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Abstract

Background.  Sarcopenia is associated with increased risk of adverse outcomes in older people. Aim of the study was to explore the predictive 
value of the European Working Group on Sarcopenia in Older People (EWGSOP) diagnostic algorithm in terms of disability, hospitalization, 
and mortality and analyze the specific role of grip strength and walking speed as diagnostic criteria for sarcopenia.
Methods.  Longitudinal analysis of 538 participants enrolled in the InCHIANTI study. Sarcopenia was defined as having low muscle mass plus 
low grip strength or low gait speed (EWGSOP criteria). Muscle mass was assessed using bioimpedance analysis. Cox proportional and logistic 
regression models were used to assess risk of death, hospitalization, and disability for sarcopenic people and to investigate the individual 
contributions of grip strength and walking speed to the predictive value of the EWGSOP’s algorithm.
Results.  Prevalence of EWGSOP-defined sarcopenia at baseline was 10.2%. After adjusting for potential confounders, sarcopenia was 
associated with disability (odds ratio 3.15; 95% confidence interval [CI] 1.41–7.05), hospitalization (hazard ratio [HR] 1.57; 95% CI 1.03–
2.41), and mortality (HR 1.88; 95% CI 0.91–3.91). The association between an alternative sarcopenic phenotype, defined only by the presence 
of low muscle mass and low grip strength, and both disability and mortality were similar to the association with the phenotypes defined by 
low muscle mass and low walking speed or by the EWGSOP algorithm.
Conclusions.  The EWGSOP’s phenotype is a good predictor of incident disability, hospitalization and death. Assessment of only muscle 
weakness, in addition to low muscle mass, provided similar predictive value as compared to the original algorithm.

Key Words:  Sarcopenia—Aging—Disability—Mortality—Hospitalization

Aging is associated with the loss of muscle mass and strength that 
has been referred to as sarcopenia (1,2). In older people the main 
consequence of sarcopenia is the limitation of physical performance, 
which increases the risk of frailty, falls, hospitalization, disability, 
and mortality (3–7).

It has been suggested that, by itself, low lean mass is a poor 
predictor of functional outcomes compared with low muscle 
strength and functional impairment (8,9). The European Working 

Group on Sarcopenia in Older People (EWGSOP) recommended 
using the presence of both low muscle mass and low muscle func-
tion (strength or performance) to define sarcopenia (6), based 
on the concept that defining sarcopenia only in terms of quan-
titative muscle mass amount would not capture other important 
age-related muscle changes that strongly affect muscle qual-
ity, strength, and power. The operational definition of sarcope-
nia of the International Working Group on Sarcopenia (2) also 
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includes measures of strength and function in addition to quan-
titative assessment of muscle mass. Moreover, the reports of two 
consensus conferences, convened by the Special Interest Groups 
on cachexia-anorexia in chronic wasting diseases and nutri-
tion in geriatrics (European Society for Clinical Nutrition and 
Metabolism) (10), and by the Society of Sarcopenia, Cachexia, 
and Wasting Disorders (11), have included both lean mass and 
gait speed as diagnostic criteria for sarcopenia underlying the 
importance of each factors especially as predictors of mortality 
and physical disability. Finally, the Foundation for the National 
Institutes of Health (FNIH) Sarcopenia Project has recently rein-
forced the role of weakness (defined as low muscle strength) and 
low muscle mass as key components of the sarcopenia phenotype 
(12).

Nevertheless, the prognostic value of these definitions has not 
been fully demonstrated, as only a few studies have formally inves-
tigated the predictive value of the proposed algorithms in terms of 
mortality (13), risk of hospitalization, and incident disability (14). 
Furthermore, the inclusion of gait speed as a diagnostic criteria 
for the diagnosis of sarcopenia has been recently questioned (15) 
because in older people slow walking speed may be the consequence 
of multiple impairments not related to muscle mass and quality 
(16,17).

Using data from the population-based InCHIANTI study, we 
conducted a longitudinal study to investigate the predictive value 
of the EWGSOP sarcopenic definition, and of its singular diag-
nostic criteria, in terms of future disability, hospitalization, and 
mortality.

