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Abstract

Background

Acute decompensated heart failure (ADHF) is a growing healthcare burden with increasing
prevalence and comorbidities due to progressive aging society. Accumulating evidence sug-
gest that low skeletal muscle mass has a negative impact on clinical outcome in elderly
adult population. We sought to determine the significance of psoas muscle area as a novel
index of low skeletal muscle mass in elderly patients with ADHF.

Methods

In this single-center retrospective observational study, we reviewed consecutive 865 elderly
participants (65 years or older) who were hospitalized for ADHF and 392 were available for
analysis (79 years [74—85], 56% male). Cross-sectional areas of psoas muscle at the level
of fourth lumbar vertebra were measured by computed tomography and normalized by the
square of height to calculate psoas muscle index (PMI, cm?/m?).

Results

Dividing the patients by the gender-specific quartile value (2.47 cm?/m? for male and 1.68
cm?/m? for female), we defined low PMI as the lowest gender-based quartile of PMI. Multiple
linear regression analysis revealed female sex, body mass index (BMI), and E/e’, but not left
ventricular ejection fraction, were independently associated with PMI. Kaplan-Meier analy-
sis showed low PMI was associated with higher rate of composite endpoint of all-cause
death and ADHF re-hospitalization (P = 0.033). Cox proportional hazard model analysis
identified low PMI, but not BMI, was an independent predictor of the composite endpoint
(Hazard ratio: 1.52[1.06—2.16], P = 0.024).
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Conclusions

PMI predicted future clinical adverse events in elderly patients with ADHF. Further studies
are needed to assess whether low skeletal muscle mass can be a potential therapeutic tar-
get to improve the outcome of ADHF.

Introduction

Heart failure (HF) is a growing healthcare burden with increasing prevalence and comorbidi-
ties due to progressive aging society mainly in developed countries and a leading cause of hos-
pitalizations and readmission [1]. As another issue in elderly population, sarcopenia emerged
as a commonly seen, but undiagnosed, unappreciated condition. Sarcopenia is defined as a
loss of muscle mass and function [2-4] and it has been increasingly recognized as an important
risk factor for functional impairment, mental disorders, and poor quality of life [5-7] leading
to the adverse health consequences such as disability, fall, fractures [8, 9] and increased mortal-
ity [10]. In advanced stages of chronic HF (CHF), a loss of skeletal muscle is commonly
observed which contributes to impaired exercise capacity and frailty [11, 12], possibly initiat-
ing the vicious cycle ensuing with physical inactivity and malnutrition leading to further
decline [13]. The prevalence of sarcopenia in patients with CHF was reported to be 20%,
which was higher compared to healthy subjects [12] and a loss of muscle mass was associated
with an unfavorable prognosis in patients with CHF [14]. However, sarcopenia has been
assessed by various modalities and ununiformly defined cut-off values employed by many
research groups [11, 12, 14], and the simple and reliable measures of sarcopenia have been lim-
ited so far. The psoas muscle area (PMA), which can be obtained from computed tomography
(CT), has been shown to correlate well with whole body muscle mass [15] and can be poten-
tially used as a surrogate marker. In recent studies, low PMA was associated with mortality
and length of hospital stay in patients who underwent various types of intervention proce-
dures, including transcatheter aortic valve implantation or cardiac operations [16, 17]. Few
studies, however, have yet been conducted to examine the prognostic value of PMA in elderly
patients with HF. The purpose of the present study was to investigate whether PMA as a novel
index of skeletal muscle mass can predict clinical outcome in elderly patients with HF.

