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Abstract
Cystatin C is associated with atherosclerosis, but the relationship between cystatin C and coronary artery calcification (CAC) is
uncertain. The purpose of this study was to evaluate the predictive value of cystatin C on the occurrence and severity of CAC.
A total of 1447 hospitalized patients with coronary computed tomography angiography were selected in this study. According to

the CAC score (CACS), patients were divided into calcification group (with CAC, n=749) and control group (without CAC, n=698).
The calcification group was further divided into low calcification group (CACS<100, n=407), medium calcification group (CACS
100–400, n=203), and high calcification group (CACS≥400, n=139).
Patients with CAC had higher cystatin C level than those in control group (P< .05). With the increase of calcification score, the

cystatin C level showed an upward trend. The cystatin C level in the high calcification group was significantly higher than those in the
low and medium calcification group (P< .05). ROC curve analysis showed that cystatin C had a high predictive value for the
occurrence of CAC [area under the curve 0.640, 95% confidence interval (95% CI) 0.591–0.690, cut-off value 0.945mg/L, sensitivity
0.683, specificity 0.558, P< .05] and severe CAC (area under the curve 0.638, 95% CI 0.550–0.762, cut-off value 0.965mg/L,
sensitivity 0.865, specificity 0.398, P< .05). Multivariate logistic regression analysis showed that cystatin C was an independent
predictor of severe CAC (AOR 3.748, 95% CI 1.138–10.044, P< .05).
Cystatin C was significantly associated with the occurrence and severity of CAC, suggesting that cystatin C had the potential as a

predictor of CAC.

Abbreviations: AOR = adjusted odd ratio, CAC = coronary artery calcification, CACS = coronary artery calcification score, CI =
confidence interval, CysC = Cystatin C, eGFR = estimated glomerular filtration rate, IL-6 = interleukin-6, LAD = left anterior
descending, LCX = circumflex, LM = left main, MDRD =modification of diet in renal disease trial, OPG = osteoprotegerin, p38MAPK
= p38 mitogen-activated protein kinase, RANK = receptor activator of nuclear factor-kB, RANKL = RANK ligand, RCA = right
coronary artery, ROC = receiver operating characteristic, TNF-a = tumor necrosis factor-a.
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1. Introduction
Coronary artery disease is a common cause of morbidity and
mortality worldwide. It is mainly caused by coronary atheroscle-
rosis, which causes blockage or stenosis of blood vessels, ischemia
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and hypoxia of myocardium, and even myocardial necrosis.[1,2]

At present, it is generally believed that coronary artery
calcification (CAC) is a predetermined marker of subclinical
atherosclerosis and an independent predictor of coronary artery
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disease.[3,4] CAC is closely related to atherosclerotic plaque load
and cardiovascular event incidence. Calcification usually occurs
in the early stages of atherosclerosis, but the initial symptoms of
calcification are not obvious. When symptoms occur, it may have
progressed to atherosclerosis or even other cardiovascular events.
Therefore, the early discovery of CAC has clinical value in
preventing coronary artery disease and delaying its progression.
CAC is characterized by calcium deposition in the coronary

artery wall, resulting in decreased elasticity of the vascular wall
and abnormal vasoconstriction, which is a pathophysiological
phenomenon related to atherosclerosis.[5] Some studies have
shown that the pathogenesis of CAC mainly involves
inflammatory response, genetic factors, and metabolic disor-
ders, and is believed to be related to ectopic bone production.[6–
8] Traditional risk factors for CAC include increased age, male,
poor lifestyle, diabetes, hypertension, etc.[9] The common
detection methods of CAC include X-ray, coronary angiogra-
phy, and multidetector computed tomography.[10] X-ray and
coronary angiography are less sensitive for the CAC evaluation.
Computed tomography can quantify calcification, which is the
main method for CAC detection. It also has the characteristics
of high radiation and insufficient sensitivity to the detection of
micro-calcification.[11]

Cystatin C (CysC), a lysosomal cysteine protease inhibitor, is
widely expressed in all nucleated cells and most organs, with a
constant production rate and distributed in all human body
fluids. CysC is located on chromosome 20 and consists of about
120 amino acid residues with a molecular weight of 13.3 KD. It is
a low molecular weight, basic non-glycosylated protein.[12–14]

