@° PLOS | ONE

Check for
updates

G OPEN ACCESS

Citation: Beaudart C, Zaaria M, Pasleau F,
Reginster J-Y, Bruyere O (2017) Health Outcomes
of Sarcopenia: A Systematic Review and Meta-
Analysis. PLoS ONE 12(1): 0169548. doi:10.1371/
journal.pone.0169548

Editor: James M. Wright, University of British
Columbia, CANADA

Received: September 6, 2016
Accepted: December 19, 2016
Published: January 17,2017

Copyright: © 2017 Beaudart et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: C.B. is supported by a fellowship from
the FNRS (Fonds National de la Recherche
Scientifique de Belgigue—FRS-FNRS—www.frs-
fnrs.be).

Competing Interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Health Outcomes of Sarcopenia: A Systematic
Review and Meta-Analysis

Charlotte Beaudart *, Myriam Zaaria®, Frangoise Pasleau®, Jean-Yves Reginster’,
Olivier Bruyére'

1 Public Health, Epidemiology and Health Economics, University of Liege, Liége, Belgium, 2 Aix-Marseille
University, School of Medicine, Marseille, France, 3 Life Sciences Library, University of Liége, Liege, Belgium

* c.beaudart@uig.ac.be

Abstract

Objective

The purpose of this study was to perform a systematic review to assess the short-, middle-
and long-term consequences of sarcopenia.

Methods

Prospective studies assessing the consequences of sarcopenia were searched across differ-
ent electronic databases (MEDLINE, EMBASE, EBM Reviews, Cochrane Database of Sys-
tematic Reviews, EBM Reviews ACP Journal Club, EBM Reviews DARE and AMED). Only
studies that used the definition of the European Working Group on Sarcopenia in Older People
to diagnose sarcopenia were included. Study selection and data extraction were performed by
two independent reviewers. For outcomes reported by three or more studies, a meta-analysis
was performed. The study results are expressed as odds ratios (OR) with 95% CI.

Results

Of the 772 references identified through the database search, 17 were included in this system-
atic review. The number of participants in the included studies ranged from 99 to 6658, and
the duration of follow-up varied from 3 months to 9.8 years. Eleven out of 12 studies assessed
the impact of sarcopenia on mortality. The results showed a higher rate of mortality among
sarcopenic subjects (pooled OR of 3.596 (95% CI 2.96—4.37)). The effect was higher in peo-
ple aged 79 years or older compared with younger subjects (p = 0.02). Sarcopenia is also
associated with functional decline (pooled OR of 6 studies 3.03 (95% CI 1.80-5.12)), a higher
rate of falls (2/2 studies found a significant association) and a higher incidence of hospitaliza-
tions (1/1 study). The impact of sarcopenia on the incidence of fractures and the length of hos-
pital stay was less clear (only 1/2 studies showed an association for both outcomes).

Conclusion

Sarcopenia is associated with several harmful outcomes, making this geriatric syndrome a
real public health burden.
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Introduction

The aging process is responsible of many changes in body composition including a loss of skel-
etal muscle mass. From the age of 25, there is a progressive decrease in the size and number of
muscle fibers resulting in a total decrease of about 40% in muscle mass between the ages of 25
and 80 years[1]. Beyond some defined threshold, this age-related loss of muscle mass is charac-
terized as abnormal. To define this a progressive loss of muscle mass with advancing age the
term sarcopenia was first coined by Rosenberg et al. in 1989(2]. This very first definition
included only the notion of muscle mass. However, with time, the definition has expanded to
incorporate the notion of muscle function, including reduced muscle strength and/or physical
performance. Indeed, several epidemiological studies showed a decline in muscle strength 2-5
times greater than the decline in muscle mass over the same period of time[3,4]. Although
muscle mass is a determinant of muscle strength, the loss in muscle mass with advancing age is
far from the sole or even primary explanation for the loss of muscle strength. Furthermore,
maintenance or gain in muscle mass does not necessarily prevent age-related decline in muscle
strength[5]. This dissociation between the loss in muscle mass and the loss in muscle strength
can partly be explained by the atrophy and denervation of the muscle fibers. In addition, neu-
ral changes, such as a decline in motor unit recruitment and in motor unit discharge rates, also
contribute to this dissociation[6].

