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Abstract

Aims Reduced skeletal muscle mass is a major component of sarcopenia, associated with impaired exercise capacity and
poor prognosis in patients with heart failure (HF). Measurement of skeletal muscle mass by dual-energy X-ray absorptiometry
may be affected by fluid retention, typically in the patients’ lower extremities. The aim of the present study was to elucidate
the association between upper and lower extremity skeletal muscle mass (USM and LSM) and all-cause mortality in hospital-
ized patients with HF, after discharge.

Methods This was a single-centre observational cohort study of 418 patients (59% were men) admitted with a diagnosis of
HF (71 + 13 years), with a left ventricular ejection fraction of 39 + 16%. USM and LSM were measured by dual-energy X-ray
absorptiometry with patients in a stable state after decongestion therapy.

Results The USM and LSM were 5.29 + 1.18 and 13.78 + 3.20 kg for men and 3.37 £ 0.68 and 9.19 + 1.80 kg for women.
A positive correlation was obtained between USM and LSM with mid-upper arm circumference (r = 0.684, P < 0.001) and
calf circumference (r = 0.822, P < 0.001), respectively. During a median follow-up of 37 months, 92 (22.0%) of the 418
patients died. A Kaplan—-Meier analysis revealed that sex-specific quartiles of USM/height? and LSM/height® were associated
with all-cause mortality (both P < 0.001 by the log-rank test). In Cox models adjusted by age, sex, creatinine,
haemoglobin, NYHA class, and heightz, the hazard ratio with 95% confidence intervals for all-cause mortality was 0.557
[0.393-0.783] (P < 0.001) for USM per 1 kg, and 0.783 [0.689-0.891] (P < 0.001) for LSM per 1 kg. The receiver-
operator-characteristic curve analysis showed a comparable area under the curve between the USM/height® and
LSM/height? (0.557 vs. 0.568, P = 0.562) in predicting all-cause mortality. The ratio of USM to LSM was significantly lower
in 37 patients with residual leg oedema than in the 360 patients without oedema (36.1% vs. 38.1%, P = 0.004), suggesting
the influence of oedema on measured LSM.

Conclusions Both USM and LSM had a prognostic implication on mortality after discharge in HF, even though LSM may have
been affected by leg oedema. These findings indicate that clinicians should not ignore a patient’s USM or LSM in the prognos-
tication of patients with HF.
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Background frailty, and malnutrition and are closely related to impaired

exercise tolerance and poor outcomes in patients with heart
Abnormalities in the quantity and quality of skeletal muscle failure (HF).Y™ Measurement of skeletal muscle mass by
have been discussed with regard to sarcopenia, cachexia, dual-energy X-ray absorptiometry (DXA) can be affected by
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fluid retention,® typically in patients’ lower extremities.’”
However, no previous reports have examined the prognostic
implications of upper and lower extremity skeletal muscle
mass (USM and LSM) separately.

Aims

We hypothesized that both USM and LSM have a prognostic
impact in HF. The purpose of the present study was to eluci-
date the association between upper/lower skeletal muscle
mass and all-cause mortality in hospitalized patients with
HF, after discharge.

Table 1 Characteristics of patients according to sex

Methods

We retrospectively analysed data in a single-centre observa-
tional cohort study of patients with HF.?> The detailed study
design has been described elsewhere.? Briefly, the inclusion
criteria were patients with a diagnosis of HF based on Fra-
mingham criteria’ and those who had undergone DXA during
hospitalization. The exclusion criteria were patients with in-
complete data (n = 1) and who died during hospitalization
(n = 3). Informed consent was obtained from each patient.
Our institutional ethics board approved the study, which
was in line with ethical standards laid down in the 1964
Declaration of Helsinki. Blood examinations were performed
at discharge. Echocardiography was performed during

