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Abstract

Aims Reduction in appendicular skeletal muscle mass index (ASMI) assessed by dual-energy X-ray absorptiometry (DEXA)
has been shown to be independently associated with a higher mortality rate in patients with heart failure (HF). However, DEXA
is not suitable for measurement of muscle mass in a daily clinical setting and in large population-based studies. The aim of this
study was to determine whether ASMI predicted from anthropometric indicators (predicted ASMI) serves as an alternative to
DEXA-measured ASMI for predicting all-cause death in HF patients.

Methods and Results Data for 539 HF patients who received a DEXA scan and measurements of calf circumferences (CC) and
mid-arm circumferences (MAC) in our hospital were analysed. Predicted ASMI was calculated as we previously reported: pre-
dicted ASMI (kg/m?) = [0.214 x weight (kg) + 0.217 x CC (cm) — 0.189 x MAC (cm) + 1.098 (male = 1, female = —1) + 0.576]/
height? (m?). Low ASMI values were defined as <7.00 kg/m? and <5.40 kg/m? for men and women, respectively, according to
the criteria of the Asian Working Group for Sarcopenia. The median follow-up period was 1.75 years (interquartile range, 0.96—
2.37 years), and 79 patients (15%) died. Kaplan—Meier survival curves showed that patients with low DEXA-measured ASMI
and patients with low predicted ASMI had significantly lower survival rates than those for patients with high ASMI. In multi-
variate Cox proportional hazard analyses adjusted for age, sex, logarithmic B-type natriuretic peptide, cystatin C
based-estimated glomerular filtration rate, and gait speed, DEXA-measured ASMI [hazard ratio (HR), 0.982; 95% confidence
interval (Cl), 0.967-0.998; P = 0.026] and predicted ASMI (HR, 0.979; 95% Cl, 0.962—-0.996; P = 0.018) were independent pre-
dictors of all-cause mortality. Inclusion of predicted ASMI into the adjustment model significantly improved continuous net
reclassification improvement (0.338; 95% Cl, 0.103-0.572; P < 0.01) and integrated discrimination improvement (0.020;
95% Cl, 0.004-0.035; P < 0.05) for predicting mortality after discharge.

Conclusions Predicted ASMI, as well as DEXA-measured ASMI, can predict all-cause death in HF patients, and calculation of
predicted ASMI will be useful for detecting high-risk patients in a daily clinical setting and in large population-based studies.
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Background ray absorptiometry (DEXA), a gold standard technique for

measuring muscle mass,' has been shown to be frequently
Accurate prediction of mortality in patients with heart failure  observed and independently associated with higher mortality
(HF) is a critical issue. Reduction in appendicular skeletal rate in HF patients.>™ However, DEXA is not suitable for mea-
muscle mass (ASM) index (ASMI) assessed by dual-energy X- suring muscle mass in a daily clinical setting and in large
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population-based studies because it is a costly and
hospital-based modality. In contrast, measurements of an-
thropometric indicators such as calf circumferences (CC)
and mid-arm circumferences (MAC) are inexpensive and re-
peatable methods for assessing nutritional status and body
composition including muscle mass.>~” We recently reported
that an equation for ASMI estimation by the use of CC and
MAC predicts DEXA-measured ASMI in HF patients with rea-
sonable accuracy.?

Aims

The aim of this study was to determine whether anthropo-
metric indicators-derived ASMI serves as an alternative to
DEXA-measured ASMI for the prediction of prognosis in HF
patients.

Methods

This study was conducted in strict adherence with the princi-
ples of the Declaration of Helsinki and was approved by the
Clinical Investigation Ethics Committee of Sapporo Medical
University Hospital (number 302-243).

