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Abstract

Objective: To clarify whether the L-/N-type calcium channel blocker (CCB) cilnidipine is more
renoprotective than the L-type CCB amlodipine in patients with early-stage diabetic nephropathy.

Methods: In this prospective, multicenter, open-labeled, randomized trial, the antialbuminuric
effects of cilnidipine and amlodipine were examined in renin-angiotensin system (RAS) inhibi-
tor-treated patients with hypertension (blood pressure [BP]: 130—180/80—110 mmHg), type 2
diabetes, and microalbuminuria (urinary albumin to creatinine [Cr] ratio [UACR]: 30-300 mg/g).

Results: Patients received cilnidipine (n = 179, final dose: 10.27 + 4.13 mg/day) or amlodipine (n =
186, 4.87 + 2.08 mg/day) for 12 months. Cilnidipine and amlodipine equally decreased BP. The
UACR values for the cilnidipine and amlodipine groups were 111.50 + 138.97 and 88.29 + 63.45
mg/g, respectively, before treatment and 107.93 + 130.23 and 89.07 + 97.55 mg/g, respectively,
after treatment. The groups showed similar changes for the natural logarithm of the UACR, serum
Cr, and estimated glomerular filtration rate.

Conclusions: Cilnidipine did not offer greater renoprotection than amlodipine in RAS inhibi-
tor-treated hypertensive patients with type 2 diabetes and microalbuminuria.

Key words: L-/N-type Calcium Channel Blocker, Urinary Albumin, Diabetic Nephropathy, Hy-
pertension, Renin-Angiotensin System Inhibitor

INTRODUCTION

Considerable clinical evidence suggests that cial as first-line antihypertensive agents for hyperten-
renin-angiotensin system (RAS) inhibitors are benefi-  sion in patients with diabetic or nondiabetic
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nephropathy [1-4]. However, by themselves, RAS
inhibitors are unable to maintain the blood pressure
(BP) at a level below 130/80 mmHg, as is required in
patients with chronic kidney disease (CKD). For such
BP maintenance, second-line depressor agents are
required. Dihydropyridine-type calcium channel
blockers (CCBs) are frequently used in combination
with RAS inhibitors in hypertensive patients with
CKD because of their strong BP-lowering properties
and minimal adverse side effects [5]. However, CCBs
are not always able to protect against kidney injury, as
was shown in the Renoprotection in Patients with
Nondiabetic Chronic Renal Disease (REIN)-2 [6]. And,
in Gauging Albuminuria Reduction with Lotrel in
Diabetic Patients with Hypertension (GUARD) [7]
trials, the antialbuminuric effect of CCB was weaker
than that of diuretics in RAS inhibitor-treated hyper-
tensive patients with type 2 diabetic nephropathy.

The uncertain renoprotective effects of L-type
CCBs may be due to the presence of L-type calcium
channels at the afferent but not efferent arterioles [8].
L-type CCBs cause afferent arteriole-specific vasodi-
lation, which increases the glomerular pressure. This
adverse action of L-type CCBs in the glomerular mi-
crocirculation counteracts their ability to attenuate
glomerular hypertension through the systemic de-
crease in BP. Thus, the use of L-type CCBs is not al-
ways beneficial in patients with renal dysfunction.

On the other hand, the Cilnidipine versus Am-
lodipine Randomized Trial for Evaluation in Renal
Disease (CARTER) study [9] recently demonstrated
that the L-/N-type CCB cilnidipine, but not the L-type
CCB amlodipine, decreased urinary protein levels in
RAS inhibitor-treated hypertensive patients with
macroproteinuria. The N-type calcium channel exists
at the peripheral sympathetic nerve endings, and its
inhibition suppresses norepinephrine release from
nerve terminals. Cilnidipine has been demonstrated
to inhibit sympathetic nerve activity [10-12]. Because
both the afferent and efferent arterioles of the
glomerulus are sympathetically innervated, cilni-
dipine ameliorates glomerular hypertension through
the vasodilation of both arterioles [13,14]. Thus, cilni-
dipine has an antiproteinuric effect in CKD patients,
who have increased sympathetic activity [15,16].

