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Introduction

The prevalence of chronic kidney disease (CKD) is steadily 
increasing. In Japan, the number of patients with CKD is approximately 
13,300,000 or 13% of the adult population [1]. Diseases such as 
diabetes mellitus, hypertension, and obesity, and smoking are known 
contributors to the progression of CKD or onset of arteriosclerosis 
[2,3] and increase the risk of cardiovascular disease (CVD) [4]. The 
Physician's Health Study showed that increase in total cholesterol (TC) 
and non-high-density lipo cholesterol (non-HDL-C), and decrease 
in HDL-C were risk factors for the onset of CKD in approximately 
4,500 healthy individuals [5]. Therefore, it is extremely important to 
manage lifestyle that causes arteriosclerosis.

Ankle-brachial index (ABI) and pulse wave velocity (PWV) are 
useful indicators of arteriosclerosis, which are also associated with 
renal dysfunction [6]. Abnormally high systolic blood pressure 
(SBP) impairs endothelial function, and can lead to atherosclerosis 
and sclerosis of the aorta [7]. Pulse pressure (PP), the difference 
between SBP and diastolic blood pressure (DBP), is also used as an 
index of arteriosclerosis [8]. ABI or PWV can only be assessed at 
medical facilities because it requires special equipment; however, 
PP can be easily measured at clinics or at home. Because PP is a 
convenient indicator of arteriosclerosis, it is important to understand 
the association between PP and renal dysfunction. A previous report 
showed that high PP was associated with decrease in renal function 
in CKD patients [9]. In recent years, a few reports have shown that 
CKD stage classification, focusing on glomerular filtration rate (GFR), 
is associated with the occurrence of CVD, deterioration of renal 
prognosis, and life prognosis [2,10]. In the present study, we examine 
the relationship between high PP and renal function according to 
each CKD stage classification.
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Materials and Methods

Participants

In the present study, we retrospectively investigated consecutive 
patients who visited the Nephrology Medicine Department of 
Yokosuka Kyousai Hospital between September 2006 and October 
2011. In total, our study included 104 participants with CKD (stage 
G3a-G5) who were diagnosed with hyperlipidemia and commenced 
on high potency statins. The average normal PP is 50 mmHg, and the 
risk of CVD increases when PP is ≥65 mmHg [11]. The participants 
were categorized on the basis of their PP: ≥65 mmHg was the High PP 
group, and PP <65 mmHg was the Low PP group.

Investigation items

Data regarding the participants’ basic information were collected 
from their medical records at baseline and 12 months later, as 
appropriate. This included their age, gender, body weight (BW), 
body mass index (BMI), smoking history, comorbidity (e.g., diabetes 
mellitus, hypertension). Laboratory data, including the levels of SBP, 
DBP, aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), serum uric acid (SUA), blood urea nitrogen (BUN), serum
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creatinine (SCr), creatinine clearance (Ccr), glomerular filtration 
rate (eGFR), TC, high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), triglyceride (TG), albumin 
(Alb), serum potassium (K), hemoglobin (Hb), hematocrit (Hct), and 
glycohemoglobin (HbA1c). The baseline was defined as the time to 
start pharmacotherapy for dyslipidemia. Changes in BUN, Scr, Ccr, 
eGFR at baseline and 12 months in CKD stages G3a-G3b and CKD 
stage G4-G5 between two groups were compared.

Statistical Analysis

All statistical analyses were performed using JMP® Pro (Version 13, 
SAS Institute Inc., Cary, NC, USA). Results are presented as mean ± 
standard deviation (SD). A p value < 0.05 was considered statistically 
significant. We used the following statistical methods depending on 
the type of data. Mann-Whitney U test, t-test, Wilcoxon signed-rank 
test, chi-square test, and Fisher’s exact test were used to analyze the 
differences between groups.

Ethics Regulation

This retrospective study using medical records was conducted with 
the approval of the Yokosuka Kyousai Hospital ethics committee 
(Approval number: 12-10) and complied with the Declaration of 
Helsinki and the Ethical Guidelines for Clinical Research.

