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Abstract
Objective: To investigate the relationship between serum level of cystatin C
(Cys-C) and AF (atrial fibrillation) and its clinical classification. Method:
From January 2017 to April 2019, 168 cases of Xiaogan Central Hospital were
chosen as the object of this study. The subjects were divided into 86 patients
with AF and 82 patients in the control group. The AF group was divided into
paroxysmal AF group (29 cases), persistent AF group (27 cases) and permanent AF group (29 cases) according to the European atrial fibrillation management guidelines and the North America Society of Pacing and Electrophysiology (NASPE) arrhythmia group organized the categorization of AF. Results: Compared with the control group, the level of the serum Cys-C was
significantly higher in the AF group, the difference was statistically significant (P < 0.05). There was significant difference in Cys-C level in patients
with different types of AF (P < 0.05). The levels of neutrophil percentage, low
density lipoprotein cholesterol (LDL-C), left ventricular diameter, left atrial
diameter, C-reactive protein (CRP) and homocysteine in the AF group were
significantly higher than those in the control group (P < 0.05). The difference
of neutrophil percentage, LDL-C, left ventricular ejection fraction, left atrial
diameter, CRP and homocysteine levels in patients with different types of
atrial fibrillation was statistically significant (P < 0.05). Logistic analysis showed
that the serum Cys-C level, CRP, homocysteine, left ventricular diameter, left
atrial diameter could be used as an independent predictor of atrial fibrillation
when other factors were corrected. Conclusion: Serum Cys-C level in atrial
fibrillation group is significantly higher than the control group, there are differences between different atrial fibrillation clinical classification, its level increased with duration of atrial fibrillation. Serum Cys-C level and inflammatory markers CRP, WBC and neutrophilic granulocyte percentage were positively correlated, indicating that serum cystatin C is associated with chronic
inflammation, involved in the occurrence of atrial fibrillation, maintain and
recurrence. Logistic analysis showed that the serum cystatin C level could be
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used as an independent predictor of atrial fibrillation when other factors were
corrected.
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1. Introduction
Atrial fibrillation (AF) is a complex and dangerous arrhythmia. Serious disorder
of atrial electrical activity, which is a regular and orderly electrical activity and
replaced by rapid and disordered tremor, is the main cause of its occurrence.
Epidemiological investigation shows that the prevalence of AF in Chinese is about
0.77% - 2.8%, accounting for about one-third of all hospitalized arrhythmia patients. The morbidity and prevalence of atrial fibrillation increased with age [1].
The main causes of death in patients with atrial fibrillation are progressive heart
failure (HF), cardiac arrest and cerebral apoplexy [2]. Reasonable treatment in
time can significantly reduce mortality in patients with atrial fibrillation. Therefore, how to diagnose atrial fibrillation as soon as possible and assess the patient’s condition, so that these patients get treatment as soon as possible, to minimize the damage and harm caused by the disease, is still a hot topic in the
medical field. Cystatin C (Cys-C) is a low-molecular-weight secretory protein of
the human body. Almost all nucleated cells can produce this secreted protein,
and the secretion process is rarely affected by factors such as gender, age, bilirubin, blood lipids, muscle mass, etc., so the serum Cys-C production rate and serum level are relatively constant. In recent years, it has been found that serum
Cys-C is more sensitive than creatinine (Cr) and Serum urinary nitrogen (BUN)
as an indicator of glomerular filtration rate. It is currently used as a sensitive indicator for assessing early damage to renal function [3] [4]. In 2010, Deo et al.
showed that serum Cys-C level was positively correlated with the prevalence of
atrial fibrillation. It was concluded that renal dysfunction, which was evaluated
by serum Cys-C, was an independent predictor of AF prevalence [5]. In recent
years, Cys C has been found to be able to predict new or worsening cardiovascular diseases [6]. In addition, studies have shown that higher levels of serum
Cys-C may increase the risk of cardiovascular autonomic nervous dysfunction
[7]. At present, many literatures and experiments have proved that elevated serum Cys-C is an independent risk factor for atrial fibrillation [8]. However,
whether there is a correlation between serum Cys-C level and types of atrial fibrillation still needs to be further explored. The purpose of this study was to explore the relationship between cystatin C and atrial fibrillation types, and to
provide a new idea for early clinical evaluation of atrial fibrillation types.

