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Abstract 18 

Aim: Previous studies have shown that the fibrinogen to albumin ratio (FAR) is closely 19 

related to the severity and prognosis of coronary atherosclerosis. In this study, we sought to 20 

evaluate the association between FAR and the degree of coronary artery calcification (CAC) 21 

in patients with chronic kidney disease (CKD).  22 

Methods: In this retrospective study, 218 patients with CKD were stratified into low, medium 23 

and high FAR groups according to the tertiles of the FAR values. The CAC scores, clinical 24 

information and laboratory test results of the three FAR groups were compared. To explore 25 

the relationship between FAR and CAC we conducted binary logistic regression and 26 

correlation analyses.  27 



Results: In the low FAR group, the CAC scores were significantly lower than those in the 28 

medium and high FAR groups (P<0.001). There was a significant correlation between the 29 

FAR and CAC scores (r=0.510, P<0.001). The FAR was an independent predictor of CAC 30 

(OR=1.202, P=0.004).  31 

Conclusion: In patients with CKD, the FAR can be considered as an effective predictor of 32 

CAC. 33 

Key words fibrinogen/albumin ratio; coronary artery calcification; chronic kidney disease 34 

 35 

Introduction 36 

Chronic kidney disease (CKD) is a widespread disease among the many chronic diseases 37 

that inflict great harm upon the world population. The incidence of CKD in China has 38 

reached 10.8% and is still on the rise (Sun et al., 2020), and has become a critical public 39 

health concern. Most CKD patients eventually die from cardiovascular- and cerebrovascular-40 

related complications due to the high mortality rate caused by coronary artery calcification 41 

(CAC) (Turakhia et al., 2018; Bundy et al., 2019). Vascular calcification (VC) occurs in the 42 

early stages of CKD and gradually worsens as the disease progresses. VC results in 43 

thickening and stiffness of the muscularis layer of the arterial wall, and is primarily caused by 44 

calcification at the intima and media layers. Medial calcification is more common in CKD 45 

and is often referred to as simply VC. Unlike atherosclerosis, medial calcification is the result 46 

of intramembranous ossification, which is similar to osteogenesis and is mainly regulated by 47 

vascular smooth muscle cells (VSMCs). (Ottolini & Sonkusare, 2021). During calcification, 48 

VSMCs proliferate at an increased rate, decrease contractile protein expression, and gradually 49 

transdifferentiate into an osteoblastic/chondrocyte phenotype that releases matrix vesicles 50 

(Chen, Zhou & Yang, 2021). When high phosphorus levels are present, differentiation of 51 
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VSMCs into a bone/chondrogenic phenotype can occur (Voelkl et al., 2018). In the clinical 52 

course of CKD patients, in addition to high levels of phosphorus and parathyroid hormone, 53 

other factors that promote VC include oxidative stress and inflammation.  54 

Coagulopathy is a common symptom of CKD patients. Clot formation is delayed, but at 55 

the same time there is a slower rate of clot decomposition and increased clot strength. 56 

Fibrinogen is a glycoprotein produced and secreted by the liver that eventually distributes to 57 

the serum. CKD leads to increased fibrinogen levels in the body, which ultimately mediates 58 

the increased clot strength (Nunns et al., 2017). 59 

Many other studies have shown that hypoalbuminemia is closely related to CKD. 60 

Several recent studies have reported the relationship between cardiovascular disease (CVD) 61 

and the fibrinogen/albumin ratio (FAR), confirming the relationship between CVD and FAR, 62 

a marker of systemic inflammation. In addition, FAR has important prognostic value in the 63 

assessment of end-stage renal disease (Zou et al., 2020) and acute coronary syndrome (Çetin 64 

et al., 2020). Among them, Zou et al. (2020) believe that FAR can be used as a key indicator 65 

to provide a predictive program for peritoneal dialysis all-cause mortality and CVD mortality 66 

in assessing the prognosis of patients with end-stage renal disease. Studies related to coronary 67 

heart disease have found that contrast-induced nephropathy after carotid angiography is 68 

generally associated with patients who have high FAR values (Ertas, Avci & Kiris, 2019). In 69 

patients with stable coronary heart disease, high FAR values are also associated with the 70 

formation of coronary artery side branch circulation (Zhao et al., 2020). After a 71 

comprehensive consideration of the medical literature, we aimed to retrospectively study 72 

possible correlations between FAR and CAC in CKD patients. 73 

 74 

Materials and Methods 75 



Patients 76 

We obtained clinical data from 366 CKD patients who had been admitted during 77 

October 2018 to December 2020 to The Second Affiliated Hospital of Anhui Medical 78 

