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Abstract

Background Unintentional weight loss (cachexia) has been associated with poor outcomes in chronic heart failure
(CHF). Meteorin-like (Metrnl) is a novel myokine with protective effects on cardiovascular diseases. However, the
change of Metrnl concentrations and its role in elderly patients with CHF remains unclear. The aim of this study was
to evaluate the association of serum Metrnl with weight loss and outcomes in elderly patients with CHF.

Methods A total of 931 consecutive elderly patients (aged 60 years and older) with CHF and 135 age-matched and
sex-matched control subjects were enrolled. Serum Metrnl concentration was measured by enzyme-linked immunosor-
bent assay. Body weight was measured at baseline and 12 months.

Results Median of serum Metrnl levels was lower in CHF patients when compared with controls [201.31
(184.95-261.16) pg/mL vs. 168.68 (103.15-197.54) pg/mL, P < 0.001]. Patients with the lowest levels of Metrnl
had higher N-terminal pro brain natriuretic peptide (NT-proBNP) levels but lower left ventricular eject fraction
(LVEF) and estimated glomerular filtration rate (P < 0.001). Lower serum Metrnl was associated with a higher risk
of >5% weight loss from baseline to 12 months [odds ratio = 6.13, 95% confidence interval (CI) = 2.57-14.62 per
log decrease; P < 0.001]. Serum Metrnl levels were decreased as LVEF decreased (P < 0.001) and were positively
correlated with LVEF (r = 0.267, P < 0.001) but negatively correlated with NT-proBNP levels (r = —0.257,
P < 0.001). Cox regression analysis suggested that lower serum Metrnl was associated with higher cardiovascular
mortality [hazard ratio (HR) = 6.71, 95% CI = 3.41-13.18 per log decrease; P < 0.001], CHF rehospitalization
(HR = 3.07, 95% CI = 1.82-5.17 per log decrease; P < 0.001), and the combined major adverse cardiac event(s)
(MACEs) (HR = 5.38, 95% CI = 3.51-8.25 per log decrease; P < 0.001). The Kaplan—-Meier survival curves showed
that low concentration of Metrnl was a prognostic indicator of MACEs in patients with CHF.

Conclusions  Our study suggests that lower serum Metrnl level is correlated with weight loss and the severity of cardiac
dysfunction in elderly patients with CHF.
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Introduction with the elderly patients more often having unintentional

weight loss.? Cachexia, which is characterized by loss of
Chronic heart failure (CHF) is a major cause of disability and  >5% body weight during the previous 12 months or less, is
mortality in the elderly.® The higher incidence of comorbidi- particularly associated with reduced exercise capacity and
ties with ageing further worsens clinical outcomes in CHF, worsened outcomes.?
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Meteorin-like (Metrnl) has been identified as a novel
myokine that can be induced in skeletal muscle and adipose
tissue by acute bouts exercise and cold exposure,
respectively.* Increased circulating Metrnl improves insulin
sensitivity via stimulating thermogenesis in brown/beige adi-
pocytes and the production of anti-inflammatory cytokines in
skeletal muscle.*™® Recently, Baht et al.” demonstrated that
Metrnl is secreted from macrophages in response to local
muscle injury and promotes muscle regeneration through
the inhibition of inflammation and induction of insulin-like
growth factor 1. Besides, Metrnl is also abundantly expressed
in the heart and plays critical roles in the pathogenesis of
cardiovascular diseases.® It has been shown that Metrnl at-
tenuates ischaemia/reperfusion injury-induced and doxorubi-
cin-induced cardiomyocyte apoptosis via activation of
AMP-activated protein kinase (AMPK)/p21 activated kinase
2 (PAK2) signalling® and cyclic AMP/protein kinase A
pathway,'® respectively. A very recent study revealed that
mice lacking Metrnl are prone to develop cardiac hypertro-
phy and Metrnl can act directly in cardiomyocytes to protect
against hypertrophic processes in mice.'* We and others
previously reported that decreased serum Metrnl levels are
associated with the presence and severity of coronary artery
disease in humans.*>*3 However, the relationship between
serum Metrnl and CHF in the elderly remains to be further
elucidated. Therefore, the aims of the present study were
to evaluate the prognostic value of serum Metrnl and its
association with weight loss in elderly patients with CHF.