Methods

Study Population
The InCHIANTI study is an epidemiological, population-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 (18). 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 con-
sent to participate. For this analysis we used data from the second 
and the third follow-up performed 6 years and 9 years after base-
line respectively (2004–2006 and 2007–2009). Data of deaths and 
hospitalizations were available up to April 2010 and therefore were 
included in the analysis. Of the 1,067 participants alive at the sec-
ond follow-up, we excluded 270 participants who did not perform 
the follow-up visit at the clinical center and 67 participants who 
did not undergo bioimpedance analyses (BIA, exclusion criteria: leg 
edema, pacemaker, joint prosthesis, severe varicosities, home visit, 
and refused). We finally excluded 192 participants because they were 
younger than 65 years. The analysis was therefore performed in 538 
persons (aged 65–94 years), 250 men and 288 women, with com-
plete follow-up data.

Assessment of Sarcopenia
Sarcopenia was defined, according to the EWGSOP criteria, as 
the presence of low muscle mass, plus low muscle strength, or low 
physical performance; conversely, the presence of low muscle mass 
with normal muscle strength and normal physical performance was 
defined as pre-sarcopenia (6).

Muscle mass was measured by BIA using a Quantum/S 
Bioelectrical Body Composition Analyzer (Akern Srl, 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 BIA equation of Janssen and col-
leagues (19): Skeletal muscle mass (kg) = ([height2/BIA resistance × 
0.401] + [gender × 3.825] + [age × −0.071]) + 5.102, where height 
is measured in centimeters; bioelectrical impedance analyses resist-
ance is measured in ohms; for gender, men = 1 and women = 0; age 
is measured in years. This BIA equation was previously developed 
and cross-validated against magnetic resonance imaging measures 
of whole-body muscle mass (19); furthermore, in our study, mus-
cle mass assessed by BIA was strongly and significantly correlated 
with midcalf muscle area assessed using quantitative computer-
ized tomography technique (Pearson correlation coefficient .73, 
p < .0001). Absolute skeletal muscle mass (kg) was converted to 
skeletal muscle index standardizing by meters squared (kg/m2) 
(20). Using the cutoff points indicated in the EWGSOP consensus 
(6), low muscle mass was classified as skeletal muscle index less 
than 8.87 and 6.42 kg/m2 in men and women, respectively. Muscle 
strength was assessed by grip strength (GS), measured using a hand-
held dynamometer (hydraulic hand BASELINE; Smith & Nephew, 
Agrate Brianza, Milan, Italy). Two trials for each hand were per-
formed and the highest value of the strongest hand was used in the 
analysis (8). BMI-adjusted values proposed by EWGSOP’s consen-
sus were used as cutoff points to classify low muscle strength (men: 
BMI ≤ 24 kg/m2 GS ≤ 29 kg, BMI 24.1–28 kg/m2 GS ≤ 30 kg, BMI 
> 28 kg/m2 GS ≤ 32 kg; women: BMI ≤ 23 kg/m2 GS ≤ 17 kg, BMI 
23.1–26 kg/m2 GS ≤ 17.3 kg, BMI 26.1–29 kg/m2 GS ≤ 18 kg, BMI 
> 29 kg/m2 GS ≤ 21 kg) (6). Usual walking speed (meter/second) on 
a 4-m course was used as objective measures of physical perfor-
mance; speed lower than 0.8 m/s identified participants with low 
physical performance.

Outcomes
Mortality
At the end of the field data collection, mortality data of the original 
InCHIANTI cohort were collected using data from the Mortality 
General Registry maintained by the Tuscany Region and the death 
certificates that are deposited immediately after death at the Registry 
office of the municipality of residence.

Hospitalization
Information on hospitalization was collected using hospital dis-
charge records extracted from the administrative archives of the 
Tuscany Health Care System. For this analysis we considered the 
first hospitalization after the baseline visit that was the day of BIA 
analysis during the second follow-up.

Incident Disability
Activities of daily living (ADL) and instrumental activities of daily 
living (IADL) were evaluated through a standardized interview-
administered questionnaire. At baseline (second follow-up) prevalent 
disability was defined as the presence of any difficulty in one or more 
ADL or IADL, respectively (21,22). At the third follow-up, ADL and 
IADL status was reassessed using the same questionnaire: incident 
disability in ADL or IADL was analyzed separately and defined as 
development of new ADL or IADL disability among subjects free 
of ADL/IADL disabilities at second follow-up, or increase in the 
number of ADL/IADL limitations among those who already had 
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prevalent ADL or IADL disability at second follow-up. However, 
because of the low incidence of ADL disability (n = 34), only IADL 
disability was considered in the statistical analysis.

Covariates
Socio-demographic variables (age, gender, education) were assessed 
through survey questions.