CysC is an ideal homologous marker to reflect changes in
glomerular filtration rate, which was initially used to evaluate
renal function. Recent studies have shown that CysC not only
played a role of intracellular and extracellular activity regulator
of lysosomal cysteine protease, but also was associated with other
biological function disorders, such as cancer occurrence, bone
remodeling, and cardiovascular disease risk stratification and
prognosis assessment.[15,16] The increased CysC level in patients
with coronary artery disease inhibited the secretion of cysteine
protease and the degradation of extracellular matrix, leading to
the occurrence of vascular wall remodeling.[17] There are few
studies on the relationship between CysC and CAC. In this study,
we selected patients who underwent coronary computed
tomography angiography to assess CAC, and explored the
predictive value of CysC for CAC.
2. Methods

2.1. Study subjects

This was a retrospective study conducted in an Asian country.We
selected consecutive patients who were admitted to the Second
Affiliated Hospital of Soochow University and examined
coronary computed tomography angiography from January
2010 to September 2019. Patients with severe hepatic and renal
insufficiency, infectious diseases and conditions, hemorrhagic
disease, malignant tumors, not suitable for the use of iodine
contrast agent, and unsuccessful coronary computed tomogra-
phy angiography examination were excluded. This study was
approved by the Medical Ethics Committee of the Second
Affiliated Hospital of Soochow University. Clinical investigation
was conducted according to the principle of the Declaration of
Helsinki.
2

2.2. Coronary computed tomography angiography
examination and study group

Coronary computed tomography angiography examination was
performed using 64-slice spiral computed tomography. Coronary
artery calcification score (CACS), including left main (LM), left
anterior descending (LAD), circumflex (LCX), right coronary
artery (RCA), was evaluated by smart Score 3.5 software. The
number of diseased coronary arteries (luminal diameter narrow-
ing ≥50%) was recorded, and patients with stenosis of the left
main ≥50% were considered to have 2-vessel disease.
A total of 1447 eligible patients were selected in this study.

According to the CACS, patients were divided into calcification
group (with CAC, n=749) and control group (without CAC, n=
698). The calcification group was further divided into low
calcification group (CACS<100, n=407), medium calcification
group (CACS 100–400, n=203), and high calcification group
(CACS≥400, n=139).
2.3. Laboratory investigations and clinical data collection

Serum CysC was measured by immune turbidimetry (Shanghai
Jingyuan Medical Instrument Co., LTD). White blood cell, red
blood cell, platelets, fasting plasma glucose, blood urea nitrogen,
creatinine, blood uric acid, blood calcium, blood phosphorus, C-
reactive protein, and serum lipid profiles including triglyceride,
total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol were assessed using standard
methods. Estimated glomerular filtration rate (eGFR) was
calculated by modification of diet in renal disease trial (MDRD)
formula. The demographic and clinical characteristics of
the selected patients were collected from hospital case records.
These included gender, age, smoking, drinking, hypertension,
diabetes mellitus, stroke, systolic blood pressure, diastolic blood
pressure, height, weight. The body mass index (kg/m2) was
calculated.
2.4. Statistical analyses

The continuous variables between the 2 groups were compared
by independent-sample t test if the data were normally
distributed, and Mann–Whitney U test if skewed. Analysis of
variance snk test was used for comparison among three groups.
Categorical variables were expressed as frequency (percentage),
and compared by the Chi-square test. Logistic backward
conditional regression analysis was applied to identify related
factors of CAC occurrence and severe CAC, and adjusted odd
ratio (AOR) and 95% confidence interval (95% CI) were
presented. Receiver operating characteristic (ROC) curve was
used to evaluate the predictive value of CysC in the occurrence
and severity of CAC. SPSS 17.0 for Windows (SPSS Inc., IL) was
used for all statistical analyses, and 2-sided P< .05 was
considered statistically significant.
3. Results

3.1. Calcification score and distribution

Among the 749 calcification group patients, the calcification
score ranged from 1 to 4055, with an average of 271.9±500.2.
They were distributed in the LM at 65.6±104.0, the LAD at
151.0±258.5, the LCX at 80.2±136.5, and the RCA at 160.6±
293.4. There were 146 (19.5%) patients with LM calcification,



Table 1

Distribution of calcification score in patients with coronary artery calcification.

