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Prevalence and risk factors for renal artery stenosis and
chronic kidney disease in Japanese patients with
peripheral arterial disease

Michiko Endo1, Hisao Kumakura1, Hiroyoshi Kanai1, Yoshihiro Araki1, Shu Kasama1, Hiroyuki Sumino1,
Shuichi Ichikawa1 and Masahiko Kurabayashi2

The prevalence and risk factors for renal artery stenosis (RAS) and chronic kidney disease (CKD) are unclear in Japanese

patients with peripheral arterial disease (PAD). To examine these issues, we performed renal angiography in 410 patients with

PAD. Renal function and damage were assessed using the estimated glomerular filtration rate (eGFR) and urinary level of

microalbumin (MA). Multiple logistic and multiple regression analyses were used to examine the relationships of potential risk

factors with RAS and CKD. In all, 94 subjects (22.9%) had RAS 450% and 45 subjects (11.0%) had RAS 475%. The

incidences of an abnormal level of MA and renal insufficiency (eGFR o60mlmin–1 per 1.73m2) were 37.0 and 60.7%,

respectively. RAS X50% was associated with critical limb ischemia (CLI; hazard ratio (HR) 2.519; 95% confidence interval

(CI) 1.203–5.276, P¼0.014), coronary heart disease (CHD; HR 2.143; 95% CI 1.129–4.069; P¼0.020) and hypertension

(HR 1.907; 95% CI 1.009–3.628; P¼0.045). RAS X75% had a relationship with hypertension (HR 3.093; 95% CI

1.002–9.548; P¼0.048). eGFR was negatively correlated with age, uric acid and CHD (P¼0.013), and MA had a significant

positive correlation with low-density lipoprotein cholesterol, CLI, age, CHD and diabetes (Po0.001). These results show that

the prevalences of RAS and CKD are very high in Japanese patients with PAD; that CLI and CHD are major risk factors for RAS;

and that hyperuricemia, hypercholesterolemia and diabetes are risk factors for CKD in PAD. We also found that MA is a simple

and noninvasive marker of renal dysfunction and general vascular damage.
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INTRODUCTION

Atherosclerotic renal artery stenosis (RAS) is a cause of severe
hypertension, pulmonary edema and renal dysfunction.1,2 Recent
studies have shown a high prevalence of RAS in patients with
peripheral arterial disease (PAD) or coronary heart disease
(CHD).1,3 However, many cases of RAS do not present with specific
symptoms or signs of ischemia, unlike PAD or CHD, and there is little
information on the prevalence of RAS in Japanese patients with PAD.
PAD is an atherosclerotic disease that has multiple atherosclerosis risk
factors and a high incidence of coexisting atherosclerotic vascular
disease.4 PAD is also frequently associated with chronic kidney disease
(CKD),5,6 which also seems to be a risk factor for CHD and cerebral
vascular disease.5,7 However, the prevalence and degree of CKD and
the associated risk factors in patients with PAD are also unclear.
Recent studies of the estimated glomerular filtration rate (eGFR)

have shown that this parameter is a better predictor of mortality than
serum creatinine alone in patients with PAD.5,6 Moreover, microalbu-
minuria is independently associated with increased cardiovascular risk

factors and cardiovascular morbidity.8,9 Therefore, in this study, we
investigated the prevalence of RAS and clinical factors related to RAS
in Japanese patients with PAD independent of hemodialysis. We also
examined various risk factors for CKD based on evaluation of eGFR or
urinary microalbumin (MA) in patients with PAD.

METHODS

Patients
The subjects of the study were patients with PAD who were admitted to our

hospital and received endovascular treatment between July 2004 and August

2008 because of iliac or femoral artery stenosis of X70% on angiography.

Before the start of the study, the patients received a full explanation of the

treatment and examination methods, and gave written informed consent. RAS

was evaluated by digital subtraction angiography performed just before the start

of endovascular treatment. The rate of stenosis was calculated bilaterally using

automatic software from the manufacturer (Phillips Med, Best, The Nether-

lands) same as quantitative coronary angiography. Patients with a creatinine

level of X2.5mg per 100ml and those with severe proteinuria such as that in

nephrotic syndrome were excluded from the study, because these patients were
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not eligible for endovascular treatment using an iodinated contrast material.

