP) rec-
ommended using the presence of both low muscle mass
and low muscle function (strength or performance) to
define sarcopenia (3). This operational definition is based
on the concept that defining sarcopenia only in terms of
quantitative muscle mass amount would not capture other
important age-related muscle changes that strongly affect
muscle quality, strength, and muscle power, including but
not limited to degeneration of motor neurons with intrinsic
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changes in muscle fibers and tissue structural organiza-
tion, impairment in the neuromuscular junction, decrease
of type II fibers proportion, impairment of sarcomeric or
cytoskeletal signaling and structural protein, connective
and fat muscle infiltration, and alteration of muscle metab-
olism (4,5). Accordingly, the International Working Group
on Sarcopenia emphasizes that physical performance, as
measured by gait speed, should be part for the diagnos-
tic algorithm to identify people with reduced muscle mass
and impaired physical function (1).

According to published reports, prevalence of sarcopenia
varies between 3% and 52% depending on the study popu-
lation, definition criteria, and the instruments used to assess
muscle mass. However, very few studies used the definition
proposed by EWGSOP to define sarcopenia in the general
population (6,7).

Sarcopenia is a multifactorial process where nutritional,
hormonal factors, lifestyle, and diseases exert an important
role (8,9). Identification of potentially modifiable risk fac-
tors for sarcopenia is of pivotal importance for planning
and implementing effective strategies to reduce sarcopenia-
related adverse events, including falls, disability, institu-
tionalization, and death.

Using data from the population-based InCHIANTI study,
we conducted an observational cross-sectional study to
estimate prevalence (assessed according to the EWGSOP
criteria) and clinical correlates of sarcopenia.

METHODS

Study Population

The InCHIANTI study is an epidemiological, popula-
tion-based study of randomly selected older people living
in the Chianti area, Tuscany, Italy. The study was designed
to identify risk factors for late-life disability, as previously
described (10). Briefly, participants were selected from the
city registries of Greve in Chianti and Bagno a Ripoli using
a multistage sampling method. In 1998, 1,453 persons who
were randomly selected agreed to participate in the project.
The Italian National Research Council on Aging Ethical
Committee ratified the study protocol, and participants
provided written consent to participate. For this analysis,
researchers used data from the second follow-up performed
6 years after baseline (2004-2006), because bioelectrical
impedance analysis (BIA) was not performed at baseline
and at the first follow-up. Of the 1,067 participants alive
at the second follow-up, researchers excluded 265 who
did not perform any instrumental exams, 67 participants
who did not undergo BIA because of one or more of the
following exclusion criteria (leg edema, pacemaker, joint
prosthesis, severe varicosities, home visit, refused), and
five because indexes of physical performance (4-m walk-
ing speed and grip strength) were not collected. Compared
with those included in the present analysis, individuals

with missing data for BIA were significantly older, more
likely to be female, had lower grip strength and slower
walking speed.

Prevalence of sarcopenia was therefore assessed in 730
persons (age range 27-97 years), 345 men and 385 women.
Analysis of factors associated with sarcopenia prevalence
was conducted in 538 persons, 250 men and 288 women,
aged 65 years and older.

Assessment of Sarcopenia

Sarcopenia was defined, according to the EWGSOP
criteria, as presence of low muscle mass, plus low mus-
cle strength, or low physical performance; conversely,
the presence of low muscle mass, normal muscle
strength, and physical performance were defined as pre-
sarcopenia (3).

Muscle mass was measured by BIA using a Quantum/S
Bioelectrical Body Composition Analyzer (AkernSrl,
Florence, Italy). Whole-body BIA measurements were
taken between the right wrist and ankle with subject in a
supine position. Muscle mass was calculated using the fol-
lowing BIA equation of Janssen and colleagues (11):

