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Abstract: Objective: To explore the correlation between uric acid (UA), cystatin C (Cys-C), homocysteine (Hcy), and 
chronic heart failure (CHF). Methods: 45 patients with CHF were selected as the research group; 45 healthy people 
were selected as the control group. The levels of serum UA, Cys-C and Hcy were detected. Results: The in The re-
search group had much higher levels of serum UA, Cys-C and Hcy than the control group (all P<0.05). The levels 
of above indexes also increased with an increase in cardiac function classification. Patients with major adverse 
cardiovascular events (MACE) had much higher levels of serum UA, Cys-C, and Hcy than those without MACE in the 
research group (all P<0.05). In addition, the levels of these above indexes in the research group were all positively 
correlated with the left ventricular end diastolic diameter (LVEDD) (all P<0.05), and all negatively correlated with the 
f left ventricular ejection fraction (LVEF) (P<0.05). What is more, the levels of these above indexes in the research 
group were all positively correlated with New York Heart Association (NYHA) grade (all P<0.05). The diagnostic sensi-
tivity of serum UA level, Cys-C level, and Hcy level in joint diagnosis of CHF patients was higher than that of any single 
index diagnosis (P<0.05), and the specificity of combined diagnosis was lower than that of single index diagnosis 
(P<0.05). Conclusion: The levels of serum UA, Cys-C, and Hcy in CHF patients may be used as reference indexes for 
clinical screening of early CHF patients and could provide a certain reference for clinical evaluation.
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Introduction

Chronic heart failure (CHF) is a well-known pub-
lic health problem [1]. However, associated 
pathogenesis and progression mechanism of 
CHF are very complex and diverse. Studies 
have pointed out that some CHF patients will 
still be hospitalized repeatedly because of 
symptom recurrence or ineffective symptom 
relief even after clinical symptomatic treatment 
and intervention [2]. Therefore, early and effec-
tive screening and symptomatic treatment for 
CHF patients have positive clinical significance, 
which can delay the progression of patients’ 
conditions and improve the related clinical 
symptoms [3]. Purine metabolism produces 
Uric acid (UA) and UA is related to cardiac func-
tion. The significant increase in UA level is also 
a marker of oxygen metabolism damage at the 
time of CHF occurrence [4]. Serum cystatin C 
(Cys-C) exists in all nucleated cells as the inhibi-
tor of cysteine protease. Cys-C protects cells 

from being hydrolyzed by inappropriate prote-
ases through regulating cell protein hydrolysis 
[5]. Homocysteine (Hcy) is a common amino 
acid substance, which directly damages the 
vascular endothelium [6]. At present, few com-
prehensive studies on the relevance between 
serum levels of UA, Cys-C, Hcy, and CHF have 
been conducted. Therefore, 45 patients with 
CHF diagnosed and treated in our hospital dur-
ing August 2019 to August 2020 were selected 
as main research objects. Then, the expression 
levels of serum UA, Cys-C, and Hcy were detect-
ed and their correlation with CHF was explored 
as follows.

Materials and methods

General materials

45 patients with CHF diagnosed and treated in 
Linyi Central Hospital during August 2019 to 
August 2020 were adopted as the research 
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group; 45 healthy people who received health 
screening in Linyi Central Hospital during the 
same period were selected as the control 
group.

Inclusion criteria of the research group: (1) In 
accordance with the clinical diagnosis of chron-
ic heart failure [7]. (2) The clinical data were 
complete. (3) 30-80 years old. (4) All patients 
signed informed consent before entering the 
group.

According to the gender ratio of patients in the 
study group, 45 healthy people who came to 
Linyi Central Hospital for health screening dur-
ing the same period were selected as the con-
trol group.

Inclusion criteria of the control group: (1) No 
abnormality was found in the clinical examina-
tion. (2) Left ventricular ejection fraction (LVEF) 
was larger than 55.0%. (3) The index levels 
involved in this study are within the normal 
range. (4) 30-80 years old.

Common exclusion criteria of the two groups: 
(1) Combined with renal insufficiency. (2) Com- 
bined with hepatic insufficiency. (3) Combined 
with malignant tumor. (4) Combined with hyper-
thyroidism. (5) Combined with hypothyroidism. 
(6) Combined with anemia.

