
ORIGINAL ARTICLE

Additive antioxidative effects of azelnidipine on
angiotensin receptor blocker olmesartan treatment
for type 2 diabetic patients with albuminuria

Masanori Abe1, Noriaki Maruyama1, Kazuyoshi Okada1, Shiro Matsumoto1, Koichi Matsumoto1 and
Masayoshi Soma1,2

The present study aimed to determine whether either of two calcium channel blockers affected urinary albumin excretion or

urinary levels of 8-hydroxy-2¢-deoxyguanosine (8-OHdG) and liver-type fatty acid-binding protein (L-FABP) in hypertensive

diabetic patients with chronic kidney disease (CKD) who were already being treated with maximum doses of the angiotensin

II receptor blocker olmesartan. We conducted an open-label, randomized, parallel-controlled study on type 2 diabetic patients

with stable glycemic control who were receiving fixed doses of antidiabetic agents. The patients received either 8mg per day

azelnidipine, which was increased up to 16mg per day (azelnidipine group; n¼34), or 2.5mg per day amlodipine, which was

increased up to 5mg per day (amlodipine group; n¼33), over a 24-week period. Mean systolic and diastolic blood pressure

decreased significantly in both groups, but there was no significant difference between the two groups at the end of the study.

Serum creatinine levels and estimated glomerular filtration rate did not differ significantly between the two groups, whereas the

urinary albumin/creatinine ratio and 8-OHdG and L-FABP levels decreased significantly in the azelnidipine group compared with

the amlodipine group. Plasma aldosterone level was significantly decreased in the azelnidipine group, and its changes correlated

significantly with those of urinary 8-OHdG and L-FABP. Our results suggest that the addition of azelnidipine to the maximal

recommended dose of olmesartan was more effective in reducing albuminuria and oxidant stress in hypertensive diabetic

patients with CKD than the addition of amlodipine.
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INTRODUCTION

The importance of strict blood pressure (BP) control in patients with
chronic kidney disease (CKD) was emphasized by the Japanese
Society of Hypertension recommendations of a target BP of o130/
80 mm Hg for hypertensive patients with CKD. This target is further
reduced to o125/75 mm Hg for diabetic nephropathy patients
whose urinary protein excretion is 41 g per day.1 Reduction in
proteinuria using suitable therapeutic interventions, similar to
renin–angiotensin system (RAS) blockade an antihypertensive treat-
ment regimen, is associated with a slower decline in renal function
compared with other treatment groups with similar BPs.2,3 RAS
blockade with angiotensin-converting enzyme inhibitors or angioten-
sin II type-1 receptor blockers (ARBs) is currently considered the most
effective pharmacological approach for renoprotection. These agents
reduce proteinuria more effectively than other antihypertensive drugs,
and therefore, RAS inhibitors should be titrated to maximal recom-
mended doses.1,4 However, it is difficult to control BP with mono-

therapy, especially in patients with CKD, thus highlighting the need
for combination drug therapy.5

Glomerular and tubular damage resulting from type 2 diabetes
occurs over several years, and it is possible that the excretion of
glomerular and tubular proteins precedes the development of micro-
albuminuria.6 In patients with diabetic nephropathy, changes in
proximal tubuli are observed in the development of progressive
diabetic kidney disease, and renal function and prognosis show a
higher correlation with structural lesions in the tubulointerstitium
than with glomerular changes.7 Furthermore, inflammation and
oxidative stress are known to have an important roles in pathogenesis
of diabetic hypertensive organ damages.8 When advanced glycation
end-products, shear stresses and angiotensin II stimulate their respec-
tive receptors, NADPH oxidase activity is enhanced and production of
oxidative stress is increased.8,9 Urinary liver-type fatty acid-binding
protein (L-FABP) is an important marker of tubulointerstitial changes
in diabetic nephropathy, whereas oxidative stress is a pathogenetic
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factor underlying diabetes complications such as nephropathy.10

For this reason, 8-hydroxy-2¢-deoxyguanosine (8-OHdG) has been
reported to serve as a sensitive biomarker of oxidative DNA damage in
vivo, demonstrating significantly increased urinary excretion levels
with severe tubulointerstitial damage.11,12 In addition, aldosterone
induces oxidative stress in vascular cells through NADPH oxidase
activation, which has a central role in endothelial dysfunction and
atherosclerotic vascular disease.13

