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ABSTRACT　
 
BACKGROUND　 Cystatin C (CysC) is a cysteine protease inhibitor involved in proteins catabolism and plays an essential role
in human vascular pathophysiology. CysC may also increase the risk of aortic stenosis (AS), but limited studies have reported on
this association. This study aimed to investigate if elevated serum CysC levels are associated with hemodynamically significant
AS.
 
METHODS　 Serum CysC levels were estimated in 4,791 participants, samples were collected in 1990−1992. The study popula-
tion was divided into quintile groups. Follow-up continued in 2011–2013 when participants returned for echocardiography exam-
ination.  Incidence  of  aortic  valve  disease  (AVD)  was  ascertained by  Doppler  echocardiography through the  end of  2013.  AVD
defined in hemodynamic progression was assessed and classified as aortic sclerosis, mild stenosis, and moderate-to-severe sten-
osis.
 
RESULTS　 Overall, a total of 4,791 participants (mean age: 54.8 ± 5.0 years, females: 57.6%, blacks: 8.2%) were included in this
study. During a follow-up of 21 years, we identified 736 cases (15.4%) of aortic sclerosis, 194 cases (4.0%) of mild stenosis, and 42
cases (0.7%) of moderate-to-severe stenosis. Compared with serum CysC levels within individual quintile groups, the odds ratio
(OR) was per standard deviation associated with an increased incidence of AVD (OR = 1.15, 95% CI: 1.05−1.26, P = 0.002).
 
CONCLUSIONS　  In this large population-based study, an increased serum CysC levels is independently associated with the
incidence of  hemodynamically significant  AS.  However,  this  association appears not  to extend to patients  with extremely high
serum CysC levels and necessitate further investigation.

  

A ortic stenosis (AS) is the most common
aetiology of aortic valve disease (AVD),
affecting 3% of people > 65 years of age

and has a high prevalence among developed coun-
tries.[1–3] AS has been strongly related to adverse
outcomes and an increased risk of cardiovascular
morbidity.[1] Despite the limitation in prognosis,
aortic valve replacement treatment remains its first-
line treatment option for elderly and high-risk pa-
tients.[4,5] Various coronary heart disease (CHD) and
chronic kidney disease (CKD) risk factors are repor-
ted to show a strong correlation with AS incidence.[2,6,7]

Cystatin C (CysC) is a cysteine protease inhibitor in-

volved in catabolism and plays an essential role in
human vascular pathophysiology.[8] In addition, it is
produced by all nucleated cells and eliminated from
the bloodstream by glomerular filtration.[8] Circula-
ting CysC levels have been proven an alternative
surrogate parameter of renal dysfunction.[9,10] It is sug-
gested as a more sensitive renal impairment marker,
particularly in subjects with creatinine levels within
normal limits. Similarly, CysC is a pro-inflammatory
biomarker essential for the prognosis of coronary
artery calcification and adverse CHD outcome in
elderly patients.[8,11,12]

However, research is still needed for clarifying
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the association between AVD, AS and elevated serum
CysC levels among individuals at high-risk in the
general population. Therefore, the purpose of this
study was to test the hypothesis that an increase in
serum CysC levels would increase the risk of AS in-
dependent of other traditional risk factors in the
Atherosclerosis Risk in Communities (ARIC) cohort,
a community-based study of cardiovascular disease
in the United States. 

METHODS

ARIC Institutional Review Boards approved the
study protocol (NCT00005131) at all Fifield centres,
and all participants provided written informed con-
sent. 

Study Design and Population

The ARIC cohort study is a population-based,
prospective, cohort study of cardiovascular risk factors
in the four United States communities (Washington
County, Maryland; Forsyth County, North Carolina;
Jackson, Mississippi; and Minneapolis suburbs, Min-
nesota), initially consisting of 15,792 participants,
aged 45−64 years, recruited between 1987 and 1989
(visit 1). Four sub-sequent study visits were cond-
ucted: visit 2 (1990−1992), visit 3 (1993−1995), visit 4
(1996−1998), and visit 5 (2011−2013); 6,538 parti-

cipants (age: 67−91 years) returned for a visit 5 that
included the questionnaire survey, laboratory test-
ing, and a comprehensive echocardiographic exam-
ination. Participants are followed up by annual or
semiannual telephone interviews and active surveil-
lance at ARIC cohort study community hospitals.
Further details about the ARIC cohort study design
have been previously described.[13] For this study,
we included baseline participants (n = 13,532). We
excluded participants with missing echocardiogra-
phic measurements of aortic valve (AV) function (n =
8,154) identified on echocardiography at visit 5, mis-
sing baseline serum CysC levels measurements (n =
288), and other covariates (n = 299). Overall, a total
of 4,791 participants were included in this study
(Figure 1).
 

