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a b s t r a c t

Objectives: The aim of this meta-analysis is to comprehensively evaluate the effects of lean mass on all-
cause mortality across different cancer types.
Methods: This is a meta-analysis. Cohort studies on lean mass and mortality published before December
20, 2017 were obtained by systematic search on PubMed, Cochrane Library, and Embase. Inclusion
criteria were cohort studies reporting lean mass measurements by dual-energy X-ray absorptiometry,
bioimpedance analysis or computed tomography, and with all-cause mortality as the study outcome.
Exclusion criteria were studies using muscle mass surrogates, anthropometric measurement of muscle,
rate of change in muscle mass, and sarcopenia defined by composite criteria. Hazard ratios (HRs) and 95%
confidence intervals (CIs) of low/reduced lean mass on cancer mortality were pooled with a random-
effects model. Subgroup analysis stratifying studies according to cancer type and measurement index
was performed.
Results: Altogether 100 studies evaluated the association between lean mass and cancer mortality. The
overall pooled HR on cancer mortality was 1.41 (95% CI, 1.24 to 1.59) for every standard deviation
decrease in lean mass and 1.69 (95% CI, 1.56 to 1.83) for patients with sarcopenia (binary cutoffs). Overall
mortality was also significantly associated with sarcopenia in across various cancer types, except for
hematopoietic, breast, ovarian and endometrial, and prostate cancer.
Conclusions: The robust association of decreased lean mass with increased mortality further justified the
importance of developing clinical guidelines for managing sarcopenia in cancer patients. Public health
initiatives aiming at promoting awareness of muscle health in susceptible individuals are urgently
needed.
© 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/).
1. Introduction

Sarcopenia has been an emerging theme in clinical oncology,
logy and Pharmacy, The Uni-
ng Kong.
u.hk (C.-L. Cheung).
ociety of Osteoporosis.

osis. Publishing services by Elsev
not only because it is an important prognostic factor of cancer, but
also it is associated with increased economic burden to individuals
and society [1,2]. Sarcopenia is a hallmark of cachexia [3,4]. It re-
duces tolerance to anti-cancer treatments [5,6] and increases sus-
ceptibility to infection, immobility, and other comorbidities. A pre-
clinical study showed that reversal of muscle wasting led to pro-
longed survival in a cancer cachexia model [7], and randomized
controlled trials (RCTs) demonstrated that muscle mass in cancer
cachexia could be improved by pharmacological agents [8]. Thus, it
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is now increasingly important to recognize sarcopenia as a modi-
fiable condition in patients with cancer.

Previous meta-analyses have suggested that sarcopenia is
associated with a higher mortality in cancer patients [9e11].
However, these meta-analyses focussed on certain type(s) of can-
cer, and whether these results could be generalized to a wider
spectrum of cancer types remains uncertain. The role of lean mass
in cancer prognosis is still largely unclear. Furthermore, multiple
methods have been proposed to detect presence and severity of
sarcopenia, but thus far none has showed a clear superiority.
Although lean mass per se is strongly correlated with body mass
index (BMI), a commonly used marker of general health, BMI and
body size (such as body surface area, BSA) are often misleading and
cannot directly reflect lean mass [12]. BMI does not discriminate
between fat and lean mass, which carry different implications on
clinical outcomes including mortality [13]. On the other hand,
measurement of L3 skeletal muscle mass index in computed to-
mography (CT) has been a recommended method to detect sarco-
penia [14,15]. The L3 psoas index has been proposed as a simplified
alternative [16], but this approach has yet to be validated [4,17]. The
association between mortality and lean mass measured by these 2
indexes remains unclear.

In this meta-analysis, we aim to evaluate the role of lean mass
on mortality in different types of cancer. In addition, we also
evaluated the specific association of 2 most usedmuscle indexes, L3
skeletal muscle mass index and L3 psoas index, on mortality in
cancer.

2. Methods

The detailed materials and methods have been described in Lee
et al. in this same issue. This meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guideline.

