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Key summary points

Aim To investigate associations of sarcopenia with adverse health-related outcomes, through an umbrella review method.
Findings Sarcopenia appears to be significantly associated with several adverse outcomes in older people, with a strong evi-
dence for increased risk of mortality, disability, and falls.

Message Sarcopenia is associated with several adverse health-related outcomes in older people, indicating the need of
assessing this condition in daily practice.

Abstract

Background The clinical relevance of sarcopenia has increasingly been recognized. However, whether it is associated with
the development of other medical conditions is still unclear. Therefore, we aimed to capture the scale of outcomes that have
been associated with the presence of sarcopenia and systematically assess the quality, strength, and credibility of these
associations using an umbrella review methodology.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s41999-019-00233-w) contains
supplementary material, which is available to authorized users.
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Methods A systematic review in several databases was carried out, until 20th February 2019. For each association, random-
effects summary effect size, 95% confidence intervals (CIs), heterogeneity (I%), evidence for small-study effect, evidence for
excess significance bias, and 95%-prediction intervals were estimated. We used these metrics to categorize the evidence of
significant outcomes (p < 0.05) from class I (convincing) to class IV (weak), according to pre-established criteria.

Results From 358 abstracts, 6 meta-analyses with 14 associations were included. Sarcopenia was associated with higher risk
of other comorbidities and mortality in 11 of 14 outcomes explored. However, only 3 outcomes (i.e., association between
sarcopenia and increased risk of death in community-dwelling older people [odds ratio, OR =3.60; 95% CI 2.96-4.37;
n=14,305], disability [OR =3.04; 95% CI 1.80-5.12; n=8569], and falls [OR =1.60; 95% CI 1.31-1.97; n=12,261]) pre-
sented a highly suggestive evidence (class II). Other association was classified as having only a weak evidence.

Conclusion Sarcopenia is associated with several adverse health-related outcomes in older people, and its associations with
mortality, disability, and falls are supported by a highly suggestive evidence. The effect of interventions on sarcopenia to

improve these outcomes needs to be investigated.

Keywords Sarcopenia - Health - Umbrella review - Meta-analysis - Mortality - Fall - Disability - Risk factor

Introduction

Sarcopenia is defined as “age-related muscle loss, affecting a
combination of appendicular muscle mass, muscle strength,
and/or physical performance measures” traditionally asso-
ciated with several adverse outcomes in older people [1].
A growing body of literature suggests that sarcopenia may
increase the risk for falls [2], fractures [3], disability [4],
and mortality [5-7], being consequently associated also with
poor quality of life [8].

The prevalence of sarcopenia is particularly high in
older adults. A recent systematic review and meta-analysis
suggested that its prevalence is approximately 10% in this
population [9]. However, variations in estimates exist due
to different criteria used to diagnose sarcopenia [9]. At the
same time, sarcopenia is a relatively new concept in geriat-
ric medicine. For example, only in September 2016, it was
introduced in the ICD-10-CM as a medical condition [10,
11]. Finally, the interest in sarcopenia is also increasing
beyond the perimeter of geriatric medicine [12], such as in
oncology [13], cardiology [14]. and respiratory medicine
[15].

However, to estimate the magnitude of sarcopenia with
various outcomes could be of importance to understand
which specific medical conditions sarcopenia may be con-
sidered a risk factor for. Therefore, we aimed to capture the
scale of outcomes, in magnitude of associations, which have
been longitudinally associated with the presence of sarco-
penia. Moreover, we systematically assessed the quality,
strength, and credibility of these associations. To achieve
this aim, we used the umbrella review method to combine
evidence from a wide range of outcomes and populations,
included in observational studies.

@ Springer

Materials and methods

This umbrella review followed a structured protocol (avail-
able upon request from the corresponding author) that was
registered in PROSPERO (https://www.crd.york.ac.uk/prosp
ero/display_record.php?RecordID=122509) and is reported
according to the reporting guideline by Shenkin et al. [16].

Data sources and searches

We conducted an umbrella review [17] searching several
databases (Epistemonikos, MEDLINE through Ovid, CIN-
HAL, EMBASE, Cochrane library, and JBI Database of
Systematic Reviews and Implementation Reports) from
inception until 20th February 2019. The search strategy
used in MEDLINE is reported, as example in Supplemen-
tary Table 1. The search strategy was adapted to the other
databases. Furthermore, we hand-searched the reference lists
of included articles. No language restrictions were applied.