This study was a single-centre, retrospective, and observa-
tional study. We enrolled 539 consecutive HF patients who
received a DEXA scan and measurements of CC and MAC
during the period from 1 August 2015 to 31 August 2020
(Figure 1). HF was diagnosed according to the 2016 ESC
Guidelines for the diagnosis and treatment of acute and
chronic HF.> ASM was calculated by DEXA (Horizon A DXA
System, HOLOGIC, Waltham, MA, USA) as previously
reported.#® ASMI was defined as ASM/height?. The cut-off
values of ASMI for low muscle mass were <7.00
and <5.40 kg/m? for men and women, respectively,
according to the criteria of the Asian Working Group for
Sarcopenia.’* CC and MAC were assessed using a plastic tape

measure as previously described.>®  Anthropometric
indicators-derived ASMI, that is, predicted ASMI, was
calculated by using an equation we previously developed:
predicted ASMI (kg/m?) = [0.214 x weight (kg) + 0.217 x
CC (cm) — 0.189 x MAC (cm) + 1.098 (male = 1,
female = —1) + 0.576]/height? (m?).2 Data for blood samples
including N-terminal pro-B-type natriuretic peptide (NT-
proBNP) and the cystatin C-based equation for glomerular fil-
tration rate (GFRcys) and echocardiographic data including
the left ventricular ejection fraction (LVEF) measured by the
modified Simpson method within 14 days of DEXA measure-
ment were retrieved from medical records. The primary
endpoint was all-cause death during the follow-up period
from the day of discharge until 30 June 2021.

Statistical methods are described in detail in Data S1. Data
are presented as means * standard deviation or medians [in-
terquartile range (IQR), 25th, 75'h percentile] and expressed
as frequency and percentage. Survival curves were calculated
by the Kaplan—Meier method, and statistical significance of
differences between the curves was assessed by log-rank sta-
tistics. Univariate and multivariate Cox proportional hazard
analyses were used to evaluate predictive ability. We con-
structed logistic models for all-cause death according to the
adjustment of variables in the Cox regression models.
Harrell’s C-indexes were calculated and compared between
the base model and the model with the addition of ASMI
and anthropometric indicators.'® Continuous net reclassifica-
tion index (cNRI) and integrated discrimination index (IDI) are
the methods to quantify how well the addition of a new
marker reclassifies subjects when compared with the base-
line model. Using the method previously reported, we calcu-
lated cNRI and IDI for assessing the incremental predictive
performance afforded by DEXA-measured ASMI, predicted
ASMI, and anthropometric parameters when added to the
prediction provided by the established risk factors, that is,
age, sex, LVEF, log NT-proBNP, eGFRcys, and gait speed.’%*?
Missing data were imputed using a multiple imputation
analysis as shown in Data S1. As sensitivity analyses, we used
multivariate Cox proportional hazard analyses among

Figure 1 Flow chart of inclusion of patients. DEXA, dual-energy X-ray absorptiometry; HF, heart failure.

HF patients who were admitted for HF management, and received DEXA scan from August, 1%, 2015

to August, 315, 2020 (n = 561)

Exclusion
¢ In-hospital death (n = 2)
* Presence of edema (n = 13)

e Lost to follow up (n =7)

Patients for analysis (n = 539)
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complete cases. The statistical significance level was set to
P < 0.05. Statistical analyses were performed using JMP Pro
Version 15.2.1 (SAS Institute Inc., Cary, NC, USA) and R Ver-
sion 4.0.5 (R Foundation for Statistical Computing, Vienna,
Austria).

Results
Baseline characteristics

As shown in Table 1, the median age of the patients was
73 years (IQR, 63, 82 years), and 43% of them were women.
The median BMI of the patients was 22.4 kg/mz. At the time
of discharge, 10, 54, and 36% of the patients were in NYHA
functional Classes I, Il, and lll, respectively, and 43% of the pa-
tients had a prior history of hospitalization for HF. The median
LVEF was 47.6% (IQR, 33.2, 62.9%), and 35% of the patients
had HFrEF. The most frequent aetiology of HF was cardiomy-
opathy (37%) followed by valvular heart diseases (31%) and
ischaemic heart diseases (20%). Detailed information of
HF aetiology was presented in Table SI1. By using
DEXA-measured ASMI and predicted ASMI, 62 and 71% of
the HF patients were classified into low ASMI groups, respec-
tively. Patients with low DEXA-measured ASMI had higher
prevalence of NYHA Ill symptoms and lower 10-m gait speed
those in patients with high DEXA-measured ASMI, indicating
declined physical function in low ASMI patients. Prevalence
of ischaemic heart diseases and diabetes mellitus was higher
in patients with low DEXA-measured ASMI than in patients