Patients receiving hemodialysis were also excluded from the study.

Risk factors
Smoking history, hypertension, diabetes mellitus (DM), cerebral infarction and

CHD were studied as risk factors for arteriosclerosis. Hypertension was defined

as blood pressure of X140/90mmHg recorded at least twice, or intake of

antihypertensive agents. Diabetes was defined as a fasting plasma glucose level

of 4126mg per 100ml for at least two measurements, or antidiabetic

therapy.10 An electrocardiogram was recorded and echocardiography and a

brain computed tomography scan were performed for each patient. Cerebral

infarction was considered positive when the patient had a history of this

condition or when lesions due to cerebral infarction were found in brain

computed tomography. CHD was considered to be present when the patient

had a history of this disease or showed a positive sign in stress/rest myocardial

perfusion scintigraphy. Intermittent claudication and critical limb ischemia

(CLI) were defined using the criteria of the Inter-Society Consensus for the

Management of Peripheral Arterial Disease.4

Blood was collected during fasting in the morning for determination of total

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

cholesterol, triglyceride, lipoprotein (a), remnant-like particle-cholesterol,

glycosylated hemoglobin A1c, homocysteine, glucose, uric acid, creatinine,

D-dimer and fibrinogen. Freshly voided samples were collected for determina-

tion of urinary MA and creatinine. The degree of albuminuria was expressed as

the MA/creatinine ratio (mg per gCr). Lipid abnormalities were diagnosed

based on total cholesterol X220mg per 100ml or intake of lipid-lowering

agents,11,12 high-density lipoprotein cholesterol o40mg per 100ml,4,12 trigly-

ceride X150mg per 100ml,12,13 and LDL cholesterol X140mg per 100ml.12

Assessment of renal function
The glomerular filtration rate was estimated using the MDRD (Modification of

Diet in Renal Disease) equation for creatinine, as modified by the Japanese

Society of Nephrology: eGFR (mlmin–1 per 1.73m2)¼194�(Scr)�1.094�
(age)�0287(�0.739 if female).14 CKD was divided into five stages according

to NKF-K/DOQl (The National Kidney Foundation–Kidney Disease Outcomes

Quality Initiative) guidelines.15 Glomerular function was also assessed by

measuring the urinary level of MA. Microalbuminuria was diagnosed based

on MA X30mg per gCr.

Statistical analysis
Data are expressed as mean values±s.d. The groups of patients with and

without RAS were compared using a t-test and proportions were compared

using w2 test with Yates’ correction. Factors with Po0.07 in this paired analysis

were used in multivariate logistic analysis to determine predictors of RAS

(hypertension, CHD, cerebral infarction, CLI, ankle brachial pressure index,

body mass index, fibrinogen, age and eGFR). Relationships between eGFR or

MA and the following risk factors were studied using stepwise forward multiple

regression analysis: smoking, CLI, hypertension, DM, cerebral infarction and

CHD as categorical factors; and age, ankle brachial pressure index, LDL

cholesterol, high-density lipoprotein cholesterol, triglyceride, lipoprotein (a),

remnant-like particle-cholesterol, glycosylated hemoglobin A1c, homocysteine,

uric acid, D-dimer and fibrinogen as continuous variables. SPSS v.16.0 (SPSS,

Chicago, IL, USA) was used for all calculations. A P-value of o0.05 was

considered to indicate a significant difference.

RESULTS

Patient characteristics
The subjects were 410 patients with PAD (338 males and 72 females)
aged 38–97 years old (mean 71.0±9.1 years old). The characteristics
of the patients, including complications and risk factors, are shown in
Table 1. Patients with RAS X50% were significantly older, and had
higher fibrinogen and a lower ankle brachial pressure index and body
mass index compared with those without RAS. Hypertension, CHD
and cerebral infarction were significantly more common in patients

Table 1 Baseline clinical characteristics and risk factors in patients with PAD

Risk factor All patients, n¼410 RAS X50%, n¼94 (22.9%) RAS (�), n¼316 (77.1%) P-value