The baseline prevalence of specific medical conditions was estab-
lished using standardized criteria that combined information from 
self-reported history, medical records, and a clinical medical exami-
nation. Diagnostic algorithms were modified versions of those cre-
ated for the Women’s Health and Aging Study (23). Comorbidity was 
codified as the sum of 14 diseases including diabetes, hypertension, 
congestive heart failure, coronary heart disease, arthritis, hip frac-
ture, gastrointestinal disease, hepatic disease, renal failure, periph-
eral arterial disease, stroke, chronic obstructive pulmonary disease, 
Parkinson’s disease, and cancer. Cognitive status was explored using 
the Mini Mental State Examination test.

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 levels were analyzed using 
the hematology autoanalyzer Dasit SE 9000 (Sysmex Corp., Kobe, 
Japan). Creatinine clearance was assessed using the Cockcroft–Gault 
formula.

Statistical Analysis
For descriptive purposes, baseline characteristics of the study 
population were compared according to three groups as follows: 
(i) no sarcopenia, (ii) pre-sarcopenia, and (iii) sarcopenia, using a 
chi-square test and the analysis of variance model for categorical 
and continuous variables, respectively. Preliminary survival anal-
ysis showed similar mortality rates for both non-sarcopenic and 
pre-sarcopenic participants and therefore, in subsequent analyses, 
participants without sarcopenia were considered as single group. 

Cox proportional hazard models and logistic regression models 
were used to assess the risk of both death and hospitalization and 
disability respectively. Hazard ratios (HR) and 95% confidence 
intervals (95% CI) from proportional hazard models were used to 
estimate the association of sarcopenia with mortality and hospi-
talization. Three models were fitted for each outcome: unadjusted, 
age and gender adjusted, and adjusted for potential confounders 
associated with sarcopenia. The final models included variables 
found to be independently associated with sarcopenia in our previ-
ous cross-sectional analysis on the same sample (24). Three identi-
cal logistic models were used to assess the risk of incident IADL 
disability.

Finally, in order to investigate the individual contributions 
of GS and walking speed to the predictive value of the EWGSOP 
algorithm, we built additional models combining low skeletal mus-
cle index with low GS and low gait speed separately. Models were 
adjusted for age and gender. All analyses were performed using Stata 
11.0 for Windows (StataCorp, College Station, TX).

Results

General characteristics of participants according to the pres-
ence of sarcopenia or pre-sarcopenia at baseline are presented in 
Table 1. Mean age of study participants was 77.1 (SD 5.5) years, 
and 53.5% were women. Median follow-up time was more than 
4 years (55 months). Of the 538 participants enrolled into the pre-
sent study, 55 (10.2%) were identified as affected by sarcopenia and 
110 (20.4%) by pre-sarcopenia at baseline.

Of the original 538 participants, 22% developed incident dis-
ability in IADL between second and third follow-up. Participants 
with sarcopenia had significantly higher risk of incident disability 
compared with not sarcopenic participants (61% vs 18%, p < .001).

Results from logistic regression models (Table 2) showed that, 
after adjusting for potential confounders (age, gender, comorbidi-
ties, BMI, education, and hemoglobin), sarcopenia was strongly and 
independently associated with risk of incidence disability (odds ratio 
[OR] 3.15; 95% CI 1.41–7.05).

Table 1.  Selected General Characteristics of Study Participants According to the Presence of Sarcopenia

Characteristics Sarcopenia No Sarcopenia

Low Muscle Mass Normal Muscle 
Mass

All p p*

N 55 110 373 483
Female (%) 65.4 57.3 50.7 52.2 .062
Age (y) 83.8 ± 5.9 77.7 ± 4.9 75.9 ± 4.9 76.3 ± 5.0 <.001
Education (y) 4.7 ± 2.6 6.6 ± 3.7 6.1 ± 3.4 6.3 ± 3.5 .001 .012
BMI (kg/m2) 25.4 ± 4.0 24.7 ± 3.3 28.4 ± 3.6 27.5 ± 3.9 <.001 .022
SMI (kg/m2) 6.57 ± 1.29 6.90 ± 1.28 8.58 ± 1.52 8.20 ± 1.63 <.001 <.001
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) 0.73 ± 0.24 1.10 ± 0.16 1.07 ± 0.24 1.07 ± 0.22 <.001 <.001
Comorbidities (n) 2.6 ± 1.2 2.2 ± 1.2 2.0 ± 1.2 2.0 ± 1.2 <.001 .418
ADL disability (%) 5.4 0.9 1.3 1.2 .021 .924
IADL disability (%) 70.9 24.5 26.0 25.7 <.001 .021
MMSE score (n) 23.4 ± 4.1 25.9 ± 3.9 26.0 ± 3.5 26.0 ± 3.6 <.001 .083
Hemoglobin (g/dL) 13.0 ± 1.5 14.0 ± 1.3 14.2 ± 1.3 14.1 ± 1.3 <.001 <.001
Creatinine clearance (mL/min) 51.2 ± 19.7 62.7 ± 16.4 70.5 ± 18.6 68.7 ± 18.4 <.001 .089

