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Abstract

Background Obesity is common in the heart failure (HF) population and is regarded as an important risk factor for
developing HF. Greater skeletal muscle mass has shown to be the underlying protective factor against cardiac failure.
Since diabetic mellitus (DM) can impair muscle protein metabolism, leading to skeletal muscle wasting, accompanied
by adipose tissue accumulation, sarcopenic obesity (SO) may be a high-risk phenotype with poor outcomes in this
specific population, especially in HF with reduced ejection fraction (HFrEF). Thus, the aim of this study was to clarify
the clinical profiles, left ventricular (LV) remodeling, and prognostic implications of SO in patients with HFrEF and DM.

Methods A total of 283 patients who underwent cardiac MRI were included. Thoracic skeletal muscle index (SMI)
was served as a surrogate of skeletal muscle mass. Patients were stratified according to the median thoracic SMI

(42.75 cm?/m?) and body mass index (25 kg/mz). Obesity in conjunction with a SMI lower than the median is referred
to as SO. The LV volume and function, as well as the systolic strain, were measured. The clinical characteristics and
cardiovascular outcomes (heart failure readmission, cardiovascular mortality and heart transplantation) were recorded.

Results Patients with SO had a greater level of amino-terminal pro-B-type natriuretic peptide and were more likely
than nonsarcopenic patients with obesity to present with hypoproteinemia. Among patients with obesity, those with
sarcopenia displayed greater LV expansion and more profound LV dysfunction, together with an increase in LV mass.
During a median follow-up duration of 35.1 months, a total of 73 (25.8%) subjects reached the composite endpoint,
with a worst outcome in the group of patients with SO (log-rank P=0.04). Multivariable Cox analysis revealed that
patients with SO had an approximately 3-fold greater risk of experiencing adverse outcomes than did those with
neither sarcopenia nor obesity (hazard ratio: 3.03, 95% confidence interval: 1.39 to 6.63; P=0.005).
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Conclusions SO is a potentially high-risk phenotype with adverse LV remodeling and poor clinical outcomes in
diabetic patients with HFrEF that may require more attention.

Keywords Sarcopenic obesity, Diabetes mellitus, Heart failure with reduced ejection fraction, Left ventricular

remodeling, Outcome

Introduction

Currently, heart failure (HF), especially HF with reduced
ejection fraction (HFrEF), which accounts for approxi-
mately 50% of patients in the HF population, remains a
major public health problem worldwide, with an unfa-
vorable prognosis and a high prevalence among elderly
individuals [1, 2]. At present, obesity has been considered
an important clinical profile for HF-related phenotyping.
There is an interesting phenomenon termed the “obe-
sity paradox’, which describes that patients with a higher
body mass index (BMI) have better clinical outcomes
than their nonobese counterparts with a similar degree of
HE. This phenomenon is more common for HFrEF than
for HF with preserved ejection fraction [3]. Although the
exact reasons for this phenomenon are not fully under-
stood, there is now evidence to support the role of pre-
served lean muscle mass that underlies the preventative
effect of a higher BMI against skeletal muscle reduction
during the progression of HFrEF [4, 5]. However, several
studies have shown that obesity may not improve the
prognosis of established HFrEF when it coexists with dia-
betes mellitus (DM), suggesting a unique but detrimen-
tal effect of DM on body composition alterations in this
population [6-9].

Sarcopenic obesity (SO) is defined as a geriatric syn-
drome characterized by a concurrent decrease in skeletal
muscle mass and function, along with excessive adipose
tissue [10]. Data from a population-based study in the
United States showed a prevalence of SO of 28.3% in
people older than 60 years [11]. Indeed, certain popula-
tions, such as patients with HFrEF comorbid with DM,
might be at a greater risk of developing SO. In the con-
text of this clinical condition, DM can impair muscle pro-
tein metabolism, leading to skeletal muscle wasting and
thereafter reduced exercise capacity. Physical inactivity
in turn exacerbates insulin resistance and obesity-related
skeletal muscle loss and ultimately promotes the occur-
rence of SO [12]. Therefore, SO may be a high-risk phe-
notype within the spectrum of HFrEF patients with DM,
warranting further investigation. However, to the best of
our knowledge, no data are available with comprehen-
sive MRI analysis on this issue. In this study, we aimed to
explore clinical profiles and left ventricular (LV) remod-
eling and examine the prognostic implications of SO in
patients with HFrEF and DM.