with high DEXA-measured ASMI. Plasma levels of NT-proBNP
and cystatin C were higher and levels of haemoglobin and
eGFRcys were lower in patients with low DEXA-measured
ASMI than in patients with high DEXA-measured ASMI.

Association of ASMI with all-cause death

The median follow-up period was 1.75 years (IQR, 0.96,
2.37 years), and 79 patients (15%) died (40 patients from
HF-related causes, nine patients from cancer, eight patients
from infection, three patients from stroke, two patients from
digestive disease, and 17 patients from unknown causes). As
shown in Figure 2, Kaplan—Meier survival curves showed that
all-cause mortality rate was higher in patients with low
DEXA-measured ASMI and low predicted ASMI than in pa-
tients with high DEXA-measured ASMI and high predicted
ASMI, respectively. In multivariate Cox proportional hazard
analyses with adjustment for potential risk factors (age, sex,
LVEF, log NT-proBNP, eGFRcys, and 10-m gait speed), DEXA-
measured ASMI and predicted ASMI were independent pre-
dictors for all-cause death (Table 2). Similar results were ob-
tained in sensitivity analyses using data for complete cases
(Table 2). In addition, inclusion of DEXA-measured ASMI
and predicted ASMI to the baseline model constructed by po-
tential risk factors significantly improved both cNRI and IDI
(Table 3), indicating that both DEXA-measured ASMI and pre-
dicted ASMI have additive impacts on the prediction of
all-cause death in HF patients. CC and MAC alone were also
independently associated with all-cause death (Table 2),
whereas they did not improve cNRI and IDI (Table 3). The sen-

Figure 2 Kaplan—Meier event-free survival curves in patients with heart failure (HF). HF patients were divided into two groups according to the cut-off
values of appendicular skeletal muscle mass index (ASMI) for muscle wasting, that is, reduction in muscle mass. The cut-off values for ASMI used in this
study were <7.00 and <5.40 kg/mz for males and females, respectively, according to the criteria of the Asian Working Group for Sarcopenia. (A) ASMI
measured by dual-energy X-ray absorptiometry. (B), Anthropometric indicators-derived ASMI (predicted ASMI). Predicted ASMI was calculated by using
an equation we previously developed: predicted ASMI (kg/mz) = [0.214 x weight (kg) + 0.217 x CC (cm) — 0.189 x MAC (cm) + 1.098 (male = 1,
female = —1) + 0.576]/height2 (mz).5 ASMI, appendicular skeletal muscle mass index; CC, calf circumferences; HF, heart failure; MAC, mid-arm

circumferences.
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Table 2 Impact of ASMIs and anthropometric measurements on all-cause mortality in HF patients

Univariate model

Multivariate model®
(Multiple imputation analyses, n = 539)

Multivariate model®
(Complete case analyses, n = 456)

Variables HR (95% Cl) P value HR (95% ClI) P value HR (95% ClI) P value
DEXA-measured ASMI  0.979 (0.967, 0.991) <0.001 0.982 (0.967, 0.998) 0.026 0.979 (0.961, 0.998) 0.024
Predicted ASMI

Katano S. et al. 0.980 (0.967, 0.993) 0.002 0.979 (0.962, 0.996) 0.018 0.976 (0.957, 0.996) 0.014
(present study)

Wen X. et al. 0.988 (0.978, 0.998) 0.021 0.979 (0.958, 1.000) 0.059 0.973  (0.949, 0.998) 0.032

