Clin Exp Nephrol (2015) 19:1-5
DOI 10.1007/s10157-014-1057-z

A new classification of Diabetic Nephropathy 2014: a report
from Joint Committee on Diabetic Nephropathy

Masakazu Haneda + Kazunori Utsunomiya - Daisuke Koya + Tetsuya Babazono - Tatsumi Moriya *
Hirofumi Makino - Kenjiro Kimura - Yoshiki Suzuki - Takashi Wada - Susumu Ogawa + Masaaki Inaba -
Yoshihiko Kanno - Takashi Shigematsu - Ikuto Masakane + Ken Tsuchiya - Keiko Honda + Kazuko Ichikawa -

Kenichiro Shide

Published online: 20 December 2014

© Japanese Society of Nephrology, The Japan Diabetes Society, The Japanese Society for Dialysis Therapy, and Japan Society of Metabolism

and Clinical Nutrition 2014

Abstract The Joint Committee on Diabetic Nephropathy
has revised its Classification of Diabetic Nephropathy
(Classification of Diabetic Nephropathy 2014) in line with
the widespread use of key concepts such as the estimated
glomerular filtration rate (eGFR) and chronic kidney dis-
ease. In revising the Classification, the Committee care-
fully evaluated, as relevant to current revision, the report of
a study conducted by the Research Group of Diabetic

Japan Diabetes Society, Japanese Society of Nephrology, Japanese
Society for Dialysis Therapy, and Japan Society of Metabolism and
Clinical Nutrition established the Joint Committee on Diabetic
Nephropathy, which published the revised Classification of Diabetic
Nephropathy 2014 in Japanese [1-4]. This is the English version of
that revision.
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Nephropathy, Ministry of Health, Labour and Welfare of
Japan. Major revisions to the Classification are summarized
as follows: (1) eGFR is substituted for GFR in the Clas-
sification; (2) the subdivisions A and B in stage 3 (overt
nephropathy) have been reintegrated; (3) stage 4 (kidney
failure) has been redefined as a GFR less than 30 mL/min/
1.73 m2, regardless of the extent of albuminuria; and (4)
stress has been placed on the differential diagnosis of
diabetic nephropathy versus non-diabetic kidney disease as
being crucial in all stages of diabetic nephropathy.
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Introduction

Diabetic nephropathy became the leading cause of chronic
dialysis in 1998. Since then, the incidence of this condition
has increased with only a recent plateau. However, diabetic
nephropathy continues to account for a large proportion of
all cases of chronic kidney disease (CKD) and remains by
far the most common underlying cause of chronic dialysis
among all kidney diseases [5], consequently leading to the
escalation of healthcare costs, thus representing a com-
pelling medico-social issue of interest.

The Classification of Diabetic Nephropathy (hereafter
“Classification”) developed earlier by the Research Group
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of Diabetic Nephropathy at the Ministry of Health, Labour
and Welfare (MHLW) [6] and later revised by the Joint
Committee on Diabetic Nephropathy (hereafter “Commit-
tee”) [7] is widely used in Japan. However, as the concept
of CKD was proposed, followed by the classification of
CKD stages [8], it became clear that there exists a sub-
population of patients with discrepant classifications of
diabetic nephropathy and CKD. This is thought to be due to
the fact that diabetic nephropathy is primarily classified
according to the extent of albuminuria in addition to the
glomerular filtration rate (GFR) (i.e., creatinine clearance
[CCr]), whereas CKD is primarily classified based on the
estimated GFR [estimated GFR (eGFR)]. Meanwhile,
eGFR has become increasingly used to assess GFR, and a
new classification of CKD was developed in 2012 [9].
Against this background, the Committee therefore dis-
cussed issues of interest in depth and sought to develop a
revision of the Classification.

Development of the 2014 Classification (Revised
Classification) (see Table 1)

Prior to revising the Classification, as part of a MHLW-
subsidized project on kidney disease, entitled “Diabetic
Nephropathy Research, from the Ministry of Health,
Labour and Welfare of Japan”, a “historical cohort study”
was conducted by the Research Group of Diabetic
Nephropathy, MHLW, involving a total of 4,355 subjects
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with type 2 diabetes from 10 participating healthcare
facilities with the aim of evaluating renal events (i.e., a
decrease in eGFR to half the baseline level and/or the need
for dialysis), cardiovascular events and all-cause mortality
[10, 11]. Summarized below are the major findings of this
study (for detailed information, please access the MHLW
website http://www.mhlw.go.jp/ or refer to the literature
cited above).