Currently, several definitions of sarcopenia have been proposed[7-15], but no worldwide
consensus has yet been reached. It is important to note that sarcopenia is now recognized as
an independent condition by an ICD-10-CM code[16].

Currently, some potential consequences of sarcopenia on individual health and public
health[17] have been suggested, including physical disabilities, depression, decreased quality of
life, nursing home admission and even death. However, it is not always clear whether these
consequences were determined from longitudinal studies or simply from cross-sectional stud-
ies, in which case it would be incorrect to define these health issues as “consequences”; they
would be more appropriately called “associations”. Moreover, it appears that the consequences
of sarcopenia can vary according to the operational definition used for the diagnosis of sarco-
penia. For example, Bishoff-Ferrari[18] compared the ability of different operational defini-
tions to predict falls. It appears that the relative risk (RR) of falls for sarcopenia patients could
vary from 1.82 (95% CI 1.24-2.69) to 0.61 (95% CI 0.24-1.55) depending on the definition
used to diagnose sarcopenia.

To avoid ambiguity surrounding the interpretation of the consequences of sarcopenia and
move gradually, it would be interesting to identify the consequences of sarcopenia related to
one unique definition of sarcopenia. A couple of years ago, the European Working Group on
Sarcopenia in Older People[8] reached a consensus and defined sarcopenia as a progressive
and generalized loss of muscle mass and muscle function (muscle strength or physical perfor-
mance) with advancing age. To reinforce its validity, this recent operational definition still
needs to show its ability to predict the clinical outcomes of sarcopenia.

The aim of this research is therefore to identify all short-, middle- and long-term conse-
quences of sarcopenia, as defined by the European Working Group on Sarcopenia in Older
People (EWGSOP)[8], specifically reported in prospective studies.

Methods

The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement
(S1 Table) has been followed for all steps of this research.
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Literature search

The electronic databases MEDLINE, EMBASE, Cochrane Database of Systematic Review,
ACP Journal Club, Database of Abstracts of Reviews of Effects (DARE) and Allied and Com-
plementary Medicine (AMED) were searched for cohort studies assessing the clinical and
health consequences of sarcopenia. No date limit was applied. The search strategy and search
terms used for this research are detailed in Table 1. Additional studies were identified through
a manual search of the bibliographic references of relevant articles and existing reviews.

Study selection

In the initial screening stage, two investigators independently reviewed the title and abstract of
each of these references to exclude articles irrelevant to the systematic review. Rigorous inclu-
sion criteria were adhered to (Table 2). In the second step, the two investigators independently
read the full texts of the articles that were not excluded in the initial stage, then selected the
studies that met the inclusion criteria. All differences of opinion regarding the selection of arti-
cles were resolved through discussion and consensus.

Studies dealing with sarcopenia associated with cancer cachexia or neurological diseases,
any malignant disease, inflammatory or autoimmune diseases, corticosteroids for systemic use
and obesity were excluded.

Data extraction

Data were extracted independently by two reviewers according to a standardized data extraction
form. The following data were extracted: authors; journal name; year of publication; country;
objective of the study; socio-demographic data (country, type of population, sex ratio, mean age);
sample size; design (length of intervention, number of groups, description of groups); tools used
to assess muscle mass, muscle strength and physical performance; reported prevalence of sarco-
penia; outcomes; conclusion; presence of conflicts of interest; and potential funding.

To include as many studies as possible in our systematic review, we systematically contacted
authors or co-authors when information was missing in the full-text paper.

Methodology quality assessment

The assessment of methodological quality was performed independently by two reviewers
using the Newcastle-Ottawa Scale (NOS). A quality score was calculated based on three catego-
ries: group selection (four items), comparability between groups (one item), and outcome and

Table 1. Search strategy.

1. Sarcopenia/

2. Sarcopeni$.tw

3. Ewgsop.tw

4. Exp cohort studies/
5. Cohort stud$.tw

6. Cohort analy$.tw

7. Longitudinal stud$.tw
8. Prospective stud$.tw
9. Observational stud$.tw
10. Or/1-3

11. Or/4-10

12. And/11-12

doi:10.1371/journal.pone.0169548.1001
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Table 2. Inclusion criteria.