Materials and methods
Study design

The prospective HF registry is ongoing to collect data on the clinical characteristics and out-
comes of patients who were hospitalized for acute decompensated HF (ADHF) at the Sakaki-
bara Heart Institute. The clinical diagnosis of ADHF was made by the individual cardiologists
according to the Framingham Criteria, specifically, the typical symptoms (orthopnea, breath-
lessness, nocturnal dyspnea, fatigue, tiredness), signs (elevated jugular venous pressure, hepa-
tojugular reflux, third heart sound) evaluated by physical examination, and chest X-ray [18].
Patients presenting with acute coronary syndrome or isolated right-sided HF were excluded.
Exclusive on-site auditing by the investigators (T.F. and Y.N.) ensured proper registration of
each patient. In this retrospective observational study, we reviewed consecutive 865 elderly
participants registered from January 2011 to December 2015. We defined elderly patients as
being 65 years or older according to the World Health Organization definition. Patients were
included if they underwent CT that spanned the L4 vertebrae during hospitalization or within
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one year before index hospitalization. The patients who did not undergo abdominal CT and
those who lacked the value of height were excluded. Data analyses were completed using
images collected by SOMATOM Definition Flash (Siemens Healthcare, Erlangen, Germany)
or SOMATOM Sensation 16 (Siemens Healthcare, Erlangen, Germany) CT scanners. The
cross-sectional areas of both sides of psoas muscles were measured using manual tracing at the
bottom of the fourth lumbar vertebra (L4, S1 Fig). The mean value of both sides of PMA was
normalized to the square of height to calculate the psoas muscle index (PMI). We defined low
PMI as the lowest gender-based quartile of the PMI in accordance with the previous study
[19]. The measurement of PMA was independently conducted by the physician who were
blinded to the patient’s clinical characteristics. Clinical events such as death and ADHF rehos-
pitalization after discharge were prospectively collected. The information on the cause of death
(cardiac or non-cardiac) was also collected. The primary endpoint was defined as the compos-
ite of all-cause death and re-hospitalization for ADHF. This study was performed in accor-
dance with the Declaration of Helsinki and approved by the institutional review board at
Sakakibara Heart Institute and written informed consent was obtained from all study
participants.

Statistical analyses

In this study, we defined heart failure with preserved ejection fraction (HFpEF) as HF with left
ventricular ejection fraction (LVEF) 50% or greater, heart failure with reduced ejection frac-
tion (HFrEF) as HF with LVEF less than 40%, and heart failure with midrange ejection fraction
(HFmrEF) as HF with LVEF between 40% and 49% [20]. Continuous variables are expressed
as mean =+ standard deviation (SD) when normally distributed or median (interquartile range
[IQR]) when non-normally distributed and are compared using t-test or Mann Whitney U
test as appropriate. Categorical variables are expressed as numbers and percentages and were
compared using the Fisher exact test or Chi-square test as appropriate. Multiple linear regres-
sion analysis was conducted to examine the variables independently associated with PMI. Sur-
vival from all-cause death and ADHF re-hospitalization for 1000 days after discharge was
analyzed. Kaplan-Meier curves of survival and ADHF re-hospitalization were drawn and ana-
lyzed by log-rank test for the study population divided by the lowest gender-based quartile of
the PMI. The prognostic impact of low PMI on all-cause death and ADHF re-hospitalization
were assessed using multivariate Cox proportional hazards regression analysis. Multivariate
analysis using the following variables; age, gender, body mass index (BMI), history of heart
failure admission, ischemic etiology, atrial fibrillation, systolic blood pressure, N-terminal pro
B-type natriuretic peptide (NT-proBNP), hemoglobin, estimated glomerular filtration rate
(eGFR) and LVEF, calculated the Hazard ratios (HR) and 95% confidence intervals (CI). Val-
ues of P <0.05 were considered to indicate statistical significance. Statistical analyses were per-
formed using JMP version 12.2 (SAS Institute, Cary, NC).

Results

Study flowchart is shown in S2 Fig. Among 865 elderly patients with ADHF, 470 patients who
did not undergo abdominal CT and 3 patients without data of height were excluded. Finally,
392 subjects were available for analysis. The reasons for the performance of CT scan are shown
in S3 Fig. The median age was 79 years (IQR 74-85) and 56% were male. The median follow-
up period was 843 days (IQR 339-1360). The median and mean PMI were 2.94 and 3.03 (cm?*/
m?) in male and 2.08 and 2.08 (cm*/m?) in female, respectively (Fig 1).

