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Abstract: Objectives: To evaluate the diagnostic and prognostic value of insulin-like growth factor-1 (IGF-1), galacto-
agglutinin-3 (GAL-3), and pentamerin-3 (PTX-3) levels in elderly patients with chronic heart failure (CHF). Methods:
In this retrospective study, 107 elderly CHF patients treated in Xiangyang Central Hospital were designated as the
observation group, and 60 healthy individuals were selected as the control group. The cardiac function indexes and
serum IGF-1, Gal-3, and PTX-3 levels were compared between the two groups. Furthermore, the serum IGF-1, Gal-
3, and PTX-3 levels in patients across different cardiac function grades were compared, as well as in patients with
poor or favorable prognosis. Additionally, receiver operating characteristic (ROC) curve was adopted to explore the
diagnostic value of serum IGF-1, Gal-3, and PTX-3 levels for senile CHF; and multivariate logistic regression analysis
was used to screen the independent factors affecting patients’ prognosis. Results: The serum IGF-1 level was sig-
nificantly lower, while the levels of Gal-3 and PTX-3 were significantly higher in the observation group than those of
the control group (all P<0.05). The serum IGF-1 level in patients with cardiac function grade IV was lower than that
of the patients with cardiac function grade Il and lll, while the levels of Gal-3 and PTX-3 were higher than those with
cardiac function grade Il and Ill (all P<0.05). The serum IGF-1 level in the patients with cardiac function grade llI
was lower than those with cardiac function grade I, while the levels of Gal-3 and PTX-3 were higher in patients with
grade lll than those with grade Il (all P<0.05). The serum IGF-1 level was lower, while the levels of Gal-3 and PTX-3
were higher in the patients with poor prognosis than those with favorable prognosis (all P<0.05). Conclusion: In
elderly CHF patients, IGF-1 level were decreases, while the levels of Gal-3 and PTX-3 were increase. These biomark-
ers show high sensitivity in diagnosing CHF and are closely linked to the prognosis, indicating their value for clinical
assessment and management of CHF.
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Introduction effective biomarkers for diagnosis and progno-
sis a critical area of clinical research.

Chronic heart failure (CHF) is a prevalent car-

diovascular disease characterized by abnormal
peripheral blood flow and significant ventricular
ejection dysfunction [1]. Representing the end-
stage of cardiovascular disease, CHF is associ-
ated with high hospitalization and mortality
rates, posing a major public health problem [2].
Particularly in the elderly, the incidence and
mortality rates of CHF are escalating due to the
aging population, severely impacting their life
expectancy, health, and quality of life [3, 4]. The
early clinical manifestations of CHF often lack
specificity, and existing diagnostic tools have
certain limitations, making the identification of

Insulin-like growth factor-1 (IGF-1) plays a cru-
cial role in the cardiovascular system, maintain-
ing the normal function and structure of the
heart and facilitating the repair of necrotic myo-
cardial cells [5]. Galactosidin-3 (GAL-3), a mem-
ber of galactosidin-binding agglutinin family,
has been recognized for its involvement in
oncogenesis and progression of CHF [6]. Pen-
tameric protein-3 (PTX-3), primarily derived fr-
om heart and vascular tissues following injury,
is involved in inflammatory responses, with its
level reflecting the inflammatory state in the
human body [7].
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This study aims to improve the diagnostic and
prognostic assessment of CHF in the elderly by
examining the values of serum IGF-1, Gal-3,
and PTX-3 levels. Through this investigation, we
seek to provide a solid foundation for clinical
treatment strategies and ultimately improve
patient outcomes by offering insight into the
diagnostic and prognostic evaluation of CHF.

Data and methods
Subjects

In this retrospective analysis, a total of 107
elderly patients with CHF admitted to Xiangyang
Central Hospital from March 2020 to March
2021 were selected as the observation group.
Besides, 60 healthy individuals had physical
examination in the same period were selected
as the control group.

Inclusion criteria: O Patients conforming to
the diagnostic criteria released by Chinese
Guidelines for the Diagnosis and Treatment of
Heart Failure (2018) [8]; @ Patients >60 years
old; ® Patients with NYHA cardiac function
grade Il to IV; @ Patients with complete clinical
data.

