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Background-—Higher circulatory corin in patients with cardiac diseases is associated with improved cardiovascular outcomes, and
chronic cardiac dysfunction is a well-known cause of progressive renal dysfunction. This study aimed to determine the role of
serum corin in predicting short-term and long-term renal outcomes after contrast exposure in patients with suspected coronary
artery disease.

Methods and Results-—Four hundred one patients who had received coronary angiography were enrolled. Serum corin levels were
determined before administration of contrast media. Contrast-induced nephropathy was defined as a rise in serum creatinine of
0.5 mg/dL or a 25% increase from baseline within 48 hours after the procedure. Progressive renal dysfunction was defined as
>50% decrease in estimated glomerular filtration rate after discharge. All patients were followed up for at least 1 year or until the
occurrence of death after coronary angiography. Overall, contrast-induced nephropathy occurred in 23 (5.7%) patients. During a
median follow-up of 529 days, 44 (11.0%) cases had subsequent decline in renal function. After adjustment for demographic
characteristics, kidney function, traditional risk factors, and medications, lower corin level was found to be independently
associated with higher risk for progressive renal dysfunction (hazard ratio, 0.23; 95% confidence interval, 0.12–0.44) but not for
contrast-induced nephropathy. This inverse correlation remained evident in patients with underlying chronic kidney disease,
coronary artery disease, or heart failure.

Conclusions-—Lower baseline serum corin was associated with higher risk of renal function decline in patients undergoing
coronary angiography. Further studies are needed to verify these results. ( J Am Heart Assoc. 2018;7:e008157. DOI: 10.1161/
JAHA.117.008157.)
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I t is now clear that cardiac and renal functions are
interrelated. Patients with cardiac diseases have an

increased risk of progressive renal dysfunction.1,2 Further-
more, cardiac patients may be further exposed to the risk of

contrast-induced nephropathy (CIN) if they undergo coronary
angiography.3,4 A previous study showed that even mild
elevation in serum creatinine after coronary angiography
accelerates decline in renal function and increases risk of
end-stage renal disease.5 To identify patients at risk of CIN,
several novel biomarkers were studied and a scoring system
has been developed.6–12 However, less is known about a
predictive marker for long-term renal outcomes in patients
undergoing coronary angiography.

Altered sensitivity and secretion of natriuretic peptides
were observed during the progression of cardiac and renal
dysfunction.2 Atrial natriuretic peptide (ANP) is essential for
maintaining body fluid homeostasis and exerts antiremodeling
effects in the myocardium.13 Pro-ANP is converted to mature
ANP by corin, a transmembrane protein with serine protease
activity, which is expressed primarily in cardiomyocytes.14

Various isoforms of corin can be detected in the circulation
because of ectodomain shedding, and the level of serum corin
is considered a marker of cardiac corin activity.15,16 Recent
studies demonstrated a prognostic role for circulatory corin in
relation to various cardiovascular outcomes in patients with
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acute myocardial infarction, chronic heart failure, and acute
stroke.17–20 However, whether serum corin level could predict
renal outcomes in patients with high cardiovascular risks
remains uncertain.

Previous studies reported that ANP may protect renal
function by increasing glomerular filtration and medullary vasa
recta blood flow, and by inhibiting inflammatory reaction.21–23

Periprocedural ANP infusion has been used to prevent acute
kidney injury after angiography or cardiac surgery with various
results.24–26 Therefore, we hypothesized that serum corin
levels, which reflect the levels of cardiac corin activation and
pro-ANP processing activity, may predict renal outcomes after
contrast exposure in patients with high cardiovascular risks.
In this study, we evaluated the relationship between serum
corin levels and the incidence of CIN and investigated the
predictive role of corin in renal function decline in patients
undergoing coronary angiography.

