
Introduction

Atrial fibrillation (AF) is one of the most prevalent 
arrhythmias in the world and the main cause 
of cardiac-related morbidity and mortality.1 Its 
frequency increases with age. AF development in 
chronic cardiovascular diseases, such as coronary 
artery disease (CAD), hypertension, and heart failure, 
worsens the clinical disease and is an important cause 
of hospitalization due to arrhythmia. Although it is 
associated with many conditions, there is no specific 
cause of AF. In approximately ten percent of all AF 
cases, no underlying heart problem is found. AF, in 
these cases, may be associated with other factors, such 
as excessive caffeine use, stress, alcohol or certain 

drugs, as well as electrolyte or metabolic imbalances2,3 
However, in some cases of AF, no cause can be found. 
The relationship between inflammation, calcification, 
aging, and AF is a well-known theme and has been 
reported in previous studies.3,4

Fetuin-A was first discovered in fetal serum, excreted 
by many different kinds of tissues, such as adipose 
tissue, placenta, and tongue, but primarily generated 
and secreted by the liver. Fetuin-A participates in 
many functions in human growth and development, 
the pathophysiology of inflammation and calcification, 
and in the course of many chronic diseases, such as 
cardiovascular disease, diabetes, metabolic syndrome, 
and kidney disease.5-11 Because of the opposing 
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Abstract

Background: Biomarkers related to the pathogenesis of atrial fibrillation (AF) have attracted the attention of experts. 
One of these recently studied biomarkers is Fetuin-A.

Objectives: This study aimed to evaluate the relationship between serum Fetuin-A levels and AF.

Methods: This study used the convenience sampling method, based on inclusion criteria and consent to participate 
in the study. The Shapiro-Wilk test was used to confirm the normal distribution of all continuous variables. 
Categorical variables were presented using absolute and relative frequencies. Both groups (48 patients with AF and 
47 controls) were compared in terms of biochemical, hematological, and echocardiographic findings and Fetuin-A. 
the Chi-square or Fisher's exact test were used to compare groups concerning categorical variables. Continuous 
variables were compared using the independent samples t-test. P<0.05 was considered statistically significant.

Results: Serum Fetuin-A values increased in AF patients when compared to the controls (544±49 μg/mL versus 
484±46 μg/mL, p=0.001). Moreover, Fetuin-A level was independently associated with AF — AOR  = 0.978, 95%; 
confidence interval (CI) 0.969-988, p < 0.001. The cut-off values in Fetuin-A levels in patients with AF were >511.80 
μg/mL with a sensitivity of 75% and a specificity of 73% — area under the curve (AUC) = 0.804, 95% CI = 0.715 - 0.892.

Conclusions: According to this study, there was a relationship between serum Fetuin-A levels and AF, regardless 
of conventional cardiovascular risk factors. Therefore, Fetuin-A may play a role in the pathophysiology of AF. 
Prospectively designed cohort studies are necessary to assess whether or not the results can be generalized for other 
populations.
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with normal sinus rhythm) who were attending the 
Cardiology Department of Sivas Cumhuriyet University 
Hospital. Convenience sampling was used, based on 
inclusion criteria and consent to participate in the study. 
Each AF patient was matched with a normal sinus 
rhythm patient regarding age, gender, hypertension, 
and diabetes. The study protocol was approved by the 
institutional ethics committee for human research and 
an informed consent form was signed by each patient 
and/or legal guardian.

Inclusion criteria for the patient's were: must be 
older than 18 years of age, have normal ejection fraction 
tested by echocardiography (>50), and show a normalAF 
rhythm, whereas normal sinus rhythm was the critera for 
the control group .