Data Availability Statement

The analytic data methods and study materials
will not be made available to other researchers to
replicate the results or replicate the procedure be-
cause of human subjects’ restrictions. ARIC cohort
study data are available for distribution to outside
researchers through the ARIC Study Coordinating
Center at the University of North Carolina–Chapel
Hill to request overall ARIC Study data access (ht-
tps://sites.cscc.unc.edu/aric).
 

 

Figure 1    Flow chart of the Atherosclerosis Risk in Communities participants included in the study.
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Assessment of Kidney Function and Serum CysC
Levels

All assays were performed in serum specimens
obtained from participants in 1990−1992 during visit 2.
Serum creatinine was measured in samples with a
modified kinetic Jaffe reaction. The reliability coeffi-
cient for 439 blinded quality-control replicates was
0.95, creatinine values were calibrated to the Cleve-
land Clinic Laboratory.[14] Serum CysC levels was
measured from stored frozen samples collected by
particle-enhanced immune nephelometric assay (N
Latex CysC, Siemens Healthcare Diagnostics, Deer-
field, Illinois, USA) with a BNII nephelometer, the
reliability coefficient for 421 blinded quality-control
replicates of CysC was 0.65, but it was 0.94 after re-
moving 10 pair outliers. CysC was calibrated to the
Cleveland Clinic Laboratory after a relatively con-
stant difference of 16% was found between ARIC
and Cleveland Clinic Laboratory values (Cleveland
Clinic1.16ARIC).[15] Estimated glomerular filtration
rate (eGFR) based on creatinine (eGFRcreat) was
calculated from the CKD Epidemiology Collabora-
tion equation for creatinine, and eGFR by CysC
(eGFRcys) was estimated with the CKD Epidemi-
ology Collaboration equation for cystatin: eGFRcys
(mL/min per 1.73 m2) = 127.7 × CysC (mg/dL)−1.17 ×
age−0.13 × 0.91 (if female) × 1.06 (if black).[7,16]
 

Echocardiography

A detailed method for echocardiography at visit 5
of the ARIC cohort study have been previously
published.[17] All the examinations were performed
by certified sonographers at the four Fifield centres,
using the uniform equipment (Philips iE33 Ultra-
sound system) and following a standardized image
acquisition protocol.[18] This protocol included pulse-
wave Doppler assessment of the left ventricular
outflow tract, continuous-wave Doppler assessment
of flow velocities across the AV, and the AV’s asses-
sment of the left ventricular outflow tract in the para-
sternal long-axis view and short-axis view. Ana-
lysts who were blinded to participant characteris-
tics performed quantitative measures at a dedicated
Echocardiography Reading Center. The same ana-
lyst performed any given measure for all echocardi-
ographic studies. Reproducibility metrics for cru-
cial measures of cardiac structure and function have
been previously published.[17]
 

Classifications of AVD

The AVD classification has been well established
using the aortic peak velocity, the American Heart
Association/American College of Cardiology guid-
eline for the management of patients with valvular
heart disease has been the most adopted.[19–21] The
hemodynamic classification of AVD is as follows:
(1) normal: peak aortic velocity < 1.5 m/s; (2) aortic
sclerosis: peak aortic velocity ≥ 1.5 m/s to < 2.0 m/s;
(3) mild stenosis: peak aortic velocity ≥ 2.0 m/s to <
3.0 m/s; (4) moderate stenosis: ≥ 3.0 m/s to < 4.0
m/s; and (5) severe stenosis ≥ 4.0 m/s. We designed
moderate or severe subgroups (merged moderate
stenosis and severe stenosis) for this study as peak
aortic velocity ≥ 3.0 m/s for analysis due to moderate
and severe stenosis cases were relatively infrequent. 