1. Renal and cardiovascular events and all-cause mortal-
ity were significantly increased in the subjects with
micro- or macroalbuminuria compared to that observed
in the subjects with normoalbuminuria.

2. In those with renal impairment (defined as a GFR less
than 60 mL/min/1.73 m>):

a. The risk of renal events increased in association
with the onset of microalbuminuria and further
increased with the onset of macroalbuminuria in
the subjects;

b. The risk of cardiovascular events was increased in

those with micro-/macroalbuminuria; and

All-cause mortality was increased in the subjects

with macroalbuminuria as well as those with

normoalbuminuria and microalbuminuria who
exhibited a GFR of less than 30 mL/min/1.73 m>.

o

While that study was not a true prospective study and
involved only a limited number of facilities and patients
from a population known to be less prone to cardiovascular
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events than those in Western countries, the findings provide
important insight into the prognosis of diabetic nephropa-
thy in Japanese patients. Therefore, in seeking to revise the
Classification, the Committee gave due consideration to the
above findings. At the same time, the following consider-
ations were also taken into account.

1. The bulk of evidence for the classification of diabetic
nephropathy comes from randomized controlled stud-
ies enrolling patients with diabetic nephropathy as
defined based on the extent of albuminuria, and very
little evidence is available for diabetic nephropathy as
defined based on GFR.

2. The current “Medical Service Fee Schedule for
Guidance on Preventing Diabetes-Associated Dialy-
sis” was developed with the Classification in mind.

3. The “Guidelines for Clinical Efficacy Evaluation of
Pharmacological Agents for Diabetic Nephropathy
(Draft)” currently in use were developed with the
Classification in mind.

Therefore, after giving due consideration to all of these
issues during the course of several sessions, the Committee
decided to leave the Classification essentially unchanged
for now (Table 1), while showing how it may be aligned
with the widespread CKD classification based on GFR
(eGFR) (“see Appendix”). The former is not, however,
presented as a heat map, due to the limitations of the study
referred to above, which involved a small number of
patients with diabetic nephropathy and included no dialysis
patients, providing the basis for this revision. Again, as all
kidney diseases affecting patients with diabetes are covered
in the Classification, the Committee called for attention
with notes included which were required, in order to
highlight the importance of the differential diagnosis
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Table 1 Classification of Diabetic Nephropathy 2014

Stage Urinary albumin (mg/g Cr) or  GFR (eGFR)
urinary protein (g/g Cr) (mL/min/
1.73 m?)
Stage 1 (pre- Normoalbuminuria (< 30) >30%
nephropathy)
Stage 2 Microalbuminuria (30-299)° >30
(incipient
nephropathy)
Stage 3 (overt Macroalbuminuria (> 300) or  >30°
nephropathy) Persistent proteinuria (> 0.5)
Stage 4 (kidney  Any albuminuria/proteinuria <30
failure) status®

Stage 5 (dialysis
therapy)

Any status on continued
dialysis therapy

Diabetic nephropathy does not always progress from one stage to the
next. The revised classification takes into account findings on the
prognosis of type 2 diabetic patients from a “historical cohort study”
conducted as part of the MHLW-subsidized Project on Kidney Dis-
ease, entitled “Diabetic Nephropathy Research, from the Ministry of
Health, Labour and Welfare of Japan™ [10, 11]

* While a GFR of less than 60 mL/min/1.73 m? is consistent with the
diagnosis of CKD, underlying causes other than diabetic nephropathy
may be involved in patients with a GFR below 60 mL/min/1.73 m?
thus calling for the differential diagnosis between diabetic nephrop-
athy and any other potential non-diabetic kidney diseases

® Patients with microalbuminuria are to be diagnosed as incipient
nephropathy after the differential diagnosis based on the criteria for
an early diagnosis of diabetic nephropathy

¢ Precautions are required in patients with macroalbuminuria, in
whom renal events (e.g., a decrease in eGFR to half its baseline value,
the need for dialysis) have been shown to increase as the GFR
decreases below 60 mL/min/1.73 m*

