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 Abstract 
  Background:  The relationship between arterial stiffness and kidney function has not been 
clearly   demonstrated although observations of higher arterial stiffness in patients with ad-
vanced stages of chronic kidney disease (CKD) were reported. In longitudinal analyses, there 
was no close association between basal arterial stiffness and progression of kidney function 
in the general population. In the present study, we assessed the relationship between arte-
rial stiffness and progression of renal dysfunction in patients with CKD stages 3–5 using two 
types of measures of arterial stiffness, i.e., carotid-femoral pulse wave velocity (cfPWV) and 
brachial-ankle pulse wave velocity (baPWV), over a 10-year period.  Methods:  110 patients 
with CKD stages 3–5 (aged 57.8 ± 10.6 years; female/male: 72/38) were followed for 10 years. 
Before and at the end of the 10-year period, cfPWV and baPWV were measured using form 
PWV/ABI (Omron Colin Co. Ltd.).  Results:  Throughout the study, systolic blood pressure was 
well-controlled in all patients. Twenty-nine patients (26%) received renal replacement therapy, 
12 patients (11%) developed cardiovascular diseases (CVDs), 5 patients were found to have 
neoplasm, and 9 patients dropped out of the study during the 10-year observation period. In 
patients who developed end-stage renal disease, the baseline estimated glomerular filtration 
rate (eGFR) was significantly lower, and in patients who developed CVD, the basal value of 
baPWV was significantly higher (p < 0.05). Throughout the study, blood pressures were con-
trolled (136.1/77.0 ± 15.6/7.1 to 137.5/77.6 ± 14.9/11.2), kidney function worsened (eGFR, 30.8 
± 16.5 to 22.9 ± 17.6 ml/min/1.73 m 2 ; p < 0.01), and baPWV but not cfPWV showed a signifi-
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cant change [1,672.2 ± 209.6 vs. 1,753.1 ± 333.2 cm/s (p = 0.04) and 918.9 ± 153.2 vs. 939.4 ± 
133.2 cm/s]. Moreover, the difference in PWV between the start and the end of the 10-year 
observation period was positively correlated with the difference in eGFR.  Conclusion:  With 
moderate progression of renal dysfunction and under well-controlled blood pressure, periph-
eral but not central arterial stiffness is possibly one of the strongest predictors of CVD in pa-
tients with CKD stages 3–5.  © 2014 S. Karger AG, Basel 

 Introduction 

 Risk factors for the progression of renal dysfunction over the long term have been 
discussed. However, it remains uncertain what factors play important roles. 

   Previously, blood pressure (BP) control was considered to be most important  [1]  and 
antihypertensive drugs have been aggressively used for the control of BP. Among the antihy-
pertensive drugs, renin-angiotensin inhibitors are recommended as the first-line therapy for 
hypertension in patients with chronic kidney disease (CKD)  [2] .

  In addition to a decline in renal function, the risk of cardiovascular events increased as the 
glomerular filtration rate (GFR) decreased in a large, community-based population  [3] . Consid-
erable data are available on the association between arterial stiffness and decline in renal 
function  [4, 5] . Furthermore, arterial stiffness increases progressively with decline in renal 
function  [6, 7] .   Carotid-femoral pulse wave velocity (cfPWV), a measure of aortic stiffness, and 
brachial-ankle pulse wave velocity (baPWV), a measure of both central and peripheral arterial 
stiffness, are associated with increased cardiovascular mortality and have been identified as 
potential nontraditional risk factors for CKD  [6, 8–10] . At present, the association between 
arterial stiffness and decline in renal function still remains controversial, probably because the 
data were obtained from a cross-sectional cohort study. Several studies have reported that in 
patients with early CKD, increased arterial stiffness was strongly associated with decline in 
GFR  [11–13] . On the other hand, other studies have reported that PWV is not associated with 
decline in GFR in patients with early CKD  [14–17] . In the present study, we examined the longi-
tudinal relationship between the change in renal function and the change in cfPWV or baPWV 
in patients with nondiabetic CKD stages 3, 4 and 5 excluding dialysis. 