Methods

Study cohort and data definitions

This retrospective study included patients with HFrEF
referred to our hospital between January 2015 and April
2023. The diagnosis of HFrEF was established according
to the guidelines from the European Society of Cardiol-
ogy (2021) [13]. All consecutive patients met the follow-
ing criteria: (1) had at least one symptom and/or sign of
decompensated HF in the previous 3 months; (2) had a
reduced (<40%) LV ejection fraction (LVEF) as assessed
by cardiac MRI; and (3) had an elevated amino-termi-
nal pro-B-type natriuretic peptide (NT-proBNP) level.
Patients who met at least one of the following criteria
were excluded: (1) aged younger than 18 years, (2) had
acute coronary syndrome and/or severe arrhythmia in
the last 3 months, or (3) had incomplete clinical or MRI
information. In this study, we just included patients with
Type 2 diabetes. The diagnosis of DM was made when
patients fulfilled at least one of the following criteria: (1)
self-reported DM, (2) current use of oral glucose-lower-
ing medications, (3) a fasting plasma glucose level higher
than 7.0 mmol/L, or (4) a hemoglobin Alc level greater
than 6.5% [14]. BMI was calculated as weight divided by
height squared. While Asians generally have a greater
percentage of body fat than Caucasians of the same age,
sex and BM], this study used a BMI cutoff value of 25 kg/
m? to define obesity [15, 16]. The flowchart of this study
was shown in Fig. 1.

Patients were all in hospital at the time of identifica-
tion in this study. Baseline data on demographics, clini-
cal characteristics, laboratory measurements and medical
treatments were retrieved from hospital records. At our
institution, the reference range for albumin assays is
35-47 g/L, and the diagnosis of hypoproteinemia is made
when the albumin concentration is less than 35 g/L. Ane-
mia was diagnosed using the World Health Organization
criteria: a hemoglobin concentration less than 120 g/L
in nonpregnant adult females and less than 130 g/L in
adult males [17]. This study was approved by the Bio-
medical Research Ethics Committees of our hospital and
complied with the Declaration of Helsinki. The need for
informed consent was waived by the ethics committee.
All medical data were protected with full confidentiality
and used only for the purpose of the present study.

Cardiac MRI acquisition
Cardiac MRI was performed on a 3-Tesla scanner (MAG-
NETOM Skyra/Tim Trio; Siemens Healthcare, Erlangen,
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Fig. 1 Study cohort. MRl Magnetic resonance imaging, BMI Body mass index, SM/ Skeletal muscle index

Germany) for each patient. As included in the routine
scanning protocol, an axial stack of steady-state free
precession (SSFP) images covering the entire heart was
obtained for localization. The typical acquisition param-
eters were as follows: temporal resolution =224.16 ms;
echo time (TE)=1.23 ms; slice thickness=6.0 mm; flip
angle (FA) =60°; acquisition matrix = 126 x 256 pixels; and
field of view (FOV) =340 x 255 mm? For cine imaging, a
balanced SSFP sequence was performed with the follow-
ing parameters: repetition time (TR)=2.81 ms; TE=1.22
ms; slice thickness=8.0 mm; FA=40°/50° acquisition
matrix =166 x 208 pixels; and FOV=340x284 mm?
Twenty-five frames were reconstructed per breath-hold
acquisition for the cine images.

Skeletal muscle mass reduction assessment

Several previous studies have addressed the relationship
between axial thoracic skeletal muscle size and progno-
sis in HF patients and have confirmed the feasibility and
simplicity of axial thoracic skeletal muscle size measure-
ments for assessing muscle mass reduction [4, 9, 18]. This
method of quantifying thoracic skeletal muscle mass
could provide important prognostic information related
to sarcopenia from routine cardiac MRI images without
the need for additional approaches. Thus, in the pres-
ent study, total bilateral axial thoracic skeletal muscle
size standardized by body surface area (BSA) (cm?/m?)
was used as a surrogate to evaluate the decrease in skel-
etal muscle mass. In brief, it was an area measurement

of multiple muscles taken from a single slice. Thoracic
skeletal muscle at the level of the carina, including mus-
cle groups of pectoralis major, pectoralis minor, serratus
anterior, periscapular, paraspinal, and trapezius muscles,
were manually traced bilaterally to obtain cross-sectional
area [9]. The median thoracic skeletal muscle index (SMI)
was used as the cutoff value to define the loss of skeletal
muscle mass. Patients with SMI lower than 42.75 cm?/m?
was regarded as skeletal muscle mass reduction. The sta-
tus of SO in our study cohort was defined as both having
an SMI lower than 42.75 cm?/m?* and a BMI higher than
25 kg/m?.