2. Date and Methods
1) Clinical Data: 86 patients with non-valvular atrial fibrillation who were
DOI: 10.4236/ijcm.2019.108033
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admitted to Xiaogan Central Hospital from January 2017 to April 2019. According to the European Society of Cardiovascular Disease (ESC), the North American Pacing and Electrophysiology Society (NASPE), the above atrial fibrillation
patients were divided into three subgroups, paroxysmal AF (29 cases). People,
accounting for 33.72%; persistent AF (27 cases), accounting for 31.39%; permanent AF (30 cases), accounting for 34.88%. At the same time, 82 patients in the
normal control group were selected, and the general situation (gender, age, creatinine, cystatin-C, etc.) matched the atrial fibrillation group and the electrocardiogram was normal sinus rhythm. Inclusion criteria: Atrial fibrillation can be
diagnosed according to the surface electrocardiogram (ECG) or 24-hour Holter,
the patients’ ages were 18 - 99 years, male or female. Exclusion criteria: patients
with congenital heart disease, rheumatic heart disease, and prosthetic valve replacement or repair; history of coronary artery bypass grafting or coronary stent
implantation; acute coronary syndrome (ACS) within 3 months of onset; patients with clear hypertension, diabetes, blood disease, thyroid dysfunction, liver
and kidney dysfunction, autoimmune diseases, tumor diseases, nervous system
diseases; patients with acute and chronic infectious diseases; patients with trauma, surgical history and anti-infective drugs in the recent 30 days; New York
Heart Association Cardiac Function Grade 3 or more; patients with statins lipid-lowering drugs in the recent 30 days.
2) Methods Record: The patient’s general information, gender, age, atrial fibrillation type, CHA2DS2VASc score, HAS-BLED score, the peripheral venous blood
was collected on an empty stomach the next morning, blood routine, liver function, renal function, electrolytes, blood lipids, blood homocysteine, high-sensitivity
C-reactive protein, etc. Early cardiac color Doppler ultrasound examination,
measurement of left atrial diameter (LAD), left ventricular end-diastolic diameter (LVDD), left ventricular ejection fraction (LVEF).
3) Statistical Analysis: Statistical analysis was carried out by SPSS 23.0 software. The comparison between the two groups of measurement data subject to
normal distribution was carried out by T-test; the comparison of more than
three groups was carried out by one-way ANOVA test, and the comparison between groups was carried out by T-test. The measurement data not subject to
normal distribution was carried out by Wilcoxon rank sum test of two independent samples; and the counting data was analyzed by χ2 test. For comparison of
multi-group measurement data, variance analysis was used for normal distribution and homogeneous variance, Kruskal-Wallis H test was used for non-normal
distribution or uneven variance. Logistic regression analysis was used to analyze
the risk factors of atrial fibrillation (P < 0.05).

3. Results
3.1. Comparison of Clinical Data between Atrial Fibrillation
Group and Control Group
The general information of the patients in the two groups is shown in Table 1.
DOI: 10.4236/ijcm.2019.108033
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Table 1. Comparison of clinical data between atrial fibrillation group and control group.
Control group
(n = 82)

AF group
(n = 86)

Statistics

P

69.55 ± 10.19

71.40 ± 11.21

t = 1.901

P = 0.063

WBC count (10 /l)

6.29 ± 3.56

6.31 ± 2.48

t = 0.109

P = 0.929

Neutrophil percentage (%)

64.25 ± 8.92

69.33 ± 9.03

t = 3.271

P = 0.002

Creatinine (mmoI/L)

84.52 ± 10.23

82.33 ± 11.96

t = 1.505

P = 0.139

Total cholesterol (mmol/L)

3.48 ± 1.01

3.53 ± 0.91

t = 1.033

P = 0.501

LDL-C (mmol/L)

1.23 ± 0.55

1.66 ± 0.62

t = 2.880

P = 0.006

HDL-C (mmol/L)