Notes: p values are for the analysis of variance or chi-squared test comparing subjects with and without sarcopenia. Data are means ± SD unless otherwise 
indicated. BMI = body mass index; SMI = skeletal muscle index. 

*Adjusted for age and sex.
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Participants with sarcopenia had also a higher rate of hospitali-
zation (60% vs 48%, p =  .087) compared to participants without 
sarcopenia. Cox proportional hazard models displayed in Table 2 
showed that, even after adjusting for potential confounders, sarco-
penia was significantly associated with hospital admission (HR 1.57; 
95% CI 1.03–2.41).

Over the 55 months of follow-up 55 participants (10.2%) died 
and risk of death was significantly higher for participants with sarco-
penia compared with non-sarcopenic people (31% vs 8%, p < .001).

Estimates derived from the Cox proportional hazard models 
showed that, after adjusting for potential confounders, sarcopenic 
participants were almost two times more likely to die relative to non-
sarcopenic individuals even though this relationship was of border-
line statistical significance (HR 1.88; 95% CI 0.91–3.91).

Table 3 showed that, after adjusting for age and sex, the alterna-
tive sarcopenic phenotype defined as the presence of low muscle mass 
and low GS, regardless of walking speed performance, predicted the 

risk of incident disability (OR 4.78; 95% CI 1.84–12.7) and mortal-
ity (HR 2.57; 95% CI 2.24–5.32) as well as the alternative pheno-
type defined by the presence of low muscle mass and low walking 
speed, regardless of GS performance (OR for disability 1.64; 95% 
CI 0.64–4.29 and HR for mortality 1.73; 95% CI 0.74–4.03) or the 
traditional EWGSOP-defined phenotype (OR for disability 2.50; 
95% CI 1.16–5.39 and HR for mortality 2.12; 95% CI 1.05–4.30). 
Furthermore, compared to EWGSOP-defined sarcopenia, sarcopenic 
participants defined only by low skeletal muscle index and low muscle 
strength had a similar predictive value for hospitalization (HR 1.63; 
95% CI 1.08–2.44 vs HR 1.64; 95% CI 1.03–2.60, respectively).

Discussion

In this community-dwelling elderly cohort, prevalent sarcopenia 
(10.2%), assessed with the EWGSOP algorithm, predicts the risk of 
incident disability, hospitalization, and mortality; furthermore the use 
of handgrip strength, as a measure of muscle weakness, in addition to 
reduced muscle mass, to define the presence of sarcopenia, provided 
similar predictive value than the use of walking speed and low muscle 
mass in terms of incidence of the adverse outcomes investigated.

Our results on the prevalence of sarcopenia are in line with a recent 
systematic review that reports a variability in the prevalence of sarco-
penia (diagnosed according to the EWGSOP’s definition) between 1% 
and 29% among older adults living in the community (25).

This is the first study that explored the relationship between 
the EWGSOP’s sarcopenic phenotype and risk of hospitalization, 
whereas our results confirmed previous studies on the predictive 
role of the EWGSOP diagnostic algorithm on mortality and incident 
disability.

Results from the Health ABC Study showed that low muscle 
mass, low muscle density, muscle weakness, and impaired physical 
function increased the risk of hospital admission (26); Legrand and 
colleagues (27) recently argued that, in people aged 80 and older, 
physical performance and muscle strength are strong predictors of 
hospitalization, independently of muscle mass, inflammatory mark-
ers, and comorbidity. Starting from this evidence, and based on the 
lack of data about the predictive value of the EWGSOP’s sarcopenia 
definition on this outcome, we examined the incidence of hospitali-
zation in our cohort, finding an increased risk of hospital admis-
sion for sarcopenic participants compared to the non-sarcopenic 
counterpart.

