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Figure 2—Box-and-whisker plots of SMAP as-
sessed by AUC in diabetic patients with nor-
moalbuminuria and albuminuria, treated with
or without aspirin. In these plots, lines within
the boxes represent median values; the upper
and lower lines of the boxes represent the 25th
and 75th pereentiles, respectively; and the up-
per and lower bars outside the boxes represent
the 90th and 10th percentiles, respectively.
Kruskal-Wallis test: P < 0.001, *P < 0.001 vs.
normoalbuminuric patients treated with and
without aspirin, TP = 0.01 vs. albuminuric pa-
tients without aspirin (Mann-Whitney U test).

moalbuminuria showed no such differ-
ence according to aspirin intake (0.00
{0.00-0.14] vs. 0.00 [0.00--0.21]) (Fig.
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2). In addition, the strong correlation be-
tween the degree of SMAP and the levels
of urinary AER as continuous variables
was investigated in the patients without
aspirin intake (y = 0.53, P < 0.001),
whereas the weak association between
them was found in those with aspirin in-
take (y = 0.27, P < 0.001).

Correlation between platelet
microaggregation and GPIIb/IIIa and
P-sclectin expression

To further evaluate the active state of

SMAP, we quantitated the expression lev-
els of active GPlIb/1lla and P-selectin on
the platelets. The expression levels of ac-
tive GP1Ib/I11a were higher in diabetic pa-
tients with SMAP than in those withowt
SMAP (29.9% linterquartile range 19.3-
42.2) vs. 15.5% [11.7-21.9]). Similarly,
the expression levels of P-selectin were
higher in diabetic patients with detectable
SMAP than those without it (8.1% [5.1—
16.0] vs. 4.4% [3.2-5.6]). The expression
levels of both markers correlated signifi-
cantly with the degree of SMAP (Spear-
man y = 0.59 for active GPlIly/1lla and
v = (.55 for P-selectin).
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Finally, we investigated the relation-
ship between the expression levels of
these surface markers and urinary AER in
the subgroups based on aspirin intake. In
patients not taking aspirin, the expression
level of each surface marker correlated
significantly with urinary AER (Spearman
v = 0.60 for active GPIIb/Illa and y =
0.57 for P-selecun) (Fig. 34 and C). Sim-
ilar correlations were also observed in pa-
tients taking aspirin, albeit with a slightly
weaker coefficient of correlation (Spear-
man y = 0.51 for active GPIIb/la and
v = 0.34 for P-selectin, Fig. 3B and D).

CONCLUSIONS — The present study
provided new evidence that both in-
creased AER and baDPWV are independent
factors associated with the abnormal for-
mation of SMAP in type 2 diabetic pa-
tients. Furthermore, the patients with
SMAP showed an irreversible pattern of
platelet microaggregation by ADP, and
the degree of SMAP correlated with the
enhanced expression of active GP 1lb/lla
and P-selectin, indicating that SMAP is
pathophysiologically active. These early-
activated platelet profiles were signifi-
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Figure 3—Correlation between urinary albumin excretion rate and expression of platelet surface markers, active GPlib/Illa, and P-sclectin. The
patients were divided into two subgroups based on aspirin intake: for active GPHb/lla, those not taking aspirin (A) (y = 0.60; P << 0.001) and those
taking aspirin (B) (y= 0.51;P < 0.001), and for P-selectin, thosc not taking aspirin (C) (y= 0.57; P < 0.001) and thosc taking aspirin (D) (y =
0.34; P < 0.001). Log-transformed values were plotted on each figure.
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Activated platelet profile and albuminuria

cantly inhibited in albuminuric patients
with aspirin intake, although the effect
was incomplete.

Assessment of inappropriate platelet
activation is one way to risk-stratify pa-
tients who are at high risk of athero-
sclerosis and atherothrombosis. The
microaggregates produced in the early
phase of platelet activation are now con-
sidered to potentially aggravate thrombus
formation (7). Under normal conditions,
these platelet microaggregates dissolve
within a few minutes, as shown in this
study (Fig. 1D). In the present study, 53%
of type 2 diabetic patients showed SMAP
and abnormal irreversibility of the micro-
aggregation after low-dose ADP. This
high proportion of diabetic patents with
abnormal platelet hyperaggregability is in
agreement with the result from a cohort
studied previously (12). The SMAP for-
malion was observed under a low-shear
stress that mimicked the state of the arte-
rial bloodstream without the stimulation
of exogenous agonists. In addition, the
degree of SMAP was associated with en-
hanced expression of active GPlb/llla
and P-selectin, Thus, the formation of
SMAP is considered to show the abnormal
activated state of platelets in diabetic pa-
tients, which is enhanced according to the
increase of albuminuria,

In the present study, SMAP occur-
rence was associated with both albumin-
uria and baPWV. In agreement with these
results, other investigators veported that
high levels of platelet microaggregation
were associated with adverse outcomes in
patients with cardiovascular disease (16)
and the ankle-brachial index in patients
with peripheral arterial disease (17). In
addition, diabetic patients with SMAP
showed overexpression of platelet surface
markers, active GP11b/Ia, and P-selectin.
Such upregulation of these molecules has
also been associated with the develop-
ment of atherogenesis (18). Taken to-
gether, the early platelet activation in type
2 diabetic patients may be a risk factor for
cardiovascular discase.

A recent guideline of the American
Diabetes Association recommended pro-
phylactic use of antithrombotic agents,
with low-dose aspirin, lor diabetic sub-
jects, especially those with albuminuria
{19). However, Di Minno and Violi {20)
indicated that aspirin alone is insufficient
to prevent thrombosis in diabetic patients
with angiopathy. In the present study,
SMAP formation was inhibited in albu-
minuric patients taking aspirin compared
with those not taking it. However, SMAP

formation was still associated with albu-
minuria, even in patients taking aspirin,
suggesting that the inhibitory effect of
aspirin may be insufficient in diabetic
patients with albuminuria. Further
follow-up and intervention studies are re-
quired to investigate whether the incom-
plete inhibition of early-activated platelet
profiles is a cardiovascular risk.

Several plausible mechanisms under-
lying the cardiorenal interaction have
been proposed. Deckert et al. (21) pro-
posed in the Steno hypothesis that excess
leakage of albumin into urine reflects
widespread vascular (endothelial) dam-
age. This endothelial dysfunction is con-
sidered a common feature of cardiorenal
interactions (22); it leads to platelet acti-
vation, adhesion, and subsequent platelet
aggregate formation. Platelets are also a
rich source of chemokines and cytokines,
released within seconds of platelet activa-
tion (23). Thus, the formation of SMAP in
diabetic patients with albuminuria might
either cause or rellect systemic vascular
endothelial dysfunction. An alternative
explanation is that any pathophysiologi-
cal alteration in a diabetic kidney could
directly affect platelet activation. Glomer-
ular hypertension, which induces me-
chanical shear stress (24), and excess
renal production of type 1V collagen in the
kidney (25), a powerful activator of plate-
lets, might induce activation of platelets
that circulate inte the kidney.

The present study had some limita-
tions. It was not possible to ascertain
whether the early-activated platelet pro-
file was a cause or consequence of the
increased urinary albumin excretion be-
cause of the nature of the cross-sectional
study. The present study also could not
address whether the incidence of future
cardiovascular disease is higher in pa-
tents with SMAP and whether the in-
hibitory effect of aspirin on the degree
of SMAP would be sufficient to prevent
the development of cardiovascular
disease.