25 males and 20 females were included in the 
control group, with an average age of (54.6± 
1.6) years; there were also 25 males and 20 
females in the research group, with an average 
age of (54.9±1.5) years. According to the stan-
dard of NYHA for cardiac function grade, of the 
cases of Grade II, Grade III, and Grade IV were 
18, 15, and 12 respectively in the study group. 
The study had been reviewed and approved by 
the Ethics Committee of Linyi Central Hospital.

Methods

3 mL blood samples from elbow of every 
research object were collected after 12 hours 
fasting and blood samples centrifugation was 
conducted at 3000 r/min for 10 min.

Serum uric acid (UA) and homocysteine (Hcy) 
levels were detected by automatic biochemical 
analyzer (Shandong Boke Regenerative Medi- 
cine Co., Ltd., China), and specialized kits were 
used (Shanghai Zhenke Biotechnology Co., 

Ltd., China); the level of serum cystatin C (Cys-
C) was detected through immunoturbidimetry 
(Shanghai Jining Research Co., Ltd., China).

Color Doppler ultrasound (GE, China) was used 
to detect the cardiac ultrasound index, and the 
frequency of the probe was set at 3.0 MHZ. All 
the research objects were examined according 
to the clinical routine cardiac color Doppler 
ultrasound examination method.

All data were analyzed retrospectively.

Outcome measures

Main outcome measures: Gender and age; 
serum levels of UA, Cys-C, and Hcy of two 
groups; Difference of serum levels in UA, Cys-C, 
and Hcy of patients with different cardiac  
function grade in the research group [8]; 
Difference in levels of UA, Cys-C, and Hcy 
between patients with different prognosis in 
the research group. Patients in the research 
group were divided into groups according to the 
occurrence of major adverse cardiac events 
(MACE) or not.

Secondary outcome measures: Difference in 
related echocardiographic indexes between 
the two groups, including longitudinal diameter 
of left atrium (LAD), left ventricular end diastol-
ic diameter (LVEDD) and left ventricular ejec-
tion fraction (LVEF).

The correlation between UA, Cys-C, and Hcy lev-
els with LVEDD and LVEF levels in the research 
group was explored.

The correlation between UA, Cys-C and Hcy lev-
els with different cardiac function grade of 
NYHA in the research group was explored.

Statistical analysis

SPSS 22.0 was used for data analysis. The 
measurement data were expressed by mean ± 
standard deviation (

_
x  ± sd). Two groups were 

compared by the independent sample t test, 
and difference in the intragroup was compared 
by the paired t test; the enumeration data were 
expressed as rate, and the comparison 
between groups was conducted by χ2 test. 
Spearman rank correlation was used to analyze 
the correlation. P<0.05 indicates asignificant 
difference.
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Results

Difference in general data between the control 
group and the research group

No significant difference existed in gender dis-
tribution, average age, drinking, body weight, 
levels of total cholesterol (TC), triglyceride (TG), 
low density lipoprotein cholesterol (LDL-C), and 
high density lipoprotein cholesterol (HDL-C) 
between two groups (P>0.05). See Table 1 for 
details.

Serum levels of UA, Cys-C, and Hcy in the con-
trol group and the research group

The serum levels of UA, Cys-C, and Hcy in the 
research group were (416.21±54.67) μmol/L, 
(1.65±0.46) mg/L and (15.61±5.64) μmol/L in 
the research group, which were much higher 
than those in the control group of (273.12± 
31.24) μmol/L, Cys-C level (0.97±0.23) mg/L 
and Hcy level (10.81±2.43) μmol/L, respective-
ly (all P<0.001). See Table 2 and Figure 1 for 
details.

Serum levels of UA, Cys-C, and Hcy with differ-
ent NYHA grade in the research group

The levels of UA, Cys-C, and Hcy in patients with 
NYHA grade IV were obviously higher than those 

Related echocardiographic indexes of the con-
trol group and the research group: LAD level, 
LVEDD level, and LVEF level

Among related echocardiographic indexes, the 
LAD level and LVEDD level of the research 
group were (41.31±3.92) mm and (59.81± 
3.92) mm, which were much higher than those 
of the control group (32.13±4.12) mm and 
(46.53±3.71) mm (P<0.001). At the same time, 
the research group had much lower LVFE level 
(40.64±5.83)% than the control group (64.71± 
4.27)% (P<0.001). See Table 4 for details.

