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Background & aims: Sarcopenia is a multifactorial syndrome resulting in a decrease in both muscle mass
and function. Little is known about the prevalence and prognostic impact of sarcopenia in patients with
acutely decompensated chronic heart failure (ADHF). We aimed to evaluate the prevalence (main
endpoint) and impact of sarcopenia on ADHF patients.
Methods: 140 ADHF patients were enrolled between November 2014 and September 2018 in a multi-
center prospective longitudinal study. A similar, independent multi-departmental cross-sectional study
in 165 ADHF patients was used for external validation of prevalence data. All subjects were assessed on
the European Working Group on Sarcopenia criteria.
Results: Ninety-one patients (65%) had sarcopenia (vs. 53.6% in the external replication regional cohort).
Patients with sarcopenia were older and more likely to have eGFR <60 ml/min/1.73 m2 (p < 0.001 and
p ¼ 0.002). Sarcopenia was associated with impaired functional status [lower 6 min walking test
(220 ± 108 vs. 279 ± 170, p ¼ 0.03) and 4 m gait speed (0.56 ± 0.24 vs. 0.80 ± 0.37, p < 0.001)] and
autonomy [Instrumental activities of daily living: 6.7 ± 1.4 vs. 7.3 ± 1.2, p ¼ 0.005]. Over up to 4 years’
follow-up, 30 cardiovascular (CV) deaths and 42 non-CV deaths occurred. In a multivariable analysis,
sarcopenia was associated with time to first non-CV hospitalization (hazard ratio 1.93; 95% confidence
interval 1.14e3.24; p ¼ 0.014) but not with any other hospitalization, any mortality endpoint, or a
composite endpoint of CV death and HF hospitalization.
Conclusions: The prevalence of sarcopenia in ADHF patients is high and associated with greater risk of
non-CV hospitalizations, highlighting the importance of identifying and managing the condition in a
multidisciplinary approach.
Clinical trial registration: NCT03153774.
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1. Introduction Activities of Daily Living [IADL]), functional evaluation including
Sarcopenia was recently recognized as a disease with the ICD-
10 code M62.84, confirming the importance of the condition as
well as the high quality of sarcopenia research in the last decade.
The estimated prevalence is between 5 and 13% among adults
aged over 60 years, rising to more than 50% in those aged 80 and
above [1]. The term secondary sarcopenia is used today in the
context of muscle atrophy associated with chronic diseases. Sar-
copenia is associated with increased mortality and disability,
independently of other factors [2] and compounds the already
severe prognosis of chronic diseases such as chronic heart failure
(HF) [3]. However, the identification and management of sarco-
penia by clinicians remain challenging, in part because as a uni-
versal definition is lacking [4].

Like sarcopenia, HF is primarily a disease of aging: the preva-
lence increases sharply with age reaching up to 10% after age 70 [5].
Patients with HF have a propensity to develop muscle atrophy
associated with metabolic disorders [6]. The peripheral hypothesis
states that, while cardiac dysfunction is the primary driver of
chronic HF, other organs and systems play a role in the progression
of disease, and increases the severity of symptoms, with particular
relevance to the renal, endocrine and immune systems, but also
striated skeletal muscle [7]. The Studies Investigating Co-
morbidities Aggravating Heart Failure (SICA-HF) survey indicated
that around 20% of stable patients with HF may have sarcopenia
(only diagnosed by muscle wasting), with no difference between
HF with preserved ejection fraction (HFpEF) and HF with reduced
ejection fraction (HFrEF) [8,9]. However, little is known about the
prevalence and impact of sarcopenia (muscle mass and impairment
in muscle function or strength) on patients hospitalized with
acutely decompensated HF (ADHF).

The main aim of the present study was to assess the prevalence
of sarcopenia immediately following an episode of decompensa-
tion. A secondary aim was to assess the impact of sarcopenia on
clinical outcomes after acutely decompensated HF (ADHF).
2. Materials and methods

2.1. Study population

The study cohort consisted of 140 patients, prospectively
included between November 2014 and September 2018 at
Clermont-Ferrand University Hospital or the Durtol Cardiac
Rehabilitation Center. Enrolment criteria were adult age, HF (his-
tory of previous hospitalization for HF with the diagnosis of HF
according to the 2012 European guidelines) and hospitalization for
acute decompensation. Patients with acute malignancy, who were
not covered by social security and unable to understand the
written information provided about the study were excluded.
Patients unable to complete the 4-m gait speed (4MGS) test and
the palmar grip strength test (i.e. bedridden patients and patients
unable to remain upright more than few seconds) were also not
included.

The study complied with the Declaration of Helsinki. The locally
appointed ethics committee [Comit�e de Protection des Personnes
Sud-Est VI (AU1132)] and the national French Agency ANSM (2014-
A00938-39) approved the research protocol. Informed consent was
obtained from all subjects. The study is registered on Clinical-
trials.gov under NCT03153774.

For each included patient, the following general assessments
were performed: clinical examination, standard 12-lead electro-
cardiogram, standardized transthoracic echocardiogram and geri-
atric evaluation (activities of daily living [ADL] and Instrumental
2

Short Physical Performance Battery (SPPB) test and the 6-min walk
test. Biological blood tests included blood count, C-Reactive Protein
(CRP), liver assessments (ASAT, ALT, total bilirubin), LDH, CPK,
serum sodium, serum potassium, blood urea nitrogen, creatinine,
total protein, albumin, pre-albumin, orosomucoid and NT-ProBNP
at admission prior to diuretic therapy.