Table 2.  Association Between Sarcopenia and Incidence of Disabil-
ity, Hospitalization, and Mortality According to Logistic Regression 
Model and Cox Regression Models Adjusted for Potential Con-
founders

No Sarcopenia 
(n = 483)

Sarcopenia (n = 55)

Unadjusted Model 1* Model 2†

Disability
Events 82 25
OR 1 6.86 2.50 3.15 
95% CI — (3.50–13.4) (1.16–5.39) (1.41–7.05)
Hospitalization
Events 231 33
HR 1 1.57 1.63 1.57
95% CI — (1.09–2.26) (1.08–2.44)  (1.03–2.41)
Mortality
Events 38 17
HR 1 4.28 2.12 1.88 
95% CI — (2.42–7.59) (1.05–4.30) (0.91–3.91)

Notes: CI = confidence interval; OR = odds ratio; HR = hazard ratio.
*Adjusted for age, gender.
†Adjusted for age, gender, education, BMI, comorbidities, hemoglobin.

Table 3.  Risk of Incident Disability, Hospitalization, and Mortality for Sarcopenic Participants: Role of Each Components of the EWGSOP 
Sarcopenia Diagnostic Algorithm

Outcome No Sarcopenia (n = 483) Sarcopenia: Low Muscle Mass +

Low Grip Strength (n = 36) Low Gait Speed (n = 35)

Unadjusted Age and Sex Adjusted Unadjusted Age and Sex Adjusted

Disability
OR 1 9.88 4.78 6.58 1.65
(95% CI) — (4.15–23.5) (1.84–12.7) (2.86–15.2) (0.64–4.29)
Hospitalization
HR 1 1.67 1.64 1.49 1.67
(95% CI) — (1.09–2.57) (1.03–2.60) (0.93–2.38) (0.98–2.83)
Mortality
HR 1 6.02 2.57 4.09 1.73
(95% CI) — (3.31–11.0) (1.24–5.32) (2.03–8.20) (0.74–4.03)

Notes: CI = confidence interval; EWGSOP = European Working Group on Sarcopenia in Older People; OR = odds ratio; HR = hazard ratio.
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Four recent prospective studies have evaluated the validity of 
the EWGSOP criteria for predicting mortality in community-dwell-
ing older adults: Arango-Lopera and colleagues (28) examined 
345 residents of Mexico City, who were aged 70  years or older, 
over 3 years of follow-up; Landi and colleagues (29) followed 364 
men and women, who were aged 80–85  years and living in the 
Sirente area of Italy for 7  years; Kim and colleagues (30) exam-
ined 556 Korean men and women, who were aged 65 and older 
over a 6 years of follow-up, and finally Tiago da Silva Alexandre 
and colleagues followed 1,149 Brazilians aged 60  years or older 
over a 5 years of follow-up (31). In all these cohorts, sarcopenia 
was associated with a higher risk for all-cause mortality and our 
study confirmed this association. Similar results were also con-
firmed in different study settings, including hospitalized older peo-
ple enrolled in the CRiteria to Assess Appropriate Medication Use 
among Elderly Complex Patients (CRIME) study (13) and nursing 
home residents (32).

In agreement with several studies, we did not find an increased 
risk of death for pre-sarcopenic participants, confirming that low 
lean mass, by itself, is a poor predictor of adverse outcomes and 
that considering additional information on muscle strength, and not 
simply muscle mass, is a critical factor for determining both physical 
disability and mortality risk in older adults (33–35).

With regard to disability, our results are consistent with a pre-
vious report from the Saúde, Bem-Estar e Envelhecimento (SABE) 
Study that showed, in a cohort of 478 community dwelling non-
disabled individuals aged 60 and older, an increased risk of ADL 
and IADL disability for sarcopenic participants defined according to 
EWGSOP’s algorithm (14).

