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Abstract:
Objective A positive correlation is observed between the progression of renal impairment and the increas-

ing risk of cardiovascular disease. Our aim was to examine the relationship between the renal resistive index

(RRI) assessed by duplex sonography and the extent of atherosclerosis in patients without renal impairment

undergoing vascular imaging studies.

Methods The RRI was evaluated pre-procedurally among 106 outpatients with an estimated glomerular fil-

tration rate (eGFR) �60 mL/min/1.73 m2 undergoing clinically-driven coronary computed tomography angiog-

raphy (CCTA). In those subjects, a carotid artery ultrasound scan was also performed to evaluate carotid ar-

tery disease. We investigated the association between the RRI and the atherosclerotic extent, defined by the

presence of coronary artery calcium (CAC)>0 and carotid intima-media thickness (cIMT)�1.0 mm.

Results Multi-site atherosclerosis (CAC>0 and cIMT�1.0 mm) was found in 31 patients. The RRI was sig-

nificantly increased with an increasing number of atherosclerotic vessels (absence of atherosclerosis: 0.65±

0.04 vs. single-site atherosclerosis: 0.67±0.06 vs. multi-site atherosclerosis: 0.71±0.05, p<0.001). A multivari-

ate logistic regression analysis showed that RRI>0.70 [odds ratio (OR): 4.05, 95% confidence interval (CI),

1.37-12.0, p=0.01], cardio ankle vascular index (CAVI)�9.0 (OR: 8.18, 95% CI: 2.47-27.1, p<0.01), diabetes

(OR: 4.34, 95% CI: 1.37-13.7, p=0.01) and an eGFR>90 mL/min/1.73 m2 (OR: 5.89, 95% CI: 1.39-25.1, p=

0.01) were associated with multi-site atherosclerosis.

Conclusion The RRI, a sub-clinical renal parameter is an atherosclerotic marker in patients without renal

impairment.
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Introduction

The progression of kidney disease is a major risk factor

for the development of atherosclerosis, as it leads to an in-

creased incidence of cardiovascular events (1).

Of importance, atherosclerotic changes in the renovascular

system gradually develop before overt renal impairment oc-

curs, along with other vascular risk factors, such as hyper-

tension, hyperlipidemia, and diabetes (2, 3). Therefore, it is

important to detect sub-clinical renal impairment in patients,

particularly those with other cardiovascular risk fac-

tors (4, 5). The renal resistive index (RRI) is a renal pa-

rameter, measured by Doppler ultrasound (6). It character-

izes the percentage reduction in the end diastolic blood flow

in renal vessels in relation to their maximal systolic blood
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flow (7) and has been found to be useful for predicting renal

mortality in a variety of kidney diseases (8-10). However,

studies have reported that an increasing RRI is correlated

with the development of atherosclerotic renovascular dis-

ease (11, 12). As renal impairment progresses, intrarenal re-

sistance and compliance increase, owing to anatomical and

functional alterations of the micro-circulation in the kidney.

The RRI can reflect reductions in the number and areas of

the post-glomerular capillaries, which lead to increased scar-

ring of the kidney (7, 13). Of importance, given that the de-

velopment of atherosclerosis is a systemic vascular problem,

the RRI might be related to intrarenal and extrarenal athero-

sclerosis with the progression of renal impairment (14, 15).

Therefore, recent studies have addressed the clinical associa-

tion between the RRI and atherosclerotic vascular disease in

patients with renal impairment (16, 17). In addition, there is

a positive correlation between the increase in the RRI with

the renal impairment and the increase in the incidence of

cardiovascular events (18, 19). However, the clinical signifi-

cance of the RRI for the atherosclerotic burden before overt

renal impairment remains unclear.

In the present study, we assessed whether or not an in-

creased RRI is associated with the atherosclerotic extent in

patients without renal impairment.

Materials and Methods

Study population

A total of 106 outpatients without renal impairment [esti-

mated glomerular filtration rate (eGFR)�60 mL/min/1.73 m2]

undergoing clinically driven coronary computed tomography

angiography (CCTA) were enrolled in this cross-sectional

study during 2016 and 2017. Before the administration of

contrast agent for CCTA, the assessment of the renal func-

tion including the serum creatinine levels, eGFR and RRI,

was performed. Subsequently, following cardiovascular ex-

aminations, carotid ultrasound, echocardiography, ankle bra-

chial index and cardio ankle vascular index (CAVI) evalu-

ations were performed within three months of enrollment.