  Subjects and Methods  

 This was a prospective, observational, single-center cohort study, and was conducted in accordance 
with the Declaration of Helsinki. Approval for the study was obtained from the Saitama Medical University 
Ethics Committee, and written informed consent was obtained from each participant. 

  Patients were recruited from specialist renal clinics at the Renal Disease Center, Saitama Medical 
University, from October 2002 to September 2003. All participating patients were followed for 10 years or 
until death, the commencement of dialysis therapy or renal transplantation, the detection of neoplasm or the 
occurrence of a cardiovascular event (fatal or nonfatal myocardial infarction, cerebrovascular disease or 
aortic dissection).

  Patients with the following inclusion criteria were entered in the study: having CKD as defined by the 
K/DOQI guidelines  [2] , not yet on dialysis, having had stable renal function within the last 3 months (<5 ml/
min/1.73 m 2  change in GFR), and no change in medication in the preceding 3 months. 

  Exclusion criteria were diabetes mellitus, atrial fibrillation, known left ventricular dysfunction (ejection 
fraction <55%), signs and symptoms of congestive heart failure, pregnancy or lactation, significant valvular 
or coronary heart disease, cardiac arrhythmia or conduction defects, systemic diseases, proteinuria in the 
nephrotic range (<3.0 g/day), and use of sedative or hypnotic drugs or any other drugs potentially affecting 
blood pressure during ambulatory monitoring (e.g. corticosteroids).
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  Cause of Renal Impairment  
 The cause of CKD was assessed by reviewing the clinical history and investigations. Patients were clas-

sified as ‘hypertensive/glomerulosclerosis’ if they had no clear evidence of active renal disease but had a 
history of hypertensive diseases and positive urinary protein excretion without casts. 

  The underlying etiologies of CKD in our study patients included chronic glomerulonephritis (61 patients, 
55%), hypertensive nephrosclerosis (26 patients, 24%), and other diseases (23 patients, 21%). 

  All patients were treated with antihypertensive drugs including renin-angiotensin inhibitors, and BP 
was well-controlled in all patients. 

  BP Measurements 
 BP was not measured in the clinic, and the patients were given instructions on how to measure and 

record their own BP at home. BP measurements were recorded at least twice a week at home in the sitting 
position – once in the morning before breakfast within 30 min of awakening, and once in the evening just 
before dinner  [11] . Home BP measurements were made using the HEM 401C (Omron Life Science Co. Ltd., 
Tokyo, Japan), a semi-automatic device that operates on the cuff-oscillometric principle and generates a 
digital display of systolic and diastolic BP and pulse rate  [12] . Usually, 20 recorded values of both systolic and 
diastolic BP were averaged as monthly BP; target home BP was 130/85 mm Hg or lower and home BP 
measurements were encouraged. 

  Measures of PWV  
 PWV was measured using an automatic waveform analyzer (form PWV/ABI; Omron Colin, Co. Ltd., 

Komaki, Japan). All individuals were examined after having rested in the supine position for at least 5 min. 
The methods for PWV measurements were described elsewhere  [13, 14] . 

  Laboratory Measurements 
 Serum creatinine, 24-hour urinary excretion of creatinine and protein, and hematologic and serum 

tests, including urea, uric acid, blood urea nitrogen and electrolytes among others, were obtained at the 
beginning of the observation period, during every month of follow-up and at the end of the observation 
period. 

  Estimated GFR (eGFR) was calculated using a modified three-variable equation for eGFR in Japanese 
patients: eGFR = 194 × age –0.287  × sCr –1.094  (× 0.739, if female), where sCr = serum creatinine  [15] . 

  Total Care of CKD Patients 
 The selection of an antihypertensive agent depended on physician preference. All patients were treated 

with antihypertensive drugs including renin-angiotensin inhibitors, and BP was well-controlled in all patients 
 [1, 16] . 