We searched PubMed, Cochrane Library, and Embase for articles
published up to December 20, 2017. We also checked for inclusion
of additional literatures from the reference lists of systematic re-
views and meta-analyses. Studies reporting the association be-
tween all-cause mortality and muscle mass (measured by CT, dual-
energy X-ray absorptiometry [DXA] or bioelectrical impedance
analysis [BIA]) reported as “reduced lean mass” (ie, lean mass was
treated as continuous variable) or “low lean mass” (ie, lean mass
was treated as a binary variable, low vs normal lean mass) were
included. The pre-specified exclusion criteria were as follows: non-
human studies; studies using the following exposures: other sur-
rogates of musclemass (estimated glomerular filtration rate [eGFR],
creatinine level, or lean mass ratio), anthropometric measurement
of muscle mass (such as skinfold measurement, mid-arm circum-
ference, etc), rate of change in muscle mass, sarcopenia defined
using composite criteria (low lean mass in combination with
muscle strength and physical performance); and studies with
insufficient data for meta-analysis (studies reporting lean mass as
continuous variable without providing standard deviation (SD] for
standardized hazard ratio (HR] calculation and studies providing P-
values only).

Study quality appraisal was done using a modified Newcastle
Ottawa Scale (NOS) by J.M and cross-checked by G.K.L (Table S3). A
modified NOS was applied because some questions were not
applicable in the current study, such as selection of non-exposed
cohort, and demonstration that outcome of interest (ie, mortality
in the current study) was not present at start of the study. In the
current meta-analysis, studies of good quality were defined as 2
stars in selection domain AND 1/2 stars in comparability domain
AND 1/2 stars in outcome/exposure domain; studies of fair quality
were defined as 1 star in selection domain AND 1/2 stars in
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comparability domain AND 1/2 stars in outcome/exposure domain,
and poor quality was defined as studies not meeting the criteria of
good or fair quality. Any discrepancy in the data extraction and
quality appraisal was addressed by discussion and consensus, with
involvement of another author if necessary.

The overall summary statistics of reduced lean mass (defined as
analysing lean mass as continuous variable) and low lean mass
(defined using pre-specified cut-off/definitions in the included
study) on mortality were adopted from Lee et al (2020) in this
meta-analysis series. We further performed additional analyses to
evaluate if the pooled HR estimates would differ in studies with or
without adjustment for major confounding factors (age, sex,
ethnicity, height, weight or BMI, and others, as these factors might
be independently linked to low lean mass and cancer mortality,
hence confounding the association) and in studies with or without
testing for proportional hazard assumptions. Furthermore, we
performed subgroup analyses by stratifying studies according to
types of cancer and compared the respective HRs. Studies were
further stratified according to measurement index (L3 skeletal
muscle index vs L3 psoas index) in order to evaluate the agreement
between these 2 indexes. In the ‘Leave-one-out’ analysis, the most
influential study in each subgroup was removed, and the hetero-
geneity (assessed using I [2]) before and after the removal was
compared. Publication bias was investigated using funnel plots.

Compared to other diseases, methods in studying lean mass in
cancer is more consistent. For example, the majority of them used
CT in evaluating lean mass (n ¼ 95 using CT vs n ¼ 5 using non-CT),
studied binary lean mass instead of continuous lean mass (83
studied binary lean mass, 10 studied continuous lean mass, 7
studied both binary and continuous lean mass), and studied L3
skeletal muscle index (n ¼ 70) or L3 psoas index (n ¼ 11) instead of
other lean mass derived index (n ¼ 14). Thus, to further reduce
heterogeneity, we included 81 cancer studies that studied binary
lean mass using either L3 skeletal muscle index or L3 psoas index in
the subsequent analysis.

The HR and 95% CI of each study were entered into Review
Manager 5.3 (RevMan, Cochrane, United Kingdom) by G.K.L and
cross-checked by P.C.A. If there was mismatch in the 95% CI be-
tween the calculated values in RevMan and those reported in the
study publication, either upper or lower 95% CI was chosen as
reference according to the calculated P-value in RevMan, with the
one with a P-value closest to the P-value reported in the study
chosen.

3. Results

The overall association of “reduced lean mass” and “low lean
mass” on mortality are shown in Fig. 1 and Fig. 2, respectively. The
HRs of overall association of reduced lean mass and low lean mass
on mortality were 1.41 (per SD decrease in lean mass) and 1.69,
respectively, which have been described by Lee et al in the same
issue of the journal. For reduced lean mass, the estimates were not
significantly different in studies with or without adjustment for
confounding factors or proportional assumption tested (Fig. 1). For
low lean mass, the estimate was significantly lower in studies
without adjustment for confounders, when compared with the
analysis including all studies (Fig. 2).

