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Abstract

Background: Compliance index derived from digital volume pulse (CI-DVP), measuring the re-
lationship between volume and pressure changes in fingertip, is a surrogate marker of peripheral
arterial stiffness. This study investigated if CI-DVP can predict renal function deterioration, car-
diovascular events and mortality in patients with chronic kidney disease (CKD).

Methods: In this prospective observational study, 149 CKD patients were included for final
analysis. CI-DVP and brachial-ankle pulse wave velocity (baPWV) were measured, decline in renal
function was assessed by the estimated glomerular filtration rate (eGFR) slope. Composite renal
and cardiovascular outcomes were evaluated, including >50% eGFR decline, start of renal re-
placement therapy, and major adverse events.

Results: Patients in CKD stages 3b to 5 had higher baPWYV and lower CI-DVP values than those
in patients with CKD stages | to 3a. Stepwise multivariate linear regression analysis showed that
lower CI-DVP (p =0.0001) and greater proteinuria (p =0.0023) were independent determinants of
higher eGFR decline rate. Multivariate Cox regression analysis revealed that CI-DVP (HR 0.68,
95% Cl 0.46-1.00), baseline eGFR (HR 0.96, 95% Cl 0.94-0.98) and serum albumin (HR 0.17, 95%
Cl 0.07-0.42) were independent predictors for composite renal and cardiovascular outcomes.

Conclusions: Compliance index, CI-DVP, was significantly associated with renal function decline
in patients with CKD. A higher CI-DVP may have independent prognostic value in slower renal
function decline and better composite renal and cardiovascular outcomes in CKD patients.

Key words: Arterial stiffness; Chronic kidney disease; Compliance index; Glomerular filtration rate; Major ad-
verse event
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Introduction

Cardiovascular disease is a leading cause of
morbidity and mortality in patients with chronic
kidney disease (CKD) or end-stage renal disease
(ESRD). Previous studies have shown that impaired
renal function may predispose to increased arterial
stiffness via multiple pathogenic mechanisms, and
associated with increased cardiovascular morbidity
and mortality [1-3]. Conversely, there is also evidence
that increased central or peripheral arterial stiffness,
as measured by brachial-ankle pulse wave velocity
(baPWYV) or ankle-brachial index (ABI), corresponds
with renal function and proteinuria and may contrib-
ute to renal function deterioration [1, 2-7].

Compliance index derived from digital volume
pulse (CI-DVP), measuring the relationship between
volume and pressure changes in fingertip, is a surro-
gate marker of local and peripheral arterial stiffness.
Previous studies have shown that there were signifi-
cant associations among arterial compliance, cardio-
vascular risk factors and renal function in CKD pa-
tients, among CI-DVP, insulin resistance and in-
flammatory marker in pre-diabetes patients, and be-
tween CI-DVP and waist circumference in patients
with nonalcoholic fatty liver disease [8-11].

In the current study, renal function was assessed
by estimated glomerular filtration rate (eGFR), and
CI-DVP as a marker of peripheral arterial stiffness
was measured. We investigated if CI-DVP can predict
the risk of renal function progression, cardiovascular
events and mortality in CKD patients.

Materials and Methods

Study design and population

In this prospective observational study, 174
consecutive CKD patients treated in nephrology clinic
at National Cheng Kung University Hospital from
July 2008 to June 2009 were evaluated. All patients
were followed until start of renal replacement therapy
(end stage renal disease, ESRD), death or December
2013, whichever occurred first. The diagnosis and
classification of CKD were established according to
the criteria of the National Kidney Foundation
K/DOQI Clinical Practice Guidelines for Chronic
Kidney Disease [12]. The eGFR was determined ac-
cording to the abbreviated Modification of Diet in
Renal Disease (MDRD) and Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equations [12,
13]. This study was conducted in accordance with the
Declaration of Helsinki and approved by the Institu-
tional Review Board of National Cheng Kung Uni-
versity Hospital. All subjects provided written in-
formed consent for this study.