Skeletal muscle mass (kg) = ([height2 / BIA resistance x 0.401]
+ [gender x 3.825] 4 [age x —0.071])
+ 5.102,

where height is measured in centimeters; BIA resist-
ance is measured in ohms; for gender, men = 1 and
women = 0; age is measured in years. This BIA equa-
tion was previously developed and cross validated
against magnetic resonance imaging measures of
whole-body muscle mass (12). Furthermore, in our
study, muscle mass assessed by BIA was strongly
and significantly correlated with midcalf muscle area
assessed using quantitative computerized tomography
technique (Pearson correlation coefficient .73, p <
.0001). Absolute skeletal muscle mass (kg) was con-
verted to skeletal muscle index standardizing by meters
squared (kg/m?) (13). Using the cutoff points indicated
in the EWGSOP consensus (3), low muscle mass was
classified as the skeletal muscle index less than 8.87
and 6.42 kg/m? in men and women, respectively. Muscle
strength was assessed by grip strength, measured using
a hand-held dynamometer (hydraulic hand BASELINE;
Smith & Nephew, Agrate Brianza, Milan, Italy). Two
trials for each hand were performed and the highest
value of the strongest hand was used in the analyses
(12). Body mass index-adjusted values were used as cut-
off point to classify low muscle strength (see Figure 1).
Usual walking speed (m/s) on a 4-m course was used
as objective measures of physical performance; speed
lower than 0.8 m/s identified participants with low
physical performance.
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Figure 1. Application of the European Working Group on Sarcopenia in Older People algorithm for the case finding of sarcopenia to the INCHIANTI sample.

Covariates

Sociodemographic  characteristics.—Sociodemographic
variables (age, gender, smoking habit, education) were
assessed through survey questions. Physical activity during the
year prior to the interview was assessed through an interviewer-
administered questionnaire as previously described (14).

Comorbidities.—The baseline prevalence of specific medi-
cal conditions was established using standardized criteria that
combined information from self-reported history, medical
records, and a clinical medical examination. Diagnostic algo-
rithms were modified versions of those created for the Women’s
Health and Aging Study (15). Depressive symptoms were
assessed by means of the standard Center for Epidemiologic
Studies Depression scale (score >16). Cognitive impairment
was defined as a mini—mental state exam score less than 24.
The ankle—brachial index was obtained by dividing the low-
est of the two systolic pressures measured at the ankle by the
systolic pressure measured at the arm. Researchers considered
peripheral arterial disease to be present in people having an
ankle—brachial index less than 0.90 (16). Impaired renal func-
tion was assessed using the Cockcroft—Gault formula as cre-
atinine clearance less than 60 mL/min.

Biochemical parameters.—Blood samples were obtained
from participants after a 12-hour fast. Serum and plasma

were stored in a deep freezer at —80°C and were not thawed
until analyzed. Hemoglobin (Hb) levels were analyzed as
continuous and three-level ordinal variable according to the
gender-specific definition previously used by Cesari and col-
leagues (17): (i) Hb levels lower than 12 g/dL for women
and 13 g/dL for men, (ii) 12 < Hb <14 for women and 13
< Hb <15 for men, and (iii) Hb levels higher than 14 g/dL.
for women and 15 g/dL for men. Serum levels of vitamin D
(25-hydroxyvitamin D) were measured by enzyme immuno-
assay kit. Serum interleukin-6 and tumor necrosis factor-o.
were measured by high-sensitivity enzyme-linked immu-
noabsorbent assays (kits from BIOSOURCE, Camarillo,
CA). Sensitivity was 0.1 pg/mL for interleukin-6 and 0.09
pg/mL for tumor necrosis factor-o and the coefficient of
variation was less than 7% for both tests. C-reactive pro-
tein was measured using an enzyme-linked immunosorbent
assay and colorimetric competitive immunoassay (sensitiv-
ity 0.03mg/L and interassay coefficient of variation <5%).
All cytokines were expressed in logarithmic form. Serum
concentrations of insulin-like growth factor I (IGF-I) were
measured by immunoradiometric assay, using commercial
reagents (Diagnostic Systems Laboratories). Total testoster-
one concentrations were measured by immunoradiometric
assays, using commercial reagents (Diagnostic Systems
Laboratories Corporation, Webster, TX): the minimum
detection limit was 0.03 nmol/L. Sex hormone-binding
globulin was measured by a radioimmunoassay (Diagnostic
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Products, Los Angeles, CA) with a minimum detected con-
centration of 0.04 nmol/L and inter- and intra-assay coef-
ficient of variations for three concentrations less than 6.9%
and 3.6%, respectively (18). Concentrations of bioavailable
testosterone (serum-free and albumin-bound testosterone,
but not sex hormone-binding globulin) were calculated using
the Vermeulen formula (19). A cutoff of 70 and 9.4ng/dL in
men and women, respectively, were used for this specific
analysis, because in previous analyses from the INnCHIANTI
study these were the levels below which there was higher
risk of anemia and higher mortality risk in men (20,21).