Characteristics Low calcification (n=407) Medium calcification (n=203) High calcification (n=139) P

Total calcification score 32.3±28.4 215.5±81.8 1055.5±742.9 <.001
LM score 15.0±17.5 59.8±52.2 135.4±155.8 <.001
LAD score 25.7±24.7 126.1±79.5 483.1±401.1 <.001
LCA score 14.2±17.4 55.0±57.3 175.4±198.0 <.001
RCA score 16.0±18.8 80.8±69.4 429.3±421.8 <.001

LM calcification (%) 57 (14.0) 44 (21.7) 45 (32.4) <.001
LAD calcification (%) 313 (76.9) 185 (91.1) 132 (95.0) <.001
LCX calcification (%) 123 (30.2) 113 (55.7) 115 (82.7) <.001
RCA calcification (%) 158 (38.8) 138 (68.0) 126 (90.6) <.001

LAD= left anterior descending, LCX= circumflex, LM= left main, RCA= right coronary artery.
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630 (84.1%) patients with LAD calcification, 351 (46.9%)
patients with LCX calcification, and 422 (56.3%) patients with
RCA calcification.
In the calcification subgroup (low, medium, high calcification

group), with the increase of calcification score, the incidence of
calcification in LM, LAD, LCX, RCA, showed an upward trend.
There were significant differences among the three groups about
the incidence of the LM calcification (14.0% vs 21.7% vs 32.4%,
P< .001), the LAD calcification (76.9% vs 91.1% vs 95.0%,
P< .001), the LCX calcification (30.2% vs 55.7% vs 82.7%,
P< .001), and the RCA calcification (38.8% vs 68.0% vs 90.6%,
P< .001) (Table 1).
3.2. Baseline characteristics

The baseline demographic and clinical characteristics of patients
are summarized in Tables 2 and 3. Patients with CAC had higher
age and systolic blood pressure, and lower diastolic blood
pressure than those without CAC. Male, hypertension, diabetes,
and stroke were more common in the calcification group
compared with the control group (Table 2).
There were significant differences in the age, systolic blood

pressure, and prevalence of hypertension among the low,
medium, high calcification groups. With the increase of
calcification score, the age, systolic blood pressure, and
prevalence of hypertension showed an upward trend (Table 3).
Table 2

Comparison of basic data between calcification group and control
group.

Characteristics
Control group

(n=698)
Calcification

group (n=749) P

Male (n, %) 350 (50.1) 452 (60.3) <.001
Age, yr 59.2±11.7 67.0±9.8 <.001
Smoking (n, %) 148 (21.2) 169 (22.6) .567
Drinking (n, %) 82 (11.7) 94 (12.6) .288
Hypertension (n, %) 356 (51.0) 537 (71.7) <.001
Diabetes mellitus (n, %) 78 (11.2) 176 (23.5) <.001
Stroke (n, %) 34 (4.9) 65 (8.7) .005
Systolic blood pressure, mm Hg 136.0±19.5 140.1±19.9 <.001
Diastolic blood pressure, mm Hg 79.8±12.3 78.0±11.7 .004
Height, m 1.64±0.09 1.63±0.08 .101
Weight, kg 66.7±11.5 66.5±11.3 .725
BMI, kg/m2 24.6±3.3 24.8±3.4 .372

BMI=body mass index.