Patients with the following medical conditions were 
excluded from this study: prior weight management 
strategies, such as calorie restrictions and bariatric surgery; 
reduced ejection fraction tested by echocardiography (<50); 
acute coronary syndrome; acute/chronic heart failure; 
moderate-to-severe valvular heart disease; the presence 
of a pacemaker; hepatic or renal insufficiency (alanine 
aminotransferase and aspartate aminotransferase levels 
of >2-fold normal; serum creatinine levels of >1.5 mg/dL); 
hypothyroidism or hyperthyroidism; a current acute or 
chronic infection; malignancy ; connective tissue disease; a 

pathways, previous studies have failed to provide 
consistent results concerning the relationship between 
circulating Fetuin-A and the risk of cardiovascular 
diseases. Nevertheless, lower Fetuin-A levels have 
predicted increased cardiovascular mortality in end-
stage renal disease patients, dialysis patients, and 
the general population, which indicates a potential 
connection between calcification levels and higher 
cardiovascular events and mortality.12-14 However, 
other studies have reported that increased Fetuin-A 
levels in patients with type 2 diabetes mellitus were 
independently and positively correlated with the 
presence of cardiovascular events. The aforementioned 
results suggested that different pathways of the 
regulation of Fetuin-A in various diseases could 
influence the results.8 

To the best of our knowledge, the potential association 
between Fetuin-A and AF has not been studied to date. 
Therefore, the present study aimed to investigate the 
circulating Fetuin-A levels in AF patients.

Materials and Methods 

Study design and setting

The prospective case control study recruited 95 
consecutive patients (48 patients with AF, 47 patients 

Central Illustration: Increased Circulating Fetuin-A Levels in Patients with Atrial Fibrillation
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medical history of strokes; alcohol use; and hematological, 
respiratory, immunological, and inflammatory disorders. 

The presence of hypertension was defined as 
patients using antihypertensive drugs or at least 
two blood pressure measurements of 140/90 mmHg 
or above. Diabetes mellitus was defined as patients 
using antidiabetic drugs, patients whose blood sugar 
was controlled by dieting, or patients whose blood 
sugar, after eight hours of fasting, was 126 mg/
dl. Hypercholesterolemia was defined as patients 
who have been treated for hypercholesterolemia, or 
serum cholesterol concentrations higher than 200 
mg/dL, with either fasting or nonfasting. CAD was 
defined as the presence of a clinical history of CAD, 
abnormal stress test results with evidence of ischemia, 
segmental left ventricular akinesia or dyskinesia tested 
by echocardiography, pathologic Q waves tested by 
electrocardiography, or a >50% luminal narrowing of 
any epicardial coronary arteries observed in a prior 
coronary angiogram. Smoking was defined as smokers 
who are currently smoking or who have quit within 
the past year.

The blood samples were drawn under appropriate 
conditions after 8 hours of fasting. The biochemical 
test was measured by means of a Beckman Coulter 
Synchron LX20 (Brea, CA, USA) autoanalyzer, using 
original kits.

Transthoracic echocardiographic examinations were 
evaluated using the Vivid 7 cardiac ultrasonography 
system (GE Healthcare, Medical Systems) by experienced 
echocardiographers, along with 2.5-MHz to 5-MHz 
probes. The modified Simpson method was used to 
calculate the left ventricular ejection fraction (LVEF) and 
chamber sizes according to recent guidelines.10

The group with and without AF were evaluated in 
terms of demographic, echocardiographic, hematological, 
and biochemical laboratory data.

Immunoassay analysis

Plasma Fetuin-A levels were measured from peripheral 
venous blood samples collected from patients. After 
receiving venous blood samples, the tubes were 
centrifuged at 4000 rpm for 4-5 minutes. Samples were 
stored at -80°C. Plasma Fetuin-A levels were measured 
using a human Fetuin-A enzyme-linked immunosorbent 
assay. Measurements using an ELISA kit were performed 
in duplicate for each sample (Cat no: EK-067-52, lot no: 
603894; Phoenix Pharmaceuticals, Belmont, CA, USA).

