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Abstract

Aims Sarcopenia has been found to be frequently associated with co-morbidity among patients with heart failure (HF).
However, there remain insufficient data to accurately estimate the global prevalence of sarcopenia in HF. Therefore, the
purpose of this research was to conduct a systematic review and meta-analysis to estimate the current overall prevalence
of sarcopenia in patients with HF.
Methods and results We searched relevant databases for studies published up to 13 July 2020, assessing sarcopenia in
vpatients with HF. After careful screening, data of included articles were extracted with a predesigned Excel form. Then the
pooled prevalence of sarcopenia in patients with HF was calculated using the random-effects model. The Q test was used
to assess the heterogeneity, and I2 statistic was calculated to quantify and evaluate the heterogeneity. Subgroup analyses were
conducted to determine potential sources of heterogeneity. A total of 2852 articles were initially identified, and after remov-
ing duplicate publications and applying the selection criteria, we reviewed 79 full-text articles. Finally, 11 articles (n = 1742
patients with HF) were included in this systematic review and meta-analysis. The pooled prevalence of sarcopenia in patients
with HF was 34% [95% confidence interval (CI): 22–47%, I2 = 96.59%] and ranged from 10% to 69%. However, substantial
heterogeneity between studies (I2 = 96.59%, P < 0.001) was observed. There was no significant heterogeneity between
subgroups by sex (P = 0.803) or the method used to define sarcopenia (P = 0.307). While the heterogeneity between
subgroups by population setting was statistically significant (P < 0.001), the pooled prevalence of sarcopenia was 55%
(95% CI: 43–66%) for hospitalized patients with HF and 26% (95% CI: 16–37%) for ambulatory patients.
Conclusions Sarcopenia was a common condition in patients with HF, and the prevalence of hospitalized patients was higher
than for ambulatory patients. Early detection of sarcopenia was therefore important in patients with HF, and it was important
to implement interventions so that physical therapists or managerial dieticians can easily be introduced into clinical practice.
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Introduction

Heart failure (HF) is a common chronic disease and repre-
sents the terminal stages of several types of heart disease,
and its incidence is increasing annually.1 As a syndrome with
poor prognosis, HF has a significant influence on patient
well-being and quality of life. HF currently affects approxi-
mately 26 million patients worldwide, and its prevalence

increases dramatically with age.2 As a result, the elderly
population represents over 80% of all patients with HF. The
disproportionate prevalence of HF in later life is largely attrib-
utable to long-term exposure to cardiovascular risk factors.3

Indeed, HF negatively influences patient functional capacity
and ability to fulfil daily activities. Previous studies have
found that HF has a significant impact on patient muscle
function and body composition, which has been clearly
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associated with considerable morbidity, institutionalization,
and mortality.4,5

Sarcopenia, a primarily age-dependent syndrome, has
been defined as the age-related decline in skeletal muscle
mass, strength, and physical performance and found to be
frequently associated with co-morbidity among patients
with HF.6,7 Changes in muscle function and composition
are considered critical determinants in the progression of
HF.8 Indeed, an interplay may exist between the patho-
physiological pathways involved in HF, age-related changes
in body composition, and sarcopenia.9 The adaptive
changes in the musculoskeletal system following the occur-
rence of HF play a key role in the development of many
symptoms related to HF syndrome.10 Thus, sarcopenia
may contribute to the poor prognosis seen in patients
presenting with HF. Sarcopenia affects approximately 20%
of older adults with HF, which exceeds the prevalence
observed in individuals of the same age with no HF.11

Remarkably, older patients with HF with sarcopenia have
been associated with poor physical performance and
oxygen consumption, worsening left ventricular function,
and higher hospitalization rates.12 Therefore, the recogni-
tion of sarcopenia in the context of HF and the implemen-
tation of targeted therapeutic strategies may help
ameliorate the poor patient functional capacity, before
the wasting disorder progresses to a later stage.3,13

The prevalence of low appendicular mass may vary
substantially in different populations.14 Currently, there
remain insufficient data to accurately estimate the global
prevalence of sarcopenia in HF. Therefore, we conducted
a systematic review and meta-analysis to appraise the best
available evidence on the prevalence of sarcopenia in
patients with HF. Estimating the overall prevalence of
sarcopenia, according to the current operational definitions,
recommended by a multidisciplinary consensus, will provide
further insight into its burden during HF. Our secondary
objectives were to verify possible factors affecting the
prevalence of sarcopenia in HF and the effect of sarcopenia
on the outcome of patients with HF.