There were 81 cancer studies that studied low lean mass using
either L3 skeletal muscle index or L3 psoas index. Table 1 shows the
pooled HR of low lean mass on mortality in people with different
types of cancer. Among 81 studies included, gastrointestinal cancer
was the most studied (n ¼ 18), followed by liver and intrahepatic
bile duct (n ¼ 17), urinary tract (n ¼ 12), pancreatic (n ¼ 8), ovarian
and endometrium (n ¼ 6), lung (n ¼ 5), multiple (n ¼ 5), he-
matopoietic (n ¼ 3), breast (n ¼ 3), bile duct (n ¼ 2), head and neck



Fig. 1. The meta-analysis of reduced lean mass (per SD decrease) on mortality.
Keys: Full model refers to analysis adjusted for any of the followings (either alone or in combination): age, sex, ethnicity, height, weight or body mass index, and other confounding
factors.
HR, hazard ratio; CI, confidence interval; SD, standard deviation.

Fig. 2. The meta-analysis of low lean mass on mortality.
Keys: Full model refers to analysis adjusted for any of the followings (either alone or in combination): age, sex, ethnicity, height, weight or body mass index, and other confounding
factors.
HR, hazard ratio; CI, confidence interval; SD, standard deviation.

Table 1
Pooled hazard ratios of low lean mass on mortality according to cancer type.

Cancer type Number of studies Overall (HR [95% CI]), I2

Bile duct (excludes intrahepatic) 2 2.58 [1.82, 3.64], 0%
Breast 3 1.69 [0.79, 3.58]; 61%
Gastrointestinal 18 1.56 [1.36, 1.78]; 48%
Head and neck 1 1.92 [1.19, 3.11]; NA
Hematopoietic 3 1.34 [0.51, 3.53]; 73%
Liver and intrahepatic bile duct 17 2.22 [1.86, 2.65]; 24%a

Lung 5 2.19 [1.28, 3.75]; 60%
Ovarian and endometrium 6 1.24 [0.91, 1.70]; 49%b

Pancreatic 8 1.63 [1.44, 1.84]; 0%
Prostate 1 0.90 [0.54, 1.50]; NA
Urinary tract 12 1.88 [1.52, 2.34]; 41%
Mixed 5 1.19 [1.03, 1.38]; 61%
Overall 81 1.68 [1.55, 1.83]; 63%

HR, hazard ratio; CI, confidence interval; NA, not applicable.
a Higashi 2016 performed subgroup analysis, hepatocellular carcinoma subgroup

was chosen (appendix p27, ref 58).
b Rutten 2017 included both lean mass measurements, L3 Skeletal Muscle Index

was chosen (appendix p36, ref 145).
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(n¼ 1), and prostate (n¼ 1). The forest plots and funnel plots of the
meta-analysis of each cancer are provided in Supplementary
30
Figures S1 and S2.
The HR of the overall association of low lean mass with mor-

tality in cancer was 1.68 (95% CI, 1.55e1.83, Table 1). Among 12
types of cancer studied (Table 1), significant association of low lean
mass with mortality was observed in 8 types of cancer, but not in
breast cancer (HR, 1.69; 95% CI, 0.79e3.58), hematopoietic cancer
(HR, 1.34; 95% CI, 0.51e3.53), ovarian and endometrium (HR, 1.24;
95% CI, 0.91e1.70), and prostate (HR, 0.90; 95% CI, 0.54e1.50).
Among the 8 types of cancer showing significant association, the
highest HR was observed with bile duct cancer (HR, 2.58; 95% CI,
1.82e3.64), while the lowest HR was observed with multiple types
of cancer (HR, 1.19; 95% CI, 1.03e1.38). In general, a moderate to
high heterogeneity was observed in each specific cancer meta-
analysis, with the highest and lowest I [2] being observed for he-
matopoietic cancer (I [2] ¼ 73%) and pancreatic cancer (I [2] ¼ 0%),
respectively.

Stratifying by measurement index (L3 skeletal muscle index vs
single-muscle measurement L3 psoas index), 70 and 11 studies
conducted the leanmass CTmeasurement at L3 skeletal muscle and
L3 psoas muscle, with an HR of 1.66 (95% CI, 1.52 to 1.82) and 1.70
(95% CI, 1.38 to 2.08), respectively. The difference between these HR
was not statistically significant (P > 0.05). In the ‘Leave-one-out’
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analysis, heterogeneity was reduced in most subgroups (Table S1).

