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systematic review and
meta-analysis
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Haiming Feng? and Zaixing Zheng?*

!Department of Critical Care Medicine, Ningbo Medical Center Li Huili Hospital, Ningbo, Zhejiang,
China, *Department of Cardiology, Ningbo No. 2 Hospital, Ningbo, Zhejiang, China

Objective: To perform a systematic review and meta-analysis evaluating the
impact of sarcopenia—defined by reductions in muscle mass, strength, and/or
function—on clinical outcomes in patients with heart failure (HF), thereby
informing more effective management strategies.

Methods: A comprehensive literature search was conducted through 14
February 2025, using PubMed, Embase, Cochrane Library, and CNKiI
to identify prospective and retrospective cohort studies involving HF
patients diagnosed with sarcopenia based on Asian Working Group for
Sarcopenia (AWGS), European Working Group on Sarcopenia in Older
People (EWGSOP2), or Ishii criteria. Data extraction was performed using
standardized forms, and study quality was assessed using the Newcastle—
Ottawa Scale (NOS). Meta-analytical procedures, including heterogeneity
assessment and subgroup analyses, were carried out in Stata 18.0 and
R44.2.

Results: Fifteen studies comprising 5,713 HF patients were included. Pooled
analysis demonstrated that sarcopenia significantly increased the risk of
adverse clinical outcomes [hazard ratio (HR) = 1.62, 95% confidence interval
(Cl): 1.35-1.89], including all-cause mortality (HR = 1.89, 95% Cl: 1.63-
2.15) and major adverse cardiovascular events (HR = 1.37, 95% Cl. 1.11-
1.64). Subgroup analyses revealed that sarcopenia defined by AWGS criteria
and the Ishii score was significantly associated with worse outcomes
(HR = 163, 95% Cl: 1.33-1.94; HR = 178, 95% Cl: 1.29-2.27, respectively),
whereas definitions based on EWGSOP2 did not reach statistical significance
(HR = 187, 95% Cl: 0.70-3.05). Sarcopenia identified through DXA or
BIA-based muscle mass assessments was also significantly correlated with
adverse outcomes (DXA: HR = 1.53, 95% CI: 1.29-1.78; BIA: HR = 1.85, 95%
Cl: 1.10-2.61). Statistically significant associations were observed across all
remaining subgroups.

Conclusion: Sarcopenia, when defined using multidimensional criteria, is
significantly associated with poor clinical outcomes in patients with HF.
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These findings underscore the importance of implementing comprehensive
sarcopenia assessments to enhance prognostic evaluation and guide early
intervention. Clinically, adopting multidimensional diagnostic approaches can
improve risk stratification and optimize the management of HF patients.

Systematic review registration:

https://inplasy.com/inplasy-2025-3-0023/,

identifier INPLASY202530023.
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1 Introduction

Heart failure (HF), a clinical syndrome characterized by
impaired cardiac pumping, is strongly associated with aging and
manifests as a progressive decline in cardiac structure and function
(1, 2). Sarcopenia, a prevalent geriatric syndrome, involves the
age-related loss of skeletal muscle mass, strength, and physical
function (3). These two conditions are intricately interrelated and
influenced by shared risk factors, including advanced age, obesity,
chronic inflammation, malnutrition, and physical inactivity (4, 5).
Following the onset of HE, adaptive changes in the musculoskeletal
system play a pivotal role in the manifestation of many symptoms
associated with the syndrome (6).

In recent years, growing interest has emerged regarding the
prognostic implications of sarcopenia in HF patients. However,
findings across studies remain highly inconsistent. For example,
Sato et al. (7) reported that sarcopenia—defined using the
Asian Working Group for Sarcopenia (AWGS) criteria—had
no significant impact on major adverse cardiovascular events
(MACE) among 546 older adult HF patients aged 65 and above.
In contrast, Katano et al. (8), in a study involving 534 older
adult Japanese HF patients, found that AWGS-defined sarcopenia
was significantly associated with all-cause mortality and served
as an independent risk factor [hazard ratio (HR) = 1.65; 95%
confidence interval (CI): 1.05-2.59]. Similarly, in a cohort of 272
hospitalized patients with acute HF, severe sarcopenia (AWGS-
defined) independently predicted cardiac death or readmission
within 1 year (HR = 2.58; 95% CI: 1.40-4.74) (9). Two studies
from China examining the relationship between sarcopenia and
clinical outcomes in older adult HF patients reported higher
rates of readmission and MACE in sarcopenic patients compared
to controls. However, no significant differences were found in
endpoints such as all-cause mortality or malignant arrhythmias
(10, 11). To address these conflicting findings, several meta-
analyses have sought to synthesize the existing evidence. Liu
et al. (12) analyzed data from 12 studies encompassing 3,696 HF
patients and found that sarcopenia was significantly associated
with increased risks of all-cause mortality and MACE. However,
substantial heterogeneity existed due to differences in geographical
populations and diagnostic definitions (12). Among the 12 studies,
eight distinct sarcopenia definitions were used, with some relying
solely on muscle mass. In another meta-analysis, Prokopidis et al.
(13) examined 18 longitudinal studies to assess the prognostic
value of sarcopenia and its components (e.g., muscle mass and
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grip strength) in HF. While sarcopenia defined by European
Working Group on Sarcopenia in Older People (EWGSOP1) or
AWGS criteria showed no significant predictive value for all-cause
mortality within 1-2 years (HR = 1.35; 95% CI: 0.76-2.38), specific
components—such as low psoas muscle mass at the L3-L4 level
and slow gait speed—were significantly associated with increased
mortality risk (13).

In recent years, growing insights into sarcopenia have led
to a surge in studies investigating its impact on patients
with HFE. These studies increasingly adopt comprehensive and
standardized diagnostic criteria, such as the AWGS (14), the revised
EWGSOP2 (15), and the Ishii score-based criteria (16). In this
context, we conducted a meta-analysis to examine the relationship
between sarcopenia—defined using multidimensional criteria—
and clinical outcomes in HF patients. This study aims to clarify the
association between sarcopenia and adverse prognoses in HF and
to offer clinicians evidence-based guidance for identifying high-risk
patients and optimizing management strategies.