Methods

Search strategy and data sources

We performed an electronic search of PubMed, Embase,
Medline, Web of Science, and Scopus, to identify all relevant
articles relating to sarcopenia and HF. We searched all
records published from inception through to 13 July 2020,
using the following terms: ‘sarcopenia’, ‘muscle atrophy’,
‘muscle wasting’, ‘HF’, ‘cardiac failure’, ‘heart decompensa-
tion’, and ‘myocardial failure’. We further hand searched

bibliographies of relevant publications to identify potential
articles missed by the principal search.

Selection criteria and screening

For this systematic review, we used the following inclusion
criteria: (i) all studies had to be case controlled and of longi-
tudinal or cross-sectional design; (ii) research subjects:
≥18 years old, patients with HF diagnosed according to the
clinical gold standard; (iii) assessment of sarcopenia had to
be implemented according to the sarcopenia consensus
criteria (comprehensive: muscle mass and muscle strength
or physical performance are combined; non-comprehensive:
the aforementioned three aspects are only partially com-
bined or applied separately); (iv) measurement of lean mass
or muscle mass had to be assessed by at least one of
four main methods: bioelectrical impedance analysis, dual-
energy X-ray absorptiometry, magnetic resonance imaging,
or computed tomography; and (v) the prevalence of
sarcopenia (primary outcome) in patients with HF had to be
reported.

To provide additional insight into the prevalence of
sarcopenia in patients with HF, we also investigated possible
factors affecting the prevalence of sarcopenia in HF and the
effect of sarcopenia on the outcome of patients with HF.

We limited our inclusion to original publications, without
language restriction, and excluded studies using the following
criteria: (i) non-original research such as reviews and meta-
analyses, comments, guidelines, editorials or letters, confer-
ence summaries, and case reports; (ii) repeated research
(refers to the same article or the same data used in the
article); (iii) studies that referred to other populations other
than patients with HF; (iv) the number of cases or prevalence
of sarcopenia in the study subjects is not reported; and (v)
the sample size is less than 10.

The searched study citations were imported to EndNote
for duplicate checking. After duplicate studies were deleted,
two independent co-authors screened all the articles by title
and abstract. Disagreements were resolved by consensus
between both co-authors, together with a third co-author.
The citations were classified as eligible, uncertain about eligi-
bility, or excluded. The full texts of articles classed as ‘eligible’
and ‘uncertain about eligibility’ were obtained for further
review and evaluation.

Data extraction and quality assessment

We used a predefined data collection form (Data S1), in
which we summarized relevant information on research char-
acteristics (first author, publication year, and period of study),
characteristics of the study population (the number, source,
age, and sex), and outcome assessment (prevalence of
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sarcopenia and definition of sarcopenia). When relevant data
were not available, the corresponding authors of the selected
publications were contacted to complement the electronic
searches.

The methodological quality of selected studies was
assessed using an 11-item checklist (Table S2), which was rec-
ommended by the Agency for Healthcare Research and
Quality. An item would be scored ‘0’ if it was answered ‘NO’
or ‘UNCLEAR’; if it was answered ‘YES’, then the item scored
‘1’. Article quality was assessed as follows: low quality = 0–3;
moderate quality = 4–7; and high quality = 8–11.15