Covariate Measurement

CysC was measured during visit 2 (1990−1992)
for the primary analysis, and AS incidence was
evaluated at visit 5. Information on characteristics
that might confound our outcome was obtained
from the records of 1990−1992, including age, sex,
and race (self-reported), smoking status, drinking
status, body mass index (BMI), waist-to-hip ratio.
Diabetes mellitus (DM) was defined as fasting blood
glucose ≥ 126 mg/dL, non-fasting blood glucose ≥
200 mg/dL, use of antidiabetic medicines, or self-
reported physician diagnosis of DM. Hypertension
was defined as systolic blood pressure ≥ 140 mmHg
and/or diastolic blood pressure ≥ 90 mmHg, or
blood pressure medication use in the past two weeks.
Low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), apolipo-
protein(a), apolipoprotein(b) [apo(b)], total trigly-
cerides, C-reactive protein, the presence or absence
of clinical disease [prevalence of myocardial infarc-
tion, stroke was identified by six associated symp-
toms (speech, vision, double vision, numbness, para-
lysis, and dizziness)] corresponding to the specific
artery disease, CHD. Echocardiogram measurements
of ejection fraction, aortic peak velocity, means aortic
valve gradient, systolic blood pressure, and diastolic
blood pressure was also recorded. 

Statistical Analysis

To evaluate the associated between serum CysC
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levels and the outcomes, we used quintiles (Q1–Q5)
cut-off point of 20th, 40th, 60th, 80th percentiles, and
examined the adjustment variable distribution among
CysC quintiles groups. As appropriate, baseline
characteristics of participants were compared using
the one-way ANOVA test, the Pearson’s chi-squared
test, and the Kruskal-Wallis H test. Continuous vari-
ables are presented as mean ± SD, and categorical
variables are presented as percentage. We used mult-
ivariable logistic regression models to assess the as-
sociation between baseline serum CysC levels and
the risk of AS. Model 1 was adjusted for age, sex, and
race; model 2 was adjusted for variables in model 1
plus BMI, smoking status, and drinking status; and
model 3 was adjusted for variables in model 2 plus
HDL-C, LDL-C, creatinine, hypertension, DM, coro-
nary artery disease, and apo(b). We used restricted
cubic spline models with four knots to assess the dose-
response association between serum CysC levels (as
continuous variables) and AVD. Subgroup analysis
was performed to evaluate the effect stratified by
prespecified risk factors and the potential interac-
tion effect. Two-sided P-value < 0.05 were considered
statistically significant. Statistical analysis was per-
formed using SPSS 25.0 (SPSS Inc., IBM, Chicago,
IL, USA). 

RESULTS
 

Baseline Characteristics and Clinical Events

Overall, a total of 4,791 consecutive ARIC parti-
cipants (mean age: 54.8 ± 5.0 years, females: 57.6%,
blacks: 8.2%) were included in this study, and a mean
serum CysC levels was 0.80 ± 0.20 mg/L (Table 1).
During a follow-up of 21 years, the mean hemody-
namic peak aortic velocity was 1.3 ± 0.4 m/s, we
identified 736 cases (15.4%) of aortic sclerosis, 194
cases (4.0%) of mild stenosis, and 42 cases (0.7%) of
moderate-to-severe stenosis. In all patients, the serum
CysC levels of Q1 was ≤ 0.91 mg/L (n = 958), Q2
was 0.94−2.26 mg/L (n = 1,065), Q3 was 2.26−4.83 mg/L
(n = 936), Q4 was 4.83−9.21 mg/L (n = 880), and Q5
was ≥ 9.21 mg/L (n = 952) (Figure 2). 

Serum CysC Levels and the Severity of AS

After adjustment for multiple potential confou-
nders, the odds ratio (OR) was per standard devi-

ation (0.15 mg/L) associated with an increased in-
cidence of AVD (OR = 1.15, 95% CI: 1.05−1.26, P = 0.002).
In the final model, the OR for risk of AVD compar-
ing the Q2, Q3, Q4 and Q5 quintiles of serum CysC
levels with the Q1 quintile as the reference was 1.22
(95% CI: 0.95−1.56, P = 0.118), 1.37 (95% CI: 1.06−
1.78, P = 0.016), 1.33 (95% CI: 1.02−1.74, P = 0.035),
and 1.26 (95% CI: 0.95−1.68, P = 0.116), respectively
(Table 2).