Results

Descriptive analysis

Table 1 summarizes the baseline demographics of the participants 
for both CKD stage G3a-G3b, and G4-G5. We enrolled 104 
participants during the study period: 58 participants with CKD stage 
G3a-G3b including 38 males and 20 females, with a mean age of 65.9 
years and 46 participants with CKD stage G4-G5 including 24 males 
and 22 females with a mean age of 68.5 years.
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Characteristics stage G3a-G3b 
(n=58)

stage G4-G5 
(n=46)

Age (y) 65.9±11.0 68.5±10.8

Gender  n, (%)

    Male 38 (65.5) 24 (52.2)

    Female 20 (35.5) 22 (47.8)

Body weight (kg) 64.0±13.7 60.1±11.9

Body mass Index (kg/m2) 24.4(21.9–26.2) 23.3±5.8

Smoking history  n, (%) 26 (44.8) 25 (54.3)

Comorbidity  n, (%)

    Diabetes Mellitus 20 (34.5) 18 (39.1)

    Hypertension 40 (70.0) 38 (82.6)

Clinical laboratory data

    SBP (mmHg) 131.8±16.0 135.8±16.9

    DBP (mmHg) 77.6±12.4 72.9±10.2

    PP (mmHg) 58.2±14.7 62.8±14.6

    AST (IU/L) 26.2±15.6 20.4±10.0

    ALT (IU/L) 22.7±16.7 15.2±6.2

    SUA (mg/dL) 7.0±1.4 7.4±1.6

    BUN (mg/dL) 21.9±6.1 40.9±14.8

    SCr (mg/dL) 1.2±0.3 3.1±1.4

    Ccr (mL/min) 53.8±17.4 19.9±9.3

    eGFR (mL/min/1.73m2) 45.2±9.1 17.1±6.7

    TC (mg/dL) 259.1±95.8 243.5±52.5

    HDL-C (mg/dL) 51.0±12.5 49.3±15.5

    LDL-C (mg/dL) 158.7±73.8 144±43

    TG (mg/dL) 200.4±128.8 196.9±91.1

    Alb (g/dL) 3.6±0.9 3.6±0.5

    K (mEq/L) 4.3±0.5 4.6±0.6

    Hb (g/dL) 13.2±2.0 10.7±1.6

    Ht (%) 38.5±6.7 32.1±6.1

    HbA1c (NGSP) (%) 6.4±1.0 6.2±0.9
Table 1: Demographics of participants both CKD stage G3a-G3b 
and G4-G5.
Values are mean ± standard deviation where appropriate.

Characteristics Low PP 
group 
(n=42)

High PP 
group 
(n=16)

p value

Age (y) 64.0±11.5 69.6±8.4 0.0833 

Gender  n (%) 0.7654 

    Male 28 (66.7%) 10 (62.5%)

    Female 14 (33.3%) 6 (37.5%)

Body weight (kg) 64.3±13.7 68.1±13.9 0.3807 

Body mass Index (kg/m2) 24.6±3.4 27.0±7.3 0.3855 

Smoking history n (%) 17 (44.7) 9 (60.0) 0.3167 

Comorbidity

    Diabetes Mellitus n (%) 6 (37.5) 14 (33.3) 0.7654 

    Hypertension n (%) 12 (75.0) 28 (66.7) 0.5398 

Clinical laboratory data

    SBP (mmHg) 126.2±13.4 147.0±12.6 <.0001

    DBP (mmHg) 76.1±10.5 73.2±10.8 0.0677 

    AST (IU/L) 28.7±17.1 25.8±14.7 0.3507 

    ALT (IU/L) 26.7±16.3 18.3±7.7 0.0228 

    SUA (mg/dL) 6.9±1.4 7.5±1.5 0.3935 

    BUN (mg/dL) 19.5±6.7 23.8±8.5 0.0430 

    SCr (mg/dL) 1.1±0.3 1.3±0.4 0.2437 

    Ccr (mL/min) 58.4±23.4 50.8±15.7 0.2542 

    eGFR (mL/min/1.73m2) 48.1±11.5 41.9±11.5 0.0744 

    TC (mg/dL) 173.8±28.7 177.0±24.3 0.7260 

    HDL-C (mg/dL) 54.5±28.1 51.1±16.2 0.9820 

    LDL-C (mg/dL) 85.2±22.6 90.5±23.7 0.3547 

    TG (mg/dL) 161.2±74.9 190.6±86.8 0.2888 

    Alb (g/dL) 4.0±0.4 3.7±0.6 0.3720 

    K (mEq/L) 4.3±0.5 4.3±0.4 0.8496 

    Hb (g/dL) 13.5±2.1 12.5±1.3 0.0647 

    Ht (%) 40.0±6.1 34.7±9.1 0.0545 

    HbA1c (NGSP) (%) 6.3±0.7 6.5±0.9 0.4491 
Table 2: Comparison of baseline between Low PP group and High PP 
group in CKD stage G3a-G3b.
Values are mean ± standard deviation where appropriate.
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Table 2 compares the patient background characteristics and 
clinical laboratory data of the Low PP group and High PP group in 
CKD stage G3a-G3b. Significant differences were present for SBP, 
ALT, and BUN.