Exclusion criteria: (U Patients with pulmonary
heart disease, congenital heart disease, or
other cardiovascular diseases; 2 Patients with
pulmonary infection; (3 Patients with hepatic
or renal insufficiency; @ Patients with malig-
nant tumor; ® Patients with severe mental ill-
ness; (© Patients with hematological diseases
or immune system diseases; @ Terminally ill
patients; Patients who had recent surgery,
trauma, or severe infection.

Reagents and instruments

Main reagents: Human IGF-1 kit (Shanghai
Zeye Biotechnology Co., Ltd.), human Gal-3 kit
(Shanghai Ruipan Biotechnology Co., Ltd.), hu-
man PTX-3 kit (Shanghai Zeye Biotechnology
Co., Ltd.).

Main instruments: Philips Color Doppler Ul-
trasonic analyzer (Beckman Kurt Co., LTD.);
Automatic Biochemical analyzer (AU5800); Bio-
Rad Microplate tester.

Methods

Serum sample collection: 5 ml fasting periph-
eral venous blood of the subject was collected,
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centrifuged at 10 cm radius and 3000 r/min for
10 min, and then stored at -20°C for subse-
quent analysis.

Determination of cardiac function: Left ven-
tricular ejection fraction (LVEF) and left ventric-
ular end-diastolic diameter (LVEDD) were test-
ed using color Doppler ultrasound.

Determination of IGF-1, Gal-3 and PTX-3 levels:
The serum level of IGF-1 was determined by
radioimmunoassay, and the Gal-3 and PTX-3
levels were measured by ELISA in strict accor-
dance with the standard of kit instruction.

Evaluation of prognosis

The subjects were followed up for 12 months
by outpatient follow-up or telephone to record
their prognosis. Readmission or death due to
CHF was considered as the end point. In addi-
tion, patients with readmission or death (n=24)
were categorized as having a poor prognosis,
and the others (n=83) were deemed to have a
favorable prognosis.

Observational indices

Primary indicators: (1) The cardiac function
indices were observed; (2) Serum levels of IGF-
1, Gal-3, and PTX-3 of the two groups were
observed; (3) The serums levels of IGF-1, Gal-3,
and PTX-3 in patients across different cardiac
function grades (lI-IV) were observed; (4) The
serum levels of IGF-1, Gal-3, and PTX-3 in
patients with different prognosis outcomes
were compared.

Secondary indicators: (1) The diagnostic value
of IGF-1, Gal-3, and PTX-3 for CHF was analyzed
by ROC curve; (2) Multivariate logistic regres-
sion was adopted for analyzing the indepen-
dent risk factors affecting patients’ prognosis.

Statistical treatment

Data processing was conducted by using SPSS
26.0. The measured data conforming to normal
distribution were represented by (X % s), the
comparison of measurement data among mul-
tiple groups was subjected to F test, and the
comparison of measured data between two
groups was subjected to t-test. The counted
data were expressed as n (%), and the compari-
son of counted data was subjected to x? test.
ROC curve was incorporated to analyze the
diagnostic value of IGF-1, Gal-3, and PTX-3 for
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Table 1. Comparison of cardiac function indexes between the two groups (X * s)

Group Number of Cases LVEF (%) LVEDD (mm)
Observation group 107 49.8315.16 51.21+5.57
Control group 60 65.7314.28 34.2514.09

t 20.270 20.658

P <0.001 <0.001
Note: LVEF: left ventricular ejection fraction. LVEDD: left ventricular end diastolic diameter.

Table 2. Comparison of serum IGF-1, Gal-3, and PTX-3 (X £ s)

Group Number of Cases IGF-1 (ng/ml) Gal-3 (ug/L) PTX-3 (ug/L)
Observation group 107 24.41+5.36 36.87+5.23 3.81+0.67
Control group 60 38.84+3.24 12.28+3.07 1.25+0.35
t 18.985 33.316 27.540
P <0.001 <0.001 <0.001

Note: IGF-1: insulin-like growth factor-1. GAL-3: galactoagglutinin-3. PTX-3: pentamerin-3.