University (Hehei, Anhui Province, China).   79 

The inclusion criteria for the study were: (1) ages over 18 years, (2) diagnosis of chronic 80 

nephritis, and (3) availability of complete clinical and laboratory data. The exclusion criteria 81 

for the study were presence of: (1) blood diseases, which may cause abnormal fibrinogen, (2) 82 

active infections, (3) malignant tumors or autoimmune diseases, and (4) history of taking 83 

anticoagulants during the past three months.  84 

In this study, 274 CKD patients were screened. This study was approved in advance by 85 

the ethics committee of The Second Affiliated Hospital of Anhui Medical University 86 

(authorization number YJ-YX2017-004.) All patients signed an informed consent form before 87 

data collection. The data were kept anonymous and confidential, and the survey results were 88 

used only for scientific research. 89 

 90 

Data collection 91 

Venous blood samples were obtained from all patients before treatment and were sent 92 

for laboratory analysis within 3 h of collection. Levels of the following laboratory parameters 93 

were measured in the samples: fibrinogen (FIB), albumin (ALB), uric acid (UA), calcium, 94 

creatinine, phosphorus, alkaline phosphatase, high-sensitivity C-reactive protein (hs-CRP), 95 

parathyroid hormone (PTH), procalcitonin (PCT), serum glucose, total cholesterol (TC), 25-96 

dihydroxyvitamin D (25(OH)D), triglycerides, urea nitrogen, high-density lipoprotein 97 

cholesterol (HDL-C), glycated hemoglobin and low-density lipoprotein cholesterol (LDL-C). 98 

To determine other factors, the following calculations were made: calcium correction=serum 99 



calcium+0.02×(40-ALB); PLR=absolute platelet count/absolute lymphocyte count; 100 

NLR=absolute neutrophil count/absolute lymphocyte count and FAR=fibrinogen/albumin. 101 

 102 

CAC score 103 

Non-enhanced multislice coronary computed tomography (Philips iCT Brilliance 256, 104 

Koninklijke Philips N.V., Amsterdam, Netherlands) was performed at baseline. A radiologist 105 

read all CT scans. Next, the pseudo-continuous variable Agatston score was calculated, which 106 

is related to the area of the basal coronary artery and the plaque density. Calcification was 107 

defined as a CT value >130 HU, with calcification area >1 mm2. The calcification score was 108 

calculated as the calcification area × peak calcification, with 1 point: 130-199 HU, 2 points: 109 

200-299 HU, 3 points: 300-399 HU and 4 points: >400 HU. The total CAC score was the 110 

sum of the VC scores of the left main, left anterior descending, right main and supination 111 

branches of the coronary arteries. Patients were stratified according to their CAC scores into 112 

the calcification group (CAC score >0 HU) and non-calcification group (CAC score = 0 HU). 113 

 114 

Statistical analysis  115 

All anonymous data were recorded in an EpiData database (EpiData Association, 116 

Odense, Denmark). SPSS 23.0 software (IBM Corporation, Armonk, NY, USA) was used for 117 

statistical analysis. For continuous variables, normally distributed data is represented by the 118 

mean and standard deviation, and non-normally distributed data by the median, first quartile 119 

and third quartile. Tukey’s analysis (F) or non-parametric analysis (H) was used to test the 120 

differences among the three FAR groups. Percentages and frequencies were used to 121 

characterize categorical variables. The chi-square (χ2) test was applied for comparisons of 122 

different categorical variable groups, and Bonferroni correction was used to further analyze 123 
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the differences in each category. Exploration of the relationship between CAC and FAR was 124 

based on binary logistic regression analysis (odds ratio: OR) and Spearman correlation 125 

analysis (correlation coefficient: r). P<0.05 was considered statistically significant. 126 