1.16 ± 0.54

1.18 ± 0.29

t = 0.647

P = 0.224

Triglyceride (mmol/L)

1.32 ± 0.56

1.28 ± 0.83

t = 0.561

P = 0.576

LVEF (%)

60.22 ± 7.48

53.93 ± 8.14

t = 2.133

P = 0.004

Left inner diameter (cm)

4.02 ± 1.23

4.70 ± 0.66

t = 2.544

P = 0.014

Left atrial diameter (cm)

3.14 ± 1.18

4.34 ± 0.77

t = 2.976

P < 0.001

CRP (mg/L)

2.05 ± 10.98

6.93 ± 17.76

t = 2.23

P = 0.004

Homocysteine (mmol/L)

7.96 ± 5.21

13.96 ± 3.40

t = 3.79

P < 0.001

Cystatin C (mg/L)

0.67 ± 0.98

0.92 ± 0.39

t = 4.150

P < 0.001

Related indicators
age
9

WBC count = White blood cell count; LDL-C = Low density lipoprotein cholesterol; HDL-C = High density
lipoprotein cholesterol; LVEF Left ventricular ejection fraction.

Compared with the control group, the average age of the control group was
69.55 ± 10.19 years, and that of the atrial fibrillation group was 71.40 ± 11.21
years. The percentage of neutrophils, LDL-C, left ventricular diameter, left atrial
diameter, CRP, HCY and serum Cys-C levels in the atrial fibrillation group were
higher than the control group, the difference was statistically significant (P <
0.05). The left ventricular ejection fraction of the atrial fibrillation group was
smaller than that of the control group, and the difference was statistically significant (P < 0.05). There was no significant difference in white blood cell count,
creatinine, total cholesterol, high density lipoprotein cholesterol and triglyceride
between the two groups (P > 0.05).

3.2. Comparison of Clinical Data between Different Atrial
Fibrillation Groups
The average age of patients with paroxysmal atrial fibrillation was 67.45 ± 12.25,
the average age of patients with persistent atrial fibrillation was 66.92 ± 9.88
years, and the average age of patients with permanent atrial fibrillation was 76.67 ±
9.15 years old. There was no significant difference in the age of patients with
different types of atrial fibrillation (F = 5.018, P = 0.212). The serum Cys-C levels in the permanent AF were higher than in the persistent AF, and the persistent AF was higher than the paroxysmal AF. All were statistically significant (P <
0.05). At the same time, the study found that the difference in the percentage of
neutrophils, LDL-C, left atrial diameter, LVEF, CRP, HCY in different types of
patients were statistically significant (P < 0.05), of which, for neutrophils PerDOI: 10.4236/ijcm.2019.108033
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centage, LDL-C, left atrial diameter, CRP, HCY, permanent AF were higher than
paroxysmal AF and persistent AF, the difference was statistically significant (P <
0.05). For left ventricular ejection fraction, the permanent AF was lower than
paroxysmal AF and persistent AF, the difference was statistically significant (P <
0.05). There were no significant differences in white blood cell count, creatinine,
total cholesterol, high-density lipoprotein cholesterol, and triglycerides between
patients with different types of atrial fibrillation (P > 0.05) (Table 2).

3.3. Logistic Multivariate Analysis
As shown in Table 3, univariate logistic regression analysis was performed on
factors such as age, neutrophil percentage, LDL-C, plasma homocysteine, CRP,
and serum Cys-C, and then multivariate analysis was performed on single-factor
meaningful variables. It is shown that serum Cys-C, CRP, homocysteine, cystatin
C, left ventricular diameter, and left atrial diameter are risk factors for atrial fibrillation.