Design Prospective studies (with at least two prospective evaluations)

Participants Human, middle-aged and elderly men and women

Diagnosis of Based on the EWGSOP definition (presence of low muscle mass + either low
sarcopenia muscle strength or low physical performance (low gait speed or low SPPB test)).
Outcome Report of at least one outcome of sarcopenia

Language English

doi:10.1371/journal.pone.0169548.t002

exposure assessment (3 items). A maximum of one star could be awarded for each item in the
group selection and outcome and exposure assessment categories. A maximum of two stars
could be awarded for comparability. Thus, the maximum possible score was nine stars, which
represented the highest methodological quality. Studies were considered high quality if they
scored above the median of eight stars. Disagreements between the reviewers were discussed
until consensus was reached.

Synthesis of the results

The findings were evaluated in a descriptive manner based on the information provided by
each of the included studies. For outcomes reported by three or more studies, a meta-analysis
was performed. Study results were expressed as odds ratios (OR) with 95% CI. When available,
adjusted ORs were reported. Otherwise, crude ORs were computed from the available results
in the paper. We decided to use/compute ORs instead of HRs because HRs were not available
for all studies and were impossible to compute with the data available in the different papers.
When one study reported results for different time points, we decided to include only the
results for the longest follow-up point. To evaluate the impact of individual studies on the
overall results, we performed a one-way sensitivity analysis by omitting one study at a time
and then repeating the analysis.

Since participant demographics and clinical settings differed among studies, we assumed
the presence of heterogeneity a priori. Therefore, we used a random-effects model to pool the
results. We assessed heterogeneity using the y,-test of heterogeneity and the I measure of
inconsistency. Moreover, analyses of subgroups based on the clinical setting (community-
dwelling, hospitalized and institutionalized people), NOS score (according to the median qual-
ity), age (according to the median age), length of follow-up (according to the median length of
follow-up) and the tool used to measure muscle mass (Dual-Energy X-Ray Absorptiometry
(DXA), Bioelectrical impedance analysis (BIA) or anthropometric measurements) were per-
formed. A test of interaction using a mixed-effects model was performed for all subgroups to
establish whether the difference in effect size among subgroups was statistically significant.

Potential publication bias was explored by means of a funnel plot. We used the Egger’s
regression asymmetry test to detect publication bias.

For all results, a two-sided p value of 0.05 or less was considered significant. All analyses
were performed using the software package Comprehensive Meta Analysis, Biostat v2.

Results
Search strategy

A total of 1026 studies were identified through electronic database searches. Among these
studies, we were able to remove 254 duplicates. Therefore, 772 articles were screened for title
and abstract by two independent reviewers. Only 16 studies met the inclusion criteria, but two
of these studies described the same results. As a result of a manual search of the bibliographies
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Papersidentified through electronic databases
(n=1026)

- Medline (n=3%4)
- AMED (n=8)
ACP Journal Club (n=0)
- DARE (n=1)
- Codhrane Database of Systematic Review (n=5)
Embase (n=618)

e

Papers sareened for title and
abstract (n=772)

v —
Papers sareened for full-text
review (n=52)

Yy —s

Papers that met the
indusion criteria (n=16)
Two described the results of
the same study (n=15)

Duplicate studies among electronic
databases (n=254)

Did not match theindusion criteria
(n=714)
Duplicate studies (n=6)

Rejected papers

Not EWGSOP sarcopenia
definition (n=20)

Unadapted analysis(n=9)
Paper writtenin Chinese(n=1)
Incompletedata (n=4)

Spedfic population (n=2)

v

Additional papersidentified
through manual search
(n=2)

N4

Total induded papersin this
systematic review (n=17)

Fig 1. Search strategy.
doi:10.1371/journal.pone.0169548.9001

of pertinent papers, we were able to identify two additional studies. Therefore, 17 prospective
studies assessing the outcomes of sarcopenia, defined according to the EWGSOP guidelines,
were included in this systematic review (Fig 1).