¢ All patients with a GFR of less than 30 mL/min/1.73 m? are clas-
sified as exhibiting kidney failure, regardless of their urinary albumin/
protein values. However, in those with normoalbuminuria and mi-
croalbuminuria, the differential diagnosis is required between diabetic
nephropathy and any other potential non-diabetic kidney diseases

Key Precautions in View of Drug Use: This table is intended, first
and foremost, as a classification of diabetic nephropathy and not as a
guide to drug use. All drugs, including anti-diabetic drugs, particu-
larly renally metabolized agents, are to be used in accordance with
their prescribing information, with due consideration to relevant
factors such as GFR in each patient

between diabetic nephropathy and non-diabetic kidney
disease in all stages. The differential diagnosis calls for
collaboration with nephrologists; such collaboration is not
limited to cases requiring a renal biopsy. Furthermore,
given that the disease may not always progress in some
patients, numerous notes were included in the table in order
to call attention to these cases. Additionally, in view of the
potential need to use multiple anti-diabetic drugs over time,
“Key Precautions in View of Drug Use” are included
below the table. The major revisions to the Classification
are summarized below:

1. eGFR is now substituted for GFR in the Classification.
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o

The stages used in the Classification have been
simplified to include normoalbuminuria, microalbu-
minuria, macroalbuminuria and kidney failure.

3. The division between A and B (early versus late
macroalbuminuria) in stage 3 has been abandoned and
A and B have been reintegrated, due to the paucity of
evidence for proteinuria of 1 g/day as the threshold for
dividing the stage.

4. Kidney failure has been redefined in all cases as a GFR
less than 30 mL/min/1.73 m*, which represents the
threshold value for kidney failure obtained by quan-
tifying the existing definition of kidney failure in the
Classification based on the Classification of the
Japanese Society of Nephrology (JSN) [12] with all
other pre-kidney failure conditions redefined as a GFR
of 30 mL/min/1.73 m” or greater.

5. Qualifying or illustrating phases in parentheses, such
as “e.g., incipient nephropathy”, have been retained
throughout the Classification, as they have become
common currency in the field, although their removal
from the Classification was suggested during the
process of revision.

6. Stress is now placed on the differential diagnosis of

diabetic nephropathy versus non-diabetic kidney disease as

being crucial in all stages of diabetic nephropathy.

Of note, the American Diabetes Association (ADA)
proposed in its Clinical Practice Recommendations 2013
that all cases of albuminuria of 30 pg/mg Cr (=mg/g Cr)
be defined as “increased urinary albumin excretion™, thus
abandoning the division between micro- and macroalbu-
minuria [13]. Again, while this concept was retained in the
Clinical Practice Recommendations 2014, the ADA further
proposed that microalbuminuria and macroalbuminuria be
redefined as persistent albuminuria of 30-299 mg/24 h and
>300 mg/24 h, respectively [14]. While this change may
result in the terms micro- and macroalbuminuria ceasing to
be common currency in the clinical setting in the US, to
avoid confusion, the Committee has chosen not to follow
suit and rather err on the side of caution, thereby retaining
these terms in the Classification, given that they are less
likely to no longer be used in scientific publications and are
expected to remain common currency in Japan.

Last but not least, with a number of multicenter pro-
spective studies currently underway, including the Japan
Diabetes Complication and Prevention prospective (JDCP)
study, JSN registries, Japan Diabetes Clinical Data Man-
agement (JDDM) studies and Japan Diabetes Optimal
Integrated Treatment for 3 Major Risk Factors of Cardio-
vascular Diseases (J-DOIT3) randomized study, the Com-
mittee also plans to further revise the Classification in a
timely fashion as required, as relevant evidence becomes
available from these and other studies.