However, the CARTER study found that the an-
tiproteinuric effect of cilnidipine did not significantly
differ from that of amlodipine in the diabetic sub-
group of patients with macroproteinuria [9]. Diabetic
subjects with advanced nephropathy (macropro-
teinuria) also frequently have diabetic neuropathy. In
such patients, cilnidipine may be unable to exert an
effective renoprotective effect through renal sympa-
thoinhibition. On the other hand, cilnidipine might be
renoprotective in the early stage of diabetic nephrop-

athy (DN), when renal nerve function is still intact.

To clarify whether the L-/N-type CCB cilni-
dipine is more renoprotective than the L-type CCB
amlodipine in patients with early-stage DN, we
compared the antialbuminuric effects of cilnidipine
and amlodipine in RAS inhibitor-treated diabetic pa-
tients with microalbuminuria.

PATIENTS & METHODS

A prospective, multicenter, open-labeled, ran-
domized trial, the Study of Assessment for Kidney
Function by Urinary Microalbumin in Randomized
(SAKURA) trial, was performed in 77 clinics and
hospitals in Japan (17). The trial was registered with
the University Hospital Medical Information Net-
work-Clinical Trials Registry (UMIN-CTR) under trial
identification number UMINO000001247. It was ap-
proved by the Institutional Review Board of the Uni-
versity of Tokyo Clinical Research Center (reference
number P2007028-11X) and by the review boards of
all other concerned medical facilities. The implemen-
tation and data management of the trial were done by
the executive office at the EBM Research Center of the
Kyoto University Graduate School of Medicine. The
trial was conducted in accordance with the principles
of the Declaration of Helsinki. Written informed con-
sent was obtained from all participating patients after
they had received oral and written explanations about
the trial.

Participants

Patients with hypertension (outpatient systol-
ic/diastolic BP = 130/80 and < 180/110 mmHg) with
type-2 diabetes and microalbuminuria (urinary al-
bumin to creatinine [Cr] ratio [UACR] 2 30 and < 300
mg/g in spot urine) who were being treated with a
RAS inhibitor (angiotensin receptor blocker [ARB] or
angiotensin-converting enzyme [ACE] inhibitor) were
recruited for this study. The detailed inclusion and
exclusion criteria were reported previously [17]. The
required sample size (438 patients [17]) was estimated
according to previous reports [18,19] as the size
needed for the detection of a significant difference
when the difference in the primary endpoint between
the two arms was 23%, with an alpha error of 5% and
a power of 90%.

Interventions

Eligible study subjects were randomly allocated
to two groups and treated with cilnidipine (started at
10 mg/day, then adjusted to 5-20 mg/day) or am-
lodipine (started at 5 mg/day, then adjusted to 2.5-10
mg/day). The target BP was <130/80 mmHg. If cilni-
dipine or amlodipine combined with a RAS inhibitor
failed to reduce the BP to the target level, then addi-
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tional antihypertensive drugs (other than a RAS in-
hibitor or a CCB) were administered. The treatment
period was 1 year.

Outcome measures

The primary endpoint was the change in the
natural logarithm of the UACR (mg/g) from the
baseline (average of two consecutive measurements
during a 4-week period before treatment) to the end-
point (after 12 months of treatment). Laboratory tests
were performed at a central laboratory (Mitsubishi
Chemical Medicine Inc, Tokyo). The urinary albumin
level was measured by the Bromcresol green photo-
metric method (latroFine ALB II), and Cr was meas-
ured with an enzymatic colorimetric assay (latroLQ
CRE(A) II).

Secondary outcomes were the absolute value of
the UACR (mg/g), CKD stage [20], serum Cr level,
estimated glomerular filtration rate (eGFR) calculated
with the “Modified Diet in Renal Disease (MDRD)
formula” modified by the Japanese Society of Neph-
rology [21], cardiovascular events [17], BP levels, and
pulse rate (PR).

Statistical Analysis

Data were analyzed in the full analysis set. Sub-
jects who did not meet eligibility criteria, who were
not administered the assigned drugs (cilnidipine or
amlodipine), or who had no data after the random-
ized treatment assignments were not included in the
analysis. Data were expressed as the mean + standard
deviation (s.d.) and percentage. The safety of the
treatment assignments was assessed in a safety anal-
ysis set.