Information on the patients’ medical history, prescribed

drugs and current smoking status was also collected. The

eGFR was calculated using the following equation: eGFR

(mL/min/1.73 m2)=194×serum creatinine (mg/dL)-1.094×

age (years)-0.287×0.739 (for women) (20). Patients with se-

vere valvular disease and an impaired renal function (eGFR

<60 mL/min/1.73 m2) were excluded from the study. Hyper-

tension was defined as systolic blood pressure �140 mmHg

and/or diastolic blood pressure �90 mmHg or if the patients

were being treated by antihypertensive drugs. Diabetes was

defined according to the guidelines of the American Diabe-

tes Association as a fasting glucose concentration �126 mg/

dL, HbA1c level �6.5% (21) or the use of antihyperglyce-

mic drugs. Dyslipidemia was defined as high density

lipoprotein-cholesterol (HDL-C) <40 mg/dL and/or low den-

sity lipoprotein-cholesterol (LDL-C) �140 mg/dL and/or tri-

glyceride (TG) �150 mg/dL or the use of lipid-lowering

medications. The Framingham risk score (FrSc) was calcu-

lated in each patient (22).

Ethical statements

This study was conducted according to the guidelines of

the Declaration of Helsinki and was approved by the rele-

vant ethics committee at Misato Chuo Central General Hos-

pital. Informed consent was obtained from all patients.

The RRI measurement

Renal ultrasonographic examinations were performed us-

ing duplex Doppler sonography (Aplio 400; Toshiba, Tokyo,

Japan) by two well-trained technologists who specialize in

sonography and were blind with respect to the clinical data

of the participants. In brief, each patient was placed in a su-

pine position, and their intraparenchymal renal vessels were

visualized by color and spectral Doppler sonography

(Fig. 1). The greatest longitudinal kidney length was deter-

mined by a B-mode measurement. For the RRI measure-

ments, blood flow velocities were measured from the seg-

mental arteries located in the upper, middle and lower third

of the kidney by pulsed-wave Doppler sonography. The

Doppler angle was <60°. The peak systolic (centimeters per

second) and end-diastolic (centimeters per second) velocities

of each vessel were measured to calculate the RRI using the

following formula: RRI=(peak systolic velocity - end-

diastolic velocity)/peak systolic velocity. Three values from

three sets of measurements were averaged to obtain the

mean RRI for each vessel. The mean RRI value for the right

and left kidneys was used for the analysis. The RRI was di-

chotomized at >0.70 or �0.70, which is an accepted cut-off

value (23).

The coronary artery disease evaluation by CCTA

Patients underwent CCTA with a 64-slice MDCT scanner

(LightSpeed VCT; GE Medical Systems, Waukesha, USA)

with 64×0.625-mm section collimation, a 350- or 400-ms

rotation time, a 120-kV tube voltage, and a pitch from 0.16

to 0.18, depending on the patient’s heart rate. The estimated

mean radiation dose was 15-18 mSv. The anatomical land-

marks for the contrast-enhanced study were initially deter-

mined by a non-contrast scan. Thereafter, to calculate the

exact arrival time of the contrast agent in the coronary arter-

ies, test bolus tracking with 10 mL of a non-ionic contrast

agent was immediately applied to calculate with a region of

interest in the proximal part of the ascending aorta. Finally,

a contrast-enhanced scan with retrospective electrocardio-

gram gating was performed after the administration of the

contrast medium (220 mg I/kg body weight/10 s) during a

single breath hold. We utilized an image analysis software

program (CardIQ; GE Healthcare, Chicago, USA) for the

image reconstruction on a dedicated computer workstation

(Advantage Workstation Ver. 4.2; GE Healthcare). A stan-

dard kernel was used as the reconstruction filter. Depending

on the patient’s heart rate, either a half-scan or multi-
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Figure　1.　Color Doppler imaging of the RRI. RRI: renal resistive index 

segment reconstruction algorithm was selected, or the opti-

mal cardiac phase with the fewest motion artifacts was cho-

sen. Beta-blockers and sublingual nitrates were used if nec-

essary. Coronary artery calcium (CAC) was defined as a fo-

cus of at least 4 contiguous pixels with a CT density of >

130 Hounsfield units and quantified using the Agatston

method (24). All CCTA images were evaluated by a radiolo-

gist and a cardiologist. Atherosclerotic lesions were classi-

fied visually as obstructive (�50% luminal narrowing) or

non-obstructive (<50% luminal narrowing). Coronary artery

disease was defined as any previous percutaneous or surgical

coronary revascularization or the presence of any coronary

stenosis of at least 50%.