Missing data All Male Female
N 418 247 171
Age (years) 0 71 (13) 68 (14) 76 (10)
Body mass index (kg/m?) 0 22.1 (4.6) 22.6 (4.5) 21.6 (4.6)
Readmission 0 27.8% 27.1% 28.7%
Co-morbidity
Hypertension 0 75.1% 76.5% 73.1%
Diabetes 0 36.6% 37.3% 35.7%
Coronary artery disease 0 39.0% 43.7% 32.2%
Atrial fibrillation 0 35.4% 32.8% 39.2%
Severe valvular disease 0 32.8% 29.2% 38.0%
COPD 0 5.3% 7.7% 1.8%
Stroke 0 8.6% 9.3% 7.6%
Malignancy 0 8.9% 9.7% 7.6%
Status at discharge
NYHA class 0
<2 83.7% 88.7% 76.6%
3 15.8% 10.5% 23.4%
4 0.5% 0.8% 0.0%
Systolic blood pressure (mmHg) 1 110 (17) 111 (18) 110 (17)
Laboratory findings at discharge
Haemoglobin (g/dL) 0 12.0 (2.2) 12.5(2.2) 11.3(2.0)
Creatinine (mg/dL) 0 1.39 (1.04) 1.50 (1.14) 1.24 (0.84)
Estimated GFR (mL/min/1.73 mz) 0 46 (19) 48 (19) 42 (17)
Albumin (g/dL) 1 3.62 (0.53) 3.65 (0.54) 3.57 (0.51)
BNP, median (pg/mL) 0 240 [132-417] 230 [116-408] 247 [149-460]
Medication at discharge
Beta-blocker 1 72.7% 76.9% 66.5%
ACE inhibitor/ARB 0 81.8% 85.4% 76.6%
Loop diuretics 0 78.7% 76.5% 81.9%
MRA 0 59.6% 61.5% 56.7%
LVEF (%) 0 39 (16) 37 (16) 43 (16)
HFrEF 53.8% 59.5% 45.6%
HFmrEF 15.6% 17.0% 13.5%
HFpEF 30.6% 23.5% 40.9%
Body composition 0
ASM/height® (kg/m?) 6.35 (1.28) 6.88 (1.23) 5.59 (0.92)
USM (kg) 4.51 (1.38) 5.29 (1.18) 3.37 (0.68)
USM/height® (kg/m?) 1.74 (0.37) 1.91 (0.34) 1.50 (0.27)
LSM (kg) 11.90 (3.54) 13.78 (3.20) 9.19 (1.80)
LSM/height® (kg/m?) 4.61 (0.95) 4.97 (0.93) 4.09 (0.69)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ASM, appendicular skeletal muscle mass; BNP, B-type natriuretic
peptide; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; HFmrEF, heart failure with mildly reduced ejection
fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LSM, lower extremity
skeletal muscle mass; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Associ-

ation; USM, upper extremity skeletal muscle mass.

Values presented as frequency (%), mean (standard deviation), or median [interquartile range].
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hospitalization. Measurement of muscle mass was performed
using a DXA scan (Discovery, Hologic Japan Inc., Tokyo, Japan)
with patients in a stable state after decongestion therapy.
USM and LSM were defined as the sum of muscle mass in
the upper and lower extremities, respectively. Data regarding
the presence or absence of leg oedema and mortality after
discharge were obtained from a review of the medical re-
cords of the hospital and form information sent from the re-
ferring hospital/clinic. The Student’s t-test or Mann—-Whitney
test for continuous variables and y2 tests or Fisher’s exact
test for categorical variables were employed for comparing
the groups, as appropriate. A Pearson coefficient was calcu-
lated between the two continuous variables. Multivariate lin-
ear regression analysis with the ratio of upper to lower ex-
tremity muscle mass as a dependent variable was
performed. The Kaplan—Meier time-to-event curves using
the log-rank test were computed according to muscle mass.
Cox proportional hazards models were adjusted by the same
prognostic factors in HF as in the main study? (i.e. age, sex,
creatinine, haemoglobin, NHYA class, and height squared)
to investigate the association between muscle mass and
all-cause mortality. To compare the association with all-cause
mortality, receiver-operator-characteristic curve analysis was
performed, and the area under the curve was assessed using
Delong’s method. All statistical tests were two-tailed, and a P
value < 0.05 was considered statistically significant. Analyses
were carried out using JMP Pro software 16 (SAS Institute
Japan Inc., Tokyo, Japan).