858 registered patients

1
Y Y

For the primary analysis, changes in the natural
logarithm of the UACR from the baseline (before
treatment) to endpoint (after 12 months of treatment)
were compared between the two arms by using the
analysis of covariance with stratification factors
(UACR, systolic BP, and hemoglobin Alc [HbAlc])
[15] as covariates. For the secondary endpoints, the
analysis of covariance was used for continuous data,
and the chi-squared test was used for categorical data.
The statistical significance level was set at P < 0.05.
Statistical analysis was performed with SAS version
9.2 (SAS Institute Inc., NC).

Subgroup analysis was performed according to
the following parameters: age (> 65 or < 65 years), sex
(male or female), dyslipidemia or organ damage (ex-
istence or nonexistence), body mass index (BMI > 25
or < 25 kg/m?), left ventricular hypertrophy (LVH;
Svl + Rv5 2 3.5 mV by electrocardiography, existence
or nonexistence), PR (> 75 or < 75 beats/min [bpm]),
serum Cr (> 0.75 or < 0.75 mg/dL), UACR (> 75 or <
75 mg/g), HbAlc (> 7% or < 7%), eGFR (> 60 or < 60
mL/min/1.73 m?), systolic BP before treatment (> 130
or < 130 mmHg), diastolic BP before treatment (> 80
or < 80 mmHg), and attainment of target BP after
treatment (systolic BP < 130 mmHg and diastolic BP <
80 mmHg, attainment or nonattainment).

RESULTS

The full analysis set included 365 patients (cilni-
dipine arm: n = 179, amlodipine arm: n = 186) (Figure
1). The follow-up of two patients (cilnidipine arm: n =
2, amlodipine arm: n = 0) was discontinued due to
adverse events, and the follow-up of 25 patients
(cilnidipine arm: n = 11, amlodipine arm: n = 14) was

discontinued for other reasons. Most of the
baseline data were well balanced between
the two groups, although body weight (P

370 randomized

484 ineligible

1 relocated

488 not randomized
2 withdrew consent

1 doctor’s discretion

=0.037) and BMI (P =0.040) were greater in
the cilnidipine group (Table 1, 2) (17). The
baseline UACR was higher in the cilni-
dipine group than in the amlodipine
group (Table 3: P= 0.040). However, the

y [

median UACR was almost the same in

187 assigned to amlodipine

183 assigned to cilnidipine

both groups (67.4 vs. 63.5 mg/g), and the

average natural logarithm of the UACR

1 lost to follow-up
after randomization

¥

1 ineligible

1 withdrew consent

2 no administration of drug

was approximately the same between the
groups (P = 0.224).

A A

5 doctor’s discretion

186 started the treatment 179 started the treatment
Discontinuance Discontinuance
~ 1 withdrew consent L] 2 withdrew consent
8 lost to follow —up after 6 lost to follow —up after
randomization randomization

3 doctor's discretion
2 adverse event

Figure |. Flowchart for patient enrollment in the
SAKURA study
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Table I. Patient characteristics Table 2. Baseline data
Parameter Total Cilnidipine = Amlodipine Parameter Total Cilnidipine Amlodipine
N 365 179 186 Serum Cr (mg/dL) 0.77+0.20 0.770.18 0.78+0.21
Male 240 (65.8%) 112 (62.6%) 128 (68.8%) eGFR* 72.68+17.78  71.85£15.85  73.48+19.46
Age (years) 63.84+846 63.27+8.72 64.39 +8.19 (mL/min/1.73m?)
Height (cm) 160.55+9.07 160.86+9.49 160.40 +8.70 Stage of CKD** 50 20 30
Body weight (kg) 66.87 +12.93 68.31+14.52 6548 £11.05 Stage 1 235 118 117
BMI (m?/kg) 2584+391 26.27+4.34 2542 +3.41 Stage 2 78 40 38
Dyslipidemia 179 (49.0%) 87 (48.6%) 92 (49.5%) Stage 3 2 1 1
Organ damage 55 (15.1%) 32 (17.9%) 23 (12.4%) Stage 4 6.43+0.69 6.44+0.70 6.41+0.68