Study selection

In this umbrella review, we included: (1) peer-reviewed sys-
tematic reviews with meta-analyses that compared people
with sarcopenia (defined as a combination of an estimate
of low muscle mass and a test of physical performance and/
or muscle strength) according to validated criteria (e.g.,
European Working Group on Sarcopenia in Older People
(EWGSOP) [18] or Asian Working Group on Sarcopenia
(AWGS) [19]) vs. those without sarcopenia; (2) meta-analy-
ses including observational studies (prospective cohort stud-
ies and case—control studies) that investigated the association
of sarcopenia with any health-related outcome (for example,
cardiovascular disease, cancer, fractures, and mortality).
Studies reporting sarcopenia only as low muscle mass or
low performance in tests of physical function and/or muscle
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strength and meta-analyses including only cross-sectional
investigations were excluded.

Two reviewers (PS and JD) performed the primary and
secondary screening (i.e., title/abstract and full-text screen-
ing, respectively) and disagreements were resolved through
consensus with another independent reviewer (LS).

Data extraction

Two independent investigators (PS and JD) extracted the
following information for each meta-analysis included: (1)
first author name; (2) year of publication; (3) the number of
included studies and the total number of people included
in the review; (4) the definition used for sarcopenia; (5)
the effect size; (6) study design (prospective cohort studies
and case—control studies); (7) number of cases (i.e., people
having the event of interest, e.g., deaths) and controls (i.e.,
people without events) for each study; (8) setting; (9) mean
age (more or less than 65 years). We planned to extract func-
tional status (e.g., disabled or not) for each study, but this
information was not extensively reported. Disagreements
were resolved through discussion/consensus with another
independent author (LS).

We extracted the study-specific estimated relative risk for
health outcomes [relative risk (RR), odds ratio (OR), and
hazard ratio (HR)], along with the 95% confidence inter-
val (95% CI), adjusted for the highest number of covariates
possible in each study. If two meta-analyses were available
for the same association, we included the largest in terms
of studies.

Outcomes

We included all health-related outcomes, defined as medical
conditions (such as mortality, disability, falls, length of stay,
and cardiovascular disease) and mortality.

Methodological quality of systematic reviews

One reviewer (PS) assessed the methodological quality of
the included meta-analyses using AMSTAR [20]. Another
author checked this task (JD). We then categorized the over-
all AMSTAR score as high (811 items achieved), moderate
(4-7 items), or low (0-3 items) [20].

Statistical analysis

For each meta-analysis, we re-calculated the summary effect
size and its 95%-CI under the assumption of the random-
effects models [21].

We planned to stratify the findings for: (1) diagnos-
tic criteria used for sarcopenia (EWGSOP in 2010 [18],
AWGS [19], FNIH [22]), or others; (2) mean age (=65

vs. <65 years); (3) functional status (disabled or not); (4)
setting (community, nursing home, hospital, and others).
The stratification for mean age was not possible, since all
the studies included older people.

We estimated the prediction interval and its 95%-ClI,
which further accounts for between-study effects and
estimates the certainty of the association if a new study
addresses that same association [23]. For the largest data
set of each meta-analysis, we calculated the standard error
(SE) of the effect size to investigate if the largest study was
more conservative than the real effect size. Heterogeneity
was estimated using the I metric, with values > 50% indica-
tive of high heterogeneity, and values >75% suggesting very
high heterogeneity. [24, 25]. In addition, we calculated the
evidence of small-study effects (i.e., whether small studies
would have inflated effect sizes compared to larger ones). To
this end, we used the regression asymmetry test developed
by Egger et al. [26], using a p value <0.10 [27]. Finally,
we applied the loannidis’ excess of significance test [28]
that evaluates whether the number of studies with nominally
significant results (i.e., with p <0.05) among those included
in a meta-analysis is too large based on the power that these
data sets have to detect effects at « =0.05. The number of
expected ‘positive’ (E; i.e., statistically significant studies)
was compared with the observed (O) number of statisti-
cally significant studies through a y*-based test [28]. A p
value <0.10 was considered indicating of excess statistical
significance.