Included studies

All of these studies (characteristics presented in Table 3) were quite recent since they were
published between 2012 and 2015. Most of the studies were performed in Europe (9/17 studies
[19-27]), while 5 were performed in America (2 in USA, 3 in South America) [28-32], and 3
were performed in Asia[33-35]. All of the studies included subjects aged 60 years or older; 11
studies included community-dwelling older people[21,22,25,29-35], 4 included hospitalized
subjects[19,20,24,27], and 2 involved nursing home residents[23,26]. Only one study included
only men[32]; all of the others were mixed-gender studies, with the percentage of women vary-
ing between 48.9%[35] and 75%[23]. The number of participants ranged from 99[20] to 6658
[31], and the duration of follow-up varied from 3 months[20,24,27] to 9.8 years[32]. Sarcope-
nia was diagnosed according to the algorithm proposed by the EWGSOP. Muscle mass was
measured using bioelectrical impedance analysis (BIA) in the majority of studies (7/17 studies
[19,20,23-25,27,33]), followed by anthropometric measurements (6/17 studies[21,22,26,28-
30]) and, finally, by Dual-Energy X-ray Absorptiometry (DXA) (4/17 studies[31,32,34,35]).
Muscle strength was measured using handgrip strength in all of studies except for one[35],
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Table 4. NOS scores.

Study
da Silva, 2014a[28]
da Silva, 2014b[29]
Vetrano, 2014[19]
Sanchez-Rodriguez, 2014[20]
Sanchez-Rodriguez, 2015[27]
Tanimoto, 2013[33]
Arango-Lopera, 2013[30]
Landi, 2013[21]
Landi, 2012a[22]
Landi, 2012b[23]
Cerri, 2015[24]
Woo, 2015[34]
Bianchi, 2015[25]
Chalhoub, 2015[31]
Saka, 2015[26]
Cawthon, 2015[32]
Kim, 2014[35]

doi:10.1371/journal.pone.0169548.1004

which used an isokinetic device. Finally, only one study used the Short Physical Performance Bat-
tery (SPPB)[35] test to measure physical performance; all other studies used gait speed. The prev-
alence of sarcopenia varied from 4.3% in a population of ambulatory community-dwelling men
[32] to 73.3% among nursing home residents in Turkey[26]. The majority of studies declared
their source of funding (funding from a local foundation[28,29], from a national ministry[19,33],
from a grant[21,22] and from a national institute of research[25,31,32,35]) if any (two studies
[20,26] declared no funding). Five other studies did not report the presence or absence of fund-
ing[23,24,27,30,34]. Eleven studies reported no conflict of interest[19-24,26,27,33-35], 2 reported
one conflict of interest[31,32] and 4 studies did not report this information[28,29].

The studies reported results for approximately 6 different types of consequences: mortality
(12 studies[19-21,23-26,28,30,32,34,35]), functional decline (7 studies[20,25,27,29,32-34]),
falls (2 studies[22,32]), fracture (2 studies[31,32]), length of hospital stay (2 studies[27,34]) and
hospitalization (1 study[25]).

Mortality

A total of 12 studies reported results for mortality[19-21,23,25,26,28,30,32,34,35]. One study
scored 5/9[20] on the NOS, 4 scored 7/9[19,24,32,34], 4 scored 8/9[21,25,30,35] and 3 scored 9/
9[23,26,28], indicating excellent quality (Table 4). The population was composed of ambulatory
community-dwelling subjects in 7 of these studies[21,25,28,30,32,34,35], hospitalized subjects
in 3 studies[19,20,24] and nursing home residents[23,26] in the two last. A higher risk of mor-
tality was found for sarcopenic subjects compared with non-sarcopenic ones in 10/12 studies.
In one[36] of these studies, the results were only significant for sarcopenic men and not for sar-
copenic women. A meta-analysis was performed to compute the results of these different stud-
ies. Because we contacted the authors or co-authors when information was missing from the
full-text paper, we were able to obtain the ORs of all studies. An overall OR of 3.596 (95% CI
2.96-4.37) was found, indicating a higher risk of mortality for sarcopenic subjects compared
with non-sarcopenic ones (Fig 2A). Egger’s regression analysis showed that publication bias was
not present (p = 0.80). The results of the subgroup analyses are available in Table 5. A significant

Selection (4 stars) Comparability (2 stars) Exposure (3 stars) Total score (9 stars)
4 stars 2 stars 3 stars 9 stars
4 stars 2 stars 2 stars 8 stars
3 stars 1 star 3 stars 7 stars
3 stars O star 2 stars 5 stars
3 stars O star 3 stars 6 stars
3 stars 2 stars 3 stars 8 stars
4 stars 2 stars 2 stars 8 stars
4 stars 2 stars 2 stars 8 stars
4 stars 2 stars 2 stars 8 stars
4 stars 2 stars 3 stars 9 stars
3 stars 2 stars 2 stars 7 stars
3 stars 2 stars 2 stars 7 stars
4 stars 2 stars 2 stars 8 stars
4 stars 2 stars 1 star 7 stars
4 stars 2 stars 3 stars 9 stars
4 stars 2 stars 1 star 7 stars
4 stars 2 stars 2 stars 8 stars
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Study name Statistics for each study 0dds ratio and 95% CI