2 Materials and methods

2.1 Search strategy

Following the PRISMA guidelines (17), two reviewers
independently performed a comprehensive search of PubMed,
Embase, Cochrane Library, and CNKI. A hybrid retrieval strategy
combining subject headings (MeSH/Emtree) and free-text terms
was employed, using Boolean operators to optimize search

»

precision. Search terms included “sarcopenia,” “heart failure,” and
their synonyms. The search spanned from database inception to 14
February 2025, with no language restrictions. The full strategy is
available in Supplementary Material 2. Reference lists of included
studies were manually screened to identify additional relevant
publications. The protocol was prospectively registered on the
INPLASY platform (Registration No.. INPLASY202530023), in

line with research transparency and reproducibility standards.

2.2 Eligibility criteria

Inclusion criteria were: (1) study design: prospective or
retrospective cohort studies; (2) population: adults (>18 years)
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diagnosed with HF; (3) exposure: sarcopenia diagnosed using
integrated criteria involving muscle mass, strength, and function;
(4) outcomes: all-cause mortality, cardiovascular mortality, or
MACE (including HF rehospitalization, myocardial infarction,
stroke, etc.); and (5) data: reported effect sizes [e.g., HRs and
odds ratios (ORs)] with 95% CIs, along with extractable raw
or adjusted data. Exclusion criteria included: (1) study type:
case reports, conference abstracts, reviews, meta-analyses, animal
studies, studies without control groups, or unavailable data; (2)
diagnostic insufficiency: sarcopenia defined by a single parameter,
such as skeletal muscle index (SMI) or grip strength alone;
(3) outcome misalignment: studies reporting only intermediate
biomarkers without clinical outcomes; and (4) redundancy:
duplicate publications or overlapping datasets, with only the most
complete report retained.

10.3389/fmed.2025.1599572

2.3 Data extraction and quality
assessment

Data extraction adhered to the recommendations of the
Cochrane Handbook for Systematic Reviews of Interventions (18).
A standardized form was developed to capture key variables,
including: study details (first author, year, country, and design),
participant characteristics (sample size, age, and sex), sarcopenia
diagnostics (criteria, instruments, thresholds for muscle mass and
grip strength), and outcome indicators (e.g., all-cause mortality and
MACE). Two reviewers independently extracted data, resolving
discrepancies through discussion or arbitration by a third reviewer.
Study quality was assessed using the Newcastle-Ottawa Scale
(NOS) (19).

Cochrane library
g PubMed (n=1254) Embase (n =1740) (n=142) CNKI(n=155)
®
O
=
=
c
[0)
i)
A 4
Records after duplicate Duplicates excluded (n =
excluded (n = 2447) > 848)
(@]
£
%
o > Records excluded based on the
3 title/abstract review (n =2263)
\ 4
Full-text articles assessed
for eligibility (n = 184) Full-text articles excluded, with
reason (169)
1.Sarcopenia defined by a solitary
parameter(n=34)
2 2. incomplete data (n=7)
:_E 3. Not available outcome(n=51)
2 4. Not HF patients(n=28)
Lt 5. Not sarcopenia(n=9)
6. Not cohort studies(n=37)
v 7. Different articles based on the
same study(n=3)
Full-text articles assessed for
eligibility (n = 15)
©
(]
©
=
s '
Studies  included in  quantitative
synthesis (meta-analysis) (n = 15)

FIGURE 1

PRISMA flow chart showing the literature screening and selection process. HF, heart failure.
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TABLE 1 Characteristics of the included studies.

Country Population Follow-up Outcome
duration

Age (year) Gender, male (%)

Onoue et al. (20) Perspective Japan Outpatient 119 76.1 +6.2 73 (61%) 495 (211-715) days MACE

Xuefeng et al. (21) Perspective China Inpatient 182 Sarcopenia: 79.6 & 5.2 Sarcopenia: 48 (64%) 36 (3-57) months MACE
Non-sarcopenia: 76.0 & 4.8 Non-sarcopenia: 60 (56.1%)

Hu et al. (22) Perspective China Inpatient 182 Sarcopenia: 79.6 & 5.2 Sarcopenia: 48 (64.0) 36 (3-57) months MACE
Non-sarcopenia: 76.0 + 4.8 Non-sarcopenia: 60 (56.1)

Nozaki et al. (23) Perspective Japan Outpatient 191 733+73 136 (71.2%) 8 months MACE

Zhengguang et al. Retrospective China Inpatient 240 Sarcopenia: 69.5 & 7.1 Sarcopenia: 41 (51.3%) 30.6 & 16.7 months MACE

(10)
Non-sarcopenia: 70.3 £ 9.5 Non-sarcopenia: 89 (55.6%)

Eschalier et al. (24) ‘ Perspective France ‘ Inpatient 140 758 £10.2 82 (58.6%) 4 years 1. All-cause mortality

2. MACE

Honda et al. (9) ‘ Retrospective Japan ‘ Inpatient 272 Sarcopenia: 78 (70-85) Sarcopenia: 29 (63.0) 1 year All-cause mortality
Non-sarcopenia: 76 (65-82) Non-sarcopenia: 141 (62.4)

Xiaolin et al. (11) ‘ Retrospective China ‘ Inpatient 300 Sarcopenia: 76.3 & 12.2 Sarcopenia: 52 (51.0) 45.1 £ 3.1 months MACE
Non-sarcopenia: 76.6 = 11.3 Non-sarcopenia: 108 (54.5)

Formiga et al. (27) Retrospective Europe Outpatient 226 80.0 £5.0 103 (45.6) 2 years All-cause mortality

Kilig et al. (28) Retrospective Tirkiye Outpatient 722 70.1 £8.4 306 (42.4) 2 years 1. All-cause mortality

2. Hospitalization

Saito et al. (26) Perspective Japan Inpatient 269 Sarcopenia: 85 (78-87) Sarcopenia: 88 (65.7) 690 (459-730) days All-cause mortality
Non-sarcopenia: 80 (73-86) Non-sarcopenia: 47 (34.8)

Sato et al. (7) Retrospective Japan Inpatient 546 77 (72-82) 309 (56.6) 0.90 (0.35-1.89) years MACE

Shakuta et al. (29) Retrospective Japan Inpatient 546 70 (58-78) 347 (63.6) 5 years All-cause mortality

Maeda et al. (25) Perspective Japan Inpatient 1,244 Sarcopenia: 77 (71-83) Sarcopenia: 360 (53.3) 1 year All-cause mortality
Non-sarcopenia: 84 (80-88) Non-sarcopenia: 363 (61.8)

Katano et al. (8) Perspective Japan Inpatient 534 Sarcopenia: 79.1 £ 7.2 Sarcopenia: 90 (32%) 2.04 £ 1.06 years All-cause mortality

Non-sarcopenia: 78.8 + 7.3

Non-sarcopenia: 65 (30%)

MACE, Major Adverse Cardiovascular Events.
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TABLE 2 Diagnostic criteria and cutoff value used to define sarcopenia in meta-analysis.