@ Springer

Conclusions

In order to resolve the discrepancy between the existing
Classification of Diabetic Nephropathy and the current
Classification of CKD stages, the Joint Committee on
Diabetic Nephropathy revised its Classification of Dia-
betic Nephropathy. The new classification has already
been uploaded onto the website of each member society
represented on the Joint Committee as of January 10,
2014. Again, in view of further revisions in the years to
come, the Joint Committee has termed the revised clas-
sification as the “Classification of Diabetic Nephropathy
2014.”
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Appendix
Relationship between the 2014 categories for diabetic nephropathy stages and the CKD severity categories
Albuminuria category Al A2 A3
Quantitative urinary albumin estimation Macroalbuminuria
Urinary albumin/Cr ratio (mg/g Cr) Normoalbuminuria Microalbuminuria >300
(quantitative urinary protein estimation) <30 30-299 (or increased proteinuria)
{urinary protein/Cr ratio {g/g Cr) (>0.50)
>90
GFR category 60-89 Stage 1 Stage 2 Stage 3
(mL/min/1.73 mz) 45-59 (pre-nephropathy) (incipient nephropathy) (overt nephropathy)
30-44
15-29 Stage 4
<15 (kidney failure)
S Stage 5
(dialysis therapy) (dialysis therapy)
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Abstract : The purpose of this study was to investigate the status of the users who usually re-
ceive the food delivery services. The food delivery services are energy controlled meals or pro-
tein controlled meals. A total of 396 persons answered the questionnaire on the delivery. The us-
ers are 76.0% of elder people aged over 70years, and 65.4% of people who live with family.
These results suggested that food delivery services were useful “to learn how much to eat.”, not
just providing meals for solitary life. 57.0% of users had an experience of dietary education, they
felt improvement with their health condition (body weight reducing, blood sugar level improving)
than the users who did not have an experience of nutrition education.

The users have various diseases, such as diabetes or diabetic nephropathy, chronic renal fail-
ure, etc. However, it remained unclear whether the users have chosen the proper food based on
their conditions. It is necessary that medical staffs (doctors or registered dietitians) and food de-
livery services’ dealers to share the information of the users.

Key words : food delivery services, energy controlled meals, protein controlled meals, nutrition
education
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Abstract
Background/Aims: The purpose of our study was to elucidate the relationship between
asymmetric dimethylarginine (ADMA) and intrarenal lesions and to determine the effect of
renin-angiotensin system inhibitors (RAS-Is) on serum ADMA levels, nitric oxide (NO) synthe-
sis and oxidative stress in normotensive patients with chronic kidney disease (CKD). Methods:
This study included 23 normotensive patients with chronic glomerulonephritis and normal or
mildly impaired renal function who underwent renal biopsy. We evaluated the relationship
between serum ADMA levels and intrarenal lesions, and examined renal function, urinary pro-
tein excretion, ADMA levels, NO synthesis, oxidative stress and blood pressure (BP) before and
3 months after starting the treatment with RAS-Is. Results: Serum ADMA levels were corre-
lated only with arterial intimal fibroplastic thickness. Despite comparable renal function and
BP, serum ADMA levels and excretion of urinary protein excretion significantly decreased, and
urinary NO metabolite excretion significantly increased after starting the treatment with RAS-
Is. Oxidative stress markers also tended to be reduced by the treatment. Conclusion: These
findings suggest that RAS-Is improve the NO system and decrease oxidative stress in normo-
tensive patients with CKD. In addition, ADMA may be associated with intrarenal lesions and
can be a useful marker for the effects of treatment in the early stages of CKD.
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Introduction

It is well known that chronic kidney disease (CKD) is a very important risk factor asso-
ciated with cardiovascular events and mortality [1]. Therefore, its management is essential
for improving patients’ prognoses. Renin-angiotensin system inhibitors (RAS-Is) including
angiotensin-converting enzyme inhibitor and angiotensin receptor blocker (ARB) can not
only reduce urinary protein excretion and slow the decline of renal function but also prevent
the progression of cardiovascular disease (CVD) in patients with CKD [2, 3]. Furthermore,
basic and clinical reports have demonstrated that RAS-Is can suppress the activity of
glomerular nephropathy. For example, an in vivo study showed that RAS-Is increase the
permeability and size-selective functions of the glomerulus [4]. Furthermore, a clinical study
of patients with IgA nephropathy demonstrated that RAS-1s significantly improve renal
survival in proteinuric patients with normal or moderately reduced renal function [5].
Another study has reported that RAS-Is effectively reduce proteinuria and improve serum
albumin in patients with lupus nephritis [6]. To summarize, RAS-Is are effective for the
treatment of various types of CKD.