3

3.3. Blood results

The CysC level in the calcification group was significantly higher
than that in the control group (1.05±0.21 vs 0.94±0.20mg/L,
P< .001). Patients with CAC had higher fasting blood glucose,
blood urea nitrogen, creatinine, uric acid, and C-reactive protein
levels, and lower red blood cell, platelet, and eGFR than those
without CAC (Table 4).
The CysC levels among the low, medium, high calcification

groups were 1.02±0.19, 1.03±0.20, 1.13±0.25mg/L, respec-
tively. There were significant differences in the CysC, red blood
cell, blood urea nitrogen, creatinine, eGFR, and C-reactive
protein levels among the low, medium, high calcification groups.
With the increase of calcification score, the CysC, blood urea
nitrogen, creatinine, and C-reactive protein showed an upward
trend, and red blood cell and eGFR showed a downward trend
(Table 5).
3.4. CAC and diseased vessel number

Compared with the control group, 1-vessel disease (27.8% vs
10.3%), 2-vessel disease (16.4% vs 1.4%), and 3-vessel disease
(13.5% vs 0.1%) were more common, and 0-vessel disease
(42.3% vs 88.1%) was less common in the calcification group.
There were significant differences in the diseased vessel number

among the low, medium, high calcification groups, including 0-
vessel disease (55.5% vs 36.5% vs 12.2%), 1-vessel disease
(28.3% vs 27.6% vs 26.6%), 2-vessel disease (11.5% vs 17.7%
vs 28.8%), and 3-vessel disease (4.7% vs 18.2% vs 32.4%). High
calcification group was more likely to have 2-vessel and 3-vessel
disease.

3.5. Diseased vessel number and CysC level

The CysC levels in 0-vessel, 1-vessel, 2-vessel, 3-vessel disease
were 0.96±0.19, 1.02±0.22, 1.06±0.20, and 1.13±0.26mg/L,
respectively, with significant difference (P< .001). With the
increase of the diseased vessel number, the CysC level showed an
upward trend.
3.6. ROC curve analysis results

ROC curve analysis showed that CysC had a high predictive
value for the occurrence of CAC [area under the curve 0.640,
95% confidence interval (95% CI) 0.591–0.690, cut-off value
0.945mg/L, sensitivity 0.683, specificity 0.558, P= .001] and
severe CAC (area under the curve 0.638, 95% CI 0.550–0.762,
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Table 3

Comparison of basic data among groups with different severity of calcification.

Characteristics Low calcification (n=407) Medium calcification (n=203) High calcification (n=139) P

Male (n, %) 234 (57.5) 122 (60.1) 96 (69.1) .055
Age, yr 65.3±9.5 68.3±9.8 70.7±9.4 <.001
Smoking (n, %) 92 (22.6) 40 (19.7) 37 (26.6) .323
Drinking (n, %) 50 (12.3) 20 (9.9) 24 (17.3) .123
Hypertension (n, %) 276 (67.8) 149 (73.4) 112 (80.6) .013
Diabetes mellitus (n, %) 89 (21.9) 50 (24.6) 37 (26.6) .472
Stroke (n, %) 32 (7.9) 14 (6.9) 19 (13.7) .063
Systolic blood pressure, mm Hg 138.5±18.9 139.6±20.1 145.5±21.9 .002
Diastolic blood pressure, mm Hg 78.2±11.6 78.4±12.1 76.9±11.3 .497
Height, m 1.63±0.09 1.64±0.09 1.63±0.08 .923
Weight, kg 66.8±11.4 66.5±11.2 65.9±11.0 .755
BMI, kg/m2 24.9±3.5 24.8±3.4 24.6±3.3 .671

BMI=body mass index.
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cut-off value 0.965mg/L, sensitivity 0.865, specificity 0.398,
P= .007).
3.7. Multivariate logistic regression analysis results

The multivariate logistic regression analysis revealed that male
(AOR=1.878, 95% CI=1.270–2.777, P= .002), age (AOR=
1.065, 95% CI=1.020–1.112, P= .005), hypertension (AOR=
1.911, 95%CI=1.280–2.851, P= .002), diabetes (AOR=1.844,
95% CI=1.344–2.529, P= .001), red blood cell (AOR=0.691,
95% CI=0.484–0.988, P= .042), and creatinine (AOR=1.018,
95% CI=1.003–1.031, P= .016) remained independent predic-
tors of the occurrence of CAC (Table 6).
In the calcification subgroup, the multivariate logistic regres-

sion analysis revealed that male (AOR=1.583, 95%CI=1.022–
2.451, P= .040), age (AOR=1.051, 95%CI=1.028–1.076,
P= .001), hypertension (AOR=1.826, 95%CI=1.116–2.989,
P= .017), CysC (AOR=3.748, 95%CI=1.138–10.044, P
= .034), red blood cell (AOR=0.560, 95%CI=0.386–0.814,
P= .004), and C-reactive protein (AOR=1.017, 95%CI=1.001–
Table 4

Comparison of blood indexes between calcification group and
control group.

