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Abstract

Cystatin C is a cysteine protease inhibitor that is produced by nearly all human cells. The

serum level of cystatin C is a stronger predictor of the renal outcome and the risk of cardio-

vascular events than the creatinine level. The resistive index (RI) on renal Doppler ultraso-

nography is a good indicator of vascular resistance as well as the renal outcomes in patients

with chronic kidney disease (CKD). However, it is unclear whether serum cystatin C is asso-

ciated with signs of vascular dysfunction, such as the renal RI. We measured the serum

cystatin C levels in 101 CKD patients and investigated the relationships between cystatin C

and markers of vascular dysfunction, including the renal RI, ankle-brachial pulse wave

velocity (baPWV), intima-media thickness (IMT), and cardiac function. The renal RI was sig-

nificantly correlated with the serum cystatin C level (p < 0.0001, r = 0.6920). The serum

cystatin C level was found to be a significant determinant of the renal RI (p < 0.0001), but

not the baPWV, in a multivariate regression analysis. The multivariate odds ratio of the

serum cystatin C level for a renal RI of more than 0.66 was statistically significant (2.92, p =

0.0106). The area under the receiver-operating characteristic curve comparing the sensitiv-

ity and specificity of cystatin C for predicting an RI of more than 0.66 was 0.882 (cutoff

value: 2.04 mg/L). In conclusion, the serum cystatin C level is an independent biomarker

associated with the renal RI in patients with CKD.

Introduction

Cystatin C is a non-glycosylated 13-kD protein that is a cysteine protease inhibitor. It is a

member of the human cysteine superfamily and is stably produced by all human nucleated

cells [1, 2]. The serum cystatin C level has no association with age, sex, and muscle mass; thus,

it has been hypothesized that the serum cystatin C level is a superior marker of the glomerular
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filtration rate (GFR) to the serum creatinine level[3, 4]. Regarding cardiovascular events, cysta-

tin C has reported to be a strong predictor of the risk of all-cause mortality and cardiovascular

events [1, 5]. Furthermore, in patients with hypertension, cystatin C is related to the left ven-

tricular mass and could be a marker of cardiac hypertrophy [6].

Renal Doppler ultrasonography is a noninvasive method of obtaining the information of

vascular dynamics in various renal diseases. While the diagnostic cogency of Renal Doppler

ultrasonography in renal parenchymal disease (in comparison to percutaneous renal biopsy) is

still under debate, recent studies have shown that the renal resistive index (RI) is correlated

with tubulointerstitial lesions and vascular lesions in the kidney [7–10]. The renal RI is a sim-

ple parameter that is calculated as follows: [(peak systolic velocity–end diastolic velocity)/peak

systolic velocity] [11]. Previous reports have shown that the renal RI is associated with the

renal prognosis [9, 12–14]. The RI is thought to be a good indicator of renal vascular resistance

and an increased renal RI as evaluated by the pulse wave velocity [15], the common carotid

intima-media thickness [16], and the diurnal change of blood pressure [17] is associated with

systemic atherosclerosis. Furthermore, the renal RI has reported to be a predictor of cardiovas-

cular events [18, 19].

We hypothesized that serum cystatin C is a significant biomarker associated with the renal

RI. Thus, this study investigated the relationships between the serum cystatin C level and mark-

ers of vascular dysfunction, including the renal RI, ankle-brachial pulse wave velocity (baPWV),

intima-media thickness (IMT), and the cardiac function in human subjects with CKD.

Methods

Subjects

Our study includes patients who were admitted to the Renal Unit of Okayama University Hos-

pital and that of Kochi Medical Center. We diagnosed all of the patients with CKD based on

the National Kidney Foundation K/DOQI guidelines [20]. We carried out all procedures in

the present study according to institutional and national ethical guidelines for human studies

and the guidelines outlined in the Declaration of Helsinki. This study was approved by the eth-

ics committee of Okayama University Graduate School of Medicine, Dentistry and Pharma-

ceutical Sciences (No. 1063 and 1585). We obtained written informed consent from all

subjects. This study was recorded with the Clinical Trial Registry of the University Hospital

Medical Information Network (registration number UMIN 000014329).