Statistical analyses

Statistical analysis was performed using the SPSS 22.0 
packet computer program (IBM corp. New-York, USA); 
the value of P<0.05 was considered statistically significant. 
The Shapiro-Wilk test was used to confirm the normal 
distribution of all continuous variables, which were 
presented as mean and standard deviation. Categorical 
variables were presented using absolute and relative 
frequencies. The chi-square and/or Fisher's exact test were 
used to compare the groups (with AF and without AF) to 
determine the categorical variables. Continuous variables 
were compared using the independent samples t-test. 
Multiple logistic regression analysis was then performed 
to explore which variables were independently associated 
with AF, taking into account the potential covariate 
effects, including participant’s sex, age, and BMI, using 
odds ratios (OR) and 95% confidence intervals (CI). 
Fetuin-A and C reactive protein were included in the 
model as independent variables. Receiver operator 
characteristic (ROC) curve analysis was performed to 
identify the optimal cut-off value for Fetuin-A (which 
sensitivity and specificity level would be the maximum) 
to predict AF. The area under the curve (AUC) with a 95% 
CI was estimated when predicting AF. The optimal cut-
off value of Fetuin-A was identified as the value parallel 
to the highest sum of sensitivity and specificity-1.

Results

A total of 95 patients were included in the study and 
compared, in which 48 patients (23 males, 25 females; 
mean age 75±8 years) were AF and 47 patients (21 
males, 26 females; mean age 76±8 years) presented a 
normal sinus rhythm. The demographic characteristics, 
and biochemical and echocardiographic values of the 
patients are shown in Table 1. No statistically significant 
difference was found between the two groups in terms 
of age, gender, the presence of diabetes mellitus, 
hypertension, CAD, and smoking status. There was 
also no statistically significant difference between the 
groups in terms of biochemical tests, including glucose, 
blood urea nitrogen, creatinine, total cholesterol, 
triglyceride, HDL-cholesterol, LDL-cholesterol, aspartate 
aminotransferase, and alanine aminotransferase.

No statistically significant difference was observed 
between the groups in terms of ejection fractions; 
however, the left atrial diameter was significantly higher 
in the AF group (Table 1).
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As shown in Table 2, the Fetuin-A level was 
independently associated with AF. In the ROC analysis, 
the optimal cut-off value for Fetuin-A in patients with 
AF was >511.80 μg/mL, with a sensitivity of 75% and a 
specificity of 73% (AUC = 0.804, 95% CI = 0.715 - 0.892) 
(Figure 1, Table 3).

Discussion

The present study demonstrated that higher plasma 
Fetuin-A levels were associated with patients with AF 
after adjustment for confounding factors.

Fetuin-A is a glycoprotein that is primarily synthesized 
by the hepatocytes and which acts systemically in the 
blood.15 Fetuin-A is considered to be involved in many 
normal and pathological processes, such as the response 

Table 1 – Characteristics of the patients with and without AF

Variables

Patients With 
Normal

Sinus Rhythm 
(n:47)

Patients 
With Atrial
Fibrillation 

(n:48)

P-value

Mean age (years) 76.0±8.0 75.0±8.0 0.39

Gender, male, n (%) 21 (44.7) 23 (47.9) 0.75*

Hypertension, n (%) 46 (97.9) 45 (93.8) 0.32*

Diabetes mellitus, 
n (%) 

18 (38.3) 20 (41.7) 0.74*

Hyperlipidemia, n (%) 34 (72.3) 27 (56.3) 0.10*

CAD, n (%) 26 (55.3) 21 (43.8) 0.26*

Current smoking, 
n (%)

9 (19.1) 8 (16.7) 0.75*

White blood cell,  
(x 10³/μL)

6.9±1.1 7.2±1.4 0.26

Hemoglobin (g/dl) 12.0±1.6 12.3±1.6 0.32

Platelet (10³/mL) 239.9±60.9 235.2±58.8 0.70

Glucose (mg/dL) 106.3±22.4 110.3±20.2 0.36

Blood urea nitrogen 
(mg/dL)

22.9±11.0 22.7±9.5 0.94

Creatinine (mg/dl) 1.02±0.2 1.00±0.2 0.72

Total cholesterol  
(mg/dL)

185.7±44.1 196.7±35.9 0.18

Triglyceride  
(mg/dL)

157.2±54.2 155.9±40.8 0.89

HDL-cholesterol  
(mg/dL)

43.5±13.0 41.8±5.2 0.42

LDL-cholesterol  
(mg/dL)

