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Stata 12 (Stata Corp, College Station, TX, USA) was used
for all statistical analyses. In all analyses, P < 0.05 was
taken to indicate statistical significance.

Results
Participant selection and baseline characteristics

A total of 7,449 participants undergoing PFTs and 16,743
participants undergoing eGFR and urinary protein measure-
ment were enrolled between 1 Aprit 2005, and 30 June 2010 at
Kanazawa University Hospital. A total of 562 participants
underwent both PFTs and renal function tests. We excluded
252 participants with major respiratory disease and abnormal
CT and 177 participants with smoking history. Thus, 133
participants were finally included in this study (Fig. 1).
Table 1 shows the characteristics of the subjects. Nei-
ther age, body mass index (BMI), Hb, brain natriuretic
peptide (BNP) nor the presence of diabetes and hyperten-
sion were significantly different between categories. As we
excluded participants with smoking history, females were
predominant. The percentages of males in category 2
(2.3 %) and category 4 (0 %) were significantly lower than
those in category 1 (32.4 %) and category 3 (22.2 %).

Changes in pulmonary function according to eGFR
and urinary protein excretion

Table 2 shows a comparison between PFT parameters in
each category. Hb-adjusted %DLco in category 4
(46.2 £ 7.5) and category 2 (63.6 &= 17.8) were signifi-
cantly lower than in category 1 (75.8 £+ 18.9) (P < 0.05).
Other PFT markers (%VC, %FEV1, FEV1/FVC, %TLC,

and %RV) were not significantly different between the
categories.

Association between Hb-adjusted %DLo and eGFR
and urinary protein excretion

Figure 2 shows the results of single regression analysis
between Hb-adjusted %DLco and kidney function. Hb-
adjusted %DLco was significantly positively correlated
with eGFR (R = 0.36, P < 0.001, Fig. 2a), but was sig-
nificantly negatively correlated with urinary protein
(R = —0.25, P = 0.005, Fig. 2b).

Figure 3 shows the results of single regression analysis
between Hb-adjusted %DLco and eGFR. Hb-adjusted
%DLco was weakly correlated with eGFR in patients with
urinary protein <0.3 g/gCr (R = 0.30, P = 0.001, Fig. 3a),
but was strongly correlated with eGFR in patients with
urinary protein >0.3 g/gCr (R = 0.81, P < 0.001, Fig. 3b).

To examine the precise relationships between kidney
function and Hb-adjusted %DL oo, multiple linear regression
analysis was conducted in all patients examined in this study.
As shown in Table 3, eGFR was associated with Hb-adjusted
%DLco (P = 0.023) after adjusting for physical features (age
and gender), expiratory minute volume (VE), and the presence
orabsence of DM and Hypertension. Urinary protein tended to
be associated with Hb-adjusted %DLco (P = 0.095) after
adjusting for physical features (age and gender), VE, and the
presence or absence of DM, and hypertension.

Discussion

This study was performed to examine the associations
between kidney function or urinary protein excretion and
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Table 1 Characteristics of subjects

Category 1 2 3 4 Total P
eGFR (ml/min/1.73 m*) =60 <60 =60 <60
Urinary protein (g/gCr) <0.3 <0.3 =0.3 >0.3
n (% of category) 74 (55.6) 43 (32.3) 9 (6.8) 6 (4.5) 133
Age (years) 527 £ 179 56.8 &£ 185 49.0 £ 17.3 647 £ 9.2 S54.4 4+ 17.9 N.S.
Sex (% male) 24 (32.4) 1(2.3) 2(22.2) 0(0) 27 (20.3) <0.001
BMI (kg/m®) 225 4+ 38 222 455 212+ 42 21.8 + 3.7 223 + 4.4 N.S.
Albumin (g/dl) 3.97 £ 0.54 411 £ 1.45 3.86 + 0.89 3.28 £ 0.82 3.97 £ 0.97 N.S
Creatinine (mg/dl) 0.66 + 0.14 1.02 £ 0.31 0.69 £ 0.09 1.37 4 0.92 0.81 £ 0.34 <0.001
eGFR (ml/min/1,73 m%) 86.2 4 24.7 48.7 £ 9.3 81.3 £ 22.7 40.5 £ 179 71.6 + 282 <0.001
Urinary protein (g/gCr) 0.06 + 0.00 0.07 & 0.06 1.22 4 0.07 094 + 1.39 0.18 £ 0.5 <0.001
Hb (g/dl) 12.6 + 2.3 11.6 £ 1.9 [1.0 4+ 2.6 927 £22 120 +£23 N.S.
BNP (pg/ml) (n of =20 pg/ml) 214 £492(8) 272 4685 (7) 10.2 4+ 5.8 () 184 4+ 168 (1) 2294550 (16) N.S.
The presence of comorbidity

Diabetes (%) 12 (17.6) 4 (9.3) (LD 1 (16.7) 18 (13.5)

Hypertension (%) 6 (8.1) 2 (4.7 (LD 1(16.7) 10 (7.5)

Connective tissue disease (%) 25 (33.8) 19 (44.2) 2(22.2) 1 (16.7) 47 (35.3)