Nutritional status.—Data on dietary intake were col-
lected by the food frequency questionnaire created for the
European Prospective Investigation into Cancer and nutri-
tion study (22). Body mass index was computed as weight
in kg/height in meter squared.

Statistical Analysis

For descriptive purpose, baseline characteristics of the
study population were compared according to presence
or absence of sarcopenia, using a chi-square test and the
analysis of variance model for categorical and continuous
variables, respectively. Logistic regression models were
used to assess the association between potential clinical and
functional risk factors and the likelihood of having preva-
lent sarcopenia. Candidate variables to be included in the
logistic model were selected on the basis of biological and
clinical plausibility as risk factor for sarcopenia. To identify
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factors independently associated with prevalent sarcope-
nia, researchers first estimated odds ratios (ORs) and 95%
CI controlling for age and gender. A multivariable logistic
model was then computed including all the variables that
were associated with the outcome at an oa-level of 0.5 (age
and gender adjusted). Finally, in order to remove unneces-
sary variables, a more parsimonious model was selected
using a stepwise backward selection technique (p for
removal .1). All analyses were performed using Stata 11.0
for Windows (StataCorp, College Station, TX).

RESsuULTS

In this sample of 730 community-dwelling individuals,
mean skeletal muscle index was 8.30 + 1.76kg/m? (8.58 =
1.71 and 6.91 + 1.27 kg/m? for participants with and without
sarcopenia, respectively). Skeletal muscle index was higher in
men (p < .0001), inversely related to age (r =.29; p <.0001),
and directly correlated with grip strength (r =.76; p < .0001)
and walking speed (r = .33; p <.0001).

Using the algorithm proposed by the EWGSOP
(Figure 1), of 730 InCHIANTI participants enrolled into the
present analysis, 122 (16.7%) were identified as affected by
presarcopenia and 55 (7.5%) by sarcopenia. Among them,
39 (5.3%) were sarcopenic because of low gait speed (n =
19, 2.6%) or poor grip strength (n = 20, 2.3%), whereas
16 (2.2%) had the concomitant presence of reduced muscle
strength and slow gait speed.

Prevalence of sarcopenia increased steeply with age
(Figure 2): from 2.6% and 1.2% respectively in women

Women
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Figure 2. Prevalence of sarcopenia and presarcopenia in men (left) and women (right) according to age decades.
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Table 1. Selected General Characteristics and Comorbidities of Study Participants Aged 65 and Older According to the Presence of Sarcopenia

No Sarcopenia

Low Normal

Characteristics Sarcopenia Muscle Mass Muscle Mass All )4 p*
N 55 110 373 483
Female (%) 65.45 57.27 50.67 52.17 .062
Age (y) 83.8+5.92 77.7+4.87 75.9 +£4.92 76.3 +4.96 <.001
Education (y) 4.69 £2.64 6.63 +3.74 6.15+3.43 6.26 +3.51 .001 .012
Smokers (%) 402 .892

Never 61.82 56.36 55.76 55.90

Former/current 38.18 43.64 44.24 44.10
BMI (kg/m?) 254+4.0 24.7+3.3 284 +3.6 27.5+39 <.001 .022
SMI (kg/m?) 6.57 £ 1.29 6.90 = 1.28 8.58 £1.52 8.20 £ 1.63 <.001 <.001
Fat mass index (kg/m?) 9.78 £3.75 9.18 +£2.99 10.02 £ 3.36 9.83+3.29 913 316
Grip strength (kg) 21.24 £5.13 31.21 +£8.48 34.12 +10.85 33.46 +10.42 <.001 <.001
4-m walking speed (m/s) 0.728 +0.245 1.096 + 0.161 1.067 + 0.240 1.074 £ 0.224 <.001 <.001
Physical activity (last year) (%) .042 798