Laboratory measurements

We ran blood examination of all subjects under standardized conditions. The creatinine, hemo-

globin, total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein

(HDL) cholesterol, protein, albumin, calcium, phosphate, uric acid, HbA1c and BNP levels were

quantified by the standard techniques. A 24-h urine sample was collected to determine albumin-

uria. We calculated the eGFR according to the simplified version of the Modification of Diet in

Renal Disease (MDRD) formula [eGFR = 194× (sCr)-1.094× (age)-0.287(if female×0.739)] [21]. The

serum cystatin C level was quantified by an immunologic turbid metric assay (Nescoat GC Cysta-

tin C; Alfresa Pharma, Osaka, Japan) [22], and the serum intact PTH levels were measured using

an electro chemiluminescence immunoassay (LSI Medience Corporation, Tokyo, Japan).

Vascular assessments

Measurement of the resistive index (RI). We examined Ultrasonic Pulsed Doppler to

measure the intra-renal arterial circulation using a 2.5-MHz sector transducer (SSD-5500;
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Aloka, Tokyo, Japan). The renal length was defined as the maximum longitudinal axis. Intra-

renal Doppler signals were received from the interlobar arteries at the corticomedullary junc-

tion. We examined the peak systolic velocity (Vmax) and the minimal diastolic velocity

(Vmin) and calculated the RI (peak systolic velocity minus minimum diastolic velocity/peak

systolic velocity) using four measurements (two from each kidney). Measurements were per-

formed by two expert nephrologists who had been blinded to all other information concerning

the subjects. We defined the independent risk factors for the progression of CKD in accor-

dance with a previous study that showed that the median RI was a predictor of the cardiovas-

cular and renal outcomes [18]. Since no statistically significant differences were recognized in

the RI values of the right and left kidneys, we used the mean RI of the right and left kidneys for

the subsequent analyses.

Measurement of the ankle-brachial pulse wave velocity (baPWV). Pulse wave velocity

(PWV) measurements were obtained using an automatic device (FORM/ABI; Colin, Komaki,

Japan) after the subjects had lain at rest in their beds for at least five minutes, as previously

described [23, 24]. This device provides recording of the baPWV and the brachial and ankle

BPs on both sides simultaneously. We determined that the subjects with a baPWV of� 1400

had arterial sclerosis, since a baPWV of� 1400 cm/s has been reported to be an independent

predictor of the risk of atherosclerotic cardiovascular disease [25]. The office blood pressure

was also measured.

Measurement of the intima–media thickness. We performed ultrasonography of the

carotid artery using a high-resolution real-time scanner with a 7.5-MHz transducer. The mea-

surement of the carotid IMT on both side was conducted in the supine position. We scanned

the carotid artery and defined the thickest point as maximum IMT value in the longitudinal

and transverse directions, as previously described in detail [23, 24]. We designated those sub-

jects with an IMT of�1.1 mm to have atherosclerosis based on atheromatous plaques, since a

previous study showed that the normal limit of IMT is�1.0 mm [26].

Echocardiography. We performed Echocardiographic studies by a cardiac ultrasound

unit with a 2- to 3.5-MHz sector transducer, as previously described [27]. Measurements were

performed by echocardiologists who had been blinded to all other information concerning the

subjects. Standard cardiac echography of the two-dimensional parasternal long-axis and apical

four-chamber views was performed in all patients, with images taken based on the guidelines

of the American Society of Echocardiography [28]. The ejection fraction (EF) and the early

peak diastolic annular velocity of mitral valves (e’) were measured. Diastolic dysfunction was

defined as e’< 8 cm/s according to the definition of a previous study [29].

Statistical analyses

We expressed non-continuous variables as the median (interquartile range) and continuous

variables as the mean ± standard deviation (SD), as appropriate. If P values were < 0.05, the

difference was considered statistically significant. The differences between groups were ana-

lyzed using Student’s t-test and the Mann-Whitney U-test, as appropriate. A multivariable

logistic regression analysis with a simultaneous procedure was performed to identify the

independent risk factors for RI elevation. We presented the P values, odds ratios (ORs) and

corresponding 2-sided 95% confidence intervals (CIs) for the predictors. A receiver operat-

ing characteristic (ROC) curve analysis was performed to confirm the diagnostic efficacy

of the variables, and the area under the curve (AUC) was calculated. We performed the sta-

tistical analyses using the JMP software program (version 11; SAS Institute Inc., Cary, NC,

USA).
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Results

Patient characteristics

Table 1 shows the baseline characteristics of the study population. One hundred one CKD

patients with a median age of 57.0 (42.0–68.8) years were recruited in the study. The causes of

Table 1. Baseline characteristics of the study subjects.