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Population
Initially, a series of 540 consecutive patients who were
admitted to a single medical center for coronary angiography
between December 2009 and February 2015 were evaluated.
First, 107 subjects lost to follow-up after coronary angiogra-
phy were excluded. Second, 32 individuals with end-stage
renal disease, which was defined as estimated glomerular
filtration rate (eGFR) <15 mL/min per 1.73 m2 or with pre-
existing dialysis, were also excluded. Thus, a total of 401
subjects were enrolled in this study. Before enrollment, the
chart of each patient was reviewed in detail to obtain data on
medications, smoking status, and risk factors for CIN such as
age, pre-existing renal dysfunction, type 2 diabetes mellitus,
and volume depletion. Blood pressure measurements were
performed with electronic sphygmomanometers on the day of

coronary angiography with standard method. Hypertension
was defined as systolic blood pressure ≥140 mm Hg, dias-
tolic blood pressure ≥90 mm Hg, or use of antihypertensive
medications. Type 2 diabetes mellitus was defined as fasting
plasma glucose ≥126 mg/dL or use of hypoglycemic agents.
Chronic kidney disease (CKD) was defined as eGFR <60 mL/
min per 1.73 m2. eGFR was calculated using age, sex, and
serum levels of blood urea nitrogen, creatinine, and albumin,
according to the modified GFR estimating equations for
Chinese patients.27 Body mass index was calculated by
dividing the weight of the patient in kilograms by the square of
the height in meters. Nonionic low-osmolality contrast
medium (iopromide) was used for all patients. The contrast
medium was administered intra-arterially, mainly through
transradial catheters. Metformin and nephrotoxic medications
such as NSAIDs were discontinued 48 hours before contrast
media administration. Before and after contrast media
exposure, physiological (0.9%) saline was given intravenously
at a rate of 1 mL/kg per hour for 12 hours. In patients with
left ventricular dysfunction (ejection fraction <40%) or overt
heart failure, the hydration rate was reduced to 0.5 mL/kg
per hour. The study protocol was approved by the institutional
review board of Taipei Veterans General Hospital. Informed
consent was obtained from all participants, and our study
complies with the Declaration of Helsinki.

Laboratory Investigations
Blood samples were obtained from each patient after
≥8 hours of fasting, before coronary angiography. Serum
levels of uric acid and glucose were measured using a Hitachi
7600 Autoanalyzer (Hitachi Ltd, Tokyo, Japan). Serum crea-
tinine concentration was measured at the time of admission
and every day for the following 3 days after contrast media
exposure. Urine dipstick analysis was performed by commer-
cial test strip, and proteinuria was defined as a urine protein
≥30 mg per 100 mL in urinalysis. The Mehran risk score,12 a
risk stratification system for CIN, was calculated for each
patient. Serum concentrations of corin were determined by a
commercial enzyme-linked immunosorbent assay (R&D Sys-
tems, Inc, Minneapolis, MN); sensitivity was 7 ng/L. Intra-
and interassay coefficients were 4.1% and 3.9%, respectively.
Patients were classified into 2 groups according to serum
corin levels. Subjects with corin concentrations higher than
the median were defined as “high corin group”; all others were
defined as “low corin group.”

End Points for Clinical Follow-Up
All patients were evaluated for the occurrence of CIN, which
was defined as a rise in serum creatinine concentration of
0.5 mg/dL or a 25% increase from baseline within 48 hours

Clinical Perspective

What Is New?

• Preprocedural serum corin level predicts long-term renal
outcomes after undergoing coronary angiography.

What Are the Clinical Implications?

• Patients with lower serum corin levels require diligent
follow-up of renal function after contrast exposure.
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after coronary angiography.28 Patients were advised to visit
outpatient clinics regularly after discharge from the hospital.
The cohort was followed until January 2016. Patients’ clinical
data, including serum creatinine level, were obtained every 3
to 6 months during follow-up. Progressive renal dysfunction
was defined as >50% decrease in eGFR after discharge.