108.7±27.9 114.7±19.5 0.22

AST (IU/L) 22.4±8.4 23.6±8.7 0.49

ALT (IU/l) 23.8±9.6 35.4±14.7 0.27

Left ventricle ejection 
fraction (%) 

55.0±2.0 53.0±3.0 0.57

Left atrial diameter, 
mm

36.0±2.0 45.0±4.0 <0.001

C reactive protein 
(mg/dL)

2.9±0.6 3.3±1.0 0.016

Fetuin-A (μg/mL) 484.0±46.0 544.0±49.0 0.001

Body mass index 32.0±5.0 31.0±5.0 0.40

* χ2 test; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;  
GGT: Gamma-glutamyl transferase; LVEDD: Left ventricular end 
diastolic diameter. CAD: Coronary artery disease.

Table 2 – Multiple logistic regression analyses of 
variables associated with AF (n = 95)

Independent 
Variables

Adjusted 
OR*

95% CI P-value

C reactive protein 0.570 0.313 -1.041 0.067

Fetuin-A 0.978 0.969 -0.988 <0.001

* Adjusted for age, sex, and BMI; OR: odds ratio; CI: confidence interval.

Figure 1 – ROC curve of fetuin-A levels in patients with 
atrial fibrillation.
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to systemic inflammation, hepatocyte-growth-factor 
activity, the regulation of insulin activity, the inhibition 
of unwanted mineralization, osteogenesis, and bone 
resorption.15,16 However, in some cases, the effect of the 
circulating Fetuin-A is not fully known, and AF is one 
of these unknown factors. Since AF is an inflammatory 
condition, some biomarkers may appear or change as 
a result of the disease, while some may be pre-existing 
or altered, causing disease or disease progression. 
The role of Fetuin-A, which plays an important role 
in the process of inflammation and calcification, may 
be interesting in AF, a pathology in which the same 
processes play an important role in the pathogenesis 
(Central Figure). The relationship between serum 
Fetuin-A levels and emerging AF and the prognosis 
of the disease has not been studied in previous works.

Although there  is  evidence that  Fetuin-A 
participates in many functions in the pathophysiology 
of inflammation and calcification, and thus in the 
course of many chronic diseases, its role is still 
unclear as to whether or not Fetuin-A protects 
against or actually exacerbates vascular disorders.5-11 
The published literature suggests that Fetuin-A has 
a biphasic effect on atherosclerosis by acting as a 
protective factor through the inhibition of calcification 
or as an atherogenic factor via the induction of 
insulin resistance.17,18  Furthermore, some studies 
have demonstrated that high serum Fetuin-A levels 
are associated with CADs and their comorbidity 
conditions, such as diabetes, insulin resistance, 
dyslipidemia, or fatty liver disease.4,10,18-21 Our study 
found that a high Fetuin-A level was independently 
associated with AF. Another study, however, found no 
association between insulin resistance and Fetuin-A 
levels in patients with diabetes mellitus.

It has been shown in previous studies that low 
serum Fetuin-A levels are associated with myocardial 
calcification, cardiac fibrosis, diastolic dysfunction, 
impaired tolerance to ischemia, and catecholamine 
resistance in a Fetuin-A knock-out mouse model.11  In a 
recent meta-analysis of four prospective CAD studies, 
all causes of mortality proved to be low in patients 
with high serum Fetuin-A levels.5 Low serum Fetuin-A 
levels in dialysis patients were associated with uremic 
vascular calcification and cardiovascular mortality in a 
cross-sectional study.12 In the French Registry of Acute 
ST-Elevation Non-ST-Elevation Myocardial Infarction 
(FAST-MI), including in 754 patients, decreased serum 
Fetuin-A values, combined with a high CRP  level, were 
associated with one-year cardiovascular mortality in 
patients with acute coronary syndromes.22 Low Fetuin-A 
was reported as a predictor of mortality in ST-elevation 
myocardial infarction patients at 6 months, regardless of 
NT-proBNP, CRP, and CADILLAC risk scores, but there 
was no association with peak cardiac troponin values in 
patients with ST-elevation myocardial infarction.23 One 
prospective study, including 1,620 patients with CAD, 
during a follow-up of approximately 6 years, showed 
that low plasma Fetuin-A levels were associated with an 
increased risk of CVD  mortality and all causes, regardless 
of traditional CVD risk factors.24 In a seven-study meta-
analysis of 2,283 patients with aortic valve stenosis and 
1,549 controls, circulating Fetuin-A levels were lower 
in patients with end-stage aortic valve stenosis than in 
healthy subjects.25 Bortnick et al. declared that Fetuin-A 
was negatively associated with mitral annular calcium 
in their study with 5,888 enrolled participants.26 Ix 
et al. concluded that low circulating serum Fetuin-A 
levels were associated with mitral annular calcium and 
reported that low circulating serum Fetuin-A levels were 
associated with aortic stenosis in participants without 
diabetes.27 The results of another study support these 
data, showing that Fetuin-A is associated with a major 
adverse clinical event in the progression of aortic valve 
disease, regardless of renal function and inflammation. 28