We planned to perform sensitivity analysis by restricting
analyses to prospective observational studies with convinc-
ing (class I) or highly suggestive (class II) evidence only
(for methods of evidence grading, see paragraph below).
However, the three outcomes in class II included only cohort
studies. In addition, for associations supported by either
class I or class II evidence, we used credibility ceilings, a
sensitivity analysis tool that accounts for potential meth-
odological limitations of observational studies, which might
lead to spurious precision of combined effect estimates. This
method assumes that every observational study has a prob-
ability ¢ (credibility ceiling) that the true effect size could be
in a different direction from the one suggested by its point
estimate. The pooled effect size was re-estimated using a
wide range of credibility ceilings. Finally, for class I and II
evidence, we specifically evaluated the risk of bias using the
AMSTAR risk of bias tool.

Grading the evidence

Using the criteria mentioned in the statistical analysis sec-
tion, associations that presented nominally statistically sig-
nificant random-effects summary estimates (i.e. p <0.05)
were categorized into convincing, highly suggestive, sug-
gestive, or weak evidence (class I-1V), following a grading

@ Springer
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scheme that has already been applied in various fields of
medicine [29-36]. These criteria are fully reported in Sup-
plementary Table 2.

Results

Literature search

We initially identified 358 non-duplicated papers. Of these,
50 full texts were screened (see the full texts excluded

in Supplementary Table 3), and finally, 6 meta-analyses
[37-42], including 14 different outcomes, were included

(Fig. 1).

Meta-analyses of observational studies

Table 1 reports the main analyses of our work. The median
number of studies for each outcome was 5, the median num-
ber of participants was 1436, and the median number of
cases (i.e., people having the event of interest) was 298.

Fig.1 PRISMA flow-chart

@ Springer
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Seven of the 14 outcomes included post-operative
complications associated with sarcopenia in hospitalized
older people with gastric cancer, and 2 outcomes were
related to death (one meta-analysis explored the associa-
tion between sarcopenia and mortality in nursing home
residents and another one in community-dwelling people).
All the outcomes included studies using the criteria sug-
gested by EWGSOP, except 2 outcomes using the criteria
suggested by the AWGS and Foundation for the National
Institutes of Health (FNIH). Half of the outcomes included
only cohort studies, and the other half in a mix of cohort
and case—control studies.

Supplementary Table 4 reports the assessment of the
quality of the meta-analyses included, showing that these
works had moderate/high quality.

Overall, 11/14 (79%) reported nominally significant
summary results (p < 0.05), but only 4 associations sur-
vived when a more stringent p value (p < 107°) was intro-
duced, as shown in Table 1.

The largest studies were statistically significant in 8/14
of the outcomes included. Heterogeneity among studies
was generally low, having only three outcomes with an
I?>50%, and, of them, only one with very high hetero-
geneity (I*>75%). Five associations presented 95%-pre-
diction intervals excluding the null value. Evidence for
excess statistical significance was present in 11/14 out-
comes and small-study effects were also reported in 5/14
of the outcomes.

Based on the above-mentioned criteria, none of the out-
comes presented a convincing evidence (class I), whilst
three outcomes (i.e., association between sarcopenia and
increased risk of death in community-dwelling older peo-
ple [OR=3.60; 95% CI12.96-4.37, n=14,305 participants],
disability [OR=3.04; 95% CI 1.80-5.12, n=8569], and
falls [OR=1.60; 95% CI 1.31-1.97, n=12,261]) presented
a highly suggestive evidence (class II), mainly due to the
presence of excess statistical significance. The other asso-
ciations between sarcopenia and medical conditions/death
presented a weak strength of evidence.

For the three outcomes in class II, we ran some sensitiv-
ity analyses, as mentioned in the statistical analysis section.
First, the application of the 10% credibility ceiling did not
affect any class II associations. According to the risk of bias
assessment using AMSTAR, one meta-analysis [39] includ-
ing two class II outcomes reported a moderate-study quality
(mainly because grey literature was not explored and the
conflict of interest of the single studies not reported) and the
other one had a high quality [37].

In one meta-analysis exploring the association between
sarcopenia and falls [37], we were able to further stratify our
analysis by setting and by criteria of sarcopenia used. After
excluding two studies conducted in nursing home residents,
the re-calculated credibility evidence remained of class II,

since we identified the presence of excess statistical signifi-
cance and small-study effect.

Finally, for the association between sarcopenia and falls,
there were no significant differences between the studies
using the FNIH (n=6 studies) [22] and the EWGSOP cri-
teria (n =35 studies), having both a class II evidence. Only
one study used the AWGS criteria and, consequently, no
analysis was done.