Figure 3 shows a restricted spline curve that de-
termines the associations between adjusted OR of
AVD at baseline by serum CysC levels in the ARIC.
The OR was computed with the serum CysC levels
of 0.8 mg/L as the reference. Using serum CysC levels
measurement (as continuous variables). Consistent
with quintile groups of sample distribution, the risk
of hemodynamically classified AVD increases lin-
early with increased CysC concentration.

Figure 4 shows a forest plot that summarizes pre-
specified risk factors for potential interaction. All
analyses were adjusted for age, sex, race, BMI,
smoking status, drinking status, HDL-C, LDL-C,
apo(b), creatinine, hypertension, DM, coronary
artery disease, and stroke measured during baseline
visit 2 (1990−1992). P-value and Pinteraction-value are
shown. Variables were divided into sex (male and
female), age (< 50 years, 50−60 years, and ≥ 60 years),
race (white and black), smoking status (current, former,
and never), drinking status (current, former, and
never), BMI (< 25 kg/m2, 25−30 kg/m2, and ≥ 30
kg/m2), creatinine (< 0.73 mg/dL and ≥ 0.73 mg/dL),
DM (yes and no), hypertension (yes and no), and
sensitivity analyses excluding CHD and stroke. Res-
ults were similar when stratified by age, sex, race,
smoking status, drinking status, BMI, creatinine,
DM, hypertension, and sensitivity analyses of CHD
and stroke, all Pinteraction-value > 0.05. Similarly, the
associations were more significant in participants
with higher creatinine (Pinteraction-value = 0.004) and
the black people subgroup (Pinteraction-value = 0.032). 

DISCUSSION

This large-scale population-based prospective co-
hort study found that an increased serum CysC level
is independently associated with AS. However, par-
ticipants with extremely high serum CysC levels
were P-value > 0.05 for correlation for risk of AVD;
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Table 1    Baseline and demographic characteristics of the Atherosclerosis Risk in Communities participants according to quintiles
of serum cystatin C levels.

Variables Total
(n = 4,791)

≤ 0.91 mg/L
(n = 958)

0.94−2.26 mg/L
(n = 1,065)

2.26−4.83 mg/L
(n = 936)

4.83−9.21 mg/L
(n = 880)

≥ 9.21 mg/L
(n = 952) P-value

Age, yrs 54.8 ± 5.0 53.0 ± 4.2 54.2 ± 4.8 54.8 ± 5.0 55.7 ± 5.0 56.5 ± 5.0 < 0.001

Serum cystatin C, mg/L 0.80 ± 0.20 0.60 ± 0.10 0.80 ± 0.02 0.83 ± 0.02 0.90 ± 0.02 1.10 ± 0.13 < 0.001

Body mass index, kg/m2 27.4 ± 4.8 25.7 ± 4.4 26.8 ± 4.5 27.5 ± 4.4 28.0 ± 4.7 29.2 ± 5.4 < 0.001

Waist-to-hip ratio 0.91 ± 0.08 0.87 ± 0.09 0.90 ± 0.08 0.91 ± 0.08 0.93 ± 0.07 0.94 ± 0.07 < 0.001

Race < 0.001

　White 3,918 (81.8%) 725 (18.5%) 835 (21.3%) 793 (20.2%) 741 (18.9%) 824 (21.0%)

　Black 8,731 (8.2%)   233 (26.7%) 230 (26.3%) 143 (16.4%) 139 (14.7%) 128 (14.7%)

Sex < 0.001

　Male 2,030 (42.4%) 206 (10.1%) 431 (21.2%) 432 (21.3%) 454 (22.4%) 507 (25.0%)

　Female 2,761 (57.6%) 752 (27.2%) 634 (23.0%) 504 (18.3%) 426 (15.4%) 445 (16.1%)

Smoking status < 0.001

　Current   730 (15.2%) 106 (14.5%) 138 (18.9%) 152 (20.8%) 144 (19.7%) 190 (26.0%)

　Former 1,889 (39.4%) 359 (19.0%) 438 (23.2%) 379 (20.1%) 349 (18.5%) 364 (19.3%)

　Never 2,172 (45.3%) 493 (22.7%) 489 (22.5%) 405 (18.6%) 387 (17.8%) 398 (18.3%)

Drinking status 0.01

　Current 3,043 (63.5%) 626 (20.6%) 698 (22.9%) 606 (19.9%) 538 (17.7%) 575 (18.9%)