  Subjects were treated with recombinant human erythropoietin as necessary, and their hemoglobin 
levels were maintained between 11 and 12 g/dl  [17] . They were given oral iron supplementation if diagnosed 
with iron deficiency. 

  Subjects with parathyroid hormone levels greater than 300 pg/ml were treated with 1,25(OH) 2 D 3  and 
CaCO 3  supplements, while patients with levels lower than 70 pg/ml were treated with CaCO 3  to reduce the 
degree of hyperphosphatemia. Doses were adjusted based on serum levels of calcium and phosphate. Lipid-
lowering drugs, primarily statin derivatives, were administered if serum cholesterol levels exceeded 240 
mg/dl  [18] . 

  Statistical Analysis 
 Statistical analyses were performed using JMP software, version 9 (JMP, a business unit of SAS, Cary, 

N.C. USA). Correlations between various characteristics were determined using Pearson’s correlation test.
p < 0.05 was considered significant. Patient event-free curves were calculated by the Kaplan-Meier life table 
analysis method, and differences between the groups were evaluated by the log rank test.

  Univariate analysis for decline in renal function as evaluated by eGFR and for increase in PWV was used 
to assess the relationship between the difference in eGFR or the increase in PWV and selected variables. 
Values are given as means ± SD. The significance of the differences in the data of laboratory and tonometry 
variables between the baseline values and those after 10 years was assessed by paired   t tests. p values <0.05 
were regarded as statistically significant. 
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  Results  

 One hundred and ten patients with CKD stages 3–5 were enrolled in this study. Their 
baseline characteristics are summarized in  table 1 . 

  Twenty-nine patients (26%) received renal replacement therapy, 12 patients (11%) 
developed cardiovascular diseases (CVDs), 5 patients were found to have neoplasm, and 9 
patients dropped out of the study during the 10-year observation period. The remaining 55 
patients had no events and were observed over the 10-year period.   The comparison of labo-
ratory findings at baseline among 3 groups is shown in  table 2 . There were no significant 
differences in laboratory findings among these 3 groups. In  figures 1–3 , baseline hemody-
namic and eGFR data of the 3 groups are compared. The baseline eGFR in the patients who 
developed end-stage renal disease (ESRD) was significantly lower, and the baseline baPWV 
in the patients who developed CVD was significantly higher. In  tables 3  and  4 , the hemody-
namic and laboratory findings in the 55 patients who were followed for 10 years are shown. 
During the 10-year period, the hemodynamic data except baPWV and the laboratory findings 
except eGFR did not show any significant changes. However, the baPWV was significantly 
higher and the eGFR was significantly lower at the end of the 10-year observation period 
compared with the respective baseline values (p < 0.01 and p < 0.05, respectively;  fig. 4 a, b). 
There was a significant positive correlation between the difference in eGFR and the difference 
in baPWV over the 10-year observation period (p = 0.01;  fig. 5 ). 

  The Kaplan-Meier curve of the patients is shown in  figure 6 . The incidence-free rates at 
5 and 10 years were 68 and 54%, respectively. 

 Age, years 57.8 ± 10.6
Gender (male/female) 72/38
eGFR, ml/min/1.73 m2 25.5 ± 17.5
Systolic BP, mm Hg 139.6 ± 15.6
Diastolic BP, mm Hg 82.6 ± 7.1
Heart rate, beats/min 72.3 ± 8.6
cfPWV, cm/s 518.9 ± 153.2
baPWV, cm/s 1,672.2 ± 209.8
Serum albumin, g/dl 4.0 ± 0.4
Hemoglobin, g/dl 11.2 ± 0.9
Total cholesterol, mg/dl 201.2 ± 36.3
Phosphate, mg/dl 3.9 ± 1.9
Calcium, mg/dl 9.0 ± 1.0
Urinary protein excretion, g/gCr 1.23 ± 0.92

 Table 1.  Baseline characteristics 
of the patients with CKD stages 
3–5 (n = 110)

 Table 2. Baseline laboratory findings

Variables Progression of renal 
dysfunction (n = 55)

ESRD (n = 29) CVD (n = 17)