The measurement of the carotid intima-media thick-

ness (cIMT)

Longitudinal and transverse projections of carotid arteries

were obtained by high-resolution real-time ultrasound using

duplex ultrasonography with a high-resolution 7.5-MHz

transducer (Aplio 400; Toshiba). The patients were each

placed in a supine position, and their necks were slightly

hyperextended so that their bilateral carotid arteries could be

optimally visualized. From measurements obtained from

multiple images, plaque formation was identified as a wall

thickness of �1.0 mm (25). The cIMT was measured as the

distance from the leading edge of the first echogenic line to

the leading edge of the second echogenic line. Three meas-

urements of the carotid artery were made to determine the

cIMT. One measurement was made at the thickest point of

the carotid artery wall as defined by a visual examination,

and the other two were made at points 1-cm proximal and

1-cm distal to the thickest site. The average of six measure-

ments was taken as the mean cIMT value for each patient.

The definition of atherosclerotic vessels and patient

groups

The presence of atherosclerotic vessels was defined when

patients had a CAC>0 in the coronary artery and/or a cIMT

�1.0 mm in the carotid artery. Patients were divided into

three groups according to the number of atherosclerotic ves-

sels: absence of atherosclerosis, single-site atherosclerosis

and multi-site atherosclerosis.

Statistical analyses

Data were analyzed using the Statistical Package for R (R

Development Core Team, Vienna, Austria) (26). Data were

expressed as the mean±standard deviation or as the median

and interquartile range. The Kolmogorov-Smirnov test was

applied to test for normal distribution. Continuous variables

were compared using Student’s t-test. Pearson’s chi-squared

test or Fisher’s exact test was used, as appropriate, for cate-

gorical data expressed as percentages. A multivariate logistic

regression analysis was used to identify the independent

contributions of several factors for the presence of multi-site

atherosclerosis after adjusting for confounding factors that

were considered statistically significant (p<0.05) in the uni-

variate analysis. The discriminative abilities of the FrSc,

RRI and other cardiovascular risk factors were evaluated by

a receiver operating characteristics (ROC) curve analysis for

the presence of multi-site atherosclerosis. In addition, the in-

cremental value of the RRI to the FrSc and other risk fac-

tors for assessing the atherosclerotic extent was analyzed by

the net reclassification improvement (NRI) and integrated

discrimination improvement (IDI).

Results

Baseline characteristics

One hundred and six outpatients without renal impairment

were enrolled in this study. Single-site atherosclerosis was

found in 51 patients and multi-site atherosclerosis in 31.

Compared with patients lacking atherosclerosis and with sin-

gle site-atherosclerosis, patients with multi-site atherosclero-

sis tended to be older and more diabetic and had higher

eGFR values and lower serum creatinine levels (Table 1).

There was no marked relationship between the presence of

prescribed drugs and the number of atherosclerotic vessels.

More patients had a history of percutaneous coronary inter-

vention in the multi-site atherosclerosis group than in the

other groups. The CAVI and E/e’ values were increased ac-

cording to the number of atherosclerotic vessels.
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Table　1.　Baseline Characteristics.