The calcification-inhibiting effect of Fetuin-A is well-
known, but there are conflicting studies in this area. 
Decreased serum Fetuin-A proved to be associated 
with calcification, especially in cases of chronic kidney 
failure, where calcium and phosphate balance were 
impaired; however, the inhibitory effect of Fetuin-A on 
calcification was not fully understood when electrolyte 
balance was not impaired.29-31 Even with normal renal 
functions, it is known that high serum phosphorus levels 

Table 3 – Cut-off value, sensitivity and specificity of 
serum Fetuin-A levels in predicting AF.

Fetuin-A level 

Cut-off value 511.80

Sensitivity 0.75

Specificity 0.73

AUC (95% CI)* 0.804 (0.715-0.892)

*AUC: area under the curve; CI: confidence interval; AF: atrial 
fibrillation
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are associated with atherosclerosis.32 In one prospective 
cohort, including 296 patients with aortic valve stenosis, 
the serum Fetuin-A value was not related to disease or the 
severity of the disease. Furthermore, the serum Fetuin-A 
value was not associated with disease progression 
during 3 years of follow-up. Although calcification 
plays an important role in the pathophysiology of aortic 
valve stenosis, and Fetuin-A has a known calcification 
inhibitory effect, the results of the study showed that 
there was no relationship between aortic valve stenosis 
and Fetuin-A.33 No association was observed between 
Fetuin-A and cardiovascular events and mortality in the 
6-year follow-up of 833 patients with CAD and without 
end-stage renal disease.21

Fetuin-A is an effective hepatokine on circulating 
calcium and phosphorus balance. Fetuin-A has been 
studied in CVDs, but there is no study in AF patients. 
Hence, this is the first study to evaluate Fetuin-A levels in 
AF patients. According to our study’s results for patients 
with AF, which show high mortality and morbidity 
events, especially among the elderly, Fetuin-A may well 
be a new and effective biomarker.

Study Strengths and Limitations

The strength of this case-control study lies in the 
fact that it is the first to evaluate Fetuin-A levels in AF 
and was designed prospectively. However, the current 
study has some limitations. First, the number of patients 
included was small and all patients were recruited from 
a single center. Second, we cannot infer whether the 
Fetuin-A elevation is the cause or the result. AF may be 
developed when Fetuin-A is elevated, or Fetuin-A may 
be elevated because AF develops. To clarify this issue, 
it is necessary to plan prospective, large-scale studies 
that begin before AF develops. Third, this study does 
not show the relationship between Fetuin-A and AF, not 
does it define if it is a true link or merely a relationship. 
Therefore, the results of this current study should be 
interpreted with caution. 

Conclusion

This case-control study showed that serum Fetuin-A 
levels were associated with AF. Although CVD risk factors 
were adjusted, the relationship between Fetuin-A plasma 
levels and AF was interesting. Nonetheless, large prospective 
studies are needed to confirm the results of this study and to 
allow for its use in daily practices. According to our research, 
this is the first study of its kind to evaluate the relationship 
between AF and Fetuin-A.