　Former   747 (15.6%) 110 (14.7%) 155 (20.7%) 148 (19.8%) 153 (20.5%) 181 (24.2%)

　Never   100 (20.9%) 222 (22.2%) 212 (21.2%) 182 (18.2%) 189 (18.9%) 196 (19.6%)

Glucose, mmol/L 5.9 ± 1.5 5.9 ± 2.0 5.9 ± 1.6 5.8 ± 1.3 5.8 ± 1.1 5.9 ± 1.0 0.191

Total cholesterol, mmol/L 5.3 ± 0.9 5.3 ± 0.9 5.3 ± 0.9 5.3 ± 0.9 5.4 ± 0.9 5.3 ± 1.0 0.268

High-density lipoprotein
cholesterol, mmol/L 1.3 ± 0.4 1.5 ± 0.4 1.4 ± 0.4 1.3 ± 0.4 1.24 ± 0.39 1.14 ± 0.36 < 0.001

Low-density lipoprotein
cholesterol, mmol/L 3.4 ± 0.9 3.2 ± 0.9 3.4 ± 0.9 3.4 ± 0.9 3.5 ± 0.9 3.4 ± 0.9 < 0.001

Apolipoprotein(a), mmol/L 1,314.7 ± 308.5 1,434.9 ± 313.7 1,344.8 ± 303.7 1,303.9 ± 302.8 1,282.9 ± 302.0 1,200.3 ± 270.1 < 0.001

Apolipoprotein(b), mmol/L 925.7 ± 264.1 883.1 ± 253.8 920.8 ± 271.4 936.1 ± 268.8 941.1 ± 259.1 949.5 ± 261.2 < 0.001

Triglycerides, mmol/L 1.4 ± 0.7 1.2 ± 0.6 1.3 ± 0.7 1.4 ± 0.7 1.5 ± 0.7 1.6 ± 0.8 < 0.001

Estimated glomerular filtration
rate, mL/min per 1.73 m2 97.7 ± 13.6 106.4 ± 11.7 100.8 ± 10.8 98.2 ± 11.1 94.4 ± 12.3 87.8 ± 14.4 < 0.001

Uric acid, mg/dL 5.0 ± 1.3 4.3 ± 1.1 4.8 ± 1.2 5.1 ± 1.2 5.4 ± 1.2 5.7 ± 1.3 < 0.001

Creatinine, mg/dL 0.8 ± 0.2 0.6 ± 0.1 0.7 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 0.9 ± 0.2 < 0.001

C-reactive protein, mg/dL 4.0 ± 7.0 3.4 ± 5.0 4.0 ± 6.4 4.0 ± 6.1 4.0 ± 6.1 4.8 ± 9.7 0.001

Diabetes mellitus 231 (4.8%)   58 (25.1%)   47 (20.3%)   40 (17.3%)   41 (17.7%)   45 (19.5%) 0.374

Hypertension 1,189 (24.8%) 189 (15.9%) 232 (19.5%) 202 (17.0%) 237 (19.9%) 329 (27.7%) < 0.001

Coronary heart disease 118 (2.5%)   12 (10.2%)   12 (10.2%)   22 (18.6%)   26 (22.0%)   46 (39.0%) < 0.001

Stroke   34 (0.7%)     5 (14.7%)     5 (14.7%)     8 (23.5%)     3 (8.8%)   13 (38.2%) 0.058

Systolic blood pressure, mmHg 129.3 ± 19.3 128.9 ± 18.7 129.7 ± 18.1 129.7 ± 20.3 129.1 ± 19.2 128.8 ± 20.3 0.752

Diastolic blood pressure, mmHg 65.9 ± 11.4 65.9 ± 11.1 66.6 ± 11.0 66.4 ± 11.4 65.6 ± 11.7 64.8 ± 11.6 0.005

Statin use   91 (2.0%)   13 (14.3%)   18 (19.8%)   20 (22.0%)   19 (20.9%)   21 (23.1%) 0.584

Ejection fraction, % 63.3 ± 12.7 64.2 ± 12.6 63.5 ± 12.2 63.2 ± 12.6 63.6 ± 11.1 61.8 ± 14.8 0.001

Peak aortic velocity, m/s 1.3 ± 0.4 1.3 ± 0.3 1.3 ± 0.4 1.3 ± 0.4 1.4 ± 0.4 1.4 ± 0.4 < 0.001

Data are presented as means ± SD or n (%). All the results in this Table are unadjusted for confounding factors.
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hence, CysC seems to show a protective effect in
this group. These associations were independent of
traditional, clinical, and cardiovascular disease risk
factors and were similar in male, female, whites,
and blacks; in individuals with or without a history
of cardiovascular disease or hypertension and kid-
ney dysfunction. To the best of our knowledge, this
is the first prospective cohort study with a long-term
follow-up period to assess this association between
serum CysC levels and AS.