Recently, some calcium channel blockers (CCBs) have been demon-
strated to exhibit an organ protection effect that is independent of
their antihypertensive action. Azelnidipine attenuates angiotensin II-
induced peritubular ischemia and has antioxidative properties that
may be involved in its beneficial effect on renal injury.14 Although it
has been reported that azelnidipine decreases not only urinary
albumin excretion but also urinary 8-OHdG and L-FABP levels in
diabetic nephropathy,15,16 the dosage and kinds of RAS inhibitors were
not fixed and the relationship between the changes in those urinary
markers and the changes in plasma aldosterone levels are not well
known. Therefore, the objective of this study was to determine the
effects of additional therapy from the CCBs azelnidipine or amlodi-
pine using the maximum recommended dose of ARB, 40 mg olme-
sartan, on BP control and renoprotection in hypertensive diabetic
patients with CKD.

METHODS

Study design
The study was conducted with outpatients at the Nihon University Nerima

Hikarigaoka Hospital, Japan, who fulfilled the criteria given below. The study

protocol was approved by the local ethics committee and all patients gave their

written informed consent for participation. The study was conducted in

accordance with the Declaration of Helsinki.

An overview of the study design is shown in Figure 1. An independent

investigator, who did not treat and had no knowledge of the subjects,

monitored randomized subject entry and subjects were then randomly split

into two groups; assignment particulars were then immediately delivered to

individual investigators. The randomization method was modified by dynamic

balancing of the serum creatinine (sCr), estimated glomerular filtration rate

(eGFR), and urinary albumin/creatinine (Cr) ratio values recorded at the time

of patient registration.

After initial evaluation, one patient group (n¼34) received 8 mg per day

azelnidipine, which was increased up to 16 mg per day (azelnidipine group),

while the second group (n¼33) received 2.5 mg per day amlodipine, which was

increased up to 5 mg per day (amlodipine group), over the 24-week period.

Study population
A total of 67 patients were enrolled in the study, and enrollment criteria were as

follows.

(1) Type 2 diabetes with nephropathy under stable glycemic control. Stable

glycemic control was defined as a hemoglobin A1c (HbA1c) level of

o7.0% after administration of oral antidiabetic agents or insulin injec-

tion therapy for 8 consecutive weeks.

(2) Albuminuria: urinary albumin/Cr ratio of 430 mg g�1 (average of two

consecutive measurements recorded during the 8-week pretreatment

period).

(3) eGFR levels between 90 and 30 ml min�1 per 1.73 m2.

(4) Hypertension: systolic and diastolic BP X130/80 mm Hg recorded while

the patient was in a sitting position during at least two independent clinic

visits.

(5) Treatment with 40 mg olmesartan once daily for at least 8 weeks before

the study.

Exclusion criteria were as follows.

(1) Age o20 years or 480 years.

(2) More than second-degree hypertension (4160/100 mm Hg).1

(3) Massive albuminuria: urinary albumin/Cr ratio 42000 mg g�1 (average

of two consecutive measurements recorded during the 8-week pretreat-

ment period).

(4) eGFR 490 ml min�1 per 1.73 m2 or o30 ml min�1 per 1.73 m2.

(5) Severe heart failure, angina, myocardial infarction or stroke occurring

within 6 months from the start of the trial.

(6) Diabetes with unstable glycemic control. Unstable glycemic control was

defined as an HbA1c 47.0% after administration of antidiabetic agents

for 8 consecutive weeks.

Interventions
Doses of other antihypertensive agents and statins were maintained during the

study. BP measurement was carried out at the outpatient clinic according to

Japanese Society of Hypertension 2009 guidelines at fixed times after admin-

istration of medications.1 The target BP was o130/80 mm Hg. Measurements

were made using a sphygmomanometer (Nippon Colin, Tokyo, Japan) and

were performed twice with the patient in a sitting position after a 5-min rest.

Patients were given dietary guidance, especially those under dietary restrictions.

Biochemical and urinary assessments
On each patient visit, safety variables and patient compliance with treatment

regimens were assessed. Laboratory tests, including those for measuring sCr,

fasting plasma glucose, HbA1c, hemoglobin, aspartate aminotransferase, ala-

nine aminotransferase, total cholesterol, low-density lipoprotein-cholesterol,

triglyceride, sodium, potassium and uric acid levels, were performed using

commercial kits using routinely used clinical chemistry procedures.