4. Discussion
Atrial fibrillation is a disease that increases mortality. Some studies have shown
that atrial fibrillation can increase the risk of sudden cardiac death, major cardiovascular adverse events, heart failure, ischemic heart disease, cerebral infarction, peripheral artery disease, chronic kidney disease and other related diseases
[9]. Current studies suggest that atrial fibrillation is mainly associated with
atrial remodeling, electrical remodeling, autonomic nervous system function,
gene mutation, increased activity of renin-angiotensin-aldosterone system and
Table 2. Comparison of clinical data between different atrial fibrillation groups.
Paroxysmal AF
(n = 29)

Persistent AF
(n = 27)

Permanent AF
(n = 30)

67.45 ± 12.25

66.92 ± 9.88

76.67 ± 9.15

F = 5.018 P = 0.212

6.03 ± 1.71

6.98 ± 3.29

7.01 ± 2.22

F = 0.668 P = 0.518

70.71 ± 10.44

74.88 ± 7.91

H = 10.033 P = 0.004

77.77 ± 10.93

80.9 ± 9.47

82.15 ± 13.45

H = 2.838 P = 0.242

Total cholesterol
(mmol/L)

3.67 ± 0.83

3.85 ± 0.95

3.21 ± 0.87

F = 2.092 P = 0.137

LDL-C (mmol/L)

1.52 ± 0.48

1.88 ± 0.67

2.01 ± 0.66

F = 8.230 P = 0.003

HDL-C (mmol/L)

1.25 ± 0.27

1.26 ± 0.28

1.07 ± 0.30

F = 2.098 P = 0.136

Triglyceride (mmol/L)

1.59 ± 1.25

1.25 ± 0.72

1.10 ± 0.54

F = 1.198 P = 0.313

LVEF (%)

57.45 ± 3.64

55.85 ± 8.35

51.29 ± 0.95

F = 7.555 P = 0.004

Left inner diameter (cm)

4.51 ± 0.58

4.68 ± 0.75

4.84 ± 0.64

F = 0.845 P = 0.437

Left atrial diameter (cm)

3.82 ± 0.77

4.42 ± 0.71

4.61 ± 0.68

F = 10.265 P = 0.001

CRP (mg/L)

1.16 ± 1.98

2.02 ± 1.05

14 ± 25.1

H = 26.236 P = 0.001

Related indicators
Age
WBC count (109/l)

Neutrophil percentage (%) 68.45 ± 9.66
Creatinine (mmoI/L)

DOI: 10.4236/ijcm.2019.108033
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P

Homocysteine (mmol/L)

16.7 ± 3.81

17.3 ± 1.93

21.22 ± 3.79

F = 15.912 P < 0.001

Cystatin C (mg/L)

0.65 ± 0.09

0.82 ± 0.27

1.15 ± 0.45

H = 34.332 P < 0.001
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Table 3. Logistic multivariate analysis results.
B

S.E.