Odds Lower Upper
ratio limit  limit Z-Value p-Value

Arango-Lopera, 2013 1,866 0978 3,561 1892 0,059 .
Bianchi, 2015 5239 2705 10,145 4,911 0,000 —.—
Cawthon, 2015 4580 3501 5992 11,101 0,000 |
Cerri, 2015 12,133 2,815 52,300 3,348 0,001 e
Da Silva, 2014 3462 1661 7,216 3314 0,001 —
Kim, 2014 2,360 1,153 4,833 2349 0,019 .
Landi, 2012 3873 1572 9542 2943 0,003 —
Landi, 2013 2992 1465 6,111 3,008 0,003 ——
Saka, 2015 2964 17364 6441 2743 0,006 —-—
Sanchez-Rodriguez, 2014 2,199 0,600 8,055 1,189 0,234 —t——
Vetrano, 2014 4716 3,109 7,153 7295 0,000 -
Woo, 2015 3190 2,542 4,003 10,013 0,000 ]

3,506 2957 4,373 12821 0,000 ¢

001 01 1 10 100

2A. Mortality and sarcopenia
Heterogeneity Q-value 16.05;df(Q) 11; p-value0.14;1231.4
* AllORs were crude ORs.
Study name_ _Statistics for each study _Odds ratio and 95% CI

Ocdds Lower Upper

ratio limit limit 2Z-Value p-Value
Bianchi, 2015 4890 2677 8931 5184 0,000 =
Cawthon, 2015 2420 1495 3917 3597 0,000 L 3
De Silva, 2014 2260 1124 4545 2287 0,022 -
Sanchez-Rodriguez, 2015 1273 0624 2597 0663 0507
Tanimoto, 2013 12820 6,059 27,125 6671 0,000
Woo, 2015 2100 1591 2772 5239 0,000 B

3034 1799 5118 4162 0,000 <

0,01 0,1 4 10 100

2B. Functional disability and sarcopenia
Heterogeneity Q-value27.99; df(Q) 5; p-value<0.001;1282.1.

* Only the OR reported in the Cawthon et al. study was age-adjusted. All other ORs were crude

Fig 2. Mortality (A) and functional decline (B) as outcomes of sarcopenia.
doi:10.1371/journal.pone.0169548.9002

difference in effect was found only for age, with a significantly higher association between sarco-
penia and mortality in subjects aged 79 years or older (OR 4.42 (95% CI 3.60-5.42)) compared
with younger subjects (OR 3.09 (2.49-3.84); p = 0.02).

Functional decline

Seven studies[20,25,27,29,32-34] reported results regarding the association between sarcope-
nia and the incidence of functional disability. However, two individual studies[20,27] reported
similar results for a similar population for the outcome of functional decline. We decided to
keep the most recent study in our analysis. Therefore, only 6 studies were analyzed for this out-
come (1 with an NOS score of 6/9[27], 2 with an NOS score of 7/9[32,34], 3 with an NOS score
of 8/9[25,29,33]). Five out of these 6 studies found a significantly greater decline of function
(assessed using the ADL-Katz scale[25,29,33], the IAD-Lawton scale[25,29,33], the Barthel
Index[27] and self-reported functional limitations[32,34]) in sarcopenic subjects compared
with non-sarcopenic subjects. However, in one of these studies[34], the association was signifi-
cant only for men and not for women. The pooled results indicated a higher risk of functional
disability for sarcopenic subjects compared with non-sarcopenic ones (pooled OR 3.03 (95%
CI 1.80-5.12)). No publication bias was found for this meta-analysis (p = 0.37). The results of
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Table 5. Subgroup analyses.