High-sensitivity C-reactive protein (CRP) was measured by latex agglutina-

tion. Urinary 8-OHdG (8-OHdG Check, Japan Institute for the Control of

Aging, Shizuoka, Japan) and L-FABP (CMIC Co. Ltd., Tokyo, Japan) were

measured at baseline before treatment and at week 24 by a specific enzyme-

linked immunosorbent assay in the first morning urine sample, and the values

were expressed as a ratio to the urinary Cr concentration. Urinary albumin

excretion was assessed by measuring urinary concentrations of albumin and Cr

(albumin/Cr ratio) in the first morning urine sample. Urinary albumins were

measured using the immunoturbidimetric assay. Plasma renin activity and

aldosterone concentrations were measured by radioimmunoassay at a contact

laboratory (SRL, Tokyo, Japan) at baseline and at the end of the study in the

supine position after a 20-min rest.

On each visit, safety variables and patient compliance with the treatment

regimens were assessed. Glomerular filtration rate was estimated using the final

recommended modified equation for Japanese patients provided by the

Japanese Society of Nephrology–Chronic Kidney Disease Initiatives, because

the estimated value obtained by this method is more accurate for Japanese

patients with CKD.17 The eGFR was calculated using the following formula:

eGFRðml min�1 per 1:73m2Þ ¼ 194�sCr�1:094�age�0:287ð�0:739 for womenÞ:

Statistical analysis
All values were expressed as mean±s.e.m. We used the unpaired t-test or

Fisher’s exact test to compare baseline characteristics of patients in the

Amlodipine (2.5-5mg daily)

Azelnidipine
group
(n=34)

Amlodipine
group
(n=33)

Final evaluation

0-4 (weeks)

evaluationevaluation

Azelnidipine (8 -16mg daily)

Maximal recommended dose of olmesartan 40 mg/day

Baseline

Random allocation

2420161284-8

Figure 1 Study design.

Effect of azelnidipine/olmesartan for CKD with diabetes
M Abe et al

936

Hypertension Research



azelnidipine and amlodipine groups. Differences between the two groups with

regard to changes in systolic and diastolic BPs were evaluated by repeated-

measures analysis of variance according to a general linear model. If the analysis

of variance revealed a significant overall difference, a priori-defined pairwise

comparisons were performed using the Student’s t-test without adjustment for

multiple tests. Intragroup changes in sCr values and the urinary albumin/Cr

ratio were analyzed using the paired t-test. The unpaired t-test was used to

compare sCr values and the urinary albumin/Cr ratio between the azelnidipine

and amlodipine groups. Correlations were determined by the Spearman rank

correlation test. Statistical significance was set at Po0.05.

RESULTS

Baseline characteristics
All enrolled patients (n¼67) remained in the study until the end of the
trial. Baseline characteristics and initial medication are shown in
Table 1. There were no significant differences between the two groups
with regard to baseline characteristics.

BP-lowering effect
The final doses of azelnidipine and amlodipine were 13.9 ± 0.6 and
4.0±0.2 mg per day, respectively, in the two groups. Figure 2 shows
the changes in systolic and diastolic BP. In both groups, systolic and
diastolic BP values were significantly lower than baseline values 1
month after the initiation of CCB therapy. The values did not differ
significantly between the two groups during the course of treatment.
In the last month of treatment, no significant (NS) differences were
observed between systolic BP (azelnidipine group: 125.7±1.3 mm Hg;
amlodipine group: 124.3±1.5 mm Hg) and diastolic BP (azelnidipine
group: 74.7±1.6 mm Hg; amlodipine group: 73.3±1.6 mm Hg) in the
two groups.

The BP target value (130/80 mm Hg) was achieved in 78.8 and
81.3% of all subjects in the azelnidipine and amlodipine groups (NS),
respectively. The heart rate of participants at the end of the study was
significantly reduced in the azelnidipine group compared with base-
line (azelnidipine group: from 74.8±1.7 to 73.4±1.6 beats per min,
Po0.0001; amlodipine group: from 76.8±1.6 to 76.2±1.6 beats per
min, NS), but there was no significant difference between the two
groups at the end of the trial.

