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ABSTRACT

Background: Chronic kidney disease (CKD) is associated with an increased risk of the progres-
sion of coronary artery disease (CAD). However, there are few data on the relationship between
CAD severity and the duration of CKD. This study assessed the predictive value of the duration
of kidney dysfunction in CKD patients with CAD severity.

Methods: In 145 patients (63.4% male, n=92; mean age, 68.8+ 12.8 years) with CKD, severity of
CAD was assessed by coronary angiography and quantified by SYNTAX scores, and duration of
kidney dysfunction was either assessed by checking historical biochemical parameters of individ-
uals or was based on enquiries.

Results: Patients with high SYNTAX scores (> 22) had a greater prevalence of cardiovascular risk
factors including age, gender, history of heart failure and smoking. In CKD patients, SYNTAX
scores were positively correlated to duration of CKD and serum uric acid (UA), and negatively
correlated to high-density lipoprotein-cholesterol (HDL-C) and ApoA1l levels. Univariate binary
logistic regression and multivariate logistic analyses showed that SYNTAX scores correlated sig-
nificantly with CKD duration, UA, and HDL-C. Receiver-operating characteristic analysis was used
to explore a time point when coronary angiography application was economical and effective
and yielded a Youden index of 6.5 years.

Conclusions: Together, our results demonstrated that the duration of kidney dysfunction was an
independent correlate of the severity of CAD in patients with CKD. Our findings suggest that cor-
onary angiography should be considered for CKD patients with renal insufficiency having lasted
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for more than 6.5 years.

Introduction

Chronic kidney disease (CKD) is reported to accelerate
cardiovascular disease (CVD), and CVD is major cause of
death in CKD patients [1-3]. In CKD, CVD manifests
mainly as coronary artery disease (CAD) [4]. There is an
increased prevalence of CAD as kidney function deterio-
rates, even at earlier stages of impaired kidney func-
tion [5-8].

CKD accelerates CAD via several mechanisms. Along
with the classical risk factors of hypertension, dyslipide-
mia, smoking, diabetes mellitus, and aging [9-11], CKD-
specific non-classical risk factors contribute to CAD.
These include inflammation, volume overload, oxidative
stress, the renin-angiotensin system, sympathetic ner-
vous system, and uremic toxins [12]. In addition, CKD

alters calcium and phosphorus homeostasis, resulting in
hypercalcemia and vascular calcification, including of
the coronary arteries [13].

However, it remains unclear how coronary plaques
progress over time in CKD patients. The clinical diagno-
sis of CAD in CKD patients is challenging, as these
patients do not demonstrate typical symptoms or elec-
trocardiogram  (ECG) changes. Additionally, CKD
patients are hesitant to receive coronary angiographies
because of potential adverse renal effects of contrast
agents. As a result, CKD patients may miss the optimal
time for interventional diagnosis and therapy of CAD,
resulting in a higher cardiovascular morbidity
and mortality.

To better understand how renal function influences
coronary plaque progression, the present study
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investigated the relationship between clinical parame-
ters and the severity of coronary lesions. Here, we intro-
duced SYNTAX scores as a quantitative index for
coronary artery disease. The SYNTAX score is a compre-
hensive angiographic scoring system that was initially
designed to quantify CAD lesions based on the location,
complexity, and functional impact [14]. Furthermore,
the SYNTAX score is used to assist with patient selec-
tion for optimal revascularization strategies between
PCl and CABG [15]. In this study, we assessed if the dur-
ation of kidney dysfunction predicts and correlates with
the severity of coronary artery lesions. Additionally, we
calculated the statistically recommended timing of cor-
onary angiographies in CKD patients.

Methods
Patients

The study population comprised 145 patients with CKD
(defined as glomerular filtration rate (GFR) < 60 mL/
min/1.73 m? for three months or more) admitted to the
Rui Jin Hospital in Shanghai, China, between January
2013 and December 2018. GFR was estimated using the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula [14]. Each patient underwent a coron-
ary angiograph using the Judkins technique in multiple
angulated views. Patients were excluded if there was a
previous history of myocardial infarction, coronary
artery bypass graft (CABG) surgery, and/or percutan-
eous coronary intervention (PCl). Patients were also
excluded if they had diabetes mellitus, a malignant
tumor, familial hypercholesterolemia, systemic disease
(e.g. systemic lupus erythematosus), and/or LV systolic
dysfunction defined as an LV ejection fraction < 50%.
The underlying renal diseases in the study cohort were
hypertensive nephropathy (n=>53), chronic glomerulo-
nephritis (n = 34), chronic interstitial nephritis (n=11),
polycystic kidney disease (n=3), and other/unknown
renal diseases (n=44). The protocol in this study was
approved by the institutional ethics committee of Ruijin
Hospital (ID: 2020-152), Shanghai, China.