Haematologic disease (%) 13 (17.6) 3(7.0) 2(22.2) 2 (33.3) 20 (15.0)

Cardiac disease (%) 5(6.8) 2 (4.7 0 () 0 7(5.3)

Cancer (%) 14 (18.9 8 (18.0) 3(33.3) 1(16.7) 26 (19.5)

Other diseases™ (%) 8 (10.8) 10 (23.3) 2(22.2) 1(16.7) 21 (15.8)

Data are presented as means = standard deviation (SD)
N.S. not significant

* Depression, vitreous haemorrhage, cataract, tonsillitis, sleep apnoea syndrome, thyroiditis, chronic hepatitis B, chronic hepatitis C, ileus,

condyloma acuminatum, toxic eruption

Table 2 Comparison between PFT parameters in each category (renal function)

Category 1 2 3 4 Total

eGFR (mi/min/1.73 m?) =60 <60 =60 <60

Urinary protein (g/gCr) <0.3 <0.3 >0.3 >0.3

%V C 109.2 + 18.6 107.2 £ 15.7 111.34£17.8 101.5 £ 14.2 1083 £ 17.4
DFEV 1 109.5 & 204 114.2 + 24.6 110.7 £ 12.9 105.9 4+ 10.4 1109 £ 21.1
FEV1/FVC 812 +72 80.1 &= 7.6 84.1 4 7.7 76.7 & 6.1 80.8 = 7.4
%TLC 994 + 14.0 99.2 £ 13.9 102.2 £ 12.1 96.1 + 10.9 99.4 + 13.6
DRV 94.2 + 22.6 95.2 4+ 20.4 94.3 4+ 229 93.7 £ 159 94.6 + 214
Hb-adjusted %DLco 75.8 £ 18.9 63.6 £ 17.8* 62.5 £ 15.7 462 & 7.5* 69.6 + 18.9
VE (Vmin) 9.37 + 3.33 8.35 4+ 2.53 8.53 4+ 2.57 8.86 = 1.67 9.00 £ 3.00

Data are presented as means = standard deviation (SD)
* P < 0.05, compared with category 1

pulmonary function in participants undergoing examination
for eGFR, proteinuria, and PFTs. Our data indicated that
decreased eGFR (<60 ml/min/1.73 m?) along with
increased urinary protein (>0.3 g/gCr) were associated
with decreased Hb-adjusted %DLo. These results suggest
that patients with CKD may have impaired pulmonary
capacity.

Our data indicated that increased urinary protein was
associated with decreased Hb-adjusted %DIL.co. Urinary
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protein is one of the surrogate markers for vascular damage
in the kidney [16]. In addition, urinary protein is also a
surrogate marker of interstitial fibrosis in the kidney [17].
Various studies demonstrated that increased serum levels
of cytokines and chemokines in patients with end-stage
renal disease (ESRD) promote kidney fibrosis [10, 17-19].
These increased serum cytokine and chemokine levels
would affect lung fibrosis in a similar way to the kidney.
Vascular damage (impaired capillary vessels in lung
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Table 3 Multiple linear regression analysis with Hb-adjusted
%DLco as the dependent variable and age, gender, VE, eGFR, uri-
nary protein, and the presence or absence of DM and hypertension as
independent variables in all patients examined

Partial regression  Standard partial

Coefficient Coefficient Regression
coefficient
Model B SE B) B P
Constant 71.643 9300 -0.142
Age (years) —0.149  0.111 0.037 0.182
Gender (male) 1.643 519  0.037 0.753
VE (Umin) 14253 11.040  0.135 0.200
eGFR (<60 mI/min/1.73 m?) —10.260 4.422 —0260 0.023*
Urinary protein (>0.3 g/gCr) —10.019 5922 —0.169 0.095
Diabetes (yes) —-0.111  6.085 —0.001 0.985
Hypertension (yes) 13.609  7.764 0.182 0.083

Regression analysis was adjusted for each factor
* P <0.05

eGFR (ml/min/1.73m?)

alveoli) and interstitial fibrosis (impaired diffusion from
lung alveoli to the lumens of capillary vessels) are asso-
ciated with decreased Hb-adjusted %DLco [20-27]. These
mechanisms may be associated with the correlation
between urinary protein and Hb-adjusted %DLco.