Statistical Analysis
Data were expressed in terms of median (quartiles) for
numeric variables and as number (percent) for categorical
variables. Clinical and laboratory data were compared using
Mann–Whitney U test for continuous variables and Fisher
exact test for categorical variables. Logarithmic (log) trans-
formation was performed to achieve normal distribution for
skewed variables (eGFR and corin). Incidence of CIN and
progressive renal dysfunction were calculated. Survival curves
were generated with the Kaplan–Meier method, and survival
among groups was compared by log-rank test. Logistic
regression analysis was performed to investigate the rela-
tionships of various risk factors to CIN, whereas Cox
proportional hazard regression analysis was performed to
investigate the risk factors for progressive renal dysfunction.
Factors with statistical significance in univariate regression
analysis were entered into a final forward stepwise multivari-
ate logistic regression model.

Because of the protective role of corin in cardiac remod-
eling under stress, we hypothesized that the prognostic values
of serum corin level may be more significant in patients with
higher cardiovascular risks. We performed a subgroup anal-
ysis and stratified the study cohort by the presence of
diabetes mellitus, proteinuria, CKD, coronary artery disease
(CAD), and heart failure. Data were analyzed using SPSS
version 18.0 (SPSS Inc, Chicago, IL). A P<0.05 was regarded
as statistically significant.

Results

Baseline Characteristics
The median age of the study population was 71 (interquartile
range, 60–81) years old, and 69.3% were male. Table 1
summarizes the baseline characteristics of patients grouped
according to serum corin concentrations. There were no
differences between patients in the low corin group and those
in the high corin group with respect to age, blood pressure,
duration of follow-up, Mehran risk score, smoking status,
medical history, medications, serum levels of fasting glucose
and uric acid, eGFR, or contrast volume. However, subjects
with higher serum corin concentrations were more likely to be
male (85.6%, n=172) and to present with higher body mass
index (median, 25.9 kg/m2; interquartile range, 23.3–28.7)

and hemoglobin (median, 13.3 mg/dL; interquartile range,
12.0–14.1) levels at baseline.

All patients were successfully followed up for a median
duration of 529 days (range, 336–812 days). Of these, 23
(5.7%) developed CIN after coronary angiography. In addition,
44 (11.0%) had progressive renal dysfunction. Patients with
higher serum corin concentrations tended to have a lower
incidence of progressive renal dysfunction, though this trend
was of only borderline significance (8.0% versus 14.0%,
P=0.053). However, the incidence of CIN (6.0% versus 5.5%,
P=0.840) did not show significant differences between
groups. Kaplan–Meier survival analysis was performed to
investigate the potential impact of baseline corin levels on
adverse event-free survival. Patients in the high corin group
showed significantly lower risk of progressive renal dysfunc-
tion than did patients in the low corin group (P=0.017), as
illustrated in Figure.

Independent Correlates of CIN and Predictors of
Progressive Renal Dysfunction
In univariate logistic regression analysis, older age (odds ratio
[OR], 1.04; 95% confidence interval [CI], 1.00–1.08; P=0.042),
higher Mehran risk score (OR, 1.16; 95% CI, 1.06–1.28;
P=0.002), history of diabetes mellitus (OR, 3.39; 95% CI,
1.43–8.04; P=0.006), use of angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers (OR, 3.82; 95%
CI, 1.63–8.96; P=0.002), and diuretics (OR, 2.98; 95% CI,
1.11–8.00; P=0.030), hemoglobin level (OR, 0.5; 95% CI,
0.38–0.66; P<0.001), and presence of proteinuria (OR, 4.97;
95% CI, 2.11–11.74; P<0.001) were significantly associated
with risk of CIN. To identify the independent predictors of CIN,
multivariable logistic regression analysis was performed. After
adjustment for these significant factors in univariate analysis,
hemoglobin level (OR, 0.55; 95% CI, 0.41–0.73; P<0.001),
proteinuria (OR, 2.65; 95% CI, 1.04–6.76; P=0.041), and use
of angiotensin-converting enzyme inhibitors/angiotensin II
receptor blockers (OR, 3.41; 95% CI, 1.36–8.56; P=0.009)
remained significantly associated with CIN, as shown in
Table 2.