4. Discussion

In this study, we showed that low lean mass was significantly
associated with mortality in most of the cancers, except hormone-
related cancers (breast cancer, ovarian cancer, endometrial cancer,
and prostate cancer) and hematopoietic cancers. Among all muscle
indices, L3 skeletal muscle index and L3 psoas index were the most
used. The association of these 2 indices with mortality had similar
estimates. This study provides robust evidence that lean mass is an
important prognostic factor of mortality in cancers.

In past literatures, lean mass was analyzed as a continuous and/
or categorical variable. The units of continuous lean mass measured
by different studies were different. Therefore, we derived a stan-
dardized HR that can be directly compared across different types of
cancer and measurement platforms by estimating the effect for
each SD decrease in lean mass. Notably, both low lean mass (low vs
normal lean mass) and reduced lean mass (per SD decrease in lean
mass) were significantly associated with mortality in cancer. This is
in agreement with a previous meta-analysis in solid tumors
(n ¼ 7843) evaluated the impact of low lean mass, measured by CT,
on mortality by pooling together studies with different cut-off
values [9]. However, the earlier meta-analysis did not evaluate
the effects of reduced lean mass (per SD decrease), and lean mass
measured at different skeletal sites. Also, the association between
lean mass and mortality in non-solid tumors was not evaluated.
Furthermore, studies evaluating the association in breast, head and
neck, lung, and prostate cancer were not included. The current
study provided amore detailed and comprehensive investigation of
the effect of lean mass on mortality in cancer than previous studies
and reinforced the important role of lean mass as a prognostic
factor of cancer.

The subgroup analyses in our meta-analysis according to cancer
type yielded results largely consistent results with previous meta-
analyses. Previous literature have identified significant associa-
tions in patients with lung cancer [10], head and neck cancer
[11,18], GI cancer [9,19,20], liver cancer [9,21,22], pancreatic cancer
[23], and urinary tract cancer [24], with largely consistent effect
sized identified in the current meta-analysis. However, other
recently published meta-analyses by Zhang et al [25], Ubachs et al
[26], and Jia et al [27] have identified a significant association be-
tween sarcopenia and survival in breast cancer, ovarian cancer, and
hematological malignancies, respectively, contrary to insignificant
association identified in the current meta-analysis. The in-
consistencies are likely due to fewer studies being included in our
subgroup analysis, which could be attributed to differences in
search strategy. Meanwhile, the association between bile duct
cancer and prostate cancer have not been studied. While our study
provides insights into the association between sarcopenia and
cancer mortality, further studies and meta-analyses are required to
evaluate whether sarcopenia is associated with poor survival in
breast, ovarian, hematological, prostate, and bile duct cancer.

In CT, L3 skeletal muscle surface measurement at the abdomen
is recommended [14,15]. A simplified single-muscle approach using
surface and/or density of the psoas muscle to represent total skel-
etal mass was proposed. This rationale for using this approach over
measurement of skeletal muscle index was that it is more simple
and convenient [16]. However, this approach has not been validated
[4,17]. In the current study, we showed that the HRs derived from
the L3 psoas index and L3muscle index were similar for most of the
cancers, except lung cancer (Table 2). It was reported that psoas
muscle was correlated with overall lean mass and was less labour
intensive to quantify compared to total muscle area at L3 [28]. Our
findings supported that screening for low leanmass in solid cancers
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using single L3 psoas muscle could be a more practical and
convenient option.

The robust association of lean mass with mortality in cancer
could be attributed by its direct and indirect role in cancer man-
agement. Reduced lean mass is a hallmark of cancer cachexia. By
comparing the effect of lean mass on mortality in people with
health conditions of different levels of cachexia prevalence (lowest
in elderly and highest in end-stage chronic kidney diseases [29]),
we showed that lower lean mass was associated with increased
mortality across multiple health conditions, including healthy
elderly with a relatively low prevalence of cachexia. This suggested
that lower lean mass could confer higher risk of mortality in both
cachexia-dependent and -independentmanners. Similarly, reduced
lean mass is known to be associated with abnormal nutritional
status, which is associated with increased mortality. Lean mass also
plays an active role in treatment response. Lean mass was found to
be an independent determinant of cancer treatment toxicity
(including targeted therapy and chemotherapy) [5,6,30]. Animal
studies have showed that reversal of muscle wasting led to pro-
longed survival in a cancer cachexia model [7], demonstrating that
lean mass indeed played a causal role in affecting mortality in
cancer. Therefore, lean mass is not only important for patients’
mobility and quality of life, but also for the therapeutic efficacy and
toxicity of cancer therapy. Therefore, measuring leanmass in cancer
patients is clinically important.