Moderate or severe valvular heart disease affects
approximately 2.5% of the United States popula-
tion and increases in prevalence with respect to age
in nearly 3% of people ≥ 65 years.[5,22,23] Regarding
the growth in the global economy, the incidence is
expected to increase in the coming years.[5,24] CysC

is a significant biomarker secreted by all nucleated
cells, the most abundant and potent inhibitor of
cysteine proteases. It is a low molecular mass pro-
tein (13.4 kDa) and is freely filtered at the glomer-
ulus and then reabsorbed and fully catabolized but
not secreted by proximal renal tubules.[8] Recent
studies have demonstrated that CysC plays an es-
sential role in vascular remodelling, coronary artery
calcification and pro-inflammatory, and is associ-
ated with adverse cardiovascular outcomes among
the elderly in the population.[8,25]

The results of our study provide important addi-
tional insights to the literature regarding the correl-
ation between AVD and varying serum CysC levels.
Our results follow several extensive studies demon-
strating a similar association of serum CysC levels

 

Figure 2     Distribution of hemodynamically classified peak aortic  velocity among quintile groups in the Atherosclerosis Risk in
Communities participants at visit 5 (2011–2013).
 

Table 2    Risk of aortic valve diseases (aortic sclerosis, mild stenosis, or moderate-to-severe stenosis) at visit 5 (2011–2013) by quintile
of serum cystatin C groups at baseline.

Quintiles
Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
≤ 0.91 mg/L Reference Reference Reference

0.94−2.26 mg/L 1.35 (1.06−1.72)   0.017 1.21 (0.95−1.55) 0.130 1.22 (0.95−1.56) 0.118

2.26−4.83 mg/L 1.62 (1.27−2.07) < 0.001 1.35 (1.05−1.55) 0.020 1.37 (1.06−1.78) 0.016

4.83−9.21 mg/L 1.65 (1.28−2.12) < 0.001 1.31 (1.01−1.69) 0.042 1.33 (1.02−1.74) 0.035

≥ 9.21 mg/L 1.73 (1.35−2.21) < 0.001 1.22 (0.94−1.59) 0.134 1.26 (0.95−1.68) 0.116

Per standard deviation, 0.15 mg/L 1.22 (1.13−1.31) < 0.001 1.11 (1.03−1.19) 0.009 1.15 (1.05−1.26) 0.002

Model 1: adjusted for age, sex, and race. Model 2: adjusted for variables in Model 1 plus body mass index, smoking status, and
drinking status.  Model  3:  adjusted for  variables  in Model  2  plus high-density lipoprotein cholesterol,  low-density lipoprotein
cholesterol, creatinine, hypertension, diabetes mellitus, coronary artery disease, and apolipoprotein(b). CI: confidence interval; OR:
odds ratio.
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on AVD progression, CHD and adverse stroke out-
comes. Our result is signified from a study investi-
gating electrolytic cathepsins S, K, and V, and CysC
role in extracellular matrix remodelling of the stenotic

aortic valves. Demonstrating that the stenotic aortic
valves increased the expression and activity of elec-
trolytic cathepsins S, K, and V, and CysC would ulti-
mately accelerate the destruction of aortic valvular

 

Figure 3    Restricted spline curves of the associations between adjusted OR of aortic valve disease at baseline by serum cystatin C
levels in the Atherosclerosis Risk in Communities. Each OR was computed with the serum cystatin C level of 0.8 mg/L as the refer-
ence. The solid red line represents the OR of aortic valve disease in all groups, red dotted lines represent the 95% CI, black dotted lines
are the reference line as OR = 1. CI: confidence interval; OR: odds ratio.
 