CHF. Multivariate logistic regression was app-
lied to explore the independent risk factors
influencing prognosis. P<0.05 was considered
significant.

Results
Clinical data

The observation group comprised 65 males
and 42 females, ranging in age from 62 to 79,
with an average age of (70.72+5.51) years old;
the course of disease ranged from 1 to 15
years, with an average of (8.84+1.95) years;
the body weight spanned from 42-87 kg, with
an average of (62.41+8.89) kg; the NYHA
cardiac function classification identified 24
cases of grade Il, 58 cases of grade lll, and
25 cases of grade IV. The control group consist-
ed of 37 males and 23 females, aged 61-76
years, with an average age of (69.85+6.62)
years old; the course of disease ranged from 1
to 17 years, with an average of (9.09+2.41)
years; the body weight varied from 41 to 85
kg, with an average of (61.73£9.34) kg. There
were no significant differences in gender, age
or body weight between the two groups (all
P>0.05).

Comparison of cardiac function indices be-
tween the two groups

The observation group displayed a lower LVEF
than control group and a higher LVEDD than the
control group (both P<0.05, Table 1).
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Comparison of serum levels of IGF-1, Gal-3,
and PTX-3 between the two groups

The serum level of IGF-1 was lower, while the
serum levels of Gal-3 and PTX-3 were higher in
the observation group than those in the control
group (all P<0.05, Table 2).

Comparison of serum levels of IGF-1, Gal-3,
and PTX-3 among patient across different car-
diac function grades

The serum level of IGF-1 in patients with cardi-
ac function grade IV were significantly lower
than those with grades Il and lll, while the
serum levels of Gal-3 and PTX-3 were signifi-
cantly higher than those with grades Il and Il
(all P<0.05). Furthermore, the serum IGF-1 level
in patients with cardiac function grade Il was
lower than those with grade Il, while the levels
of Gal-3 and PTX-3 were higher than those with
grades Il (all P<0.05). See Table 3.

Comparison of IGF-1, Gal-3, and PTX-3 levels
in patients with different prognosis

The poor prognosis group had lower IGF-1 lev-
els and higher Gal-3 and PTX-3 levels compared
to the good prognosis group favorable progno-
sis group (all P<0.05, Table 4).

ROC curve analysis of IGF-1, Gal-3, and PTX-3
in diagnosing CHF

ROC curve analysis indicated high sensiti-
vity and specificity for IGF-1 (92.80% sensiti-
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Table 3. Comparison of serum IGF-1, Gal-3, and PTX-3 levels among patients across different cardiac

function grades (X £ s)

Cardiac function grade Number of Cases IGF-1 (ng/ml) Gal-3 (pg/L) PTX-3 (ug/L)
Grade Il 33 32.51+4.87 24.94+3.87 2.18+0.45
Grade Il 43 24.73+5.82" 37.21+5.61" 3.76+0.72"
Grade IV 31 16.39+5.41"4 45.69+5.20"* 4.71+0.74"4
F 70.593 139.519 122.837
P <0.001 <0.001 <0.001

Note: Compared to grade Il, “P<0.05; Compared to grade Ill, *P<0.05. IGF-1: insulin-like growth factor-1. GAL-3: galactoagg|uti-

nin-3. PTX-3: pentamerin-3.

Table 4. Comparison of serum IGF-1, Gal-3, and PTX-3 levels in patients with different prognoses

(X £9)

Group Number of Cases IGF-1 (ng/ml) Gal-3 (pg/L) PTX-3 (ug/L)
Favorable prognosis 83 30.48+5.46 22.22+3.68 2.0710.48
Poor prognosis 24 17.45+4.73 50.04+13.39 4.93+1.08
t 10.590 17.001 18.701

P <0.001 <0.001 <0.001

Table 5. ROC curve analysis of IGF-1, Gal-3, and PTX-3 in diagnosis of CHF

Indicators AUC Cutoff value Sensitivity (%) Specificity (%) 95% Cl

IGF-1 0.965 21.80 92.80 91.70 0.830~1.000
Gal-3 0.996 27.15 100.00 94.00 0.989~1.000
PTX-3 0.992 3.50 91.70 100.00 0.978~1.000