Demographic data, co-morbidities and cardio-
vascular medications were reviewed from the medical
records and data were analyzed. Diagnosis of diabetes
mellitus was made if the fasting plasma glucose con-
centration is 2126 mg/dL, hemoglobin A1C >6.5% on
two separate occasions, or if the patient is receiving
insulin or oral antidiabetic agents. Hypertension was
diagnosed if blood pressure was >140/90 mm Hg on
three occasions or if the patient was taking antihy-
pertensive medication. Coronary artery disease was
defined by the history of myocardial infarction, an-
gina pectoris, or positive treadmill exercise test. Hy-
perlipidemia was diagnosed if total serum cholesterol
2200 mg/dL, triglyceride >150 mg/dL, or treatment
with lipid-lowering agents. Estimation of daily pro-
teinuria was derived from morning spot urinary pro-
tein/creatinine ratio (PCR). Participants were ex-
cluded if chronic wuse of non-steroid an-
ti-inflammatory drugs or the data of interest were
insufficient.

Measurements of compliance index and pulse
wave velocity

Measurements were performed in an environ-
ment kept at 26 + 1°C. Brachial arterial BP was meas-
ured  with  sphygmomanometer  (HP78354C;
Hewlett-Packard Company, Andover, MA) after the
patient had been recumbent for at least 10 minutes. BP
was the average of 2 readings at 1- to 2- minute in-
tervals. The method to measure compliance index
from DVP (CI-DVP) using photoplethysmography
and inter- and intra-individual coefficient of variation
for CI-DVP were described in our previous studies
[14]. The pulse wave analysis software used a Visual
Basic (Microsoft Corporation, Redmond, Washington,
USA) interface able to analyze the DVPs from right
index finger, and to calculate the area under the curve
of each DVP automatically. The values of CI-DVP
(Unit) were derived by dividing the average area un-
der the curve of the finger DVP in 5 s by the brachial
pulse pressure [14]. Patients with arrhythmia, in-
cluding chronic atrial fibrillation, a pacemaker and
frequent premature ventricular contractions, were
excluded. baPWV was measured by using a ABI-form
device (VP1000, Colin Co. Ltd, Komaki, Japan), which
automatically and simultaneously recorded the pulse
waves and blood pressure of the brachial and poste-
rior tibial arteries [1, 2].

Outcome evaluations

Three composite outcomes were evaluated: (1)
renal outcomes, >50% eGFR (CKD-EPI) decline, start
of renal replacement therapy (RRT), or all-cause
mortality; (2) cardiovascular outcomes, major adverse
events (MAEs); (3) composite renal and cardiovascu-
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lar outcomes, >50% eGFR (CKD-EPI) decline, start of
RRT, or MAEs. MAEs were defined as all-cause mor-
tality, cardiovascular death, cardiac hospitalization
(due to cardiovascular events [i.e. decompensated
heart failure with pulmonary congestion, coronary
artery disease, fatal or non-fatal myocardial infarc-
tion, or electrocardiographically documented ar-
rhythmia requiring hospitalization], and scheduled
coronary revascularization [i.e. percutaneous trans-
luminal coronary angioplasty and/or coronary artery
bypass surgery]), thromboembolic or hemorrhagic
stroke, and newly diagnosed peripheral artery disease
[15].

Assessment of decline in renal function

Renal function (serum creatinine and eGFR) was
evaluated every 3 to 6 months. Decline rate of renal
function was assessed by the eGFR slope, defined as
the regression coefficient between eGFR and time in
unit of mL/min/1.73 m?/year. At least 3 eGFR
measurements were required to evaluate the eGFR
slope. We put all the data of eGFR measured for each
CKD patient into the calculation of eGFR slope (after
excluding the data of acute kidney injury from any
cause) to get the best estimate of eGFR slope. A higher
decline rate of eGFR was defined as a decline rate
>2.34 mL/min/1.73 m?/year (a median value of eGFR
decline rate). In patients reaching the outcome evalu-
ation, renal function data were censored at develop-
ment of >50% eGFR decline, MAEs, or the start of
renal replacement therapy. Renal function was cen-
sored at patients’ last visit to an outpatient renal clinic
or at the end of follow-up.