 127 

Results 128 

Patient characteristics 129 

The total number of patients with CKD included in this study was 218, of which 127 130 

were men. The mean age of all patients was 53.0±14.6 years. We did not detect any contrast-131 

induced nephropathy in non-hemodialysis patients.  132 

Patients were classified into three groups according to the tertiles of the FAR value, as 133 

follows: FAR≤0.079 was the low FAR group (n=73 patients), 0.079<FAR≤0.102 was the 134 

medium FAR group (n=71 patients) and FAR>0.102 was the high FAR group (n=74 patients). 135 

As shown in Table 1, patient characteristics and demographic variables are presented for the 136 

three FAR groups. There were no significant differences in gender, body mass index, 137 

smoking, drinking, primary disease, dialysis modality or hypertension among the low, middle 138 

and high FAR groups (P>0.05). The percentages of patients who took different medications 139 

(levocarnitine injection, recombinant human erythropoietin injection, three classes of 140 

antihypertensive agents) were not significantly different (P>0.05). However, patients in the 141 

high FAR group had a higher prevalence of diabetes (P=0.008) and were older (P<0.001). 142 

The middle FAR group had the highest rate of insulin usage (P=0.003). 143 

 144 

Table 1: 145 

Relationship between patient characteristics and fibrinogen/albumin ratio. 146 
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Characteristic Low FARa Middle FARa High FARa F/χ2 value P value 

Age (years, mean±SD) 47.38±13.70 53.76±12.57* 58.86±13.17*

# 

14.034 <0.001 

Gender (male), n (%) 48 (65.8) 38 (53.5) 41 (55.4) 2.589 0.274 

BMI (kg/m2, mean±SD) 22.56±3.56 23.16±3.27 23.85±3.86 2.355 0.097 

Smoking, n (%)  22 (30.1) 21 (29.6) 16 (21.6) 1.687 0.430 

Drinking, n (%) 13 (17.8) 8 (11.3) 13 (17.6) 1.500 0.472 

Primary disease, n (%)    2.625 0.269 

Chronic 

glomerulonephritis 

29 (39.7) 24 (33.8) 39 (52.7)   

Chronic nephrotic 

syndrome 

26 (35.6) 23 (32.4) 10 (13.5)   

Hypertensive 

nephropathy 

4 (5.5) 4 (5.6) 8 (10.8)   

Diabetic nephropathy 2 (2.7) 11 (15.5) 10 (13.5)   

Otherb 12 (16.4) 9 (12.7) 7 (9.5)   

CKD stage, n (%)    2.142 0.343 

3 14 (19.2) 4 (5.6) 4 (5.4)   

4 2 (2.7) 3 (4.2) 2 (2.7)   

5 11 (15.1) 14 (19.7) 18 (24.3)   

5d 16 (63.0) 50 (70.4) 50 (67.6)   

Dialysis modality, n (%)    5.224 0.073 

No dialysis 27 (37.0) 21 (29.6) 24 (32.4)   

Hemodialysis 42 (57.5) 37 (52.1) 29 (39.2)   

Peritoneal dialysis 4 (5.5) 13 (18.3) 11 (28.4)   

Hypertension, n (%) 51 (69.9) 54 (76.1) 54 (73.0) 0.699 0.705 

Diabetes mellitus, n (%) 5 (6.8) 15 (21.1)* 19 (25.7)* 9.718 0.008 

Anti-hypertensive agent,  

n (%) 

     

Calcium channel 

blocker  

42 (57.5) 46 (64.8) 44 (59.5) 0.849 0.654 

β-blocker 24 (32.9) 20 (28.2) 22 (29.7) 0.394 0.821 

Angiotensin-

aldosterone antagonists  

21 (28.8) 17 (23.9) 19 (25.7) 0.447 0.800 
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 147 

Laboratory parameters 148 

As shown in Table 2, higher levels of urea nitrogen (F=3.351, P=0.037), serum glucose 149 