Data collection

Body mass index (BMI) was calculated based on the
height and weight of each patient. Hypertension was
defined as either having a blood pressure > 140/
90 mmHg from at least two measurements, or the
active use of an antihypertensive treatment. A history
of smoking was defined as a patient reporting a history
of active smoking within the last six months. Venous
blood samples were collected from all patients in the

morning after an overnight fast. Biochemical parame-
ters were measured by standard laboratory procedures
(Hitachi 7600 autoanalyzer, Roche Modular; Hitachi Ltd,
Tokyo, Japan) and included the following: creatinine
(CRE), urea nitrogen (BUN), uric acid (UA), albumin
(ALB), white blood cells (WBCs), platelets (PLTs), hemo-
globin (Hb), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), triglycerides (TGs), total choles-
terol (TC), high-density lipoprotein-cholesterol (HDL-C),
low-density lipoprotein-cholesterol (LDL-C), bilirubin,
calcium, phosphate, C-reactive protein (CRP), fasting
glucose, and B-type natriuretic peptide (BNP).

Two methods were used to assess the duration of kid-
ney dysfunction in each patient. First, the duration of kid-
ney dysfunction was assessed and calculated by checking
the historical biochemical parameters of patients. Second,
each patient was asked how many years earlier he/she
had been diagnosed with kidney dysfunction.

Coronary angiographies and SYNTAX scores

All patients underwent coronary angiographies through
the radial artery using the Judkins technique. Each cor-
onary artery was displayed on at least two different
planes. All coronary angiograms were recorded on com-
pact disks in DICOM format and were assessed inde-
pendently by two experienced interventional
cardiologists who were blinded to the study protocol
and patient characteristics. In the case of disagreement,
the opinion of a senior interventional cardiologist was
sought, and the final decision was made by consensus.
The SYNTAX score for each patient was calculated
based on all coronary lesions with a > 50% diameter of
stenosis in vessels with a segment length >1.5mm
using the SYNTAX score algorithm available on the
SYNTAX website (www.syntaxscore.com) [16,17].

Statistical analysis

Data were analyzed using SPSS 13.0 (SPSS Inc., Chicago,
IL, USA). Continuous variables are presented as the
mean * standard deviation (SD), whereas categorical
variables are presented as percentages. The total group
of patients was dichotomized based on SYNTAX scores
(>22 or <22; median as cutoff) for descriptive and ana-
lytical statistics. The missing data of each variable com-
prised less than 5% of all data, and listwise deletion
was applied when data were analyzed. Student’s t-tests
were used for the comparison of continuous variables
while Chi-square tests were used for the comparison of
categorical variables. Spearman and Pearson tests were
used to evaluate correlations between SYNTAX scores
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Table 1. Baseline characteristics of the study population.

S§< 22 S§>22
Parameters (n=99) (n=46) p Value
SS 544+6.76 34.28+9.17 <0.001
Age (years) 67.3+135 724+10.39 0.014
BMI (kg/m?) 23.53+3.12 24.19+3.80 0.275
Gender (male%) 54(54.5%) 38(82.6%) 0.001
History of HBP (%) 73(73.7%) 37(80.4%) 0.380
History of HF (%) 3(3%) 8(17.4%) 0.002
History of alcohol consumption (%) 7(7.1%) 7(15.2%) 0.122
History of smoking (%) 16(16.2%) 18(39.1%) 0.002
Duration of CKD (years) 4(3-7) 12(9-15) <0.001

Results are expressed as mean +SD, median (quartile), or as number (frequency) for binary variables. SS: SYNTAX
score; BMI: body mass index; HBP: high blood pressure; HF: heart failure; CKD: chronic kidney disease.

and other variables. Multivariate logistic regression ana-
lysis was used for multivariate analysis of independent
variables. Receiver-operating characteristic (ROC) ana-
lysis was used to determine the cutoff value of CKD
duration in the prediction of high SYNTAX scores (>
22). A value of p<0.05 was considered statistically
significant.