Statistical analyses

All values are expressed as mean =SD or fre-
quency (percent) unless otherwise stated. Univariate
and stepwise multivariate linear regression analysis
was performed to identify the independent factor
associated with decline rate of eGFR. Multicollinearity
among the independent variables was examined by
assessing variance inflation factors (VIF). VIF values
above 2.5 were considered to have potential multicol-
linearity. Kaplan-Meier survival analysis was used
with a log-rank test to compare event-free survival
between groups. Univariate and multivariate Cox
regression analyses were performed to evaluate risk
factors predicting the adverse outcomes (ESRD,
MAEs, and all-cause mortality). All statistical tests
were two-tailed, and P <0.05 was considered statisti-
cally significant. Data analysis was performed using
the JMP software program (SAS Institute Inc., Cary,
NC, USA).

Results

A total of 149 CKD patients were included for
final analysis. Their clinical characteristics are shown
in Table 1. The baseline serum creatinine and eGFR
(CKD-EPI) were 15 £ 1.1 mg/dL and 60 £ 28
mL/min/1.73m?, respectively. The mean decline rate
of eGFR (CKD-EPI) and duration of follow up were
2.63 +2.50 mL/min/1.73m?/year and 51 + 12 months,
respectively. Overall, there were 24 patients having
250% eGFR decline, 10 patients entering dialysis (8
hemodialysis and 2 peritoneal dialysis), and 11 car-
diovascular events or cardiac deaths during the fol-
low-up period.

The characteristics of CKD patients in relation to
early and advanced stages [stages 1 to 3a (n = 93) and
stages 3b to 5 (n = 56), respectively] according to the
CKD-EPI equation are shown in Table 2. Patients in
CKD stages 3b to 5 had a higher prevalence of older
age, male gender, hypertension, coronary artery dis-
ease, stroke, use of a-adrenergic blockers and an-
tiplatelets, higher values of pulse pressure, baPWV,
serum creatinine and proteinuria, and lower values of
serum albumin and CI-DVP than those in patients
with CKD stages 1 to 3a. The decline rate of eGFR was
higher in the advanced CKD group than that in the
early CKD group (3.24 £ 216 versus 2.28 + 2.64
mL/min/1.73m?/year, p =0.03). CKD patients with
higher decline rate of eGFR had a higher prevalence of
diabetes mellitus, hypertension, hyperlipidemia, dia-
betic nephropathy and statins use, higher values of
systolic blood pressure, pulse pressure, baPWV, pro-
teinuria and serum triglyceride, and lower values of
serum albumin and CI-DVP.

The scatter plots of relations between CI-DVP
and decline rate of eGFR as well as between pro-
teinuria and decline rate of eGFR are shown in Fig-
ures 1 and 2, respectively. To determine whether
CI-DVP is a factor related to the decline of renal func-
tion, we performed stepwise multivariate linear re-
gression analysis to determine independent predic-
tors of eGFR decline rate. Lower CI-DVP (p =0.0001)
and greater proteinuria (p =0.0023) were independent
determinants of higher eGFR decline rate (Table 3).

There was no statistically significant difference
in event-free survival regarding to the composite re-
nal outcomes or composite cardiovascular outcomes,
whereas there was statistically significant difference
in event-free survival (log-rank test p =0.03) regarding
to the composite renal and cardiovascular outcomes
grouped by CI-DVP >3.45 Unit (a median value of
CI-DVP) (Figure 3). Univariate and multivariate Cox
regression models were performed to analyze the
factors predicting the composite renal and cardio-
vascular outcomes. Significant variables in univariate
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analysis including gender, CI-DVP, eGFR, diabetic
nephropathy, serum albumin and hemoglobin were
selected for multivariate analysis. The mean arterial
pressure, pulse pressure, baPWV and proteinuria
were not put into the multivariate model for analysis
to avoid potential multicollinearity. CI-DVP was not
an independent predictor of composite renal out-
comes or composite cardiovascular outcomes. CI-DVP
(HR 0.68, 95% CI 0.46-1.00), baseline eGFR (HR 0.96,
95% CI 0.94-0.98) and serum albumin (HR 0.17, 95%
CI 0.07-0.42) were independent predictors of compo-
site renal and cardiovascular outcomes.
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Figure 1. Correlation between CI-DVP and decline rate of eGFR
(CKD-EPI). CI-DVP, compliance index measured by digital volume pulse;
eGFR (CKD-EPI), estimated glomerular filtration rate determined ac-
cording to the Chronic Kidney Disease Epidemiology Collaboration
equation.
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Figure 2. Correlation between Log (proteinuria) and decline rate of eGFR
(CKD-EPI). eGFR (CKD-EPI), estimated glomerular filtration rate deter-