Discussion

The present umbrella review, including 6 systematic reviews
with meta-analyses and focusing on 14 different outcomes,
summarized the current evidence regarding sarcopenia as a
risk factor for negative health-related outcomes and mortal-
ity in older people. Overall, several conditions were found
to be associated with sarcopenia, but a highly suggestive
evidence was only found for mortality, disability and falls.
For the other outcomes included, the strength of associations
was weak, mainly owing to the low number of incident cases
reported.

Sarcopenia stirs an increasing interest among geriatri-
cians and also among experts in other medical specialties,
for instance oncology and nephrology [43]. To avoid results
that would have to be attributed specifically to muscle
strength/function or to low muscle mass only and not to the
modern concept of sarcopenia, the present review included
only studies that applied the criteria and definitions sug-
gested by international societies that nowadays include both
dimensions, muscle mass estimation, and muscle strength/
function [44]. This newer concept allows to better under-
stand that the two dimensions of sarcopenia (function and
anatomy) co-exist in the clinical presentation of this syn-
drome [45].

In the light of the present findings, one can speculate that
sarcopenia would be associated with a higher risk of mor-
tality, which is mediated by an increased risk of falls and
disability, since these outcomes are supported by a highly
suggestive evidence, even if the mediation effects have not
been investigated so far. Nevertheless, risk of falls and disa-
bility are not supported by convincing evidence (class I) due
to excess statistical significance, a common issue in meta-
analyses. Biases that increase the proportion of ‘positive’
(significant) results may also inflate the observed summary
effect size leading to an overestimation in the expected sig-
nificant studies, as found in the present umbrella review [28].
Sarcopenia is associated with multiple factors typical for the
ageing process [46], unhealthy lifestyle [47], and inflamma-
tion [48, 49], and all these factors are associated per se with
higher risk of disability, falls, and mortality [50]. Even if
we choose the most adjusted estimates among those avail-
able in each meta-analysis, it is likely that these factors can
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explain the association between sarcopenia and the negative
outcomes mentioned.

In the present umbrella review, sarcopenia was also sig-
nificantly associated with post-operative complications in
older participants undergoing surgical procedures, but this
is only supported by weak evidence, mainly due to the few
numbers of incident cases reported in the included meta-
analyses [41]. Even if these findings are exploratory, they
suggest that sarcopenia may be a useful tool to stratify prog-
nosis in the context of (major) surgical interventions with
the intention to better stratify the prognosis of these patients.
In this context, it has to be acknowledged that an increasing
number of studies have reported a possible prognostic role
for sarcopenia in other medical disciplines, such as surgery
[51], cardiology [52], and oncology [53]. Unfortunately,
we did not find any meta-analysis in these fields of great
interest.

Even being novel, the findings of this work should be
interpreted within limitations. First, only 6 meta-analyses
with a limited number of studies and participants were
included. Altogether, these findings suggest that we need
future studies using validated criteria for sarcopenia for
understanding the role of sarcopenia as a risk factor for other
diseases, such as cancer, cardiovascular disease, or mood
disorders. Second, meta-analyses included studies with sig-
nificant differences in design, population, and other basic
characteristics. Therefore, it is possible that heterogeneity
may be a relevant issue. We, consequently, used an I* < 50%
as one of the criteria for class I evidence (convincing) to
assign the best-evidence grade only to robust associations.
However, clinical heterogeneity might be of importance,
even in the absence of statistical heterogeneity [54]. Finally,
it was not possible to precisely carry out all aspects of the
pre-registered protocol, in particular pre-planned sensitivity
analyses. Although we conducted a comprehensive system-
atic literature search in major medical databases without lan-
guage restrictions, language bias cannot be excluded, since
these databases mostly include journals from the US and
Europe.

In conclusion, sarcopenia seems to be significantly asso-
ciated with several negative health-related outcomes in older
people, although only the association with mortality, disabil-
ity, and falls is supported by a highly suggestive evidence.
Considering the relevance of these factors for the independ-
ence and quality of life of older people, the present findings
provide evidence for the potential implementation of a brief
screening for sarcopenia in clinical practice and subsequent
treatment if appropriate. However, before a robust recom-
mendation can be provided stronger, epidemiological evi-
dence is needed to support the importance of sarcopenia
in daily practice as an independent risk factor for differ-
ent medical conditions and mortality in older people. Next,
experimental studies are required that investigate whether

@ Springer

screening and successive interventions in clinical practice
improve the outcomes identified in this umbrella review.
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