Results
Clinical findings

Table 1 depicts the baseline characteristics of the 145
analyzed patients. There were significant differences in
age, gender, heart failure and smoking between the
high-SYNTAX-score (>22) and low-SYNTAX-score (<22)
groups, which reflected the traditional cardiovascular risk
factors of CAD. More specifically, the CKD duration was
significantly shorter in the low-SYNTAX-score group than
in the high-SYNTAX-score group. Clinical and biochemical
parameters of the study population are presented in
Table 2. Compared to patients with low SYNTAX scores,
patients with high SYNTAX scores had higher serum UA
(p = 0.025) and lower HDL-C (p=0.021) and Apo A1
(p = 0.018). In contrast, there were no significant differen-
ces in any other biochemical characteristics between the
two groups. Of note, GFR was not a strong predictor of
higher SYNTAX scores in the present study and conflicted
with a previous study [18].

CKD duration is significantly associated with
SYNTAX score in CKD patients

The results of univariate binary logistic regression and
multivariate logistic analyses to predict the severity of
CAD in CKD patients are listed in Table 3. SYNTAX
scores correlated significantly with CKD duration
(=0.378, p<0.001), UA (f=0.004, p=0.023), and
HDL-C (f = —2.724, p=0.023). In unadjusted analysis,
CKD duration and SYNTAX scores were positively corre-
lated (Figure 1). According to ROC analysis, 6.5 years

Table 2. Clinical and demographic characteristics of the
study population.

Parameters S§§<22 (n=99) S§>22 (n=46) p Value
WBCs (1 09/L) 6.70+1.90 7.22+2.86 0.2020
HGB (g/L) 118+£20.8 111+£19.6 0.094
PLTs (1 09/L) 165+83.5 171+65.5 0.680
ALT (IU/L) 224+186 185+11.0 0.193
AST (IU/L) 254+16.0 45.5+100.2 0.182
ALB (g/L) 35.6+5.95 34.8+4.69 0.455
BUN (mmol/L) 124+6.78 143 +£9.44 0.169
CRE (umol/L) 287.8+287.8 298.2 +£298.6 0.843
UA (umol/L) 437.6 £143.5 498.1+162.4 0.025
Calcium (mmol/L) 221+0.19 2.16+£0.22 0.316
Phosphate (mmol/L) 1.39+0.47 1.35+0.50 0.719
TGs (mmol/L) 1.79+2.24 1.67 £0.88 0.732
TC (mmol/L) 4.00+1.10 3.87+£1.13 0.543
HDL-C (mmol/L) 1.07+£0.27 0.96+£0.21 0.021
LDL-C (mmol/L) 2.27+£0.90 2.32+0.98 0.774
Apo A1 (g/L) 1.16+£0.20 1.07+£0.19 0.018
Apo B (g/L) 0.78+0.26 0.79+0.29 0.811
Lp (@) (g/L) 0.34+£0.47 0.38+£0.34 0.662
FBG (mmol/L) 521157 5.19+0.82 0.919
CK-MB (ng/mL) 4.89+16.02 12,67 +57.57 0.373
cTnl (ng/mL) 241+£11.3 15.61+88.7 0.320
CRP (mg/L) 16.0 +30.9 35.3+78.1 0.139
BNP (pg/mL) 6762.1+13121.6  6847.3+10012.6 0.970
APTT (s) 31.0+53 31.61+£6.3 0.578
PT (s) 13.3+£58 125+£27 0.413
FGB (mg/L) 438+9.81 4.88 +3.68 0.762
DD (mg/L) 1.53+£5.25 1.31+£1.28 0.802
GFR (mL/min/1.73 m2) 29.84+£14.18 30.55+13.74 0.778

Results are expressed as the mean +SD. WBC: white blood cells; HGB: hemo-
globin; PLTs: platelets; ALT: alanine aminotransferase; AST: aspartate amino-
transferase; ALB: albumin (ALB); BUN: blood urea nitrogen; CRE: creatinine;
UA: uric acid; TGs: triglycerides; TC: total cholesterol; HDL-C: high-density lipo-
protein-cholesterol; LDL-C: low-density lipoprotein-cholesterol; Apo: apolipo-
protein; Lp: lipoprotein; FBG: fasting blood glucose; cTnl: cardiac troponin |;
CRP: C-reactive protein; BNP: B-type natriuretic peptide; FGB: fibrin degrad-
ation products; DD: D-dimer; GFR: glomerular filtration rate.