Cerebrovascular 20 (5.5%) 11 (6.1%) 9 (4.8%) HbAlc (%) 139.34+4531 137.19+44.94 141.41+45.68

disease 49 (13.4%) 26 (14.5%) 23 (12.4%) Casual blood glucose  145.95+12.16 146.56+12.72 145.37+11.59
Diabetic neuropathy 39 (10.7%) 22 (12.3%) 17 (9.1%) (mg/dL) 80.80£10.04  81.46+10.27  80.17+9.80
Diabetic retinopathy 12 (3.3%) 6 (3.4%) 6(3.2%) Systolic BP (mmHg)  74.98+10.63  74.61£10.36  75.33+10.89
Myocardial infarc- 13 (3.6%) 8 (4.5%) 5(2.7%) Diastolic BP (mmHg)
tion 7 (1.9%) 4(2.2%) 3 (1.6%) PR (bpm)
Angina pectoris 9 (2.5%) 5(2.8%) 4(2.2%) Data are shown as the no. of patients (%) or the mean + SD. Abbreviations: Cr:

Heart failure
Arteriosclerosis
obliterans

Data are shown as the no. of patients (%) or the mean + SD. Abbreviations: BMI:
body mass index

Table 3. UACR* at 3, 6, 9, and 12 months of treatment

creatinine, eGFR: estimated glomerular filtration rate, CKD: chronic kidney disease,
HbAlc: hemoglobin Alc, BP: blood pressure, PR: pulse rate. *eGFR: calculated with
the “Modified Diet in Renal Disease (MDRD) formula” modified by the Japanese
Society of Nephrology [21]. **Stage of CKD: defined according to the Clinical
Practice Guidebook for Diagnosis and Treatment of Chronic Kidney Disease 2009
[20].

Time-point N Total N Cilnidipine N Amlodipine
Baseline 365 99.67+107.82 179 111.50+138.97 186 88.29+63.45
log transformed 4.32+0.69 4.37+0.76 4.28+0.62

3 months 345 80.32+97.93 170 85.05+114.06 175 75.73+79.25
log transformed 3.94+0.91 3.96+0.93 3.92+0.88

6 months 330 80.09+93.86 162 81.71+95.95 168 78.53+92.06
log transformed 3.94+0.91 3.94+0.93 3.94+0.89

9 months 319 91.33+96.22 158 97.67+101.55 161 85.10+90.57
log transformed 4.10+0.90 4.15+0.93 4.05+0.87
12 months 330 98.38+115.07 163 107.93+130.23 167 89.07+97.55
log transformed 4.12+0.95 4.16+1.02 4.08+0.88

The change in the natural logarithm from baseline

Time-point N Total N Cilnidipine N Amlodipine p-value ™
3 months 345 -0.38+0.74 170 -0.40+0.76 175 -0.35+£0.72 0.586

6 months 330 -0.38+0.78 162 -0.42+0.83 168 -0.34+0.73 0.441

9 months 319 -0.23+0.74 158 -0.21+0.77 161 -0.24+0.70 0.764

12 months 330 -0.21+0.78 163 -0.21+0.86 167 -0.21+0.69 0.96

* UACR: Urinary albumin to creatinine ratio. Data are expressed as mg/g. ** Analysis of covariance considering stratification factors of randomization was used for exam-
ining the difference means of the change in the log-transformed UACR at each time point. Multiplicity was not considered.

The final doses of cilnidipine and amlodipine
were 10.27 + 413 and 4.87 + 2.08 mg/day, respective-
ly. The frequency of ARB or ACE inhibitor admin-
istration was the same for the two groups (Table 4).
Both cilnidipine (systolic and diastolic BP, after
treatment: 130.40 + 13.93/73.37 + 10.20 mmHg) and
amlodipine (129.65 + 13.33/71.75 = 9.79 mmHg)
equally decreased BP (Figure 2), and the changes
were not different between the groups (systolic and
diastolic BP: P = 0.88 and P = 0.51, respectively). The
PR was unaffected by either drug (after treatment:
74.19 £ 11.96 and 74.19 £ 11.63 bpm), and the change
was not significant between the two groups (P = 0.46).