Recently, the FNIH Sarcopenia Project (12) has extended the 
methodological approach to the diagnostic characterization of sar-
copenia, teasing apart the clinically relevant weakness associated 
with low lean mass from the clinically relevant slowness, defined as 
low gait speed, a measure that reflects the integrated performance of 
numerous organ systems (16,17), one of which is the muscular sys-
tem. Their findings suggest that, among participants without mobil-
ity problems, weakness was likely the key to identify individuals at 
risk for future mobility impairment or death (15). Walking speed 
should indeed be considered as a universal biological phenomenon 
influenced by not only several physiological subsystems such as 
muscle, but also the central nervous system, the perceptual system, 
the peripheral nervous system, bone and/or joints, and the systems 
involved in energy production and/or delivery (16). Our results 
showing that the sarcopenic phenotype defined only for the presence 
of low muscle mass and low GS predicts the risk of incident disabil-
ity and mortality as well as the original EWGSOP phenotype and the 
alternative phenotype defined for the presence of low walking speed 
and low muscle mass, suggest that low walking speed might not be 
an essential criterion for the diagnosis of sarcopenia. Furthermore, 
especially in hospitalized or institutionalized older people, the assess-
ment of walking speed might be unfeasible because of the functional 
limitation and disability of the patients (13). Therefore, in order 
to facilitate the diagnosis of sarcopenia, it might be useful, in per-
sons with low muscle mass, focusing on the assessment of handgrip 
strength only, a simple and inexpensive objective functional measure 
that provides important prognostic information and that can be con-
sidered a reliable alternative for the functional evaluation of patients 
unable to walk (36).

Furthermore, using walking speed for screening and diagnosis of 
sarcopenia might be problematic and might lead to some degree of 
diagnostic misclassification. Indeed, in older people loss of mobility 

is multifactorial and therefore some individuals might have walk-
ing impairment because of problems different from muscle pathol-
ogy. From this point of view, using muscle mass and muscle strength 
as operational criteria for the diagnosis of sarcopenia refocuses the 
definition on the muscle, which might have important implications 
for interventions. For example, screening by walking speed in inter-
vention studies testing interventions that may affect muscle mass and 
quality may be very problematic because some individuals, those 
with walking impairment due to extra-muscular problems, would be 
minimally responsive to interventions focusing specifically on muscle 
(25).

Our study has several strengths: this is a population-based study 
on a large cohort of community-dwelling older people and it has 
explored the association between sarcopenia and three different, 
important clinical outcomes. On the other hand, in interpreting these 
findings, some limitations should be considered. First, only 1,067 of 
the 1,453 original participants of the InCHIANTI study attended the 
second follow-up: selective survival and a healthy selection bias have 
to be taken into account. Furthermore, as 270 participants were 
excluded because they were unable to come to the medical center 
for the visit, it is likely that our analyses might have underestimated 
the true prevalence of sarcopenia in this selected population. Second, 
the limited number of persons with sarcopenia may have caused 
reduced statistical power in multivariable analyses, increasing the 
likelihood of Type II error and making it impossible to perform a 
stratified analysis by sex and age. Finally, the use of BIA for muscle 
mass assessment presents some drawbacks, mainly due to hydration 
problems frequently observed in older persons that may result in 
an underestimation of the body fat and an overestimation of fat-
free mass. BIA is not the gold standard for muscle mass quantifica-
tion but it considered a valid, portable, and reliable method, widely 
adopted in previous studies, which can be used for both ambulatory 
and bedridden patients (25).

In summary, in our sample of Italian community-dwelling older 
adults, the EWGSOP phenotype is a good predictor of incident dis-
ability, hospitalization, and death. Assessment of only muscle weak-
ness, in addition to low muscle mass, provided similar predictive 
value as compared with the original algorithm, suggesting that walk-
ing speed assessment might not be essential for sarcopenia definition.

Funding
The InCHIANTI Follow-ups 2 and 3 studies (2004–2010) were financed by 

the U.S. National Institute on Aging (Contract: N01-AG-5-0002); supported 

in part by the Intramural research program of the National Institute on Aging, 

National Institutes of Health, Baltimore, Maryland.

References
	1.	 Rosenberg IH. Sarcopenia: origins and clinical relevance. J Nutr. 

1997;127:990–991.

	2.	 Fielding RA, Vellas B, Evans WJ, et al. Sarcopenia: an undiagnosed condi-

tion in older adults. Current consensus definition: prevalence, etiology, and 

consequences. International working group on sarcopenia. J Am Med Dir 

Assoc. 2011;12:249–256. doi:10.1016/j.jamda.2011.01.003

	3.	 Janssen I, Heymsfield SB, Ross R. Low relative skeletal muscle mass (sar-

copenia) in older persons is associated with functional impairment and 

physical disability. J Am Geriatr Soc. 2002;50:889–896.

	4.	 Abellan van Kan G. Epidemiology and consequences of sarcopenia. J Nutr 

Health Aging. 2009;13:708–712.

Journals of Gerontology: Medical Sciences, 2016, Vol. 71, No. 2� 263
D

ow
nloaded from

 https://academ
ic.oup.com

/biom
edgerontology/article/71/2/259/2605628 by guest on 28 January 2021



	5.	 Rolland Y, Czerwinski S, Abellan Van Kan G, et al. Sarcopenia: its assess-
ment, etiology, pathogenesis, consequences and future perspectives. J Nutr 
Health Aging. 2008;12:433–450.

