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a b s t r a c t

Objectives: Sarcopenia is recognized to be a health problem which is as serious as obesity, but its rele-
vance to mortality is unclear. We conducted a meta-analysis of cohort studies on lean mass and mortality
in populations with different health conditions.
Methods: In this study, a systematic search of PubMed, Cochrane Library and Embase was performed for
cohort studies published before Dec 20, 2017 which examined the relationship between lean mass and
mortality. We included studies reporting lean mass measurement by dual-energy X-ray absorptiometry,
bioimpedance analysis or computed tomography, as continuous (per standard deviation [SD] decrease)
or binary variables (using sarcopenia cutoffs). We excluded studies which used muscle mass surrogates,
anthropometric measurement of muscle, rate of change in muscle mass, and sarcopenia defined by
composite criteria. The primary study outcome was all-cause mortality. Pooled hazard ratio estimates
were calculated using a random effects model.
Results: A total of 9602 articles were identified from the systematic search, and 188 studies with 98 468
participants from 34 countries were included in the meta-analysis. Of the 68 studies included in the
present meta-analysis, the pooled HR was 1.36 and 1.74 for every SD decrease in lean mass and in people
with low lean mass (cutoffs), respectively. Significant associations were also observed in elderly and all
disease subgroups, irrespective of the measurement modalities.
Conclusions: Lower lean mass is robustly associated with increased mortality, regardless of health con-
ditions and lean mass measurement modalities. This meta-analysis highlighted low lean mass as a key
public health issue.
© 2021 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ogy and Pharmacy, The Uni-
ng Kong.

ociety of Osteoporosis.

osis. Publishing services by Elsev
1. Introduction

Sarcopenia is a prevalent health problem worldwide and it is
known to be significantly associated with increased risk of
morbidity, immobility, and mortality [1,2]. It was recently endorsed
as an independent clinical condition by the International Classifi-
cation of Disease, Tenth Revision, Clinical Modification (ICD-10-CM)
Code (M62.84). Sarcopenia was first defined as age-related loss in
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Table 1
Pooled hazard ratio of reduced lean mass with mortality.

Sub-groups Overall (HR [95% CI]); I2

Elderly 1.21 [1.09, 1.34]; 55%
Cancer patients 1.41 [1.24, 1.59]; 75%
People with cardiovascular diseases 1.37 [1.05, 1.77]; 77%
People with liver diseases 1.57 [1.43, 1.72]; 13%
People with lung diseases 1.54 [1.27, 1.86]; 35%
People with renal diseases 1.36 [1.15, 1.61]; 68%
People with other conditions 1.12 [0.93, 1.34]; 54%
Overall 1.37 [1.29, 1.45]; 68%

Fig. 1. Forest plots of the association of reduced lean mass (per SD decrease) with all-caus
Legend: M: Male F: Female Durand 2014/i: 2002e2007 cohortDurand 2014/ii: 2007e2011 c
issue Nishikawa 2017/2: Refer to Cheung et al Supplement Reference (120) in the same issue
Nishikawa 2017/4: Refer to Cheung et al Supplement Reference (122) in the same issue Okumu
2017/2: Refer to Cheung et al Supplement Reference (128) in the same issue Fukushima 2016/
Refer to Cheung et al Supplement Reference (42) in the same issue.
(a) Elderly; (b) cancer patients; (c) patients with cardiovascular diseases; (d) patients with li
with other conditions.
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muscle mass as introduced by Rosenberg in 1989 [2]. Since then,
several operational definitions of sarcopenia were proposed,
mainly including muscle strength (eg, grip strength) and function
(eg, gait speed) [1,3]. Nevertheless, muscle mass is still one of the
core phenotypes in defining sarcopenia; the Asian Working Group
on Sarcopenia defined sarcopenia as “age-related loss of skeletal
muscle mass plus loss of muscle strength and/or reduced physical
performance” [1].

Muscle loss is not only due to age-related factors, but it is also
caused by other reasons, such as comorbidities [1]. There are
e mortality by subgroups.
ohort Nishikawa 2017/1: Refer to Cheung et al Supplement Reference (119) in the same
Nishikawa 2017/3: Refer to Cheung et al Supplement Reference (121) in the same issue
ra 2017/1: Refer to Cheung et al Supplement Reference (127) in the same issue Okumura
1: Refer to Cheung et al Supplement Reference (41) in the same issue Fukushima 2016/2:

ver diseases; (e) patients with lung disease; (f) patients with renal disease; (g) patients



Fig. 1. (continued).
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several known risk factors of muscle loss. Malnutrition (especially
protein imbalance) [1], physically inactivity [1], increased inflam-
mation [1], reduced anabolism (or increased catabolism) [4], in-
sulin resistance [5], and polypharmacy [6] are known to be
associated with increased risk of sarcopenia. Indeed, these factors
are common risk factors of many comorbidities, including cancer
and cardiovascular disease (CVD) [1]. Thus, lean mass in comor-
bidities may not only reflect the muscle health, but it also poten-
tially indicates the severity of comorbidities. Previous meta-
analyses have shown that sarcopenia is associated with mortality,
but these studies were largely restricted to a single medical con-
dition, such as liver cirrhosis [7,8]. This meta-analysis aims to
evaluate the association of lean mass with all-cause mortality in
multiple clinical conditions.
2. Methods