In univariate Cox regression analysis, older age (hazard
ratio [HR], 1.04; 95% CI, 1.01–1.07; P=0.007), history of
heart failure (HR, 2.28; 95% CI, 1.22–4.26; P=0.009) and
CKD (HR, 2.51; 95% CI, 1.37–4.59; P=0.003), presence of
proteinuria (HR, 2.66; 95% CI, 1.46–4.87; P=0.001), serum
levels of corin (HR, 0.17; 95% CI, 0.09–0.32; P<0.001) and
hemoglobin (HR, 0.73; 95% CI; P<0.001), eGFR (HR, 0.07;
95% CI, 0.01–0.34; P=0.001), and presence of CIN (HR, 2.46;
95% CI, 1.03–5.90; P=0.043) were significantly associated
with the development of progressive renal dysfunction. After
performing multivariable forward-stepwise Cox regression
analysis, circulating corin level (HR, 0.23; 95% CI, 0.12–0.44;
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P<0.001), hemoglobin level (HR, 0.78; 95% CI, 0.65–0.94;
P=0.008), and baseline eGFR (HR, 0.14; 95% CI, 0.03–0.82;
P=0.029) remained significantly associated with progressive
renal dysfunction, as shown in Table 3. Serum corin level
was an independent predictor of progressive renal function
decline rather than CIN in patients undergoing coronary
angiography.

Stratified Analysis of Serum Corin Level in
Predicting Progressive Renal Dysfunction
The study cohort was stratified by the presence of diabetes
mellitus, proteinuria, CKD, CAD, and heart failure. As shown in
Table 4, there were no significant interactions between serum

corin level and subgroup with respect to predicting progres-
sive renal dysfunction. However, likely because of lower
statistical power, this association did not reach statistical
significance in the subsets of patients without CKD, CAD, or
heart failure.

Discussion
The major findings of the present study are that lower
serum corin levels are independently associated with the
development of progressive renal dysfunction but not CIN in
patients undergoing coronary angiography. The association
is attenuated in the relatively robust population without
underlying CKD, CAD, or heart failure. To the best of our

Table 1. Baseline Characteristics of Patients According to Median Level of Serum Corin

Characteristic

Total Corin <1049.9 pg/mL Corin ≥1049.9 pg/mL

P Value*n=401 n=200 n=201

Age, y 71.0 (60.0–81.0) 73.0 (61.0–82.0) 69.0 (59.0–80.0) 0.068

Sex (male) 278 (69.3) 106 (53.0) 172 (85.6) <0.001

Follow-up duration, d 529.0 (336.0–812.0) 518.0 (338.0–718.8) 569.0 (334.0–890.0) 0.302

Mehran risk score 4.0 (1.0–7.0) 4.0 (1.0–8.0) 4.0 (1.0–7.0) 0.113

Smoking 148 (36.9) 66 (33.0) 82 (40.8) 0.106

BMI, kg/m2 25.4 (23.2–28.1) 25.0 (22.9–27.8) 25.9 (23.3–28.7) 0.016

Systolic blood pressure, mm Hg 131.0 (120.0–144.0) 130.0 (121.0–146.0) 131.0 (118.5–144.0) 0.732

Diastolic blood pressure, mm Hg 75.0 (67.0–83.0) 74.0 (66.0–83.0) 75.0 (68.0–82.5) 0.529