Table 1 shows the baseline characteristics at admission of the overall study population and
the participants divided into low PMI and high PMI groups according to the lowest gender-
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Fig 1. The distribution of PMI. Low PMI was defined as the lowest gender-based quartile of the PMI. Cutoff value
2.47 (cm*/m?) for male and 1.68 (cm?/m?) for female) A. Male B. Female. PMI, psoas muscle index.

https://doi.org/10.1371/journal.pone.0247140.9001

based quartile of the PMI (cutoff value 2.47 [cm?/m?] for male and 1.68 [cm?/m?] for female).
In male low PMI group was associated with lower BMI, lower systolic blood pressure, lower
hemoglobin level, higher NT-proBNP level and lower LVEF compared with high PMI group.
On the other hand, in female low PMI group was associated with lower BMI, lower diastolic
blood pressure and higher E/e’ compared with high PMI group. There were no significant dif-
ferences in the percentage of patients with the comorbidities such as hypertension, diabetes
mellitus, or dyslipidemia etc. between the two groups. Although there was no significant differ-
ence in in-hospital mortality between the 2 groups, length of hospital stay was significantly
longer in low PMI group compared with high PMI group.

The variables associated with PMI

Multiple linear regression analysis revealed female sex, BMI and E/e’, but not LVEF, were
independently associated with PMI in overall population. Whereas age, BMI, hemoglobin level
and LVEF were independently associated with PMI in male, BMI and E/e’ were independently
associated with PMI in female (Fig 2).

PMI and future adverse events

During 843 (339-1000) days follow-up period after discharge, 98 (27%) all-cause death includ-
ing 52 (14%) cardiac death and 117 (32%) ADHEF rehospitalization occurred. Kaplan-Meier
survival estimates according to the lowest gender-based quartile of the PMI are shown in Fig 3.
Low PMI was associated with a higher rate of the primary endpoint defined as the composite
of all-cause death and ADHEF re-hospitalization in overall population (P = 0.033, log-rank test,
Fig 3A), and male (P = 0.002, Fig 3B), but not in female (P = 0.97, Fig 3C). The same trend was
observed regarding all-cause death (overall, P = 0.013; male, P = 0.002; female, P = 0.68, Fig
3D-3F) and cardiac death (overall, P = 0.005; male, P = 0.007; female P = 0.23). On the other
hand, low PMI was associated with higher rate of ADHF re-hospitalization only in male

(P =0.015, log-rank test, Fig 3H), but not in overall (P = 0.16, log-rank test, Fig 3G) or female
(P =0.72, log-rank test, Fig 3I).

Multivariate Cox proportional hazards analysis was conducted to identify independent pre-
dictors for the primary endpoint defined as the composite of all-cause death and ADHF re-
hospitalization. We found low PMI was an independent predictor of primary endpoint in
overall (HR: 1.52, 95% CI: 1.06-2.16, P = 0.024) and male (HR: 1.85, 95% CI: 1.13-2.95,
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Table 1. Baseline characteristics of study population at admission.