Diagnostic criteria

e n

BUIDIPBN Ul SI213U0I4

S0

FIVIIENUIIN

Definition Low muscle mass ‘ Low muscle strength ’ Low physical performance l
Cutoff value Measure Cutoff value Measure Cutoff value Measure
Onoue et al. (20) IshiiA Sarcopenia score: men: 0.62 x (age — 64) — 3.09 x (grip strength — 50) — 4.64 x (calf circumference — 42); women: 0.80 x (age — 64) — 5.09 x (grip
strength — 34) — 3.28 x (calf circumference — 42); man: sarcopenia score > 105; woman: sarcopenia score > 120
Xuefeng et al. (21) AWGS Man SMI < 7.0 kg/m? DXA Man < 26 kg HG <0.8 m/s GS
Woman SMI < 5.4 kg/m? Woman < 18 kg
Huetal. (22) AWGS Man SMI < 7.0 kg/m2 DXA Man < 26 kg HG <0.8 m/s GS
Woman SMI < 5.4 kg/m? Woman < 18 kg
Nozaki et al. (23) AWGS Man SMI < 7.0 kg/m2 BIA Man < 26 kg HG <0.8 m/s GS
Woman SMI < 5.7 kg/m? Woman < 18 kg
Zhengguang et al. (10) AWGS NR DXA Man < 25 kg HG <0.8 m/s GS
Woman < 18 kg
Eschalier et al. (24) EWGSOP2 Man SMI < 10.75 kg/m? BIA Man < 30 kg HG <0.8 m/s GS
Woman SMI < 6.75 kg/m? Woman < 20 kg
Honda et al. (9) AWGS Man SMI < 7.0 kg/m? BIA Man < 28 kg HG <1.0m/s GS
Woman SMI < 5.7 kg/m? Woman < 18 kg
Xiaolin etal. (11) AWGS Man SMI < 7.0 kg/m2 DXA Man < 28 kg HG <1.0 m/s GS
Woman SMI < 5.4 kg/m? Woman < 18 kg
Formiga et al. (27) EWGSOP2 Man ASM < 20 kg BIA Man < 27 kg HG SPPB <8
Woman ASM < 15 kg Woman < 16 kg
Kilig etal. (28) IshiiB Sarcopenia score: men: 0.62 x (age — 64) — 3.09 x (grip strength — 50) — 4.64 x (calf circumference — 42); women: 0.80 x (age — 64) — 5.09 x (grip
strength — 34) — 3.28 x (calf circumference — 42); man: sarcopenia score > 105; woman: sarcopenia score > 120
Saito et al. (26) AWGS Man SMI < 7.0 kg/m2 DXA Man < 28 kg HG GS < 1.0 m/s, five-time chair-stand test > 12's, or SPPB < 9.
Woman SMI < 5.4 kg/m? Woman < 18 kg
Sato et al. (7) AWGS Man SMI < 7.0 kg/m2 BIA Man < 28 kg HG GS < 1.0 m/s, five-time chair-stand test > 12 s, or SPPB < 9.
Woman SMI < 5.7 kg/m? Woman < 18 kg
Shakuta et al. (29) AWGS Man SMI < 7.0 kg/m? Predictive Man < 28 kg HG GS < 1.0 m/s, five-time chair-stand test > 12 s, or SPPB < 9.
Woman SMI < 5.4 kg/m? Equation Woman < 18 kg
Maeda et al. (25) IshiiB Sarcopenia score: men: 0.62 x (age — 64) — 3.09 X (grip strength — 50) — 4.64 x (calf circumference — 42); women: 0.80 x (age — 64) — 5.09 x (grip
strength — 34) — 3.28 x (calf circumference — 42); man: sarcopenia score > 141; woman: sarcopenia score > 165
Katano et al. (8) AWGS Man SMI < 7.0 kg/m2 DXA Man < 28 kg HG GS < 1.0 m/s, five-time chair-stand test > 12 s, or SPPB < 9.
Woman SMI < 5.4 kg/m? Woman < 18 kg

AWGS, Asian Working Group for Sarcopenia; DXA, dual X-ray absorptiometry; SMI, Skeletal Muscle Mass Index; HG, handgrip; GS, gait speed; BIA, bioelectrical impedance analysis; NR, not reported; ASM, Appendicular Skeletal Muscle Mass; SPPB, Short Physical

Performance Battery.
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TABLE 3 Quality assessment of included articles.

Selection Outcome
Representativeness | Selection of | Ascertainment | Demonstration | Comparability | Assessment \WEH Adequacy of
of the exposed the non- of exposure that outcome of outcome follow-up follow-up of
cohort exposed of interest long enough cohorts
cohort was not for
present at outcomes to
start of study occur

Onoue et al. (20) 1 1 1 1 1 1 1 0 7
Xuefeng et al. (21) 1 1 1 1 2 0 1 1 8
Huetal. (22) 1 1 1 1 1 0 1 1 7
Nozaki et al. (23) 1 1 1 1 1 1 0 0 6
Zhengguang et al. 1 1 1 1 2 1 1 1 9
(10)