LV remodeling assessment

All analyses related to LV geometry, volume and myocar-
dial mechanics were completed using commercially avail-
able CVI** software (Circle Cardiovascular Imaging, Inc.,
Calgary, Alberta, Canada). For LV geometry and func-
tion analyses, endocardial and epicardial borders were
traced semiautomatically at the LV end-diastolic and
end-systolic phases on the short-axis stacks and manu-
ally corrected if needed. The LVEEF, LV end-diastolic vol-
ume (LVEDV), LV end-systolic volume (LVESV), and LV
stroke volume (LVSV) were automatically calculated. LV
papillary muscles were included in the LV mass (LVM)
measurements but not in the LV volume measurements.
LV volumetric measurements and LVM were indexed for
BSA. LV hypertrophy (LVH) was defined as an indexed
LVM > 115 g/m? in men and >95 g/m? in women [19]. For
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LV mechanics analyses, a stack of short-axis cine images
combined with 4-, 2- and 3-chamber long-axis images
were loaded into the feature-tracking module. We delin-
eated the LV endocardial and epicardial borders at the
end-diastolic phase (reference phase) of all cine images.
The software automatically traced the contours through-
out the cardiac cycle. Global myocardial peak strains in
longitudinal (GLS), circumferential (GCS) and radial
(GRS) components were calculated as the total deforma-
tion of the myocardium from its initial length at the end-
diastolic phase to its final length at the end-systolic phase
and are expressed as a percentage (%).

Clinical outcomes during follow-up

The primary endpoint was the composite of HF read-
mission, cardiovascular death and heart transplanta-
tion, whichever occurred first. Cardiovascular death
was defined as death attributable to progressive cardiac
decompensation (death preceded by acute worsening or
exacerbation of HF), myocardial infarction, sudden death
(i.e. unexpected death in patients with a previously stable
clinical course). By reviewing electronic medical records
or telephone interviews (Dr. G.Z.), we retrospectively col-
lected follow-up data for all subjects until the occurrence
of any endpoint or until censoring on March 1, 2024. The
duration of follow-up was calculated as the time from
cardiac MRI to either the occurrence of any endpoint or
the last follow-up date.

Statistical methods

Statistical analyses were performed using SPSS (IBM
SPSS, Inc., Armonk, New York, USA) and Prism (Graph-
Pad Software, Inc., San Diego, California, USA) software.
Patients were divided into four cohorts according to the
SMI and BMI cutoff values: nonsarcopenic/nonobese
(SMI>42.75 cm?/m? and BMI<25 kg/m?), sarcopenic/
nonobese (SMI <42.75 cm?/m? and BMI < 25 kg/m?), non-
sarcopenic/obese (SMI>42.75 cm?/m? and BMI >25 kg/
m?), and SO (SMI<42.75 cm?/m?* and BMI>25 kg/m?).
The normality of the data was determined using the Sha-
piro—Wilk test. Continuous variables are presented as
the means and SDs or medians and interquartile ranges
(IQRs). Categorical variables are presented as counts and
percentages. Between-group differences were examined
using Student’s t test, the Wilcoxon—-Mann—Whitney
test, or the chi-square test (Fisher’s exact test), as appro-
priate. Differences in clinical profiles and cardiac MRI
findings were tested between (1) nonsarcopenic and sar-
copenic individuals in nonobese and obese cohorts and
(2) nonobese and obese individuals in nonsarcopenic
and sarcopenic cohorts. Adverse event rates among the
four groups were compared using Kaplan—Meier survival
analysis with the log-rank test. Associations between
SO status and prognosis were determined using a
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multivariable Cox proportional hazards model. SO status
was treated as a dummy variable, with nonsarcopenic/
nonobese status used as the reference when performing
Cox analysis. The clinically critical variables or variables
with P values<0.10 in univariable models were used as
adjustment variables in the multivariable Cox model. Dif-
ferences with a two-tailed P value <0.05 were considered
to indicate statistical significance.