Methods
Study population

A total of 931 consecutive elderly patients (aged 60 years and
older) with CHF admitted to the affiliated hospitals of Nanjing
Medical University were recruited between September 1,
2016 and October 31, 2019. All patients had a history of
CHF for at least 6 months and were in stable condition on
medication for at least 1 month before blood sampling. The
diagnosis of CHF was on the basis of typical symptoms and
signs and evidence of diastolic and/or systolic dysfunction,
according to the American College of Cardiology/American
Heart Association guidelines.*® All subjects included in this
study had no history of significant concomitant diseases,
including hepatic failure, severe renal failure [estimated glo-
merular filtration rate (eGFR) < 30 mL/min/1.73 m?], congen-
ital heart disease, bleeding disorders, previous thoracic
irradiation therapy, neuromuscular disorders, autoimmune
diseases, and malignant disease. Body weight was measured
at baseline and at 12 months. A total of 135 age-matched
and sex-matched control subjects were recruited during the
same period from the health examination centre. This study

was performed in accordance with the principles outlined in
the Declaration of Helsinki*®> and approved by the Ethics
Committee of Nanjing Medical University. Written informed
consent was obtained from each participant.

Laboratory measurements

Venous blood sample was collected and separated into
serum and cellular fractions within 2 h. The obtained serum
was stored at —80°C before further analysis. Total choles-
terol, triglyceride, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, fasting blood glucose,
and creatine levels were measured enzymatically on a chem-
istry analyser (Olympus AU5400; Chemical Ltd., Tokyo,
Japan). N-terminal pro brain natriuretic peptide (NT-proBNP)
was assessed on the Elecsys system using Roche assays
(Roche, Basel, Switzerland). eGFR was calculated using the
simplified Modification of Diet in Renal Disease formula.

Serum Metrnl measurements

Serum Metrnl levels were measured by using an
enzyme-linked immunosorbent assay kit (Catalogue #
DY7867-05, R&D, MN, USA) according to the manufacturer’s
protocol. The intra-assay and inter-assay coefficients of vari-
ance were 2.55% and 3.42%, respectively. The analytic sensi-
tivity of the assays was 15.625 pg/mL.

Clinical outcomes

The primary clinical outcome was major adverse cardiac
event(s) (MACEs), which was defined as cardiovascular death
and rehospitalization due to worsening CHF. The secondary
endpoints were the individual components of the primary
outcome, including cardiovascular mortality and CHF rehospi-
talization. Endpoints were obtained by reviewing the hospital
database and by contacting each patient individually.

Statistical analysis

Normality of distribution was assessed using Kolmogorov—
Smirnov test. Skewed data were expressed as median and
quartile ranges, and comparisons of two and more than
two independent groups were analysed by Mann—Whitney
U test and Kruskal-Wallis test, respectively. Pearson XZ test
was used to compare qualitative variables represented as
frequencies. Univariate analysis and multivariate logistic re-
gression analysis were taken to determine the variables that
independently contributed to weight loss in patients with
CHF. Odds ratios (ORs) and 95% confidence intervals (Cls)
were calculated. The correlations between serum Metrnl
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levels and cardiac function variables were calculated using
Spearman correlation coefficient. The association between
baseline variables and MACEs was evaluated using
univariable and multivariable Cox proportional hazards analy-
sis. Hazard ratios (HRs) and 95% Cls were calculated. The fac-
tors entered into the multivariable regression model were
age, sex, body mass index (BMI), ischaemic aetiology, hyper-
tension, diabetes, left ventricular ejection fraction (LVEF),
NT-proBNP, eGFR, medical treatments, and Metrnl. Kaplan—
Meier analysis was conducted to compare the differences
of survival rates between patients with different quartile
range of serum Metrnl levels using the log-rank test. All tests
were two sided, and P < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using PASW 18.0
(IBM SPSS, Inc., Chicago, USA).

