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Reduction of Microalbuminuria in Patients
With Type 2 Diabetes
The Shiga Microalbuminuria Reduction Trial (SMART)
two-way, repeated-measures ANOVA
model.

THE SHIGA MICROALBUMINURIA REDUCTION
TRIAL (SMART) GROUP*

RESEARCH DESIGN AND
METHODS — From December 2003
through March 2006, we recruited Japanese type 2 diabetic patients who had at
least a 5-year history of diabetes and persistent microalbuminuria (urinary albumin creatinine ratio [ACR] 30 –299
g/mg creatinine on the average of firstvoided urine samples for 3 consecutive
days) (3,4). The other inclusion criterion
was a baseline blood pressure ⱖ140/90
and ⱕ180/110 mmHg in the patients
who were not taking antihypertensive
agents and ⱖ130/80 and ⱕ180/110
mmHg in the patients taking antihypertensive agents. The exclusion criteria were
type 1 diabetes, a baseline serum creatinine ⬎133 mmol/l, a baseline serum potassium ⬎5.6 mmol/l, kidney or renal

disease other than diabetic nephropathy,
cardiovascular accidents within the preceding 6 months, severe peripheral vascular disease, congestive heart failure,
pregnancy, and childbearing potential. At
the beginning of the screening period, calcium channel blockers or ARBs were
withdrawn from patients if they had already been administered to the patient.
Other antihypertensive medications were
maintained at the same dosage throughout the study. The patients were randomly assigned to receive either 80 mg
valsartan once daily or 5 mg amlodipine
once daily. The target blood pressure was
⬍130/80 mmHg. If adequate blood pressure control was not achieved with the
initial dose of the study drug by week 4 of
the intervention period, the valsartan or
amlodipine dose was doubled. If necessary, additional antihypertensive drugs
(except ACE inhibitors) could be added
after week 8 of the intervention period.
ACR was measured at the central laboratory (Medic Lab) using the first morning
urine samples. The study was approved
by the ethics committee of Shiga University of Medical Science and was undertaken in accordance with the Declaration
of Helsinki. Written informed consent
was obtained from all patients.
Analyses were performed with the last
observation carried forward method. Differences between the study groups in
blood pressure and the percentage change
in the ACR were analyzed by applying the
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RESULTS — Patients (n ⫽ 341) were
enrolled for screening, and 153 patients
were randomly assigned to the valsartan
group or the amlodipine group. Three patients were excluded from efficacy analyses due to loss of follow-up. In summary,
we analyzed a total of 150 patients (mean
age 62 years, male/female 51/99). The
baseline characteristics (age, sex, history
of cardiovascular diseases, total cholesterol, HDL, A1C, and smoking) of the two
groups were similar. At baseline, 72 patients (34 of 73 in the valsartan group and
38 of 77 in the amlodipine group) were
treated with ACE inhibitors for at least 3
months. The frequency of antihypertensive drug usage was not different between
the two groups. The A1C levels at the end
of the follow-up period of the two treatment groups were similar (7.2 ⫾ 1.1% vs.
7.5 ⫾ 1.3%, respectively). Over the study
period, the reductions in blood pressure
were also similar between the two treatment groups (Fig. 1A). The percentage of
the patients who achieved the target systolic blood pressure (SBP) was 50.7% in
the valsartan group and 48.1% in the amlodipine group.
At the end of study, the changes in the
ACR from baseline was 68% in the valsartan group and 118% in the amlodipine
group (P ⬍ 0.001) (Fig. 1B). The frequency of patients who achieved remission (shift of the ACR from microalbuminuria to normoalbuminuria) or
regression (50% reduction in the ACR
from baseline) of microalbuminuria (5–7)
was significantly higher in the valsartan
group than in the amlodipine group (remission 23 vs. 11%, P ⫽ 0.011; regression 34 vs. 16%, P ⫽ 0.008). In patients
who were also treated with ACE inhibitors, the ACR in the valsartan group was
significantly reduced than that in the amlodipine group (valsartan group ⫺26%,
amlodipine group ⫹8%, P ⫽ 0.04). Figure 1C shows the changes of in the ACR in
relation to the SBP (controlled group
⬍130 mmHg; uncontrolled group ⱖ130
mmHg) and the treatments. In the valsar1581
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lthough the reduction of blood
pressure to ⬍130/80 mmHg using
rennin-angiotensin system (RAS)blocking drugs has been recommended
for diabetic patients with hypertension
(1,2), there have been no controlled studies comparing the therapeutic effects of
the RAS blocker with another antihypertensive agent targeting the target blood
pressure level. Therefore, the objective of
this study was to assess the effect of an
angiotensin receptor blocker (ARB), valsartan, on microalbuminuria in comparison with that of a calcium channel
blocker, amlodipine, in patients with the
targeting blood pressure level ⬍130/80
mmHg.

Reduction microalbuminuria in type 2 diabetes
group, the changes in the ACR were different between the two subgroups (controlled group ⫺11%; uncontrolled
group ⫹40%, P ⬍ 0.001). The changes
in the ACR were also different between
the paired valsartan and amlodipine
subgroups.

CONCLUSIONS — A recent metaanalysis showed that the benefit of RAS
inhibitors on renal outcome most likely
resulted from a blood pressure effect (8).
They emphasized that the lack of advantage of RAS inhibitors over other antihypertensive drugs beyond lowering blood
pressure in preventing diabetic nephropathy. In this open-label, randomized
study, the reductions in blood pressure
were similar between the valsartan group
and the amlodipine group. However, valsartan was more effective than amlodipine
for reducing microalbuminuria. In addition, the reduction of the ACR was significantly greater in the valsartan group with
uncontrolled SBP than that in the amlodipine group with controlled SBP. These
findings showed that the antiprotenuric
effect of valsartan may be independent of
its effect on blood pressure. We conclude
that ARBs can therefore be a first-line drug
for the patients with type 2 diabetes and
microalbuminuria.
APPENDIX
Writing committee
Takashi Uzu, Makoto Sawaguchi, Hiroshi
Maegawa, and Atsunori Kashiwagi.
Figure 1—Time-course changes in blood pressure (A; means ⫾ SD) and ACR (B; means ⫾ 95%
CI) in patients administrated with valsartan (⽧) or amlodipine (f). C: Time-course changes in
ACR in a subset of patients with controlled blood pressure (end point SBP ⬍130 mmHg) treated
with valsartan (⽧) or amlodipine (f) and a subset of patients with uncontrolled blood pressure
(end point SBP ⱖ130 mmHg) treated with valsartan (〫) or amlodipine (䡺). *P ⬍ 0.005 and
**P ⬍ 0.001 between the groups.

tan group, there was a progressive reduction in the ACR (controlled group ⫺40%;
uncontrolled group ⫺23%), and no sig1582

nificant difference was found regarding
the change in the ACR between the two
subgroups. However, in the amlodipine

SMART Group
Safety board: Koubin Tomita (Tomita
clinic), Naoki Horide (Horide clinic), and
Toshihiro Kawabata (Kawabata clinic).
SMART Investigators
Daisuke Koya (Kanazawa Medical University), Takashi Uzu, Hiroshi Maegawa,
(Shiga University of Medical Science), Masataka Nishimura (Nagahama City HospiDIABETES CARE, VOLUME 30, NUMBER 6, JUNE 2007
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Safety
In the amlodipine group, one experienced a cerebral hemorrhage, one reported angina pectoris, and one had leg
edema. No correlation between these
events and the test drug was proven by
the safety board. There were no deaths
related to the study medication. No significant changes were observed in the serum creatinine and potassium levels in
either group.

The SMART Group
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