Results

Clinical profiles of the study cohort

This study included a total of 283 patients with a diag-
nosis of DM comorbid with HFrEF. The mean age of
patients were 56.6+11.6 years of age and 71.4% were
men. The mean BMI of patients in the overall cohort
were 24.7 +3.8 kg/m?. Patients were classified into four
cohorts according to the SMI (42.75 cm?/m?) and BMI
(25 kg/m?) cutoff values for analysis. Figure 2 showed the
differences in axial thoracic skeletal muscle size in indi-
viduals among different subgroups. Among the overall
study cohort, there was a nonsignificant trend toward
a greater incidence of sarcopenia in nonobese patients
than in patients with obesity (54.1% vs. 42.1%; P=0.06).
On average, patients with obesity were approximately
6.0 years younger at diagnosis and were predominantly
male (all P<0.05). In nonobese but not in obese group,
individuals with sarcopenia were more likely to have
DM duration more than 5 years (P=0.049). Interestingly,
among individuals with sarcopenia, those with obesity
were less likely to have DM duration more than 5 years in
comparison with nonobese individuals (22.6% vs. 48.2%;
P=0.011). There were no differences regarding the New
York Heart Association (NYHA) functional class, etiol-
ogy of HF or HF duration between nonsarcopenic and
sarcopenic patients in either nonobese or obese cohorts.
More detailed clinical characteristics were presented in
Table 1.

SO and LV remodeling

Among patients with obesity, compared to those with-
out sarcopenia, patients with sarcopenia showed
increased indexed LVEDV [158.0 (114.7, 192.9) mL/m?
vs. 141.3 (105.2, 165.3) mL/m% P=0.04], indexed LVESV
[121.7 (88.9, 168.0) mL/m? vs. 101.7 (72.8, 129.2) mL/
m?% P=0.02], and a depressed LVEF [21.3 (15.4, 28.0)%
vs. 28.0 (20.6, 34.2)%; P<0.001]. Notably, compared to
those without SO, patients with SO demonstrated a
larger indexed LVM (87.3+19.6 g/m?* vs. 71.8+13.9 g/
m? P<0.001), as was also the case in the subgroups
of nonobese patients with and without sarcopenia
(86.7+19.2 g/m?* vs. 79.9+16.1 g/m% P=0.02). Among
the four cohorts, the presence of LVH was most common
in patients with SO.
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Fig. 2 Examples of four patients referred to cardiac MRI. The area of thoracic skeletal muscle size measured in this study was marked with red (pectoralis
major), green (pectoralis minor), blue (serratus anterior), yellow (periscapular), cyan (paraspinal), and purple (trapezius muscles), respectively. MRI Mag-

netic resonance imaging, BMI Body mass index, SM/ Skeletal muscle index

The magnitudes of peak strain in the longitudinal, cir-
cumferential, and radial components were comparable
between nonobese patients with and without sarcope-
nia. Nevertheless, in the obese subgroup, more severe
decreases in the GLS [-3.9 (-2.6, -5.5)% vs. -5.7 (-4.0,
-6.9)%; P<0.001], GCS [-6.2 (-4.6, -8.4)% vs. -7.6 (-5.2,
-10.0)%; P=0.005] and GRS [7.1 (4.6, 10.6)% vs. 8.3 (6.8,
12.2)%; P=0.02)] were observed in patients with SO than
in those without sarcopenia. In addition, patients with SO
displayed a more severe impairment in the magnitudes of
GLS [-3.9 (-2.6, -5.5)% vs. -4.6 (-3.3, -6.2)%; P=0.04] and
GCS [-6.2 (-4.6, -8.4)% vs. -7.1 (-5.0, -10.3)%; P=0.03]
compared with their counterparts with sarcopenia alone.

SO and clinical outcomes

During a median follow-up duration of 35.1 (IQR, 21.8,
58.7) months after discharge, a total of 73 (25.8%) sub-
jects reached the composite endpoint, among whom
59 patients (20.8%) were rehospitalized due to HF pro-
gression, 9 patients (3.2%) died and 5 patients (1.8%)
underwent heart transplantation. Kaplan—Meier sur-
vival analysis revealed a significantly lower survival rate