Statistical analysis and graphing

We summarized the main characteristics of included studies
in tables. Meta-analyses on the prevalence of sarcopenia in
patients with HF were undertaken using a random-effects
model. Forest plots were generated to describe the preva-
lence of sarcopenia and corresponding 95% confidence inter-
vals (CIs), for each study and overall estimate. The Q test was
used to test the heterogeneity, and I2 statistic was calculated
to quantify and evaluate the heterogeneity (low: 25–50%,
moderate: 50–75%, and high: >75%). To discover potential
sources of heterogeneity, subgroup analyses were conducted
by sex, population setting, and evaluation method of
sarcopenia. To assess the stability of the pooled results, sen-
sitivity analysis was conducted by excluding each study at a

time. A funnel plot was generated to visually assess the
publication bias, and Egger’s test and Begg’s test were
also conducted. All the aforementioned analyses and
graphing were conducted in the STATA 15.0 software. A
P value ≤ 0.05 was considered as statistically significant.

Results

Search results and characteristics of included
studies

A total of 2852 articles were found from the aforementioned
databases after the systematic search. After discarding dupli-
cates, the titles and abstracts of 1870 articles were screened.
Then, with one additional article identified from the refer-
ence list, the full texts of the remaining 79 articles were
reviewed. Eventually, 11 articles were included in the final
analysis (Figure 1).

The main characteristics and results of quality assessment
of all included studies are listed in Table 1. Among the 11
eligible studies published between 2016 and 2020, eight
adopted cross-sectional design and three adopted cohort
design. A total of 1742 patients with HF from seven ambula-
tory studies and four hospitalized studies were involved, and
most of them were male (n = 1272). Nine studies reported
mean age of the subjects, ranging from 37.3 to 79.8 years

Figure 1 Study flow diagram demonstrating the search processes for identifying eligible articles.
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at study entry. Seven of the selected studies used the
non-comprehensive definition of sarcopenia, and the remain-
ing four used a comprehensive definition. Quality assessment
scores of all included studies were between 7 and 10 points,
nine studies were regarded as ‘high quality’, and the remain-
ing two studies were regarded as ‘medium quality’ (Table S3).

Prevalence of sarcopenia in patients with heart
failure

Overall pooled prevalence of sarcopenia in patients with
heart failure
The prevalence of sarcopenia in patients with HF ranged from
10% to 69%, and the overall pooled prevalence of sarcopenia
was 34% (95% CI: 22–47%). There was substantial heteroge-
neity between studies (I2 = 96.59%, P < 0.001, Figure 2).

The result of sensitivity analysis showed that the pooled
prevalence of sarcopenia varied from 31% (95% CI: 20–43%)
(when Onoue et al. was excluded) to 37% (95% CI: 24–50%)
(when Canteri et al. was excluded) and indicated that the sta-
bility of overall prevalence of sarcopenia in patients with HF
was not influenced by a single study (Table S1, Figure 3).

An Egger’s publication bias plot was generated, and the vi-
sual symmetry of the funnel plot suggested that there was
minimal publication bias (Figure 4). Moreover, both results
of Egger’s test (P = 0.943) and Begg’s test (P = 0.533) also indi-
cated that there was minimal potential risk of publication bias.

Subgroup analysis
We included 10 studies and stratified our analysis according
to sex (Figure 5). The pooled prevalence of sarcopenia in pa-
tients with HF was 37% (95% CI: 26–49%) for men and 33%
(95% CI: 13–58%) for women. There was no significant het-
erogeneity between subgroups by sex (P = 0.803), while sig-
nificant heterogeneity within subgroups was found (male:
I2 = 93.65%; female: I2 = 95.45%).

According to the two main population settings, (i) hospital-
ized and (ii) ambulatory, a total of 10 studies were included to
stratify our analysis (Figure 6). The pooled prevalence of
sarcopenia was 55% (95% CI: 43–66%) for hospitalized
patients with HF and 26% (95% CI: 16–37%) for ambulatory
patients. The heterogeneity between subgroups was statisti-
cally significant (P < 0.001), while the heterogeneity within
subgroups was also found (hospitalized: I2 = 87.17%; ambula-
tory: I2 = 92.45%).