Absence of 

atherosclerosis: n=24

Single-site 

atherosclerosis: n=51

Multi-site 

atherosclerosis: n=31
p value

Age, years 60.4±10.6 67.4±9.8 67.7±7.2 <0.01

Male, n (%) 15 (62.5) 44 (86.2) 26 (83.8) 0.06

Dyslipidemia, n (%) 15 (62.5) 33 (64.7) 21 (67.7) 0.93

Diabetes, n (%) 2 (8.3) 11 (21.5) 16 (51.6) <0.001

Hypertension, n (%) 16 (66.6) 41 (80.3) 26 (83.8) 0.26

Hyperuricemia, n (%) 7 (29.1) 10 (19.6) 10 (32.2) 0.40

Current smoking, n (%) 9 (37.5) 27 (52.9) 16 (51.6) 0.43

Family history of CVD, n (%) 5 (20.8) 9 (17.6) 7 (22.5) 0.81

Prior PCI, n (%) 1 (4.1) 18 (35.2) 15 (48.3) <0.001

Prior stroke, n (%) 1 (4.1) 2 (3.9) 1 (3.2) 1.0

Antidiabetics, n (%) 1 (4.1) 10 (19.6) 14 (45.1) <0.01

Antihypertensives, n (%) 16 (66.6) 42 (82.3) 23 (74.1) 0.28

RAAS inhibitors, n (%) 9 (37.5) 24 (47.0) 15 (48.3) 0.71

Calcium channel blockers, n (%) 6 (25.0) 13 (25.4) 11 (32.2) 0.61

Beta blockers, n (%) 6 (25.0) 18 (35.2) 10 (32.2) 0.71

Diuretics, n (%) 4 (16.6) 10 (19.6) 5 (16.1) 0.75

Lipid-lowering therapy, n (%) 15 (62.5) 30 (58.8) 18 (58.0) 0.93

BMI, kg/m2 26.5±4.9 25.0±4.2 24.3±3.4 0.15

Heart rate, bpm 73.0±9.9 80.6±14.5 73.9±13.3 0.02

Systolic blood pressure, mmHg 131.5±13.9 134.6±19.4 137.3±21.6 0.53

Diastolic blood pressure, mmHg 79.4±9.5 80.0±9.8 79.3±13.0 0.95

Creatinine, mg/dL 0.73±0.13 0.77±0.11 0.70±0.12 0.01

eGFR, mL/min/1.73 m2 77.7±11.3 74.9±10.1 83.0±12.1 <0.01

Total cholesterol, mg/dL 198.6±37.1 183.9±31.6 186.0±47.2 0.28

Triglyceride, mg/dL 130.6±85.5 135.4±58.3 118.4±55.2 0.51

LDL, mg/dL 114.0±29.9 101.3±22.0 107.9±60.2 0.39

HDL, mg/dL 62.1±19.3 60.6±15.5 57.4±18.3 0.57

Uric acid, mg/dL 5.6±2.2 5.6±1.0 5.3±1.3 0.62

CAVI 8.0±1.6 8.9±1.7 9.5±1.4 <0.01

LVEF, % 66.6±6.2 65.8±8.3 67.2±7.0 0.71

E/e’ 10.1±2.8 11.3±3.1 13.5±3.8 <0.001

FrSc 12.2±3.5 13.3±2.4 13.6±3.1 0.18

RRI 0.65±0.04 0.67±0.06 0.71±0.05 <0.001

CVD: cardiovascular disease, PCI: percutaneous coronary intervention, RAAS: renin angiotensin aldosterone system, BMI: body 

mass index, eGFR: estimated glomerular rate, LDL: low-density lipoprotein, HDL: high-density lipoprotein, CAVI: cardio ankle 

vascular index, LVEF: left ventricular ejection fraction, FrSc: Framingham risk score, RRI: renal resistive index

Table　2.　Independent Predictors of RRI.

Beta coefficient p value

Age 0.002 <0.001

Dyslipidemia -0.02 <0.01

Diabetes 0.03 <0.01

E/e’ 0.003 0.01

LVMI 0.001 0.16

CAVI 0.0002 0.90

Systolic blood pressure 0.0005 0.11

Diastolic blood pressure -0.0007 0.12

CAVI: cardio ankle vascular index, RRI: renal resistive index, 

LVMI: left ventricular mass index

Factors associated with an increased RRI

After adjusting for the E/e’, CAVI, systolic blood pressure

and diastolic blood pressure, a multivariate linear regression

analysis found that the age, diabetes and dyslipidemia were

associated with the RRI (Table 2).

An increased RRI is associated with the atheroscle-

rotic extent in patients without renal impairment

The RRI was greater in patients with either cIMT�1.0

mm or CAC>0 than in those with other values (Fig. 2a, b).

Furthermore, the RRI increased according to the number of

atherosclerotic vessels (Fig. 2c) and was numerically greater

in patients with coronary artery disease assessed by CCTA

than those without (Fig. 2d). After adjusting for an age �60

years old and E/e’>13 as well as a history of percutaneous

coronary intervention (PCI), a multivariate logistic regres-
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Figure　2.　a: Difference in the RRI between CAC=0 and CAC>0. b: Difference in the RRI between 
cIMT<0 and cIMT≥1.0 mm. c: Difference in the RRI according to the number of atherosclerotic ves-
sels. RRI: renal resistive index, CAC: coronary artery calcium, cIMT: carotid intima-media thickness

Table　3.　Multivariate Logistic Regression Analysis 
Relating RRI to Multi-site Atherosclerosis.