Asymmetric dimethylarginine (ADMA), an endogenous inhibitor of nitric oxide (NO)
synthase, has been suggested to be a marker of endothelial dysfunction and atherosclerosis [7].
ADMA isalsoassociated with the production of oxidative stress [8]. A previous study has reported
thatserum ADMA levels are increased in patients with CKD and are associated with renal function
and proteinuria [9]. In addition, both experimental and clinical studies have demonstrated that
RAS-Is decrease serum ADMA levels and improve endothelial dysfunction [10].

Although many studies have demonstrated the effect of RAS-Is in patients with CKD and
hypertension, to the best of our knowledge, detailed data in normotensive patients with CKD
are lacking. In the present study, we examined the effects of RAS-I treatment on oxidative
stress and the NO system in normotensive patients with CKD.

Subjects and Methods

Study Population

Thirty-one normotensive patients with chronic glomerulonephritis who were hospi-
talized in our institution between January 2008 and December 2009 were enrolled in the
present study. All patients met the criteria for normotensive subjects according to the guide-
lines of the Japanese Society of Hypertension. Patients who were taking RAS-Is or an immu-
nosuppressant or who had a history of smoking, hypertension, diabetes mellitus, hyperlip-
idemia, overt infection, malignancy, inflammatory disease or CVD were excluded. Of the 31
patients, 8 were excluded from this study because of the discontinuation of prescribed medi-
cation, transfer to another facility or insufficient clinical data. For the 23 remaining patients,
renal biopsies were performed after enrolment, and RAS-Is were administered for at least 3
months (losartan, n = 11; olmesartan, n = 6; valsartan, n = 5, and enalapril, n = 1). The patients
did not take any other antihypertensive or renoprotective drugs, and there was no change in
the medication dose during the study period. To compare the histological findings, 5 subjects
with mild proteinuria whose renal histological findings showed only minor glomerular abnor-
malities were evaluated as controls. In addition, as for serum ADMA levels, 20 young healthy
volunteers were evaluated. For the study patients, we prospectively performed blood and
urinary examinations, renal histological analyses and blood pressure (BP) measurement
before and 3 months after starting treatment with RAS-Is. The experimental protocols were
approved by the appropriate institutional review committee and performed in accordance
with the Helsinki Declaration of 1975, as revised in 2000.
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Table 1. Patients’ baseline

s _ Age, years 4814
characteristics (n = 23) Males/females 15/8
Systolic BP, mm Hg 115.6+3.1
Diastolic BP, mm Hg 67.6£2.3
Cr, mg/dl 0.99+0.07
eGFR, ml/min/1.73 m? 65.6+4.1
BUN, mg/dl 15.2+1.0
TP, g/dl 6.74+0.20
Albumin, g/dl 3.73+0.12
ADMA, nmol/ml 0.46+0.01
U-8-0HdG, ng/mgeCr 99.1+14.4
U-NOx/U-Cr 1.29+0.16
U-protein, g/geCr 1.22+0.32

Cr = Creatinine; eGFR = estimated glomerular filtration rate; BUN =
blood urea nitrogen; TP = total protein; U-8-OHdG = urinary 8-OHdG;
U-Cr = urinary creatinine; U-protein = urinary protein.

Table 2. Renal histological findings

Global sclerosis, % 0 12.3+3.4 0.038
Interstitial fibrosis, % 0 13.4£3.7 0.042
Hyalinosis, % 0 5.3+4.0 0.439
Arterial intimal fibroplastic thickness, % 7.6+0.3 22.0+3.4 0.036
8-OHdG-positive cell score 42.1+6.7 84.3+3.8 0.032

Renal Histological Analysis

Of the 23 study patients, renal biopsy specimens of 17 patients were available for histo-
logical analysis. We evaluated the extent of glomerulosclerosis, interstitial fibrosis, arteriolar
hyalinosis and intimal fibroplastic thickness of interlobular arteries in a blinded manner. The
number of globally sclerotic glomeruli was counted to determine the extent of global scle-
rosis. Furthermore, formation of 8-hydroxydeoxyguanosine (8-OHdG) was assessed with
anti-8-OHdG monoclonal antibodies raised in humans (NOF Corp., Tokyo, Japan). 8-OHdG-
positive cells in all glomeruli were counted, and the average was used as the 8-OHdG-positive
cell score, The following formulae were used to calculate global sclerosis, interstitial fibrosis,
arteriolar hyalinosis and arterial intimal fibroplastic thickness, respectively:

global sclerosis (%) = 100 x (number of globally sclerotic glomeruli/total number of
glomeruli),

interstitial fibrosis (%) = 100 x (area of fibrosis/total area of the specimens),

arteriolar hyalinosis (%) = 100 x (number of arterioles with hyalinization/total number
of arterioles), and

arterial intimal fibroplastic thickness (%) = 100 x (a + b)/od, where a and b = intimal
thickness of interlobular arteries and od = outer diameter.