In summary, the majority of type 2
diabetic padents with albuminuria
showed an altered profile of early platelet
activation including SMAP events. Given
the growing concern over cardiovascular
consequences in type 2 diabetic patients,
further follow-up and intervention stud-
ies are needed to establish whether the
inhibition of SMAP is a therapeutic target
to prevent cardiovascular complications
in type 2 diabetic patients.
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Abstract

Aims/hypothesis There is currently insufficient evidence to
recommend a low-protein diet for type 2 diabetic patients with
diabetic nephropathy. We assessed whether a low-protein diet
could prevent the progression of diabetic nephropathy.
Methods This was a multi-site parallel randomised controlled
trial for prevention of diabetic nephropathy progression
among 112 Japanese type 2 diabetic patients with overt
nephropathy. It was conducted in Japan from 1 December
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Resulis The study was completed by 47 (84%) of 56
participants in the low-protein diet group and 41 (73%) of
56 participants in the normal-diet group. During the study
period, the difference in mean annual change in estimated
GFR between the low-protein diet and the normal-protein
diet groups was —0.3 ml min~* 1.73 m 2 (95% CI 3.9, 4.4;
p=0.93). The difference in mean annual change in
creatinine clearance between the low-protein diet and the
normal-protein diet groups was —0.006 ml s 173 m™
(95% CI —0.089, 0.112; p=0.80). A doubling of serum
creatinine was reached in 16 patients of the low-protein
group (34.0%), compared with 15 in the normal-protein
group (36.6%), the difference between groups being —2.6%
(95% CI —-22.6, 17.5; p=0.80). The time to doubling of
serum creatinine was similar in both groups (p=0.66).
Conclusions/interpretation 1t is extremely difficult to get
patients to follow a long-term low-protein diet. Although
in the low-protein group overall protein intake was
slightly (but not significantly) lower, it did not confer
renoprotection.

Clinical trial registration: ClinicalTrials.gov NCT 00448526
Funding: Research grant from the Ministry of Health,
Labour and Welfare of Japan

Keywords Albuminuria - Diabetic nephropathy - eGFR -
Low-protein diet - Proteinuria

Abbreviations

ACE-1  ACE inhibitors

ARBs  Angiotensin II receptor blockers

eGFR  Estimated GFR

ESRD  End-stage renal disease

MDRD  Modification of Diet in Renal Disease study

Introduction

Diabetic nephropathy develops in 40% of patients with
diabetes and, in spite of progress in new treatment for
diabetes and anti-hypertensive drugs, is the leading cause of
end-stage renal disease (ESRD) worldwide [1-3]. Diabetic
nephropathy is also closely associated with higher cardio-
vascular mortality rates [4]. Therefore, additional efforts are
needed to arrest the progression of diabetic nephropathy.
A low-protein diet slows the progression of renal disease
and improves survival in patients with various glomerulo-
pathies, including diabetic kidney disease [5]. Clinically, a
meta-analysis suggested that low-protein diet lowers the
incidence of ESRD or death in patients with non-diabetic
nephropathies [6]. Another meta-analysis of 108 patients
with type 1 diabetes in five studies (mean follow-up

;@_ Springer

4.5-35 months) showed the benefit of low-protein diet in
slowing the progression of diabetic nephropathy [7].
Indeed, a low-protein diet is recommended as nutritional
management of diabetic nephropathy [8], although there is
insufficient evidence to suggest that such a diet improves
renal dysfunction [9, 10]. The landmark study of non-
diabetic kidney disease, the Modification of diet in renal
disease study (MDRD), also failed to reach a conclusion
regarding the benefits of a low-protein diet in reducing risk
of ESRD or death [11, 12]. Furthermore, extended follow-
up after the MDRD trial also failed to show a significant
benefit of low-protein diet in slowing the development of
ESRD and all-cause mortality [13].

To explore the uncertainties on effectiveness of low-
protein diet, we conducted a randomised controlled trial to
determine the effect of low-protein diet on the progression
of renal dysfunction and albuminuria in type 2 diabetic
patients with overt nephropathy.

Methods

Study design This was a multi-site randomised controlled
trial for prevention of diabetic nephropathy progression
among 112 type 2 diabetic patients, who were aged 30 to
70 years and had overt nephropathy. The trial was
conducted from 1 December 1997 to 30 April 2006. After
a baseline run-in period (3 months), the patients were
monitored for 5 years. The protocol was approved by the
institutional review boards of each centre. All participating
patients provided written, informed consent. Before the
present study, 41 diabetic patients with overt nephropathy
had been randomly assigned to normal protein intake
(n=21) and low protein intake (»=20) groups. This 1 year
feasibility trial was completed by 34 patients. Daily protein
intake in the feasibility study was 1.22+0.25 g kg™ day™
(normal) and 0.92+0.43 g kg™'day ™' (low protein) and the
difference was statistically significant (p<0.05). Based on
these data, sample size for the present study was calculated.
To achieve 90% power with a 5% significance level, we
found that least 31 participants per group would be
necessary. To account for drop-out due to trial duration, a
100 participants (50 per group) were planned for analysis.

Participants The participants were Japanese men and
women, aged 30 to 70 years. All had type 2 diabetes
(defined according to World Health Organization criteria)
of at least 5 years duration and were being treated by diet or
by diet plus oral hypoglycaemic agents or insulin injection.
Other inclusion criteria were: (1) urinary protein excretion
more than 1 g/day but less than 10 g/day; (2) urinary
albumin excretion rate of more than 200 pg/min at least
twice in a 1 year period; (3) serum creatinine below
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176 umol/l; (4) at least simple diabetic retinopathy; and (5)
on normal-protein diet (1.2 g kg™* day™"). Potential partic-
ipants were excluded if they had: type 1 diabetes; other
renal diseases; body weight less than 80% of ideal body
weight; clinically significant illness such as congestive
heart failure, hepatic disease, recent myocardial infarction
and stroke, and urinary tract infection; or if they were being
treated with a low-protein diet (0.8 g kg 'day™") and/or
ACE inhibitors (ACE-]) or angiotensin I receptor blockers
(ARBs). Hypertension was defined as blood pressure
>140/90 mmHg or use of anti-hypertensive drugs.

Randomisation and intervention During the 3 month screen-
ing period, the participants continued to take a normal-protein
diet (1.2 g kg™ day™) and their usual medications. They
were then randomly assigned at a central location to follow
either a low-protein diet (0.8 g kg 'day™) or a normal-
protein diet (1.2 g kg 'day™") with the appropriate energy
intake for each participant without masking.

The methods of minimisation for allocation were applied
according to age, sex, serum creatinine, estimated GFR
(eGFR), and urinary albumin and protein levels during the
screening period. Both groups were instructed to meet the
registered dietitian for 30 min every 3 months to assess and
counsel dietary issues. After randomisation we followed the
participants for approximately 3.5 years (1-5 years). Every
3 months, all participants completed a 3 day food record to
assess daily protein, energy and sodium intake. For this
purpose, we used the fourth revised and enlarged edition of
Standard tables of food composition in Japan [14]. The
dietary protein intake was also assessed by urinary urea
nitrogen excretion during 24 h urine collection every
3 months, using the formula of Maroni et al. [15]. To
achieve dietary protein goals, dietary regimens were
modified every 3 months or more as needed. The estimated
protein intake during the study represents the mean of all
measurements after randomisation.