(since renal insufficiency), with a specificity of 0.737 and
sensitivity of 0.935, was determined to be the best time
point to predict a SYNTAX score of 22, at which time
coronary angiographies would have been considered
for the patients with symptoms or a clinical presenta-
tion concerning CAD (Figure 2).

Discussion

Studies show that coronary severity is associated with
CKD. To the best of our knowledge, a relationship
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Table 3. Binary logistic regression analyses for SYNTAX scores
> 22.

Parameters B p OR (95% Cl)

Univariate
Duration of CKD (years) 0.346 <0.001 1.413 (1.260-1.584)
Age (years) 0.035 0.028 1.035 (1.004-1.068)
Gender (male%) 1.376 0.002 3.958 (1.677-9.344)
History of HF (%) 1.908 0.007 6.737 (1.696-26.753)
History of smoking (%) 1.204 0.003 3.335 (1.501-7.408)
UA (umol/L) 0.003 0.031 1.003 (1.000-1.005)
HDL-C (mmol/L) —1.835 0.024  0.160 (0.032-0.790)
ApoA (g/L) —2.221 0.021 0.108 (0.017-0.712)

Multivariate model 1 Nagelkerke R? 0.570

Duration of CKD (years) 0.378 <0.001 1.459 (1.281-1.662)
UA (umol/L) 0.004 0.023 1.004 (1.001-1.008)
HDL-C (mmol/L) —2.724 0.023 0.066 (0.006-0.691)

Constant —3.252 0.040 0.39
Multivariate model 2 Nagelkerke R? 0.521

Duration of CKD (years) 0.347 <0.001 1.415 (1.242-1.611)
UA (umol/L) 0.004 0.023 1.004 (1.001-1.008)
HDL-C (mmol/L) —2.465 0.038 0.085 (0.008-0.857)

—3.278 0.040 0.038

UA: uric acid; HDL-C: high-density lipoprotein-cholesterol.

Model 1 included age, gender, history of HF, history of smoking, UA,
HDL-C, ApoA, and duration of CKD (years).

Model 2 included age, gender, history of HBP, history of HF, history of
smoking, Cre, BUN, UA, TC, LDL-C, HDL-C, ApoA, CRP, and duration of
CKD (years).

Constant

100?

Syntax Score

0 5 10 15 20 25 30 35
Time since renal insufficiency (year)

Figure 1. Correlation between the duration of kidney dys-
function and CAD defined by SYNTAX scores.

between the severity of CAD and the duration of CKD
has not been reported previously. In this retrospective
study, we introduced SYNTAX scores as a quantitative
index for coronary artery disease. We showed that
SYNTAX scores were significantly associated with CKD
duration, UA, and HDL-C. Our results revealed that
long-term CKD was a strong predictor of higher
SYNTAX scores. ROC was used to explore a time point
and yielded a Youden index of 6.5years. Thus, for
patients with a history of renal insufficiency of 6.5 years
or longer and clinical symptoms related to CAD, coron-
ary angiography should be considered.

CKD is closely related with CVD [19,20]. It is note-
worthy that even at earlier stages of CVD, CKD is associ-
ated with a higher incidence of cardiovascular

Sensitivity

0.0 02 0T4 UTG 08 1.0
1 - Specificity

Figure 2. ROC curves for determining the cutoff level of CKD

duration for a SYNTAX score > 22. The area under the ROC

curve was 0.889 (p < 0.001). The Youden index was 6.5 (years

since renal insufficiency), with a specificity of 0.737 and a sen-

sitivity of 0.935.