Additionally, we stratified our analysis according to the
method used to define sarcopenia in all 11 studies: (i) com-
prehensive and (ii) non-comprehensive (Figure 7). The pooled
prevalence of sarcopenia in patients with HF was 24% (95%
CI: 5–51%) and 40% (95% CI: 26–55%), respectively. No signif-
icant heterogeneity was found between subgroups
(P = 0.307), while there was significant heterogeneity withinTa
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subgroups (comprehensive: I2 = 98.14%; non-comprehensive:
I2 = 95.44%).

Factors associated with sarcopenia in patients
with heart failure

Regarding the risk factors for sarcopenia in patients with HF,
age and body mass index (BMI) were frequently mentioned in

studies.1,6,12,16,18,20–23 When compared with the sarcopenia
group, the non-sarcopenia group was older1,6,12,16,18,21,22

and had a lower BMI.6,16,18,20–23

Seven studies compared the left ventricular ejection frac-
tion (LVEF) between patients with HF with and without
sarcopenia. Two studies23,24 observed that LVEF was signifi-
cantly lower in the sarcopenia group, when compared with
the non-sarcopenia group. However, one study22 observed
the opposite result. In addition, the remaining four

Figure 3 Sensitivity analysis for the effect of individual studies (given named study in the Y axis is omitted) on the pooled prevalence of sarcopenia. CI,
confidence interval.

Figure 2 Forest plot of the overall pooled prevalence of sarcopenia in patients with heart failure using a random-effects model; the Q test and I
2
sta-

tistic were used to test the heterogeneity. CI, confidence interval; ES, effect size (the propotion of sarcopenia).
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studies6,18,20,21 did not observe a statistical difference be-
tween the two groups.

Several studies have reported that patients from the
sarcopenia group had significantly higher B-type natriuretic
peptide (BNP) levels, when compared with the
non-sarcopenia group,16,20,21 whereas Fonseca et al.6 did
not observe a statistical difference in BNP levels between
the two groups.

The effect of sarcopenia on heart failure

There were two prospective studies investigating the effect
of sarcopenia on the outcome of patients with HF. Onoue
et al.24 divided the patients with HF into two groups based
on the presence or absence of sarcopenia and defined using
sarcopenia scores. After a median of 495 days of follow-up,
the Kaplan–Meier curve indicated that the HF event (included
HF-related hospitalization and deaths due to HF) free survival
rates were significantly lower in the sarcopenia group. The
stepwise multivariate Cox proportional hazard analysis identi-
fied the sarcopenia score (hazard ratio: 1.03; 95% CI:
1.01–1.05, P < 0.01) as independent and significant predic-
tors of future HF events. Furthermore, multivariate Cox
proportional hazard analysis using the forced entry method
also indicated that the sarcopenia score was a significant
predictor of future HF events, with adjusted factors
suspected for associations with HF or nutrition. Nozaki et al.19

also conducted a prospective cohort study to explore predic-
tors of cardiac events in patients with HF, comprising cardiac
death or HF-related hospitalization. The multivariate Cox
proportional hazard analysis revealed that sarcopenia was
significantly associated with a cardiac event in the New York
Heart Association Class II–IV group (hazard ratio: 4.44; 95%
CI: 1.09–18.14; P = 0.04) after adjusting for sex, BNP, and
estimated glomerular filtration rate.

Figure 4 The Egger’s funnel plot of the 11 included studies in the
meta-analysis using Egger’s test.

Figure 5 Forest plot of the prevalence of sarcopenia in patients with heart failure of different gender (male vs. female) using a random-effects model;
the Q test and I2 statistic were used to test the heterogeneity. CI, confidence interval; ES, effect size.

1012 Y. Zhang et al.

ESC Heart Failure 2021; 8: 1007–1017
DOI: 10.1002/ehf2.13255



Figure 6 Forest plot of the prevalence of sarcopenia in patients with heart failure of different population settings (hospitalized vs. ambulatory) using a
random-effects model; the Q test and I2 statistic were used to test the heterogeneity. CI, confidence interval; ES, effect size.