All patients

(n = 101)

Early stages

CKD 1/2

(n = 25)

Mid stages

CKD 3

(n = 29)

Later stages

CKD 4/5

(n = 47)

P value

Age (years) 57.0 (42.0–68.8) 43.0 (31.5–57.5) 52.0 (43.0–61.5) 64.5 (50.8–71.8) 0.0003�

Male gender, n (%) 71 (68.9%) 17 (68.0%) 19 (65.5%) 35 (74.5%)

Cause of CKD, n

Glomerulonephritis 48 (47.5%) 16 (64.0%) 15 (51.8%) 17 (36.2%)

Nephrosclerosis 25 (24.8%) 3 (12.0%) 8 (27.6%) 14 (29.8%)

Diabetic nephropathy 12 (11.9%) 1 (4.0%) 3 (10.3%) 8 (17.0%)

Others 16 (15.8%) 5 (20.0%) 3 (10.3%) 8 (17.0%)

Current medication, n

ARBs/ACEIs 54 (53.5%) 9 (36.0%) 13 (44.8%) 32 (68.1%)

CCBs 53 (52.5%) 7 (28.0%) 12 (41.4%) 34 (72.3%)

SBP (mmHg) 138 (124–150) 136 (123–143) 127 (115–141) 143 (130–158) 0.0008�

DBP (mmHg) 80 (72–89) 80 (72–89) 80 (68–88) 82 (74–90) 0.5371

Renal length (mm) Right 9.7 (8.9–10.2) 10.0 (9.6–10.3) 9.8 (8.9–10.4) 9.2 (8.6–10.0) 0.0082�

Left 9.7 (9.2–10.5) 10.5 (9.8–10.8) 9.8 (9.3–10.5) 9.3 (8.7–9.8) < 0.0001�

Resistive Index (average) 0.66 (0.61–0.73) 0.62 (0.58–0.65) 0.63 (0.58–0.69) 0.73 (0.68–0.77) < 0.0001�

Serum creatinine (μmol/L) 123.8 (81.3–260.8) 65.4 (52.2–78.7) 104.3 (1.05–1.38) 3.35 (2.22–4.72) < 0.0001�

eGFR (mL/min/1.73m2) 39.7 (15.4–67.4) 84.1 (72.3–97.3) 49.9 (40.6–56.5) 14.5 (9.4–24.3) < 0.0001�

Cystatin C (mg/L) 1.67 (0.97–3.40) 0.89 (0.77–0.94) 1.31 (1.08–1.66) 3.64 (2.36–4.01) < 0.0001�

Hemoglobin (g/L) 130 (103–141) 139 (136–155) 139 (122–151) 102 (96–119) < 0.0001�

Serum albumin (g/L) 40 (36–43) 42 (38–45) 42 (39–44) 37 (33–42) 0.0066�

Serum calcium (mmol/L) 2.22 (2.12–2.32) 2.32 (2.22–2.37) 2.27 (2.17–2.32) 2.15 (2.05–2.22) < 0.0001�

Serum phosphate (mmol/L) 1.13 (1.03–1.36) 1.03 (0.87–1.19) 1.10 (1.00–1.26) 1.26 (1.10–1.55) < 0.0001�

Uric acid (μmol/L) 422 (351–506) 351 (303–422) 375 (327–482) 464 (416–523) < 0.0001�

Total-cholesterol (mmol/L) 4.86 (4.32–5.59) 4.81 (4.37–5.46) 5.53 (4.73–5.97) 4.65 (4.16–5.25) 0.0051�

LDL-cholesterol (mmol/L) 2.92 (2.40–3.59) 2.92 (2.51–3.67) 3.44 (2.87–3.88) 2.59 (2.17–3.10) 0.0011�

HDL-cholesterol (mmol/L) 1.34 (1.11–1.66) 1.50 (1.27–1.78) 1.40 (1.14–1.86) 1.27 (1.01–1.37) 0.0063�

HbA1c (NGSP) (%) 5.7 (5.5–6.1) 5.5 (5.5–6.0) 5.8 (5.5–5.9) 5.8 (5.6–6.1) 0.4754

FPG (mmol/L) 5.3 (4.9–6.0) 5.6 (5.1–6.6) 5.2 (4.8–5.9) 5.2 (4.9–6.0) 0.0759

Albuminuria (mg/day) 685 (252–1340) 347 (175–787) 443 (159–687) 1317 (884–2247) < 0.0001�

Urinary β2MG (μg/L) 0.21 (0.09–2.43) 0.12 (0.07–0.20) 0.10 (0.07–0.40) 2.38 (0.37–10.32) < 0.0001�

Intact PTH (ng/L) 56 (39–155) 39 (34–49) 46 (33–56) 155 (92–234) < 0.0001�

BNP (ng/L) 23.3 (7.4–70.1) 8.2 (5.6–23.6) 12.8 (4.8–29.7) 59.5 (26.5–108.6) < 0.0001�

baPWV (cm/sec, average) 1539 (1301–1890) 1350 (1217–1587) 1463 (1205–1743) 1758 (1475–2203) < 0.0001�

Max IMT (mm, average) 0.83 (0.65–1.08) 0.76 (0.59–0.94) 0.86 (0.66–1.05) 0.86 (0.75–1.28) 0.1518

e’ (s) 6.3 (4.7–9.4) 9.7 (6.8–11.5) 6.3 (3.9–9.7) 5.6 (4.6–7.2) 0.0010�

EF (%) 67 (62–71) 67 (65–71) 68 (62–72) 67 (60–70) 0.2973

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; baPWV, brachial-ankle pulse wave velocity; DBP, diastolic blood pressure; eGFR,

estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL, high density lipoprotein; IMT, intima-media thickness; LDL, low density lipoprotein; NGSP,

national glycohemoglobin standardization program; SBP, systolic blood pressure.

�Statistically significant.

https://doi.org/10.1371/journal.pone.0193695.t001
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CKD included glomerulonephritis (n = 48; 47.5%, biopsy proven = 42, clinical diagnosis = 6),

nephrosclerosis (n = 25; 24.8%), diabetic nephropathy (n = 12; 11.9%) and “other” (n = 16;

15.8%). Of the total 101 patients, 69 patients were on antihypertensive therapy (54 patients

were being treated with angiotensin receptors [ARBs] or angiotensin converting enzyme

inhibitors [ACEIs], and 53 were treated with calcium channel antagonists). The median RI

was 0.66 (interquartile range of 0.61–0.73). The RI, cystatin C, albuminuria, BNP and baPWV

values in late-stage patients were higher than those in early- and mild-stage patients (p<

0.0001). Since the underlying causes vary for various CKD including glomerulonephritis,

nephrosclerosis, and diabetic nephropathy, we further analyzed the data separating the groups

based on various CKD conditions (S1 Table). The RI value in patients with diabetic nephropa-

thy was higher than that in patients with glomerulonephritis or nephrosclerosis. We also ana-

lyzed the limiting data on patients without CKD as a control and confirmed the renal RI in

non-CKD control group was significantly lower than that in patients with CKD (S2 Table).

The correlations between the resistive index and the clinical and laboratory

Indexes, and markers of systemic atherosclerosis

A univariate analysis revealed a significant negative correlation between the RI, as detected by

Doppler echography, and the eGFR (P< 0.0001, r = - 0.6062; Fig 1B); similar findings have

Fig 1. The correlation between the resistive index (RI) and various parameters. The relationships between the RI and patient age (years) (A),

estimated glomerular filtration rate (eGFR) (mL/min/1.73 m2) (B), albuminuria (mg/day) (C), cystatin C (mg/L) (D) and markers of systemic

atherosclerosis, including the ankle-brachial pulse wave velocity (baPWV) (E) and maximum intima-media thickness (IMT) (F), are shown. The

RI was positively correlated with age, albuminuria, and cystatin C, and inversely correlated with eGFR (A-D). Regarding the markers of systemic

atherosclerosis, baPWV and maximum IMT were positively correlated with RI (E, F).

https://doi.org/10.1371/journal.pone.0193695.g001
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been reported in CKD patients [30, 31] Significant correlations were also observed between

the RI and age (P< 0.0001, r = 0.5404; Fig 1A), albuminuria (P = 0.0100, r = 0.2902; Fig 1C),

cystatin C (P< 0.0001, r = 0.6920; Fig 1D), baPWV (P< 0.0001, r = 0.4410; Fig 1E), and maxi-

mum IMT (P = 0.0005, r = 0.3538; Fig 1F). According to the cause of CKD, significant correla-

tions were also observed between the RI, eGFR, and serum cystatin C in glomerulonephritis or

nephrosclerosis group (S3 Table).