in the SO subgroup than in the other subgroups (log-
rank P=0.04) (Fig. 3A). According to the unadjusted
Cox proportional hazard analysis, SO status was signifi-
cantly associated with an increased risk of experienc-
ing the composite endpoint [hazard ratio (HR): 3.81,
95% confidence interval (CI): 1.50 to 6.45; P<0.001]
when considering nonsarcopenic/nonobese individu-
als as the reference subgroup. Importantly, the asso-
ciations between SO status and the risk of experiencing
poor outcomes remained significant after multivariable
adjustment for age, sex, log NT-proBNP concentrations,
hypoproteinemia status, anemia status, DM duration,
beta-blocker use status, insulin use status, angiotensin
receptor-neprilysin inhibitor use status, sodium—glucose
cotransporter-2 inhibitor use status, LVEF and GLS, with
an adjusted HR of 3.03 (95% CI: 1.39 to 6.63; P=0.005)
(Table 2). Additionally, based on the median follow-up
duration in each subgroup, we found that the incidence
rate of adverse outcomes was 17.1/100 person—years in
the SO subgroup, which was the highest among the four
subgroups (Fig. 3B).
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Table 1 Baseline characteristics of the study cohort

Variables Non-obese patients Obese patients

Non-sarcopenic (1=72) Sarcopenic (n=85) P-value Non-sarcopenic (n=73) Sarcopenic(n=53) P-value
Age, yrs 580+11.2 60.4+104 0.17 525+120% 543+112% 0.39
Male, n (%) 45 (62.5) 51 (60) 032 62 (849)* 44 (83.0) T 0.77
BMI, kg/m? 224+19 21.8+2.1 0.09 281+28% 276+24% 0.29
SBP. mmHg 1173+£196 121.3+£229 0.25 122.1£19.8 123.5+19.7 0.69
DBP, mmHg 77.1£130 776147 0.79 80.2+15.1 834+178 0.28
HR, beats/min 87.1+£180 874£179 0.92 845+169 87.7£163 0.30
NYHA functional class llI-IV, n (%) 60 (83.3) 73 (85.9) 0.66 61 (83.6) 48 (90.6) 0.26
Ischemic cause of HF, n (%) 20(27.8) 23(27.1) 061 24 (32.9) 19 (35.8) 0.73
HF duration, n (%)
<lyr 40 (55.5) 44 (51.7) 0.76 43 (58.9) 27 (50.9) 0.66
>Tand <5yrs 19 (26.4) 27 (31.8) 20 (274) 18 (34.0)
>5yrs 13(18.1) 14 (16.5) 10(13.7) 8(15.1)
DM duration, n (%)
<lyr 37(514) 33(388)" 0049 46 (63.0) 31(585) t 0.83
>Tand <5yrs 14 (19.4) 11(12.9) 11(15.1) 10(18.9)
>5yrs 21(29.2) 41 (482)" 16 (21.9) 12 (22.6) t
Major comorbid conditions and laboratory measurements
CAD, n (%) 30(41.7) 29 (34.1) 033 32 (43.8) 21(39.6) 0.64
HT, n (%) 27 (37.5) 36 (42.4) 0.54 45(616)" 32(604) t 0.89
AF, n (%) 8(11.0) 11 (20.8) 013 19 (26.4) * 21 (24.7) 0.81
Hypoproteinemia, n (%) 24 (33.3) 43 (50.6) 0.03 9(123)" 26 (49.1) <0.001
Albumin, g/L 40.5+52 387+£55 0.03 427+33% 40.5+4.6% 0.004
Anemia, n (%) 20 (27.8) 33(38.38) 0.14 682" 11(20.8) t 0.04
Hemoglobin, g/L 1348+218 129.0+249 013 1495+214% 142.8+24.20* 0.11
NT-proBNP, pg/mL 1889 (1071,3772) 2456 (1232, 6603) 0.27 1209 (495, 3102)% 3835 (1645, 9067) <0.001
FBG, mmol/L 76 (6.1,9.6) 7.9(6.2,10.6) 0.54 73(6.2,9.1) 7.3(6.3,94) 0.85
HbA1c, % 6.9(6.3,7.9) 74(6.7,84) 0.04 8(6.3,8.1) 3(6.6,8.1) 033
TG, mmol/L 1.3(0.9,2.0) 1.2(09,1.9 0.61 9(14,25)% 1.5(1.1,2.5)* 0.04
TC, mmol/L 4.0(33,4.6) 4.0(3.2,47) 0.99 9(3.2,48) 9(33,4.9) 044
eGFR, mL/min/1.73m? 734+214 7044226 042 791+219 7514269 037
Cardiovascular medications, n (%)
B-blocker (80 6) 58 (68.2) 0.08 9(80.8) 44 (83.0) 0.75
ACEI/ARB 2(72.2) 57 (67.0) 0.48 1(69.9) 38(71.7) 0.82
ARNI (52 8) 9 (45.9) 039 1(56.2) 29 (54.7) 0.87
SGLT-2i 23(31.9) 32(37.6) 0.46 32(43.8) 18 (34.0) 0.26
Loop diuretics 5(76.4) 67 (78.8) 0.72 54 (74.0) 41(774) 0.66
MRA (79 2) 63 (74.1) 0.46 1(69.9) 42(79.2) 0.24
Statins 1(43.1) 38 (44.7) 0.83 0(54.8) 29 (54.7) 0.99
Digoxin ( .7) 20(23.5) 0.29 0(13.7) 11(20.8) 0.29
Hypoglycemic medications, n (%)
Insulin 6(22.2) 39 (45.9) 0.002 12 (16.4) 23 (43.4) 0.001
Metformin 21(29.2) 30(35.3) 041 25(34.2) 15(28.3) 0.48
a-Gl 0(27.8) 21 (24.7) 0.66 18 (24.7) 15(28.3) 0.65
Sulfonylureas 15 (20.8) 8(94) 0.04 9(12.3) 8(15.1) 0.65