Laboratory tests Blood and urine samples were brought to
the central laboratory (SRL, Tokyo, Japan) and each
clinical parameter was measured using the Hitachi 7170
analyzer (Hitachi High-Technologies, Tokyo, Japan) unless
otherwise specified. GFR was estimated using the follow-
ing modified MDRD formula for Japanese participants
[16]: eGFR (ml min"'1.73 m ?)y=175x%[serum creatinine
(pmol/1)/88.4] 1**x[age (years)] 2% x0.741x(0.742 if fe-
male), where serum creatinine estimated by an enzymatic
method was calibrated. Creatinine clearance from a 24 h
timed urine collection was calculated and corrected to a
body surface area of 1.73 m?. Urinary excretion of protein
and albumin was measured every 3 months in 24 h timed
urine samples using an immunoturbidity assay and a
pyrogallol red-molybdate complex (LX60000; Eiken

Chemical Co., Tokyo, Japan), respectively. Urinary nitro-
gen was measured by an enzymatic ultraviolet method
every 3 months. Blood samples were obtained every
3 months to measure: renal function (blood urea nitrogen,
creatinine, Na, K, Cl, uric acid) by an autoanalyser; lipids
(total cholesterol, triacylglycerol, HDL-cholesterol) by an
enzymatic colorimetric method and a direct inhibition
method, respectively; transferrin by an immunoturbidity
assay (BN-II; Dade Bocehring, Marbug, Germany); serum
glucose by a glucose oxidase method; and HbA,. by ion
exchange HPL.C (ADAMS Alc HA-8160; Aarkray, Kyoto,
Japan).

Quicomes The primary outcomes were: (1) the annual
change in eGFR and creatinine clearance; (2) the incidence
of doubling of serum creatinine; and (3) the time to
doubling of baseline serum creatinine. The secondary
outcomes included the proportion of patients with ESRD
requiring haemodialysis and the annual changes in urinary
protein and albumin excretion. Quality of life was assessed
annually using the SF-36 [17].

The secondary analysis, which was not based on a
direct comparison of randomised groups, was performed
to assess the biological dose-response relationship be-
tween actual protein intake and progression of type 2
diabetic nephropathy.

Statistical analysis An independent data and safety moni-
toring board monitored the study. The Lan—DeMets alpha
spending-function method was used to adjust for interim
analyses once a year. Four formal interim analyses were
performed during the study period. The p value for one
interim analyses was set at p=0.01. Data handling and trial
management were coordinated centrally by EPS (Tokyo,
Japan).

The mean dietary protein intake between the low- and
normal-protein diet groups was analysed using Wilcoxon’s
rank sum test. Dietary protein intake in the low- and
normal-protein diet groups during the study was analysed
by repeated measures ANOVA.

Analyses of the primary and secondary outcomes were
performed according to the intention-to-treat principle; we
included data from all randomised patients with the
exception of the 24 participants lost or excluded between
randomisation and study termination (Fig. 1). For contin-
uous variables, the mean and standard deviation were
calculated. Because of the skewed deviation, values for
albuminuria and proteinuria are given as medians and
interquartile ranges. In calculating the slopes of the rates of
change of eGFR and creatinine clearance, linear regression
analysis was used and included the data of patients who
reached an endpoint. A minimum of 1 year follow-up with
at least two measurements of serum and urinary creatinine
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Fig. 1 Design of the trial. Fif-
teen patients were lost during
follow-up because they moved
away or withdrew informed
consent within 1 year of follow-
up. Nine patients were excluded
from analysis because they had
less than two measurements of
urinary nitrogen excretion and
serum creatinine

Assessed for eligibility (=124)

Not meeting inclusion criteria, excluded
(=12)

I 112 patients randomly assigned to: l

Low-protein diet (n=56)

l l Normal-protein diet (#=56)

Lost to follow-up (7=6) Lost to follow-up (=9)
Reasons: Reasons:

* Withdrew =2 *» Withdrew n=3

* Moving =4 * Moving n=6

Analysed (r=47)
Excluded from analysis (#=3)
Reasons:

nitrogen, serum creatinine

* Less than two measurements of urinary

Analysed (n=41)

Excluded from analysis (7= 6)

Reasons:

* Less than two measurements of urinary
nitrogen, serum creatinine

during the study period were aggregated in the slope
analysis. Primary outcome values between groups were
assessed by an analysis of covariance model, with low-
protein diet as a factor and baseline urinary protein, serum
creatinine, HbA ,, systolic blood pressure and daily protein
intake, in addition to age and sex, as covariates. The
incidence of doubling of serum creatinine was compared
with the x test. The times to doubling of baseline serum
creatinine and its components were compared by Kaplan—
Meier survival curves and the log-rank test. Baseline serum
creatinine was adjusted using Cox proportional hazards
models with terms for the diet assignment. Secondary
outcomes were compared with the x> test (for non-
parametric data) or repeated measures ANOVA (for
continuous data).

In secondary analysis, the differences between
achieved protein intake and renal functions were deter-
mined using Pearson’s correlation coefficient and Spear-
man’s rank/correlation coefficient. To identify the factors
associated with the doubling of serum creatinine, the
potential risk factors such as systolic blood pressure,
protein intake, sodium intake, HbA . and total cholesterol
were included in the Cox proportional hazards model,
adjusting for sex, age, urinary albumin excretion and
serum creatinine.

All statistical tests were two-sided. For the final
analysis of the primary endpoints and all other endpoints,
a p value of 0.05 or less was considered to indicate
significance. Data were analysed using SAS 8.2 (Statisti-
cal Analysis System, Cary, NC, USA).

@_ Springer

Results

Participants The baseline characteristics of the 112 type 2
diabetic participants with nephropathy who underwent
randomisation were similar between low-protein diet and
normal-protein diet groups (Table 1). The study was
completed by 47 of the 56 (84%) participants in the low-
protein diet group and by 41 of the 56 (73%) participants in
the normal-protein diet group (Fig. 1). In both groups, the
reasons for dropping out were: loss of follow-up due to
moving (ten participants); withdrawal of informed consent
(five participants); and less than two measurements of
dietary protein intake and of serum and urinary creatinine
during the study period (nine participants).

Dietary assessment At randomisation, there was no differ-
ence in mean dietary protein intake between the two diet
groups as assessed by a 3 day food record and a dietitian (low-
protein 1.0+0.3 vs normal-protein 1.1+0.2 g kg ' day ™) and
by estimates using 24 h urinary nitrogen excretion (1.0+0.2
vs 1.0£0.2 g kg 'day ™!, respectively). During the study, the
mean protein intake from the food record was significantly
different between low- and normal-protein intake group
(0.9+0.2 vs 1.1£0.2 g kg 'day ™", respectively, 2<0.0001),
while the protein intake derived from 24 h urinary nitrogen
excretion was similar between the two group (1.0+0.2 vs
1.0+£0.2 g kg 'day”, respectively, p=0.16). The mean
protein intake estimated by urinary nitrogen excretion in
the low-protein diet group was lower than that in the normal-
protein group during the study period, but the difference was
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Table 1 Baseline characteristics -
of the participants Variable

Low-protein diet (#=56)

Normal-protein diet (n=56)

Age (years)

Male sex, n (%)

Height (cm)

Weight (kg)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Serum creatinine (pmol/l)
eGFR (ml min™' 1.73 m™?)
Urinary albumin (pig/min)
Urinary protein (g/day)

HbA,. (%)

Total cholesterol (mmol/l)
Triacylglycerol (mmol/T)

With hypertension (%)

Unless otherwise stated, values
are mean£SD or medians
(interquartile range)

57.5+7.8 56.348.7

33 (58.9) 33 (57.1)
160.448.5 160.7+7.8
63.8+10.7 62.9£10.5
138421 137£16
77£11 77412
91.9+50.4 98.1+45.1
63.5+26.9 61.1423.7
488 (214-1,359) 527 (325-1,364)
1.1 (0.4-3.2) 1.2 (0.5-2.9)
78£1.5 75417
5741.1 5.8+1.3
1.840.9 1.84£0.9

63.0 68.6

not significant (p=0.14) (Fig. 2a). This was in contrast to the
significant difference between the two groups based on food
record (p<0.0001) (Fig. 2b).