Eschalier et al. (24) 1 1 1 1 2 0 1 0 7
Honda et al. (9) 1 1 1 1 1 1 1 1 8
Xiaolin et al. (11) 1 1 1 1 1 1 1 0 7
Formiga et al. (27) 1 1 1 1 2 1 1 0 8
Kilig etal. (28) 0.5 1 1 1 L5 1 1 0 7
Saito et al. (26) 1 1 1 1 2 1 1 0 8
Sato et al. (7) 1 1 1 1 1 1 0 1 7
Shakuta et al. (29) 0.5 1 05 1 15 1 1 0 6.5
Maeda et al. (25) 1 1 1 1 1 1 1 0 7
Katano et al. (8) 1 1 1 1 2 1 1 0 8
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2.4 Statistical analysis

A meta-analysis was conducted using Stata 18.0 and R
version 4.4.2, with all results reported in strict accordance with
established methodological guidelines (17). Effect sizes—HRs or
ORs with corresponding 95% Cls—were used to quantify the
association between sarcopenia and clinical outcomes in patients
with HF. Heterogeneity was assessed using the Q-test and the
I? statistic; an I> > 50% indicated substantial heterogeneity,
warranting a random-effects model (DerSimonian-Laird method),
while an 1> < 50% justified the use of a fixed-effects model
(Mantel-Haenszel method) (18). To explore potential sources
of heterogeneity, subgroup analyses were performed based on
study design (prospective vs. retrospective cohorts), clinical
outcomes, patient setting (inpatient vs. outpatient), muscle
mass assessment method (DXA and BIA), geographic region
(Asia and Europe), and sarcopenia diagnostic criteria (AWGS,
EWGSOP2, and Ishii score). Sensitivity analyses were conducted
by sequentially excluding individual studies to evaluate the
robustness of the results. Publication bias was assessed using
Egger’s test, Begg’s rank correlation test, and funnel plot analysis.
Additionally, the trim-and-fill method was applied to validate the
stability of the findings. A two-tailed P < 0.05 was considered
statistically significant.

3 Results

3.1 Study selection

A systematic search of PubMed, Embase, Cochrane, and CNKI
databases identified 3,291 relevant articles. After duplicate removal
via EndNote, 2,447 records underwent preliminary screening.
Based on predefined inclusion and exclusion criteria, 2,263 articles
were excluded through title and abstract review. The remaining 184
articles underwent full-text evaluation, resulting in the exclusion of
169 studies. Ultimately, 15 high-quality studies were included in the
final analysis. The screening process adhered to PRISMA guidelines
and is illustrated in Figure 1.

3.2 Study characteristics

The final dataset comprised 15 studies involving 5,713
patients. Study characteristics and sarcopenia definitions are
detailed in Tables 1, 2. Of these, eight were prospective cohort
studies (8, 20-26) and seven were retrospective cohort studies
(7, 9-11, 27-29). The studies included both outpatient and
inpatient populations: eight from Japan, four from China, one
from Turkiye, one from France, and one involving multiple
European countries. All were published between 2016 and 2025.
Sample sizes ranged from 119 to 1,244 participants, with a
predominance of older adult patients (mean age: 70-85 years),
and 3,045 (53.1%) were male. Follow-up durations ranged from
8 months to 5 years. Primary outcomes included MACE and
all-cause mortality. Sarcopenia was defined using the AWGS
criteria in 10 studies, the EWGSOP2 criteria in 2 studies,
and the Ishii criteria in 3 studies. Notably, Onoue et al

Frontiers in Medicine

10.3389/fmed.2025.1599572

(20) applied the Ishii score as a continuous variable in Cox
regression analysis, while Kilig et al. (28) and Maeda et al. (25)
treated it as a categorical variable. To distinguish between these
applications, we labeled Onoue’s method as IshiiA and the others
as IshiiB.

3.3 Quality assessment

Study quality was systematically assessed using the NOS,
with results summarized in Table 3. The average score was 7.4.
Thirteen studies (86.7%) were classified as high quality (>7 points),
while two (13.3%) were of moderate quality (<7 points). All
studies clearly specified inclusion and exclusion criteria (e.g.,
age, HF phenotype, and absence of baseline outcome events).
Sarcopenia and non-sarcopenia groups were derived from the
same cohorts and assessed using objective diagnostic tools. All
studies adjusted for key confounders using multivariate models
(e.g., Cox regression). Twelve studies (80%) used medical records or
standardized follow-up data to evaluate clinical outcomes. While 13
studies (86.7%) had a median follow-up of over 1 year, only 6 (40%)
reported loss-to-follow-up rates, which ranged from 1.6% to 8.8%.

3.4 Results of the meta-analysis

that
significantly increased the risk of adverse clinical outcomes in
patients with HF (HR = 1.62, 95% CI: 1.35-1.89; 7 = 89.0%).
The corresponding forest plot is presented in Figure 2, with

Meta-analysis  results ~ demonstrated sarcopenia

subgroup analysis plots shown in Figure 3. Subgroup analyses
based on predefined variables revealed differential associations
between sarcopenia and adverse outcomes across various contexts.
Specifically, sarcopenia significantly increased the risks of both
all-cause mortality (HR = 1.89, 95% CI: 1.63-2.15; 12 = 42.8%) and

Effect %
study (95% Cl) Weight
Onoue, Y.2016 . 103(1.01,1.05) 9.06
Zhou, x1.2017 — 121(0.40,202) 492
Hu,gf.2018 — 126(0.60,193) 5.82
Nozaki, Y. 2019 —— 259(1.48,370) 351
Hu,2g.2020 = 144(1.18,1.70) 833
Eschalier,R 2021 —o— 139(0.91,187) 698
Honda, S.2022 —— 238(1.78,299)  6.20
Zux1.2023 - 140(1.08,1.72) 804
Formiga, F.2024 _— 262(1.41,382) 3.18
Kilig, R.2024 = 204(1.61,247) 7.32
Saito, H.2024 —— 233(1.72,294) 611
Sato, K 2024 - | 082(0.46,1.18)  7.81
Shakuta, S.2024 '-.- 190(1.56,225) 7.86
Maeda, D.2024 +, 154(1.16,192) 7.68
Katano, $.2025 -o— 165(1.20,210)  7.19
Overall, DL (I = 89.0%, p <0.001) Q 1.62(1.35, 1.89) 100.00
T T
5 0 5