For additional validation of the prevalence data we used data
from a similar multi-departmental cross-sectional study (French
ethical research committee AU 1289) in ADHF patients conducted
between September 2017 and June 2018 in two general hospitals in
the same administrative region as the main study. One center was a
multidisciplinary general-medicine unit and the other a a geriatric
unit. Inpatients aged �75 years old were included. Sarcopenia was
identified using EWGSOP 1, bioimpedance analysis (BIA) and the
same criteria for muscle mass and function as the main study. The
Modified Cumulative Illness Rating Scale-Geriatrics (CIRS-G) was
used to measure comorbidity. No follow-up or cardiac assessment
was performed.
2.2. Sarcopenia: definition and diagnostic criteria

We applied the diagnostic algorithm proposed by the European
Working Group on Sarcopenia (EWGSOP) [10], which is based on
the combination of a decrease in muscle mass and impairment in
muscle function or strength. The quantification of muscle mass was
performed via BIA measurement performed between the wrist and
the right ankle in subjects in supine position using a Bodystat®
QuadScan 4000 model impedance meter. Muscle mass was calcu-
lated from the BIA data according to the equation by Janssen [11]
and indexed to body surface. Since BIA data can be influenced by
the patient's hydration status, only clinically euvolemic patients
were included, after complete regression of HF signs either at the
end of hospitalization, after discontinuing intravenous diuretics, or
at the beginning of their rehabilitation stay. BIA measurements
were also performed in patients with electronic implantable car-
diac devices [12]. The threshold for reduced muscle mass index
(MMI) was 10.75 kg/m2 for men and 6.75 kg/m2 for women, cor-
responding to one standard deviation reduction from the mean
obtained for a published reference population [11] and validated by
the EWGSOP [10].

Physical performance was quantified by the 4MGS test. The
threshold value for the diagnosis of sarcopenia was 0.8 m/s.
Quantification of muscle strength was performed by the palmar
grip strength test using a Lafayette Hand Dynamometer
(Lafayette Instrument®) e type hand grip. Two successive
measurements were performed with the strongest hand and
the highest measurement was used. The threshold values for
the diagnosis of sarcopenia were 30 kg for men and 20 kg for
women.
2.3. Clinical outcomes assessments

Clinical outcomes (death and hospitalization) were reported by
medical consultation report or hospitalization in both centers, or by
telephone (cardiologist, general practitioner) and recorded,
including date and place, in the electronic case report form.
Maximum follow-upwas 48months. For hospitalizations, the letter
of discharge was to be provided, while the death certificate was to
be provided to confirm deaths. Two blinded investigators, not
involved in the design or conduct of the study, adjudicated events.
The diagnosis of sarcopenia was only ascertained at the end of the
inclusion and follow-up period.
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2.4. Statistical analyses

The sample size calculation was based on the estimated preva-
lence of sarcopenia immediately following an episode of decom-
pensation, with a reasonable and relevant precision of the 95%
confidence interval. However, data reported in the litterature
concerning the prevalence of sarcopenia are heterogeneous. For an
expected prevalence at 50%, it was estimated that 140 patients
were needed in order to achieve an accuracy ±8%.

Categorical variables are presented as numbers and percent-
ages; continuous variables are given as mean and standard-
deviations, or median and interquartile range [IQR] and range
(minimum e maximum). Normality was assessed graphically and
using the ShapiroeWilk's test. The comparisons between sarco-
penic vs. non sarcopenic patients were carried out using the Chi-
square test, or Fisher's exact test when appropriate, for categori-
cal data, and with the Student's t-test or the ManneWhitney's test
when the assumptions for t-test were not met, for continuous data.
Results are presented as Hedge's effect-size and 95% confidence
interval [95% IC], and as forest-plots as appropriate.

Censored data (death, hospitalization) were analyzed for time
from initial inclusion/HF decompensation to first event, and time
from initial inclusion/HF decompensation to event allowing for
multiple events (taking a patient as cluster to account for the
dependence of recurrent events) using KaplaneMeier survival
curves. The comparisons were performed using the log-rank test
and marginal Cox model for repeated measures. Multivariable
analysis was performed using the Cox proportional-hazards model.
Variables were selected according to clinical relevance and to
univariate analyses. A stepwise (backward and forward) selection
method was used with a removal probability >0.15 and an entry
probability <0.05. This procedure was followed by a hand step by
step procedure supervised by the clinician in order to adjust for
clinically relevant covariates that had been discarded in the selec-
tion. A particular attention was paid to possible multicollinearity.

The results are presented with hazard-ratios (HR) and 95%
confidence intervals. The proportional-hazard hypothesis was
studied using Schoenfeld's test and plotting residuals. A sensitivity
analysis was carried out to characterize the statistical nature of
missing data. As <5% of data were missing for parameters reported
Fig. 1. Application of the EWGSOP algorithm9 to identification of sarcopenia in the presen
Ageing 2010;39:412e423.
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for main analyses, handling of missing data was not applied. A two-
sided p value of <0.05 was used for statistical significance. As
univariate analyses could be considered exploratory and principally
helpful to determine covariates candidate tomultivariable, we have
chosen (i) to report all the individual p-values and confidence in-
tervals, without doing any mathematical correction for distinct
tests comparing two modalities [13,14] and (ii) paid specific
attention to the magnitude of differences and to clinical relevance
(Hedge's effect size for sarcopenia vs no sarcopenia comparisons
and hazard ratio for survival models). All statistical analyses were
carried out using Stata (version 12, StataCorp, College Station, US).