The multivariate analysis of the determinants of the RI

Table 2 shows separate multivariate analysis models for the RI. After adjustment for age, gen-

der, blood pressure (systolic and diastolic), and eGFR, the factors that were expected to influ-

ence the RI were albuminuria in the CKD model; baPWV and max IMT in the CVD model;

and cystatin C in the biomarker model. The RI was significantly associated with the max IMT

(P = 0.0143), e’ (P < 0.0001), cystatin C (P < 0.0001), and serum phosphate (P = 0.0093) val-

ues. Next, in the multivariate logistic regression model, cystatin C was significantly associated

with higher odds of having an RI value of> 0.66 after adjustment with gender, blood pressure,

and albuminuria (Fig 2). The odds ratios (ORs) for age (per 10-year increase) and cystatin C

(per 0.5 mg/L increase) were 2.46 (95% CI: 1.36 to 5.16) and 2.92 (95% CI: 1.47 to 7.60),

respectively (Fig 2). However, the odds ratios for the baPWV and the mean IMT were not sig-

nificant (S4 and S5 Table).

The cystatin C level significantly increased in CKD patients with an RI

of� 0.66

Fig 3 shows the ROC curves comparing the sensitivity and specificity of cystatin C (Fig 3A),

albuminuria (Fig 3B), BNP (Fig 3C) and e’ (Fig 3D) for predicting an RI of 0.66. The AUC val-

ues of the ROC curve, when cystatin C, albuminuria, BNP, and e’ were used to detect an RI

of� 0.66, were 0.882 (P < 0.0001), 0.705 (P = 0.0012), 0.865 (P< 0.0001), and 0.722 (P =

0.0007), respectively. Thus, the AUC for cystatin C was the greatest in this model. For compar-

ison, S1 Fig shows the ROC curves comparing the sensitivity and specificity of cystatin C for

predicting a max IMT of 1.11 and a baPWV of 1400. The AUC values for the ROC curve,

when cystatin C was used to detect a max IMT of�1.1 and a baPWV of� 1400 were lower

than those for an RI of� 0.66.

Table 2. The multiple regression analysis of the predictors of the resistive index.

independent variables β p model r2

CKD model Uric acid -0.005919 0.2585 0.5206

Albuminuria -0.000001 0.2980

CVD model baPWV -0.00001 0.5571 0.6736

max IMT 0.031885 0.0143

e’ 0.013688 < 0.0001

Biomarker model BNP -0.00003 0.4898 0.6134

Cystatin C 0.036144 < 0.0001

MBD model intact PTH -0.00005 0.5056 0.6215

Serum calcium -0.015924 0.2372

Serum phosphate 0.008771 0.0093

Adjusted for age, gender, blood pressure (systolic and diastolic), and eGFR.

baPWV, brachial-ankle pulse wave velocity; CKD, chronic kidney disease; CVD, cardio vascular disease; eGFR, estimated glomerular filtration rate; IMT, intima-media

thickness; MBD, mineral and bone disorder; PTH, parathyroid hormone.

https://doi.org/10.1371/journal.pone.0193695.t002
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Fig 3. The ROC curves comparing the sensitivity and specificity of cystatin C (A), albuminuria (B), BNP (C) and

e’ (D) for predicting a resistive index (RI) 0.66. The AUC values for the ROC curve when cystatin C, albuminuria,

BNP and e’ were used to detect an RI of 0.66 were 0.882 (p< 0.0001), 0.705 (p = 0.0012), 0.865 (p < 0.0001) and 0.722

(p = 0.0007), respectively.

https://doi.org/10.1371/journal.pone.0193695.g003

Fig 2. The multivariate odds ratios for the resistive index (RI: 0.66) among patients with CKD. The values are displayed as the odds ratio (OR) (solid

boxes) with 95% confidence intervals (CIs) (horizontal limit lines). For continuous variables, the unit of change is given in parentheses. Adjusted for age and

eGFR. SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0193695.g002
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Discussion

In the present study, we measured the renal RI, markers of vascular dysfunction, including the

baPWV and max IMT, and the cardiac function. Furthermore, we determined the relation-

ships between the serum cystatin C level and markers of vascular dysfunction, including the

renal RI, baPWV and max IMT, and the cardiac function in CKD patients. The serum cystatin

C level is significantly correlated with the renal RI but not with other signs of vascular dysfunc-

tion, such as the baPWV or maximum IMT in multivariate models. Since no reports have

described the relationship between serum cystatin C and renal RI in CKD patients, we believe

this is the first study to show that serum cystatin C is an independent biomarker associated

with the renal RI in patients with CKD.