NOTE: Weights are from random-effects model

FIGURE 2
Forest plot including all studies on adverse clinical outcomes.
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Effect % Effect %
(A) Outcome and study_id (95% C1) Weight ®B) patent and study_id 195% CI) Weight
MACE outpatient
Onoue, Y.2016 C 1.03(1.01,1.05) 9.06 Onoue, Y 2016 LN 103(101,105) 908
Zhou, x£.2017 — 1.21(040,2.02) 492 Nozaki, Y. 2019 -I—O— 259(148 370 35
Hu,gl2018 —D"- 1.26 (0.60, 1.93) 582 Formiga F.2024 -I—‘— 262(141,382) 318
Nozaki, Y. 2019 e 250(148,370) 351 Kisg, R 2024 - 204(161,247) 7.32
Hu,29.2020 - 144 (1.18,1.70) 833 Subgroup, CL (I’ = 91.4%, p < 0.001} <> 1.65(1.09,280) 23.07
Eschalier,R 2021 — 1.39(091,187) 698 '
202023 - 140(1.08,1.72) 804 Inpatient :
Saito, H.2024 —— 233(1.72,294) 611 Zhou, x1.2017 —— 121(040, 202) 482
Sato, K.2024 - | 082(046,1.18)  7.81 Hugf 2018 — 1.25(060,1.93) 5.82
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FIGURE 3
Forest plot of adverse clinical outcomes. Subgroup analyses by (A) clinical outcomes, (B) patient types, (C) region, (D) muscle mass assessment, (E)
study types, and (F) sarcopenia diagnostic criteria. AWGS, Asian Working Group for Sarcopenia; EWGSOP, European Working Group on Sarcopenia in
Older People; DXA, dual X-ray absorptiometry; BIA, bioelectrical impedance analysis.

MACE (HR = 1.37, 95% CI: 1.11-1.64; I? = 81.5%). With respect
to diagnostic criteria, sarcopenia defined by AWGS (HR = 1.63,
95% CI: 1.33-1.94; I> = 77.6%) and the Ishii score (HR = 1.78,
95% CI: 1.29-2.27; I? = 65.7%) was associated with increased risk,
whereas the EWGSOP2-based definition (HR = 1.87, 95% CI: 0.70-
3.05; I? = 70.8%) did not yield a statistically significant association.
Regarding muscle mass assessments, sarcopenia diagnosed by DXA
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(HR = 1.53,95% CI: 1.29-1.78; I* = 44.4%) or BIA (HR = 1.85, 95%
CI: 1.10-2.61; I? = 86.1%) was significantly associated with adverse
outcomes. Stratified by study design, sarcopenia was linked to
poor outcomes in both prospective (HR = 1.55, 95% CI: 1.18-1.91;
I?> = 83.2%) and retrospective cohort studies (HR = 1.69, 95%
CI: 1.31-2.08; I> = 83.8%). Similarly, sarcopenia was predictive
of adverse outcomes in both outpatient (HR = 1.95, 95% CIL:
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FIGURE 4
Funnel plots of the 15 included studies

1.09-2.80; I? = 91.4%) and inpatient populations (HR = 1.62, 95%
CI: 1.31-1.81; I> = 72.8%).

3.5 Sensitivity analysis and publication
bias

An asymmetric funnel plot (Figure 4) was observed. While
Egger’s test indicated significant publication bias (P < 0.001), Begg’s
rank correlation test did not (P = 1.0), suggesting potential bias.
Using the trim-and-fill method to add three hypothetical studies,
the adjusted pooled HR was 1.41 (95% CI: 1.19-1.67), indicating
a slight attenuation but retained significance—demonstrating
the robustness of the original findings. The corrected funnel
plot (Figure 5) showed improved symmetry. Sensitivity analysis,
conducted by sequential exclusion of individual studies, confirmed
the stability of the association between sarcopenia and adverse
HF outcomes.

4 Discussion

This analysis aimed to provide evidence-based guidance for
clinical risk stratification and management in this population.
Our meta-analysis included 15 cohort studies with a total of
5,713 participants. The results demonstrated that sarcopenia,
when defined using multidimensional diagnostic criteria, is an
independent risk factor for poor prognosis in HF patients
(HR = 1.62; 95% CI: 1.35-1.89), corroborating findings from
prior studies. For instance, among 534 older adult HF patients,
AWGS-defined sarcopenia was significantly associated with all-
cause mortality (HR = 1.65) (8). Similarly, Liu et al’s (12) meta-
analysis of 12 studies with 3,696 patients found increased risks of
all-cause death and MACE in sarcopenic individuals. Our findings
suggest that multidimensionally defined sarcopenia is closely
associated with adverse clinical outcomes in HEF highlighting
the complex interplay between the two conditions. They share
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Funnel plot of 15 studies and 3 virtual-studies after trim and fill
correction

multiple risk factors—such as aging, obesity, chronic inflammation,
malnutrition, and sedentary behavior—and the musculoskeletal
adaptations that follow HF onset significantly contribute to
symptom burden (4, 6, 30). Subgroup analyses further revealed
that sarcopenia defined using AWGS or the Ishii score was
significantly associated with adverse outcomes in HF patients. In
contrast, sarcopenia defined by EWGSOP?2 criteria did not show
a statistically significant association. However, this result should
be interpreted cautiously. Only two studies in our analysis used
the EWGSOP2 criteria, with a combined sample size of just 366.
The limited data and small sample size may have reduced the
statistical power and reliability of this finding. Future research with
larger, well-designed cohorts is warranted to clarify the prognostic
relevance of EWGSOP2-defined sarcopenia in HF.