Male low PMI Female low PMI
Male Overall No (n = 165) Yes (n =55) P value | Female Overall No (n=127) Yes (n = 45) P
value
Age, years 79 (73-83) 78 (73-83) 79 (73-86) 0.14 82 (75-86) 82 (75-87) 80 (74-85) 0.25
BMI, (kg/m?) 235(21.4-26.1) | 242(221-26.5) | 21.7(18.9-24.5) | <0.001 | 21.5(18.9-24.3) | 21.8(19.9-24.6) | 19.2(18.0-22.6) | 0.001
BSA (m?) 1.69+0.15 1.7140.14 1.6340.17 0.002 1.42+0.15 1.4440.15 1.39+0.15 0.1
NYHA, (I/TI/TII/IV) (%) | 0/62/75/83 (0/28/ | 0/51/56/58 (0/31/ | 0/11/19/25 (0/20/ | 0.23 | 0/45/56/71 (0/26/ | 0/35/38/54 (0/28/ | 0/10/18/17 (0/ | 0.45
34/38) 34/35) 35/45) 33/41) 30/42) 22/40/38)
Etiology 0.063 0.38
IHD 87 (40) 68 (41) 19 (35) 29 (17) 25 (20) 4(8.9)
DCM 21 (10) 12 (7.3) 9(16) 9(5.2) 7 (5.5) 2(4.4)
VHD 80 (36) 57 (35) 23 (42) 94 (55) 66 (52) 28 (62)
Past history and
comorbidities
Smoking history, n (%) 161 (74) 126 (77) 35 (64) 0.055 31 (18) 23 (18) 8(18) 0.96
Previous HF 80 (36) 58 (35) 22 (40) 0.52 63 (37) 50 (40) 13 (29) 0.20
hospitalization, n (%)
Atrial fibrillation, n (%) 120 (55) 92 (56) 28 (51) 0.53 95 (55) 73 (57) 22 (49) 0.32
Hypertension, n (%) 141 (64) 107 (65) 34 (62) 0.69 113 (66) 86 (68) 27 (60) 0.35
Diabetes mellitus, n (%) 79 (36) 59 (36) 20 (36) 0.94 50 (29) 37 (29) 13 (29) 0.98
Dyslipidemia, n (%) 96 (44) 72 (44) 24 (44) 1.00 74 (43) 54 (43) 20 (44) 0.82
Previous stroke, TIA, n 45 (21) 38 (23) 7 (13) 0.11 17 (10) 12 (10) 5(11) 0.78
(%)
COPD, n (%) 11 (5.0) 10 (6.1) 1(1.8) 0.30 1(0.6) 1(0.8) 0(0) 1.00
Hemodialysis, n (%) 4(1.8) 3(1.8) 1(1.8) 1.00 (0) 0 (0) 0 (0)
Internal pacemaker, n 14 (6.4) 11 (6.7) 3(5.5) 1.00 22 (13) 17 (13) 5(11) 0.69
(%)
ICD, n (%) 17 (7.7) 11 (6.7) 6 (11) 0.38 4(2.3) 3(2.4) 1(2.2) 1.00
Vital signs
SBP, mmHg 138 (116-154) 140 (120-157) 128 (108-147) | 0.009 | 135 (120-152) 135 (120-153) 134 (120-151) | 0.92
DBP, mmHg 76 (63-90) 76 (64-92) 76 (60-88) 0.53 74 (65-90) 76 (67-92) 68 (60-89) 0.030
Heart rate, (bpm) 81 (70-102) 80 (70-103) 82 (70-102) 0.75 90 (77-117) 89 (78-117) 90 (74-117) 0.76
Laboratory data
Hemoglobin, (g/dl) 11.6+2.1 11.8+2.0 11.1£2.3 0.040 11.1£1.9 11.1£2.0 11.3£1.8 0.58
Serum albumin, (mg/dl) 3.7 (3.4-4.0) 3.8 (3.4-4.0) 3.7 (3.2-3.9) 0.18 3.6 (3.1-3.9) 3.5(3.2-3.8) 3.6 (3.1-3.9) 0.84
eGFR, (ml/min/1.73 m?) 47 (34-63) 48 (34-64) 44 (32-60) 0.34 49 (34-63) 47 (34-62) 53 (37-67) 0.28
NT-proBNP, (pg/ml) 4123 (2112-9696) | 3761 (1948-7645) 6667 (2747~ 0.008 | 4199 (1961-7083) | 4140 (1982-6679) | 4440 (1736 0.35
15657) 9801)
Echocardiography
LVEF, (%) 45 (32-57) 47 (36-57) 36 (28-56) 0.012 55 (37-62) 53 (37-61) 56 (37-64) 0.44
rEF / mrEF / pEF 88/37/95(40% | 57/30/78 (35%/ | 31/7/17(56% / | 0.018 | 51/14/106(30% | 39/10/78 (31%/ | 12/4/28 (27% /| 0.90
/17% | 43%) 18% / 47%) 13% / 31%) /8% / 62%) 8% / 61%) 9% / 64%)
LVEDD, (mm) 55 (49-60) 55 (49-60) 55 (47-60) 0.88 45 (40-51) 45 (40-51) 47 (40-52) 0.39
LVESD, (mm) 41 (33-50) 40 (33-48) 43 (33-52) 0.20 32(27-39) 31 (27-39) 33 (28-40) 0.29
LAD, (mm) 46 (40-53) 46 (41-53) 44 (39-50) 0.24 45 (40-50) 45 (40-50) 44 (40-52) 0.82
E/e 19.2 (13.9-28.8) 20.5 (14.0-28.8) 18.0 (13.8-27.4) 0.30 24.4 (17.0-36.3) 22.9 (16.8-30.9) 34.8 (22.7-41.8) | 0.001
In-hospital outcome
Length of hospital stay 16 (11-25) 16 (11-24) 19 (13-29) 0.064 17 (11-23) 16 (10-22) 18 (14-25) 0.023
(days)
In-hospital death, n (%) 8(3.6) 4(2.4) 4(7.3) 0.11 5(2.9) 4(3.2) 1(2.2) 1.00
(Continued)
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Table 1. (Continued)