The materials and methods have been described in Cheung et al
21
[9] in the same issue. In brief, from PubMed, Cochrane Library and
Embase, a systematic search was performed for cohort studies
published before Dec 20, 2017 which examined the relationship
between lean mass and mortality. Studies reporting lean mass
measurement by dual-energy X-ray absorptiometry, bioimpedance
analysis or computed tomography, as continuous (per standard
deviation decrease) or binary variables (using sarcopenia cut-offs)
were included. Studies which used muscle mass surrogates,
anthropometric measurement of muscle, rate of change in muscle
mass, and sarcopenia defined by composite criteria were excluded.
The primary study outcome was all-cause mortality. Pooled hazard
ratio estimates were calculated using a random effects model.
3. Results

The detailed descriptive information for each study is provided
in Cheung et al in the same issue. A total of 68 studies with reduced
lean mass measurements were included in the analysis. The pooled
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hazard ratio (HR) of reduced lean mass with mortality was 1.36
(95% CI, 1.29e1.44; Table 1, Fig. 1). Among these studies, 17 (25%), 12
(17.6%), 10 (14.7%), 9 (13.2%), 7 (10.3%), 7 (10.3%), and 6 (8.8%) were
conducted in cancer, renal diseases, liver diseases, elderly, CVD,
lung diseases, and other diseases, respectively. The pooled HR was
apparently the highest in people with liver diseases (HR 1.57) and
22
lung diseases (HR 1.54), followed by people with cancer (HR 1.41),
CVD (HR 1.37), and renal diseases (HR 1.36). The pooled HR was the
lowest in the elderly population (HR 1.21). The funnel plots
revealed low publication bias (Supplementary Fig. 1).

Table 2 shows the pooled HR of mortality in people with low
lean mass, which was defined by a lean mass below a pre-defined



Table 2
Pooled hazard ratio of mortality in people with low lean mass.

Study group Overall (HR [95% CI]), I2

Elderly 1.41 [1.30, 1.53]; 0%
Cancer patients 1.69 [1.56, 1.83]; 63%
People with cardiovascular diseases 1.85 [1.32, 2.59]; 30%
People with liver diseases 2.43 [1.72, 3.44]; 61%
People with lung diseases 2.82 [2.02, 3.94]; 0%
People with renal diseases 1.65 [1.38, 1.98]; 47%
People with other conditions 2.09 [1.24, 3.51]; 85%
Overall 1.74 [1.63, 1.85]; 63%
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cutoff point. The overall pooled HR of low lean mass with mortality
was 1.74 (95% CI, 1.63e1.85, Table 2, Fig. 2). The majority of the
studies were conducted in people with cancer (n ¼ 90, 65.2%). The
overall HR across all platformswas apparently the highest in people
with lung diseases (HR 2.82) and liver diseases (HR 2.43), followed
by people with other diseases (HR 2.09), CVD (HR 1.85), cancer (HR
1.69), and renal diseases (HR 1.65). The pooled HR of mortality was
the lowest in the elderly population (HR 1.41). The funnel plots
revealed low publication bias (Supplementary Fig. 2).
4. Discussion

Although the risk of mortality in people with low lean mass
across a wide range of populations has appeared to be consistent,
whether the relationship is altered by measurement methods and
statistical analysis is unknown. Robust evidence can now be drawn
from the current meta-analysis involving 188 studies with data of
approximately 98 000 participants. To the best of our knowledge,
this is the first study which comprehensively investigated the
relationship between lean mass and mortality with the unique
analyses in people with different health conditions.

The current comprehensive study investigated the effect of lean
mass in more detail than previous studies. Previous meta-analyses
evaluated the impact of lean mass on mortality in a particular
Fig. 2. Forest plots of the association of low lean mass with all-cause mortality by subgrou
Legend: M: MaleF: Female Durand 2014/i: 2002e2007 cohort Durand 2014/ii: 2007e2011 c
issue Nishikawa 2017/2: Refer to Cheung et al Supplement Reference (120) in the same issue
Nishikawa 2017/4: Refer to Cheung et al Supplement Reference (122) in the same issue Okumu
2017/2: Refer to Cheung et al Supplement Reference (128) in the same issue Fukushima 2016/
Refer to Cheung et al Supplement Reference (42) in the same issue.
(a) Elderly; (b) cancer patients; (c) patients with cardiovascular diseases; (d) patients with li
with other conditions.
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population, such as people awaiting liver transplantation [7,8], or
people with liver cirrhosis [10], tumors [11e14], and post-operation
[15e19]. Some studies included less validated methods, such as
phase angle [14] and mid-arm muscle [8] in the meta-analysis. The
risk estimates identified in these studies were largely consistent
with the estimated identified in the subgroup analysis of the pre-
sent meta-analysis. However, the association of lean mass with
mortality in all people, as well as people with many other health
conditions remain understudied. Most, if not all, of these meta-
analyses did not evaluate the role of reduced lean mass on mor-
tality. In view of this, we produced a pooled estimate of reduced
lean mass by deriving a standardized HR in each included study
such that the estimate for each SD decrease in lean mass can be
directly compared across different measurement modalities.