Results

The study cohort consisted of 418 patients with 59.1%
males, and the mean age was 71 * 13 years. The baseline
characteristics of the study population and the results from
DXA are shown separately by sex and higher/lower USM
and LSM using sex-specific medians in Tables 7 and 2. The
median length of stay was 18 days (interquartile range, 14—
27), and patients underwent DXA a median of 6 days (inter-
quartile range, 1-12) before discharge. USM and LSM were
5.29 + 1.18 and 13.78 + 3.20 kg for men and 3.37 £ 0.68
and 9.19 + 1.80 kg for women. Mid-upper arm and calf cir-
cumference was measured after November 2016 in 44 pa-
tients, showing a positive correlation to USM (r = 0.684,
P < 0.001) and LSM (r = 0.822, P < 0.001), respectively.
The ratio of USM to LSM was 38.0% in the overall cohort.
At discharge, leg oedema remained in 37 of the 397 (9.3%)
patients and was not documented in 21 patients. The ratio
of USM to LSM was significantly lower in patients with resid-
ual leg oedema than in those with no oedema at discharge
(36.1 vs. 38.1%, P = 0.004). In the multivariate linear regres-
sion analysis, the presence of residual leg oedema was asso-
ciated with a lower ratio of USM to LSM after adjustment for
age and sex (standardized beta = —0.112, P = 0.025). During
the median follow-up of 37.0 months, 92 (22.0%) patients
died. In the Kaplan—Meier analysis, there was a significant dif-
ference in all-cause mortality among the sex-specific quartiles
of USM and LSM indexed by height squared (both P < 0.001;

Figure 1 Kaplan—Meier estimates of the cumulative incidence of all-cause mortality according to quartiles of USM/height2 and LSM/heightz. Kaplan—
Meier curve according to quartiles of USM/height2 (A) and LSM/height2 (B) for all-cause mortality. LSM, lower extremity skeletal muscle mass; USM,

upper extremity skeletal muscle mass.
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Figure ). In the multivariate Cox models, the hazard ratio for
all-cause mortality was 0.557 [0.393-0.783] (P < 0.001) for
1 kg increase of USM and 0.783 [0.689-0.891] (P < 0.001)
for 1 kg increase of LSM. The receiver-operator-characteristic
curve analysis showed a comparable area under the curve be-
tween USM/height> and LSM/height’> (0.557 vs. 0.568,
P = 0.562) in predicting all-cause mortality.

Conclusions

The principal findings of the study were as follows: (i) Both
USM and LSM were associated with all-cause mortality in
the Kaplan—Meier analyses; (ii) multivariate analysis revealed
that both USM and LSM were associated with all-cause mor-
tality even after adjustment for multiple known prognostic
factors in HF; and (iii) LSM was relatively higher than USM
in patients with residual leg oedema.

The mechanisms associated with muscle mass and
mortality have already been discussed in our previous
study,? some of which (i.e. a beneficial ‘myokine’ or a good
cardiorespiratory fitness in patients with a large muscle
mass) may be common to USM and LSM. Given a potential
benefit from adding upper extremity muscle interventions
to lower extremity muscle interventions,® it may be mean-
ingful to assess upper and lower extremity muscle masses
separately. The difference in the radio of USM to LSM in pa-
tients with and without residual leg oedema may be indirect
evidence that the LSM measured by DXA was overestimated
due to fluid retention in the lower extremities. In patients
with cirrhosis, USM is a better prognostic marker than ap-
pendicular skeletal muscle mass.? There are some limitations
to this research, including a retrospective observational
study design that may lead to sampling bias and a lack of
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