The UACR was seemingly decreased after 3 or 6
months of treatment; In cilnidipine group, UACR
seems to be decreased largely to 85.05 mg/g (-23.72%
reduction compared to baseline) in 3 months, 81.71
mg/g (-26.72% reduction) in 6 months, whereas in
amlodipine group, UACR decreased to 75.73 mg/g
(-14.23% reduction) in 3 months, 78.53 mg/g (-11.05%
reduction) in 6 months. However, UACR tended to
return to the baseline value after 12 months of treat-
ment with either drug (Table 3). Nevertheless, analy-
sis of log-transformed UACR does not suggest the
significant difference of changes in UACR between
the two arms. The change in the natural logarithm of
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the UACR after 12 months of treatment was -0.21 +
0.69 in the cilnidipine group and -0.21 + 0.86 in the
amlodipine group. The difference between the groups
was estimated to be 0.00 (95% confidence interval:
-0.16 to 0.17, P = 0.96). Thus, cilnidipine and amlodi-
pine had similar effects on UACR in hypertensive
patients with diabetic microalbuminuria.

Table 4. Pretreatment medications

Medication Total Cilnidipine Amlodipine
Antihypertensive
ARB 320 (87.7%) 159 (88.8%) 161 (86.6%)
ACE inhibitor 62 (17.0%) 25 (14.0%) 37 (19.9%)
Diuretic 35 (9.6%) 20 (11.2%) 15 (8.1%)
Alpha blocker 9 (2.5%) 3 (1.7%) 6(3.2%)
Beta blocker 19 (5.2%) 9 (5.0%) 10 (5.4%)
Statin 50 (13.7%) 26 (14.5%) 24 (12.9%)

ARB: angiotensin receptor blocker, ACE: angiotensin-converting enzyme

160 |
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Figure 2. Changes in systolic and diastolic blood pressure (BP).
Average and s.d. of systolic and diastolic BP are shown.

the two groups before and after treatment (P = 0.94).
Cardiovascular events occurred in one patient in the
cilnidipine group (stroke: n = 1) and two patients in
the amlodipine group (stroke: n = 1, myocardial in-
farction: n =1). The incidence of cardiovascular events
was not different between the two groups (P = 0.58).

Subgroup analysis according to any stratifica-
tion factor showed no difference in the change in the
natural logarithm of the UACR between the two
groups. In the subgroup that attained the target BP
with treatment, the UACR was decreased in the cilni-
dipine arm (from 142.36 + 200.50 to 96.46 + 107.62
mg/g) but not in the amlodipine arm (from 83.08 +
58.28 to 78.52 + 92.00 mg/g), although the changes
were not significantly different between the two
groups (changes in the natural logarithm: -0.37 + 0.83
vs. -0.26 £ 0.68, P = 0.524). In the subgroup that did not
attain the target BP, the UACR was not decreased in
either treatment arm.

Similar numbers of non-severe adverse events
were observed in the cilnidipine group (n = 14) and
the amlodipine group (n = 10) (Table 5). Two severe
adverse events (stroke: n = 1, interstitial pneumonia: n
=1) occurred in the cilnidipine group, and five severe
events (colon carcinoma: n = 2, stroke: n = 1, acute
pancreatitis, n = 1, and myocardial infarction, n = 1)
occurred in the amlodipine group.

Table 5. Adverse events

Cilnidipine Amlodipine

No changes were observed in the serum Cr level
(cilnidipine: 0.79 = 0.22, amlodipine: 0.81 = 0.24
mg/dL) or eGFR level (cilnidipine: 71.07 £ 17.96, am-
lodipine: 70.89 + 20.56 mL/min/1.73 m?) with treat-
ment. Changes in these two parameters were not dif-
ferent between the two groups (P = 0.31 and P = 0.13,
respectively).

The CKD stage was unchanged in 96 patients,
advanced in 20 patients, and regressed in 26 patients
after treatment with cilnidipine, and was unchanged
in 89 patients, advanced in 21 patients, and regressed
in 34 patients after treatment with amlodipine. The
distribution of CKD stages was not different between

Non-severe adverse events 14 10

Dizziness

Breathing trouble
Nausea/vomiting
Edema

Depression

Appetite loss
Subcutaneous bleeding
Complete AV block
Erythropenia
Increased BUN
Increased Cr
Increased triglyceride
Increased uric acid
Increased fasting BS
Dyspotassemia

Other

Severe adverse Events

Stroke

Myocardial Infarction
Carcinoma

Acute pancreatitis
Interstitial pneumonia

NP O0OO0OO0OR N OWRRPRWRONOORRP,ROORO
R NR R U R R OO0 RRPRORRPROOR R ON

o

Abbreviations: AV: atrio-ventricular, BUN: blood urea nitrogen, BS: blood sugar.
See abbreviations in Table 2.
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DISCUSSION