mined according to the Chronic Kidney Disease Epidemiology Collabora-
tion equation.
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Figure 3. Survival curve for composite renal and cardiovascular outcomes
(>50% eGFR decline, start of renal replacement therapy, or major adverse
events) grouped by CI-DVP >3.45 Unit (log-rank test P = 0.03). eGFR,
estimated glomerular filtration rate; CI-DVP, compliance index derived
from digital volume pulse.

Table 1. Clinical characteristics of 149 patients with chronic kidney disease

Characteristic Total n =149
Age (year) 62+10
Gender (male) 96 (64)
Body mass index (kg/m?) 26.2+39
Background
Diabetes mellitus 58 (39)
Hypertension 27 (18)
Hyperlipidemia 21 (14)
Current smoking 11 (7)
Coronary artery disease 5(3)
Stroke 27 (18)
Peripheral artery disease 8 (5)
Systolic blood pressure (mm Hg) 151+ 20
Diastolic blood pressure (mm Hg) 88 +11
Mean arterial pressure (mm Hg) 109+13
Pulse pressure (mm Hg) 64 £15
CI-DVP (Unit) 35+1.0
baPWV (m/s) 15.6+2.38
Serum creatinine (mg/dL), baseline 1.5+1.1
Serum creatinine (mg/dL), final 25+3.0
eGFR (mL/min/1.73 m?) abbreviated MDRD, baseline 62+30
eGFR (mL/min/1.73 m?) abbreviated MDRD, final 51+30
eGFR (mL/min/1.73 m?) CKD-EP], baseline 60 £ 28
eGFR (mL/min/1.73 m?) CKD-EP], final 49+30
Decline rate of eGFR (mL/min/1.73 m2/year) CKD-EPI 2.63 £2.50
Decline rate of eGFR >1.0 mL/min/1.73 m2/year (CKD-EPI) 117 (79)
Urinary protein-creatinine ratio (mg/mg), baseline 0.862 +1.503
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Chronic kidney disease (abbreviated MDRD vs. CKD-EPI)
Stage 1

Stage 2
Stage3  3a
3b
Stage 4
Stage 5
Underlying renal disease
Diabetic nephropathy

Chronic glomerulonephritis
Hypertensive nephrosclerosis
Urinary tract abnormality
Autosomal dominant polycystic kidney disease
Others
Albumin (g/dL)
Cholesterol (mg/dL)
Triglyceride (mg/dL)
Low density lipoprotein cholesterol (mg/dL)
Hemoglobin (g/dL)
Medication
ACEI/ARB
Calcium channel blockers
B-Adrenergic blockers
a-Adrenergic blockers
Diuretics
Statins
Antiplatelets

28 (18.8) vs
47 (31.5) vs.
22 (14.8) vs
28 (18.8) vs
19 (12.8) vs.

.29
45

19 (
.30 (20.1)

19.4)
30.2)
12.8)

21 (14.1)

5(34) vs. 5 (3.4)

58 (39)
27 (18)
21 (14)
11(7)
5(3)

27 (18)
43403
192 +44
145 + 100
112431
132419

93 (62)
101 (68)
43 (29)
33 (22)
57 (38)
61 (41)
55 (37)

Data are expressed as mean + SD or number (percentage).

CI-DVP = compliance index derived from digital volume pulse; baPWV = brachial-ankle pulse wave velocity; eGFR = estimated glomerular filtration rate; MDRD = Modi-
fication of Diet in Renal Disease; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration; ACEI = angiotensin-converting enzyme inhibitors; and ARB = angiotensin

1I receptor blockers.