Note: AUC represents the area under the curve. CHF: chronic heart failure. IGF-1: insulin-like growth factor-1. GAL-3: galactoag-

glutinin-3. PTX-3: pentamerin-3.
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Figure 1. ROC curve analysis of IGF-1, Gal-3 and PTX-3 in the diagnosis of
CHF. IGF-1: insulin-like growth factor-1. GAL-3: galactoagglutinin-3. PTX-3:
pentamerin-3. CHF: chronic heart failure.

vity and 91.70% specificity),
Gal-3 (100.00% sensitivity
and 94.00% specificity), and
PTX-3 (91.70% sensitivity and
100.00% specificity) in diag-
nosing CHF (Table 5; Figure
1).

Analysis of independent risk
factors

Multivariate logistic regres-
sion analysis showed that car-
diac function grade, IGF-1,
Gal-3, and PTX-3 were inde-
pendent risk factors affecting
the prognosis of CHF (Table
6).

Discussion

With a quickening pace of
life and shifts in lifestyle, the
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Table 6. Multivariate logistic regression analysis of independent risk factors affecting prognosis

Factor b S.E X2 P OR 95% ClI

Gender 0.736 0.486 2.293 0.130 2.088 0.805~5.412
Age 0.586 0.402 2.125 0.145 1.797 0.817~3.951
Course of disease 0.942 0.604 2.432 0.119 2.565 0.785~8.380
BMI 0.617 0.607 1.033 0.309 1.853 0.564~6.090
Cardiac Functional Grading 1.718 0.486 12.496 0.000 5.573 2.150~14.448
IGF-1 1.605 0.564 8.098 0.004 4978 1.648~15.036
Gal-3 1.491 0.437 11.641 0.001 4.442 1.886~10.460
PTX-3 1.594 0.626 6.484 0.011 4.923 1.443~15.793

Note: IGF-1: insulin-like growth factor-1. Gal-3: galactoagglutinin-3. PTX-3: pentamerin-3.

prevalence of chronic heart failure (CHF) has
surged, notably emerging as a leading cause of
mortality and hospitalization among the elderly
[9-11]. Therefore, it is of great value to have
timely and accurate diagnosis and prognosis
for elderly CHF patients.

IGF-1, a peptide synthesized by endothelial
cells and liver cells, shares high homology with
insulin and can promote cardiomyocyte hyper-
trophy and differentiation [12]. As a crucial
cardiogenic hormone, IGF-1 is involved in vari-
ous pathological and physiological processes
primarily through paracrine, autocrine, and
endocrine mechanisms, and plays a critical role
in the occurrence, progression and treatment
of CHF [13]. IGF-1 mirrors insulin’s hypoglyce-
mic effects by facilitating the absorption of
amino acids and glucose, enhancing the syn-
thesis of lactic acid and collagen, and thus
inhibiting the decomposition of glycogen. In
addition, IGF-1 can also dilate blood vessels,
enhance cardiac output, and reduce vascular
resistance [14]. Research [15] has confirmed
that serum IGF-1 level of the included 140 CHD
sufferers was significantly lower than that of
healthy subjects, and IGF-1 was positively con-
nected with LVEF. Our study also indicates that
IGF-1 in the observation group was lower than
that of the control group, indicating an abnor-
mal decrease in serum IGF-1 in elderly CHF
patients. Furthermore, IGF-1 decreased mark-
edly with the worsening of cardiac function,
being lowest in Class IV, followed by Class lll,
and then Class Il. IGF-1 level in patients with
poor prognosis was lower than those with fa-
vorable prognosis, suggesting a significant cor-
relation between declining serum IGF-1 levels
and the severity of prognosis in elderly CHF
patients. The sensitivity and specificity of IGF-1
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were 92.80% and 91.70% respectively, indicat-
ing its potential as a valuable biomarker for
senile CHF. In addition, IGF-1 was proven to be
an independent risk factor affecting the prog-
nosis of CHF.