Low 87.27 79.09 73.73 74.95

Moderate/high 12.73 20.91 26.27 25.05
Number of medications 4.00 £2.29 2.93+2.03 2.69 +1.96 2.74 +1.98 <.001 015
Diabetes (%) 10.91 15.45 11.26 12.22 778 728
Hypertension (%) 70.91 61.82 60.86 61.08 155 760
Coronary heart disease (%) 14.55 9.09 9.65 9.52 241 851
Congestive heart failure (%) 12.73 6.36 6.17 6.21 071 498
Stroke (%) 3.04 7.27 5.36 5.80 509 323
Cognitive impairment (%) 43.64 17.27 20.11 19.46 <.001 524
Depressive symptoms (%) 39.62 30.56 22.34 24.21 015 484
Parkinson’s disease (%) 10.91 1.82 3.75 3.31 .007 .100
PAD (%) 20.00 9.09 8.58 8.70 .008 .500
Cancer (%) 3.64 3.64 5.09 4.76 707 .565
COPD (%) 12.73 17.27 10.72 12.22 913 778
Impaired renal function (%) 64.71 46.79 28.57 32.77 <.001 879
Chronic liver disease (%) 3.64 0.00 4.56 3.52 965 .039
Hip fracture (%) 7.27 3.64 2.14 2.48 .048 842
Osteoarthritis (%) 16.36 12.73 16.09 15.32 .839 330

Notes: p values are for analysis of variance or Mantel-Haenszel test comparing subjects with and without sarcopenia. Data are means + SD unless otherwise
indicated. BMI = body mass index; COPD = chronic obstructive pulmonary disease; PAD = peripheral arterial disease; SMI = skeletal muscle index.

*Adjusted for age and sex.

and men aged 70-74 years, to 31.6% and 17.4% in women
and men older than 80 years. General characteristics of
participants aged 65 years or older according to the pres-
ence of sarcopenia are presented in Table 1. Mean age of
study participants was 77.1 (SD 5.5) years, and 53.5% were
women. Compared with participants without sarcopenia,
those diagnosed with sarcopenia were more likely to be
female. After adjustment for age and sex, participants with
sarcopenia showed a lower level of education (p = .012),
had a lower body mass index (p = .022), and used a higher
number of medications (p = .015). In univariate analyses,
several chronic conditions were significantly associated
with sarcopenia prevalence (congestive heart failure, cogni-
tive impairment, depressive symptoms, Parkinson’s disease,
peripheral arterial disease, impaired renal function, and
hip fracture), however, after adjustment for age and gen-
der, these associations were no longer significant, with the
exception of chronic liver disease that was more frequent
among participants with sarcopenia.

Biochemical and nutritional characteristics of the study
participants are presented in Table 2. Lower levels of Hb
(p < .001), IGF-I (p = .06), and creatinine clearance (p
= .089) tended to be more common in sarcopenic par-
ticipants. Nutritional status was similar in both groups.
Results from univariate and multivariate logistic regres-
sion models are presented in Table 3. After adjusting for
potential confounders, researchers found an increased
and significant risk of being sarcopenic with increasing
age (OR: 1.21;95% CI: 1.14-1.30), for people with lower
IGF-I levels (OR: 3.89; 95% CI: 1.03-14.6) and lower
bioavailable testosterone (OR: 2.67; 95% CI: 1.31-5.44).
Conversely, a decreased probability of being sarcopenic
was detected for individuals with higher level of edu-
cation (OR: 0.85; 95% CI: 0.74-0.98), for those with
higher body mass index (OR: 0.37; 95% CI: 0.13-1.03,
p = .057), and higher level of Hb (OR: 0.43; 95% CI:
0.18-1.06, p = .066), although these relationships were
of borderline statistical significance. Caloric intake and
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Table 2. Biochemical and Nutritional Characteristics of Study Participants According to the Presence of Sarcopenia
No Sarcopenia
Low Normal

Characteristics Sarcopenia Muscle Mass Muscle Mass All P p*
N 55 110 373 483
Albumin (g/dL) 4.09 +0.36 4.14 +£0.34 4.25+0.34 423 +0.34 .005 .580
Hemoglobin (g/dL) 13.00 = 1.52 13.98 + 1.35 1421 £1.34 1415+ 1.34 <.001 <.001
Bioavailable testosterone 7.8 (5.3-44.9) 15.3 (6.1-89.8) 33.7 (9.47-115.5) 25.5 (8.6-111.4) .004 .188