Author Contributions

Conception and design of the research, acquisition of data, 
obtaining financing and writing of the manuscript: Tekin G; 
analysis and interpretation of the data: Tekin G, Tekin YK, 
Aydın H; statistical analysis: Tekin G, Nur N; critical revision 
of the manuscript for intellectual content: Tekin G, Tekin YK, 
Aydın H, Nur N.

Potential Conflict of Interest 
No potential conflict of interest relevant to this article was 

reported. 

Sources of Funding 
There were no external funding sources for this study. 

Study Association 
This study is not associated with any thesis or dissertation 

work. 

Ethics Approval and Consent to Participate
This study was approved by the Ethics Committee 

of the Sivas Cumhuriyet University under the protocol 
number 2018-09/01. All the procedures in this study were in 
accordance with the 1975 Helsinki Declaration, updated in 
2013. Informed consent was obtained from all participants 
included in the study.

1.	 Schnabel RB, Yin X, Gona P, Larson MG, Beiser AS, McManus DD, et al. 
50 Year Trends in Atrial Fibrillation Prevalence, Incidence, Risk Factors, 
and Mortality in the Framingham Heart Study: A Cohort Study. Lancet. 
2015;386(9989):154-62. doi: 10.1016/S0140-6736(14)61774-8. 

2.	 Rosman L, Lampert R, Ramsey CM, Dziura J, Chui PW, Brandt C, et 
al. Posttraumatic Stress Disorder and Risk for Early Incident Atrial 
Fibrillation: A Prospective Cohort Study of 1.1 Million Young Adults. J 
Am Heart Assoc. 2019;8(19):e013741. doi: 10.1161/JAHA.119.013741. 

3.	 Issac TT, Dokainish H, Lakkis NM. Role of Inflammation in Initiation 
and Perpetuation of Atrial Fibrillation: A Systematic Review of the 
Published Data. J Am Coll Cardiol. 2007;50(21):2021-8. doi: 10.1016/j.
jacc.2007.06.054. 

4.	 Ozaydin M. Atrial fibrillation and inflammation. World J Cardiol. 
2010;2(8):243-50. doi: 10.4330/wjc.v2.i8.243. 

5.	 Xie WM, Ran LS, Jiang J, Chen YS, Ji HY, Quan XQ. Association 
Between Fetuin-A and Prognosis of CAD: A Systematic Review and 

References

Int J Cardiovasc Sci. 2024; 37:e20220174

6
Tekin et al.

Fetuin-A, atrial fibrillation, inflammationOriginal Article



This is an open-access article distributed under the terms of the Creative Commons Attribution License

Meta-Analysis. Eur J Clin Invest. 2019;49(5):e13091. doi: 10.1111/
eci.13091. 

6.	 Robinson KN, Teran-Garcia M. From Infancy to Aging: Biological 
and Behavioral Modifiers of Fetuin-A. Biochimie. 2016;124:141-9. doi: 
10.1016/j.biochi.2015.12.016. 

7.	 Naito C, Hashimoto M, Watanabe K, Shirai R, Takahashi Y, Kojima M, 
et al. Facilitatory Effects of Fetuin-A on Atherosclerosis. Atherosclerosis. 
2016;246:344-51. doi: 10.1016/j.atherosclerosis.2016.01.037. 

8.	 Dabrowska AM, Tarach JS, Wojtysiak-Duma B, Duma D. Fetuin-A 
(AHSG) and its Usefulness in Clinical Practice. Review of the 
Literature. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 
2015;159(3):352-9. doi: 10.5507/bp.2015.018. 

9.	 Merx MW, Schäfer C, Westenfeld R, Brandenburg V, Hidajat S, Weber 
C, et al. Myocardial Stiffness, Cardiac Remodeling, and Diastolic 
Dysfunction in Calcification-Prone Fetuin-A-Deficient Mice. J Am Soc 
Nephrol. 2005;16(11):3357-64. doi: 10.1681/ASN.2005040365. 

10.	 Sun ZL, Xie QY, Guo GL, Ma K, Huang YY. Serum Fetuin-A Levels in 
Patients with Cardiovascular Disease: A Meta-Analysis. Biomed Res Int. 
2014;2014:691540. doi: 10.1155/2014/691540. 