Medical history

Hypertension 284 (70.8) 137 (68.5) 147 (73.1) 0.314

Diabetes mellitus 133 (33.2) 64 (32.0) 69 (34.3) 0.622

Heart failure 73 (18.2) 43 (21.5) 30 (14.9) 0.088

Chronic kidney disease 105 (26.2) 56 (28.0) 49 (24.4) 0.411

Medications

ACEi or ARB 96 (23.9) 43 (21.5) 53 (26.3) 0.254

Diuretics 46 (11.5) 26 (13.0) 20 (10.0) 0.339

Statin 109 (27.2) 49 (24.5) 60 (29.9) 0.230

Laboratory data

Hemoglobin, g/dL 12.9 (11.7–14.0) 12.6 (11.1–13.7) 13.3 (12.0–14.1) <0.001

Fasting glucose, mg/dL 102.0 (92.0–125.0) 101.0 (91.0–120.0) 105.0 (93.0–128.0) 0.336

eGFR, mL/min per 1.73 m2 76.1 (58.5–93.6) 78.0 (55.7–96.1) 74.8 (60.5–89.0) 0.408

Uric acid, mg/dL 6.1 (4.8–7.2) 6.0 (4.6–7.0) 6.2 (5.0–7.3) 0.079

Proteinuria, n (%) 80 (20.0) 42 (21.0) 38 (18.9) 0.601

Corin, pg/mL 1049.9 (750.1–1374.8) 750.1 (544.9–905.1) 1369.8 (1182.6–1609.8) <0.001

Contrast volume, mL 50.0 (50.0–150.0) 50.0 (50.0–150.0) 50.0 (50.0–150.0) 0.174

Data are presented as the median (interquartile range) or as total number of patients (%). ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI,
body mass index; eGFR, estimated glomerular filtration rate.
*P values were calculated with the use of Mann–Whitney U test for continuous variables and the Fisher exact test for categorical variables.
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knowledge, the present study is the first to show an
association between serum corin level and decline in renal
function, suggesting the predictive role of serum corin
levels for long-term renal outcomes. Our results indicate
that lower corin levels may be a novel risk marker for
progressive renal dysfunction.

Corin is primarily expressed in ANP-expressing atrial
cardiomyocytes, and acts principally to convert pro-ANP to
ANP.14 Corin protein consists of a transmembrane domain
near the N-terminus, 2 frizzled-like domains, 8 low-density
lipoprotein receptor repeats, a macrophage scavenger recep-
tor–like domain, and a trypsin-like protease domain at the
C-terminus. Protease activity is activated by PCSK6, after
being cleaved at a conserved site, Arg801-Ile802.29 Previous
studies showed that cardiac corin expression was stimulated
in hypertrophic cardiomyocytes, animal models of heart
failure, and failing human hearts.16 Corin knock-out mice
had higher blood pressures and enhanced cardiac hyper-
trophic responses toward increased afterload. Overexpression
of cardiac corin in a murine model of dilated cardiomyopathy
resulted in improved ejection fraction and survival. In humans,
2 single nucleotide polymorphisms (T555I/Q568P and
R539C) of CORIN have been shown to impair zymogen
activity.30,31 Observational studies showed that these variants
were associated with higher prevalence of hypertension, more
severe cardiac hypertrophic responses, and worse cardiovas-
cular outcomes.32–34 These results suggest that cardiac corin
activity plays a protective role in the process of cardiac
remodeling.

Once activated, the extracellular domain of cardiac corin
undergoes corin autocleavage and a disintegrin and metallo-
protease–mediated proteolysis, which releases various

isoforms of corin fragments into the circulation.16 It has
been suggested that the shedding of active cardiac corin into
the circulation prevents excessive corin activity on cardiomy-
ocytes. Therefore, serum corin level is considered a marker of
cardiac corin activity.16 Previous studies demonstrated that
serum corin levels were increased in patients with hyperten-
sion, atrial fibrillation, and obesity, and were decreased in
patients with heart failure and acute stroke.16 Recent
published studies also revealed prognostic values of serum
corin in patients with cardiovascular diseases.17–20 Zhou et al
showed that reduced serum corin level was an independent
predictor of cardiovascular death, hospitalization for heart
failure, or recurrent myocardial infarction in patients with
acute myocardial infarction.18 The same authors revealed that
in patients with heart failure, reduced serum corin level was
an independent predictor of cardiovascular death and heart
failure readmission.17