Difference of serum levels of UA, Cys-C and 
Hcy between patients with different prognosis

All patients in the research group were followed 
up for 90 days, and 7 cases of MACE occurred. 
Serum UA, Cys-C, and Hcy levels of patients 
with MACE in the research group were 
(398.62±134.33) μmol/L, (1.92±0.74) mg/L 
and (19.72±3.21) μmol/L, respectively. Serum 
UA, Cys-C, and Hcy levels of patients without 
MACE in the research group were (311.61± 
125.42) μmol/L, (1.42±0.31) mg/L and 
(14.81±2.62) μmol/L, respectively. The corre-
sponding index of the patients with MACE was 
much higher than those without MACE in the 
research group (all P<0.05). See Table 5 for 
details.

Table 1. Difference in gender and age between the control group and the research group
Group Control group (n = 45) Research group (n = 45) Statistic P
Male (cases, %) 25, 55.6% 25, 55.6% 1.254 1.263
Female (cases, %) 20, 44.4% 20, 44.4%
Mean age (year, 

_
x  ± sd) 54.6±1.6 54.9±1.5 0.485 2.847

Drinking (Cases, %) 5 (11.1) 6 (13.3) 1.139 1.025
Body weight (kg/m2) 25.23±3.22 26.15±3.39 1.320 0.190
Total cholesterol (mmol/L) 4.53±1.12 4.47±1.09 0.258 0.797
Triglyceride (mmol/L) 1.56±0.64 1.62±0.51 0.492 0.624
Low density lipoprotein cholesterol (mmol/L) 2.57±0.68 2.43±0.71 0.955 0.342
High density lipoprotein cholesterol (mmol/L) 1.24±0.32 1.19±0.41 0.645 0.521

Table 2. Serum levels of UA, Cys-C, and Hcy in the control 
group and the research group (

_
x  ± sd)

Group Cases UA level 
(μmol/L)

Cys-C level 
(mg/L)

Hcy level 
(μmol/L)

Control group 45 273.12±31.24 0.97±0.23 10.81±2.43
Research group 45 416.21±54.67 1.65±0.46 15.61±5.64
t 15.244 8.870 5.243
P 0.000 0.000 0.000
Note: UA: uric acid; Cys-C: Cystatin C; Hcy: homocysteine.

in patients with grade III and grade II 
(all P<0.05). At the same time, the 
patients with grade III also had much 
higher levels of UA, Cys-C, and Hcy 
than patients with grade II (P<0.05) 
(all P<0.05). In general, serum levels 
of UA, Cys-C, and Hcy increased with 
an increase of cardiac function clas-
sification. See Table 3 and Figure 2 
for details.
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Correlation between serum levels of UA, Cys-C, 
and Hcy with the level of LVEDD and LVEF in 
the research group

The levels of serum UA, Cys-C, and Hcy in the 
research group showed positive correlation 
with the level of LVEDD (r value = 0.325, 0.318, 
0.251, all P<0.05), and showed negative corre-
lation with the level of LVEF (r value = -0.294, 
-0.289, -0.216, P<0.05). See Table 6 for de- 
tails.

Correlation between serum levels of UA, Cys-C, 
and Hcy with NYHA grade

UA, Cys-C and Hcy levels in the research group 
were all positively correlated with NYHA grade 
(all P<0.05). See Table 7 for details.

Diagnostic efficacy of serum levels of UA, Cys-
C, and Hcy in patients with CHF

The ROC curve showed that the diagnostic sen-
sitivity of serum UA level, Cys-C, level and Hcy 
level in joint diagnosis of CHF patients were 
higher than that of single index diagnosis 
(P<0.05), and the specificity of combined diag-
nosis was lower than that of single index diag-
nosis (P<0.05). See Table 8 and Figure 3 for 
details.

of UA than the control group; the UA level 
showed positive correlation with LVEDD level 
and NYHA grade, and was negatively correlated 
with LVEF level. UA is produced in the process 
of purine metabolism in the body. When circula-
tory failure occurs, UA level in serum will be sig-
nificantly increased due to reduced excretion 
and increased production [10]. A previous study 
indicated that the maximal oxygen uptake of 
patients with CHF would be significantly re- 
duced, and there existed a correlation between 
the maximum oxygen uptake and NYHA classifi-
cation. The decrease in range of oxygen uptake 
increased with the aggravation of the disease, 
suggesting that oxygen metabolism was im- 
paired in CHF patients [11]. Patients with CHF 
usually also have some degree of degrees of 
hypoxemia. The occurrence of hypoxia will 
enhance anaerobic metabolism and glycolysis, 
and reduce the production of adenosine tri-
phosphate (ATP) [12]. The consumption of ATP 
will promote the degradation of adenine to pro-
duce related substances including UA, which is 
also a main reason for the increased UA level in 
CHF patients [13].