Serum and Urine Measurements

Before and 3 months after starting treatment with RAS-Is, venous blood was collected
from study patients in the morning following overnight fasting. Urinary NO metabolites
(U-NOx) and 8-OHdG excretion were determined using ELISA kits (NOx: Dojindo Laboratories,
Kumamoto, Japan; 8-OHdG: Japan Institute for Control of Aging, Shizuoka, Japan). Serum ADMA
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Fig. 2. Histological examination of the kidney sections for 8-OHdG. a 8-OHdG-positive cell scores were sig-
nificantly higher in the patients with CKD than in the control subjects. b Immunostaining for 8-OHdG is indi-
cated by brown reaction products.

levels were determined using a novel high-performance liquid chromatography method. Other
laboratory tests were conducted using standardized clinical laboratory methods.

Statistical Analysis

We used the computer software application StatView 5.0 (SAS Institute, Cary, N.C., USA)
for all statistical analyses. Values are presented as mean + SEM. For continuous variables, the
Mann-Whitney U test was used to analyze the significance of the differences between the 2
groups. Pearson’s correlation coefficient was used to analyze the relationship between the
variables. p < 0.05 was considered to be statistically significant.

Results

Patients’ Characteristics and Renal Histology

The baseline characteristics of the study patients are shown in table 1. Serum ADMA
levels in the study patients were higher than those in the healthy subjects (fig. 1). Renal histo-
logical analysis revealed more severe lesions in the study patients compared with the control
subjects (table 2). Furthermore, the 8-OHdG-positive cell score was significantly higher in the
patients with CKD than in the control subjects (fig. 2).
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Table 3. Relationship between
serum ADMA levels and clinical
characteristics

Age 0.362 0.117
Sex 0.298 0.203
Systolic BP 0.013 0.933
Diastolic BP 0.165 0.272
Cr 0.274 0.065
eGFR -0.336 0.024
BUN 0.375 0.010
TP 0.050 0.833
Albumin 0.015 0.950
U-8-0HAG 0.219 0.163
U-NOx/U-Cr -0.160 0.313
U-protein 0.275 0.064

Cr = Creatinine; eGFR = estimated glomerular filtration rate; BUN =
blood urea nitrogen; TP = total protein; U-8-OHdG = urinary 8-OHdG;
U-Cr = urinary creatinine; U-protein = urinary protein.

Table 4. Relationship between
serum ADMA levels and renal

histological findings Global sclerosis 0.205 0.415
Interstitial fibrosis 0.309 0.212
Hyalinosis 0.092 0.910
Arterial intimal fibroplastic thickness 0.573 0.013

Correlation of ADMA with Clinical Characteristics and Renal Histology

We evaluated the correlation of serum ADMA levels with the patients’ clinical character-
istics (table 3) and renal histological findings (table 4). Serum ADMA levels were significantly
correlated with estimated glomerular filtration rate and tended to be correlated with the
degree of urinary protein excretion. Among the renal histological findings, we found that only
arterial intimal fibroplastic thickness was significantly related to serum ADMA levels.

Changes of ADMA, NO and 8-OHdG by RAS-Is

Although BP and renal function did not differ significantly during the study period, the
degree of urinary protein excretion was significantly reduced 3 months after starting
treatment with RAS-Is (fig. 3). In addition, serum ADMA levels and U-NOx and urinary 8-OHdG
excretion were improved 3 months after starting treatment with RAS-Is compared with the
respective values at baseline (fig. 4).

Discussion

Our study demonstrated that serum ADMA levels were significantly higher in the normo-
tensive patients with CKD than in the control subjects, that arterial intimal fibroplastic
thickness was significantly correlated with serum ADMA levels and that RAS-Is lowered the
elevated serum ADMA levels and oxidative stress and increased NO production.