Data are presented as mean+SD, media (Q1, Q3) or number (percentage)

Student’s t test or Wilcoxon-Mann-Whitney test: & P-value <0.05 vs. patients with non-sarcopenia/non-obesity. *. P-value < 0.05 vs. patients with sarcopenia/non-
obesity. Chi-square test (Fisher’s exact test): *. P-value < 0.05 vs. patients with non-sarcopenia/non-obesity. t. P-value < 0.05 vs. patients with sarcopenia/non-obesity

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; NYHA, New York Heart Association; HF, heart
failure; DM, diabetic mellitus; CAD, coronary artery disease; HT, hypertension; AF, atrial fibrillation; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; FBG,
fasting blood glucose; HbAlc, glycated hemoglobin; TG, triglycerides; TC, cholesterol; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting
enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; SGLT-2i, sodium-glucose cotransporter-2 inhibitors; MRA,
mineralocorticoid receptor antagonist; a-Gl, a-Glucosidase inhibitors
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Fig. 3 Survival analysis according to the SO status. Kaplan-Meier survival curves demonstrating the overall survival rates among the four subgroups (A).

The composite event rate per 100 person-year (B). SO Sarcopenic obesity

Table 2 Cox proportional hazards analysis to identify the
association between SO and clinical outcomes

HR (95% ClI) P-value
Unadjusted model
Non-sarcopenic/non-obese 1.00 (reference)
Sarcopenic/non-obese 296(1.28,5.11) <0.001
Non-sarcopenic/obese 1.39(0.63, 3.05) 042
SO 3.81(1.50,6.45) <0.001

Model 1: adjusted for age, sex, NT-proBNP®, the presence of hypoprotein-
emia and anemia, DM duration

Non-sarcopenic/non-obese 1.00 (reference)

Sarcopenic/non-obese 2.50(1.23,5.09) 0.012
Non-sarcopenic/obese 144 (0.64,3.26) 0382
SO 3.24(1.53,6.87) 0.002

Model 2: adjusted for model T combined with the use of B-blocker, insulin,
ARNI, and SGLT-2i

Non-sarcopenic/non-obese 1.00 (reference)
Sarcopenic/non-obese 2.25(1.09, 4.66,
(

) 0.028
Non-sarcopenic/obese 1.40(0.62,3.17) 0423
SO 3.29(1.54,7.08) 0.002
Model 3: adjusted for model 2 combined with LVEF and GLS
Non-sarcopenic/non-obese 1.00 (reference)
Sarcopenic/non-obese 1.94(1.02,4.08) 0.035
Non-sarcopenic/obese 1.36(0.59,3.14) 0470
SO 3.03(1.39,6.63) 0.005

S, NT-proBNP is log-transformed before being included in the Cox model

Abbreviations: SO, sarcopenic obesity; HR, hazard ratio; Cl, confidence interval;
NT-proBNP, amino-terminal pro-B-type natriuretic peptide; DM, diabetic
mellitus; ARNI, angiotensin receptor-neprilysin inhibitor; SGLT-2i, sodium-
glucose cotransporter-2 inhibitors; LVEF, left ventricular ejection fraction; GLS,
global longitudinal peak strain