(ng/dL), median (IQR)
IGF-I (ng/mL) 89.6 £47.1 109.9 £51.6 124.4 £58.4 121.0 £57.2 <.001 .060
Vitamin D (nmol/L), median (IQR) 38.7 (30.2-66.4) 46.7 (34.7-77.6) 58.9 (41.9-87.6) 55.4 (40.2-86.1) 297 9307
Creatinine clearance (mL/min) 51.16 = 19.69 62.69 + 16.38 70.48 + 18.64 68.68 + 18.42 <.001 .089
Inflammatory markers

IL-6 (log-pg/mL), median (IQR) 1.31 (0.85-1.88) 1.04 (0.61-1.60) 1.09 (0.71-1.54) 1.06 (0.70-1.54) .003 941

CRP (log-mg/dL), median (IQR) 1.13 (0.58-1.74) 0.77 (0.13-1.70) 0.87 (0.20-1.54) 0.83 (0.19-1.54) 173 661

TNF-a (log-pg/mL), median (IQR) 1.72 (1.33-1.94) 1.44 (1.04-1.69) 1.37 (0.94-1.71) 1.38 (0.97-1.70) .003 252
Nutritional status

Caloric intake (kcal/d/kg) 29.90 £9.13 32.20 + 8.69 29.18 + 8.62 29.88 £ 8.72 988 776

Alcohol intake (%) .043 332

0-20 (g/d) 88.24 78.50 74.72 75.60
>20 (g/d) 11.76 21.50 25.28 24.40
Protein intake (g/d/kg) 1.15+0.33 1.24£0.35 1.12+£0.32 1.15+0.33 982 776
Vitamin D intake (mcg/d) 1.55+0.82 1.67 £0.76 1.75£0.76 1.73£0.76 118 612

Notes: p values are for analysis of variance or Mantel-Haenszel test comparing all the samples. Data are means =+ SD unless otherwise indicated. CRP = C-reactive
protein; IGF-I = insulin-like growth factor I; IL-6 = interleukin-6; IQR = interquartile range; TNF-o = tumor necrosis factor-o.

*Adjusted for age and sex.
"Adjusted for age, sex, and season.

Table 3. Adjusted Odds Ratios for the Likelihood of Being Sarcopenic

Fully Adjusted
Age and Sex Fully Adjusted* and Restricted’
Adjusted Odds Odds Ratio Odds Ratio

Variable Ratio (95% CI) P (95% CI) P (95% CI) )4
Age (y) 1.26 (1.20-1.34) <.001 1.22 (1.14-1.30) <.001 1.22 (1.14-1.30) <.001
Sex (female) 1.41(0.73-2.27) 299 0.91 (0.42-1.96) .806
Education (y) 0.87 (0.77-0.99) .039 0.85 (0.74-0.98) .030 0.85 (0.74-0.98) .027
BMI (kg/m?)

<25 1.0 (referent) 1.0 (referent) 1.0 (referent)

>25, <30 0.72 (0.36-1.44) 358 1.01 (0.48-2.15) 967

230 0.31 (0.11-0.87) .027 0.37 (0.12-1.11) .075 0.37 (0.13-1.03) .057
Number of medications 1.18 (1.02-1.36) .022 1.12 (0.96-1.30) 152
Parkinson’s disease 2.82 (0.88-9.00) .080 1.78 (0.47-6.68) 392
Chronic liver disease 3.18 (0.63-16.0) 162
Hemoglobin (g/dL)

Hb <12 (F), Hb <13 (M) 1.0 (referent) 1.0 (referent) 1.0 (referent)

12 <Hb <14 (F), 13 < Hb <15 (M) 0.60 (0.26-1.39) 232 0.73 (0.29-1.83) 502

Hb 214 (F), Hb 215 (M) 0.22 (0.08-0.61) .004 0.35 (0.11-1.12) .077 0.43 (0.18-1.06) .066
IGF-I (ng/mL)

Highest tertile 1.0 (referent) 1.0 (referent) 1.0 (referent)

Intermediate tertile 4.20 (1.17-15.1) .028 3.29 (0.88-12.3) .076 3.01 (0.83-10.9) .094

Lowest tertile 3.39 (0.96-11.9) .057 4.25 (1.09-16.6) .037 3.89 (1.03-14.6) .044
Creatinine clearance (mL/min)