Figure 4    Forest plot of the interaction between the serum cystatin C levels and aortic valve disease.
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extracellular matrix, which cascades the progression
of the AS.[26]

Serum CysC level is an established measurement
of renal function and a stronger predictor of the risk
of death and cardiovascular events in elderly per-
sons than creatinine.[27] This concept was further str-
engthened by a study conducted by Onopiuk, et al.[28]

in the elderly population with a significant correla-
tion. Regarding the Q1 quintile as the reference, the
OR for risk was 1.22 (95% CI: 0.95−1.56, P = 0.118), 1.37
(95% CI: 1.06−1.78, P = 0.016), and 1.33 (95% CI: 1.02−
1.74, P = 0.035) with respect to the Q2, Q3, Q4 and
Q5 quintiles. The OR increases linearly with incre-
ments in serum CysC levels in model 3. However,
respective to the Q5 quintile, the OR was 1.26 (95% CI:
0.95−1.68, P = 0.116). The exact pathophysiology pro-
cess and research explaining this outcome among
elderly patients with extremely high serum CysC
levels (OR = 1.26, 95% CI: 0.95–1.68, P = 0.116) and AVD
displayed in our study are unknown. However, we
propose multifactorial and suggest further stu-
dies to strengthen our findings. The report by Yang,
et al.[29] suggest the effect of CysC on the cardiovas-
cular outcome is independent of eGFR or creatinine.
The participants enrolled in our study have an over-
all eGFR of 97.7 ± 13.6 mL/min per 1.73 m2 (> 60
mL/min per 1.73 m2). Similarly, suggesting that CysC
has a similar effect in patients with normal kidney
functions.[25] Furthermore, the elevation of serum
CysC levels in CKD may increase the risk of AVD
through several mechanisms. Individuals with CKD
are more likely to develop hypertension and have
more inadequate control of their blood pressure,[30,31]

which is a significant AS risk factor. The resulting
expansion of the extracellular fluid might result in
left ventricular hypertrophy, poor ventricular com-
pliance,[32] and eventually increased fibrosis, an es-
tablished predictor of AS.[31]

AS in elderly populations has been related to a
risk of mortality and incidence of cardiovascular
events.[23] The prevention, treatment, and halt of AS
disease progressions are challenging because the
disease mechanism, risk factors inducing disease
progression, and causative risk factors are not well
established.[23] The current widely available treat-
ment of severe stenosis in high-risk patients is aortic
valve replacement.[33] Lipid-lowering medication
such as statins has shown no impact in slowing aortic

valve stenosis or calcification progression,[4] whereas
PCSK9 has shown a promising result in lowering
serum LDL-C. Nonetheless, it is still under-study
for its efficacy in haltering AS disease progression.[5,34]

To further understand the association between CysC
and AS or sclerosis, future studies should illustrate
the role of serum CysC levels in AVD progression
to improve clinical decision-making in evaluating
the risk-benefit and tradeoffs in prescribing medica-
tion, administration of intravenous contrast material,
or surgical procedures. 

STRENGTHS AND LIMITATIONS

This study has significant strengths. We used a
large community-based bi-racial cohort with a long
(≥ 20 years) follow-up duration and adequate AS
and sclerosis events to test our hypotheses. With the
extensive and definite estimation of covariates, the
design of ARIC cohort study allowed us to perform
the comprehensive statistical adjustment and re-
duce confounding as much as possible. There are
several limitations of this study that should be ac-
knowledged. Firstly, the relatively few participants
(0.7%) with moderate-to-severe AS limit the preci-
sion of these predominance estimates. Secondly, our
data show baseline participants approximately aged
48−70 years (visit 2), so we do not know whether serum
CysC levels would be a possible AS predictor among
younger persons. Last but not least, the participants
alive at the start of visit 5, 38% of them rejected par-
ticipating, presumably resulting in selection bias. 

CONCLUSIONS

In conclusion, the present study demonstrates
that serum CysC level is independently associated
with an increased risk of hemodynamic aortic scler-
osis and stenosis. However, this association does
not extend to patients with extremely high serum
CysC levels. Factors behind this phenomenon are
likely multifactorial and necessitate further invest-
igations. We did not outline a set of criteria for in-
cluding patients with extremely high serum CysC
levels based on the potential factors. Further studies
are encouraged to assess these issues and further
evaluate the pathophysiological role of serum CysC
levels in aortic valve stenosis. 
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