Results
Baseline characteristics

The baseline characteristics of the participants are shown in
Table 1. The median value of LVEF in patients with CHF was
41% (35-49%). There were 227, 242, and 462 patients with
heart failure with preserved ejection fraction, heart failure
with mid-range ejection fraction, and heart failure with
reduced ejection fraction, respectively. According to New
York Heart Association functional class, there were 182,
285, 310, and 154 patients with New York Heart Association
Classes I-1V, respectively. No significant differences were

Table 1 Baseline characteristics of the participants

observed between CHF patients and control subjects with
respect to age, sex, BMI, rates of smoking, hypertension
and diabetes, fasting blood glucose, and lipid parameters.
By contrast, serum levels of Metrnl were lower in CHF pa-
tients when compared with those control subjects [168.68
(103.15-197.54) pg/mL vs. 201.31 (184.95-261.16) pg/mL,
P < 0.001]. We further divided the elderly patients with
CHF into four subgroups according to the quartile values of
serum Metrnl concentrations (Table 2). We found that
patients with the lowest levels of Metrnl had higher
NT-proBNP levels but lower LVEF and eGFR (P < 0.001).

Serum Metrnl and weight loss

Patients from the lowest Metrnl quartile were more prone to
have >5% weight loss over a period of 12 months (Figure 1A,
P < 0.001). The changes in weight were increased as the
levels of Metrnl decreased (Figure 1B, P < 0.001). As shown
in Table 3, lower serum Metrnl concentration was a signifi-
cant predictor of weight loss at 12 months (adjusted
OR = 6.13, 95% ClI = 2.57-14.62 per log decrease,
P < 0.001). Similar results were obtained by using serum
Metrnl as a ranked variable (first quartile vs. fourth quartile:
adjusted OR = 1.44, 95% Cl = 1.19-1.73, P < 0.001) (Table 3).

Serum Metrnl and cardiac function

As shown in Figure 2A, serum Metrnl levels were decreased as
LVEF decreased, with 181.93 (125.16-205.78) pg/mL in pa-

Variables Control (n = 135) CHF (n = 931) P value
Age (years) 69 (65-76) 68 (66-75) 0.322
Male, n (%) 93 (68.9) 609 (65.4) 0.426
BMI (kg/mz) 24.51 (22.66-27.00) 24.69 (22.50-26.67) 0.953
Smoking, n (%) 53 (39.3) 411 (44.1) 0.285
Hypertension, n (%) 58 (43.0) 392 (42.1) 0.850
Diabetes, n (%) 50 (37.0) 402 (43.2) 0.177
FBG (mmol/L) 5.39 (5.00-6.19) 5.43 (5.06-6.07) 0.745
TC (mmol/L) 4.64 (3.74-5.41) 4.59 (3.90-5.20) 0.108
TG (mmol/L) 1.34 (1.03-1.82) 1.50 (1.07-2.04) 0.085
HDL-C (mmol/L) 1.05 (0.88-1.18) 1.07 (0.91-1.24) 0.093
LDL-C (mmol/L) 2.64 (2.17-3.42) 2.68 (2.26-3.28) 0.711
Metrnl (pg/mL) 201.31 (184.95-261.16) 168.68 (103.15-197.54) <0.001
LVEF (%) / 41 (35-49) /

HFpEF, n (%) / 227 (24.4) /

HFmrEF, n (%) / 242 (26.0) /

HFrEF, n (%) / 462 (49.6) /
NYHA class

1, n (%) / 182 (19.6) /

I, n (%) / 285 (30.6) /

I, n (%) / 310 (33.3) /

IV, n (%) / 154 (16.5) /

BMI, body mass index; CHF, chronic heart failure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; HFmrEF, heart
failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection
fraction; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; Metrnl, Meteorin-like; NYHA, New York Heart
Association; TC, total cholesterol; TG, triglyceride.

Data are presented as median with interquartile range or number with percentage in parenthesis.
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Figure 1 Correlation of serum Metrnl with weight loss in elderly patients with CHF. Patients were divided into four subgroups according to the quartile
values of serum Metrnl concentrations. (A) Percentage of patients with or without more than 5% weight loss (in 12 months) per quartile of serum
Metrnl. (B) Changes of body weight in 12 months per quartile of serum Metrnl. CHF, chronic heart failure; Metrnl, Meteorin-like.