Primary outcomes The mean annual change in eGFR
was —6.1+6.5 ml min~! 1.73 m™? for the low-protein diet
group, compared with ~5.8+5.7 ml min~ 11.73 m™ for the
normal-protein diet group; the difference between the two
groups was —0.3 ml min~ 1173 m? and not significant
(95% CI —3.9, 4.4, p=0.93). The mean annual change in
creatinine clearance was ~0.163+0.159 mls ' 1.73 m™> for
the low-protein diet group, compared with —0.157+
0.125 ml 57! 1.73 m™ for the normal-protein diet group;
the difference between the two groups was —0.006 ml s
1.73 m2 and also not significant (95% CI —0.089, 0.112;
p=0.80). A doubling of serum creatinine was reached in 16
patients of the low-protein diet group (34.0%), as compared
with 15 in the normal-protein diet group (36.6%), with a
difference between the two groups of —2.6% (95%
CI —22.6, 17.5; p=0.80). The time to doubling of serum
creatinine was similar in both groups (p=0.66) (Fig. 3). The
hazard ratio for the doubling of serum creatinine by Cox
regression was 0.42 (95% CI 0.042, 4.22) for the low-
protein diet group.

Secondary outcomes The proportion of patients with ESRD
was 6.4% in the low-protein diet group, compared with
7.3% in the normal-protein diet group, with a difference
between the two groups of —0.9% (95% CI —0.11, 0.10; p=
0.86). During the study period, the level of albuminuria in
the low-protein diet group was not different from that in the
normal-protein diet group (Fig. 4a). The level of proteinuria
was also similar (Fig. 4b).

Associations of achieved protein intake with eGFR and
creatinine clearance The secondary analysis, which was
not based on a direct comparison of randomised groups,
was performed to assess the biological dose-response
relationship between actual protein intake and the progres-
sion of diabetic nephropathy in type 2 diabetes, without
adjustment for other covariates. The lower protein intake,
which was calculated by urinary nitrogen excretion
(Fig. 5a) and the 3 day food record (Fig. 5b), was not
associated with a slower deterioration of GFR. The
correlational analysis using the annual change in creatinine
clearance was also not conclusive with regard to the
efficiency of low-protein diet, as measured by urea nitrogen
excretion (p=0.22) (Fig. 5¢) and dietary record (p=0.71)
(Fig. 5d). In the multivariate model, adjusted for systolic
blood pressure, protein and sodium intake, HbA,, and
serum total cholesterol during the study, systolic blood
pressure was independently associated with the doubling of
serum creatinine (Table 2).

Adverse events and quality of life During the study, one
participant of the low-protein diet group died due to
tuberculosis-linked sepsis and one participant of the
normal-protein diet group died due to acute myocardial
infarction. The difference in body weight between baseline
and end of follow-up was 0.9 kg in the low-protein diet
group and 0.2 kg in the normal-diet group, which was not
significantly different between the two groups. During the
study period, there was also no significant difference
between the two groups in total energy (108.8+18.4 vs
113.8+15.9 kJ kg 'day™") and sodium intake (7.74+2.1 vs
7.9+2.0 g/day) as determined from the 3 day food record.
Furthermore, the level of transferrin was not significantly
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Fig. 2 Dietary protein intake in the low-protein diet (continuous
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urinary nitrogen excretion and (b) from 3 day food record during the
study. L (n), low-protein diet group (n participants); N (), normal-
protein diet group (n participants). Data are mean+SD

different between the two groups during the study period
(p=0.83). There were no significant differences in health-
related quality of life between the two groups during the
study period, as measured by several SF-36 subscales
(physical function, social function, physical role, emotional
role, mental health, energy, pain and general health
perceptions; p>0.1).
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normal-protein diet (dashed line). p=0.66 by logrank test

Discussion

We found that the low-protein diet was not associated with
a better renal outcome than a normal-protein diet in patients
with type 2 diabetes. Low-protein diet did not slow the rate
of progression of nephropathy as estimated not only by the
incidence of doubling of serum creatinine, but also by the
time to doubling of serum creatinine concentration, com-
pared with the normal-protein diet group. The mean annual
change in eGFR and creatinine clearance was also similar
between the two groups. The secondary analysis, which
assessed the association between the rate of progression of
diabetic nephropathy and the achieved protein intake, also
failed to find a beneficial effect. Based on the time-
dependent Cox proportional hazards model, no renal benefit
of low-protein diet was observed, although systolic blood
pressure significantly influenced the progression of diabetic
nephropathy. We thus interpret these results to indicate that
a low-protein diet is probably not renoprotective in patients
with type 2 diabetic nephropathy.

In a long-term study similar to ours, Pijis et al. reported
that protein restriction is neither feasible nor efficacious
[18], although they had recruited type 2 diabetic patients
with microalbuminuria (30-300 mg/day) and relatively
high albuminuria within the normo-albuminuric range
(albuminuria >20 mg/day or detectable urinary albumin,
i.e. albumin concentration >6.5 mg/l). In contrast, Hansen
et al. performed a 4 year prospective, controlled trial with
concealed randomisation to compare the decline in GFR
and development of ESRD or death in type 1 diabetes
patients with advanced diabetic nephropathy comparable to
our participants [19]. Their usual-protein diet group
consumed 1.02 g kg 'day ! as compared with 0.89 (range
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0.83-0.95) g kg 'day”' in the low-protein diet group, a
protein intake similar to our groups. However, in contrast to
our findings, Hansen et al found that type 1 diabetic
patients suffering from progressive diabetic nephropathy
experienced a beneficial effect of moderately restricted
dietary protein on the development of ESRD or mortality
rates. The discrepancy might be due to the different types of
diabetes and/or use of antihypertensive drugs, with almost
90% of patients in their study taking ACE-IL In our study,
patients were instructed not to take ACE-I and/or ARBs, as
these had not been approved for the treatment of diabetic
nephropathy in Japan when this study was completed.

The prescribed protein intake in the low-protein group in
our study (approximately 0.8 g kg 'day™") resulted in a
mean achieved protein intake of about 1.0 g kg 'day™’, as
estimated by urinary nitrogen excretion, which was not
statistically different from protein intake in the normal-
protein diet. Since diabetic patients have to accept other
restrictions to their diet regimen [4, 8, 20], compliance to an
additional low-protein diet could be reduced. The achieved
level of long-term dietary protein restriction may reflect
everyday life in an outpatient clinic set-up. Therefore, we
cannot directly address the issue of whether the effects of
lower protein intake such as 0.8 g kg 'day ™, the amount
recommended in a nuiritional statement by the American
Diabetes Association (2008) [8], would be beneficial for
type 2 diabetic patients with nephropathy. Non-adherence
to the prescribed low-protein diet would result in underes-
timation of the true beneficial effect of the low-protein diet
in the present study. However, it is not reasonable to
assume that a lower protein intake equal to or less than
0.8 g kg 'day”' would reduce the risk of progression of
diabetic nephropathy, because the relationship between
achieved protein intake (0.55-1.6 g kg 'day™") and annual
rate of eGFR decline as well as creatinine clearance decline
also failed to produce any benefits for low-protein diet in
our study. The MDRD, moreover, also failed to reach a
conclusion on this issue [11-13]. Indeed, the recent long-
term follow-up of the MDRD provides evidence that even
very low protein diet, supplemented with keto acids and
amino acids, increased the risk of death without the benefit
of delaying progression of kidney diseases [21].