In this study, we provided the first evidence that patients
with decreased baseline serum corin levels were more likely
to encounter progressive renal dysfunction after coronary
angiography. One possible explanation is that decreased
serum corin level may indicate an early stage of heart
failure. It is clear that cardiac dysfunction is a mediator of
progressive renal dysfunction.1,2 Hypoperfusion, venous
congestion, excessive production of vasoconstrictive medi-
ators, altered sensitivity, and/or release of endogenous
vasodilatory factors, and pharmacotherapies used in the
management of heart failure have all been suggested to
contribute to the increased risk of CKD in patients with
heart failure.2,35 In our study cohort, patients with a history
of heart failure had higher risk of progressive renal
dysfunction. However, the association became insignificant
when serum corin level was included in the multivariable Cox
regression model. A previous study showed that serum corin
level was decreased in patients with heart failure.36 In an
animal study utilizing a murine model of dilated cardiomy-
opathy, Tripathi et al demonstrated that cardiac corin
expression decreased since the initial stage of heart failure,
while the serum levels of ANP and brain natriuretic peptide
rose only with terminal heart failure.37 Therefore, patients
with early-stage cardiac dysfunction may have had a
decreased serum corin level before heart failure was
diagnosed clinically, which in turn increases the risk of
progressive renal dysfunction.

Another possible explanation of our findings is that
patients with lower serum corin levels may have impaired
activation of cardiac corin in response to myocardial stress. It
is clear that ANP exerts its cardiac and renal protection
effects only after being adequately sliced by corin. Increased
levels of unprocessed ANP were found in several pathological
conditions, which suggested inadequate corin activation, and
were associated with worse cardiac and renal outcomes.38–40

Figure. Kaplan–Meier estimate of >50% decline in eGFR in
patients with higher or lower serum corin. eGFR indicates
estimated glomerular filtration rate.
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In our study, decreased serum corin level was associated with
the development of progressive renal dysfunction in patient
with comorbidities of diabetes mellitus, proteinuria, CKD,
heart failure, and CAD. Because the level of serum corin is
considered a marker of cardiac corin activity, it is possible
that decreased corin compensation in these high-risk patients
causes impaired pro-ANP activation, which results in an
increased risk of progressive renal dysfunction. Further
studies are needed to clarify the interaction between serum
corin and renal function.

This study had some limitations that should be considered.
First, the study population was relatively small, and all
participants were of Asian ethnicity and were recruited from a
single center. Further studies with a larger number of different

participants are required to confirm our findings. Second, the
measurements of metabolic acidosis and other relevant
biomarkers, such as pro-ANP and N-terminal pro-brain
natriuretic peptide, were not available. Thus, we could not
provide additional insights into potential mechanisms under-
lying the association between serum corin levels and
progressive renal dysfunction. Finally, our patients had
relatively normal renal function at baseline (median eGFR:
76.1 mL/min; CKD: 26.2%), and no end-stage renal disease
was encountered during a median follow-up of 529 days,
which hindered further analysis of the predictive role of corin
in the occurrence of end-stage renal disease. Nevertheless,
our study demonstrated that serum corin level is a novel risk
marker for renal outcomes in patients with suspected CAD.