Male low PMI Female low PMI
Male Overall No (n = 165) Yes (n =55) Pvalue | Female Overall No (n=127) Yes (n = 45) P
value
Medication at discharge

Loop diuretics, n (%) 168 (79) 125 (78) 43 (84) 0.31 129 (77) 95 (77) 34 (77) 0.99
Thiazide, n (%) 25 (14) 20 (15) 5(13) 0.74 12 (8.8) 10 (9.5) 2(6.5) 0.73
ACEI/ARB, n (%) 127 (60) 92 (57) 35 (69) 0.14 89 (53) 66 (54) 23 (52) 0.87
B-blocker, n (%) 158 (75) 117 (73) 41 (80) 0.27 131 (78) 93 (76) 38 (86) 0.14
MRA, n (%) 74 (35) 57 (35) 17 (33) 0.79 48 (29) 33 (27) 15 (34) 0.36
CCB, n (%) 64 (30) 52 (32) 12 (24) 0.23 68 (41) 51 (41) 17 (39) 0.74
Statins, n (%) 83 (39) 63 (39) 20 (39) 0.99 54 (32) 41 (33) 13 (30) 0.64
Aspirin, n (%) 115 (54) 90 (56) 25 (49) 0.39 70 (42) 55 (45) 15 (34) 0.22

PMI, psoas muscle index; BMI, body mass index; BSA, body surface area; NYHA, New York Heart Association, IHD, ischemic heart disease; DCM, dilated
cardiomyopathy; VHD; valvular heart disease; HF, heart failure; TIA, transient ischemic attack; COPD, chronic obstructive pulmonary disease; ICD, implantable
cardioverter defibrillator; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro B-type
natriuretic peptide; LVEF, left ventricular ejection fraction; rEF. reduced ejection fraction; mrEF, midrange ejection fraction; pEF, preserved ejection fraction; LVEDD,
left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; LAD, left atrial dimension; ACEI, angiotensin-converting enzyme inhibitor;

ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist; CCB, calcium channel blocker.

https://doi.org/10.1371/journal.pone.0247140.t001

P =0.015), but not in female. (HR: 1.25, 95% CI: 0.68-2.25, P = 0.46, Table 2). On the other
hand, BMI, which is an index of body mass but not body composition, failed to predict the pri-
mary endpoint (Table 2).

Discussion

The main findings of the present study were as follows: 1) PMI was independently associated
with female sex, BMI and E/e’. 2) Low PMI defined as the lowest gender-based quartile of the
PMI was associated with a higher rate of the primary endpoint defined as the composite of all-
cause death and ADHF re-hospitalization in male. 3) By Cox proportional hazard model anal-
ysis, low PMI, but not BMI was an independent predictor of the primary endpoint. From these
findings we concluded that low PMI was associated with clinical adverse events after discharge
in male elderly patients with HF.

A. Overall B. Male C. Female
. P ) P . P
age (vear) "'" 0.15 1 '_'-E 0.034 1 '_'_' 0.77
sex (Female) e <0.001 b . T
BMI A P <0001 . P e <0001 A Do <0001
Smoking history He 0.26 . e 051 et 02
eGFR e 0.69 { e 0.65 4 r—e— 0.87
Hb (g/d1) ot 0.15 . e 0.013 o e 0.37
Ele' re 0.016 1 e 012 o —e—t 0.042
LVEF (%) E'-I 0.12 . :)—0—1 0.035 4 r—'—| 0.58
Tt TT T T T T 1 T T T T 1
ISINSNA RN PN NN PN NN NS
beta and 95%CI beta and 95%CT beta and 95%CT