In the present study, we found that systolic blood
pressure, rather than other variables such as blood glucose
control, daily protein intake and sodium intake, played a
major role in accelerating the progression of diabetic
nephropathy during the follow-up period. Our results
suggest that blood pressure control results in inhibition of
progression of diabetic nephropathy [4, 22]. Furthermore,
coexisistence of hypertension and type 2 diabetes is well
known to accelerate the risk not only of development and
progression of diabetic nephropathy, but also of cardiovas-
cular disease outcome [22-25], meaning that control of
high blood pressure is a major protective strategy against
renal and cardiovascular outcomes in patients with diabetic
nephropathy. Indeed, recent guidelines recommend treating
type 2 diabetic patients with antihypertensive drugs, if their
blood pressure is in the high-normal (previously normal)
range (130-139/85-90 mmHg), and sometimes even if
blood pressure is in the normal and/or low prehypertensive
range (120-129/80-85 mmHg) [26, 27].

Although previous experimental data suggested that the
effects of low-protein diet, similar to treatment with an
ACE-T or ARBs, are mediated through blockade of the
renal renin—angiotensin system [28, 29], dietary protein
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restriction in the present study, where patients were not on
ACE-I or ARBs, did not seem to act through the renin—
angiotensin system. At present, adding ACE-I or ARB to
multifactorial intervention could reduce the progression of
diabetic nephropathy, as reported in several studies [30-35].
Interestingly, a recent report by Parving et al. showed that
without restriction of dietary salt or protein, the use of the
renin inhibitor, aliskiren, in combination with an ARB
efficiently reduces urinary albuminuria in diabetic patients
with overt proteinuria [36].

In summary, it is extremely difficult to get patients to
follow a long-term low-protein diet, and although overall
protein intake was slightly (but not significantly) lower, it

did not confer renoprotection. Our data may shed the light
on the dietary management of diabetic nephropathy. One
possible result is that protein restriction may not remain a
main nutritional recommendation in clinical practice,
because we now have a most valuable therapeutic strategy
for reducing progression of diabetic nephropathy as well as
cardiovascular events and mortality rates by using intensive
multifactorial interventions such as lifestyle management,
ACE-I or ARBs, and lipid-lowering drugs, as reported in
the Steno-2 study [32, 33]. Without additional data, we
must continue to base decisions on the current balance of
evidence for and against the efficacy and safety of dietary
protein restriction.

Table 2 Hazard ratios of factors
associated with the doubling of

serum creatinine

* The multivariate model was
adjusted for the following base-
line variables: sex, age, urinary
albumin excretion and serum
creatinine

@ Springer

Variable Hazard ratio (95% CI)* p value
Systolic blood pressure (mmHg) 1.1 (1.02—-1.14) 0.012
Protein intake (g kg 'day ™) 1.8 (0.07-44.64) 0.73
Sodium intake (g/day) 0.9 (0.72-1.14) 041
HbA,. (%) 0.9 (0.59-1.23) 0.49
Total cholesterol (mmol/l) 1.0 (1.0-1.01) 0.49
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ETHLH. BENLBIEICE Y, HEFLNITT
AU Xy AEROILK, REKMEB L ORMEE
RO RE, SREREMIGE, MBIREILE, R
- HEOMMALZ AT S, BRI, TS
IVIROBIMMEET VT I VIR), AR, &l
JE, RIE, EBABET & v o IR e BRI
BERTHETDH S (RI-155). LarL, EED
CKD D&, TNVT I VROMIMA W,
HEHVIEIEARBETH 20 BHBEBET 209 5
PRIIEFIDS, FEIC 2 BIBRRICEZ W2 L DB 6 H
SN TE&2(RI-156). 2 Y, BERBEEE
DORFEIRO-155 1R &9 R BB LRHH %2
WzAh%, FEHMBGIE LTINS I VRRPERHRE
PO WEBBETHID S &b EHICE S
Thidsk 6w,

B ==

B ERFEEEOREELZRETCH L L
i, Diabetes Control and Complications Trial
(DCCT), UK Prospective Diabetes Study
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EH84E (Cor, GFR)
(ml/43/1.73m%)

R7IVT I i
{mg/g - Cr)

100

80

300 mg/g - Crl L
HBEE REB+HRLE

BEEER

40

WBTIVTIVER
30mg/g - CrlkE

Cer & % v\ id GFRB0 SRl i3 BHERER T

BOb= = — = — & — s — e — e = === 300

gl vf
—— — — = I e e — e - — — 30

Eﬁ7¢7s>@%’ —  WETLIIVEM - EMREN - BTN

100

0 10 15

20 30 ()

WERBORIED b DEH”

O-155 2 BUBEERIRMEBIE DRH &30 & BRRRIR R
*2 BUBEIRIR CI BRI TH 5 2 &A%, HRA L BH SN AP O EREOBIIFLE.

(UKPDS), ¥ & Uf Kumamoto Study, & L T
2008 R S /2 ADVANCE DR L h L2
IZERTWAYY, EEE RBHEED 104EICb5
E8 2 MBS k- C, 1 BBRFEEEEOM
WAEMHENYLEL D 52 LARERT VS,
Lo, BV ERINLED LV
RIS B B AL RED, BRWEHTEE
EDFRIE - HRBICEELBREEZHEHE TV D LR
TEL BE SIECEVAELSL, ORI F—N
RO, @V T IV )+ na— )b diacyl
glycerol(DAG) -7 1 7 4 ¥ ¥ J — ¥ C protein
kinase C(PKC) iE¥1L”, @O~F V¥ I VEMOD
ToE®Y, @@L A LAY, ORKEILED ad-
vanced glycation end products(AGEs) D& B
X O AGEs %2344 the receptor for AGEs(RAGE)
OBF I EEACENRED, ThEREMN H
BVIEHE/ER LB RICHEER B L OHEER
BEPERTLEZZON TV S (RI-157).

R A — R BOTTE

R — VBRI EEEROMBEIETH Y, 7
WV a— A7 Vv F— A &IUEEE aldose reductase

(h=92) (n=37) (n=17)

n=6
{16.2%)

E%® e

BERN FPIWTIVR PRI VR

EMEAR

eGFR<60 ml/ % /1.73 m* DEEH!