11.	 Weikert C, Stefan N, Schulze MB, Pischon T, Berger K, Joost HG, 
et al. Plasma Fetuin-a Levels and the Risk of Myocardial Infarction 
and Ischemic Stroke. Circulation. 2008;118(24):2555-62. doi: 10.1161/
CIRCULATIONAHA.108.814418. 

12.	 Ketteler M, Bongartz P, Westenfeld R, Wildberger JE, Mahnken AH, Böhm 
R, et al. Association of Low Fetuin-A (AHSG) Concentrations in Serum 
with Cardiovascular Mortality in Patients on Dialysis: A Cross-Sectional 
Study. Lancet. 2003;361(9360):827-33. doi: 10.1016/S0140-6736(03)12710-9. 

13.	 Laughlin GA, Cummins KM, Wassel CL, Daniels LB, Ix JH. The 
Association of Fetuin-A with Cardiovascular Disease Mortality in Older 
Community-Dwelling Adults: The Rancho Bernardo Study. J Am Coll 
Cardiol. 2012;59(19):1688-96. doi: 10.1016/j.jacc.2012.01.038. 

14.   Stenvinkel P, Wang K, Qureshi AR, Axelsson J, Pecoits-Filho R, Gao 
P, et al. Low Fetuin-A Levels are Associated with Cardiovascular 
Death: Impact of Variations in the Gene Encoding Fetuin. Kidney Int. 
2005;67(6):2383-92. doi: 10.1111/j.1523-1755.2005.00345.x. 

15.	 Denecke B, Gräber S, Schäfer C, Heiss A, Wöltje M, Jahnen-Dechent 
W. Tissue Distribution and Activity Testing Suggest a Similar but Not 
Identical Function of Fetuin-B and Fetuin-A. Biochem J. 2003;376(Pt 
1):135-45. doi: 10.1042/BJ20030676. 

16.	 Keçebaş M, Güllülü S, Sağ S, Beşli F, Açikgöz E, Sarandöl E, et al. Serum 
Fetuin-A Levels in Patients with Systolic Heart Failure. Acta Cardiol. 
2014;69(4):399-405. doi: 10.1080/ac.69.4.3036656. 

17.	 Mori K, Emoto M, Inaba M. Fetuin-A: A Multifunctional Protein. 
Recent Pat Endocr Metab Immune Drug Discov. 2011;5(2):124-46. doi: 
10.2174/187221411799015372. 

18. Singh M, Sharma PK, Garg VK, Mondal SC, Singh AK, Kumar N. Role of 
Fetuin-A in Atherosclerosis Associated with Diabetic Patients. J Pharm 
Pharmacol. 2012;64(12):1703-8. doi: 10.1111/j.2042-7158.2012.01561.x. 

19.	 Ix JH, Wassel CL, Kanaya AM, Vittinghoff E, Johnson KC, Koster A, et 
al. Fetuin-A and Incident Diabetes Mellitus in Older Persons. JAMA. 
2008;300(2):182-8. doi: 10.1001/jama.300.2.182. 

20.	 Roos M, von Eynatten M, Heemann U, Rothenbacher D, Brenner H, 
Breitling LP. Serum Fetuin-A, Cardiovascular Risk Factors, and Six-Year 

Follow-Up Outcome in Patients with Coronary Heart Disease. Am J 
Cardiol. 2010;105(12):1666-72. doi: 10.1016/j.amjcard.2010.01.342. 

21.	 Parker BD, Schurgers LJ, Brandenburg VM, Christenson RH, Vermeer 
C, Ketteler M, et al. The Associations of Fibroblast Growth Factor 23 and 
Uncarboxylated Matrix Gla Protein with Mortality in Coronary Artery 
Disease: The Heart and Soul Study. Ann Intern Med. 2010;152(10):640-8. 
doi: 10.7326/0003-4819-152-10-201005180-00004. 