Several limitations in the current study should be considered.
First, caution must be taken when interpreting the summary esti-
mates because of the heterogeneity of studies. The absence of
internationally agreed definition of low lean mass, different
adjustment models, and different study protocols are likely to
explain the high heterogeneity. High heterogeneity has also been
observed in a recentmeta-analysis of BMI, with reported I [2] > 90%
[31]. Therefore, we used the more conservative random-effects
method and acknowledged the possibility of heterogeneity [32].
To address the high heterogeneity issue, we conducted a ‘leave-
one-out’ analysis and showed that the elevated I [2] could be
explained by the most extreme study in most of the analyses
(Supplementary Table 1). Second, different disease groups used
different low lean mass definitions, therefore, effect estimates from
different disease populations may not be readily comparable.
Nevertheless, the use of standardized HRs allowed comparison
across disease groups. Third, other lean mass measures, such as
anthropometry and serum creatinine levels, were not included
because they are generally not recommended. Fourth, this meta-
analysis was observational in nature. No causality could be infer-
red. Fifth, the search strategy was different compared to more
recent meta-analyses, giving rise to inconsistent associations in
some subgroup analyses. Sixth, like many other meta-analyses,
eligible literatures could be missed from our screening algo-
rithms. However, the overall number of studies included in the
current meta-analysis was large and the results were highly sig-
nificant. Therefore, the conclusions were likely to remain the same
even when there were missing literatures. Last, the current meta-
analysis did a systematic search of the literature till the end of
2017, many recent related literatures were not included in this
meta-analysis. However, the number of included studies is the
largest up to date, the robust estimates observed suggesting that
the conclusion may not change much even if we include more
studies. Nevertheless, our study provides a solid background for
further study.

Nevertheless, there were several strengths in our study. First,
this was the largest and most comprehensive evaluation of the
effect of low lean mass on all-cause mortality with sub-groups of
different cancer types and muscle index used. Second, the existing
literatures were reviewed using a comprehensive search strategy,



Table 2
Pooled hazard ratios of low lean mass on mortality according to cancer type and measurement index.

Cancer type L3 Skeletal Muscle Index L3 Psoas Index

n (no. of studies) I2 HR 95% CI n (no. of studies) I2 HR 95% CI

Bile duct (excludes intrahepatic) 100 (1) NA 2.02 [1.12, 3.65] 207 (1) NA 2.92 [1.91, 4.47]
Breast 325 (3) 61% 1.69 [0.79, 3.58] NA
Gastrointestinal 8668 (18) 48% 1.56 [1.36, 1.78] NA
Head and neck 2840 (1) NA 1.92 [1.19, 3.11] NA
Hematopoietic 259 (3) 73% 1.34 [0.51, 3.53] NA
Liver and intrahepatic bile duct 2947 (15) 28% 2.30 [1.89, 2.78] 189 (2) 0% 1.71 [1.03, 2.83]
Lung 546 (4) 49% 2.69 [1.50, 4.85] 161 (1) NA 1.17 [0.66, 2.08]
Ovarian and endometrium 740 (4) 54% 1.18 [0.85, 1.64] 338 (2) 38% 1.25 [0.73, 2.15]
Pancreatic 1109 (5) 0% 1.65 [1.38, 1.97] 1381 (3) 16% 1.62 [1.34, 1.97]
Prostate 226 (1) NA 0.90 [0.54, 1.50] NA
Urinary tract 1529 (10) 48% 1.86 [1.45, 2.38] 254 (2) 0% 2.15 [1.31, 3.51]
Mixed 4293 (5) 61% 1.19 [1.03, 1.38] NA
Overall 23582 (70) 65% 1.66 [1.52, 1.82] 2530 (11) 50% 1.70 [1.38, 2.08]

n, number of subjects; HR, hazard ratio; CI, confidence interval; NA, not applicable.
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covering most of the independent cohort studies reporting lean
mass and mortality data. Third, we investigated lean mass mea-
surements as both binary and continuous variables, adding more
dimensions to the analysis.
5. Conclusions

Reduced lean mass is an important prognostic indicator for
patients with different types of cancer. Promotion of muscle health
awareness among these groups should be of clinical and public
health importance. Our study provided robust evidence of the as-
sociation of lean mass with mortality in cancer, which is critical for
developing clinical guidelines and public health policies for man-
aging sarcopenia in cancer patients.
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