Table 3 shows patient background characteristics and clinical 
laboratory data between the Low PP group and the High PP group in 
CKD stage G4-G5. Significant differences were present for SBP, BUN, 
SCr, Ccr, eGFR, K, Hb, and Ht.

In the Low PP group, BUN and SCr significantly increased 12 
months later from the baseline in CKD stage G4-G5. Conversely, 
Ccr and eGFR significantly decreased during the same period in 
CKD stage G4-G5. However, BUN, SCr, Ccr, and eGFR were not 
significantly different in the Low PP group in CKD stage G3a-G3b.

In the High PP group, BUN and SCr significantly increased 12 
months later from the baseline in CKD stage G4-G5. Conversely, 
Ccr and eGFR significantly decreased during the same period in 
CKD stage G4-G5. However, BUN, SCr, Ccr, and eGFR were not 
significantly different in the High PP group in CKD stage G3a-G3b 
(Table 4).

Changes in renal function at CKD stage G4-G5 between the Low PP 
group and the High PP group were compared for one year from the 
baseline. ΔBUN and ΔSCr significantly increased in the High PP group 
compared to the Low PP group. Δ eGFR was significantly decreased 
in the High PP group compared to the Low PP group (Table 5).

Discussion

The most important finding of the present study is that renal 
function may be worse in the High PP group compared to the Low PP 
group for CKD stage G4-G5. Therefore, it is important to pay attention 
to PP management to prevent the decline of renal function. More 
specifically, blood pressure (BP) should be managed on a daily basis 
along with improvement in lifestyle. Factors including diet, exercise, 
and smoking cessation should be managed because increased PP is 
caused by systolic hypertension.

In our previous study, we showed that CKD patients were more 
likely to have increased PP and were associated with the reduction 
of renal function [9]. In recent years, a few reports showed that stage 
classification focused on GFR is associated with the onset of CVD, 
deterioration of renal prognosis, and life prognosis [2,10]. In this 
context, the present study examined the association between increased 
PP and renal function according to each CKD stage classification for 
CKD patients.

There were no significant differences in renal function between 
the baseline and at one year in CKD stage G3a-G3b in both the Low 
PP group and the High PP group. However, in CKD stage G4-G5, 
renal function significantly decreased 12 months later compared to 
the baseline, and renal function was worsened in the High PP group 
compared to the Low PP group. In addition, in univariate analysis, 
there was no significant deterioration of renal function in CKD 
stage G3a-G3b, but renal function worsened in the High PP group 
compared to the Low PP group at CKD stage G4-G5 (see Table 2 
and Table 3). These findings may help to explain that arteriosclerosis 
does not significantly affect renal function in CKD stage G3a-
G3b but significantly worsens renal function at CKD stage G4-G5. 
Otsuka et al. examined the relationship between lower eGFR and 
increased risk of arteriosclerosis in accordance with each stage of 
the classification of diabetic nephropathy in diabetic patients [12]. 
Several arteriosclerosis-related indicators deteriorated in both Stage 2 
(incipient nephropathy; 30-300 mg/day or /gCr in albuminuria) and 
Stage 3 (overt nephropathy; 300 mg/day or gCr in albuminuria or 0.5 
g/day or gCr in proteinuria) compared to Stage 1 (pre-nephropathy; 
<30 mg/day or /gCr in albuminuria). Furthermore, they categorized 
eGFR into a lowering group and a non-lowering group according to 
each stage of diabetic nephropathy classification, and examined the 
arteriosclerotic index, PWV. PWV was significantly elevated in the 
eGFR lowering group in diabetic nephropathy stage 1 and stage 2 
[12]. These findings may help to explain that as the stage of diabetic 
nephropathy progresses, arteriosclerosis deteriorates. As is evident 
from the above, the findings of the present study are consistent 
with those of the previous study [12]. In this regard, we believe it is 
indispensable to control PP for the management of advanced CKD.
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Characteristics Low PP 
group 
(n=26)