(H=7.463, P=0.024), hs-CRP (H=16.546, P<0.001), PCT (H=6.826, P=0.033), NLR 150 

(H=16.697, P<0.001), PLR (H=9.189, P=0.010) and CAC score (H=18.908, P<0.001) were 151 

found in the high FAR group. The middle FAR group had a slightly higher alkaline 152 

phosphatase level (P<0.001). Analysis of the results showed that the urea nitrogen level in the 153 

low FAR group was much lower than that in the high FAR group or the medium FAR group 154 

(P=0.004). In addition, the 25(OH)D level in the low FAR group was much higher than that 155 

in the high FAR group or the medium FAR group (P<0.001). Levels of other parameters 156 

including hemoglobin, glycated hemoglobin, total cholesterol, triglycerides, HDL-C, LDL-C, 157 

phosphorus, calcium, creatinine, uric acid, PTH, AST and ALT were not significantly 158 

different among the three FAR groups (P>0.05). 159 

 160 

 161 

Table 2: 162 

Insulin, n (%) 2 (2.7) 13 (18.3)* 12 (16.2)* 11.763 0.003 

Recombinant human 

erythropoietin injection, 

n (%) 

41 (56.2) 45 (63.4) 43 (58.1) 0.828 0.661 

Levocarnitine injection, 

n (%) 

37 (50.7) 31(43.7) 24 (32.4) 6.745 0.150 

BMI: body mass index; CKD: chronic kidney disease; F: statistics of Tukey’s analysis; χ2: 

statistics of chi-square test; SD: standard deviation. 
a Low FAR group (n=73): FAR≤0.079; medium FAR group (n=71): 0.079<FAR≤0.102; high 

FAR group (n=74): FAR>0.102. 
b Other primary disease includes lupus nephritis, polycystic kidney disease and IgA nephropathy. 

*: compared with low FAR group, P<0.05; #: compared with middle FAR group, P<0.05 
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Correlations between laboratory parameters and fibrinogen/albumin ratio. 163 

Parameter Low FARa Middle FARa High FARa F/H value P value 

Urea nitrogen 

(μmol/L)b 
16.63±7.74 19.64±9.37 20.25±9.62* 3.351 0.037 

Alkaline 

phosphatase (U/L)c 
83 (66, 117.5) 

112.5 (80.50, 

193.25)* 
104 (79.75, 163)* 15.302 <0.001 

Serum glucose 

(mg/dl)c 
4.45 (4.19, 4.99) 4.66 (4.19, 5.60) 4.88 (4.25, 5.90)* 7.463 0.024 

25(OH)D (ng/dl)b 23.21±11.43 18.62±10.34* 15.55±9.87* 7.805 0.001 

hs-CRP (mg/L)c 0.9 (0.6, 1.85) 2.45 (1.10, 6.00)* 4.50 (1.00, 10.80)* 16.546 <0.001 

PCT (ng/ml)c 0.12 (0.06, 0.39) 0.15 (0.09, 0.27) 0.31 (0.15, 0.91) 6.826 0.033 

NLRc 2.66 (2.05, 3.49) 3.20 (2.45, 4.77)* 3.73 (2.65, 5.09)* 16.697 <0.001 

PLRc 113.89 (88.41, 

155.62) 

136.67 (103.21, 

175.21) 

137.64 (112.79, 

179.66)* 

9.189 0.010 

CAC scorec 0 (0, 31.08) 18.56 (0, 219.50)* 84.87 (0, 395.07)* 18.908 <0.001 

CAC, n (%) 29 (39.7) 41 (57.7) 44 (59.5) 5.689 0.017 

25(OH)D: 25-dihydroxyvitamin D; CAC: coronary artery calcification; F: statistics of Tukey’s analysis; H: 

statistics of non-parametric analysis hs-CRP: high-sensitivity C-reactive protein; NLR: neutrophil/lymphocyte 

ratio; PCT: procalcitonin; PLR: platelet/lymphocyte ratio. 

a Low FAR group (n=73): FAR≤0.079; medium FAR group (n=71): 0.079<FAR≤0.102; high FAR group 

(n=74): FAR>0.102. b Mean ± standard deviation. c Median (first quartile, third quartile). 