3. Results

3.1. Study population

A total of 91 of 140 included patients were identified as sarco-
penic, a prevalence rate of 65% [57.1%e72.9%] (Fig. 1). Five patients
were excluded from the analysis since they could not perform the
4MGS test and the palmar grip strength test.

The independent cross-sectional study used for validation pur-
poses included 223 patients [104 women (63%) and 61 men (37%)],
with a mean age 86.2 ± 4.8 years. In this study, 165 patients were
diagnosed with HF. A diagnostic workup for sarcopenia was per-
formed in 140 patients. The prevalence of sarcopenia was 53.6%
(95% CI 45.3%e61.8%).

The characteristics of the present study population including a
comparison between sarcopenic and non-sarcopenic patients are
presented in Table 1.

Mean age was significantly higher in the sarcopenic group
(78.2 ± 9.0 vs. 71.4 ± 10.9 years, p < 0.001). Sarcopenic patients had
significantly lower BMI (25.9 ± 5.3 vs. 28.5 ± 5.6 kg/m2, p ¼ 0.006),
but the proportion of obese patients was similar in both groups. The
sex ratio was similar in both groups (p ¼ 0.801). Twelve out of 140
(8.6%) patients with no difference between the groups (4/49 (8.2%)
in the non-sarcopenic group vs. 8/91 (8.8%) in the sarcopenic group,
p ¼ 1) presented inflammatory risk factors or comorbidities:
bullous pemphigoid, osteitis, urothelial neoplasia, myeloma, Gou-
gerot Sj€ogren Syndrome, Lupus, chronic lymphocytic leukemia,
rheumatoid arthritis, myelodysplasia and prostate neoplasia.
t sample.All patients entering the study had confirmed CHF. Cruz-Jentoft AJ et al., Age



Table 1
Clinical features of CHF patients included in the study.

Total
N ¼ 140

Sarcopenic
N ¼ 91

Non-sarcopenic
N ¼ 49

p-value

Clinical characteristics
Mean age ±SD (max-min) 75.8 ± 10.2 (48e94) 78.2 ± 9.0 (53e94) 71.4 ± 10.9 (48e92) <0.001
Age >85 years 23 (16.4%) 19 (20.9%) 4 (8.2%) 0.053
Sex ratio 1.41 1.46 1.33 0.801
Men/Women 82/58 54/37 28/21
BMI kg/m2 26.8 ± 5.5 25.9 ± 5.3 28.5 ± 5.6 0.006
BMI > 30 kg/m2 38 (27.1%) 21 (23.1%) 17 (34.7%) 0.140
NYHA stage 0.059
1 30 (21.4%) 15 (16.5%) 15 (30.6%)
2 73 (52.1%) 49 (53.8%) 24 (49.0%)
3 33 (23.6%) 24 (26.4%) 9 (18.4%)
4 4 (2.9%) 3 (3.3%) 1 (2.0%)
Recent loss of weight 19 (13.6%) 13 (14.3%) 6 (12.2%) 0.737
CV risk factors
Hypertension 86 (61.4%) 61 (67.0%) 25 (51.0%) 0.063
Dyslipidemia 57 (40.7%) 38 (41.8%) 19 (38.8%) 0.732
Diabetes 61 (43.6%) 41 (45.1%) 20 (40.8%) 0.630
Tobacco use 53 (37.9%) 34 (37.4%) 19 (38.8%) 0.869
Active 5 (3.6%) 4 (4.4%) 1 (2.0%) 0.657
Family history of CV disease 18 (12.9%) 9 (9.9%) 9 (18.4%) 0.153
Comorbidities
Chronic Kidney Disease
GFR < 60 mL/min/1.73m2 102 (72.9%) 72 (79.1%) 30 (61.2%) 0.002
GFR < 30 mL/min/1.73m2 23 (16.4%) 14 (15.4%) 9 (18.4%) 0.65
COPD 23 (16.4%) 18 (19.8%) 5 (10.2%) 0.145
Inflammatory disease 12 (8.6%) 8 (8.8%) 4 (8.2%) 1
Vascular arteriopathy 12 (8.6%) 8 (8.8%) 4 (8.2%) 1
Cardiac etiology
Ischemic 52 (37.1%) 38 (41.8%) 14 (28.6%) 0.124
Hypertensive 7 (5.0%) 2 (2.2%) 5 (10.2%) 0.051
Valvular 19 (13.6%) 11 (12.1%) 8 (16.3%) 0.485
Rhythmic 20 (14.3%) 16 (17.6%) 4 (8.2%) 0.129
DCM 17 (12.1%) 12 (13.2%) 5 (10.2%) 0.606
Iatrogenic 4 (2.9%) 1 (1.1%) 3 (6.1%) 0.123
Other 21 (15.0%) 11 (12.1%) 10 (20.4%) 0.188
Duration of HF in months, median [IQR] 72 [24e120] 84 [36e132] 48 [18e108] 0.056
(extremes) (4e420) (6e324) (4e420)
Valve prosthesis 19 (13.6%) 13 (14.3%) 6 (12.2%) 0.737
Bypass surgery 21 (15%) 15 (16.5%) 6 (12.2%) 0.503
SVT 57 (40.7%) 42 (46.2%) 15 (30.6%) 0.074
LVEF (%) 42.0 ± 14.4 42.8 ± 14.7 40.7 ± 14.0 0.428
LVEF < 40% 68 (48.9%) 42 (46.7%) 26 (53.1%) 0.739
40 < LVEF < 50% 23 (16.6%) 15 (16.7%) 8 (16.3%)
LVEF > 50% 48 (34.5%) 33 (36.7%) 15 (30.6%)
Precipitating factors for HF hospitalization 0.845
None identified/evolution of cardiopathy, n (%) 68 (48.9%) 44 (48.3%) 24 (50%) 0.04 [-0.35; 0.42]
Anemia, n (%) 7 (5%) 4 (4.4%) 3 (6.3%) 0.2 [-0.64; 1.05]
Atrial fibrillation, n (%) 16 (11.5%) 12 (13.2%) 4 (8.3%) �0.28 [-0.93;