Figure 7 Forest plot of the prevalence of sarcopenia in patients with heart failure of different methods used to define sarcopenia (comprehensive vs.
non-comprehensive) using a random-effects model; the Q test and I2 statistic were used to test the heterogeneity. CI, confidence interval; ES, effect
size.
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Discussion

To the best our knowledge, this systematic review using
meta-analysis is the first to provide a comprehensive over-
view of the current overall prevalence of sarcopenia in
patients with HF. Because both sarcopenia and HF have seri-
ous effects on the health of the population, our results may
provide a preliminary basis for the prevention and treatment
of HF-related co-morbid sarcopenia.

Overall, we found that 34% of individuals with HF had
sarcopenia. The prevalence estimates of sarcopenia varied
between 10% and 69%. Most of the included studies were
of high quality, and the pooled rate was robust and not af-
fected by publication bias. This rate was higher than the prev-
alence rate of sarcopenia in the community-dwelling elderly
population.9,25,26 Among our included studies, only one12

compared the prevalence of sarcopenia in HF group and con-
trol group, but no statistical difference was found (10.1% vs.
3.5%, P = 0.09), which is inconsistent with that mentioned in
previous studies, where the prevalence of patients with HF
with sarcopenia is higher than healthy subjects of the same
age.3,9 This may be limited by the number of studies and sam-
ple size. Therefore, more studies based on large samples are
necessary to strengthen our understanding of the prevalence
and importance of sarcopenia in patients with HF. In addi-
tion, we observed large heterogeneity across studies; there-
fore, further stratified analysis was carried out to explore its
source.

The prevalence of sarcopenia in patients with HF largely
varied by population settings. The rate of sarcopenia in hos-
pitalized patients was significantly higher than that of outpa-
tients. This finding can be explained by two main factors:
first, HF cases from the ambulatory population are more of-
ten in an early stage of the disease or even asymptomatic,
and second, according to the mean age, those hospitalized
participants were older than the mean age range of the
outpatient-based studies. Therefore, differences between
population settings should be considered when assessing
the risk of sarcopenia.

There was no statistical difference in the pooled preva-
lence of sarcopenia in patients with HF between men and
women. Of the six included studies that compared the sex
composition of patients with or without sarcopenia, four re-
ported that there was no statistical difference in sex compo-
sition. It is reasonable to conclude, therefore, that sex might
not play a role on the prevalence of sarcopenia in patients
with HF. However, previous studies reported that the associ-
ation between sarcopenia and functional decline was more
significant in men than in women,27,28 which deserves further
research into the influence of sarcopenia on sex-related
differences.

The significant between-study heterogeneity was not
explained by the method used to define sarcopenia.
Although the prevalence of sarcopenia in studies using

comprehensive methods seems to be lower than those using
non-comprehensive methods (24% vs. 40%), this difference
was not statistically significant. A possible reason may be cur-
sory grouping. Due to different methods used to define
sarcopenia, included studies were simply divided into only
two subgroups, according to whether the muscle mass, mus-
cle strength, and physical performance were considered com-
prehensively or not. Four studies used a comprehensive
approach, two1,19 of which applied the standards suggested
by the Asian Working Group, and the other two12,21 applied
the algorithm developed by the European Working Group.
Similarly, they used muscle mass and muscle function
(walking speed or handgrip strength) as necessary factors to
define sarcopenia, although the cut-off values were not
completely consistent. Most of our selected studies
(n = 7)6,16–18,20,22,23 applied non-comprehensive criteria to
define sarcopenia in patients with HF. Heterogeneity within
groups implied that there remained differences within
estimates of sarcopenia between these methods. Currently,
there is still a lack of uniformity in measurement standards,
especially in cut-off points across these criteria.11,29–31 Addi-
tional studies are needed to establish which functional test
and cut-offs should be used across different stages of HF.