*:compared with low FAR group, P<0.05; #: compared with middle FAR group, P<0.05 

 164 

Factors related to CAC 165 

Spearman correlation analysis showed that age at dialysis (r=0.210, P=0.028), serum 166 

phosphorus (r=0.228, P=0.015), glycated hemoglobin (r=0.340, P=0.049), hs-CRP (r=0.398, 167 

P=0.001), PLR (r=0.283, P=0.002), NLR (r=0.256, P=006) and FAR (r=0.510, P<0.001) 168 

were positively related to the occurrence of CAC (Table 3).  169 

 170 
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Table 3: 171 

Correlations between laboratory parameters and coronary artery calcification. 172 

Parameter r P value 

Age at dialysis  0.210 0.028 

Phosphorus 0.228 0.015 

Glycated hemoglobin 0.340 0.049 

hs-CRP 0.398 0.001 

PLR 0.283 0.002 

NLR 0.256 0.006 

FAR 0.510 <0.001 

FAR: fibrinogen/albumin ratio; hs-CRP: high-sensitivity C-reactive protein; NLR: 

neutrophil/lymphocyte ratio; PLR: platelet/lymphocyte ratio; r: Spearman correlation 

coefficient. 

 173 

Risk factors for CAC 174 

The dependent variable of the binary logistic regression analysis was whether CAC 175 

occurred. Univariate analysis showed that advanced age, CKD stage 5d, hemodialysis, 176 

peritoneal dialysis and older age at dialysis, as well as levels of 25(OH)D, PTH, hs-CRP, 177 

FAR and uric acid (i.e., decreased) were significantly associated with a higher risk of CAC 178 

(P<0.05). Moreover, multivariate analysis demonstrated that age (OR=1.084, P<0.001), age 179 

at dialysis (OR=1.275, P<0.001), PTH (OR=1.001, P=0.027), hs-CRP (OR=1.615, P=0.023) 180 

and FAR (OR=1.202, P=0.004) were independent predictors for CAC (Table 4).  181 

 182 
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Binary logistic regression analysis of risk factors for coronary artery calcification. 184 

Factor Univariate analysis Multivariate analysis 

 OR 95% CI P 

value 

OR 95% CI P value 

Age 1.052 1.029-1.076 <0.001 1.084 1.053-1.116 <0.001 

Gender (ref: female) 1.127 0.658-1.933 0.663    

Smoking (ref: non smoking) 1.625 0.884-2.987 0.118    

BMI 1.076 0.996-1.162 0.063    
CKD stage (ref: stage 3)       

4 3.375 0.532-21.419 0.197    

5 2.667 0.766-9.284 0.123    

5d 7.445 2.396-23.140 0.001    

Dialysis modality (ref: no 

dialysis) 
      

Hemodialysis 4.088 2.166-7.715 <0.001    
Peritoneal dialysis 2.367 1.056-5.304 0.036    

Age at dialysis 1.234 1.138-1.339 <0.001 1.275 1.126-1.444 <0.001 
Uric acid 0.997 0.995-0.999 0.017    
Creatinine 1.001 1.000-1.002 0.052    
Alkaline phosphatase 1.001 1.000-1.002 0.106    
25(OH)D 1.030 1.001-1.060 0.040    
Phosphorus 1.010 0.637-1.602 0.966    
PTH 1.001 1.000-1.010 0.010 1.001 1.000-1.001 0.027 

hs-CRP 1.073 1.006-1.145 0.032 1.615 1.067-3.443 0.023 

FAR 1.161 1.058-1.274 0.002 1.202 1.061-1.362 0.004 

25(OH)D: 25-dihydroxyvitamin D; BMI: body mass index; CI: confidence interval; CKD: chronic 

kidney disease; FAR: fibrinogen/albumin ratio; hs-CRP: high-sensitivity C-reactive protein; OR: 

odds ratio; PTH: parathyroid hormone. 