0.37]
Pulmonary infection, n (%) 9 (6.5%) 6 (6.6%) 3 (6.3%) �0.03 [-0.82;

0.75]
Poor compliance (drugs or dietary), n (%) 15 (10.8%) 9 (9.9%) 6 (12.5%) 0.14 [-0.46; 0.75]
Acute arterial hypertension, n (%) 1 (0.7%) 1 (1.1%) 0 (0%) NC
Acute kidney diseases, n (%) 4 (2.9%) 3 (3.3%) 1 (2.1%) �0.26 [-1.51; 1]
New ischemic events, n (%) 4 (2.9%) 4 (4.4%) 0 (0%) NC
Other, n (%) 8 (5.8%) 5 (5.5%) 3 (6.2%) 0.08 [-0.73; 0.88]
Other infection, n (%) 7 (5%) 3 (3.3%) 4 (8.3%) 0.54 [-0.31; 1.38]
Treatment
Drugs
ACEi 64 (48.1%) 39 (44.8%) 25 (54.3%) 0.296
ARB 20 (14.9%) 12 (13.6%) 8 (17.4%) 0.562
MRA 52 (38.8%) 33 (37.5%) 19 (41.3%) 0.668
Beta-blockers 97 (71.9%) 65 (73.9%) 32 (68.1%) 0.477
Loop diuretics 129 (96.3%) 86 (97.7%) 43 (93.5%) 0.339
Oral anticoagulants 95 (70.9%) 62 (70.5%) 33 (71.7%) 0.876
Amiodarone 45 (33.6%) 27 (30.7%) 18 (39.1%) 0.325
ONS 20 (14.3%) 13 (14.3%) 7 (14.3%) 1
Electrical devices
PM 27 (19.3%) 20 (22.0%) 7 (14.3%) 0.271
ICD 33 (23.6%) 18 (19.8%) 15 (30.6%) 0.150
CRT 10 (7.1%) 5 (5.5%) 5 (10.2%) 0.320
Biological characteristics
Hemoglobin (g/dL) 12.7 ± 1.9 12.6 ± 2.0 12.8 ± 1.8 0.413
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Table 1 (continued )

Total
N ¼ 140

Sarcopenic
N ¼ 91

Non-sarcopenic
N ¼ 49

p-value

Total protein (g/L) 71.4 ± 8.6 71.6 ± 9.4 71.1 ± 6.8 0.74
Albumin (g/L) 36.1 ± 4.9 35.5 ± 4.7 37.1 ± 5.1 0.076
Prealbumin (g/L) 0.24 ± 0.07 0.23 ± 0.07 0.24 ± 0.08 0.436
CRP (mg/L) 6.4 [2.9e14.4] 7.1 [2.9e15.5] 5.3 [2.9e10.7] 0.148
median [IQR]
(extremes) (2.8e106) (2.8e106) (2.8e78)
Orosomucoid (g/L) 1.03 ± 0.34 1.09 ± 0.36 0.94 ± 0.26 0.015
PINI median [IQR] (extremes) 0.75 [0.27e1.95] (0.11e45.24) 0.83 [0.35e2.51] (0.13e45.24) 0.50 [0.21e1.49] (0.11e37.30) 0.041
Creatinine (mmol/L) 128.5 ± 53.0 129.6 ± 48.1 126.3 ± 61.7 0.729
eGFR (ml/min/1.73m2) 49.9 ± 21.1 48.0 ± 19.7 53.3 ± 14.2 0.17
NT-ProBNP at admission (ng/L) median [IQR]

(extremes)
4808 [2016e8946] (227
e83479)

5400 [2109e9266] (227
e29593)

3331 [1415e7593] (377
e83479)

0.244

NT-ProBNP (ng/L) at discharge median [IQR] 5680 [1204e5745] (107
e89552)

2822 [1383e5962] (142
e26286)

2352 [876e5520] (107
e89552)

0.245

Vitamin D (mg/L) 17.9 ± 10.8 17.7 ± 11.4 18.4 ± 9.7 0.749
Functional characteristics
MMI (kg/m2) 8.34 ± 2.19 7.67 ± 1.82 9.60 ± 2.28 <0.001
Hand grip test (kg) 24.2 ± 10.5 22.4 ± 8.8 27.4 ± 12.7 0.007
SPPB 6.2 ± 2.7 5.6 ± 2.4 7.2 ± 2.9 0.001
4MGS (m/s) 0.65 ± 0.31 0.56 ± 0.24 0.80 ± 0.37 <0.001
6MWT (m) 240 ± 135 220 ± 108 279 ± 170 0.03
ADL 5.6 ± 0.7 5.6 ± 0.6 5.7 ± 0.7 0.307
IADL 6.9 ± 1.4 6.7 ± 1.4 7.3 ± 1.2 0.005