	6.	 Cruz-Jentoft A, Bayens JP, Bauer JM et al. Sarcopenia: European consensus 
on definition and diagnosis. Age Ageing. 2010;39:412–423. doi:10.1093/
ageing/afq034

	7.	 Spira D, Buchmann N, Nikolov J, et  al. Association of Low Lean 
Mass With Frailty and Physical Performance: A  Comparison Between 
Two Operational Definitions of Sarcopenia — Data From the Berlin 
Aging Study II (BASE-II). J Gerontol A  Biol Sci Med Sci. 2015;70(6): 
779–784. doi:10.1093/gerona/glu246.

	8.	 Lauretani F, Russo CR, Bandinelli S, et al. Age-associated changes in skel-
etal muscles and their effect on mobility: an operational diagnosis of sar-
copenia. J Appl Physiol (1985). 2003;95:1851–1860.

	9.	 Visser M, Goodpaster BH, Kritchevsky SB, et  al. Muscle mass, muscle 
strength, and muscle fat infiltration as predictors of incident mobility limi-
tations in well-functioning older persons. J Gerontol A Biol Sci Med Sci. 
2005;60:324–333.

	10.	 Muscaritoli M, Anker SD, Argilés J, et al. Consensus definition of sarcope-
nia, cachexia and pre-cachexia: joint document elaborated by Special Interest 
Groups (SIG) "cachexia-anorexia in chronic wasting diseases" and "nutrition 
in geriatrics". Clin Nutr. 2010;29:154–159. doi:10.1016/j.clnu.2009.12.004

	11.	Morley JE, Abbatecola AM, Argiles JM, et  al. Sarcopenia with limited 
mobility: an international consensus. J Am Med Dir Assoc. 2011;12:403–
409. doi:10.1016/j.jamda.2011.04.014 

	12.	 Studenski SA, Peters KW, Alley DE, et  al. The FNIH sarcopenia project: 
rationale, study description, conference recommendations, and final estimates. 
J Gerontol A Biol Sci Med Sci. 2014;69:547–558. doi:10.1093/gerona/glu010

	13.	Vetrano DL, Landi F, Volpato S, et  al. Association of sarcopenia with 
short- and long-term mortality in older adults admitted to acute care 
wards: results from the CRIME study. J Gerontol A  Biol Sci Med Sci. 
2014;69:1154–1161. doi:10.1093/gerona/glu034

	14.	Alexandre Tda S, Duarte YA, Santos JL, et  al. Sarcopenia according to 
the European Working Group on Sarcopenia in Older People (EWGSOP) 
versus Dynapenia as a risk factor for disability in the elderly. J Nutr Health 
Aging. 2014;18:547–553. doi:10.1007/s12603-014-0450-3

	15.	McLean RR, Shardell MD, Alley DE, et al. Criteria for clinically relevant 
weakness and low lean mass and their longitudinal association with inci-
dent mobility impairment and mortality: the foundation for the National 
Institutes of Health (FNIH) sarcopenia project. J Gerontol A Biol Sci Med 
Sci. 2014;69:576–583. doi:10.1093/gerona/glu012

	16.	Peel NM, Kuys SS, Klein K. Gait speed as a measure in geriatric assessment 
in clinical settings: a systematic review. J Gerontol A Biol Sci Med Sci. 
2013;68:39–46. doi:10.1093/gerona/gls174

	17.	Cawthon PM, Peters KW, Shardell MD, et al. Cutpoints for low appen-
dicular lean mass that identify older adults with clinically significant 
weakness. J Gerontol A Biol Sci Med Sci. 2014;69:567–575. doi:10.1093/
gerona/glu023

	18.	Ferrucci L, Bandinelli S, Benvenuti E, et  al. Subsystems contributing to 
the decline in ability to walk: bridging the gap between epidemiology and 
geriatric practice in the InCHIANTI study. J Am Geriatr Soc. 2000;48: 
1618–1625.

	19.	Janssen I, Heymsfield SB, Baumgartner RN, Ross R. Estimation of skel-
etal muscle mass by bioelectrical impedance analysis. J Appl Physiol. 
2000;89:465–471.