Kulkarni B. et al. 0.984 (0.973,0.996) 0.007 0.982 (0.961, 1.002) 0.090 0.976  (0.952, 1.000) 0.053

Visvanathan R. et al. 0.993 (0.982, 1.004) 0.204 0.978 (0.941, 1.017) 0.273 0.967 (0.924, 1.013) 0.151

Villani A. M. et al. Eq. 1 0.975 (0.954, 0.997) 0.023 1.052 (1.004, 1.102) 0.037 1.048 (0.995, 1.103) 0.077

Eq. 2 0.954 (0.921, 0.988) 0.006 1.037 (0.980, 1.097) 0.209 1.030 (0.964, 1.100) 0.377
CcC 0.952 (0.930, 0.973) <0.001 0.977 (0.955, 0.999) 0.044 0.973  (0.948, 0.998) 0.035
MAC 0.966 (0.949, 0.983) <0.001 0.982 (0.966, 0.999) 0.044 0.977 (0.958, 0.997) 0.023

ASMI, appendicular skeletal muscle mass index; CC, calf circumferences; Cl, confidence interval; DEXA, dual-energy X-ray absorptiometry;
eGFReys, cystatin C-based estimated glomerular filtration rate; HR, hazard ratio; log NT-proBNP, logarithmic N-terminal pro-B-type natri-
uretic peptide; LVEF, left ventricular ejection fraction; MAC, mid-arm circumferences.

All hazard ratios are expressed as increments per 1.0% of the mean of ASMI, CC, and MAC. Prediction equations are the same as in Table 1.
‘Model was adjusted for age, sex, LVEF, log NT-proBNP, eGFRcys, and 10-m gait speed.

Table 3 Impact of ASMI and anthropometric measurement on prediction of all-cause mortality in HF patients

Models C-index (95% Cl) P value cNRI (95% CI) P value IDI (95% Cl) P value
Model (reference) 0.762 (0.701, 0.815)

+ DEXA-measured value 0.780 (0.720, 0.829) 0.104 0.343 (0.106, 0.580) 0.005 0.017 (0.003, 0.031) 0.014
+ Katano et al. 0.776 (0.718, 0.825) 0.225 0.338 (0.103, 0.572) 0.005 0.020 (0.004, 0.035) 0.013
+ Wen X. et al. 0.769 (0.710, 0.819) 0.444 0.211 (-0.031, 0.452) 0.087 0.010 (-0.001, 0.022) 0.076
+ Kulkarni B. et al. 0.769 (0.710,0.819) 0.390 0.173 (—0.066, 0.413) 0.157 0.008 (-—0.002, 0.019) 0.109
+ Visvanathan R. et al. 0.765 (0.705, 0.816) 0.649 0.084 (—0.158,0.326) 0.506 0.003 (-—0.003,0.010) 0.292
+ Villani A. M. et al. Eq. 1 0.765 (0.703,0.817) 0.682 —-0.021 (-0.260,0.219) 0.876 0.006 (—0.001,0.014) 0.092
+ Eq. 2 0.764 (0.702,0.817) 0.653 0.196 (—0.043,0.436) 0.108 0.004 (-0.001, 0.008) 0.110
+ CC 0.776 (0.718, 0.825) 0.202 0.228 (—0.017,0.473) 0.068 0.013 (-0.0001, 0.026) 0.057
+ MAC 0.767 (0.708,0.818) 0.522 -0.005 (-0.249, 0.240) 0.972 0.007 (-0.003, 0.017) 0.170

ASMI, appendicular skeletal muscle mass index; CC, calf circumference; Cl, confidence interval; cNRI, continuous net reclassification im-
provement; DEXA, dual-energy X-ray absorptiometry; eGFRcys, cystatin C-based estimated glomerular filtration rate; IDI, integrated dis-
crimination improvement; log NT-proBNP, logarithmic N-terminal pro-B-type natriuretic peptide; LVEF, left ventricular ejection fraction;

MAC, mid-arm circumference.