Characteristics
Control group

(n=698)
Calcification

group (n=749) P

Cystatin C, mg/L 0.94±0.20 1.05±0.21 <.001
White blood cells, �109/L 6.39±2.58 6.50±2.24 .375
Red blood cells, �1012/L 4.51±0.50 4.43±0.55 .006
Platelet, �109/L 205.9±81.2 196.1±64.3 .011
Fasting blood glucose, mmol/L 5.49±1.44 5.78±1.80 .001
Total cholesterol, mmol/L 4.71±0.98 4.64±1.09 .216
Triglycerides, mmol/L 1.68±1.25 1.64±1.37 .554
LDL-C, mmol/L 2.83±0.84 2.78±0.92 .315
HDL-C, mmol/L 1.18±0.31 1.17±0.38 .766
Urea nitrogen, mmol/L 5.06±1.30 5.54±1.82 <.001
Creatinine, mmol/L 65.7±14.5 71.6±22.4 <.001
Blood uric acid, mmol/L 327.6±87.7 344.7±99.6 .001
eGFR, mL/min/1.73m2 97.0±18.1 89.1±20.4 <.001
Blood calcium, mmol/L 2.26±0.14 2.26±0.13 .721
Blood phosphorus, mmol/L 1.16±0.21 1.16±0.19 .819
C-reactive protein, mg/L 6.60±6.28 8.26±13.27 .004

eGFR= estimated glomerular filtration rate, HDL-C=high-density lipoprotein cholesterol, LDL-C=
low-density lipoprotein cholesterol.
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1.032, P= .036) were independent predictors of the severe CAC
(CACS≥400) (Table 7).
4. Discussion

This study investigated the related factors of CAC. The results
showed that patients with CAC had higher CysC level than those
without CAC. With the increase of calcification score, the CysC
showed an upward trend, and was revealed to be an independent
risk factor of severe CAC, suggesting that CysC presented to be a
potential predictor of the occurrence and severity of CAC.
As a member of the cysteine protease inhibitor family, CysC is

considered to be the most important cysteine protease inhibitor.
CysC is a non-glycosylated protein with a relatively low
molecular weight of about 13.3 KD ubiquitous in body fluids
and tissue cells. Its production is stable, independent of age,
gender, and bilirubin. The main metabolic pathway of CysC is
the kidney. It can be freely filtered by the glomeruli without
tubular secretion and completely reabsorbed and catabolized in
Table 5

Comparison of blood indexes among groupswith different severity
of calcification.

Characteristics Low
calcification
(n=407)

Medium
calcification
(n=203)

High
calcification
(n=139) P

Cystatin C, mg/L 1.02±0.19 1.03±0.20 1.13±0.25 .015
White blood cells, �109/L 6.39±1.91 6.68±2.91 6.61±2.03 .260
Red blood cells, �1012/L 4.51±0.52 4.38±0.56 4.30±0.60 <.001
Platelet, �109/L 196.3±56.4 196.8±77.0 195.1±66.2 .971
Fasting blood glucose, mmol/L 5.74±1.74 5.97±2.06 5.63±1.57 .206
Total cholesterol, mmol/L 4.72±1.02 4.57±1.17 4.47±1.16 .080
Triglycerides, mmol/L 1.75±1.54 1.54±1.17 1.41±1.02 .055
LDL-C, mmol/L 2.84±0.88 2.70±0.94 2.68±1.00 .155
HDL-C, mmol/L 1.15±0.40 1.20±0.36 1.20±0.37 .317
Urea nitrogen, mmol/L 5.38±1.51 5.53±1.81 6.02±2.49 .002
Creatinine, mmol/L 69.6±18.0 70.7±18.9 79.0±34.2 <.001
Blood uric acid, mmol/L 343.1±93.9 336.0±101.1 361.8±111.7 .056
eGFR, mL/min/1.73m2 91.2±19.6 89.6±21.4 82.4±19.6 <.001
Blood calcium, mmol/L 2.26±0.12 2.27±0.12 2.25±0.15 .546
Blood phosphorus, mmol/L 1.14±0.19 1.16±0.20 1.19±0.19 .052
C-reactive protein, mg/L 7.26±9.21 8.14±12.38 11.30±21.51 .011

eGFR= estimated glomerular filtration rate, HDL-C=high-density lipoprotein cholesterol, LDL-C=
low-density lipoprotein cholesterol.