Consistent with previous studies [15, 16, 32, 33], we found that the renal RI was correlated

with age, eGFR, SBP, albuminuria, baPWV, and max IMT in CKD patients. Recently, numer-

ous studies have reported that the RI may be a significant predictor of cardiovascular and renal

outcomes [14, 18]. These results suggest that an increase in the renal RI of the intrarenal vascu-

lature reflects a generalized increase in arteriosclerosis and a widening of the pulse pressure.

Furthermore, the renal RI was correlated with the serum cystatin C level in this study.

Although the serum cystatin C level was correlated with age, eGFR, albuminuria, and baPWV,

as previously reported [34, 35], a multivariate analysis revealed that the serum cystatin C level

was also a significant predictor of the renal RI in a biomarker model after adjustment for age,

gender, blood pressure, and the eGFR. In addition, the multivariate odds ratio of the serum

cystatin C level for a renal RI of 0.66 (the median value that predicts worse renal outcomes

[18] and that is higher than a renal RI of 0.60 in non-CKD controls), was significant. However,

the odds ratios of the serum cystatin C level for other systemic atherosclerosis indexes, includ-

ing the baPWV (ORs = 1.13, P = 0.6317) and the max IMT (ORs = 1.09, P = 0.7657), were not

significant.

A recent study reported that the number of patients needing renal replacement therapy is

increasing [36]. End-stage kidney disease is a leading cause of morbidity and mortality world-

wide; thus, it is important to detect a biomarker of both the renal outcome and mortality. In

addition, cardiovascular disease is frequently associated with CKD, which is important, since

individuals with CKD are more likely to die of cardiovascular disease than to develop kidney

failure. Indeed, the term “cardiorenal syndrome” has been increasingly used, and a new classi-

fication was proposed because a large proportion of patients admitted to hospital have various

degrees of heart and kidney dysfunction [37]. As previously reported [13, 18, 19], the renal RI

predicts the renal prognosis, cardiovascular events, and death in CKD patients. Moreover, the

cystatin C concentration predicts all-cause and CVD mortality in patients with CKD [5, 38],

and cystatin C might be a biomarker of cardiac dysfunction and hypertrophy [6, 22]. Thus,

once a patient is diagnosed with CKD, the measurement of both the RI and the serum cystatin

C level appears to be useful for predicting the renal outcome, cardiovascular damage, and the

risk of cardiovascular events. Our findings provide valuable insight into the relationship

between the cystatin C level and a renal RI of 0.66 (the median level at which worse renal and

cardiovascular outcomes are predicted [18]). We reported that the cystatin C level could pre-

dict this RI value in patients with a moderate degree of accuracy (AUC = 0.882, Cut off cystatin

C value: 2.04mg/L). Incidentally, the AUC values of albuminuria and BNP for predicting this

value (RI 0.66) were lower than the AUC of cystatin C.

Our study is associated with some limitations and strengths that should be kept in mind

when interpreting the results. First, the cross-sectional nature of our observations precluded

making any inferences with regard to cause and effect in the relationship between the serum

cystatin C level and the renal RI in CKD patients. Secondly, we could not adjust the drugs that
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may affect the serum cystatin C concentration (i.e., corticosteroids). However, this weakness

was—in part—offset by the timing of the measurement because we examined the serum cysta-

tin C level earlier than initiation of immunosuppressive therapy or in the predialysis stage.

Thus, most of the participants were not using these drugs. Thirdly, the number of subjects in

this study was relatively small. Fourthly, we did not evaluate the intrarenal venous flow pat-

terns with renal Doppler ultrasonography, which was recently suggested to be associated with

cardiovascular mortality in patients with heart failure [39].

In conclusion, the serum cystatin C level is independently associated with signs of vascular

dysfunction, such as the renal RI in patients with CKD. Recent studies indicate the prognostic

significance of the renal RI after renal artery angioplasty and stenting for atherosclerotic renal

artery stenosis [40] or for flash pulmonary edema [41]. Further study to elucidate whether or

not serum cystatin C can replace the renal RI in such clinical settings would be of interest.
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