Table 2. Clinical Characteristics of 149 CKD Patients in Relation to Early and Advanced Stages

Characteristic CKD stages 1-3a (n=93)  CKD stages 3b-5 (n = 56) P value
Age (year) 61+10 64 +10 0.05
Gender (male) 52 (56) 44 (79) 0.008
Body mass index (kg/m?) 26.6+4.2 25.6+3.3 0.15
Background

Diabetes mellitus 40 (43) 27 (48) 0.61

Hypertension 78 (84) 54 (96) 0.03

Hyperlipidemia 84 (90) 45 (80) 0.13

Current smoking 9 (10) 8 (14) 0.43

Coronary artery disease 4(4) 10 (18) 0.009

Stroke 7(8) 11 (20) 0.04

Peripheral artery disease 4(4) 4(7) 047
Systolic blood pressure (mm Hg) 149 +£20 154 £21 0.15
Diastolic blood pressure (mm Hg) 88 +11 88 +£12 0.96
Mean arterial pressure (mm Hg) 108 +12 110+ 14 0.47
Pulse pressure (mm Hg) 61+15 67 +15 0.05
CI-DVP (Unit) 36+1.1 33£09 0.04
baPWV (m/s) 153+28 162+27 0.04
Serum creatinine (mg/dL), baseline 1.0+0.3 24+13 <0.001
Serum creatinine (mg/dL), final 11+04 49+38 <0.001
eGFR (mL/min/1.73 m2) CKD-EP], baseline 78 £19 30+10 <0.001
eGFR (mL/min/1.73 m2) CKD-EP], final 68 +21 19+11 <0.001
Decline rate of eGFR (mL/min/1.73 m2/year) CKD-EPI 2.28 +2.64 3.24+216 0.03
Decline rate of eGFR (mL/min/1.73 m2/year) CKD-EPI, 1.92 3.00 0.009
median (interquartile range) (0.84,3.72) (1.68, 5.04)
Decline rate of eGFR >1.0 mL/min/1.73 m2/year (CKD-EPI) 68 (73) 49 (88) 0.04
Urinary protein-creatinine ratio (mg/mg), baseline 0.353 + 0.637 1.722 £2.064 <0.001
Underlying renal disease 0.26

Diabetic nephropathy 31 (33) 27 (48)

Chronic glomerulonephritis 16 (17) 11 (20)

Hypertensive nephrosclerosis 15 (16) 6 (11)

Urinary tract abnormality 6 (6) 509

Polycystic kidney disease 4(4) 1(2)

Others 21 (23) 6 (11)
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Albumin (g/dL)
Cholesterol (mg/dL)
Triglyceride (mg/dL)
Low density lipoprotein cholesterol (mg/dL)
Hemoglobin (g/dL)
Medication
ACEI/ARB
Calcium channel blockers
B-Adrenergic blockers
o-Adrenergic blockers
Diuretics
Statins
Antiplatelets

535

44+04 43+03 0.05
192+ 42 192 + 47 0.98
138+ 85 157 121 0.28
113 +30 110433 0.63
138+17 122419 <0.001
64 (69) 29 (52) 0.05
61 (66) 40 (71) 048
27 (29) 16 (29) 1.00
14 (15) 19 (34) 0.009
31 (33) 26 (46) 0.12
36 (39) 25 (45) 0.50
22 (24) 33 (59) <0.001

Data are expressed as mean + SD or number (percentage).
Early stages: stages 1 to 3a; advanced stages: stages 3b to 5.

CKD = chronic kidney disease; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration; CI-DVP = compliance index derived from digital volume pulse; baPWV =
brachial-ankle pulse wave velocity; eGFR = estimated glomerular filtration rate; ACEI = angiotensin-converting enzyme inhibitors; and ARB = angiotensin II receptor

blockers.

Table 3. Univariate and Stepwise Multivariate Regression Analyses for Associations of eGFR Decline Rate in 149 CKD Patients