Table 3 Associations of baseline serum Metrnl with weight loss

Univariable Multivariable®
OR (95% CI) P value OR (95% CI) P value
Metrnl per log decrease 4.50 (2.04-9.93) < 0.001 6.13 (2.57-14.62) <0.001
Metrnl per rank decrease
Quartile 4 1.00 / 1.00 /
Quartile 3 1.15 (0.72-1.85) 0.559 1.25 (0.76-2.06) 0.380
Quartile 2 1.10 (0.87-1.40) 0.414 1.21 (0.93-1.58) 0.157
Quartile 1 1.32(1.14-1.53) <0.001 1.44 (1.19-1.73) <0.001

Cl, confidence interval; Metrnl, Meteorin-like; OR, odds ratio.
‘Variables in the multivariable logistical analysis: age, BMI, diabetes, NT-proBNP, LVEF, eGFR, and diuretics use at baseline.
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Figure 2 Correlation of serum Metrnl with cardiac dysfunction in elderly patients with CHF. (A) Changes of serum Metrnl in different subgroups ac-
cording to LVEF. (B) Correlation of serum Metrnl levels with LVEF. (C) Correlation of serum Metrnl levels with NT-proBNP. CHF, chronic heart failure;
HFmrEF, HF with mid-range ejection fraction; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; LVEF, left ventric-
ular eject fraction; Metrnl, Meteorin-like; NT-proBNP, N-terminal pro brain natriuretic peptide.

tients with heart failure with preserved ejection fraction, Serum Metrnl and clinical outcomes

171.54 (110.28-200.45) pg/mL in heart failure with mid-range

ejection fraction, and 154.81 (93.02-187.30) pg/mL in heart  The median length of follow-up was 732 days (range 102 to
failure with reduced ejection fraction. Moreover, serum 1591 days). During the follow-up period, 207 patients died,
Metrnl levels were positively correlated with LVEF (r=0.267, and 360 patients were readmitted due to CHF. In a
P < 0.001, Figure 2B) and negatively correlated with NT- univariable Cox regression model, lower serum Metrnl
proBNP levels (r = —0.257, P < 0.001, Figure 2C). was associated with higher cardiovascular mortality
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(HR = 6.71, 95% ClI = 3.41-13.18 per log decrease;
P < 0.001), CHF rehospitalization (HR = 3.07, 95%
Cl = 1.82-5.17 per log decrease; P < 0.001), and the com-
bined MACEs (HR = 5.38, 95% Cl = 3.51-8.25 per log de-
crease; P < 0.001). However, the association did not

remain significant after adjustment for age, sex, BMI, LVEF,
NT-proBNP, and other traditional factors (Table 4). Similar
results were obtained by using serum Metrnl as a ranked
variable (Table 5). The cumulative MACEs prevalence strat-
ified by serum Metrnl is shown in Figure 3. A higher MACEs

Table 4 Associations of log Metrnl with clinical outcomes in chronic heart failure patients

Univariable Multivariable
Outcomes HR (95% CI) P value HR (95% CI) P value
Primary endpoint
MACEs 5.38 (3.51-8.25) <0.001 1.58 (0.99-2.52) 0.056
Secondary endpoints
Cardiovascular mortality 6.71 (3.41-13.18) <0.001 2.01 (0.96-4.21) 0.063
Rehospitalization 3.07 (1.82-5.17) <0.001 0.99 (0.56-1.77) 0.996

Cl, confidence interval; HR, hazard ratio; Metrnl, Meteorin-like.

The factors entered into the multivariable Cox regression model were age, sex, BMI, ischaemic aetiology, hypertension, diabetes, LVEF,

and NT-proBNP at baseline.

Table 5 Associations of rank of Metrnl level with clinical outcomes in chronic heart failure patients

Outcomes Fourth quartile Third quartile Second quartile First quartile
MACEs
Crude model 1 1.30 (1.00-1.68)* 1.18 (1.03-1.34)* 1.31 (1.21-1.42)*
Adjusted model 1 1.01 (0.77-1.32) 1.02 (0.88-1.19) 1.03 (0.93-1.14)
Cardiovascular mortality
Crude model 1 1.16 (0.77-1.74) 1.11 (0.91-1.37) 1.28 (1.13-1.46)*
Adjusted model 1 0.90 (0.58-1.38) 0.99 (0.77-1.27) 0.91 (0.77-1.07)
Rehospitalization
Crude model 1 1.48 (1.10-1.99)* 1.11 (0.94-1.30) 1.23 (1.11-1.36)*
Adjusted model 1 1.20 (0.89-1.64) 0.94 (0.78-1.13) 1.01 (0.90-1.14)

MACEs, major adverse cardiac event(s); Metrnl, Meteorin-like.