Anti-albuminuric effects
As shown in Figure 3, sCr levels were not significantly different
between the two groups by the end of the study (azelnidipine
group: 1.04±0.06 mg dl�1; amlodipine group: 1.06±0.05 mg dl�1,
NS). eGFR levels were also not significantly different between the
two groups by the end of the study (azelnidipine group:
55.2±2.7 ml min�1 per 1.73 m2; amlodipine group: 52.6±2.5 ml min�1

per 1.73 m2, NS).
As shown in Figure 4, there were significant differences in the

urinary albumin/Cr ratio between the two groups at the end of
study (azelnidipine group: 260±54 mg g�1 Cr; amlodipine group:
352±68 mg g�1 Cr, Po0.05). Figure 4 shows that the percent changes
from the baseline value of urinary albumin/Cr ratio recorded for the
azelnidipine group was significantly lower from the 4-week time point
to the last week of treatment compared with amlodipine group.
In contrast, the amlodipine group showed no significant change in
this ratio by the end of the study.

Urinary 8-OHdG and L-FABP
As shown in Figure 5, urinary 8-OHdG levels significantly decreased
from 13.1±0.9 to 11.0±0.9 ng mg�1 Cr after 24 weeks in the
azelnidipine group (Po0.01). Furthermore, there were significant
differences in urinary 8-OHdG levels between the two groups
at the end of the study (azelnidipine group: 11.0±0.9 ng mg�1 Cr;
amlodipine group: 13.7±0.9 ng mg�1 Cr, Po0.05). Urinary L-FABP
levels also significantly decreased from 43.0±5.0 to 27.6±2.6 ng mg�1

Cr after 24 weeks in the azelnidipine group (Po0.0001), and there
were significant differences in these levels between the two groups at
the end of the study (azelnidipine group: 27.6±2.6 ng mg�1 Cr;
amlodipine group: 42.1±3.8 ng mg�1 Cr, Po0.05). On the other
hand, the amlodipine group showed little difference in urinary
levels of 8-OHdG and L-FABP during the study period (Figure 5).
Although the percent changes in urinary 8-OHdG levels were
significantly correlated with the percent changes of L-FABP
levels (r¼0.44, Po0.01) in the azelnidipine group, no significant
correlations were found between the percent changes in urinary
albumin/Cr ratio and the percent changes in urinary 8-OHdG and
L-FABP levels.

Plasma renin activity and aldosterone levels
As shown in Figure 6, plasma renin activity was not significantly
changed in either group after 24 weeks of treatment, and the difference
at the end of the study between the two groups was not significant
(azelnidipine group: from 3.52±0.64 to 3.11±0.51 ng ml�1 per h
amlodipine group: from 2.83±0.54 to 2.90±0.50 ng ml�1 per h, NS).
Plasma aldosterone levels were not significantly changed in the
amlodipine group. However, plasma aldosterone levels were decreased
in the azelnidipine group (from 91.9±6.2 to 74.1±6.3 pg ml�1,
Po0.01). In addition, there was a significant correlation between
the percent reduction in plasma aldosterone and percent changes in
urinary L-FABP levels (r¼0.520, P¼0.0011) and urinary 8-OHdG
levels (r¼0.380, P¼0.0235) in the azelnidipine group.

Table 1 Baseline characteristics and medications of the patients

enrolled in the study

Variables

Azelnidipine

group

Amlodipine

group P value

n 34 33

Age (years) 65.8±1.7 66.0±1.4 NS

Male/female 21/13 20/13 NS

BMI (kgm�2) 23.9±0.6 23.8±0.6 NS

Systolic BP (mm Hg) 141.0±1.1 140.4±0.9 NS

Diastolic BP (mmHg) 81.8±1.6 81.5±1.6 NS

Serum Cr (mg dl�1) 1.05±0.06 1.07±0.06 NS

eGFR (ml min�1 per 1.73 m2) 54.7±2.6 52.9±2.7 NS

Urinary albumin/Cr ratio (mgg�1 Cr) 387±85 380±71 NS

Medications (n)