Multiple factors were considered associated with the
presence of sarcopenia in patients with HF in the selected
studies. These factors included age, BMI, LVEF, and BNP. It
is well established that the prevalence of sarcopenia in-
creases with aging; after all sarcopenia is widely defined
as an age-related condition.26,32 BMI was lower in patients
with sarcopenia, when compared with those without, and
this is similar to other studies.13 Our findings can be ex-
plained by the fact that patients with HF with higher BMIs
had better outcomes. A patient with HF with higher BMI
may have a better skeletal muscle composition, because of
less metabolic and neurohormonal derangements.33 Fur-
thermore, our study found that reduced LVEF may be re-
lated to sarcopenia in patients with HF. This finding is
similar to the conclusions of previous studies showing that
the degree skeletal myofibril atrophy and its functional al-
teration are correlated with lower LVEF.34 Historically, pa-
tients with HF have been categorized based on their LVEF,
which is important in HF management because LVEF has
been shown to be predictive of adverse outcomes, even in
the absence of symptomatic HF.35,36 Therefore, the grading
of LVEF in the predictive role of sarcopenia in patients with
HF may be a direction worthy of further research. In addi-
tion, BNP is a response to ventricular volume expansion
and pressure overload. Some research reported that BNP
levels were highly associated with a poor prognosis of pa-
tients with HF,37,38 which may explain that our multiple
studies found that the sarcopenia group had higher BNP
levels when compared with the non-sarcopenia group. More
studies are needed to identify the main characteristics of
patients with HF who present with sarcopenia.
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There have only been two prospective studies that have
found that sarcopenia was significantly associated with an
HF event (included HF-related hospitalization and death).
Many studies, however, have found that the pathophysiol-
ogy of HF and sarcopenia share common elements, such
as oxidative stress, inadequate nutrition, infiltration of skel-
etal muscle by fat and connective tissue, and increased
pro-inflammatory cytokines.39–42 Breathlessness, fatigue,
and palpitations are common symptoms of HF, when pa-
tients perform physical activities and deterioration in exer-
cise function further limit physical activity. It is likely that
the reduced muscle function in sarcopenia, combined with
HF symptoms, and the limited physical activity of patients
with HF are associated with an increased risk of physical
disability, which further increases the deterioration of pa-
tients with HF and leads to further HF events.19 However,
the mechanism behind the relationship between skeletal
muscle loss and failing heart remains elusive. Further stud-
ies are needed to determine whether sarcopenia can be a
potential therapeutic target and thereby improve outcomes
in patients with HF.

We feel that the strengths of our systematic review in-
cluded a comprehensive search strategy and the involvement
of two independent co-authors, at all stages of the process.
Nevertheless, this work was not devoid of limitations, and
several factors should be considered when interpreting our
results. First, most of the articles included in the analysis
were of cross-sectional design, and the only three cohort
studies used sarcopenia as a baseline assessment only. There-
fore, the coexistence of sarcopenia and HF could not explain
the occurrence of the two conditions. Second, the studies
used different consensus criteria, and the disease may be af-
fected by some unknown factors, resulting in different esti-
mates of sarcopenia prevalence. Despite being in the
subgroup analysis, we still observed the heterogeneity of
the studies, which may affect the external generality of
pooled prevalence. It should be emphasized that the main
aim of this systematic review and meta-analysis was to pro-
vide a comprehensive overview of the current overall preva-
lence of sarcopenia in patients with HF. The discovery of
more influencing factors still requires further original
research in the future. Finally, although we have explored
several risk factors affecting sarcopenia in patients with HF,
this was not the main purpose of the included studies. The
comparison between the sarcopenia and non-sarcopenia
groups only represented the results of univariate analysis,
and the influence of confounding factors was not considered.
Therefore, in future research, multivariate analysis is needed
to clarify the effects of these factors on sarcopenia in HF.

In conclusion, it is important to highlight our finding that
sarcopenia was a frequent condition in patients with HF,
and the prevalence of hospitalized patients was higher than
that of ambulatory patients. Age, BMI, LVEF, and BNP may
also be associated with sarcopenia in HF, and sarcopenia

was significantly associated with future HF events, and there-
fore, early detection of sarcopenia is important for patients
with HF. It is, therefore, necessary to devise interventions
that a physical therapist or managerial dietician can easily
introduce into clinical practice.
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