Wald

P-value

OR

95% CI

Cystatin c

2.668

0.256

7.986

0.004

12.56

0.132 - 49.895

Neutrophil
percentage

1.180

2.75

0.768

0.108

2.75

0.654 - 10.411

LDL-C

0.120

0.346

0.059

0.988

1.601

1.447 - 1.768

CRP

0.125

0.028

18.186

0.000

1.522

1.144 - 1.965

Homocysteine

0.134

0.036

15.981

0.000

1.301

1.159 - 1.464

LVEF

−0.049

0.038

0.965

0.213

0.951

0.793 - 1.128

Left inner diameter

0.137

0.044

6.175

0.010

1.215

1.052 - 1.317

Left atrial diameter

0.104

0.022

12.358

0.001

1.098

1.051 - 1.181

Influencing factor

inflammatory reaction [10]. Inflammatory reaction was found to be closely related to the occurrence and progression of atrial fibrillation. Inflammatory factors such as interleukin (IL) [11], C-reactive protein (CRP) [12], tumor necrosis
factor-α (TNF-α) [13] were found to be associated with atrial fibrillation. Cysteine protease inhibitor C (Cys-C) is a low molecular weight (13 kDa) protein
produced by all nucleated cells. More and more studies have confirmed that
Cys-C may play a key role in the detection and evaluation of cardiovascular diseases in addition to being an indicator of impaired renal function. Wang et al.
have shown that higher levels of serum Cys-C are independently associated with
increased risk of cardiovascular events, and this risk is not significantly associated with GFR [14]. Cys C is also released from cardiac myocytes, and hypoxia
increases its production [15]. Increased serum Cys-C level can inhibit the effect
of protease and lead to remodeling of vascular wall. At the same time, Cys-C can
reduce the decomposition of atrial fibroblasts and cause myocardial fibrosis.
Myocardial fibrosis is the pathological basis of the occurrence and progression of
atrial fibrillation [16]. HCY is an independent predictor of cardiovascular and
cerebrovascular diseases [17]. Serum Cys-C can inhibit the activity of cysteine
protease and reduce the decomposition of HCY, damage vascular endothelium
and inhibit the synthesis of NO. Both of them participate in the oxidative stress
process, lead to ischemia and hypoxia, and cause changes in atrial structure. It is
easy to induce atrial fibrillation [18]. Cys-C is involved in many inflammatory
reactions. Serum Cys-C and its degradation products can directly affect the migration, chemotaxis and phagocytosis of neutrophils, thus participating in the
whole inflammatory process [19]. Inflammatory reaction leads to fibrosis of atrial myocytes, which leads to atrial enlargement, and finally changes of atrial
structure, leading to atrial fibrillation. Korantzopoulos et al. found that inflammation contributes to electrical remodeling of atrial fibrillation, especially in the
recurrence or evolution of atrial fibrillation into permanent atrial fibrillation
[20], which is consistent with the results of Samouilidou’s study [21]. In Buddha’s Framingham’s study [22], we found a close correlation between LAD and
DOI: 10.4236/ijcm.2019.108033
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atrial fibrillation: the prevalence of atrial fibrillation increased with the increase
of LAD. Wang Xin and other studies indicated that high serum Cys-C level was
a risk factor for left atrial dilatation [23], and electrical remodeling caused by
atrial dilatation and fibrosis could trigger atrial fibrillation [24]. High Cys-C level is a highly sensitive marker of mild renal insufficiency. Mild renal insufficiency is associated with microvascular endothelial insufficiency [25]. High Cys-C
level may lead to microvascular endothelial insufficiency, activate RAAS system,
accumulate extracellular matrix, accelerate atrial fibrosis, and activation of RAAS
system may also lead to renal function damaged.
In this study, we found that serum Cys-C level in AF group was significantly
higher than that in non-AF group. There were differences among clinical types
of AF. The level of Cys-C increased with the duration of AF (P < 0.05). In the
process of analyzing the correlation between Cys-C and various clinical indicators, we found that serum Cys-C and inflammation were associated with AF. Indicators such as hypersensitivity protein, white blood cell count and percentage
of neutrophils were positively correlated, which supported that the occurrence
and development of atrial fibrillation was closely related to inflammation. At the
same time, the level of LDL-C in atrial fibrillation group was higher than that in
non-atrial fibrillation group, and increased with the prolongation of atrial fibrillation time (P < 0.05). In multivariate logistic regression analysis, we found that
left ventricular diameter can be a risk factor for atrial fibrillation. This may be
because atrial fibrillation can lead to ventricular fibrosis, enlargement of ventricular diameter, decrease of left ventricular ejection fraction, and decrease of left
ventricular ejection fraction, which can also promote atrial enlargement. They
form a vicious circle. Logistic analysis showed that the elevated serum cystatin C
level could be used as an independent predictor of atrial fibrillation after adjusting for other factors.
Because the measurement of serum Cys-C is simple, inexpensive and painful,
and it can also be used as an evaluation index of renal function, serum Cys-C is
expected to be an effective marker for evaluating the occurrence, maintenance
and recurrence of atrial fibrillation, and has important clinical significance. Serum
Cys-C is also an index closely related to renal function, which is of great significance for research. It is also important to investigate and analyze the relationship
between kidney disease and cardiovascular disease. However, this study is a retrospective analysis. Although many factors that may affect the results of the
study have been excluded, due to the small sample size and the drug (the patient
may take long-term medications such as statins and other cardiovascular diseases before admission) and various factors, the persuasiveness of the research results is limited, and the reliability of the final conclusion still needs to be further
confirmed by large-scale and more rigorous experimental analysis. The influence
of many factors, the persuasiveness of the research results is limited, and the reliability of the final conclusion still needs to be further confirmed by large-scale
and more rigorous experimental analysis.
DOI: 10.4236/ijcm.2019.108033
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