Multivariate analysis

OR, 95% CI p value

CAVI≥9.0 8.18, 2.47-27.1 <0.01

RRI>0.70 4.05, 1.37-12.0 0.01

Diabetes 4.34, 1.37-13.7 0.01

eGFR>90 mL/min/1.73 m2 5.89, 1.39-25.1 0.01

Age≥60 3.70, 0.38-35.3 0.25

E/e’>13 0.41, 0.11-1.54 0.19

Prior PCI 1.46, 0.43-4.88 0.53

OR: odds ratio, CAVI: cardio ankle vascular index, RRI: renal re-

sistive index, eGFR: estimated glomerular rate, PCI: percutaneous 

coronary intervention, 95% CI: 95% confidence interval

sion analysis showed that CAVI�9.0, diabetes, an eGFR>90

mL/min/1.73 m2 and an RRI>0.70 were associated with

multi-site atherosclerosis. (Table 3). In Table 4, we assessed

the incremental value of the RRI added to common athero-

sclerotic risks related to multi-site atherosclerosis. The inclu-

sion of the RRI successfully reclassified patients from the

model of FrSc plus diabetes in the analysis by NRI and IDI.

In the ROC curve analysis, there was a tendency towards

statistical significance for an increase in AUC by the RRI

added to FrSc+diabetes.

Discussion

In the present study, we investigated the clinical associa-

tion between an increased RRI and the extent of atheroscle-

rotic burden in patients without renal impairment. A step-

wise increase in the RRI was observed according to the

number of atherosclerotic vessels. Of note, a significant rela-

tionship between an RRI>0.70 and the presence of multi-site

atherosclerosis (CAC>0 and cIMT�1.0 mm) was found in a

multivariate logistic regression analysis after adjusting for

other cardiovascular risks.

With the development of systemic atherosclerosis, an in-

crease in arterial stiffness predisposes the renal circulation to

a greater hemodynamic load, leading to greater renal vascu-

lar resistance. Therefore, studies have explored the relation-

ship between an increased RRI and the progression of renal

impairment and development of atherosclerosis, leading to

organ damage (7, 14). Of note, the evaluation of the RRI

before overt renal impairment may give us additional infor-

mation on cardio-renal syndrome. Our present data were

consistent with those of previous reports describing the rela-

tionship between an increased RRI and extra-renal arterial

stiffness and target organ damage. Both the CAVI and RRI

showed stepwise increases according to the number of athe-
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Table　4.　Incremental Value of RRI Relating to Multi-site Atherosclerosis in Addition to Cardiovascular Risks.

Model NRI p value IDI p value AUC p value

FrSc+diabetes - - - - 0.63 -

(FrSc+diabetes)+RRI 0.47 [0.07-0.88] 0.02 0.08 [0.02-0.14] <0.01 0.77 0.05

New risk category

Low risk Intermediate risk High risk Very high risk Total % reclassified

Patients with the multi-site 

atherosclerosis

Old risk category

Low risk 1 0 0 0 1 0

Intermediate risk 4 2 3 0 9 78.0

High risk 0 1 2 3 6 67.0

Very high risk 0 0 3 12 15 20.0

Patients without the multi-site 

atherosclerosis

Old risk category

Low risk 12 1 1 0 14 0

Intermediate risk 17 3 6 1 27 89.0

High risk 5 3 12 1 21 43.0

Very high risk 0 0 8 5 13 62.0

AUC: area under the curve, FrSc: Framingham risk score IDI: integrated discrimination improvement, NRI: net reclassification improvement, RRI: re-

nal resistive index

rosclerotic vessels, and we observed a correlation between

these two, suggesting that an increased RRI is related to

systemic arterial stiffness [r=0.25, 95% confidence interval

(CI) 0.07-0.42, p<0.01]. Although we found no association

between the RRI and left ventricular ejection fraction, we

found that the RRI correlated with the left ventricular mass

index (LVMI) and E/e’, a combination parameter of the

early filling velocity and relaxation velocity to define the

diastolic function as well as (LVMI: r=0.28, 95% CI 0.10-

0.45, p<0.01, E/e’: r=0.32, 95% CI 0.13-0.48, p<0.01). This

is similar to the results obtained by Komuro, showing that

an increased RRI was associated with left ventricular hy-

pertrophy with an impaired diastolic function in patients

with cardiovascular disease (19). In addition, according to

the data from Ennezat et al., the RRI was increased in pa-

tients with diastolic dysfunction, with a subsequent increase

in cardiovascular events (27). Therefore, the RRI may reflect

the low cardiac output due to diastolic dysfunction among

patients with increased arterial stiffness.