In our meta-analysis, 80% of the included studies (12/15) did
not stratify HF subtypes, with a notable absence of investigations
specifically targeting HF with reduced ejection fraction (HFrEF).
Only three studies addressed distinct HF phenotypes: (1) Xiaolin
et al. (11) identified sarcopenia as an independent risk factor
for adverse cardiovascular events in 300 patients with HF with
mildly reduced ejection fraction (HFmrEF); (2) Kilig et al
(28) demonstrated that sarcopenia was associated with increased
hospitalization and mortality in 722 HFmrEF patients; and (3)
Zhengguang et al. (10) reported an independent association
1.439) in
240 patients with HF with preserved ejection fraction (HFpEF).

between sarcopenia and adverse outcomes (HR =

Exploratory analysis of HFmrEF cohorts revealed a significant
association between sarcopenia and prognosis (OR = 1.70, 95%
CI: 1.08-2.33; Supplementary Figure 1); however, the substantial
heterogeneity (I> = 81.7%) warrants cautious interpretation.
Given the distinct pathophysiological mechanisms underlying
HF subtypes—where neurohormonal activation predominates in
HFrEF and metabolic dysregulation is more characteristic of
HFpEF—the complete lack of HFrEF-specific data represents
a critical gap. Future research should prioritize the evaluation
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of sarcopenias prognostic relevance across all HF phenotypes,
particularly in HFrEF populations.

Our study employed a multidimensional diagnostic framework
for sarcopenia, integrating assessments of muscle mass, strength,
and physical performance. This approach reflects the dual
structural and functional pathology of sarcopenia, characterized
by loss of muscle mass and reduced muscle function. Sole
reliance on muscle mass indicators—such as SMI measured
via computed tomography (CT)—risks overlooking the broader
metabolic impairments affecting muscle tissue. Conversely, isolated
functional metrics like grip strength cannot fully capture variations
in nutritional status or physical reserves across individuals (15).
The dual-aspect assessment adopted in our study aligns with
the multidimensional diagnostic criteria endorsed by both the
EWGSOP and the AWGS (14, 15). Traditional single-parameter
definitions are limited in their ability to reflect the complex
pathophysiological profile of sarcopenia (31). In contrast, a
combined diagnostic model enhances precision by identifying
individuals who truly meet the criteria for sarcopenia, thereby
reducing the risk of misclassification (32). In this study, sarcopenia
defined using both the AWGS and Ishii score criteria was
significantly associated with adverse HF outcomes, suggesting that
a multidimensional approach more effectively captures prognosis-
related determinants. While each diagnostic framework has unique
strengths, AWGS and EWGSOP2—though more operationally
complex—are well-suited for comprehensive inpatient screening
due to their thorough inclusion of functional and structural
indicators. In contrast, the Ishii score offers a practical, rapid
screening method more appropriate for outpatient settings (16, 20).
By leveraging these complementary tools according to the clinical
context, diagnostic accuracy can be optimized.

The Ishii score is a simple, cost-effective screening tool
for sarcopenia, integrating three readily obtainable parameters:
age, grip strength, and calf circumference. It facilitates efficient
risk stratification in primary care and low-resource settings by
circumventing the need for advanced imaging modalities such
as CT, MRI, or DXA (16). Prior studies have confirmed its
high sensitivity and specificity in identifying sarcopenia among
community-dwelling older adults. The original cut-oft values
(>105 for men, >120 for women) demonstrated robust predictive
performance in the initial validation cohort (20). However, in
specific populations such as HF patients, tailored cut-off values
may yield greater diagnostic precision. For instance, a study of
1,244 older adult HF patients found that adjusted thresholds
(>141 for men, >165 for women) provided superior prognostic
and diagnostic accuracy (25). Despite underlying heterogeneity,
our subgroup analysis indicated that sarcopenia defined by the
Ishii score was significantly associated with poor HF prognosis
(HR = 1.78), underscoring its utility in risk prediction. In summary,
the Ishii score is a practical and economical option for initial
sarcopenia screening, particularly in outpatient and resource-
limited settings. However, to enhance its clinical utility, diagnostic
thresholds should be calibrated to specific patient populations.
Future multicenter studies are warranted to establish HF-specific
Ishii scoring systems and define dynamic intervention thresholds.

This study has several multidimensional limitations. First,
there is substantial geographic bias: 80% of the 15 included
studies were conducted in Asian populations (Japan: 8; China: 4),
while only 3 involved European cohorts, and none represented
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African or Latin American populations. This geographic imbalance
limits the generalizability of the findings. Second, follow-up
durations were skewed, with 93.3% (14/15) of studies reporting
follow-up periods of <4 years (including two studies with <1
year), and only one study exceeding 5 years, thereby limiting
insights into the ultra-long-term (>5 years) prognostic impact of
sarcopenia. Third, HF subtype stratification was insufficient, as
most studies failed to differentiate between HFrEF and HFpEF,
introducing uncontrolled heterogeneity into subgroup analyses
and leaving a critical evidence gap for HFrEF. Fourth, the
risk of residual confounding is high: key lifestyle factors—such
as protein intake and moderate-to-vigorous physical activity—
were not consistently adjusted for, despite their bidirectional
relationships with sarcopenia, complicating causal inference. Fifth,
methodological heterogeneity was evident. Several single-center
studies had small sample sizes (<300 patients), and inconsistent
diagnostic criteria for sarcopenia (e.g., varying DXA/BIA cutoffs)
contributed to result variability. Finally, publication bias cannot be
ruled out, as the potential underreporting of negative results may
have led to an overestimation of sarcopenia’s effect magnitude.

5 Conclusion

Sarcopenia, when assessed using multidimensional criteria,
is significantly associated with adverse clinical outcomes in
patients with HF. Such a comprehensive approach offers improved
prognostic precision and opportunities for timely intervention.
Clinically, adopting a multidimensional evaluation strategy for
sarcopenia and implementing early targeted interventions may
enhance patient outcomes.

Data availability statement

The original contributions presented in this study are included
in this article and Supplementary Material 3 (Dataset for Analysis).
Further inquiries can be directed to the corresponding author.