Univariate analysis

Multivariate analysis

r P value P value
Age (year) 0.0341 0.76
Gender (male) 0.0112 0.89
Body mass index (kg/m?2) 0.0233 0.78
Diabetes mellitus 0.0683 0.41
Hypertension 0.2007 0.01
Hyperlipidemia 0.1410 0.09
Current smoking 0.0621 0.45
Coronary artery disease 0.0324 0.70
Stroke 0.0164 0.84
Peripheral artery disease 0.0873 0.29
Systolic blood pressure (mm Hg) 0.2764 <0.001
Diastolic blood pressure (mm Hg) 0.1676 0.04
Mean arterial pressure (mm Hg) 0.2390 0.003
Pulse pressure (mm Hg) 0.2456 0.003
CI-DVP (Unit) -0.3281 <0.001 0.0001
baPWV (m/s) 0.2613 0.001
Chronic kidney disease stages 3b-5 0.1806 0.03
Diabetic nephropathy 0.1531 0.06
Urinary protein-creatinine ratio (mg/mg), baseline 0.4018 <0.001 0.0023
Albumin (g/dL) -0.2514 0.002
Cholesterol (mg/dL) 0.1058 0.20
Triglyceride (mg/dL) 0.1187 0.15
Low density lipoprotein cholesterol (mg/dL) -0.0387 0.64
Hemoglobin (g/dL) -0.1655 0.04
ACEI/ARB 0.1118 0.17
Calcium channel blockers 0.1025 0.21
B-Adrenergic blockers 0.1030 0.21
a-Adrenergic blockers 0.0787 0.34
Diuretics 0.0431 0.60
Statins 0.1754 0.03
Antiplatelets 0.0693 0.40

eGFR = estimated glomerular filtration rate; CKD = chronic kidney disease; CI-DVP = compliance index derived from digital volume pulse; baPWV = brachial-ankle pulse
wave velocity; ACEI = angiotensin-converting enzyme inhibitors; and ARB = angiotensin II receptor blockers.

Discussion

The present study evaluated the associations of
CI-DVP, a surrogate marker of small peripheral arte-
rial stiffness derived from volume/ pressure change in
fingertip, with the progression of renal function and
cardiovascular outcomes in patients with CKD stages
1 to 5. In this observational cohort study we demon-
strated that higher CI-DVP, in addition to lower pro-

teinuria, was an independent predictor of slower
eGFR decline rate. CI-DVP was also an independent
predictor for composite renal and cardiovascular
outcomes.

CKD is associated with increased arterial stiff-
ness, and there is progressive arterial stiffening and
increased PWV corresponding with the advance of
CKD stage [3, 6]. Kimoto et al. reported that CKD is
associated with increased regional arterial stiffness in
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type 2 diabetes [16]. Longitudinal studies have shown
that there is independent association between arterial
stiffness and decline of renal function and mortality
[1, 2, 17]. Most of these studies measured the arterial
stiffness by using an ABI device, which records the
pulse wave transmission to the brachial and posterior
tibial arteries. The baPWV obtained actually is a
summation of both central and peripheral arterial
stiffness. Sheen et al. reported that marker of periph-
eral arterial occlusive disease, ABI, is independently
associated with a decline in eGFR [5]. ABI is calcu-
lated by dividing the posterior tibial systolic pressure
by the brachial systolic pressure. ABI is a simple and
useful tool for detecting peripheral arterial disease,
and may improve the accuracy of cardiovascular risk
prediction beyond the Framingham risk score [18, 19].
Increased arterial stiffness is associated with reduc-
tion in the cushioning function of the aorta to buffer
cardiac pulsations, may induce high blood pressure,
lead to transmission of systemic hypertension to the
renal microvasculature, and result in glomerular hy-
pertension and renal damage [1, 20, 21]. Besides, risk
factors for arterial stiffening, atherosclerosis and car-
diovascular diseases such as hypertension, diabetes
mellitus and dyslipidemia have also been considered
as risk factors for progression of CKD [22]. This study
showed that patients in early CKD stage or with lower
decline rate of eGFR had lower baPWV and higher
CI-DVP values. It means that these early CKD pa-
tients had lower central and peripheral arterial stiff-
ness. Schillaci et al. reported that there was an inverse
relationship exists between GFR and stiffness of both
central and peripheral arteries in hypertensive pa-
tients with normal renal function [23]. Our previous
work showed that decrease of CI-DVP was associated
with the increase in number of cardiovascular risk
factors and CI-DVP was independently associated
with eGFR [11]. Tian et al. suggested that peripheral
artery disease, defined as ABI <0.9, was a marker to
predict the loss of residual renal function in patients
receiving peritoneal dialysis [7]. Assessment of small
arterial stiffness serves as an earlier marker for vas-
cular disease, rather than PWV, which is pres-
sure-dependent and influenced by long-term struc-
tural changes [24]. This study further showed that the
surrogate marker of small peripheral arterial stiffness,
CI-DVP, was an independent predictor of renal func-
tion deterioration in CKD patients. To the best of our
knowledge, the present study is the first to demon-
strate the association between small peripheral arteri-
al stiffness and decline of renal function in CKD pa-
tients. We also demonstrated that higher CI-DVP and
baseline eGFR values were independent predictors for
better composite renal and cardiovascular outcomes.
Proteinuria indicates the presence of kidney