Table 2. Univariate and Multivariate Analyses of Factors Associated With CIN

Variable

Univariate Logistic Regression Multivariate Logistic Regression*

OR 95% CI P Value OR 95% CI P Value

Age, y 1.04 1.00–1.08 0.042

Sex (male) 0.67 0.28–1.60 0.368

Mehran risk score 1.16 1.06–1.28 0.002

Smoking 0.91 0.38–2.19 0.828

BMI, kg/m2 1.02 0.93–1.12 0.682

Systolic blood pressure, mm Hg 1.01 0.99–1.03 0.513

Diastolic blood pressure, mm Hg 0.98 0.94–1.01 0.191

Medical history

Hypertension 1.54 0.56–4.24 0.408

Diabetes mellitus 3.39 1.43–8.04 0.006

Heart failure 2.07 0.82–5.23 0.124

Chronic kidney disease 0.77 0.28–2.14 0.618

Medications

ACEi or ARB 3.82 1.63–8.96 0.002 3.41 1.36–8.56 0.009

Diuretics 2.98 1.11–8.00 0.030

Statin 1.79 0.75–4.26 0.190

Laboratory data

Hemoglobin, g/dL 0.50 0.38–0.66 <0.001 0.55 0.41–0.73 <0.001

Fasting glucose, mg/dL 1.00 1.00–1.01 0.281

eGFR† 1.01 0.99–1.03 0.204

Uric acid, mg/dL 0.96 0.75–1.23 0.761

Proteinuria 4.97 2.11–11.74 <0.001 2.65 1.04–6.76 0.041

Corin† 0.54 0.19–1.57 0.260

Contrast volume, mL 1.00 1.00–1.01 0.731

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CI, confidence interval; CIN, contrast-induced nephropathy; eGFR,
estimated glomerular filtration rate; OR, odds ratio.
*The model consists of age, sex, and variables with P<0.05 in univariate comparison, including Mehran risk score, medical history of diabetes mellitus, medications with ACEi or ARB,
diuretics, levels of hemoglobin, and presence of proteinuria.
†Log transformation was performed before analysis.
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In conclusion, although not a predictor for CIN, serum
corin is an independent prognostic marker for long-term
renal outcomes in patients undergoing coronary angiogra-
phy. The current study demonstrated a possible protective
role of circulating corin in the pathogenesis of renal
dysfunction in patients with suspected CAD. Further multi-
center trials are needed to confirm our findings, and studies
are warranted to clarify the role of corin in cardiorenal
crosstalk.
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HR 95% CI P Value HR 95% CI P Value

Age, y 1.04 1.01–1.07 0.007

Sex (male) 0.86 0.46–1.61 0.629

Smoking 1.63 0.90–2.98 0.110

BMI, kg/m2 0.96 0.89–1.04 0.341

Systolic blood pressure, mm Hg 1.00 0.99–1.02 0.786

Diastolic blood pressure, mm Hg 0.98 0.96–1.01 0.227

Medical history

Hypertension 1.14 0.58–2.27 0.703

Diabetes mellitus 1.68 0.92–3.06 0.091

Heart failure 2.28 1.22–4.26 0.009

CKD 2.51 1.37–4.59 0.003

Medications

ACEi or ARB 1.36 0.72–2.54 0.343

Diuretics 1.46 0.72–2.94 0.294

Statin 0.56 0.26–1.21 0.138

Laboratory data

Hemoglobin, g/dL 0.73 0.62–0.86 <0.001 0.78 0.65–0.94 0.008

Fasting glucose, mg/dL 1.00 1.00–1.00 0.678

eGFR‡ 0.07 0.01–0.34 0.001 0.14 0.03–0.82 0.029

Uric acid, mg/dL 1.16 0.98–1.36 0.083

Proteinuria 2.66 1.46–4.87 0.001

Corin‡ 0.17 0.09–0.32 <0.001 0.23 0.12–0.44 <0.001

CIN 2.46 1.03–5.90 0.043

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CI, confidence interval; CIN, contrast-induced nephropathy; CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
*Progressive renal dysfunction is defined as >50% decrease in eGFR.
†The model consists of age, sex, and variables with P<0.05 in univariate comparison, including medical history of heart failure, CKD, levels of hemoglobin, eGFR, corin, presence of
proteinuria, and occurrence of CIN.
‡Log transformation was performed before analysis.
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