Antihypertensive agents

Diuretics 8 7 NS

a-Blockers 4 3 NS

b-Blockers 5 5 NS

Antidiabetic agents

Glimepiride 5 6 NS

Nateglinide 1 2 NS

Mitiglinide 6 5 NS

Metformin 3 4 NS

Voglibose 7 8 NS

Pioglitazone 3 3 NS

Insulin 12 12 NS

Statins 13 12 NS

Abbreviations: BMI, body mass index; BP, blood pressure; Cr, creatinine; eGFR, estimated
glomerular filtration rate; NS, not significant.
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Biochemical parameters
As listed in Table 2, fasting plasma glucose levels and HbA1c levels did
not differ significantly between the two groups during the study
period. There were also no significant changes in total cholesterol,
low-density lipoprotein cholesterol, triglyceride, electrolyte or uric
acid levels in either group. However, high-sensitivity CRP levels were
significantly reduced in the azelnidipine group and there was a
significant difference compared with the amlodipine group at the
end of the study.

Adverse events
During the observation period, none of the patients in either group
exhibited a significant increase in the occurrence of adverse effects,

such as hypotension, hyperglycemia, liver impairment, anemia or skin
rash, and none of the patients required renal replacement therapy for
hyperkalemia or progressive loss of renal function.

DISCUSSION

The presence and severity of tubulointerstitial injury is often asso-
ciated with rapid progression to end-stage renal disease. Various
pathophysiological stresses on the proximal tubules such as high
proteinuria induce upregulation of human L-FABP gene expression
resulting in increased proximal tubular and urinary excretion of
L-FABP.18 Severe proteinuria or ischemia can also exacerbate tubu-
lointerstitial damage by causing an overload of free fatty acids in the
proximal tubules.18 Urinary L-FABP excretion was recently shown to
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be a prognostic marker for the deterioration of renal function in
patients with chronic glomerulonephritis, and represents a potential
clinical biomarker for the monitoring and prediction of CKD pro-
gression.18,19

Increased oxidative stress induced by hyperglycemia may contribute
to the pathogenesis of diabetic complications including nephropa-
thy.20 Diabetic hyperglycemia is associated with increased production
of reactive oxygen species.20 Reactive oxygen species damage to DNA
necessitates the induction of various DNA repair processes, which can

result in the urinary excretion of products such as 8-OHdG.21 Urinary
8-OHdG is therefore a sensitive biomarker of oxidative DNA damage,
and is also significantly correlated with the severity of tubulointerstitial
lesions.11 Increased urinary 8-OHdG and the risk of vascular compli-
cations may be present at early stages of diabetes.22 In the present
study, we showed that CCBs effectively reduce BP and that azelnidi-
pine is more effective than amlodipine in protecting against glomer-
ular and tubulointerstitial injury and in reducing oxidative stress in
diabetic patients with CKD.
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Table 2 Changes in the biochemical measurements during the study period