22.	 Lim P, Moutereau S, Simon T, Gallet R, Probst V, Ferrieres J, et al. 
Usefulness of Fetuin-A and C-Reactive Protein Concentrations for 
Prediction of Outcome in Acute Coronary Syndromes (from the 
French Registry of Acute ST-Elevation Non-ST-Elevation Myocardial 
Infarction [FAST-MI]). Am J Cardiol. 2013;111(1):31-7. doi: 10.1016/j.
amjcard.2012.08.042. 

23.	 Lim P, Collet JP, Moutereau S, Guigui N, Mitchell-Heggs L, Loric S, et 
al. Fetuin-A is an Independent Predictor of Death After ST-Elevation 
Myocardial Infarction. Clin Chem. 2007;53(10):1835-40. doi: 10.1373/
clinchem.2006.084947. 

24.	 Chen X, Zhang Y, Chen Q, Li Q, Li Y, Ling W. Lower Plasma Fetuin-A 
Levels are Associated with a Higher Mortality Risk in Patients 
with Coronary Artery Disease. Arterioscler Thromb Vasc Biol. 
2017;37(11):2213-9. doi: 10.1161/ATVBAHA.117.309700. 

25.	 Di Minno A, Zanobini M, Myasoedova VA, Valerio V, Songia P, Saccocci 
M, et al. Could Circulating Fetuin A be a Biomarker of Aortic Valve 
Stenosis? Int J Cardiol. 2017;249:426-30. doi: 10.1016/j.ijcard.2017.05.040. 

26.	 Bortnick AE, Bartz TM, Ix JH, Chonchol M, Reiner A, Cushman M, et al. 
Association of Inflammatory, Lipid and Mineral Markers with Cardiac 
Calcification in Older Adults. Heart. 2016;102(22):1826-34. doi: 10.1136/
heartjnl-2016-309404. 

27.	 Ix JH, Chertow GM, Shlipak MG, Brandenburg VM, Ketteler M, Whooley 
MA. Association of Fetuin-A with Mitral Annular Calcification and Aortic 
Stenosis Among Persons with Coronary Heart Disease: Data from the 
Heart and Soul Study. Circulation. 2007;115(19):2533-9. doi: 10.1161/
CIRCULATIONAHA.106.682450. 

28.	 Koos R, Brandenburg V, Mahnken AH, Mühlenbruch G, Stanzel S, 
Günther RW, et al. Association of Fetuin-A Levels with the Progression 
of Aortic Valve Calcification in Non-Dialyzed Patients. Eur Heart J. 
2009;30(16):2054-61. doi: 10.1093/eurheartj/ehp158. 

29.	 Herrmann M, Kinkeldey A, Jahnen-Dechent W. Fetuin-A Function in 
Systemic Mineral Metabolism. Trends Cardiovasc Med. 2012;22(8):197-
201. doi: 10.1016/j.tcm.2012.07.020. 

30.	 Carracedo M, Bäck M. Fetuin A in Aortic Stenosis and Valve Calcification: 
Not Crystal Clear. Int J Cardiol. 2018;265:77-8. doi: 10.1016/j.
ijcard.2018.04.115. 

31.	 Komaba H, Fukagawa M. Fetuin-Mineral Complex: A New Potential 
Biomarker for Vascular Calcification? Kidney Int. 2009;75(9):874-6. doi: 
10.1038/ki.2009.52. 

32.	 Foley RN, Collins AJ, Herzog CA, Ishani A, Kalra PA. Serum Phosphorus 
Levels Associate with Coronary Atherosclerosis in Young Adults. J Am 
Soc Nephrol. 2009;20(2):397-404. doi: 10.1681/ASN.2008020141. 

33.	 Kubota N, Testuz A, Boutten A, Robert T, Codogno I, Duval X, et al. 
Impact of Fetuin-A on Progression of Calcific Aortic Valve Stenosis - The 
COFRASA - GENERAC Study. Int J Cardiol. 2018;265:52-7. doi: 10.1016/j.
ijcard.2018.03.070.

Int J Cardiovasc Sci. 2024; 37:e20220174

7
Tekin et al.

Fetuin-A, atrial fibrillation, inflammation Original Article