Age (year) 71.0±9.1 72.9±8.3 70.5±9.2 0.043

Gender (male) 338 (82.6%) 81 (86.2%) 257 (81.3%) 0.394

CLI (vs. IC) 64 (15.6%) 22 (23.4%) 42 (13.3%) 0.062

ABI 0.60±0.25 0.53±0.24 0.62±0.25 0.007

BMI (kg m–2) 22.1±3.7 20.9±3.4 22.4±3.3 0.001

Hypertension 247 (60.2%) 71 (75.5%) 176 (55.6%) 0.007

DM 124 (30.2%) 27 (28.7%) 97 (30.7%) 0.778

eGFR (ml min–1 per 1.73 m2) 58.3±18.2 54.7±20.7 59.1±17.6 0.065

CHD 122 (29.8%) 39 (41.5%) 83 (26.3%) 0.020

Cerebral infarction 71 (17.3%) 26 (27.7%) 45 (14.2%) 0.009

Smoking 317 (77.3%) 71 (75.5%) 246 (77.8%) 0.757

Laboratory data

Total-C (mg per 100 ml) 192±40 191±36 192±40 0.824

LDL-C (mg per 100 ml) 119±35 121±34 119±35 0.646

HDL-C (mg per 100 ml) 49±23 47±13 50±25 0.412

Triglyceride (mg per 100 ml) 137±90 121±56 140±97 0.098

HbA1c (%) 6.2±3.6 5.9±0.1 5.9±0.1 0.286

Lipoprotein (a) (mg per 100 ml) 25.4±23.3 27.4±25.5 25.0±22.9 0.447

RLP-C (mg per 100 ml) 6.2±3.6 5.8±3.3 6.3±3.7 0.286

Uric acid (mg per 100 ml) 5.9±1.7 5.6±1.7 6.0±1.7 0.126

Homocysteine (nmol ml–1) 13.8±8.7 14.7±6.7 13.6±9.1 0.456

D-dimer (mg per 100 ml) 1.6±2.3 1.7±1.8 1.6±2.4 0.785

Fibrinogen (mg per 100 ml) 326±102 357±102 319±101 0.009

U-MA (mg per g Cr) 117±360 141±353 112±361 0.621

Abbreviations: ABI, ankle brachial pressure index; BMI, body mass index; CHD, coronary heart disease; CLI, critical limb ischemia; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate;
HbA1c, glycosylated hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; IC, intermittent claudication; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral arterial disease; RAS,
renal artery stenosis; RLP-C, remnant-like particle-cholesterol; Total-C, total cholesterol; U-MA, urinary microalbumin.
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with RAS. The prevalences of CLI and eGFR showed a tendency to
differ between the two groups. There were no significant differences in
other background data.

Prevalence of RAS and renal dysfunction
In all, 94 subjects (22.9%) had RAS X50% and 45 (11.0%) had RAS
X75% (Figure 1). An abnormal level of MA was present in 25.1%
(Figure 1). Only 4.2% of patients (n¼17) had normal kidney function
(eGFR X90mlmin–1 per 1.73m2), 35.1% (n¼144) had mildly
impaired kidney function (eGFR 60–89mlmin–1 per 1.73m2),
58.5% (n¼240) had moderate renal insufficiency (eGFR 30–
59mlmin–1 per 1.73m2), 2.0% (n¼8) had severe renal insufficiency
(eGFR 15–29mlmin–1 per 1.73m2) and 0.2% (n¼1) had renal failure
(eGFR o15mlmin–1per .73m2). Thus, the prevalence of renal dys-
function (eGFR o60mlmin–1 per 1.73m2) was 60.7% (Figure 1).

Risk factors for RAS and renal dysfunction
Examination of the relationship between RAS X50% and potential
risk factors using multiple logistic analysis revealed correlations with
CLI, CHD and hypertension (Figure 2). The hazard ratio (HR) was 2.5
times higher in cases with CLI (Po0.05) and 2.1 times higher in cases
with CHD (Po0.05). Multiple logistic analysis of RAS X75% and
potential risk factors revealed a significant correlation with hyperten-
sion alone (HR 3.093; 95% confidence interval (CI) 1.002–9.548;
P¼0.048). Stepwise forward multiple regression analysis of the

relationship between eGFR and potential risk factors indicated that
eGFR was negatively correlated with age, uric acid and CHD (Table 2,
P¼0.013). MA was positively correlated with LDL cholesterol, CLI,
age, CHD and DM (Table 3, Po0.001).