Discussion

The present study performed a detailed characteriza-
tion of SO in clinical profiles, LV remodeling, and clini-
cal outcomes in patients with HFrEF concomitant with
DM. Our results supported the existence of a distinct SO

phenotype with a poor prognosis within the spectrum of
this entity. The main findings of this study are summa-
rized as follows: (1) Despite having a similar NYHA func-
tional class, compared to those with obesity but without
sarcopenia, patients with SO had a greater level of NT-
proBNP but a lower level of albumin. Moreover, patients
with SO were more likely to have a more advanced dis-
ease progression of DM in comparison with those with
sarcopenia alone. (2) Patients with SO displayed greater
LV expansion and more profound LV dysfunction,
together with an increase in LVM, resulting in eccentric
cardiac remodeling. (3) Among HFrEF patients with DM,
SO status was associated with a poor disease prognosis,
indicated by an approximately 3-fold greater risk of expe-
riencing adverse outcomes than those with neither sarco-
penia nor obesity.

Clinical profiles of patients with SO

Obesity is highly prevalent in patients with HFrEF, with
approximately 40-50% of patients having either over-
weight or obesity status [20]. Although obesity has
been repeatedly shown to be a major independent risk
factor for developing HF, the “obesity paradox” phe-
nomenon seems to exist, as indicated by a better HF
prognosis among patients with obesity, making the
interaction between obesity and HF, especially HFrEF,
more confusing [3, 21-26]. In recent years, the study of
body composition changes may have helped to elucidate
the survival benefit underlying the protective effect of a
greater BMI on disease prognosis for HFrEF patients [4,
5].

DM and obesity often occur concomitantly, and both
DM and obesity closely interact with each other. Since
DM can reduce muscle protein synthesis, it is necessary
to evaluate SO in the context of HFrEF with coexisting
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DM. HF patients with obesity display lower levels of
natriuretic peptides than nonobese patients, which has
been attributed to enhanced degradation of natriuretic
peptides in adipose tissue [21]. In our study, only patients
with obesity without sarcopenia had expectedly lower
median levels of NT-proBNP than their nonsarcopenic/
nonobese counterparts. In contrast, we observed remark-
ably elevated levels of NT-proBNP in patients with SO
compared to those in patients with obesity without sar-
copenia. The exact reasons for this observation remain
unclear. The loss of lean muscle mass together with excess
adipose tissue deposition may fail to prevent plasma vol-
ume expansion, resulting in increased wall stress and
increased natriuretic peptide production. Moreover, we
noticed that the serum albumin concentration was lower
in patients with sarcopenia than in those without sarco-
penia, regardless of BMI, which indicated that patients
with sarcopenia were malnourished. However, this find-
ing is partially reasonable for SO patients. In fact, for
patients with SO, this abnormality may further suggest
a metabolic imbalance in which obesity is involved. Cur-
rent evidence shows that alterations in hormones, such
as adiponectin and leptin, in the context of obesity may
play a prominent role in anabolic—catabolic imbalance
[27-29]. In clinical practice, the phenotype of SO, but not
sarcopenia alone, could be easily ignored, since patients
with SO present with a considerably increased BMI,
which seems to indicate a relatively robust metabolic
substrate. Therefore, recognizing the specific features of
SO is necessary for clinicians to identify potential treat-
ment targets.

LV remodeling in patients with SO

Obesity is considered to contribute to an increase in
total blood volume in HF patients. The augmentation of
blood volume and cardiac output thereby predisposes
patients to LV enlargement and eccentric remodeling
[30]. However, the alterations involved in LV remodeling
in patients with SO are not entirely understood. In our
study, elevated LV volumes were observed in patients
with SO, accompanied by increased LVM and more
prominently impaired LV contractile function across the
study cohort. This observation was in keeping with our
previous study, which demonstrated that a lower SMI
was associated with ‘nonfunctional’ LV hypertrophy [9].
Moreover, despite the comparable LVH between patients
with sarcopenia with and without obesity, we found
that the former displayed a more exacerbated decline
in LV contractile function. Our study further expanded
upon these findings to identify more pernicious types
of adverse cardiac remodeling and dysfunction. Perhaps
the onset of sarcopenia among diabetic patients with
HFrEF implies the progression of HF as well as DM, and
obesity promotes this process through the release of
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proinflammatory adipokines, thereby leading to cardiac
inflammation, myocardial ischemia and interstitial col-
lagen deposition [21]. In this sense, regarding diabetic
patients with HFrEF, thoracic muscle size assessment
along with cardiac structure and function assessment are
necessary, which is helpful for identifying patients with
SO.