Mortality
Clinical settings
Community

Hospital
Nursing home
Age
< 79 years
> 79 years
Length of follow-up
< 36 months
> 36 months
NOS score
< 7 points
> 7 points

Tool used for muscle mass measure

BIA

DXA

Anthropometric measures
Functional decline
Age

< 75years

> 75 years
Length of follow-up

< 51.5 months

> 51.5 months

Tool used for muscle mass measure

BIA
DXA

Nb. Subgroup analyses for clinical settings and NOS score could not be performed for functional decline given the limited number of studies for these

Number of studies

3
3

OR (95% CI)

3.39 (2.65-4.33)
4.73 (2.46-9.12)
3.32 (1.84-5.98)

3.09 (2.49-3.84)
4.42 (3.60-5.42)

3.31(2.17-5.07)
3.72 (3.02-4.60)

4.06 (3.06-5.38)
3.05 (2.32-4.01)

4.84 (3.47-6.74)
3.58 (2.73-4.63)
2.67 (1.84-3.87)

3.79 (1.36 -10-6)

2.52 (1.26-5.03)

3.31(0.87-12.55)
2.75 (1.75-4.31)

4.24 (2.87-6.27)
2.18 (1.74-2.74)

groups (one unique study with a NOS score < 7 and one unique study performed with hospitalized subjects).

doi:10.1371/journal.pone.0169548.t005

p-value

0.63

0.02

0.23

0.16

0.06

0.52

0.79

0.29

the subgroup analyses are available in Table 5. No effect of age, length of follow-up or of tool
used to measure muscle mass was found.

Falls

Two studies[22,32] (one with a score of 7/9 on the NOS[32], one with a score of 8/9[22])

reported results for the association between sarcopenia and the incidence of falls. One of these
studies was performed on 260 community-dwelling individuals with a mean age of 86.7+5.4
years who were followed for 2 years to determine the incidence of falls[22]. The second study
was performed on 5828 ambulatory community-dwelling individuals for whom the incidence
of falls was recorded 3 times per year for 1 year. Both studies found a significant association
between sarcopenia and the incidence of falls. In the first study[22], 27.3% of the sarcopenic
subjects fell at least one time, compared with 9.8% of the non-sarcopenic ones (p<0.001). A

crude HR of 3.45 (95% CI 1.68-7.09) was reported. The HR was still significant in a fully

adjusted model (adjusted for age, gender, cognitive impairment, ADL impairment, sensory

impairments, body mass index, depression, physical activity, cholesterol, stroke, diabetes,
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number of medications, and reactive C protein) that resulted in an HR of 3.23 (95% CI 1.25-
8.29). In the second study[32], the authors found a higher risk of recurrent falls (at least 2 falls
in one year) for sarcopenic subjects, with a significant OR equal to 2.38 (95%CI 1.75-3.23)
when adjusted for age.

Fractures

Two studies[31,32] followed sarcopenic subjects to assess the incidence of fractures. The first
study[31], which had an NOS score of 7/9, followed 5544 elderly men and 1114 women living in
the community for 9 years and 8 years, respectively. The studies defined 4 groups: subjects with
normal bone mineral density (BMD) and no sarcopenia, subjects with normal BMD but with sar-
copenia, subjects with low BMD but no sarcopenia and, finally, subjects with low BMD and sar-
copenia. The authors found a significantly higher incidence of all types of fractures in the
sarcopenic subjects compared with the non-sarcopenic subjects only when the sarcopenic sub-
jects also presented with low BMD. The HRs varied from 3.75 (95% CI 2.64-5.32) for men to 2.8
(95% CI 1.72-4.58) for women in the crude model and from 3.79 (95% CI 2.65-5.41) for men
and 2.27 (95% CI 1.37-3.76) for women in the multivariable adjusted model. The results followed
the same trend when traumatic fractures were excluded from the analyses. The second study[32],
which had also an NOS score of 7/9, followed 5934 ambulatory community-dwelling men to
determine the incidence of hip fracture and did not report any association between sarcopenia
and the incidence of hip fractures (OR adjusted for age and BMD 1.17 (95% CI 0.71-1.93)).

Length of hospital stay

Two studies[27,34] followed sarcopenic subjects to assess the impact of sarcopenia on the
length of stay during hospitalization. The first study[27], which had an NOS score of 6/9,
included 99 hospitalized elderly men and women aged 84.6+6.6 years. The authors did not
report a significant difference in the length of hospital stay in a referral acute care unit between
the sarcopenic patients (19.5 + 16.3 days) and the non-sarcopenic patients (15.0 + 9.9 days;

p =0.179). In contrast, the second study[34], which had an NOS score of 7/9, followed 3999
community-dwelling elderly men and women for 7 years and found a significantly higher per-
centage of sarcopenic men than non-sarcopenic men had a hospital stay longer than 20 days
during follow-up. An adjusted OR (for age, education, COPD, diabetes mellitus, hypertension,
heart disease, current smoker, MMSE, and depression) of 1.84 (95%CI 1.32-2.58) was found.
No such difference was found for women.