Among patients without overt renal impairment, the RRI

might be affected by comorbid diseases, such as hyperten-

sion, diabetes and dyslipidemia with indelible renal impair-

ment. Of note, our data were consistent with those of previ-

ous reports demonstrating the positive relationship between

the presence of diabetes and an increased RRI (28, 29). Ac-

cordingly, in patients with diabetes without overt renal im-

pairment, an increased RRI was associated with sub-clinical

renal dysfunction defined by the degree of proteinuria (30).

In patients with diabetes, an increased RRI was associated

with the progression of both microvascular and macrovascu-

lar renal impairment and thought to be an important deter-

minant of renal mortality (13, 31). Interestingly, renal hyper-

filtration - defined as an eGFR>90 mL/min/1.73 m2 - was

associated with multi-site atherosclerosis in our study. Hy-

perfiltration caused by diabetic nephropathy is already

known to be associated with endothelial dysfunction with a

subsequent risk of cardiovascular events (32). In the present

study, diabetic patients showed hyperfiltration more fre-

quently than those without diabetes (50.0% vs. 23.3%, p=

0.03). However, there was no marked relationship in the

RRI between patients with and without hyperfiltration in our

study (0.67±0.06 vs. 0.68±0.05, p=0.52). This is consistent

with the data of Mancini et al. showing that diabetes is as-

sociated with the renal volume, renal area index and RRI,

although no correlation has been noted among those pa-

rameters (30).

To further analyze the significance of an increased RRI

for the extent of atherosclerotic burden, we conducted a re-

categorization analysis in addition to the risk estimation

models for the presence of multi-site atherosclerosis. We

demonstrated that patients were successfully recategorized

by adding information on the RRI from the model of FrSc

plus diabetes assessed by the NRI and IDI analyses. These

results suggested that assessing the RRI gives additive value

to the evaluation of the atherosclerotic extent in patients at

an increased atherosclerotic risk, particularly those without

renal impairment.

Finally, we investigated the association between the RRI

and coronary artery disease diagnosed by CCTA. While a

statistical tendency was noted, an increased RRI was not
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found to be associated with the presence of coronary artery

disease. Similar to findings concerning the relationship with

the CAVI, the RRI may be closely to arterial stiffness as

well as the extent of atherosclerotic burden but not to focal

obstructive stenosis, as we were unable to determine any

marked relationship between the RRI and the degree of

coronary stenosis. Indeed, it seemed difficult to detect the

relationship between the RRI and local coronary stenosis

caused by increased shear stress, plaque rapture and other

unknown factors. A further investigation involving a larger

sample size will be required to clarify this issue.

Our findings demonstrated that the RRI is a marker of

atherosclerotic extent before overt renal dysfunction. How-

ever, a number of different pathophysiological mechanisms

are involved in the development of cardiovascular disease in

patients with renal dysfunction. Accordingly, a reduced

eGFR is associated with the activation of the renin an-

giotensin aldosterone system, enhanced oxidative stress, in-

flammatory response and the accumulation of uremic tox-

ins (33, 34). Therefore, assessing the RRI may play an im-

portant role in detecting early-stage cardio-renal syndrome

by reflecting systemic atherosclerotic vascular damage. In

addition, according to data from the REACH registry, dis-

eased vascular beds increases and cardiac death frequently

occurs with the progression of renal dysfunction (35).

Therefore, the sub-clinical renal function as assessed by the

RRI may help prevent future cardiovascular events.

Several limitations associated with the present study war-

rant mention. First, it was performed at a single center. Sec-

ond, the assessment of the renal function was partially lim-

ited by the lack of information on proteinuria in patients.

Third, since this cross-sectional study was open to all-

comers except for patients with overt renal dysfunction, we

did not exclude patients with known coronary artery disease.

Therefore, the pretest probability for systemic atherosclerotic

disease might be higher among patients with a history of

coronary revascularization. Fourth, the statistical power was

limited because of the relatively small sample size and the

study design. In addition, we did not have access to full pa-

tient histories regarding diabetic characteristics, including

the age of onset and duration, which might have contributed

to the relationship between the RRI and diabetes. Fifth, the

impact of the RRI as a subclinical renal parameter on the

atherosclerotic vasculature could not be fully clarified be-

cause the RRI was affected by other cardiovascular risk fac-

tors, including the age and presence of hypertension and

diabetes. A further investigation is required to clarify the re-

lationship between the renal function and subsequent cardio-

vascular events in this study population.

Conclusion

The RRI is a clinical marker associated with coronary and

carotid atherosclerosis in patients without renal impairment.

The authors state that they have no Conflict of Interest (COI).
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