Fig 2. Multiple linear regression analysis for PMI. Overall population (A), male (B) and female (C). PMI, psoas
muscle index; BMI, body mass index; eGFR, estimated glomerular filtration rate; Hb, hemoglobin level; LVEF, left
ventricular ejection fraction.

https://doi.org/10.1371/journal.pone.0247140.9002
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Fig 3. Kaplan-Meier survival estimates according to the lowest gender-based quartile of the PMI. Cutoff value 2.47 (cm?/
m?) for male and 1.68 (cm?*/m?) for female. In A to C the endpoint was defined as the composite of all-cause death and
ADHEF re-hospitalization. (A. Overall, B. Male, C. Female). In D to F the endpoint was defined as all-cause death. (D.
Overall, E. Male, F. Female). In G to I the endpoint was defined as ADHF re-hospitalization. (G. Overall, H. Male, I. Female).
PMLI, psoas muscle index; ADHF, acute decompensated heart failure.

https://doi.org/10.1371/journal.pone.0247140.9003

PMI as a novel index of muscle mass

There have been a lot of measures developed for evaluating skeletal muscle mass such as the bio-
electrical impedance analysis (BIA) and dual energy X-ray absorptiometry (DEXA) [5, 21, 22].
However, because of various approaches or cut-off values employed for its definition, they have
not yet been standardized [5, 21-31]. To seek the simple and reliable measures of skeletal muscle
mass, our approach, the PMA measurement by CT can be quantitative and easy to evaluate by
non-contrast CT. Of note, the PMA obtained from CT has been shown to well correlate with
whole body muscle mass [15]. In recent studies, clinical prognostic value of PMA has been vali-
dated in the different cohorts [16, 17]. Thus, we hypothesized that PMA could be applied as a sur-
rogate of total muscle mass in HF population and we sought to explore its prognostic significance.

Association of lower PMI with HF

In the present study, female sex and lower BMI were independently associated with lower PMI
(Fig 2), which was consistent with the previous report [15]. Also, we found E/e’” were negatively
associated with PMI (Fig 2). This finding is in line with the previous reports that showed nega-
tive correlation of E/e” with skeletal muscle mass index (SMI) assessed by BIA or appendicular
skeletal muscle mass by DEXA [32, 33]. As a potential mechanism, elevated LV end-diastolic
pressure can cause pulmonary congestion accompanied by oxygen desaturation on exertion or
even at rest, which can eventually lead to the decreased physical activity. A sequence of these
physiological responses may result in disuse muscle atrophy in elderly patients with HF. On
the other hand, lower muscle mass is related to insulin resistance [34] which can cause the
exacerbation of diastolic dysfunction [32]. Collectively, LV diastolic dysfunction can poten-
tially lead to decreased muscle mass and vice versa. Their causal relationship and detailed
mechanisms remain unproved and need further investigation.
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Table 2. Univariate-unadjusted and multivariate-adjusted Cox proportional hazard model analysis for the composite endpoint of all-cause death and ADHF re-
hospitalization.