Hospitalization

Only one study[25], with a score of 8/9 on the NOS scale, followed sarcopenic subjects to assess
the impact of sarcopenia on the incidence of hospitalization. A total of 538 community-dwell-
ing elderly subjects aged 77.1+5.5 years were followed for a median of 55 months. Among the
sarcopenic subjects (there was a 10.2% prevalence of sarcopenia), 60% were hospitalized dur-
ing the follow-up versus 48% of the non-sarcopenic subjects. The risk of hospitalization was
higher in sarcopenic subjects, with a crude HR of 1.57 (95% CI 1.09-2.26) and a fully adjusted
HR (adjusted for age, gender, comorbidities, BMI, education, and hemoglobin) of 1.57 (95%
CI 1.03-2.41).

Discussion

The purpose of this systematic review and meta-analysis was to present and evaluate the clini-
cal and socio-economic consequences of sarcopenia. A clear synthesis of the outcomes of
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sarcopenia was lacking in scientific literature. To avoid confounding consequences that were
only related to low muscle mass or low muscle function separately with consequences that
were directly attributable to sarcopenia itself, which is now defined by both reduced muscle
mass and limited muscle function, we decided to focus on definitions that included both of
these concepts. However, since the various operational definitions, proposed in the scientific
literature could have different abilities to predict an outcome, only one definition was included
in this systematic review (i.e., the EWGSOP definition). We decided to choose this definition
over other ones because it has been largely used since its publication although it has not yet
been validated as predictive of clinical outcomes. We acknowledge that this definition is pre-
senting some weaknesses, particularly in regard to the cut-offs proposed to define low muscle
mass, low muscle strength and low physical performance but, despite the absence of a world-
wide consensual definition, we need to use currently available data. This systematic review
could therefore provide scientific data to scientists aiming to develop one unique operational
definition of sarcopenia.

No fewer than 17 prospective studies were included in our systematic review and meta-
analysis. Across these studies, we identified 6 different types of outcomes. The most studied
consequence of sarcopenia is mortality. Indeed, 12 studies reported data for mortality, and 10
suggested a significant relationship between sarcopenia and mortality. Because of the high
number of studies focusing on this outcome, we were able to perform a meta-analysis, which
indicated that sarcopenia patients faces a 4 times higher risk of mortality than non-sarcopenic
subjects. The results did not vary according to the settings of the participants (community
dwelling versus hospitalized subjects versus nursing home residents) or to the length of follow-
up. Only age seems to have an impact on the results; as expected, there was a higher association
of mortality with sarcopenia among subjects aged 79 years or older. Recently, another meta-
analysis[37] that aimed to assess the association between sarcopenia and mortality was pub-
lished; however, the authors did not focus on a unique definition and therefore also included
studies that used only muscle mass-based definitions of sarcopenia. Nevertheless, they also
found a significantly higher risk of mortality in sarcopenic subjects compared with non-sarco-
penic subjects, with an HR of 1.87 (95% CI 1.61-2.18). It must be pointed out that no differ-
ence has been observed regarding the definition used for sarcopenia; a higher risk of mortality
was found for sarcopenic subjects regardless of the definition used for the diagnosis. Another
well-studied outcome of sarcopenia across the scientific literature is functional decline. Six out
of 7 studies reporting functional decline as an outcome of sarcopenia showed a significant
association. It has been suggested that sarcopenic subjects have a 3 times higher risk of func-
tional decline or functional disability compared with non-sarcopenic subjects. Significant het-
erogeneity was found in this meta-analysis, probably because of the different methods used to
measure functional decline (the ADL-Katz scale[25,29,33], the IAD-Lawton scale[25,29,33],
the Barthel Index[27] and self-reported functional limitations[32,34]). This heterogeneity was
presumed and, for this reason, we decided to use a random effects model and to perform some
subgroup analyses. It should be noted that neither the age of the participants, the length of fol-
low-up nor the tool used to measure muscle mass seemed to interact with the observed associa-
tion between sarcopenia and functional decline. Four other types of consequences (i.e., the
incidence of falls, the incidence of hospitalization, the incidence of fractures and the length of
hospital stay) were also identified across the 17 included studies. However, the limited number
of studies reporting these outcomes did not allow us to perform meta-analyses. We did not find
any other reported consequences of sarcopenia in the literature based on our search strategy. It
is regrettable that there are still no available regarding the consequences of sarcopenia, as defined
by the EWGSOP, on quality of life. Some transversal data are available[38-41], but we did not
identify any prospective studies on this topic. However, this lack is probably because, before last
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year, no specific quality of life questionnaire for sarcopenia was available in the literature. In
2015, a specific health-related quality of life questionnaire for sarcopenia was developed and vali-
dated by our team[42]. It should be very interesting to obtain prospective data about quality of
life and its impact on individuals with sarcopenia.