SO status and disease prognosis

The results of our study showed a worse prognosis in
patients with SO than in patients with neither sarcope-
nia nor obesity. This finding was consistent with a previ-
ous study by Saito et al., who reported that SO status is
a risk factor for adverse outcomes in the general elderly
population with HF [31]. More importantly, since sarco-
penic/non-obese individuals also had an increased risk
compared to non-sarcopenic/non-obese individuals,
while individuals with SO presented a more advanced
disease progression of DM than individuals with sarco-
penia alone, our study further provided evidence that SO
phenotype may be more severe than that of sarcopenia
alone in diabetic patients with HFrEF. Therefore, it could
be just a reflection of SO as a specific phenotype beyond
sarcopenia. In fact, SO patients with decreased skeletal
muscle mass and increased fat mass have been reported
to have impaired cardiorespiratory fitness, contribut-
ing to frailty and activity of daily living disability [20]. A
sedentary lifestyle further aggravates DM and promotes
insulin resistance, which in turn leads to a vicious cycle
of skeletal muscle loss and adipose deposition [12]. It has
been reported that reduced skeletal muscle mass may
contribute to decreased total and central blood flow,
which produces lower stroke volume and thereby cardiac
output [20]. Furthermore, the paracrine and endocrine
effects of adipose tissue on the muscle bed could result
in impaired perfusion and inflammatory infiltration [32,
33]. Together, these pathological processes may induce
myocardial ischemia and lethal arrhythmia and eventu-
ally cause adverse outcomes. Therefore, in patients with
HFrEF and DM, skeletal muscle mass assessment should
be performed routinely to identify risk and stratify
patients with HFrEF and DM by obesity status. Addition-
ally, our study also highlights the additional advantages of
using MRI not only in cardiac structure and function but
also in skeletal muscle mass assessment.

Study limitations

Our study also has several limitations. First, in the pres-
ent study, we used a simple alternative index that has
been confirmed by the above-mentioned studies to
have prognostic value for detecting muscle mass reduc-
tion rather than traditionally used appendicular muscle
mass [4, 9, 18]. Because this quantification assessment
is readily available in subjects undergoing MRI scanning
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for cardiac structure and function assessment. More-
over, lower limbs skeletal muscle may be more subject to
deconditioning [4]. Second, there are differences in the
criteria for obesity between Westerners and Asians due
to differences in ethnic background. We classified our
patients using the criteria specified for use with Asian.
However, regardless of the differences in the classifica-
tion of obesity, we found that SO was related to adverse
outcomes in patients with HFrEF and DM. The generaliz-
ability of this disease state to different populations needs
to be further verified. Third, several new anthropometric
measures, such as the waist-to-height ratio or waist-to-
hip ratio, have also been used as biomarkers to reflect
changes in body composition [34]. However, these mea-
surements were unavailable in this study due to its ret-
rospective nature. Forth, since this was a retrospective
observational study, selecting bias was inevitable. Finally,
we didn’t record the baseline data regarding other micro-
vascular complications of DM in this study.

Conclusions

In conclusion, in the context of HFrEF with DM, patients
with SO displayed profound eccentric remodeling
accompanied by a greater deterioration in myocardial
contractile function and a greater propensity for adverse
outcomes, which suggests that SO may serve as a high-
risk cardiac failure phenotype that warrants more atten-
tion and aggressive medical treatment.

Abbreviations

HF Heart failure

HFrEF Heart failure with reduced ejection fraction
BMI Body mass index

DM Diabetes mellitus

SO Sarcopenic obesity

% Left ventricular

LVEF Left ventricular ejection fraction
NT-proBNP  Amino-terminal pro-B-type natriuretic peptide
SSFP Steady-state free precession

TE Echo time

FA Flip angle

FOV Field of view

BSA Body surface area

SMI Skeletal muscle size index

LVEDV Left ventricular end-diastolic volume
LVESV Left ventricular end-systolic volume
LVSsV Left ventricular stroke volume

VM Left ventricular mass

LVH Left ventricular hypertrophy

GLS Global longitudinal peak strain

GCS Global circumferential peak strain
GRS Global radial peak stain

IQR Interquartile range

HR Hazard ratio

@] Confidence interval
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