According to the data of the present SAKURA
trial, L-/N-type CCB cilnidipine did not result in a
greater antialbuminuric effect than L-type CCB am-
lodipine in RAS inhibitor-treated hypertensive pa-
tients with diabetes and microalbuminuria. This
finding is similar to an observation made previously
in diabetic patients with macroproteinuria in the
CARTER study [9], although renal nerve function is
thought to be less damaged in diabetic microalbumi-
nuria than it is in diabetic macroproteinuria. In addi-
tion to the CARTER study [9], many small-sized
studies (i.e., with 28 to 50 patients) [22-24] in nondi-
abetic patients with CKD and microalbuminuria have
shown that cilnidipine has a greater antialbuminuric
effect than amlodipine. In addition, Konoshita et al.
recently showed in a crossover study that the antial-
buminuric effect of cilnidipine was greater than that
of amlodipine in a relatively large number (n = 110) of
hypertensive patients, approximately 20% of whom
had diabetes [25].

The antialbuminuric and renoprotective effects
of L-/N-type CCBs are at least partially due to the
amelioration of glomerular hypertension through
efferent arteriolar vasodilation, which L-/N-type
CCBs achieve via their sympatholytic effect. Sympa-
thoactivation is thought to play an important role in
the acceleration of kidney injury [26]. However, in
previous reports, sympathetic dysfunction did not
correlate with urinary protein levels or Cr clearance in
diabetic patients with urinary protein levels > 300
mg/day (or urinary albumin levels > 100 mg/day)
[27]. This finding is compatible with the results in the
present study and in the diabetic subgroup analysis in
the CARTER study [9].

In diabetes, the main mechanisms of glomerular
hyperfiltration (which may underlie the initiation and
progression of DN) are by increases in the levels of
hormones, such as insulin-like growth factor 1 [28],
atrial natriuretic peptide [29], intracellular accumula-
tion of sorbitol and protein glycosylation [30], and
activated tubuloglomerular feedback, which are
caused by increased tubular sodium reabsorption
through hyperinsulinemia and hyperglycemia. Sym-
pathetic nerve activation is not thought to be a major
mechanism of glomerular hyperfiltration in DN [31].
The lack of a clear difference in the antialbuminuric
effects of cilnidipine and amlodipine in the present
study may be due to the marginal contribution of
sympathetic nerve activation to the progression of
DN.

Only a few small-scale clinical trials have com-
pared the antialbuminuric effects of cilnidipine to
those of L-type CCBs in early-stage DN. A small-sized

(n = 28), short-duration (3 months) study [32] showed
that switching from amlodipine to cilnidipine de-
creased urinary albumin levels in patients with DN
and microalbuminuria. Another small-sized (n = 35)
crossover study [33] suggested the cilnidipine was
superior to amlodipine for the treatment of hyperten-
sive patients with type 2 diabetes. Cilnidipine showed
a greater antialbuminuric effect than L-type CCBs
(amlodipine and slow-acting nifedipine) in diabetic
hypertensive patients with microalbuminuria (n = 69,
crossover study) [34]. However, in diabetic patients,
cilnidipine had less of an antiproteinuric effect than
the L-/T-type CCB benidipine, which has also been
suggested as a renoprotective CCB [35] (subgroup
analysis with n = 112 [36] and small-sized study [37]
with n = 40). However, the effects of cilnidipine and
benidipine were almost the same in nondiabetic sub-
jects [36]. Thus, the antiproteinuric effect of cilni-
dipine may be weaker in diabetic patients than in
nondiabetic patients with CKD.