	20.	Janssen I, Baumgartner RN, Ross R, Rosenberg IH, Roubenoff R. Skeletal 
muscle cutpoints associated with elevated physical disability risk in older 
men and women. Am J Epidemiol. 2004;159: 413–421.

	21.	Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness 
in the aged. The index of ADL: a standardized measure of biological and 
psychosocial function. JAMA. 1963;185:914–919.

	22.	Lawton MP, Brody EM. Assessment of older people: self-maintaining 
and instrumental activities of daily living. Gerontologist. 1969;9:179–
186.

	23.	Guralnik JM, Fried LP, Simonsick EM, Kasper JD, Lafferty ME, eds. The 
Women’s Health and Aging Study: Health and Social Characteristics of 
Older Women with Disability. Bethesda, MD: National Institute on Aging; 
1995, NIH publ. no. 95-4009.

	24.	Volpato S, Bianchi L, Cherubini A, et  al. Prevalence and clinical corre-
lates of sarcopenia in community-dwelling older people: application of the 
EWGSOP definition and diagnostic algorithm. J Gerontol A Biol Sci Med 
Sci. 2014;69:438–446. doi:10.1093/gerona/glt149

	25.	Cruz-Jentoft AJ, Landi F, Schneider SM, et al. Prevalence of and interven-
tions for sarcopenia in ageing adults: a systematic review. Report of the 
International Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 
2014;43:748–759. doi:10.1093/ageing/afu115

	26.	Cawthon PM, Fox KM, Gandra SR, et al. Do muscle mass, muscle density, 
strength and physical function similarly influence risk of hospitalization in 
older adults? J Am Geriatr Soc. 2009;57:1411–1419. doi:10.1111/j.1532-
5415.2009.02366.x

	27.	Legrand D, Vaes B, Matheï C. Muscle strength and physical performance 
as predictors of mortality, hospitalization, and disability in the oldest old. 
J Am Geriatr Soc. 2014;62:1030–1038. doi:10.1111/jgs.12840

	28.	Arango-Lopera VE, Arroyo P, Gutiérrez-Robledo LM, Pérez-Zepeda MU, 
Cesari M. Mortality as an adverse outcome of sarcopenia. J Nutr Health 
Aging. 2013;17:259–262. doi:10.1007/s12603-012-0434-0

	29.	Landi F, Cruz-Jentoft AJ, Liperoti R, et al. Sarcopenia and mortality risk in 
frail older persons aged 80 years and older: results from ilSIRENTE study. 
Age Ageing. 2013;42:203–209. doi:10.1093/ageing/afs194

	30.	Kim JH, Lim S, Choi SH, et al. Sarcopenia: an independent predictor of 
mortality in community-dwelling older Korean men. J Gerontol A Biol Sci 
Med Sci. 2014;69:1244–1252. doi:10.1093/gerona/glu050

	31.	Alexandre Tda S, Duarte YA, Santos JL, et  al. Sarcopenia according to 
the European Working Group on Sarcopenia in Older People (EWGSOP) 
versus dynapenia as a risk factor for mortality in the elderly. J Nutr Health 
Aging. 2014;18:751–756. doi:10.1007/s12603-014-0450-3

	32.	Landi F, Liperoti R, Fusco D, et  al. Sarcopenia and mortality among 
older nursing home residents. J Am Med Dir Assoc. 2012;13:121–126. 
doi:10.1016/j.jamda.2011.07.004

	33.	 Cesari M, Pahor M, Lauretani F, et al. Skeletal muscle and mortality results 
from the InCHIANTI Study. J Gerontol A Biol Sci Med Sci. 2009;64:377–384. 
doi:10.1093/gerona/gln031

	34.	Newman AB, Kupelian V, Visser M, et al. Strength, but not muscle mass, is 
associated with mortality in the health, aging and body composition study 
cohort. J Gerontol A Biol Sci Med Sci. 2006;61:72–77.

	35.	Manini TM, Clark BC. Dynapenia and aging: an update. J Gerontol 
A Biol Sci Med Sci. 2012;67:28–40. doi:10.1093/gerona/glr010

	36.	 Savino E, Martini E, Lauretani F, et al. Handgrip strength predicts persistent 
walking recovery after hip fracture surgery. Am J Med. 2013;126:1068–75.e1. 
doi:10.1016/j.amjmed.2013.04.017

264� Journals of Gerontology: Medical Sciences, 2016, Vol. 71, No. 2
D

ow
nloaded from

 https://academ
ic.oup.com

/biom
edgerontology/article/71/2/259/2605628 by guest on 28 January 2021