Highest tertile 1.0 (referent)

Intermediate tertile 0.70 (0.20-2.44) 581

Lowest tertile 0.84 (0.25-2.80) 774
Low bioavailable testosterone* 3.01 (1.55-6.22) .001 2.84 (1.33-6.07) .007 2.70 (1.33-5.50) .006

Notes: BMI = body mass index; F = female; Hb = hemoglobin; IGF-I = insulin-like growth factor I; M = male.
*Adjusted simultaneously for age, sex, education, BMI, number of medications, Parkinson’s disease, hemoglobin, IGF-I, and bioavailable testosterone.

"Restricted = backward stepwise regression analysis.
“Low bioavailable testosterone level was defined as <70 ng/dL in men, <9.4ng/dL in women.
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level of comorbidity were not associated with sarcopenia
prevalence. Results were unchanged after exclusion of
people younger than 70 years.

DiscussioN

Our study suggests that sarcopenia, identified according
to the EWGSOP definition, is relatively common among
Italian community-dwelling older people aged 80 years
and older, with no cases of sarcopenia identified in people
younger than 70 years. Several chronic conditions were
significantly associated with sarcopenia prevalence but,
after adjustment for age and gender, none of these associa-
tions were confirmed. After adjustment for potential con-
founders, education, IGF-I, and bioavailable testosterone
were inversely associated with the presence of sarcopenia.
Obesity and higher IGF-I levels were also associated with
the likelihood of being sarcopenic, although the association
was barely statistically significant.

Two recent population-based studies estimated the preva-
lence of sarcopenia in European older persons applying the
EWGSOP diagnostic criteria yielding contrasting results
(6,7); in a sample of 409 Finnish community-dwelling
women aged 70-80 years, Patil and colleagues (7) estimated
the prevalence of sarcopenia as low as 0.9%, whereas in 103
men enrolled in the Hertfordshire Sarcopenia Study, Patel
and colleagues (6) reported a prevalence of 6.8% and 7.8%
according to the definition used to assess low muscle mass.
Previous reports of Italian study populations (nursing home
residents older than 70 years and oldest old residents living in
community) showed higher prevalence of sarcopenia (32.8%
and 25.4%, respectively) because of the different instruments
used to define sarcopenia and the different age structure and
living settings of the study populations (8,23). In respect to
this variability, it is necessary to emphasize the importance of
adopting an operational and standardized definition of sarco-
penia in multidimensional geriatric assessment.

Compared with previous reports, researchers investi-
gated a comprehensive set of clinical and biochemical con-
ditions that were potentially involved in the pathogenesis
of sarcopenia. Several mechanisms in fact may be involved
in the onset and progression of sarcopenia: the aging pro-
cess over the life course, early life developmental influ-
ences, malnutrition, bed rest or sedentary lifestyle, chronic
diseases, inflammatory disease, endocrine disorders, and
certain drug treatments (16,24).

Although statistical significance was not fully achieved,
multivariable analyses suggested a decreased likelihood
of having sarcopenia for participants with higher level of
Hb compared to individuals with anemia. As previously
described, Hb levels are associated with muscle and fat mass
changes, and anemia might affect physical performance,
and consequently quality of life, through various pathways
generally involving decreased oxygenation of tissues (17).
A key question is whether anemia may be considered an

independent risk factor for loss of skeletal muscle mass and
functional decline, or whether it should be considered only
an epiphenomenon accompanying several chronic diseases
or chronic inflammatory process linked to the aging process
and loss of muscle. In this regard, anemia is often associ-
ated with increased concentrations of inflammatory mark-
ers, which in turn have been associated with poor physical
performance and muscle strength and are strong predic-
tors of physical decline over time (25). A further potential
explanation might be the influence of testosterone levels
on body composition and anemia. In fact, a direct relation-
ship between serum testosterone levels and hematopoiesis
has been demonstrated (26). Furthermore, bioavailable tes-
tosterone is related to lower extremity strength and func-
tion, and testosterone treatment in older hypogonadal men
increased hand grip and lower extremity muscle strength
(27). However, in our study, the relationship between Hb
level and sarcopenia was not influenced by age, gender,
inflammatory markers, and testosterone levels, reinforcing
the hypothesis of a direct effect of anemia on muscular and
functional decline. Conversely, researchers found that, even
after adjustment for all covariates, there was an independent
association between higher level of bioavailable testosterone
and lower risk of being sarcopenic, suggesting that testoster-
one may be one independent part of a multifactorial system
affecting skeletal muscle mass and, consequently, influenc-
ing strength and function in older people.