 185 



Discussion 186 

In our study of CKD patients we found that if the FAR value is higher, the prevalence of 187 

CAC is higher. We detected CAC in 54.8% of the total samples. We found that older age and 188 

a longer time since beginning dialysis, as well as higher levels of BMI, serum phosphorus, 189 

PTH, hs-CRP, NLR and FAR were significantly positively correlated with a higher detection 190 

rate of CAC. CKD patients who smoked or had disease stage 5d were more likely to be 191 

diagnosed with CAC. Our findings are consistent with those of other researchers. Mizuiri et 192 

al. (Mizuiri et al., 2021) showed that many factors significantly affect the probability of CAC 193 

in patients undergoing hemodialysis treatment, such as smoking, hs-CRP, diabetes, phosphate 194 

levels, gender, time on dialysis, age and blood calcium levels. Chen et al. (Chen, Zhou & 195 

Yang, 2021) studied the factors that affect radial artery calcification in patients with end-stage 196 

renal disease and found that calcium levels, HbA1c levels, duration of diabetes and duration 197 

of dialysis treatment are positively correlated with the degree of radial artery calcification. 198 

 199 

FAR and CVD 200 

Several studies have recently explored the relationship between FAR and CVD. Whether 201 

patients have ST-elevation myocardial infarction (STEMI) or non STEMI (NSTEMI), FAR 202 

can predict SYNTAX scores, and assess severity of cardiovascular diseases and prognosis 203 

(Erdoğan et al., 2021; Karahan et al., 2016). In addition, an elevated FAR was significantly 204 

associated with no-reflow and short-term mortality in STEMI patients who had primary 205 

percutaneous coronary intervention (Xiao et al., 2019; Zhao et al., 2019). The FAR levels 206 

were significantly higher in patients with slow coronary blood flow and definitive coronary 207 

artery disease (CAD). It is evident that the FAR is very useful for predicting the course of the 208 

CAD process (Kayapinar, Ozde & Kaya, 2019). Zou et al. (2020) illustrated that the baseline 209 
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FAR was a superior predictor of all-cause and CVD mortality in patients with continuous 210 

ambulatory peritoneal dialysis, compared to the established inflammatory markers.  211 

 212 

Fibrinogen 213 

Fibrinogen can be viewed as a reactive protein that reflects the acute phase of systemic 214 

inflammation, and at the same time it plays an important role in the normal operation of 215 

blood coagulation. In the development of inflammation, fibrinogen is conducive to the 216 

production of pro-inflammatory cytokines and promotes the development of inflammation 217 

(Gobel et al., 2018). The systemic inflammatory response and coagulation are closely related 218 

to CKD (Gäckler et al., 2019). At the same time, lymphocytes, monocytes, platelets and 219 

endothelial cells will be affected by fibrinogen and its degradation products resulting in 220 

changes to the inflammatory response, thereby changing blood flow, causing vascular 221 

endothelial damage and thrombosis (Abdul & Sultan, 2019). Enia et al. (Enia et al., 2005) 222 

found that death from CVD in peritoneal dialysis patients is independently related to 223 

fibrinogen. 224 

 225 

Albumin 226 

Albumin is synthesized and secreted by liver cells, which can maintain nutrition and 227 

osmotic pressure of the body, transport many insoluble small molecules of organic matter and 228 

inorganic ions, and participate in the inflammation process. Serum albumin, as an anti-229 

inflammatory protein, has a protective anti-inflammatory effect during acute inflammation 230 

(China et al., 2018). CKD patients lose a large amount of protein in the urine due to renal 231 

failure that is often accompanied by hypoalbuminemia. Hypoalbuminemia is an independent 232 

risk factor for heart failure and acute coronary syndrome. Moreover, the severity of CAD and 233 



hospital mortality are higher in patients with lower serum albumin (Kumar & Banerjee, 234 