4MGS ¼ gait speed measured over 4 m; 6MWT ¼ 6-min walk test; ACEi ¼ Angiotensin Converting Enzyme inhibitor; ADL ¼ activities of daily living; ARB ¼ angiotensin
receptor blockers; BMI ¼ Body Mass Index COPD ¼ Chronic Obstructive Pulmonary Disease; CRT ¼ Cardiac Resynchronization Therapy; DCM ¼ dilated cardiomyopathy; HF
duration ¼ Mean duration of evolution of chronic heart failure; Inflammatory diseases ¼ progressive inflammatory diseases including cancers; GFR ¼ Glomerular Filtration
Rate in mL/min/1/73 m2, estimated by creatinine clearance via MDRD (Modification of the Diet in Renal Disease); Hand grip test ¼ palmar grip strength test; IADL ¼
Instrumental activities of daily living; ICD ¼ Implantable Cardioverter Defibrillator; LVEF ¼ left ventricular ejection fraction; MMI ¼ muscle mass index;
MRA ¼ mineralocorticoid receptor antagonists; NT-pro-BNP¼ N-Terminal prohormone of Brain Natriuretic Peptide; NYHA ¼ New York Heart Association; ONS ¼ oral
nutritional supplements; PINI ¼ prognostic inflammatory and nutritional index; PM ¼ pacemaker; SPPB ¼ Short Physical Performance Battery Test (12 points maximum);
SVT ¼ Supraventricular tachycardia; CI ¼ Confidence Interval.
Qualitative values are presented as absolute values and percentages. Quantitative values are presented as means ± standard deviation and extreme values.
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The time in hospital from admission to the time point of BIA
assessment was 8 [5e14] days, with no difference between sarco-
penic and non-sarcopenic groups (8 [5e13] vs. 8.5 [5e14] days,
p ¼ 0.638).

The median time from HF diagnosis was 72 months [IQR 24;
120], with non-significant longer duration in the non-sarcopenic
group (48 [18; 108] vs. 84 [36; 132] months, p ¼ 0.056). The
severity of HF was comparable between the groups, with a non-
significantly (p ¼ 0.059) higher percentage of sarcopenic patients
in higher NYHA classes. The etiology of HF was similar in both
groups. There were significantly more patients with eGFR <60 ml/
min/1.73 m2 in the sarcopenic group (79.1% vs. 61.2%, p ¼ 0.002).
Albumin and prealbumin levels were not significantly different in
the two groups (35.5 ± 4.7 g/l vs. 37.1 ± 5.1 g/l, p ¼ 0.076). No
difference was observed for precipitating factors according to age
(<70 vs. �70 yrs; p ¼ 0.208). More common factors in elderly were
evolution of the cardiopathy (46.5%), atrial fibrillation (13.9%) and
poor compliance (with diet or drugs, 11.9%).

Pharmacological and device-based management of HF was
similar in the two groups. The proportion of patients treated with
oral nutritional supplements in the three months prior to inclusion
was 14.3% in both groups.

There was no significant difference in CRP (p ¼ 0.148), whereas
orosomucoid, a marker of chronic inflammation, was significantly
higher in sarcopenic patients (1.09 ± 0.36 vs. 0.94 ± 0.26 g/l,
p ¼ 0.015). The Prognostic Inflammatory and Nutritional Index
(PINI) score was significantly higher in sarcopenic patients (0.83
[0.35; 2.51] vs. 0.50 [0.21; 1.49] g/l, p ¼ 0.041).
3.2. Functional characteristics (Table 1)

MMI (7.67 ± 1.82 kg/m2 vs. 9.60 ± 2.28 kg/m2, p < 0.001), gait
speed (0.56 ± 0.24m/s vs. 0.80 ± 0.37 m/s, p < 0.001), and handgrip
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strength (22.4 ± 8.8 vs. 27.4 ± 12.7 kg, p ¼ 0.007) were lower in the
sarcopenic group, as were the SPPB test results (5.6 ± 2.4 vs.
7.2 ± 2.9, p ¼ 0.001). Sarcopenic patients scored clinically worse on
the 6-min walk test (6MWT) (207 [137e300] vs. 288 [124e368],
p ¼ 0.127). Autonomy assessed by the IADL score was also more
impaired in sarcopenic patients: mean scores were 6.7 ± 1.4 vs.
7.3 ± 1.2; p ¼ 0.005.
3.3. Follow-up

During a maximum of 4 years’ follow-up median: 24 months
[0e48], there were 72 deaths, 41.7% cardiovascular (CV) and 58.3%
non-CV. The causes of non-CV death were mostly gastro-intestinal
bleeding (14.6%), cerebral bleeding (9.8%), infection (14.6%),
neoplasia (14.6%), acute renal injury (14.6%), acute dyspnea patients
with chronic obstructive pulmonary disease (4.9%), and chronic
kidney disease (4.9%).