Galectin-3 (Gal-3), a sugar-binding protein pro-
duced by activated macrophages, is widely dis-
tributed in the cytoplasm and nucleus. Gal-3
promotes migration of mast cells and macro-
phages, accelerate formation and deposition
of collagen matrix and proliferation of fibro-
blasts, thereby aggravating heart failure [16].
Meanwhile, GAL-3 is implicated in mediating
myocardial fibrosis and inflammation and lead-
ing to ventricular remodeling through the pro-
motion of cardiac fibroblast proliferation and
collagen deposition. These collectively result in
ventricular dysfunction and play a significant
role in the occurrence and development of
heart failure [17]. Studies have shown that Gal-
3, as a new biomarker, is involved in the regula-
tion of cardiac fibrosis and ventricular remodel-
ing, and its abnormally high expression contrib-
utes to left ventricular remodeling in chronic
heart failure [18]. Research [19] has shown
that Gal-3 in patients with NYHA grade II, lll and
IV was remarkably higher than that in healthy
subjects, its level in NYHA patients with good
prognosis was notably lower than those with
poor prognosis, and Gal-3 was negatively cor-
related with LVEF and positively correlated with
LVEDD. Our study also demonstrated that the
serum Gal-3 in observation group was higher
than that in control group, reflecting an abnor-
mal increase in serum Gal-3 level in elderly CHF
patients. Notably, Gal-3 level was highest in
patients with Grade IV cardiac function, fol-
lowed by Grades Ill and Il, indicating a signifi-
cant escalation with deteriorating cardiac func-
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tion. Gal-3 in the poor prognosis group was
significantly elevated compared to that in favor-
able prognosis group, underscoring its asso-
ciation with adverse outcomes in elderly CHF
patients. The sensitivity and specificity of Gal-
3 were 100.00% and 94.00%, demonstrating
good diagnostic value for senile CHF. In addi-
tion, Gal-3 was proved as an independent risk
factor influencing CHF prognosis.

PTX-3 has emerged as a new inflammatory fac-
tor and a newly discovered marker of heart
failure. It is produced by various tissue cells,
such as vascular endothelial cells, vascular
smooth muscle cells and monocyte macro-
phages, in response to inflammatory stimuli
[20, 21]. PTX-3 plays a crucial role in major
inflammatory signaling pathways, exacerbating
the inflammatory response by promoting the
expression of endothelial tissue factors and
inhibiting the level of fibroblast growth factors,
thereby accelerating the development of chron-
ic heart failure patients [22]. Research [23]
indicated that PTX-3 level was significantly
higher in CHF patients than that in healthy
subjects, and patients with poor prognosis had
a notably higher PTX-3 level than those with
good prognosis; further Pearson linear correla-
tion analysis suggested that PTX-3 was posi-
tively correlated with the main adverse cardiac
events of CHF, underscoring its utility as an
auxiliary indicator to predict the prognosis of
CHF patients. Our study showed that PTX-3
level in observation group was significantly
higher than that in the control group, indicat-
ing an abnormal rise in PTX-3 in elderly CHF
patients, which aligns with the previous find-
ings. Notably, the level of PTX-3 was highest in
individuals with Grade IV cardiac function, fol-
lowed by Grades lll and Il, reflecting a signifi-
cant increase in elderlies with deteriorating
cardiac function. The level of PTX-3 in poor
prognosis group was higher than that in favor-
able prognosis group, suggesting a correlation
between elevated PTX-3 level and adverse out-
comes in elderly CHF patients. The sensitivity
and specificity of Gal-3 were 100.00% and
94.00%, highlighting its promise as a biomark-
er for clinical diagnosis and prognostic evalua-
tion of CHF.

However, the small sample size of this study
is a limitation, and future studies will aim to
expand the sample size to obtain more reliable
clinical research results.
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In summary, IGF-1 levels decrease in elderly
CHF patients, whereas Gal-3 and PTX-3 levels
increase. These biomarkers demonstrate high
sensitivity in diagnosing CHF and have prog-
nostic use, suggesting they are pivotal tools in
the clinical management of CHF.
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