2017). 235 

 236 

FAR and CAC 237 

The occurrence of CAC is closely related to the inflammatory response. Fibrinogen and 238 

albumin as inflammatory markers may reflect the process of CAC through the following 239 

mechanisms. First, pro-inflammatory cytokines such as interleukin-1 will accelerate the 240 

synthesis of tumor necrosis factors under the action of fibrinogen. Then, these cytokines act 241 

to promote the transformation of VSMCs from the contractile to the bone/chondrogenic 242 

phenotype and they eventually become chondrocytes or adulterants (Voelkl et al., 2018). 243 

Second, under the action of fibrinogen and metabolites, endothelial function may become 244 

damaged, ultimately affecting endothelial cell permeability. Previous studies have shown that 245 

the production and progression of CAC are critically affected by vascular endothelial cells. 246 

Vascular endothelial cell abnormalities (i.e., abnormal function of morphological changes) 247 

due to any cause will promote CAC (Yung et al., 2015). Third, when hypoproteinemia occurs, 248 

patients may experience increased oxidative damage and inflammation. At the same time, the 249 

presence of cytokines makes it difficult to eliminate oxygen free radicals. For example, 250 

interleukin-6 can block the albumin synthesis pathway and elevated TNF-α selectively 251 

inhibits albumin gene expression and ultimately reduces the albumin level (Xiao et al., 2019). 252 

Finally, when the serum albumin level decreases, the blood becomes more viscous, 253 

promoting LDL-C modification to oxidized LDL-C, thereby aggravating VC (Milan et al., 254 

2016; Ding & Manson, 2021).  255 

 256 

Inflammation and CKD 257 



The FAR predicts CAC, which may be primarily related to inflammation. 258 

Microinflammation is widespread in CKD patients, and is closely related to the increased 259 

mortality in dialysis patients (Amdur et al., 2019). The biological incompatibility of the 260 

dialysate, abnormal intestinal function, continuous accumulation of toxins produced by 261 

uremia and abnormal renal function are closely related to microinflammation. The three 262 

factors of VC, oxidative stress and microinflammation influence each other and ultimately 263 

increase cardiovascular morbidity and mortality (Schley et al., 2019). Other studies have 264 

focused on ratios or evaluation systems to study the relationship between these markers or 265 

between the markers and the mortality of CKD patients, such as FAR (Zou et al., 2020), 266 

platelet to lymphocyte ratio (PLR) (Duan et al., 2021), neutrophil to lymphocyte ratio (NLR) 267 

(Zhang et al., 2021) and Glasgow Outcome Score (GPS) (Cai et al., 2018). 268 

 269 

Inflammation and CAC 270 

In our study we found that inflammation markers such as NLR and hs-CRP were related 271 

to CAC, which is consistent with the results of previous studies. Li et al. found that the hs-272 

CRP value was positively correlated with VC and believed that the cause was inflammation 273 

(Li et al., 2020). Previous studies have shown that excessive CRP causes abnormal 274 

endothelial dysfunction. The influence of CRP weakens the activity and expression of 275 

endothelial nitric oxide synthase, and the production of nitric oxide is inhibited. In terms of 276 

CAC and angiogenesis, nitric oxide plays a key role (Batko et al., 2020). Therefore, when 277 

CKD patients have high hs-CRP values, it may be due to a sharp decrease in the amount of 278 

nitric oxide and abnormal endothelial function (CRP-mediated). Chandra et al. also 279 



concluded that NLR could be used when predicting VC in end-stage renal disease patients 280 

(Chandra et al., 2020). Nam et al. studied Behçet disease patients and believed that CAC and 281 

NLR were independently correlated, while CRP, carotid artery intima-media thickness, and 282 

NLR were positively correlated (moderate) (Nam, Kang & Song, 2017). 283 

 284 

Limitations 285 

Our study has a limitation because the retrospective study design makes it difficult to 286 

explain the underlying cause of the relationship between CAC and FAR. 287 

 288 

Conclusion 289 

Our study shows that the FAR is positively correlated with CAC. In CKD patients, 290 

higher levels of FAR are independently associated with CAC. Moreover, the FAR is a simple, 291 

effective, and accurate clinical biomarker that can screen high-risk CAC patients as early as 292 

possible and predict the severity of CAC in CKD patients, as well as facilitate accurate 293 

clinical decision-making and active follow-up monitoring.  294 
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