The mechanisms underlying abnormalities in CKD are complicated, and several factors
contribute to their pathogenesis. Of these factors, oxidative stress is considered to play a key
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Fig. 3. Changes in systolic (SBP) and diastolic BP (DBP) (a), urinary protein excretion (b) and renal function
after starting treatment with RAS-Is (c). eGFR = Estimated glomerular filtration rate; before = before treat-
ment; after = after treatment.
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Fig. 4. Changes in ADMA (a), U-NOx (b) and oxidative stress (c) after starting treatment with RAS-Is. U-Cr =
Urinary concentration of creatinine.

role in the progression of CKD [11, 12]. In the present study, compared with healthy subjects,
systemic and intrarenal oxidative stress increased in normotensive patients with CKD. These
findings suggested a relationship between oxidative stress and the progression of CKD in
such patients.

ADMA is an endogenous competitive inhibitor of NO synthase, and NO is a potent anti-
atherosclerotic molecule [7]. Therefore, increased ADMA levels lead to a decrease in NO
synthesis and progressive damage due to impaired vascular function in the kidneys, heart and
other systemic organs. Elevated ADMA levels are associated not only with endothelial
dysfunction [8, 13, 14] but also with increased oxidative stress [15, 16], thereby linking
vascular function and redox mechanisms in CKD and CVD. In addition, serum ADMA levels
have been reported to be markers of endothelial dysfunction and/or atherosclerosis [17] and
to be associated not only with renal function but also with proteinuria in CKD [8, 18]. The
results of our study demonstrated that serum ADMA levels were significantly correlated with
the intrarenal vascular lesions even in normotensive patients with CKD. With regard to the
clinical data, serum ADMA levels were correlated with renal function and proteinuria. Taking
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these results into account, the increase of serum ADMA levels is believed to be the first step
in the process of the progression of CKD. Therefore, these findings suggested that serum
ADMA levels reflect the severity of CKD and could be used as a surrogate marker for the
progression of CKD.

Many reports have shown the efficacy of RAS-Is in renal diseases. Angiotensin-
converting enzyme inhibitor and ARB have been shown to reduce urinary protein excretion
and slow the progression of renal dysfunction [2, 3]. However, only few studies have demon-
strated the efficacy of RAS-Is in normotensive patients with CKD in clinical settings. Makino
et al. [19] reported that ARB reduces the transition to overt nephropathy in normotensive
diabetic patients, suggesting that ARB has favorable BP-independent effects on CKD. Web
et al. [20, 21] demonstrated that RAS-Is effectively reduced proteinuria in normotensive
children with CKD.

Angiotensin I, which acts on angiotensin Il type 1 receptors, increases oxidative stress,
in part by activating nicotinamide adenine dinucleotide phosphate oxidase and ADMA,
which in turn activates the local renin-angiotensin system [15, 22, 23]. Therefore, RAS-Is
can lower oxidative stress, which has been suggested to be associated with a reduction in
serum ADMA levels independently of lowering the BP. In patients with CKD, RAS-Is has
been reported to reduce ADMA, proteinuria levels and oxidative stress [24, 25]. However,
no study has actually demonstrated that RAS-Is can reduce ADMA levels in normotensive
patients with CKD.

The main limitation of our study was the small number of study patients. However, our
patients were carefully and appropriately treated and we closely observed them prospec-
tively and longitudinally. Although only few prospective and longitudinal studies have eluci-
dated the detailed mechanisms of the progression of CKD on this topic in the early stages of
CKD, we performed both a biochemical analysis and histological evaluations. Therefore, we
consider the results of the present study to be valuable for understanding the mechanisms
and effects of RAS-Is on the progression of CKD. Another limitation was that the present study
included a group of patients with heterogeneous renal etiologies. However, all study patients
were normotensive and relatively young. Other patient characteristics were very similar. In
the near future, we plan to conduct a randomized controlled trial with a large number of study
patients to clarify these details.

Our data suggest that RAS-Is prevent the progression of chronic glomerulonephritis
by reducing serum ADMA levels and oxidative stress in normotensive patients with CKD.
In addition, the findings suggest that ADMA may be associated with intrarenal lesions and
can be used as a useful surrogate marker for the effects of treatment in the early stages of
CKD.
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