Table 6

Multivariate logistic regression analysis results of coronary artery
calcification occurrence.

Variables
Adjusted odds
ratio (AOR)

95% confidence
interval (95% CI) P

Male 1.878 1.270–2.777 .002
Age 1.065 1.020–1.112 .005
Hypertension 1.911 1.280–2.851 .002
Diabetes 1.844 1.344–2.529 .001
Red blood cell 0.691 0.484–0.988 .042
Creatinine 1.018 1.003–1.031 .016
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the proximal tubule, which means it reflects changes in
glomerular filtration rate more accurately than creatinine. In
addition, it is confined to the extracellular space and distributed
throughout the body. Therefore, CysC is considered as a sensitive
indicator for the assessment of renal insufficiency.[18–21]

Recent studies have shown that CysC is associated with
atherosclerotic diseases.[22,23] The study by Maahs et al[22]

showed that the increase of serum CysC level was correlated with
the occurrence and development of subclinical atherosclerosis.
Wang et al[23] reported that increased serum CysC level was
associatedwith increased risk and poor prognosis in patients with
coronary artery disease, and the higher serumCysC level was, the
more severe coronary artery stenosis and the more diseased
vessels. However, some studies have yielded different results,
including that there was no significant difference in serum CysC
level between patients with coronary artery disease and those
without coronary artery disease,[24] and CysC level in patients
with severe coronary artery disease was lower than that in
patients with nonsevere coronary artery disease.[25]

Thus, the relationship between CysC and coronary artery
disease is still controversial, but it is generally believed that the
CysC level was positively associatedwith coronary artery disease.
As was shown in this study, with the increase of the diseased
vessel number, the CysC level showed an upward trend, and the
CysC level in 3-vessel disease was significantly higher than that in
the other 2 groups. Arterial calcification and atherosclerosis have
the same influencing factors, including age, gender, lipids,
hypertension, diabetes, chronic kidney disease, smoking, sleep
status, and mood.[26,27] CAC is a marker of atherosclerosis,
which is the result of the progression of coronary atherosclerosis
to a certain stage. As a related factor of atherosclerosis, CysCmay
also be associated with CAC.
The mechanism of CAC is not completely clear at present.

Vascular smoothmuscle cells, inflammatory cytokines, andOPG/
RANK-RANKL (osteoprotegerin/receptor activator of nuclear
Table 7

Multivariate logistic regression analysis results of severe coronary
artery calcification.

Variables
Adjusted odds
ratio (AOR)

95% confidence
interval (95% CI) P

Male 1.583 1.022–2.451 .040
Age 1.051 1.028–1.076 .001
Hypertension 1.826 1.116–2.989 .017
Cystatin C 3.748 1.138–10.044 .034
Red blood cell 0.560 0.386–0.814 .004
C-reactive protein 1.017 1.001–1.032 .036
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factor-kB/RANK ligand) signaling systems are involved in the
formation of calcification.[28–32] Inflammatory cytokines such as
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) are
secreted by inflammatory cells, which can induce vascular
smooth muscle cells to transform into osteogenic phenotype, and
then promote calcification.[30] TNF-a promotes its DNA to
combine with osteoblast differentiation related regulatory factors
such as osteoblast specific factor-2 and cAMP-response element
binding protein through cAMP signaling pathway, which induces
osteoblast differentiation and regulates calcification.[31] After
calcification, calcification crystals interact with macrophages to
promote macrophages to secrete inflammatory factors, further
promote calcification and form a vicious circle.[32] Parathyroid
hormone, as an important regulatory protein in the body’s
calcium balance, can block vascular smooth muscle cells
calcification by inhibiting alkaline phosphatase activity and
inhibit the role of vascular calcification.[33]