RIM-156 2 BPERBEREOTIVI I CHEHR E#HE
GFR

FSRERXZIGERS OSSR 2 RIBRBBECBIA TV

TIVRICEABRMOE LB GFRME. EBE7 VT3 >

REBIUBBET VI VRBIKBWVTL, GFR<60ml/

43/1.73 m® DGV TR EIZE W,

(ARICE Y Y VE b—JUiZ, Y IVE b—LidY
V¥ b — v K B2 ¥ sorbitol dehydrogenase
(SDH) ik h 72 b—AREHRSL S (RI-
158). KUY A —VEEOTLH#IE, YIVE =N
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492 W.EBEER

IINILL &y b

PKC BBE X

GFATBREE(7H U )

PARP REEE 3K
B L

TR

¥ERRIR (B M¥E) Bi=EEA

EYREHI
L1711
TR

REEE AR
FRE&HE (TS ARB

ACE RHEZE
FPIUIFEE O URRGEEE

HoA MNhA L, WHEETF, FEHAC S ORBHEM(TGF- 3, PDGF, VEGF, MCP-1)

$

MERABEOBM(A Y > XY LFEBOEK), REMYIOT77—YORE REERE
WRRIEEIEDORIE « R

Rho # +— URHEZ
AZF

I-157 MERFEHEBEOKRE S # - eX%

ERIC L AMBNERERE D LA, NADPH O
T, 727 F—AIC & B AGEs DER, NADH/
NAD* @ b J A X % MR8 P15 B K & pseudo-
hypoxia /- L C, BHELZEET L. /2, K
JF— VEEOILH#EIZ X B NADH/NAD lko |k
i3, %95 de novo DG EA DRI & PKC
EHALZE LR T T3, R IVEEILED
HRBAREEICNTABRBIEIT NV F— AR TTE
FFHEE aldose reductase inhibitor (ARI) % F\v»
THEIEIN TV DY, BIRFEEREICE L CER
THED—BLIERBEIVELZBELATVR
v, L# L, Hotta bOWEIL LY, T2
¥y MESGBICBWTHERGREHBEL T, #ME
TVTI VR OHERE L -BEEEENICESE
{LERARA L, —F, EETVT I VRICHE
L7EBPHEM L Tl RS Tw 5 (X
mM-157)".

ARV I EBOTE

ANFVYI VEERERE, TNVZ F—Z-61)
> B fructose-6-phosphate (F6P) 7S 7 v # 3 ¢
TN h—A-6Y) VBT7IFNMNI VAT 25—

+ glutamine ' fructose-6-phosphate amidotrans-
ferase (GFATIZE h v a3 ¥-61) VB glu-
cosamine-6-phosphate (GIcN6P) {2 & # & v 7z
%, UDP-N-7XF V7 pVvasI -6y VB
UDP-N-acetylglucosamine (UDP-GIcNAc) & 7 %
(RM-158). BILAEIC L BAF V¥ I VRO
EiTHEANEEEEIER A T 5 transforming
growth factor-B (TGF-B8) BIZFHHZ WET 5
A, GFATHERICI Y FOREIWHEIND
(RE-157)%. Z OBEFRBOSFHEEC, &
BERFSP-1DtY v ALt = VREOBEENY
1L (O-linked glycation) 285 L TwWwh Z & 48
oo she®, i, Yang HICE DA VA
VY7 7l A BN ST OBEE
fbds4 v 2 VBT oSFEBRTHL L DH
LMCEN, AFEY v 7y Fu—AOFEREIC
AR OTUED D > T L L RBEINT
\I 3 Z.) M)'

protein kinase C (PKC) DiEM1L

B X 5 de novo DGERDTLHEIZ LD
PKC »EMHAL E 59, BERFEHEIEICHTLHE
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FUURITILFE F-3-P

GAPDH

TCAH A 7 = Pl

NADH

Y DHAP =o' U 10— J=3P = DG == PKC

AFNTUFFH—I

20. ERARMBAE 493
TR NADPH NADP* NADH
fBIR T KovE " > JILE R—IL > TV h—2
FIiva— X-6-P
l GFAT .
TG b — Z-6-P » JIIaAY I 6P » UDP-GIcNAc

NAD*

- AGES

HI-158 EEEIC & RS 2 MBERRHRE o 10 Lo ge)

#1Z, PKCPHEEZHVWIMERRICL > THR
HFENTEL(RI-157). 4, BOKRSWET
» 5 PRCAHERE, HRBREREBWICALHI
BABAREGE TVTIVROALLT, A
FUEFTLAEROEKRSEEFT HRY. F i,
BILEZ 2 5RWERBWIZBNTYH,
PKCAHHEEIZ X o THARBRE L RMEHED
SAERIBLIR T & AL B SN DL Z EARER
7208 2@, Tuttle 512 % o T PKCB FAEHR
OGN MERBEEEICT LA TH o7
EDOMENRRINS, TTIRLVEY - TV T
Yy v RA)REEERICTHEELRZT, RTVT
I /7 V7 F = v (Cr) lAHt200~2,000 mg/g -
CromMoER L 2EBRBEBREICHLTI
£ O PKCAHEE®ZEM TN T &K
REMRTIE, BIgRBREEERLT, VTV
ROV & BEERE DB KT ASRERHE T R IT A
b7, PKCAMHERRSRHTIEITIVTI VIR
D-24% L HBIZRWATHE & B ICERBETE
BIERMINTVEZ EITRENY.

M{EX L2

BRHBEEEFEZ I LD LT 2HRFREHED—
REE LT, BEA DL ADTTHENLE A HER
XhTBY, HEEEICL > THRBEREYO
BEREEFPLFEIND I LIREINTH D, ERE, M
Fa oxidant @ H#EN T 12— 7T % dichloro-
fluorescin(DCFH) 2 Hi\w 5 &, BRFEFET v
M S HEEL 72/ BRIBIC BT 2L L ADFE
EDVIEHE Ty PERBRBICH LRI TBY, £
NOBEA b L ATCEPTIBILETCH LYY 3 &~
ElCLoTHEEINLAZLELREINTVED, B
fEA M VR T ) r—va vy b)), Yrva—2x
HOmRL, FUA4—-VEBROTLHE, PKC HEHEAL,
NOST7>¥hy 7Y rr, I bary Py 7HER
W, TURAS 75 vV RBRE, ¥V S UEB
1B xanthine oxidase, NADP(H) oxidase, B
K UBRICIR % AGEs DEABEB X 1" AGEs-
RAGE 2 &2 L7 G EBEMOEERER &,
PRILBRTHL NI F At F V¥ —¥
glutathione peroxidase, # % J — ¥ catalase,
Cu, Zn-SOD, Mn-SOD DO#EEET, 2% D EH
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494 1. KBEER

BEFEOWYEREOETICL > THELSEY. BT
b, IFAVEFYTEBCREICEASINDIE
HBEOPFNIZL o T, AF VI I VREBOITE,
PKC &ML, AGEs ERTLE I Shb 2 &
He, MBEAREEEEI P avy Py 7REROR
LA+ VAAAREICESA L T 5 & ol abf
FEAR 354 Brownlee HI2 X o TiRENEH ST
W 5%, E B uncoupling protein-1(UCP-1) %
Mn-SOD # BEFEHT L LiIckoT, BT F
TS X BBLA P L ASTHEEL, A AV
B, ~F V43 R PKCREBOE ML
EEND LN, AEMREEACCERIIBWT
FENTWAS, F7-, I bav Y T7EHORL
A kL A2 X A Poly (ADP-ribose) polymerase
(PARP) IEHALIC L o THBEROBERTH D
glyceraldehydes—-3 phosphate dehydrogenase
(GAPDH) 2s#pill & h, #R & L CHiad L7285
MEEALESRD Z L bRENTW S (HI-158).
#0t%, PARP HEENZTILERCIMHTLH
BRFRTHY, db/dbRITADRTVTI VL
AU EY LEBOEKPFAEIZLVWEINSD
ZELRENTWA (RII-157)2.