Even if sympathetic activation plays only a mi-
nor role in glomerular hyperfiltration in DN, it is dif-
ficult to understand why cilnidipine, which inhibits
sympathetic nerve function, an overall important el-
ement in glomerular microcirculation, did not reduce
albuminuria more substantially than amlodipine. In
previous studies, chronic renal denervation normal-
ized the increases in GFR and glomerular volume in
rats with streptozotocin-induced diabetes [38], and
the sympatholytic agent moxonidine reduced micro-
albuminuria in a small number (1 = 15) of patients
with type 1 DN (microalbuminuria) [39]. The differ-
ences between the results obtained with cilnidipine in
the present study and those obtained with renal de-
nervation and moxonidpine treatment in previous
studies may be due to the weaker effects the former
treatments than the latter ones on sympatholytic ac-
tivity. In pithed rats, the pressor response of sympa-
thetic nerve stimulation was suppressed by cilni-
dipine; however, the effect of cilnidipine was appar-
ently weaker than that of N-type CCB ome-
ga-conotoxin [10]. Omega-conotoxin showed brady-
cardic action in anesthetized rats, whereas cilnidipine
did not [10]. Thus, the sympatholytic action of cilni-
dipine, although mild enough to protect the nondi-
abetic kidney from injury, may be too weak to coun-
teract the glomerular hyperfiltration in the diabetic
kidney caused by huge afferent arteriolar vasodila-
tion. Alternatively, the use of a more appropriate
therapy that lowers the BP (amlodipine group in the
present and CARTER [9] studies; 129.65 + 13.33/71.75
+ 9.79 and 134.5 + 16.6/77.9 * 9.4 mmHg) may sup-
press the progression of kidney damage and blunt the
antialbuminuric superiority of cilnidipine.

The present study had some limitations. First,
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the sample size calculation was based on two studies:
a study that examined the antialbuminuric effect of
cilnidipine in valsartan-treated patients with diabetes
and microalbuminuria [18], and a study which ex-
amined the antialbuminuric effect of amlodipine in
fosinopril-treated patients with diabetes and micro-
albuminuria [19]. These studies were used for the
calculations because, when the protocol was designed
(in 2007), no trials of head-to-head comparisons be-
tween cilnidipine and L-type CCBs in DN were
available. The actual statistical power of the study was
considered to be sufficient, although the sample size
was slightly smaller than the estimated sample size.
However, we cannot deny the possibility that study
population was too small to be compared.

Second, although similar UACR levels at the first
urinalysis (cilnidipine: 99.6 + 70.5, amlodipine: 88.5 +
55.9 mg/g) were attained for randomization as a
stratified factor, the baseline data, which were aver-
aged from two UACR data points, were higher in the
cilnidipine group (Table 3) [17]. However, the two
groups showed similar UACR medians and similar
average natural logarithms of the UACR. Therefore,
the baseline values of UACR might not affect the
evaluation of the primary endpoint, although the
variability of UACR was different between the two
groups. The UACR levels may have been too variable
to detect the relatively small differences between the
antialbuminuric effects of cilnidipine and those of
amlodipine.

Third, the patients in the two groups demon-
strated different average body weights and BMlIs
(Table 1). These differences might have affected the
response of UACR to antihypertensive drugs because
obesity is known to accelerate albuminuria [40,41].
However, subgroup analysis using BMI values did
not show that the two drugs had different effects.
Subgroup analysis using attainment of the target BP
as a criterion showed a greater antialbuminuric effect
for cilnidipine, although the difference was not sig-
nificant. Thus, in selected cases of DN, cilnidipine
might help protect against kidney injury.

Forth, there were a few patients with diabetic
neuropathy (14.5% [n=26] and 12.4% [n=23] of cilni-
dipine and amlodipine groups). The diagnosis of di-
abetic neuropathy was done by the presence or ab-
sence of its symptoms. Thus, some study subjects,
who were diagnosed as free from diabetic neuropa-
thy, might have a mild to moderate neuropathy,
which masked the antialbuminuric effects of the
sympatholytic CCB. Thus, the sympatholytic CCB
cilnidipine might be beneficial in patients with very
early stage of DN or hyperfiltrated kidney
(prenephropathy), although the present study cannot
clarify this possibility.

In conclusion, the present study did not find that
L-/N-type CCB cilnidipine was superior to L-type
CCB amlodipine for the treatment of albuminuria in
hypertensive patients with early-stage DN, although
cilnidipine may decrease the urinary protein or al-
bumin level more substantially than L-type CCBs in
hypertensive patients with nondiabetic CKD [9,22-24].
The different effects of L-/N-type CCBs might be due
to pathophysiological differences between diabetic
and nondiabetic nephropathies. Further studies are
required to determine whether the antialbuminuric
effects of cilnidipine are superior to those of amlodi-
pine in DN.
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