Serum albumin, g/dl 4.1 ± 0.4 3.9 ± 0.8 4.1 ± 0.4
Hemoglobin, g/dl 11.4 ± 1.0 10.6 ± 1.5 11.4 ± 1.4
Total cholesterol, mg/dl 196.3 ± 35.5 187.2 ± 43.3 219.2 ± 42.7
Phosphate, mg/dl 3.9 ± 1.9 4.1 ± 1.8 3.8 ± 1.3
Calcium, mg/dl 9.0 ± 1.3 9.6 ± 1.2 9.2 ± 1.0 
Urinary protein excretion, g/gCr 1.56 ± 0.82 1.78 ± 1.79 0.96 ± 0.66
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  Fig. 1.  Comparison of baseline values of systolic and diastolic BP among patients who had no events (n = 55), 
patients who developed ESRD (n = 29), and patients who had events (cardiovascular events or neoplasm)
(n = 17)   during the 10-year period. SBP = Systolic BP; DBP = diastolic BP. Abbreviations are the same in the 
following figures.   
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  Fig. 2.  Comparison of baseline values of baPWV and cfPWV among patients who had no events (n = 55), pa-
tients who developed ESRD (n = 29), and patients who had events (cardiovascular events or neoplasm) (n = 
17) during the 10-year period. baPWV was significantly lower in patients who had cardiovascular events 
than in the other two groups. There was no difference in cfPWV among the 3 groups.  *  p < 0.05.  
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  Discussion 

 The present study provides the first direct evidence in CKD patients that measures of 
aortic stiffness are predictors of fatal and nonfatal CVD events, extending the available 
evidence from the dialysis population to CKD patients. 
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  Fig. 3.  Comparison of baseline 
values of eGFR among patients 
who had no events (n = 55), pa-
tients who developed ESRD (n = 
29), and patients who had events 
(cardiovascular events or neo-
plasm) (n = 17) during the 10-
year period.  *  p < 0.05. 

At the start (n = 55) After 10 years (n = 55)

Systolic BP 136.1 ± 15.6 137.5 ± 14.9
Diastolic BP 77.0 ± 7.1 77.6 ± 11.2
PP 59.0 ± 12.8 59.4 ± 13.7
Heart rate 74.1 ± 10.9 75.6 ± 9.6
cfPWV 918.9 ± 153.2 939.4 ± 133.2

Data on the 55 patients who were observed over the entire 10-year 
study period are shown.

 Table 3. Comparison of 
hemodynamic factors at the start 
and at the end of the 10-year 
observation period

 Table 4. Comparison of laboratory findings at the start and at the end of the 10-year observation period

At the start (n = 55) After 10 years (n = 55)

Serum albumin, g/dl 4.1 ± 0.4 4.0 ± 0.5
Hemoglobin, g/dl 11.4 ± 1.0 11.2 ± 0.9
Total cholesterol, mg/dl 201.2 ± 36.3 180.4 ± 29.6
Phosphate, mg/dl 3.9 ± 1.9 3.6 ± 1.5
Calcium, mg/dl 9.0 ± 1.0 9.2 ± 0.7
Urinary protein excretion, g/gCr 1.56 ± 0.82 1.66 ± 0.97

Data on the 55 patients who were observed over the entire 10-year study period are shown. 
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  In this study, 25% of the participating patients developed ESRD during the 10-year obser-
vation period. At the start of the observation period, the baseline value of eGFR was signifi-
cantly lower in the ESRD patients than in the other patients, indicating that the lower the 
eGFR, the more rapidly the patients developed ESRD. This is generally accepted by nephrolo-
gists. Decline in renal function has been evaluated by the surrogate endpoint of doubling of 
the serum creatinine concentration from the baseline level, or the ‘hard’ endpoint of death or 
the development of ESRD. The latter hard endpoint is usually determined by the starting time 
of renal replacement therapy. In the present study, the average baseline value of eGFR was 
25.5 ml/min/1.73 m 2 . At this level of renal dysfunction, more than two thirds of patients are 
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  Fig. 4.  Changes in baPWV ( a ) and eGFR ( b ). There was a significant change in eGFR and baPWV between the 
start and the end of the 10-year observation period (n = 55).  
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assumed to develop ESRD during the subsequent 5 years  [19] . Compared with the generally 
accepted ratio for the development of ESRD, treatment at our clinic slowed the decline in 
renal function. 