The risk for non-CV hospitalization in the time-to-first-event
analysis was greater in patients with sarcopenia (HR ¼ 1.89
[1.14e3.15], p ¼ 0.005). The increased risk did not reach statistical
significance for HF hospitalization (HR 1.46 [0.89e2.4], p ¼ 0.091)
or the composite of CV death and HF hospitalization (HR 1.49
[0.92e2.42], p ¼ 0.064). All-cause death (HR 1.35 [0.82e2.24],
p ¼ 0.191), CV death (HR 1.54 [0.68e3.46], p ¼ 0.272) or CV hos-
pitalization (HR 0.66 [0.37e1.16], p ¼ 0.123) did not differ between
patients with or without sarcopenia (Fig. 2).

In the multivariable analysis (Table 2), sarcopenia was associ-
ated with non-CV hospitalization in the time-to-first-event anal-
ysis, (HR 1.93 [1.14e3.24], p ¼ 0.014), but not with any other
hospitalization, any mortality endpoint, or the composite endpoint
CV death and HF hospitalization (Fig. 3).

In the recurrent-event analysis patients with sarcopenia also
showed a greater risk of non-CV hospitalization (HR ¼ 1.56



Fig. 2. Cumulative KaplaneMeier estimates of rates of clinical outcomes. Rates of all-cause death, CV death, CV hospitalization, HF hospitalization, non-CV hospitalization, and a
combined score of CV death and HF hospitalization are presented according to study group (red for sarcopenic and blue for non sarcopenic patients). . (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)
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[1.06e2.30], p ¼ 0.008) and a trend toward an increased composite
score CV death and HF hospitalization (HR 1.34 [0.91e1.99],
p ¼ 0.085) or all-cause hospitalization (HR 1.23 [0.95e1.58],
p ¼ 0.051) (Supplemental Fig. 2B).

In themultivariable analysis, sarcopeniawas not associatedwith
non-CV hospitalization (1.27 [0.86e1.88], p ¼ 0.23), HF hospitali-
zation (p ¼ 0.236) or all-cause hospitalization (p ¼ 0.253), while
therewas a trend toward increased CV hospitalization (p¼ 0.08), in
the recurrent-event analysis (Supplemental Fig. 3B).

4. Discussion

The prevalence of sarcopenia in a mixed cohort of patients with
clinically relevant HF has been reported to be as high as 20% [17].
Our study is, to our knowledge, the first to assess the prevalence of
sarcopenia specifically in ADHF patients and its impact on func-
tional variables and mortality/morbidity endpoints in the medium
term. In this very sick population the incidence of sarcopenia was
very high (65%). Although high, this is unlikely to be an outlier, as
the prevalence was similar (53.6%) in the cross-sectional ADHF
study cohort used for validation. Etiology, LVEF status, or time from
HF diagnosis did not appear to influence the prevalence of sarco-
penia. In the multivariate analysis sarcopenia was associated with
6

an almost doubling of the risk of non-CV hospitalizations over 4
years (trends for HF hospitalization, CV death and HF hospitaliza-
tion), although there was no significant association with risk of
mortality or other hospitalization endpoints.

A number of mechanisms may contribute to the high rates of
sarcopenia in HF. HF is associated with wasting of myofibrillar
proteins, of the diaphragm and quadriceps muscles [18]. Adverse
effects of increased catabolic stress in the skeletal muscle of HF
patients include insulin resistance, exercise intolerance, ventilatory
inefficiency, and chronotropic incompetence. All these have a
negative impact on functional status [19]. HF patients are also
frequently malnourished to varying extent, possibly due to elevated
levels of inflammatory cytokines. Malnutrition is especially rele-
vant in patients hospitalized for acute HF in whom it is an inde-
pendent predictor of long-term mortality [20]. In addition, the
progressive reduction in physical activity and associated seden-
tariness of patients with HF will compound the metabolic effects.

Our population, although recruited in only two centers, appears
broadly representative of patients hospitalized for HF. The charac-
teristics are comparable to the French OFICA registry of 1658 pa-
tients hospitalized for HF, including 72.2% with decompensated HF
[21]. Furthermore, the use of drugs in patients with HFrEF were
similar to what has been previously found in the French national



Table 2A
Multivariate analysis of sarcopenia and different endpoints (time to first event).

Endpoint Variable HR [95%CI] p-value

Non-cardiovascular Hospitalization
Sarcopenia 1.93 [1.14e3.24] 0.014
CKD (MDRD < 30 ml/min/m2) 1.58 [0.87e2.88] 0.135
Vascular arteriopathy 2.46 [1.05e5.80] 0.039
Dilated cardiomyopathy 0.3 [0.11e0.82] 0.019
Log NT-ProBNP 1.03 [0.84e1.27] 0.746

All cause death
Sarcopenia 1 [0.56e1.76] 0.989
ACEi 0.57 [0.34e0.95] 0.032
Log NT-ProBNP 1.67 [1.28e2.18] <0.001
Orosomucoid 2.38 [1.12e5.08] 0.024
BMI > 30 kg/m2 0.97 [0.48e1.95] 0.934
Age > 85 years 1.37 [0.71e2.65] 0.343
LVEF 0.99 [0.97e1.01] 0.545

CV death
Sarcopenia 1.06 [0.45e2.47] 0.896
LVEF 0.98 [0.95e1.01] 0.186
Orosomucoid 2.61 [0.80e8.45] 0.111
Log NT-ProBNP 1.71 [1.14e2.55] 0.009
Length of HF 1 [1e1] 0.92

CV death þ HF Hospitalization
Sarcopenia 1.39 [0.86e2.26] 0.183
Dyslipidemia 1.47 [0.95e2.28] 0.086
Dilated Cardiomyopathy 0.34 [0.12e0.93] 0.035
Log NT-ProBNP 1.23 [1.01e1.49] 0.038