Model included age, sex, LVEF, log NT-proBNP, eGFRcys, and 10-m gait speed. Prediction equations are the same as in Table 1.

sitivities for predicting all-cause death were comparable be-
tween DEXA-measured ASMI and predicted ASMI, but the
specificity of DEXA-measured ASMI was significantly higher
than that of predicted ASMI (Figure SI).

Discussion

Although prediction of mortality in HF patients is crucial for
decision making regarding HF therapies, it has been shown
to be difficult, especially in elderly patients because many el-
derly patients have multiple co-morbidities.**** Because sar-
copenia, a condition characterized by reduction in muscle
mass and function, is a convergence point in the progression
of multiple geriatric syndromes including cancers, chronic kid-
ney disease, metabolic diseases, cognitive impairment, and
cardiovascular diseases including HF,* a close association of

DEXA-measured ASMI measured during hospitalization with
the occurrence of all-cause death after discharge in HF pa-
tients in the present study is not a surprising finding. Impor-
tantly, predicted ASMI calculated from sex, body weight, CC,
and MAC together with DEXA-measured ASMI was an inde-
pendent predictor for all-cause death after adjustment with
age, sex, LVEF, NT-proBNP, renal function, and an index of
physical function. The sensitivity of predicted ASMI for
predicting all-cause death was similar to that of
DEXA-measured ASMI, though there was a significant differ-
ence in the specificity. Therefore, prediction of ASMI by an-
thropometric parameters is a useful screening method for de-
tecting HF patients with worse clinical outcome.

There are several limitations in the present study. Several
attempts to develop equations for estimating ASM from an-
thropometric parameters were made in previous studies in-
cluding a non-HF population.*™° However, results of our pre-
vious studies showed that the application of any of these
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equations to our cohort for the diagnosis of sarcopenia was
unsuccessful.® This was the case in predicting all-cause death:
ASMI calculated by using previously developed equations had
no additive impact in predicting all-cause death (Tables 2 and
3). Conversely, our equation for ASMI estimation will not nec-
essarily be applicable to other races with and without HF be-
cause there is race/disease-dependent variation in body com-
position. In addition, it should be noted that the proportion of
ischaemic heart diseases, the most frequent cause of HF in the
Western countries, was small in the present study. Thus, an
equation to estimate ASMI by the use of anthropometric pa-
rameters should be optimized in each cohort and population.

Conclusions

Anthropometric parameters-derived ASMI, as well as DEXA-
measured ASMI, predicts all-cause death in HF patients, and
anthropometric parameters-derived ASMI will be useful for
detecting high-risk patients in a daily clinical setting and in
large population-based studies.

References

Acknowledgement
This study was supported by Grants 18K17677 and 22K11288

(Katano S) from the Japan Society for the Promotion of
Science.

Conflict of interest

None declared.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Data S1. Supporting Information.

Figure S1. Prognostic predictive performance of low ASMI
values.

Table S1. Etiology of heart failure.

1. Buckinx F, Landi F, Cesari M, Fielding

RA, Visser M, Engelke K, Maggi S,
Dennison E, al-Daghri NM, Allepaerts
S, Bauer J, Bautmans I, Brandi ML,
Bruyere O, Cederholm T, Cerreta F,
Cherubini A, Cooper C, Cruz-Jentoft A,
McCloskey E, Dawson-Hughes B,
Kaufman JM, Laslop A, Petermans J,
Reginster JY, Rizzoli R, Robinson S, Rol-
land Y, Rueda R, Vellas B, Kanis JA.
Pitfalls in the measurement of muscle
mass: A need for a reference standard.
J Cachexia Sarcopenia Muscle. 2018; 9:
269-278.

. von Haehling S, Garfias Macedo T,
Valentova M, Anker MS, Ebner N,
Bekfani T, Haarmann H, Schefold JC,
Lainscak M, Cleland JGF, Doehner W,
Hasenfuss G, Anker SD. Muscle wasting
as an independent predictor of survival
in patients with chronic heart failure. J
Cachexia Sarcopenia Muscle. 2020; 11:
1242-1249.