The results of our study showed that the 
research group had much higher levels of Cys-C 
than the control group; Cys-C level was posi-

Figure 1. Serum levels of UA, Cys-C, and Hcy in the control group and the research group. A: UA level; B: Cys-C level; 
C: Hcy level. Compared with control group, ***P<0.001. UA: uric acid; Cys-C: Cystatin C; Hcy: homocysteine.

Table 3. Serum levels of UA, Cys-C, and Hcy with dif-
ferent NYHA grade in the research group (

_
x  ± sd)

Group Cases UA level 
(μmol/L)

Cys-C level 
(mg/L)

Hcy level 
(μmol/L)

Grade II 18 325.12±78.43 1.25±0.23 13.16±3.21
Grade III 15 374.15±84.51 1.51±0.33 16.13±4.97
Grade IV 12 446.82±146.22 1.97±0.25 19.81±6.32
F 5.093 25.245 6.984
P 0.024 0.000 0.002
Note: NYHA: New York Heart Association; UA: uric acid; Cys-C: Cys-
tatin C; Hcy: homocysteine.

Discussion

CHF is a very complex clinical syndrome 
and the occurrence of CHF indicates that 
the heart disease has developed to a very 
serious stage. The incidence of CHF is very 
high in the clinic, and is increasing with 
aging of the population [9]. Therefore, 
effective clinical evaluation and diagnosis 
for CHF patients are of great significance 
to improve the prognosis of patients.

The results of our study showed that the 
research group had markedly higher level 
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tively correlated with LVEDD level and 
NYHA grade, and was negatively cor-
related with LVEF level. At present, 
serum Cys-C level has been used as a 
new reference index for the detection 
of renal function [14]. Compared with 
traditional renal function indexes, 
such as serum creatinine and urea 
nitrogen, Cys-C can reflect glomerular 
filtration rate more accurately [15]. 
Studies have shown that serum Cys-C 
may be associated with cardiovascu-
lar disease [16]. Cys-C may damage 
the cardiovascular system by affect-
ing lipid peroxidation, coagulation 
function, smooth muscle cell func-
tion, and endothelial cell function [17, 
18]. Studies have pointed out that 
one of the main risk grading markers 
of cardiac disease endpoint events is 
serum Cys-C. In addition, there exists 
a close relationship between Cys-C 
and cardiac dysfunction [19, 20].

The results of our study showed that 
the research group had a substan-
tially higher level of Hcy than the con-
trol group; the Hcy level was positively 
correlated with LVEDD level and 
NYHA grade, and was negatively cor-
related with LVEF. Related studies 
have pointed out that Hcy can dam-
age the normal function of endotheli-
al cells, stimulate the production of 
platelet-derived growth factor, and 
promote the formation atherosclero-
sis; at the same time, Hcy is closely 
related with coronary heart disease 
[21]. Hcy can promote the occurrence 
of cardiovascular diseases through 
various mechanisms, such as affect-
ing lipid metabolism, inducing the 

Table 4. Related echocardiographic indexes of the control 
group and the research group (

_
x  ± sd)

Group Cases LAD (mm) LVFE (%) LVEDD (mm)
Control group 45 32.13±4.12 64.71±4.27 46.53±3.71
Research group 45 41.31±3.92 40.64±5.83 59.81±3.92
T 10.829 22.344 16.506
P 0.000 0.000 0.000
Note: LAD: longitudinal diameter of left atrium; LVEDD: left ventricular end 
diastolic diameter; LVEF: left ventricular ejection fraction.