High PP 
group 
(n=20)

p value

Age (y) 66.6±12.2 70.6±9.5 0.2349 

Gender  n (%) 0.7957 

    Male 14 (53.9%) 10 (50.0%)

    Female 12 (46.2%) 10 (50.0%)

Body weight (kg) 58.4±13.4 60.8±13.0 0.5915 

Body mass Index (kg/m2) 22.7±6.1 23.7±4.3 0.7399 

Smoking history n (%) 10 (50.0%) 15 (57.7%) 0.6036 

Comorbidity

    Diabetes Mellitus n (%) 7 (26.9%) 11 (55.0%) 0.0531 

    Hypertension n (%) 19 (73.1%) 19 (95.0%) 0.0518 

Clinical laboratory data

    SBP (mmHg) 125.5±10.4 149.2±14.1 <.0001

    DBP (mmHg) 73.7±8.1 70.2±10.5 0.2487 

    AST (IU/L) 21.9±5.9 19.5±5.6 0.1952 

    ALT (IU/L) 16.7±7.8 15.8±8.5 0.7226 

    SUA (mg/dL) 7.6±1.7 7.2±1.6 0.4205 

    BUN (mg/dL) 39.1±16.1 56.6±18.2 0.0013 

    SCr (mg/dL) 3.2±2.1 4.4±2.3 0.0135 

    Ccr (mL/min) 23.3±12.3 14.1±6.3 0.0117 

    eGFR (mL/min/1.73m2) 18.9±8.4 12.4±5.5 0.0048 

    TC (mg/dL) 173.8±37.4 187.2±55.0 0.4073 

    HDL-C (mg/dL) 49.9±19.3 45.3±16.8 0.5229 

    LDL-C (mg/dL) 77.5±23.7 98.0±46.5 0.0611 

    TG (mg/dL) 3.7±0.6 3.6±0.6 0.2205 

    Alb (g/dL) 192.6±161.1 143.6±55.9 0.7367 

    K (mEq/L) 4.4±0.5 4.9±0.6 0.0067 

    Hb (g/dL) 11.5±1.4 9.7±1.3 <.0001

    Ht (%) 34.3±4.2 29.6±4.2 0.0008 

    HbA1c (NGSP) (%) 6.1±1.2 6.2±0.9 0.7471 

Table 3: Comparison of baseline between Low PP group and High 
PP group in CKD stage G4-G5.
Values are mean ± standard deviation where appropriate.
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 On the mechanism of increased SBP with the progression of 
arteriosclerosis, part of the blood ejected from the heart is sent directly 
to the periphery and part of it is stored in an elastic blood vessel like the 
aorta and sent to the periphery in diastole. However, when vascular 
elasticity decreases because of arteriosclerosis, the volume of blood 
from the periphery at systole increases and SBP increases because 
of which DBP decreases as the volume of blood sent in diastole is 
reduced. Therefore, if increase in SBP is observed in advanced CKD 
patients, a corresponding progression of arteriosclerosis and change 
in BP should also be noted.

On the contrary, in predialysis patients with CKD, comprehensive 
management that is aimed at suppressing disease pathology, 
particularly BP management, is important. The significance of 
hypotensive action in CKD is the suppression of CKD progression, 
and reduction risk of the onset of CVD and death. Meta-analysis 
revealed that the decrease in the rate of GFR slows as BP reaches 
130/80 mmHg in clinic BP [13]. In addition, the risk of CVD is 
the lowest around SBP 130 mmHg after pressure reduction in 
intervention studies of CVD high-risk patients [14]. Therefore, drug 
therapy and lifestyle intervention is required so that clinic BP can be 
controlled to be 130/80 mmHg or less. In predialysis patients with 
CKD, in addition to BP management, lifestyle including excessive 
intake of energy or salt, insufficient exercise, drinking, smoking, and 
stress are also related to the progress of CKD. Improvement in lifestyle 
forms the basis for CKD treatment. Metabolic syndrome, especially 
overeating and insufficient exercise, is closely related with CKD 
progression and CVD onset; however, drug therapy or the acquisition 
of knowledge regarding disease pathology and improvements in 

lifestyle may prevent severity because of complications. Education 
hospitalization for patients with CKD is considered effective for 
the prevention of severity [15]. Patients will be able to self-control 
by acquiring the knowledge necessary for the prevention of severity 
and improving lifestyle through educational hospitalization for CKD. 
Early rehospitalization rate was suppressed by 36.2% because of the 
instruction of multidisciplinary medical teams including physicians, 
pharmacists, nurses, and dietitians compared to the individual medical 
specialists at CKD educational hospitalization in our previous study 
[16]. Taken together, treatment by a multidisciplinary medical team is 
important for CKD educational hospitalization in predialysis patients 
with CKD.