Several operational definitions of sarcopenia are currently proposed in the scientific litera-
ture. Although the definition proposed by the EWGSOP is one of the most widely used in cur-
rent epidemiological studies, it still needs to obtain scientific validation and be recognized as
able to predict the health and clinical outcomes of sarcopenia. The present systematic review
provides key elements favorable to this validation. Indeed, the majority of studies identified by
this systematic review showed an association between sarcopenia, as defined by the EWGSOP,
and health-related clinical outcomes.

With the exception of mortality and functional decline, for which we have a substantial
number of scientific papers, there are few epidemiological studies assessing the association
with other outcomes. However, our systematic review draws on the state of the art and opens
doors for the development of future prospective studies. For the development of these future
studies, it is important to follow some standardization regarding the definition of sarcopenia
used for the diagnosis. Indeed, some studies suggest that the use of different definitions of sar-
copenia has a substantial impact on its reported prevalence and outcomes[18,43]. However, it
should be noted that even if the tools used to define sarcopenia have been suggested to have an
important impact on the prevalence of sarcopenia[44,45], the results of our meta-analysis sug-
gest that the impact on health-related outcomes is more limited.

This study was the first to present a list of the consequences of sarcopenia based on a sys-
tematic review. We searched in multiple electronic databases to identify a maximum possible
number of studies that would meet our inclusion criteria. An important strength to highlight
is that we contacted several authors of studies to obtain the data needed to compute ORs and
information that was missing from the published papers. We obtained replies from 6 authors,
which allowed us to include these studies in the meta-analysis. Nevertheless, this study has some
limitations, particularly in the quantitative synthesis of results. Indeed, because some heterogene-
ity was found in the way that results were reported across studies (i.e., some authors reported
HRs, some crude and some adjusted on confounding parameters, while others authors reported
ORs, some crude and some adjusted), we decide to use ORs because we were able to compute
ORs using the incidence data available in the papers. With this method, however, we most often
reported crude ORs, which did not take into account some potential confounding factors. More-
over, there was considerable variation in the length of follow-up across studies, which can also
have an impact on the results. The shortest length of follow-up was three months, while the lon-
gest was 9.8 years, which can influence the accuracy for estimating the risk of mortality or func-
tional decline. However, we tried to take this parameter into account by performing subgroup
analyses. The results did not show any effect on the length of follow-up, mortality, or functional
decline. We also deplore that we were unable to assess the longitudinal loss of muscle mass and
muscle strength over time. Indeed, in individual studies, muscle mass and muscle strength were
only assessed at baseline to diagnose sarcopenia and these measurements were not reported over
time. Reproducing these assessments over time could be raised as a perspective for further studies
with a “dynamic” approach of sarcopenia. Finally, even if a large number of studies were spon-
sored or funded by a local foundation, national ministry, grant or national institute of research,
we could not establish any relationship between the funding or a potential conflict of interest and
the results of these individual studies. Notwithstanding the aforementioned limiting factors of
this research, we believe that these findings can serve as a worthy reference for researchers and
clinicians in their future evaluation of sarcopenia. Given its consequences, sarcopenia can be
considered an important public health problem, and preventive and therapeutic interventions
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deserve to be further developed. The results can also serve the industry by defining an outcome
point for clinical studies and assessing sample sizes for clinical trials. Furthermore, they can serve
as a basis for future decision making regarding the health care system.
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