Author contributions

JL:  Writing - review &
Methodology,
YG: Investigation, Writing - original draft, Methodology.
LZ: Methodology, Writing - original draft. XP: Writing -
original draft. HF: Writing - original draft, Conceptualization.
Z7Z: Writing -
Conceptualization, Investigation.

editing, Investigation,

Conceptualization, Writing - original draft.

review & editing, Formal Analysis,

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was funded

frontiersin.org


https://doi.org/10.3389/fmed.2025.1599572
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Lu et al.

by the Science and Technology Program of Zhejiang Provincial
Health Commission (grant number 2021KY1016).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

References

1. Pirmohamed A, Kitzman D, Maurer M. Heart failure in older adults: Embracing
complexity. ] Geriatr Cardiol. (2016) 13:8-14. doi: 10.11909/j.issn.1671-5411.2016.01.
020

2. Groenewegen A, Rutten F, Mosterd A, Hoes A. Epidemiology of heart failure. Eur
J Heart Fail. (2020) 22:1342-56. doi: 10.1002/ejhf.1858

3. Bekfani T, Pellicori P, Morris D, Ebner N, Valentova M, Steinbeck L, et al.
Sarcopenia in patients with heart failure with preserved ejection fraction: Impact on
muscle strength, exercise capacity and quality of life. Int J Cardiol. (2016) 222:41-6.
doi: 10.1016/j.ijcard.2016.07.135

4. Curcio E, Testa G, Liguori I, Papillo M, Flocco V; Panicara V, et al. Sarcopenia and
heart failure. Nutrients. (2020) 12:211. doi: 10.3390/nu12010211

5.Yin J, Lu X, Qian Z, Xu W, Zhou X. New insights into the pathogenesis and
treatment of sarcopenia in chronic heart failure. Theranostics. (2019) 9:4019-29. doi:
10.7150/thno.33000

6. Zamboni M, Rossi A, Corzato F, Bambace C, Mazzali G, Fantin F. Sarcopenia,
cachexia and congestive heart failure in the elderly. Endocrine Metab Immune Disord
Drug Targets. (2013) 13:58-67. doi: 10.2174/1871530311313010008

7. Sato K, Kamiya K, Hamazaki N, Nozaki K, Ichikawa T, Uchida S, et al. Association
of sarcopenia defined by different skeletal muscle mass measurements with prognosis
and quality of life in older patients with heart failure. J Cardiol. (2024) 84:59-64.
doi: 10.1016/j.jjcc.2023.12.003

8. Katano S, Yamano K, Yano T, Numazawa R, Nagaoka R, Honma S, et al. Prognostic
implication of sarcopenia diagnosed by updated Asian Working Group for Sarcopenia
criteria in older patients with heart failure: Utility and limitation. ] Nutr Health Aging.
(2025) 29:100434. doi: 10.1016/j.jnha.2024.100434

9. Honda S, Uemura Y, Shibata R, Sekino T, Takemoto K, Ishikawa S, et al. Clinical
implications of severe sarcopenia in Japanese patients with acute heart failure. Geriatr
Gerontol Int. (2022) 22:477-82. doi: 10.1111/ggi.14389

10. Zhengguang H, Wenjuan Z, Xiaoxia C, Xinyong C, Xiaobo L. The influence of
sarcopenia on the medium-term prognosis of elderly patients with heart failure with
preserved ejection fraction. Chin J Cardiovasc Dis. (2020) 25:547-50. doi: 10.3969/j.
issn.1007-5410.2020.06.009

11. Xiaolin Z, Fusheng H, Yanyan J, Hai G. Analysis of related factors of the influence
of sarcopenia on cardiovascular events in elderly patients with heart failure with mid-
range ejection fraction. J Cardiovasc Pulm Dis. (2023) 42:651-5. doi: 10.3969/j.issn.
1007-5062.2023.07.002

12. Liu Y, Su M, Lei Y, Tian J, Zhang L, Xu D. Sarcopenia predicts adverse prognosis
in patients with heart failure: A systematic review and meta-analysis. Rev Cardiovasc
Med. (2023) 24:273. doi: 10.31083/j.rcm2409273

13. Prokopidis K, Triantafyllidis K, Kechagias K, Mitropoulos A, Sankaranarayanan
R, Isanejad M. Are sarcopenia and its individual components linked to all-cause
mortality in heart failure? A systematic review and meta-analysis. Clin Res Cardiol.
(2023) 114:532-40. doi: 10.1007/s00392-023-02360-8

14. Chen L, Woo J, Assantachai P, Auyeung T, Chou M, Iijima K, et al. Asian
Working Group for Sarcopenia: 2019 consensus update on sarcopenia diagnosis and
treatment. ] Am Med Direct Assoc. (2020) 21:300-307.e2. doi: 10.1016/j.jamda.2019.12.
012.

Frontiers in Medicine

10.3389/fmed.2025.1599572

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.
1599572/full#supplementary- material

15. Cruz-Jentoft A, Bahat G, Bauer ], Boirie Y, Bruyére O, Cederholm T, et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing.
(2019) 48:16-31. doi: 10.1093/ageing/afy169

16. Ishii S, Tanaka T, Shibasaki K, Ouchi Y, Kikutani T, Higashiguchi T, et al.
Development of a simple screening test for sarcopenia in older adults. Geriatr Gerontol
Int. (2014) 14(Suppl 1):93-101. doi: 10.1111/ggi.12197

17. Moher D, Liberati A, Tetzlaff J, Altman D. Preferred reporting items for
systematic reviews and meta-analyses: The PRISMA statement. PLoS Med. (2009)
6:¢1000097. doi: 10.1371/journal.pmed.1000097

18. Cochrane. Cochrane Handbook for Systematic Reviews of Interventions. London:
Cochrane (2008).

19. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol. (2010)
25:603-5. doi: 10.1007/s10654-010-9491-z

20. Onoue Y, Izumiya Y, Hanatani S, Tanaka T, Yamamura S, Kimura Y, et al.
A simple sarcopenia screening test predicts future adverse events in patients
with heart failure. Int J Cardiol. (2016) 215:301-6. doi: 10.1016/j.ijcard.2016.04.
128

21. Xuefeng Z, Hongbo L, Yongquan L, Jie C, Suxia T. The influence of sarcopenia
on the long-term prognosis of elderly patients with chronic heart failure. Chin J
Cardiovasc Dis. (2017) 22:347-51. doi: 10.3969/j.issn.1007-5410.2017.05.008

22. Hu G, Tian ], Yang J, Fu H, Liu J. Sarcopenia and long-term prognosis of patients
with chronic heart failure in patients aged 70 years and over. Z Nei Ke Za Zhi. (2018)
57:212-5. doi: 10.3760/cma.j.issn.0578-1426.2018.03.012