The present study has several limitations. First, this was a single-
center cross-sectional study with a small sample size. Second, patients 
with diabetes mellitus were included; it is possible that some decrease 
in eGFR in these patients was the result of glomerulonephritis because 
of diabetic nephropathy. Third, BP was measured at home; there is 
a circadian variation in BP, BP may be elevated in clinical settings, 
and also varies depending on the method or time of measurement 
[17]. Because this study was retrospective we could not address these 
issues, the abovementioned factors may have affected the results of this 
study. In future studies, BP should be measured using ambulatory BP 
monitoring that is closely associated with the degree of hypertensive 
organ damage [18-20].

The present study has several limitations. First, this was a single-
center cross-sectional study with a small sample size. Second, patients 
with diabetes mellitus were included; it is possible that some decrease 
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(A) Low PP Group

CKD stage G3a-G3b (n=42) CKD stage G4-G5 (n=26)

Renal function baseline 12 months later p value Baseline 12 months later p value

BUN (mg/dL) 21.2±5.6 19.5±6.7 0.0537 34.1±13.9 39.1±16.2 0.0435

SCr (mg/dL) 1.2±0.3 4.2±2.0 0.5797 2.7±1.6 3.2±2.1 0.0029

Ccr (mL/min) 57.2±17.3 58.4±23.4 0.6872 28.1±18.8 23.3±12.3 0.0024

eGFR (mL/min/1.73m2) 46.9±9.3 48.1±11.5 0.4261 22.7±11.3 18.9±8.4 0.0014

(B) High PP Group

CKD stage G3a-G3b (n=16) CKD stage G4-G5 (n=20)

Renal function baseline 12 months later p value baseline 12 months later p value

BUN (mg/dL) 23.6±8.4 23.8±8.5 0.7871 43.3±15.4 56.6±18.2 0.0069

Scr (mg/dL) 1.2±0.4 1.3±0.4 0.1318 3.0±1.2 4.4±2.3 0.0006

CCr (mL/min) 52.5±13.9 50.8±15.7 0.3226 21.0±10.0 14.1±6.3 0.0011

eGFR (mL/min/1.73m2) 43.9±9.9 41.9±11.5 0.2987 18.6±9.0 12.3±5.5 0.0004

Change in Renal function Low PP group (n=26) High PP group (n=20)  p value

Δ BUN (mg/dL) 5.0±3.1 13.3±3.4 0.0373

Δ Scr (mg/dL) 0.53±1.0 1.5±1.8 0.0084

Δ Ccr (mL/min) –4.8±1.8 –6.9±2.2 0.0756

 Δ eGFR (mL/min/1.73m2) –2.9±4.4 –6.2±6.4 0.0481
Table 5: Effect of Renal function for CKD stage G4-G5 between Low PP group and High PP group.
Values are mean ± standard deviation where appropriate.
ΔBUN, ΔSCr, ΔCcr, and ΔeGFR show the chane in renal function for one year from baseline.

Table 4: Effect of renal function for each CKD stage between Low PP group and High PP group.
Values are mean ± standard deviation where appropriate.
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in eGFR in these patients was the result of glomerulonephritis because 
of diabetic nephropathy. Third, BP was measured at home; there is 
a circadian variation in BP, BP may be elevated in clinical settings, 
and also varies depending on the method or time of measurement 
[17]. Because this study was retrospective we could not address these 
issues, the abovementioned factors may have affected the results of this 
study. In future studies, BP should be measured using ambulatory BP 
monitoring that is closely associated with the degree of hypertensive 
organ damage [18-20].

In conclusion, although there were no significant differences in 
renal function between the High PP group and the Low PP group 
in CKD stage G3a-G3b, renal function deteriorated between both 
groups in CKD stage G4-G5, and deteriorated more in the High PP 
group. Therefore, the decrease in renal function may be reflected in 
the CKD stage in which arteriosclerosis has progressed.
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