HF Hospitalization
Sarcopenia 1.41 [0.86e2.32] 0.175
Dyslipidemia 0.25 [0.08e0.78] 0.018
Dilated Cardiomyopathy 1.21 [0.99e1.48] 0.067

ACEi ¼ Angiotensin Converting Enzyme inhibitor; BMI ¼ Body Mass Index; CKD¼
Chronic kidney disease; HF duration ¼ Mean duration of evolution of chronic heart
failure; GFR ¼ Glomerular Filtration Rate in mL/min/1/73 m2, estimated by creati-
nine clearance via MDRD (Modification of the Diet in Renal Disease); HR¼ Hazard
ratio; LVEF ¼ left ventricular ejection fraction; NT-pro-BNP¼ N-Terminal pro-
hormone of Brain Natriuretic Peptide; CI ¼ Confidence Interval.
Bold describes the statistical significance, p < 0.05.
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database [19,20] despite the fact that the population in the present
study was older, sicker and more frail than the average HFrEF pa-
tient. The high prevalence of sarcopenia may reflect the vulnerable
Table 2B
Multivariate analysis of sarcopenia and different endpoints (repeated events).

Endpoint Variable

Non-cardiovascular Hospitalization
Sarcopenia
Dyslipidemia
Vascular arteriopathy
HF length
Betablockers
History of Cardiac rehabilitation

All cause hospitalization
Sarcopenia
Vascular diseases
Dilated cardiomyopathy
Betablocker
Log NT-ProBNP
Recent loss of weight

CV Hospitalization
Sarcopenia
Sex
Familial history of CV disease

HF Hospitalization
Sarcopenia
Betablockers
Dilated Cardiomyopathy
Log NT-ProBNP

ACEi¼ Angiotensin Converting Enzyme inhibitors; BMI¼ BodyMass Index; CKD¼ Chroni
GFR ¼ Glomerular Filtration Rate in mL/min/1/73 m2, estimated by creatinine clearance v
ventricular ejection fraction; NT-pro-BNP¼ N-Terminal prohormone of Brain Natriuretic
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status of ADHF patients, but it needs to be emphasized that
different reports on prevalence not only address different pop-
ulations but also often use different definitions of the condition.
Masan�es et al. have shown that the prevalence varies considerably
depending on the cut-off points used [21].

Muscle strength is considered the most reliable measure of
muscle function at present and is used as the principal determinant
of sarcopenia in the EWGSOP2 recommendations [22]. This is not
the case with all studies, a number of which based the diagnosis
primarily on muscle mass loss [15]. The SICA-HF study reported a
prevalence of 19.5% of muscle wasting obtained by DEXA among
patients with stable HF [15] but ADHF were not included.
Comparingwith our study, the populationwas younger (66.9 ± 10.4
years), with a greater proportion of patients with HFrEF (69%) but
LVEF was comparable to values in SICA-HF study. We followed the
recent recommendations and also added physical performance
quantified by the 4MGS test and muscle strength measured by
palmar grip strength test. The grip strength test is recommended by
the EWGOSP as simple and inexpensive.

When including the caveats above, our prevalence rates are not
off the chart compared with other surveys. A recent Italian multi-
center study using the same evaluation criteria as in our survey, but
with lower threshold values for BIA (8.87 kg/m2 formen and 6.42 kg/
m2 for women) found a sarcopenia prevalence of 45% in a subgroup
of HF patients hospitalized in an acute setting [23]. If we apply the
same BIA threshold values, the prevalence in our population would
decrease to 41%, a comparable number. The SICA-HF study reported
19.5% prevalence of muscle wasting obtained by DEXA among pa-
tients with stable HF but without evaluating the functional aspect
[15]. Comparedwith our cohort the populationwas younger and not
hospitalized. As in our cohort, SICA-HF patientswithmusclewasting
were older and with lower functional abilities. Another small study
in muscle wasting assessed by DEXA in young (mean age 37.3 years)
patients with non-ischemic dilated cardiomyopathy and severe left
ventricular dysfunction found a sarcopenia prevalence of 47.3% [24].
Finally, Tsuchida et al. [25] recently described a similar rate of sar-
copenia as ours (52.6%) in a small study of 38 ADHF patients (60.5%
with LVEF <40%). However, the authors based the diagnosis of
HR [95%CI] p-value

1.27 [0.86e1.88] 0.23
1.38 [0.96e1.97] 0.083
2.02 [1.31e3.12] 0.002
1.0018 [1.0001e1.0034] 0.034
1.72 [1.13e2.62] 0.011
0.53 [0.3e0.92] 0.023

1.14 [0.91e1.43] 0.253
1.41 [1.10e1.80] 0.006
0.55 [0.31e0.99] 0.046
1.60 [1.23e2.09] 0.001
1.12 [1.02e1.22] 0.013
1.31 [1.01e1.70] 0.045

0.64 [0.39e1.06] 0.08
1.77 [1.07e2.94] 0.026
1.97 [1.16e3.32] 0.011

1.26 [0.86e1.84] 0.236
1.58 [1.03e2.43] 0.037
0.36 [0.14e0.94] 0.038
1.27 [1.07e1.50] 0.006

c kidney diseases; HF duration¼Mean duration of evolution of chronic heart failure;
ia MDRD (Modification of the Diet in Renal Disease); HR¼ Hazard ratio; LVEF ¼ left
Peptide; CI ¼ Confidence Interval.