morbidity and mortality [21,22]. CAD severity is also an
independent risk factor for decline in kidney function
[23]. The high prevalence of CAD cannot be completely
explained by the presence of traditional risk factors
such as age, hypertension, dyslipidemia, diabetes melli-
tus, smoking, and family history [3]. This suggests there
are yet to be identified risk factors for CAD, some of
which may be unique to CKD. Novel risk factors, such
as serum calcitonin [24], low-grade inflammation [25],
multifunctional molecules (e.g. TWEAK and MCP-1)
[26,27], and endothelial dysfunction [28], were reported
to be highly associated with advanced CAD in patients
with kidney disease. Putative nontraditional risk factors
also include activation of the renin—-angiotensin system
and sympathetic nerve activity, as well as reduced bio-
availability of nitric oxide, platelet dysfunction, vitamin
D deficiency, and hyperphosphatemia [22]. Our previ-
ous studies have shown that the uremic toxin PCS not
only promoted atherosclerotic lesion formation and
induced plaque instability, but also promoted the injury
of myocardial cells and was associated with the pro-
gression of diastolic dysfunction [29,30]. In the present
study, we showed that long-term accumulation of CKD
was correlated with the aggravation of atherosclerosis.
Given the high prevalence of CAD in patients with
CKD, it is paradoxical that the diagnosis and treatment
of CAD in these individuals is low. The universal deter-
mination of CAD has only a limited application in
patients with CKD. Chest discomfort and ECG



abnormalities may not reflect CAD, and CKD patients
may have chronic baseline increases in specific cardiac
biomarker levels [31]. Thus, more accurate identification
methods and risk-stratification strategies are needed
[32]. Furthermore, due to concerns for contrast-induced
nephropathy (CIN), aggressive treatments for CAD
involving PCl have been performed less frequently [33]
and thus might contribute to the high mortality rate of
CKD patients. In the present study, we found that
6.5 years since the start of renal insufficiency yielded
good accuracy and specificity for the determination of
a SYNTAX score reaching 22, as determined by ROC
analysis. Thus, when deciding to cath a patient with
symptoms or a clinical presentation concerning for
CAD, a patient with CKD for greater than 6.5years
should be taken into account and may lead the patient
toward a more invasive strategy. Of note, measures to
avoid CIN should be taken. To avoid the interference of
traditional risk factors that promote atherosclerosis in
CKD patients, patients with diabetes mellitus, familial
hypercholesterolemia, and autoimmune diseases were
excluded in the present study. Statistical analysis was
then performed after adjustment for age, gender, and
smoking. We found that the duration of kidney dysfunc-
tion was still correlated with atherosclerosis severity
after adding patients with diabetes mellitus (data not
shown). This result might be due to the strong disad-
vantageous effects of CKD on atherosclerosis, as a pre-
vious study has shown that the coronary risk conferred
by CKD even surpasses that of diabetes [34].

Our present study also showed reduced HDL-C and
elevated serum UA levels to be important risk factors
for the aggravation of atherosclerosis. HDL-C plays a
protective role against developing CAD in several ways.
ApoA1l is a primary protein constituent of HDL in
plasma. Studies showed that HDL reduced oxidative
damage and inflammation, enhanced endothelial func-
tion, removed excess cholesterol from macrophages,
and exerted protective effects on angiogenesis and glu-
cose homeostasis [35,36]. UA, a component of meta-
bolic syndrome and a risk factor for CAD, is also a major
contributor to the development and progression of
CKD. Many studies confirmed an association of elevated
serum UA levels with the incidence of CAD, but the
causality in the UA-CAD relationship remains unproven
[37]. The role of UA in CAD will remain a fascinating
research field in the future.

Our present study had several limitations. First, the
etiology of CKD in each patient was unclear, and few
diagnoses were confirmed by renal biopsy. Second, the
duration of kidney dysfunction was largely obtained
from enquiries, which may have caused data
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inaccuracy. Third, this was a single-center retrospective
case study based on a relatively small number of
patients in China. Despite these limitations, our study
demonstrated, for the first time, that the duration of
kidney dysfunction was associated with atherosclerosis
severity in patients with CKD, as determined by coron-
ary angiographies and SYNTAX scores. Taken together,
our findings may help to better understand the rela-
tionship between CKD and CAD and provide clinical
insight for the treatment of CAD in CKD patients.
Further research is needed to identify whether angio-
grams in all patients with CKD of 6.5 years is beneficial
in a prospective fashion.
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