A. Overall
Univariate-unadjusted Multivariate-adjusted
HR 95%CI P-value HR 95%CI P-value
Age 1.04 1.02-1.06 <0.001 1.05 1.02-1.07 <0.001
Sex (Female) 1.15 0.85-1.55 0.36 1.12 0.79-1.57 0.52
BMI 0.97 0.93-1.01 0.15 1.01 0.96-1.06 0.65
History of heart failure admission 2.65 1.96-3.58 <0.001 2.29 1.63-3.22 <0.001
Ischemic etiology 1.24 0.90-1.69 0.19 1.24 0.85-1.81 0.26
Atrial fibrillation 1.59 1.17-2.18 0.003 1.48 1.06-2.08 0.022
Systolic blood pressure 0.99 0.98-0.99 0.003 0.99 0.99-1.00 0.21
NT-proBNP 1.00 0.99-1.00 0.19 1.00 0.99-1.00 0.40
hemoglobin 0.89 0.82-0.95 0.001 0.96 0.88-1.05 0.37
eGFR 0.99 0.98-0.99 0.014 0.99 0.99-1.01 0.96
LVEF 0.99 0.98-1.00 0.10 0.99 0.98-1.00 0.16
Low PMI 1.42 1.02-1.96 0.038 1.52 1.06-2.16 0.024
B. Male
Univariate-unadjusted Multivariate-adjusted
HR 95%CI P-value HR 95%CI P-value
Age 1.04 1.01-1.07 0.009 1.05 1.02-1.09 0.002
BMI 0.97 0.91-1.03 0.29 1.01 0.94-1.07 0.84
History of ADHF admission 2.65 1.78-3.97 <0.001 2.59 1.60-4.21 <0.001
Ischemic etiology 1.38 0.92-2.06 0.12 1.26 0.79-2.01 0.33
Atrial fibrillation 1.74 1.15-2.65 0.008 1.51 0.97-2.41 0.071
Systolic blood pressure 0.99 0.98-0.99 0.009 0.99 0.99-1.00 0.21
NT-proBNP 1.00 0.99-1.00 0.37 1.00 0.99-1.00 0.47
hemoglobin 0.89 0.81-0.97 0.012 0.47 0.11-2.07 0.32
eGFR 0.99 0.98-1.01 0.33 1.01 0.99-1.02 0.18
LVEF 0.99 0.98-1.00 0.15 0.99 0.98-1.01 0.47
Low PMI 1.98 1.27-3.03 0.003 1.85 1.13-2.95 0.015
C. Female
Univariate-unadjusted Multivariate-adjusted
HR 95%CI P-value HR 95%CI P-value
Age 1.05 1.02-1.08 0.004 1.04 1.00-1.08 0.042
BMI 0.98 0.92-1.04 0.53 1.01 0.94-1.09 0.78
History of ADHF admission 2.63 1.67-4.16 <0.001 2.16 1.26-3.72 0.005
Ischemic etiology 1.21 0.66-2.07 0.51 1.17 0.58-2.27 0.64
Atrial fibrillation 1.45 0.92-2.34 0.11 1.41 0.84-2.43 0.20
Systolic blood pressure 0.99 0.98-1.00 0.11 0.99 0.99-1.01 0.56
NT-proBNP 1.00 0.99-1.00 0.12 1.00 0.99-1.00 0.94
hemoglobin 0.88 0.79-0.99 0.040 0.97 0.84-1.12 0.68
eGFR 0.98 0.97-0.99 0.007 0.99 0.98-1.00 0.20
LVEF 0.99 0.98-1.01 0.24 0.99 0.97-1.01 0.24
Low PMI 0.99 0.59-1.60 0.97 1.25 0.68-2.25 0.46

ADHEF, acute decompensated heart failure; HR, hazard ratio; CI, confidence interval; BMI, body mass index; NT-proBNP, N-terminal pro-brain natriuretic peptide;

eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; PMI, psoas muscle index.

https://doi.org/10.1371/journal.pone.0247140.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0247140 February 16, 2021 8/13


https://doi.org/10.1371/journal.pone.0247140.t002
https://doi.org/10.1371/journal.pone.0247140

PLOS ONE

Psoas muscle area predict clinical events in heart failure

The potential of muscle mass measurement in HF

Our findings of higher cumulative incidence of all cause death and ADHF re-hospitalization
in low PMI group were consistent with the previous reports [14]. In the present study PMI was
not associated with future clinical adverse events in female. The differential clinical impact of
PMI between male and female remains unknown. The gender difference in the clinical impact
of PMI in the other cohort has been inconsistent [35, 36]. In the present study female showed
much lower PMI values and their distribution was narrower compared with male. Also, in
female age was higher than male and the elderly-related factors such as comorbidities, cogni-
tive impairment, poor adherence, or social circumstances might additionally influence the
clinical outcome.

One recent single center observational study enrolling patients with HFrEF reported low
PMA was associated with a higher rate of all-cause mortality at 1 year only in males and those
under 75 years old [35]. However, in their study, the risk of bias due to relatively small sample
size (N = 160) and no correction of PMA by body surface area or height cannot be excluded.
The present study with larger sample size comprehensively enrolled all types of HF (i.e.
HFpEF) and employed PMA corrected by the square of height (PMI). Thus, we believe that
the present study assessed the prognostic value of PMA in elderly HF patients in a more appro-
priate manner.