F i, BILA MLV RAEAICHED S NADPH
oxidase 1& 1 D FLHE DY PKC R4 5 AGEs 2
EAEROBECEbo TWLZ EHRENLTY
5. R, PKC HEED 5\ i NADPH oxidase
HEEWTHETRYZVIZE-T, TV 3
VR ERBETAEPUETESINDL Z EPRESINT
VBB,

advanced glycation end products
(AGEs)

TR TRBEOREWAF VT ) 4 F
=N EBERPLOT VT R AGEs B
iz Bb o T3 (FM-158). AGEs{b & hi-&
HEDOSBOET R AGEs 2 & 2 Mlatgie %k
B OHAVEBIEA ML ARETLLZ EIZLD,
BREORIE - ERBICHEL WL EEZ LR TY
5% EE AGEs B EETHEHT I/ /T =
VU EY FERYI VLo T, BRWEEFIVENY
ORT VT I v OBINP AT Xy AEROILK
PEBEEINL EHRESNR TS (RI-157). &
3, AGEs #4035 cross-link breaker (ALT-

7112 X o C, AGEs 7% O R~ O BRI N
EELIIEHBORENRAONRD ERESINT
w5 (RI-157)%.

X512, AGESBRZF0ZHFMEKD—DTH 5
RAGE /i LTHIES GO MERELEET
52 ¢H, RAGEN I VAV 229 IR TAR
WA RAGEICL AHBENAIICL DRI T
A,

[6] BEEpER (X 4 KU v o ¥ > NO—L4)

JEG S BEEOFEZ T TICHLONTS
b, EEZ, BREANIC X 5 EIHMER I,
RBHEY (B X OCIE RS, RERE) TR
EREL LD, ZhOEBICHE BESIEENE
BREOLTRIZI DAL TRBY, ThLREIA
VAY VBB OBBRIC I W HEINL Z L HR
ERTWwAE. Lo, TTIERBAIRT
WAHLF TV Y VBEAR WA YR VR
P S B S BRI B D HT 72 e R & A BT
L # 2 b b (RI-157).

F 72, Krolewski 512X Y, BRI MERER
BEOBMESERERTEMEL TV Z &8
Shz®, BEkdp b Z &2, Nakagawa bd, 7
V7 h—2ABEWMIZLBAYR) vy 7Ty Fu—a
FRRE (LG, WIE, REERE RERE)LE
MECHRBIEIEEL TV EHMELTE
Do St 4 VA VEFIBRBICALNRDE
FRERIAE V259 5 ta kg 2% (B I-157),  BEIRAE
WEHEONHEE UCH -2 B % A2 5 WD
H5.

BIERE

R AW RS EESERTHZ &R
F O MAEEHL MEEHRBIIBWTHEER
BIE LR Tho/zh, ~FTHIIESINRTEY,
ZOfRE B L CREEEEFICHE T S SNPs
Ex—h—t L /LT Ny —A2 b
o — VBB TR TE& 7. LrL, Wi
R A ERTEEMERTFE L Ta Y
LY APELNLBETFORECIEE, T

\1)31)
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ot RS P,
-7 REAQRT7ILTI) GFR(Cor) +
&% 1 B CBERTED) EE IEH#, BICEE Moy ha—
% 2 1 (R EIRIE) HWETVTIVER EE, BCEE BRI T > u— VR A

% 3 8- A (BEIERERTD st EB R ZIZEE BEAE US> b o — VIR -
HEFRA
% 3 1-B(EEBELRY) FREtE &R T (60 ml/%3BLF) | REAR 2 BEERREL - BEHIRE
(1g/HBL)
% 4 ] (B 2H) Frigeth B E R FWET (sCr L 7) | BB 2 BERE - REQR - BHK
EHA
% 5 W GEHTRE) EATRRE T EFTREH L

(BRFEEEECHTAERERS, WF, MRM 4623, 2001 (FH))

BRENERE R, RBT7NV 73 VHRER OB
(g7 VT VR TRIBEZREL,
HEAROBELETEY, BRa~NLEsl%
7285 (RI-155). FEAMIRA T VT I v Bl
BB X OB (Cor) 2 E LCERA 2 20y
B(EOI-111). BETWE, HEERREKERER
(GFR) 2#8EL LTAF—VHEENS CKD D
WENERLTEBY, #Bld5 L) ICEHREzHE
# GFR 25 & 5-0 L 228 72 w40 B AN IR &
NLARENED H 5.

BHBEDBE

WETNVTIVROFEEZLIVZBH T4, 24
HRERZEOREREHV L H R, 20~
199 ug/4(30~299 mg/H) TH 5. LHL, —
BERICBWTERIIEMECTH Y, REFRZE
LRRERZ Ay, FRICRCrigEZNEL, £
DEYEH 6 30~29 mg/g - Cr ZMET VT3
VRET B, 2P, RTNVT I VERERIIHE
TENAE L, BEEHOS R RPE—R2H
WARDNWEFE Ly, B, ComTIRIEE
FEGEICHS. T BETVIIVRERET
BIERITIR, MOBFERZEN L) AT, BH
BEOSM AT, o, —EHEE 54
LoERFEREHEEE TSI L, BERWHEEE
DM E L L OMOBERFESPHESFET S
Sk, BEOMREEHLRENIERENFBHO
BEI 5 (RI-112)2,

E£M-112 BERFEMEEOCREZHEE

BEM SR
REBERE BT (1 EE) OBRERE
RE\T7NMT I ME(REH 5 IERERORKER)
30~299mg/g - Cr 3EFEHF 2 EELE
BEEIF
Ra7 V7 3 PR (R
30~299 mg/ B ¥ 721& 30~199 ug/ 5
RPN~
7~8ug/g - Cr Pk
B4 X EEK(za-#dE, CTRERY)
(rwrs2) kbl

EMEEODE

R R R (BEERR) OB TEHT 5.
KB CRBIICE BRI & % 505, 1EHEIS
BERLTEWEITY. RIVTIVEERTS
Boarid, BERIER T 200 ug/4 (300 mg/H) B E,
BEEEFR T 300 mg/g - Cr A E, REBEHZEE TS
BAIZ24BMRET500mg/H UL, BERKT
500 mg/g + Cr L EDSBEM&EARICHL TS, &
OFEMEEICIE, FREOKT LT S ERN
G ABNBELHITRE.

BRL DB

MOFRBIC L ZBEERELAKRTHY, M
B2 V79 = 4E 20 mg/dl PLET Cer 30 ml/40
DT AR HET 5.
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496 . EEBR

CKD #2EB U -8/~ L BIEDKSE

HNTR AR BAREEIC X A AR EA 8 I Cer fEIC
roamEshTws, LaL, Cor X % EHHE
SEMRAT LD EMTLRVWEDRELDH Y, HAR
B4 A 5 2008 5 B IS HA A D GFR O
BRNTVARRINSY. &8 RT VTV
EOHEEE & & IR L U CH#E GFR 25
MEE & LB R BEORSEILETH A
3., oFh, FIM1TIWRLAELIIKE EET
W73 VR REERIC B TEBRIIERE
PEECEEEEBREINTVIY, #EHEGFRIZL -
TEMT2E, ThomBICIBWTH GFRLC
60 ml/ 43/1.73 m* DIEBIHH 20% A S, 14F%E
KBV THRBOEETH - 2 (BI-156). 514,
CHOIICEEDLIVEIMETNTI VRATH
n, POEFBEEOKRT LZBZEIIBVWT, BER
AER LT RKBERSCEL Y A7 A HW
DH, EHIZ, LMBERBZEHLIETTSHY A
IRBENOP R EARICL VAL ICL
T Z itk o T, b EOFH L LHEHIED
WP E LD THA ).