. Konishi M, Akiyama E, Matsuzawa Y,
Sato R, Kikuchi S, Nakahashi H,
Maejima N, Iwahashi N, Kosuge M,
Ebina T, Hibi K, Misumi T, Haehling S,
Anker SD, Tamura K, Kimura K. Prog-
nostic impact of muscle and fat mass in
patients with heart failure. J Cachexia
Sarcopenia Muscle. 2021; 12: 568-576.
. Konishi M, Kagiyama N, Kamiya K, Saito
H, Saito K, Ogasahara Y, Maekawa E,
Misumi T, Kitai T, Iwata K, Jujo K, Wada

H, Kasai T, Nagamatsu H, Ozawa T,
Izawa K, Yamamoto S, Aizawa N,
Makino A, Oka K, Momomura SI,
Matsue Y. Impact of sarcopenia on prog-
nosis in patients with heart failure with
reduced and preserved ejection fraction.
Eur J Prev Cardiol. 2021; 28:
1022-1029.

. Wijnhoven HA, van Bokhorst-de van der

Schueren M, Heymans MW, de Vet HC,
Kruizenga HM, Twisk JW, Visser M.
Low mid-upper arm circumference, calf
circumference, and body mass index
and mortality in older persons. J
Gerontol A Biol Sci Med Sci. 2010; 65:
1107-1114.

. Ishida Y, Maeda K, Nonogaki T, Shimizu

A, Yamanaka Y, Matsuyama R, Kato R,
Mori N. Impact of edema on length of
calf circumference in older adults.
Geriatr Gerontol Int. 2019; 19: 993-998.

. Kamiya K, Masuda T, Matsue Y, Inomata

T, Hamazaki N, Matsuzawa R, Tanaka S,
Nozaki K, Maekawa E, Noda C,
Yamaoka-Tojo M, Matsunaga A, Izumi
T, Ako J. Complementary role of arm cir-
cumference to body mass index in risk
stratification in heart failure. JACC Heart
Fail. 2016; 4: 265-273.

. Katano S, Yano T, Ohori K, Nagano N,

Honma S, Shimomura K, Ishigo T,
Watanabe A, Honma R, Fujito T, Koyama
M, Kouzu H, Hashimoto A, Katayose M,
Miura T. Novel prediction equation for

10.

11.

appendicular skeletal muscle mass esti-
mation in patients with heart failure: Po-
tential application in daily clinical prac-
tice. Eur J Prev Cardiol. 2021; 28:
el8-e2l.

. Ponikowski P, Voors AA, Anker SD,

Bueno H, Cleland JGF, Coats AJS, Falk
V, Gonzdlez-Juanatey JR, Harjola VP,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P, ESC Scientific Document Group.
2016 ESC guidelines for the diagnosis
and treatment of acute and chronic
heart failure: The task force for the diag-
nosis and treatment of acute and chronic
heart failure of the European Society of
Cardiology (ESC)developed with the
special contribution of the heart failure
association (HFA) of the ESC. Eur Heart
J. 2016; 37: 2129-2200.

Kouzu H, Katano S, Yano T, Ohori K,
Nagaoka R, Inoue T, Takamura Y, Ishigo
T, Watanabe A, Koyama M, Nagano N,
Fuyjito T, Nishikawa R, Ohwada W, Miura
T. Plasma amino acid profiling improves
predictive accuracy of adverse events in
patients with heart failure. ESC Heart
Fail. 2021; 8: 5045-5056.

Chen LK, Liu LK, Woo J, Assantachai P,
Auyeung TW, Bahyah KS, Chou MY,
Chen LY, Hsu PS, Krairit O, Lee JSW,
Lee WJ, Lee Y, Liang CK, Limpawattana

ESC Heart Failure 2022; 9: 4358-4365
DOI: 10.1002/ehf2.14121



Muscle mass and prognosis in heart failure

4365

12.