Several studies had tried to find the relationship between CysC
and CAC. Sugiyama et al[34] recruited 456 subjects without renal
disease and manifestation of coronary artery disease to complete
spiral computed tomography examination, and the results
showed that serum CysC level in females was positively
correlated with CAC severity, while that in males was not.
Ruiz-salas et al[35] recruited 104 stable chest pain patients
without kidney disease, and got that cystatin C was significantly
correlated with CAC severity and the presence of coronary artery
disease. Our study with larger sample showed that increased
CysC level was associated with the occurrence and severity of
CAC, and presented to be a potential predictor of CAC.
Themechanism of cystatin C in CAC is still unclear. CysC has a

certain effect on the migration and phagocytosis of neutrophils
and monocytes, and promotes the secretion of inflammatory
cytokines such as IL-6 and TNF-a, and then induces vascular
smooth muscle cells to transform into osteogenic phenotype.[30]

As a cysteine protease inhibitor, the increased CysC could reduce
the degradation of extracellular matrix in vascular wall, and then
lead to vascular wall remodeling including calcification.[36] CysC
is one of the ideal endogenous markers reflecting glomerular
filtration rate. The CysC level in patients with chronic kidney
disease is increased, which is involved in the disorder of calcium
and phosphorus metabolism, leading to the occurrence of CAC.
The association of C-reactive protein with CAC has been

reported in several studies.[37–39] As an inflammatory marker, C-
reactive protein promotes the transformation of vascular smooth
muscle cells into osteoblasts, which may be one of the intrinsic
mechanisms of calcification formation. Henze et al[40] treated
human aortic smooth muscle cells with recombinant human C-
reactive protein, and found that after upregulation of C-reactive
protein, the mRNA and protein expression of core binding factor
a1 and vascular induction activity were significantly increased,
and the expression and activity of non-specific alkaline
phosphatase in osteogenic enzyme tissue were also increased,
thus promoting the differentiation of vascular smooth muscle
cells into osteoblasts and promoting the process of calcification.
Henze et al[40] further studies showed that C-reactive protein can
increase the expression of oxidative stress marker mRNA,
activate p38mitogen-activated protein kinase (p38MAPK) signal
pathway, and then promote the differentiation of vascular
smooth muscle cells into osteoblasts.
Little research has been done on red blood cell with coronary

artery disease and CAC. Schaffer et al[41] performed coronary
angiography in 3534 patients and collected fasting samples for
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hematologic and lipids assessment, and the results showed high-
density lipoprotein cholesterol level was directly associated with
red blood cell count, and higher red blood cell level was
associated with lower prevalence and severity of coronary artery
disease. As was shown in our study, low red blood cell count
presented to be an independent predictor of CAC occurrence and
severe CAC. But the intrinsic mechanism of red blood cell with
atherosclerosis and CAC is unclear. The decrease of red blood cell
count may be related to higher inflammatory state, which affect
the occurrence and degree of calcification. In addition, this study
also showed that age, hypertension, diabetes mellitus, creatinine,
and other factors were related to the CAC, suggesting that the
occurrence and progression of CAC were the result of the joint
action of multiple factors. High glucose environment and insulin
resistance can promote the transformation of vascular smooth
muscle cells into osteoblasts, and then lead to the occurrence of
vascular calcification.
4.1. Limitations

Our findings must be interpreted in light of the study’s
limitations. For example, this is a single-center retrospective
study, rather than multicenter expansion study, and the
representativeness of the sample is relatively insufficient. In
order to achieve a certain number of patients, and have more
complete clinical data, the time span of selected patients was 9
years. In different time periods, the characteristics of patients may
also change. This is a cross-sectional study, not a longitudinal
study, and did not assess the long-term effect of CysC on CAC.
Therefore, more multi-center studies with larger sample size and
long-term follow-up are needed to investigate relationship
between CysC and CAC.

5. Conclusion

CysC was associated with the CAC occurrence and severe CAC,
suggesting that CysC presented to be a potential predictor of
CAC.
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