Fig. 3. Forest plot showing association of sarcopenia with clinical outcomes. ACEi: angiotensin converting enzyme inhibitors; BMI: body mass index; CKD: chronic kidney disease;
CV: cardiovascular; HF: heart failure; LVEF: left ventricular ejection fraction; MDRD: Modification of the Diet in Renal Disease; NT-ProBNP: N Terminal pro brain natriuretic peptide.
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sarcopenia only on muscle mass evaluation (DXA). Moreover, no
follow-up data were reported and the time of sarcopenia evaluation
after decongestion was unclear. In regard to precipitating factors of
HF hospitalization in our cohort, we did not observe any difference
between both groups (sarcopenic vs. non-sarcopenic). As also
described in other studies we observed classical factors (i.e. evolu-
tion of the cardiopathy, poor compliance, anemia or atrial fibrilla-
tion) with no difference according to age (<70 vs.�70 yrs) probably
due to the relatively small sample size [26].

To our knowledge, our study is the first to evaluate the impact of
sarcopenia on morbidity and mortality in acutely hospitalized HF
patients. The increased risk of adverse outcomes in our sarcopenic
population was limited to non-CH hospitalization, although we
observed non-significant trends on other endpoints. PINI score and
grip strength were significantly worse in the sarcopenic group.
High PINI score has been found to be predictive of mortality and
chronic institutionalization in elderly patients, although we did not
find this within the limited follow-up of our study [27]. Grip
strength is a validated risk-stratifying method for all-cause death,
CV death, and CV disease [28].

The high prevalence of sarcopenia in ADHF patients should alert
clinicians to the need to improve the prognosis of affected patients
since some data seemed to demonstrate that muscle mass and
muscular strength were protective in HF patients [31,32]. It would
be desirable with a prospective, randomized study to evaluate the
potential benefit to patients of current practice vs an active strategy
8

(protein-enriched diet þ physical exercise) during hospitalization
and the first weeks in rehab center or at home.

4.1. Study limitations

Limitations to the present study include the absence of a control
group and the relatively limited size of our cohort. Although
modest, ours is the largest cohort with the longest follow-up pre-
sented to date and the prevalence data were compared with an
independently surveyed cohort of patients ten years older. Still, the
limited sample size may have influenced the outcome results and
the robustness of any conclusions. Furthermore, we cannot exclude
an underestimation of the true prevalence of sarcopenia in such
patients, since patients unable to complete 4MGS and grip tests (i.e.
bedridden patients and patients unabled to remain upright for
more than few seconds) were not included. As patients were
included following hospitalization for HF exacerbation, reduced
patient activity during hospitalization may increase the nominal
prevalence of sarcopenia. However, this potential confounder may
be an additional argument for more stringent evaluation of sarco-
penia in hospitalized HF patients. While care was taken in carrying
out the tests, in particular impedance analysis, after complete
clinical regression of the congestive signs, a possible measurement
bias cannot be excluded. Furthermore, BIA is a reproducible, easy to
use technique and have been studied for more than 10 years [33].
Furthermore BIA results have been found to correlatewell withMRI
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predictions [34]. Lastly, the study was carried out and finalized
prior to the publication of the new sarcopenia diagnosis algorithm
by the EWGSOP2 group [22]. Thus, the initial SARC-F test, which is
mandatory for the EWGSOP2 definition could not be performed in
our population. However, if this algorithm had been used in the
present population, the rate of sarcopenic patients would remain
high (41.4%). There were no important differences between the
populations of sarcopenic patients according to EWGSOP1 vs.
EWGSOP2 regarding clinical, biological, or medication character-
istics. However, sarcopenic patients defined according to EWGSOP1
seemed to be sicker (i.e. more patients aged >80 yrs, ischemic, with
LEVF <40%, atrial fibrillation, inflammatory diseases, GFR<60 ml/
min/1.73 m2) and less well treated (less ACEi) due to the evolution
of the definitions. This may explain why sarcopenia was not asso-
ciated anymore with non-CV hospitalizations in the multivariate
analysis (supplementary data). As demonstrated by Liguori et al.
the MNA score is linearly related to muscle mass implying that
malnutrition and sarcopenia often coexist, and both clinical con-
ditions are associated with negative health outcomes [35]. This is
the reason why sarcopenia as assessed by muscle mass loss is
included as a phenotypic criterion in the new GLIM criteria for the
screening and diagnosis of malnutrition in adults [36]. GLIM rec-
ommends the combination of at least one phenotypic criterion and
one etiologic criterion. Including muscle mass in the phenotypic
criteria will lower the possibility of missing malnourished patients.
Hence, using the new criteria, even if only 13.6% of patients had a
recent loss of weight and even if biological markers were in normal
range, we may have underestimated malnutrition in our popula-
tion. This observation strenghten the need to implement MNA
criteria including muscle mass in order to better diagnose malnu-
trition in people where it is difficult to document weight loss or
when BMI is considered normal or high, as in HF patients.

5. Conclusion

The study identifies a high prevalence of sarcopenia using the
EWGSOP definition in patients with acute decompensated HF with
an associated higher risk for non-CV hospitalizations over mid-
term follow-up (trends for HF hospitalization, CV death and HF
hospitalization). This high prevalence warrants conducting addi-
tional studies in terms of screening and management, in order to
improve the long term prognosis of sarcopenic patients with HF.
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