Interestingly, BMI, a measure of body mass but not composition, did not remain significant
for the prediction of the clinical outcome in the present study (Table 2), although low BMI has
been shown to be associated with unfavorable outcome in patients with CHF, often referred to
as “obesity paradox” [37, 38]. Our findings raise the hypothesis that increased muscle mass in
obese patients might explain one of the potential mechanisms of obesity paradox. This hypoth-
esis is also supported by the previous study, which demonstrated that midarm muscle area but
not BMI predicted long-term survival in elderly patients with CHF [39]. Taken together, PMA
measurement might have a potential for providing better prediction of future adverse events
compared with BMI. These findings might be linked to the identification of the patients who
are at high risk for repeated hospitalization, often referred to as “frequent flyer” [40]. It was
shown that exercise training increased whole-body lean tissue mass in elderly patients and was
associated with a reduced hospitalization rate and an improved health-related quality of life in
patients with CHF [41, 42]. We believe that from our findings PMI may help identify patients
who will greatly benefit from exercise training. However, it is also possible that low PMI and/
or its clinical impact might be irreversible any longer and this patient group might need other
interventions like a nutrition therapy or further optimization of medical therapy. Further
investigation will be needed to elucidate this issue.

Limitations

This study has several important limitations. First, the standard procedure for the assessment
muscle mass such as BIA or DEXA was not assessed in this study. Since PMA obtained from
CT has been shown to correlate well with whole body muscle mass [15], we utilized PMA as a
surrogate for total muscle mass, but in a small study their correlation was modest [43]. Second,
this study only included the patients who underwent abdominal CT. Although we verified the
data of baseline characteristics and the clinical outcome after discharge between CT group and
non-CT group (S1 Table and 54 Fig). Also, patients who underwent CT scans during hospitali-
zation and/or up to 1 year before hospitalization were included. There may have been some
changes in muscle mass during this time interval, although we verified the data in some
patients who underwent multiple CT scans within 1 year before hospitalization and they
scarcely showed the changes in PMI in the time interval (data not shown). Third, although low
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PMI assessed by our method corresponds with pre-sarcopenia that was defined as a decrease
in muscle mass [2], we did not evaluate the other objective parameters of sarcopenia indicating
muscle or physical function such as handgrip strength gait speed, or exercise tests of METS
questionnaire. Fourth, although sarcopenia is linked to the pathology of frailty [13] and
cachexia [44], they were not assessed in the present study. Lastly, the present study was con-
ducted at a single center with a relatively small number of patients with homogeneous Asian
population, the generalizability of these results to other ethnic groups may be limited. To con-
firm the results of the present study, a prospective multicenter study is needed.

Conclusions

In conclusion, PMI, a novel marker of muscle mass, predicted clinical adverse events in male
elderly patients hospitalized for ADHF. Further studies are needed to assess whether low skele-
tal muscle mass can be a potential therapeutic target to improve the outcome of ADHF
patients especially for frequent flyers.

Supporting information

S1 Fig. An example of tracing of psoas muscles on CT scan. A. axial section B. sagittal sec-
tion of CT scan. As shown in the yellow line, the bilateral psoas muscles at the level of the
fourth lumbar vertebra were manually traced. CT, computed tomography.

(TIF)

S2 Fig. Study flowchart of the patient enrollment and follow up. The patients who were hos-
pitalized at the Sakakibara Heart Institute between November 2011 and December 2015 were
enrolled. Those who did not undergo abdominal CT during or within 1 year before hospitali-
zation and no height data were excluded. ADHF, acute decompensated heart failure; CT, com-
puted tomography.

(TIF)

S3 Fig. The reasons why CT was performed in the study population. The regions or diseases
of interest are shown. The most common reason was evaluation of lung field. CT, computed
tomography.

(TTF)

S4 Fig. Kaplan-Meier curve according to the CT group and non-CT group. The endpoint
was defined as the composite of all-cause death and ADHF re-hospitalization (A.), all-cause
death (B.) and ADHF re-hospitalization (C.). ADHF, acute decompensated heart failure; CT,
computed tomography.

(TIF)

S§1 Table. Baseline characteristics of CT group and non-CT group.
(PDF)
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