Data are presented as hazard ratio (95% confidence interval). The factors entered into the adjusted model were age, sex, BMI, ischaemic

aetiology, hypertension, diabetes, LVEF, and NT-proBNP at baseline.
P < 0.05.
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Figure 3 Kaplan—Meier survival analysis. The event-free survival for MACEs in elderly patients with CHF, stratified according to the quartile values of
serum Metrnl concentrations. CHF, chronic heart failure; MACEs, major adverse cardiac event(s); Metrnl, Meteorin-like.
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prevalence rate was observed in the lowest Metrnl group
(log-rank test, P < 0.001).

Stratified analyses were conducted according to sex,
diabetes, and coronary artery disease status. We noted that
serum Metrnl levels were lower in patients with diabetes
than those without diabetes [155.74 (94.43-195.99) pg/mL
vs. 171.00 (113.50-198.79) pg/mL, P = 0.002]. By contrast,
no significant difference of serum Metrnl concentrations
was observed between male and female patients [168.89
(104.27-199.26) pg/mL vs. 168.66 (102.87-199.26) pg/mL,
P = 0.983] as well as CHF patients with and without
coronary artery disease [167.37 (101.11-196.83) pg/mL vs.
169.81 (107.78-198.20) pg/mL, P = 0.242]. Multivariable
Cox regression analyses indicated that lower serum Metrnl
was correlated to high risk of MACEs (HR = 2.09, 95%
Cl = 1.13-3.86 per log decrease; P = 0.019) and cardiovas-
cular mortality in CHF patients with coronary artery disease
(HR = 3.10, 95% Cl = 1.38-6.98 per log decrease; P = 0.006)
even after adjustment for age, BMI, hypertension, LVEF,
and NT-proBNP (Table 6).

Discussion

In the present study, we showed that lower serum
Metrnl concentrations were associated with weight loss
and the severity of cardiac dysfunction in elderly
patients with CHF. Furthermore, lower serum Metrnl
levels were associated with worse outcome in elderly
patients with CHF, especially in those with coronary artery
disease.

Metrnl is a secretory protein mainly produced by muscle
and adipose tissue.**® Lower circulating Metrnl levels have
been linked to obesity,*”*° diabetes,*>*** and coronary
artery disease.'**® Consistently, we also demonstrated that
serum Metrnl levels were lower in patients with diabetes
when compared with those without diabetes. Intriguingly,
lower levels of serum Metrnl were noticed in the elderly

patients with CHF. Moreover, lower serum Metrnl levels were
associated with the severity of cardiac dysfunction. Our re-
sults, however, are contradicted with a recent study showing
that plasma levels of Metrnl were higher in patients with CHF
and were correlated with increased risk of death in CHF
patients.'? The discrepancies might partly attribute to the
heterogeneity in study design. Our study population was re-
stricted to elderly patients (>60 years) who were hospitalized
for CHF, while the study of Rupérez et al.** was composed of
both elderly and young patients. Indeed, ageing could lead to
a significant reduction in circulating Metrnl levels.** Another
potential confounder might be different blood collection
tubes, as we examined Metrnl concentration in serum sam-
ples while Rupérez et al.** tested in plasma samples. Another
possibility that may account for the observed inconsistencies
might be the different race of subjects enrolled in different
studies. Therefore, studies with much larger sample sizes
and different races should be carried out before a credible
conclusion can be drawn.

The exact mechanism for linking Metrnl to the pathogen-
esis and progression of CHF is yet to be clarified. Besides
muscle and adipose tissue, heart is also a source of
expression and release of Metrnl.®®** Results from experi-
mental studies have shown that Metrnl can attenuate
doxorubicin-induced cardiotoxicity via activating cyclic
AMP/protein kinase A/Sirtuinl pathway and reduce ische-
mia/reperfusion injury-induced cardiomyocyte apoptosis via
activation of AMP-activated protein kinase/p21 activated ki-
nase 2 signalling,®° indicating that Metrnl may play impor-
tant roles in cardiac repair in response to various types of
injury. Intriguingly, although expression of Metrnl is in-
creased in response to hypertrophic stimuli both in vivo
and in vitro; however, cardiac dysfunction is enhanced in
Metrnl knockout mice.** Reciprocally, cardiac-specific over-
expression of Metrnl prevents the development of cardiac
hypertrophy and fibrosis via promoting fatty acid oxidation
and activating alternatively activated (M2) macrophages in
cardiac tissue.'* Based on these findings, we speculate that
Metrnl might be a novel cardiokine that is required for main-