13.

14.

P, Lin CS, Peng LN, Satake S, Suzuki T,
Won CW, Wu CH, Wu SN, Zhang T, Zeng
P, Akishita M, Arai H. Sarcopenia in Asia:
Consensus report of the Asian Working
Group for Sarcopenia. J Am Med Dir
Assoc. 2014; 15: 95-101.

Pencina MJ, D’ Agostino RB, D’ Agostino
RB, Vasan RS. Evaluating the added pre-
dictive ability of a new marker: From
area under the ROC curve to reclassifica-
tion and beyond. Stat Med. 2008; 27:
157-172.

Pilotto A, Addante F, Franceschi M,
Leandro G, Rengo G, D’Ambrosio P,
Longo MG, Rengo F, Pellegrini F,
Dallapiccola B, Ferrucci L. Multidimen-
sional prognostic index based on a com-
prehensive geriatric assessment predicts
short-term mortality in older patients
with heart failure. Circ Heart Fail.
2010; 3: 14-20.

Katano S, Yano T, Ohori K, Kouzu H,
Nagaoka R, Honma S, Shimomura K,
Inoue T, Takamura Y, Ishigo T, Watanabe

15.

16.

17.

A, Koyama M, Nagano N, Fujito T,
Nishikawa R, Ohwada W, Hashimoto A,
Katayose M, Ishiai S, Miura T. Barthel in-
dex score predicts mortality in elderly
heart failure - A goal of comprehensive
cardiac rehabilitation. Circ J. 2021; 86:
70-78.

Bauer J, Morley JE, Schols AMWJ,
Ferrucci L, Cruz-Jentoft AJ, Dent E,
Baracos VE, Crawford JA, Doehner W,
Heymsfield SB, Jatoi A, Kalantar-Zadeh
K, Lainscak M, Landi F, Laviano A,
Mancuso M, Muscaritoli M, Prado CM,
Strasser F, Haehling S, Coats AJS, Anker
SD. Sarcopenia: A time for action. An
SCWD position paper. J Cachexia Sarco-
penia Muscle. 2019; 10: 956-961.

Wen X, Wang M, Jiang CM, Zhang YM.
Anthropometric equation for estimation
of appendicular skeletal muscle mass in
Chinese adults. Asia Pac J Clin Nutr.
2011; 20: 551-556.

Kulkarni B, Kuper H, Taylor A,
Radhakrishna KV, Kinra S, Ben-Shlomo

18.

19.

Y, Smith GD, Ebrahim S, Byrne NM, Hills
AP. Development and validation of an-
thropometric prediction equations for es-
timation of lean body mass and appen-
dicular lean soft tissue in Indian men
and women. J Appl Physiol (1985).
2013; 115: 1156-1162.

Visvanathan R, Yu S, Field J, Chapman I,
Adams R, Wittert G, Visvanathan T. Ap-
pendicular skeletal muscle mass: Devel-
opment and validation of anthropomet-
ric prediction equations. J Frailty Aging.
2012; 1: 147-151.

Villani AM, Crotty M, Cameron ID,
Kurrle SE, Skuza PP, Cleland LG,
Cobiac L, Miller MD. Appendicular skel-
etal muscle in hospitalised hip-fracture
patients: Development and cross-
validation of anthropometric prediction
equations against dual-energy X-ray ab-
sorptiometry. Age Ageing. 2014; 43:
857-862.

ESC Heart Failure 2022; 9: 4358-4365
DOI: 10.1002/ehf2.14121



	Anthropometric �parameters�&hyphen;derived estimation of muscle mass predicts all&hyphen;cause mortality in heart failure patients
	Background
	Aims
	Methods
	Results
	Baseline characteristics
	Association of ASMI with �all�&hyphen;�cause death

	Discussion
	Conclusions
	Acknowledgement
	Conflict of interest
	References