Peripheral endovascular treatment and RAS or renal dysfunction
The initial success rate of endovascular treatment of PAD in all
subjects was 95.4% (391/410). There was no significant correlation
of this rate with RAS, eGFR or MA.

DISCUSSION

Our study of patients with PAD showed that 22.9% had RAS 450%
and 11.0% had RAS 475%. In a meta-analysis of patients with
atherosclerotic risk factors such as hypertension, DM, CHD, CKD or
PAD, the prevalence of RAS has been reported to be 15.4%.16 In
multiple series of PAD cases, the rates of RAS varied from 12.0
to 45.5%, with a pooled prevalence of 25.3%.16 Wilms et al.17 found
a 22% prevalence of RASX50% in patients with PAD (mean age 62.4
years old), and Amighi et al.1 recently reported a prevalence of RAS
X60% on angiography of 15.6% in patients with PAD (mean age 70.6
years old). Thus, our results for the rate of RAS in Japanese patients
with PAD are similar to those found in previous studies.
Yamashita et al.18 reported that RAS also occurs frequently in

Japanese patients with CHD and that the prevalence of RAS is higher
in patients with established CHD: 10, 9 and 19% in patients with 1-,
2- and 3-vessel disease, respectively. Our results suggest that the
prevalence of RAS in patients with PAD is higher than that in patients
with established CHD. Moreover, we found that hypertension, CLI
and CHD were closely associated with RAS in patients with PAD. As
the severity or number of atherosclerotic risk factors increased, the
prevalence of RAS also increased. However, many cases of RAS do not
present with specific symptoms of ischemia, unlike CHD or PAD, and
incidental RAS has been reported to be an independent predictor of
mortality in patients with PAD.19 Therefore, screening for RAS is very
important for management of patients with PAD.
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Figure 1 Prevalence of abnormal levels of renal artery stenosis (RAS),

microalbumin (MA) and renal dysfunction (estimated glomerular filtration

rate (eGFR) o60ml min–1).
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Figure 2 Relationship between renal artery stenosis and risk factors in

multiple logistic analysis. ABI, ankle brachial pressure index; BMI, body
mass index; CHD, coronary heart disease; CLI, critical limb ischemia; eGFR,

estimated glomerular filtration rate.

Table 2 Correlations between eGFR and other risk factors in stepwise

forward multiple regression analysis

Risk factor Units b 95% CI P-value

Age Year �0.329 �0.927 to �0.457 0.001

Uric acid mg per 100 ml �0.203 �3.244 to �0.945 0.001

CHD �0.142 �9.823 to �1.177 0.013

Abbreviations: CHD, coronary heart disease; CI, confidence interval; eGFR, estimated glomerular
filtration rate.
R2¼0.156, F for change in R2¼6.277, P¼0.013.

Table 3 Correlations between urinary level of microalbumin and other

risk factors in stepwise forward multiple regression analysis

Risk factor Units b 95% CI P-value

LDL cholesterol mg per 100 ml 0.255 1.224–3.579 o0.001

CLI 0.186 70.18–344.98 0.003

Age Year 0.143 0.878–10.9434 0.022

CHD 0.137 11.263–206.44 0.029

DM 0.128 5.289–201.71 0.039

Abbreviations: CHD, coronary heart disease; CI, confidence interval; CLI, critical limb ischemia;
DM, diabetes mellitus; LDL, low-density lipoprotein.
R2¼0.127, F for change in R2¼6.827, Po0.001.
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RAS reflects a high overall atherosclerotic burden that manifests as
coronary, cerebrovascular and peripheral vascular disease.2 The goals
of therapy for RAS center on effective reduction of blood pressure and
stabilization of renal function. Revascularization with angioplasty or a
stent is a direct hemodynamic treatment,20 but a recent comparison of
randomized revascularization with medical therapy for RAS found no
significant difference in the clinical benefit.21 Further studies are
needed to confirm the optimal treatment for improving mortality
and stabilization of renal function in patients with RAS.
Several studies have suggested that CKD is a prognostic indicator of