Low leanmass is universally associatedwith increasedmortality
in all populations. Among all subgroups of different health condi-
tions, the HR between low lean mass and mortality was the lowest
in the elderly. In particular, the difference in HR was statistically
significant in comparison with people with cancer, liver, and lung
diseases. Those studies included in the subgroup analysis of elderly
population comprised healthy and community-dwelling old peo-
ple. Whereas, other populations were rather sick and had a higher
risk of mortality. For example, cachexia is commonly observed in
people with cancer [20], chronic obstructive pulmonary disease
[21], and end-stage liver disease [22], with muscle wasting as the
hallmark feature. Although the risk of death due to low leanmass in
elderly patients is relatively small, the population size of elderly is
the largest among different age groups and it is therefore expected
that a huge number of elderly is at higher risk of mortality due to
low lean mass. Thus, more research should be conducted in this
particular area to reduce the burden of low lean mass. On the other
hand, clinicians should be aware of potential decrease in lean mass
while prescribing drugs for their patients, which may subsequently
affect prognosis; a recent review concluded that there are
increasing evidence on how common-prescribed drugs, such as
statins and antidiabetic agents, can be associated with develop-
ment of sarcopenia [23]. Further studies on optimising the cutoff
ps.
ohort Nishikawa 2017/1: Refer to Cheung et al Supplement Reference (119) in the same
Nishikawa 2017/3: Refer to Cheung et al Supplement Reference (121) in the same issue
ra 2017/1: Refer to Cheung et al Supplement Reference (127) in the same issue Okumura
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points and establishing prognosis of low lean mass in populations
with different health conditions are warranted.

Several limitations should be considered. First, caution must be
taken when interpreting the summary estimates because of the
heterogeneity of studies. The absence of internationally agreed
definitions of low lean mass, different adjustment models, and
study protocol are likely to explain the high heterogeneity. There-
fore, we used the more conservative random-effects method and
followed the recommendations where meta-analyses should be
pursued while acknowledging heterogeneity [24]. Second, other
lean mass measurements such as anthropometry and serum
creatinine levels were not investigated, since these are generally
not recommended when compared to lean mass measured by the 3
modalities examined in the current study. Third, like many other
meta-analyses, other eligible articles may be missed by our
screening algorithms. For example, some literature titles or ab-
stracts did not include the keywordswithin the algorithms but they
may have data related to lean mass and survival. These articles may
be unintentionally missed in our analysis. Nevertheless, the num-
ber of studies included in the current meta-analysis was large, and
the result was highly significant. Therefore, it is expected that the
conclusion remains the same even if there are missing literature.
25
Fourth, meta-analysis of observational studies cannot infer cau-
sality and unmeasured confounders may affect the estimates,
especially in studies without adjustment for any confounding fac-
tors. Fifth, although we reported the association of lean mass with
mortality in the elderly population, whether lean mass can predict
mortality in the younger population is unknown. Since most, if not
all, of the studies evaluating the relationship between lean mass
and mortality were conducted in the elderly population, future
long-term follow up study is required to clarify this issue if lean
mass in younger age is also a predictor of mortality.

Our study has several strengths. Firstly, this is the largest and
the most comprehensive evaluation of lean mass and all-cause
mortality. The study also compared the different definitions of
low lean mass by cutoff points, measurement modalities, and
strength of association in different populations. Secondly, the
available literature in this area was reviewed using a comprehen-
sive search strategy, covering most of the independent studies
reporting lean mass and mortality data. Thirdly, the study investi-
gated lean mass measurements as both binary and continuous
variables, adding more dimension to the analysis. Lastly, relation-
ship of lean mass and all-cause mortality were compared in various
disease groups, which offers more clinical insights for physicians
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when treating patients.
Our study highlights that decrease in lean mass is an important

prognostic indicator in the aging and common disease populations.
Although body mass index (BMI) is commonly measured in clinical
practice, it cannot differentiate lean mass from fat mass [25]. Given
the findings from the current meta-analysis, it is encouraged to
evaluate lean mass in addition to routine BMI measurement.
Development of consensus of lean mass cutoff point is needed,
especially in different health conditions specifically. Although low
26
lean mass may be incorporated in overall health evaluation, like
cachexia, the current study demonstrated lean mass alone may be
able to predict mortality accurately. Therefore, it further echoes the
importance of lean mass measurement in routine clinical practice.

5. Conclusions Lean mass decrease is a significant predictor of
all-cause mortality across different health populations and
measuring modalities. Future work on consensus of sarcopenia
definition is needed and screening of lean mass decrease can be
included in future clinical management guidelines.
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