Table 5. Difference of serum levels of UA, Cys-C, and Hcy 
between patients with different prognosis (

_
x  ± sd)

Group Cases UA level 
(μmol/L)

Cys-C level 
(mg/L)

Hcy level 
(μmol/L)

Without MACE 38 311.61±125.42 1.42±0.31 14.81±2.62
With MACE 7 398.62±134.33 1.92±0.74 19.72±3.21
T 2.670 3.048 4.405
P 0.011 0.004 0.000
Note: MACE: major cardiovascular adverse events; UA: uric acid; Cys-C: 
Cystatin C; Hcy: homocysteine.

Table 6. Correlation between serum levels of UA, Cys-C, 
and Hcy with the levels of LVEDD and LVEF in the research 
group (

_
x  ± sd)

Index 
UA level Cys-C level Hcy level

r value P value r value P value r value P value
LVEDD level 0.325 0.014 0.318 0.005 0.251 0.047
LVEF level -0.294 0.021 -0.289 0.026 -0.216 0.014
Note: UA: uric acid; Cys-C: Cystatin C; Hcy: homocysteine; LVEDD: left ven-
tricular end-diastolic diameter; LVEF: left ventricular ejection fraction.

Table 7. Correlation between serum levels of UA, Cys-C, and 
Hcy with NYHA grade in the research group (

_
x  ± sd)

Index
UA level Cys-C level Hcy level

r value P value r value P value r value P value 
NYHA grade 0.294 0.046 0.274 0.024 0.285 0.016
Note: UA: uric acid; Cys-C: Cystatin C; Hcy: homocysteine; NYHA: New York 
Heart Association.

Figure 2. Serum levels of UA, Cys-C, and Hcy with different NYHA grade in the research group. A: UA level; B: Cys-C 
level; C: Hcy level. Compared to grade ll, &P<0.05; compared to grade lll, #P<0.05. UA: uric acid; Cys-C: Cystatin C; 
Hcy: homocysteine; NYHA: New York Heart Association.
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proliferation of smooth muscle cells, promoting 
the formation of thrombosis, destroying the bal-
ance between fibrinolysis and coagulation, and 
participating in an inflammatory reaction [22]. 
In our study, we found that the diagnostic sen-
sitivity of serum UA, Cys-C, and Hcy levels in 
joint diagnosis of CHF patients were higher 
than that of single index diagnosis, and the 
specificity of combined diagnosis was lower 
than that of single index diagnosis. The results 
suggested that the joint diagnosis of serum UA 
level, Cys-C level and Hcy level had higher diag-
nostic sensitivity in patients with CHF.

There are also some deficiencies in this study. 
For example, the sample size in the study is 
relatively small, which may lead to some devia-
tion and limitations in the results of the study. 
In the future clinical research, we will conduct 
multi-center in depth exploration and research 
with larger sample size, so as to verify and 
judge the reliability and accuracy of the present 
research results. It is hoped that our present 
study could provide certain reference and sci-
entific basis for the diagnosis and treatment of 
CHF patients, and provide certain reference for 
future research.

Table 8. Diagnostic effect of serum UA, Cys-C, and Hcy levels in patients with CHF
Diagnostic indicator Area SE sig 95% CI Sensitivity Specificity
Serum UA 0.832 0.067 0.000 0.735-0.912 0.814 0.681
Cys-C 0.871 0.068 0.000 0.671-0.914 0.723 0.642
Hcy 0.863 0.071 0.000 0.754-0.893 0.802 0.632
Joint diagnosis 0.912 0.050 0.000 0.732-0.895 0.901 0.523
Note: UA: uric acid; Cys-C: Cystatin C; Hcy: homocysteine; SE: sensitivity; sig: significance; CI: confidence interval.

Figure 3. Diagnostic ROC curve of serum UA, 
Cys-C,and Hcy levels in patients with CHF. UA: 
uric acid; Cys-C: Cystatin C; Hcy: homocysteine; 
NYHA: New York Heart Association.
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Taken together, CHF patients had much higher 
levels of UA, Cys-C, and Hcy than patients in the 
control group, indicating that these above 
serum levels could be used as reference index-
es for clinical screening of early CHF patients; 
UA, Cys-C and Hcy levels in CHF patients were 
all positively correlated with NYHA grade and 
the level of LVEDD, and were negatively corre-
lated with the level of LVEF. Thus, these three 
serum indexes could provide a certain refer-
ence for clinical evaluation of CHF patients.
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