BERFEEREORBEICH LT, £{n5
¥ AL HBRBOBEIRESRTED, wWhd
HIEFVAETBRVWEEE 2o TE .
B, HRENEEOHREUE T42bbrre
mission (BB bELIBZ & bbho TEL.

f¥E= > bE—JL

My bu—VOEERIE DT VT ot
HEBRBE,LSHLPTH L, Lih->T, Bk
HCOBRBREBEDORE - #EHEZ B L
HEE LT, b2 EDY 5 5E S 7z Kumamoto
Study & W B 57> HbAL H 65% ki x HiE L
THIMMET Y P VPEETHS., LirL, T
TIRELTWSARRKFEEDOREEZ BER T L)
BTk, BRI b: 5 mEEOIEELE B
THRFBERIPLETHA ). 200846 AICH
FEh7: ADVANCE HBRIC L 5 &, 2 BRI
BEICBY D 5 FE R DR 2 IR BRE (R

il 7.3%) & Hoi L T BAMEBHE O FAE A% 30% Hp
ENTWAE I EPERERSN TS

MmED> hE—Jb

HRBBRZICIBENEOAHENLL, EHITH
RIBHEERENRET L L COHBEITIE RS, £
72, BIMEIBEZ L) ETSELRFTHEZ
LB XlHgIbhTBY, INLOBEREMOL
DICEMFEI Y Pa—VIZEETHS. T/,
RFHBEORITICHES T 5 LIRB IR TS %
BASMEOREIHMEDT Y bI—VHFRT
BB, 2004 Fi2FFR SN 2009 FICWET S NZH
ABIMEFREDOH A F54 T, BRFEEZD
M E BRI 130/80 mmHg ki & T 5%,
REANLg/BUEOHEAICIE SHITHEL
125/75 mmHg KA HER I Tn 5.

RA RIAEE

BRI EEHE IS A RA RILEEOR)RICH
THRBREL T V¥ ALLBRERT bR
B O7UVFF Y rEMEER (ACE) HEE,
TUIVFF vy NI SERREDZE(ARB) & IS,
EED» S BWEEORE, FHEEDSREEE
~DOHEFT, HMEECBI 2 EHBET AR
P42 2 EARENSSY, ZhODEELD,
RA RIEEHR), P L bBMELHT LHEE
BBV THRREECTE—BIRETHL. L2L,
RA RIHEERZBREZETHE2T TR, &S
BB TH B D ED DM 5 2 A
HETHDLI EERMFA L. DF D, BREIC,
TNVTIVRSLVIZEBR, BLUERE
(GFR)Z##E L LT, Zho#HB2BENHIZER
BILNENRD L. FORBRE, HBECL-oTT NV
73 VRS B VITEE RS GFR O4F BT RS,
WHRET & T E LT AT, ERENE
HCTEDL. —F, WEETD AL N2 WEEITIE,
BKIEPLRELEREOBMCEELT &K
BOESNTEY 2 HESET NS, 200846 A
WCREEN Parving 5OHEBICL B L, B
BEAZE LA 2EERBAEECBNT, gOL=
VEHERTTIAFLYZ ARBTHHUY VS
YOBRAEEE 100 mg ICEMRESTHE, 7T
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RIZEBEL TS ST VT I VIROBRADEYRD
ABNIZZ EDRENTVSE?,

ERNRE

Steno Diabetes Center Ti&, RHEIETH 5
wMETNTIVREYRET S 2AERIESC, I
MU - MENRE o BEE % 2O 1o B RIEHE
AT o R Z REL T 5. BREEZ &M
NMEEEOH#EITE R Y FRA P& Lz4
EMOFEEEN T THESINY, Lok, K
EREOERY —RIV FRSL v MEL, /b
EHEOHEBEL ZRTY FRA Y e LW
E ORI RAFEFE SNz (Steno-2 study)*™.

W B 3, HbAfE < 65%, I fE <
130/80 mmHg, MiE 2 L A7 0 — V<175 mg/
dl, MEPHREN<150mg/dlTH 0, LHWIE
BTN ACE HEH#ED ARB, A5 T 7V,
TAE) VA CHRBAAENKRE IR TS,
ZOME, BHNERICL T, KIEREDHE
BOIMMOTEEMERDARICHMSINLZ &
Wbhhol(JAZET61%). 5612, Bk
TOSIERDORBEDRRSIN, ENWEREIT-
TV BT, @ERRRLIERLT, BTRL
MEFEDOHE ST, KPEAREE - HEGI A
Bl s hTnwa Z LR &7,

EHREA

WEEMKECBNT, METLVTI VRER
+5 2 BUgRR R E R R & LT 6 M OB
HE L, BEMBEDHULICERLIES
3 28% 12T EhaholboD, EETNVT IV
RAFROWE L, wWhe b EHLIERI
51% 42, TRT7 VT I HERE D 50% BL B
B LUTERD 54% 1A S ZOEMBRP
50% 7 V7 X VIROBETICEES S H T,
OWMETNVNTI YREEVSREHTHLZ L,
@RARMHEEZRAL B E, @HbAL(T%
i) B X OWHE T (130 mmHg K) A3k
WEHENTWAEZ L, Thbebhol 36
2, BRBRILVET VT I VR H0% LA
L7-fERITIR, Zo#OBBHREICLY, #E
GFR OEEBETRIFECHH SN, »oRY
Brerat MEA NV VERETAHVAZN

20. FERRIRMEEE 497

FI-113 HERBEMHBEDRERET &M
patiei-tal
- EVEBEOWE
wE, BE), AFCEREROHE &£ - 7L a—
WVHIRR, 28
CRER BT v b — 0 HbAL{E 65% R, 7
(b T%kmrHELTS
RA RMEEDHH
M 4E 130/80 mmHg i % B R+ 5
REHEM 1 g/B YT 125/75 mmHg i
HEMEMEIGERTELVWES  CaBHE,
REFHEL, BEMEERERS
CTATG— VEBIURAZF UREBILIREREED
B
CEEEHBE BER(ZLVAVY), n)R0REF v
FERRS LUOME Y L7 F 2o 2 BOERAEOFE
FMARA Y QTN T IVIR, BEROARED
30% DA
@ GFR £ HE TR OHPH
LROFM T EMN L TROBEHILE
L 1HR®ZVIRHERREACAETVTI VR &
HROER
2. % GFR 0& i

) 60% 1> 72,
[6] HEOHK 1>k

PEPRIRHEEE (xS 5 BT TIT 2 5 e Es
BXUHMi2RI-1131CF D7 REREI
WMETDHAYF T 4T T — MBI K BERED
BLITIVEF ALV ZBEBTCEZWIRES N
TWwh, Z0OMh, #ATLERBEEEICT LT
i, EREMBEE BER, TV AT0FRLF O
BEDRIIS L TIT) S & E TN 5.

BEATREE AR ERD S5, &SRR
WEELFEL T LRI, S ERELEL DI
2, BEZRCBVWTERN LT VT I VRO
HEE2TV, BMETNVTIVRTHLIREBIEDODS
Wi & RiR O RER L & BRAE L - BB RIC L -
T, B HEELY REBIC O o TERLZY
% 6%,

R ICE DO H - G

7L v RRAEOME, Rho ¥ —EHEHR
RATF L o THRREEENNEINLZ
EDHEINTVASESY, Lo T, B
LhERINLMBANABREORIE, BEEH
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