damage from diabetic nephropathy, glomerulone-
phritis, nephrosclerosis, and other renal or non-renal
disorders. Patients with higher level of proteinuria
were associated with doubling of serum creatinine
and development of ESRD in different CKD stages, in
addition to myocardial infarction and all-cause mor-
tality [25]. Higher proteinuria is associated with a
faster rate of renal decline, regardless of baseline
eGFR in patients with CKD [26]. Proteinuria may
cause inflammatory cell infiltration and fibrosis in the
interstitium and contribute to progressive renal
damage by multiple pathways. The pathogenesis in-
cludes upregulation of inflammatory and fibrogenic
pathways, induction of tubular cytokines and chem-
otactants, activation of complement cascade, and
tubular cell apoptosis [27-29]. In this study, significant
relationships were identified among higher pro-
teinuria and lower CI-DVP and advanced stages of
CKD. Higher proteinuria was independently associ-
ated with faster eGFR decline.

Previous studies have shown that increased ar-
terial stiffness (baPWYV) is associated with higher
proteinuria [6, 30]. Higher pulse pressure and ABI
were associated with increased proteinuria in subjects
with prediabetes, diabetes, or in general population in
Japanese cohorts [31, 32]. Our previous report showed
that arterial stiffness (stiffness index) is increased in
association with proteinuria in non-diabetic patients
with essential hypertension [33]. There are several
probable mechanisms, including hypertension,
dyslipidemia, inflammation and endothelial dysfunc-
tion, that link proteinuria with arterial stiffening and
increased cardiovascular risk. Proteinuria was a pre-
dictor for future development of hypertension in
normotensive subjects [34], and the degree of pro-
teinuria was a determinant of the presence of hyper-
tension in CKD patients [35]. Patients with CKD had a
higher prevalence of dyslipidemia than the general
population, and were at an increased risk for cardio-
vascular disease [36]. Proteinuric patients had higher
levels of serum high-sensitivity C-reactive protein and
asymmetric dimethyl-arginine (ADMA), and ADMA
level correlated with lower flow-mediated dilatation
measurement [37]. ADMA and the L-arginine/
ADMA ratio were associated with aortic PWV, and
might have a mechanistic role in the aortic stiffening
[38]. These may explain part of the mechanism of that
proteinuria increases arterial stiffness and cardiovas-
cular morbidity and mortality. Proteinuria might not
only reflect renal injury but also associated with a
systemic increase in vascular permeability and endo-
thelial dysfunction [39]. The increased transvascular
leakage could allow entry of lipoproteins into the
vessel wall and contributes to atherogenesis [40, 41].
This study demonstrated that proteinuria is signifi-
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cantly correlated with both central and peripheral
arterial stiffness (i.e., baPWV and CI-DVP) in CKD
patients.

There are several limitations to our study. Not all
important cardiovascular risk factors or medications
were included for analysis. Our analysis did not in-
clude calcium, phosphate and intact parathyroid
hormone because these data were insufficient in cer-
tain CKD patients, in particular those in early CKD
stage. The enrolled population might have caused a
selection bias and lost the association of certain rec-
ognized cardiovascular risk factors with arterial
stiffness assessed by CI-DVP and baPWYV. The rela-
tively small sample size, patient recruitment with
CKD stages 1 to 5, and low incidence of ESRD and
MAEs may have been underpowered to detect im-
portant associations and differences in examined
variables, it should be careful to apply our results to
patients with similar CKD stage at baseline.

In conclusion, the present study demonstrated
that CI-DVP, a surrogate marker of small peripheral
arterial stiffness, was significantly associated with
renal function decline in patients with CKD. CI-DVP
may have independent prognostic value in renal
function decline and composite renal and cardiovas-
cular outcomes in CKD patients.
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