CVD,5,22,23 and an association between survival and eGFR or esti-
mated creatinine clearance in patients with PAD has recently been
proposed.6,24,25 O’Hare et al.24 found that CKD was a strong inde-
pendent predictor of mortality in patients with CLI and that the
mortality risk was highest among patients with eGFR o30mlmin–1

per 1.73m2. It has also been shown that eGFR is an independent
predictor of death and limb loss after infrainguinal bypass.25

Hyperuricemia has been reported to be a risk factor for develop-
ment of CKD, and elevated levels of uric acid independently increase
the risk for onset of new CKD in the general population and in
patients with DM.26,27 In this study, eGFR was negatively correlated
with age, uric acid and CHD. The mechanisms underlying hyperur-
icemia as a result of reduced renal clearance of uric acid may involve a
reduced GFR or dysfunctional handling of filtered uric acid by
proximal tubules.28 In a community-based study of Japanese adults,
hyperuricemia and age emerged as significant risk factors for renal
failure, and hyperuricemia was more strongly predictive than protei-
nuria.29 Our study also highlights the correlation between CKD and
the level of uric acid. As CKD seems to be a risk factor in PAD,4

treatment for hyperuricemia is important in patients with PAD.
Glomerular function was also assessed by measuring the urinary

level of MA. Urinary MA excretion because of DM has been proposed
to be a sign of atherosclerotic involvement of systemic arterial disease,
in addition to CKD.7,8 Furthermore, any degree of albuminuria is a
risk factor for cardiovascular events in individuals with or without
DM.30,31 Increased urinary MA excretion reflects generalized endothe-
lial dysfunction and more widespread vascular damage.32,33 In this
study, multiple regression analysis revealed a significant positive
correlation of MA with LDL cholesterol, CLI, age, CHD and DM.
This suggests that systemic atherosclerosis, as represented by CLI,
CHD and higher LDL cholesterol, is also a cause of hypermicroalbu-
minuria in patients with PAD. MA is thought to reflect both renal
damage and general vascular damage. The association of MA with
systemic atherosclerosis is of interest, as noninvasive determination of
the subgroup of patients with a high risk of coexistent diseases caused
by atherosclerosis is difficult. Many patients with CKD have few
clinical symptoms, which explains why the disease awareness of
CKD is low despite the high prevalence rates, and increased MA
excretion may also be a marker of CHD in patients with PAD.34 Thus,
measurement of the excretion rate of MA using a simple and
noninvasive procedure may be useful in non-diabetic patients with
PAD, in addition to measurement of eGFR.
The initial success rate of endovascular treatment of PAD was not

significantly correlated with RAS, eGFR or MA. However, we have
reported that the in-stent neointimal proliferation rate shows a
significant positive correlation with the serum creatinine level at 6
months after endovascular treatment.35 We have also reported a 10-
year patency after endovascular treatment of the iliac artery.36 The
restenosis rate showed no significant correlation with the serum
creatinine level, and only stent use and the postprocedural stenosis
rate were significant restenosis factors for long-term patency.

Study limitations
The limitations of our study are as follows. First, the subjects were
limited to patients with PAD who received endovascular treatment
because of iliac or femoral artery stenosis of X70% on angiography.
Second, patients with a creatinine concentration of X2.5mg per
100ml or nephrotic syndrome and those receiving hemodialysis
were excluded from the study. Therefore, evaluation of RAS in this
group was not achieved, because these patients with CKD are not
suited to endovascular treatment and most patients under hemodia-
lysis have occluded trunks or distal branches of the renal artery. Third,
the sample sizes were relatively small, the study was performed at a
single facility and we did not use population-based data. Therefore,
further studies are needed to reveal the precise prevalence and risk
factors for RAS in patients with PAD.

CONCLUSION

Patients with PAD had high rates of complication with RAS and CKD.
CLI, CHD and hypertension were found to be major risk factors for
RAS; eGFR showed negative correlations with age, uric acid and CHD;
and MAwas positively correlated with LDL cholesterol, CLI, age, CHD
and DM in our PAD population, which had the limitations noted
above. These results indicate that complication with CHD is an
important and comprehensive risk factor for RAS and CKD in
patients with PAD.
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