Azelnidipine group Amlodipine group

Variables At baseline At end At baseline At end

Fasting plasma glucose (mg dl�1) 115±6 112±10 119±7 115±7

Hemoglobin A1c (%) 6.6±0.1 6.6±0.1 6.6±0.1 6.6±0.1

Total cholesterol (mgdl�1) 200±7 197±7 199±7 197±6

LDL-cholesterol (mg dl�1) 116±4 113±4 115±4 112±4

Triglyceride (mg dl�1) 161±14 158±17 163±11 162±16

Na (mEq l�1) 140.4±0.3 140.2±0.3 139.8±0.4 139.5±0.4

K (mEq l�1) 4.4±0.1 4.4±0.1 4.4±0.1 4.5±0.1

Uric acid (mg dl�1) 6.6±0.2 6.7±0.2 6.6±0.2 6.7±0.2

Serum albumin (gdl�1) 3.9±0.1 3.9±0.1 3.9±0.1 3.9±0.1

High-sensitivity CRP (mg l�1) 0.91±0.12 0.64±0.10*w 0.91±0.11 0.92±0.10

Abbreviations: CRP, C-reactive protein; K, potassium; LDL, low-density lipoprotein; Na, sodium.
*Po0.01, vs. baseline.
wPo0.05, vs. amlodipine group.
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Accumulating experimental and clinical evidence show that excess
aldosterone not only promotes the retention of sodium and body fluid
but also induces cardiac and renal injury causing cardiac hypertrophy,
inflammation and fibrosis, glomerulosclerosis, and renal inflamma-
tion and fibrosis.23–25 Moreover, aldosterone induces oxidative stress
in vascular cells through NADPH oxidase activation, which has a
central role in endothelial dysfunction and atherosclerotic vascular
disease.13,26 Therefore, targeting aldosterone synthesis and release may
be clinically important in preventing cardiovascular disease. Ca2+ ions
are transported via T-type calcium channels to mitochondria, where
they activate aldosterone synthesis, which in turn stimulates T-type
calcium channel expression,27,28 creating a positive feedback loop of
aldosterone biosynthesis in adrenal cells. Azelnidipine was recently
shown to provide not only L-type but also T-type calcium channel-
blocking activity.29 T-type CCBs including benidipine and efonidipine
are beneficial for the treatment of renal injury by dilating afferent and
efferent arteries; therefore, hypoxic or ischemic tubulointerstitial
damage might be improved by the hemodynamic effects of such
CCBs.30–32 Furthermore, T-type CCBs prevent renal Rho kinase
activation induced by subtotal nephrectomy and alleviate the progres-
sion of kidney disease.33 As Rho kinase is known to elicit the
inflammatory process and the enhancement of vascular tone as well
as leading to tubulointerstitial fibrosis, the blockade of T-type calcium
channels is expected to help prevent CKD.34

In the present study, there was a significant correlation between the
changes in plasma aldosterone levels and the changes in urinary
8-OHdG and L-FABP levels. On the other hand, there was no
correlation between the changes in urinary albumin excretion,
which enhanced intraglomerular hypertension, and plasma aldoster-
one, urinary 8-OHdG and L-FABP levels, which enhanced tubuloin-
terstitial damage. Therefore, azelnidipine treatment improved not only
glomerular hemodynamics but also tubulointerstitial injury, and those
efficacies might be independent. However, further studies are needed
to clarify whether azelnidipine treatment mediates the reduction of
urinary 8-OHdG and L-FABP, which are clinical biomarkers of
tubulointerstitial damage, via prevention of aldosterone-induced
NADPH oxidase activation and subsequent superoxide production,
which cannot simply be explained by azelnidipine’s antihypertensive
effect.

T-type calcium channels are distributed in the cardiac sinus node
and are closely associated with pacemaking potentials.35,36 Therefore,
in the present study, it is conceivable that the observed significant
decrease in patient heart rate following treatment was indeed induced
by azelnidipine. However, further studies are needed to clarify the full
effect of azelnidipine on patient heart rate.

In addition to their beneficial effects on lowering BP, ARBs exhibit
anti-atherogenic effects by blocking angiotensin II, and this in turn
inhibits oxidative stress, inflammation, vasoconstriction and throm-
bosis.37–39 ARBs, particularly telmisartan and olmesartan, also exert
antidiabetic effects through their regulation of insulin sensitivity and
reduce not only urinary albumin excretion but also urinary 8-OHdG
and L-FABP excretion.40 Statins have been shown to ameliorate
tubular and podocyte injury, preserve GFR and reduce proteinuria
in renal disease.41,42 In the present study, although all subjects were
already treated with the maximal recommended dose of the ARB
olmesartan, and there was no significant difference in the number of
patients treated by statins at baseline between the two groups, further
reduction in high-sensitivity CRP, urinary 8-OHdG and L-FABP levels
was obtained. This suggests that additive azelnidipine therapy may be
beneficial in patients with albuminuria or higher levels of urinary
8-OHdG and L-FABP excretion.

The present study suffered from the limitations of small sample size
and short treatment duration. Moreover, changes in sCr levels were
too small for adequate evaluation of the influence of CCB therapy.
Additional long-term investigations are therefore required to accu-
rately assess the renoprotective effect of azelnidipine and olmesartan
combination therapy in diabetic patients.

In conclusion, the present study showed that azelnidipine results in
a greater reduction of albuminuria, plasma aldosterone, urinary 8-
OHdG and L-FABP levels than amlodipine in patients with diabetic
nephropathy. These effects of azelnidipine would appear to make the
drug more advantageous in terms of the progression of renal dysfunc-
tion and preventing cardiovascular tissue and organ injuries in
patients with hypertensive patients with diabetic nephropathy.
We propose that azelnidipine therapy should be considered as an
additive therapeutic modality for hypertensive diabetic patients whose
BP is not sufficiently controlled by RAS-inhibition therapy with the
maximal recommended dose of ARBs. Azelnidipine may ameliorate
tubulointerstitial injury in diabetic hypertensive patients with CKD.
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