23. Nozaki YY, Nishiguchi S, Fukutani N, Tashiro Y, Shirooka H. Sarcopenia
predicts adverse outcomes in an elderly outpatient population with New York Heart
Association class II-IV heart failure: A prospective cohort study. Aging Med Healthc.
(2019) 10:53-61. doi: 10.33879/AMH.2019.1809

24. Eschalier R, Massoullié¢ G, Boirie Y, Blanquet M, Mulliez A, Tartiére P, et al.
Sarcopenia in patients after an episode of acute decompensated heart failure: An
underdiagnosed problem with serious impact. Clin Nutr. (2021) 40:4490-9. doi: 10.
1016/j.cInu.2020.12.033

25. Maeda D, Matsue Y, Kagiyama N, Fujimoto Y, Sunayama T, Dotare T, et al.
Predictive value of the Ishii score for sarcopenia and the prognosis of older patients
hospitalized with heart failure. Geriatr Gerontol Int. (2024) 24:147-53. doi: 10.1111/
9gi.14736

26. Saito H, Matsue Y, Maeda D, Kagiyama N, Endo Y, Yoshioka K, et al. Sarcopenia
prognosis using dual-energy X-ray absorptiometry and prediction model in older
patients with heart failure. ESC Heart Fail. (2024) 11:914-22. doi: 10.1002/ehf2.14667

27. Formiga F, Moreno-Gonzalez R, Corsonello A, Mattace-Raso F, Carlsson A,
Arnlov J, et al. Prevalence of sarcopenia in chronic heart failure and modulating
role of chronic kidney disease. Gerontology. (2024) 70:507-16. doi: 10.1159/000536
465

28. Kilig R, Giizel T, Aktan A, Giizel H, Kaya A, Arslan B, et al. Prevalence of
sarcopenia in heart failure with mildly reduced ejection fraction and its impact
on clinical outcomes. Acta Cardiol. (2024) 79:915-23. doi: 10.1080/00015385.2024.
2410604

frontiersin.org


https://doi.org/10.3389/fmed.2025.1599572
https://www.frontiersin.org/articles/10.3389/fmed.2025.1599572/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1599572/full#supplementary-material
https://doi.org/10.11909/j.issn.1671-5411.2016.01.020
https://doi.org/10.11909/j.issn.1671-5411.2016.01.020
https://doi.org/10.1002/ejhf.1858
https://doi.org/10.1016/j.ijcard.2016.07.135
https://doi.org/10.3390/nu12010211
https://doi.org/10.7150/thno.33000
https://doi.org/10.7150/thno.33000
https://doi.org/10.2174/1871530311313010008
https://doi.org/10.1016/j.jjcc.2023.12.003
https://doi.org/10.1016/j.jnha.2024.100434
https://doi.org/10.1111/ggi.14389
https://doi.org/10.3969/j.issn.1007-5410.2020.06.009
https://doi.org/10.3969/j.issn.1007-5410.2020.06.009
https://doi.org/10.3969/j.issn.1007-5062.2023.07.002
https://doi.org/10.3969/j.issn.1007-5062.2023.07.002
https://doi.org/10.31083/j.rcm2409273
https://doi.org/10.1007/s00392-023-02360-8
https://doi.org/10.1016/j.jamda.2019.12.012.
https://doi.org/10.1016/j.jamda.2019.12.012.
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1111/ggi.12197
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/j.ijcard.2016.04.128
https://doi.org/10.1016/j.ijcard.2016.04.128
https://doi.org/10.3969/j.issn.1007-5410.2017.05.008
https://doi.org/10.3760/cma.j.issn.0578-1426.2018.03.012
https://doi.org/10.33879/AMH.2019.1809
https://doi.org/10.1016/j.clnu.2020.12.033
https://doi.org/10.1016/j.clnu.2020.12.033
https://doi.org/10.1111/ggi.14736
https://doi.org/10.1111/ggi.14736
https://doi.org/10.1002/ehf2.14667
https://doi.org/10.1159/000536465
https://doi.org/10.1159/000536465
https://doi.org/10.1080/00015385.2024.2410604
https://doi.org/10.1080/00015385.2024.2410604
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Lu et al.

29. Shakuta S, Noda T, Kamiya K, Hamazaki N, Nozaki K, Yamashita M, et al.
Clinical Impact of Improvement in Sarcopenia through cardiac rehabilitation in
patients with heart failure. ] Am Med Dir Assoc. (2024) 25:514-520.e2. doi: 10.1016/
j.jamda.2023.10.035.

30. Markousis-Mavrogenis G, Tromp J, Ouwerkerk W, Devalaraja M, Anker S,
Cleland J, et al. The clinical significance of interleukin-6 in heart failure: Results from
the BIOSTAT-CHEF study. Eur ] Heart Fail. (2019) 21:965-73. doi: 10.1002/ejhf.1482

Frontiers in Medicine

12

10.3389/fmed.2025.1599572

31. Studenski S, Peters K, Alley D, Cawthon P, McLean R, Harris T, et al. The FNIH
sarcopenia project: Rationale, study description, conference recommendations, and
final estimates. ] Gerontol A Biol Sci Med Sci. (2014) 69:547-58. doi: 10.1093/gerona/
glu010

32. Bhasin S, Travison T, Manini T, Patel S, Pencina K, Fielding R, et al. Sarcopenia
definition: The position statements of the sarcopenia definition and outcomes
consortium. ] Am Geriatr Soc. (2020) 68:1410-8. doi: 10.1111/jgs.16372

frontiersin.org


https://doi.org/10.3389/fmed.2025.1599572
https://doi.org/10.1016/j.jamda.2023.10.035.
https://doi.org/10.1016/j.jamda.2023.10.035.
https://doi.org/10.1002/ejhf.1482
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1111/jgs.16372
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Sarcopenia defined by multidimensional factors and its prognostic role in heart failure: a systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Eligibility criteria
	2.3 Data extraction and quality assessment
	2.4 Statistical analysis

	3 Results
	3.1 Study selection
	3.2 Study characteristics
	3.3 Quality assessment
	3.4 Results of the meta-analysis
	3.5 Sensitivity analysis and publication bias

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


	Button1: 
	Button2: 
	Button3: 
	Button4: 
	Button5: 