Table 6 Stratification analyses of serum Metrnl and clinical outcomes in patients with chronic heart failure

MACEs Cardiovascular mortality Rehospitalization

Variables HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
Diabetes

With 1.62 (0.81-3.27) 0.175 2.46 (0.84-7.15) 0.099 1.00 (0.42-2.40) 0.996

Without 1.56 (0.83-2.94) 0.171 1.52 (0.55-4.22) 0.418 1.04 (0.48-2.23) 0.930
Coronary artery disease

With 2.09 (1.13-3.86) 0.019 3.10 (1.38-6.98) 0.006 1.03 (0.44-2.42) 0.953

Without 1.05 (0.52-2.12) 0.899 0.28 (0.06-1.38) 0.118 1.00 (0.47-2.15) 0.994
Sex

Male 1.59 (0.87-2.91) 0.134 1.75 (0.68-4.49) 0.247 1.09 (0.52-2.28) 0.827

Female 1.44 (0.67-3.07) 0.352 2.35(0.70-7.89) 0.169 0.73 (0.29-1.84) 0.502

Cl, confidence interval; HR, hazard ratio; Metrnl, Meteorin-like; MACEs, major adverse cardiac event(s).
The factors entered into the multivariable Cox regression model were age, BMI, hypertension, LVEF, and NT-proBNP at baseline.
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taining the physiological microenvironment in hearts,
thereby may serve as a promising therapeutic target for
the treatment of CHF. However, additional in-depth investi-
gation is required to elucidate the precise mechanism
governing the pathological effect of Metrnl on the progres-
sion of CHF.

Another interesting finding of our study is the association
of low Metrnl concentrations with significant weight loss in
the elderly patients with CHF. There is plenty of evidence
that decreased body weight is correlated with a higher mor-
tality risk in patients with CHF.> Skeletal muscle wasting,
also known as sarcopenia, is one of the most important rea-
sons of weight loss that contributes to poor prognosis in
CHF.2 As a novel myokine, Metrnl expression in muscle
and blood is decreased in mice fed with high-fat diet,® while
Metrnl administration improves high-fat diet-induced glu-
cose tolerance and attenuates lipid-induced inflammation
and insulin resistance.*®** Metrnl also seems to exert pro-
tective effects on skeletal muscle as it facilitates skeletal
muscle repair after muscle injury through a stat3/IGF-1
mechanism.” These results may shed light on the potential
mechanisms associated with the dramatic weight loss in pa-
tients with lower Metrnl concentrations. However, we here
can only hypothesize that circulating Metrnl may serve as
a potential biomarker for weight loss in CHF. Further studies
are needed to analyse the exact cause and effect relation-
ship between low Metrnl concentration and muscle wasting
during the pathogenesis of CHF. Emerging evidence has
proved exercise as a therapeutic strategy for sarcopenia in
heart failure.?® Indeed, increased Metrnl expression has
been reported in the skeletal muscle after downhill
running,* treadmill training,’®*?” and other types of
exercise.?® This would allow us to apply circulating Metrnl
as a biomarker for monitoring the efficiency of exercise
training on patients with CHF.

Study limitations

Firstly, our present study only analysed an association be-
tween Metrnl and body weight loss without differentiating
the tissues affected, that is, skeletal muscle, body fat, and
bones. Secondly, the association of Metrnl with other
elements of cardiac cachexia, for example, muscle strength
reduction and markers of systemic inflammation, was not
evaluated in our study. Thirdly, we only enrolled Chinese
elderly patients; further studies are needed in more diverse
groups with different ages as well as with different regions
and ethnicities. Furthermore, considering that expression of

skeletal Metrnl is increased in the early phase after muscle in-
jury, the change and role of Metrnl concentrations in patients
with acute heart failure need to be further delineated. Finally,
our present study only measured baseline Metrnl levels but
did not dynamically monitor the levels of Metrnl during the
follow-up period.

Conclusions

In summary, our findings demonstrate that lower serum
Metrnl level is correlated with weight loss and the severity
of cardiac dysfunction in elderly patients with CHF. Addition
of Metrnl to the traditional risk factors may not only help
the risk stratification for the elderly patients with CHF but
also may serve as an easily accessible marker to assess ca-
chexia in CHF. However, long-term prospective cohort studies
are still needed to confirm the prognostic value of Metrnl in
heart failure.
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