  It has been controversial what factors determine or are associated with decline in renal 
function. Previously, Chue et al.  [20]  reported that serum phosphate, but not PWV, indepen-
dently predicted decline in renal function in patients with early CKD. In contrast, Kim et al. 
 [21]  reported that pulse pressure (PP) was an independent risk factor for rapid decline in 
kidney function in populations with relatively preserved kidney function. In our present 
findings, the baseline level of eGFR was the sole determinant factor. Other variables related 
with hemodynamics such as systolic BP, PP, and PWV were not found to be determinant 
factors for decline in renal function. Ng et al.  [22]  have recently demonstrated that in CKD 
patients most of the variability in central PP could be explained by peripheral PP. Compared 
with the previous reports, our observation period was relatively longer. In the short term, 
several hemodynamic factors such as systolic BP, PP and PWV may play some roles; however, 
in the long term, since these factors are modulated by increases in doses and/or in the number 
of antihypertensive drugs, the effects of such hemodynamic factors would be cancelled. 

  It is well known that the morbidity and mortality of CVD in patients with CKD are high 
and the presence of CKD worsens the outcomes of CVD  [23] ; however, it still remains uncertain 
what factors predict the occurrence of CVD. CKD-associated risks for CVD such as dyslip-
idemia, systemic inflammation and vascular calcification have been proposed  [3, 24] . Among 
these factors, arterial stiffness is one of the strongest predictors of CVD in CKD patients  [25–
27] . In the present study, CKD patients who suffered from CVD during the 10-year obser-
vation period had a higher baseline PWV, indicating that PWV possibly predicts CVD event. 
Arterial stiffness increases progressively with the decline in renal function  [6] . Based on the 
results of the present study, baPWV but not cfPWV might be an important predictor of CVD. 
Since it is generally acknowledged that cfPWV represents a measure of aortic stiffness and 
baPWV represents a measure of both central and peripheral arterial stiffness, central as well 
as peripheral arterial stiffness is associated with increased risk of CVD. This has a two-fold 
meaning: under well-controlled BP, PWV changes gradually, and total arterial stiffness might 
be a more important predictor of CVD than central aortic stiffness in CKD patients. 

  There are potential limitations in our study. Although prospective, it is observational and 
cross-sectional in design and therefore subject to potential residual confounding. Secondly, 
our study is limited by the small number of patients. Thirdly, this study was performed at a 
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single renal center; thus, the generalizability of the findings to other populations, including 
other sites, is unknown. This might cancel the variable factors from other studies conducted 
at multiple centers. 

  Overall, during the 10-year observation period, 25% of the participating patients 
developed ESRD. This figure is not high compared with that observed in general clinical 
practice in Japan  [28] . Also, 12 patients suffered from CVD during the 10-year period, indi-
cating that BP control is most important for CKD patients  [29] . Moreover, even under well-
controlled BP, PWV should be monitored carefully. 

  Fourthly, we illustrated the Kaplan-Meier curve including all events: renal replacement 
therapy, CVDs and neoplasm. In Japan, the causes of death due to CVD are less compared with 
those of neoplasm. There is only 15% of death due to CVD. Besides, this holds true in CKD 
patients. 

  In the present study, we did not calculate the death rate, because no sudden death was 
noted and some patients died during hospitalization, while others died after the introduction 
of renal replacement therapy. In such situations, it was very difficult to determine when 
exactly the patients had died.  

  In conclusion, it is suggested that with moderate progression of renal dysfunction and 
under well-controlled BP, peripheral but not central arterial stiffness is possibly one of the 
strongest predictors of CVD in patients with CKD stages 3–5. 
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