In agreement with several studies, researchers found an
independent relation between higher level of IGF-I and
sarcopenia prevalence, suggesting that IGF-I might be an
important modulator of muscle mass and function not only
during the developmental period but across the entire life
span (28). Recent findings show that low plasma IGF-I lev-
els are associated with poor knee extensor muscle strength,
slow walking speed, and self-reported difficulty with mobil-
ity tasks (29). These findings suggest a role for IGF-I in
disability as well as a potential target population for inter-
ventions to raise IGF-I levels.

Physical exercise, in combination with adequate protein
and energy intake, is considered a key component of the
prevention and management of sarcopenia (2). However, in
contrast with previous studies, researchers did not find an
association of sarcopenia with low physical activity (30).
Although individuals with sarcopenia were less likely to
report moderate or high level of physical activity in the pre-
ceding year, after adjusting for age and gender, this associa-
tion was no longer significant.

Similarly, researchers did not observe differences either in
relation to nutritional status among people with or without
sarcopenia. There are some potential explanations for these
somehow unexpected negative findings including misclas-
sification in the self-report assessment of physical activity
level and nutritional intake, and/or healthy selection bias due
to the earlier mortality or loss to follow-up of individuals
with poorer health status at the time of cohort inception.
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Finally, our findings reinforced the potential role of
higher educational level in preserving good health in
later life. Even adjusting for several potential confound-
ers, years of education were inversely associated with
the likelihood of being sarcopenic. There are multiple
potential pathways explaining the association of higher
educational level with low muscle mass and poor physi-
cal performance. Indeed, high educational level might
favor healthier lifestyle, including better nutrition and
more intensive leisure time physical activity over the life
span, and, as a consequence, it might be related, in late
life, to better muscle mass and better overall health status.
Our data suggest that educational level might be specifi-
cally correlated with muscle strength and walking speed
rather than muscle mass alone (Table 1). Higher education
level might be related to better cognitive reserve that in
turn has been strongly associated with walking speed and
other performance tests in older persons (31). On the other
hand, independent of the presence of low muscle mass,
low grip strength and slow walking speed might be the
consequence of poor muscle quality, a condition referred
to as dynapenia (32).

In interpreting these findings, some limitations should
be considered. First, the cross-sectional and observational
design of the study did not allow us to clarify any tempo-
ral or cause—effect relationships between sarcopenia and
its associated factors. Second, of the 1,453 original par-
ticipants of the inCHIANTI study, only 1,067 attended
the second follow-up: selective survival and a healthy
selection bias have to be taken into account. Furthermore,
since 270 participants were excluded because of health-
related conditions, it is likely that our analyses might
have underestimated the true prevalence of sarcopenia in
this population. Third, the limited number of persons with
sarcopenia may have caused limited statistical power in
multivariable analyses, increasing the likelihood of type
II error. Finally, the use of BIA for muscle mass assess-
ment presents some drawbacks mainly due to the hydra-
tion problems usually observed in older persons that
may result in an underestimation of the body fat and an
overestimation of fat-free mass. On the other hand, BIA
is inexpensive, easy to use, readily reproducible, and
appropriate for both ambulatory and bedridden patients,
considered as a portable alternative to dual-energy X-ray
absorptiometry (33), and its standardized use may favor a
widespread assessment of body composition in everyday
clinical practice.

In summary, in this sample of Italian community-
dwelling older adults, the EWGSOP criteria identify sarco-
penia as a relatively common one only among individuals
aged 80 years and older, whereas no cases were detected
before the age of 70. Several conditions whose prevention
could at least partially reduce the onset and progression of
sarcopenia were identified. Further research is needed to
establish the role of sarcopenia, as defined with EWGSOP

criteria, on determining clinical outcomes like mortality,
morbidity, institutionalization, and falls and to provide evi-
dence for specific interventions aimed at preventing and
treating sarcopenia and its consequences.
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