Our data also indicated that decreased eGFR was asso-
ciated with decreased Hb-adjusted %DLo. Decreased
eGFR enhances the risk of atherosclerosis [28-30]. Patients
with CKD are more likely to be complicated by whole-
body atherosclerosis caused by many factors, such as ele-
vation of blood pressure, impaired glucose tolerance,
activation of the renin—angiotensin system, abnormalities
of calcium homeostasis, or deposition of calcium in the
vessels [31-33]. Furthermore, Kumar et al. [34] reported
that patients with CKD and ESRD are more likely to be
complicated by pulmonary embolism. Vascular damage
(impaired capillary vessels in lung alveoli) is associated
with decreased Hb-adjusted %DLco [20-25]. These find-
ings may have an impact on the contribution to the corre-
lation between eGFR and Hb-adjusted %DLco.
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Our data further revealed that both urinary protein and
decreased eGFR were associated with decreased Hb-
adjusted %DL.co. The coexistence of urinary protein and
decreased eGFR may result in a greater increase in vascular
damage (impaired capillary vessels in lung alveoli) [20-25]
and more severe interstitial fibrosis (impaired diffusion
from lung alveoli to the lumens of capillary vessels) [26,
27] compared to the presence of urinary protein or
decreased eGFR alone. Thus, they can have a synergetic
effect on decreasing Hb-adjusted %DL¢. The mechanisms
underlying the association between Hb-adjusted %DLco
and decreased eGFR with increased urinary protein may be
complicated. Therefore, further studies, such as longitudi-
nal studies and basic research, are needed to clarify the
detailed mechanisms underlying this association between
the lungs and kidneys.

This study had some limitations, including sampling
bias. The participants included in this study were limited to
patients treated at Kanazawa University Hospital. As this is
an advanced medical institution, our participants had an
increased likelithood of having various complications.
Therefore, it is possible that participants with normal pul-
monary function did not undergo PFTs in this study,
leading to overestimation of the relationships between
renal dysfunction and pulmonary dysfunction. The other
major limitation of this study may be confounding factors.
Other factors have been reported to affect %DLcgo.
Reduction of haemoglobin concentration and impairment
of lung alveolus are two major factors that affect %DL¢o
[15, 35-38]. Reduction of haemoglobin concentration was
not excluded in this study, because the influence of anae-
mia on %DL¢g is adjusted by haemoglobin. Impairment of
lung alveoli is mainly associated with smoking habit and
chronic obstructive pulmonary disease. Therefore, these
patients were excluded from the study population. More-
over, diffusing capacity of the lung is influenced not only
by Hb and inflammatory status (e.g., profibrotic cytokines),
but also by oedematous condition (the presence of heart
failure even in occult status) [39]. CKD patients with
advanced stages may be complicated with mild or sub-
clinical heart failure. Further studies are required to over-
come these limitations.

In conclusion, the present study indicated that eGFR and
urinary protein excretion were associated with pulmonary
function (Hb-adjusted %DLcgo). Further studies, such as
longitudinal studies and basic research, are needed to
confirm the present results and to clarify the detailed
mechanisms underlying these observations.
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Abstract

Background The number of patients suffering from dia-
betic nephropathy resulting in end-stage kidney disease is
increasing worldwide. In clinical settings, there are limited
data regarding the impact of the urinary albumin-to-creat-
inine ratio (UACR) and reduced estimated glomerular fil-
tration rate (eGFR) on renal and cardiovascular outcomes
and all-cause mortality.

Methods We performed a historical cohort study of 4328
Japanese participants with type 2 diabetes from 10 centers.
Risks for renal events (requirement for dialysis or
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transplantation, or half reduction in eGFR), cardiovascular
events (cardiovascular death, nonfatal myocardial infarc-
tion, or nonfatal stroke), and all-cause mortality were
assessed according to UACR and eGFR levels.

Results  During follow-up (median 7.0 years, interquartile
range 3.0-8.0 years), 419 renal events, 605 cardiovascular
events and 236 deaths occurred. The UACR levels
increased the risk and the adjusted hazard ratios for these
three events. In addition to the effects of UACR levels,
eGFR stages significantly increased the adjusted hazard
ratios for renal events and all-cause mortality, especially in
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patients with macroalbuminuria. Diabetic nephropathy
score, based on the prognostic factors, well predicted
incidence rates per 1000 patient/year for each event.
Conclusions Increased UACR levels were closely related
to the increase in risks for renal, cardiovascular events and
all-cause mortality in Japanese patients with type 2 dia-
betes, whereas the association between high levels of
UACR and reduced eGFR was a strong predictor for renal
events.

Keywords Diabetic nephropathy - Chrohic kidney
disease - Albuminuria - Cardiovascular disease -
Mortality - Glomerular filtration rate

Introduction

Diabetic nephropathy is a leading cause of end-stage kid-
ney (renal) disease (ESKD or ESRD) worldwide [1]. In
addition, cardiovascular diseases and deaths increase in
patients with diabetic nephropathy before and after dialysis
[2-4]. Therefore, to determine and manage risk factors for
progression of renal and cardiovascular outcomes and
mortality is of importance to prolong the life expectancy of
diabetic patients.

A high urinary albumin-to-creatinine ratio (UACR) and
low estimated glomerular filtration rate (eGFR) have been
believed to be predictors for diabetic ESKD and death [5—
7]. Kidney Disease Improving Global Outcomes (KDIGO)
provided a new classification for chronic kidney disease
(CKD) by adding stages that stratified urinary albumin
excretion as well as eGFR and emphasizing clinical diag-
nosis [8]. This new classification, mainly based on the
collaborative meta-analysis of general population cohorts
[8], has shed light on prognosis assigned by clinical diag-
nosis, stage, and other key factors relevant to renal and
cardiovascular outcomes. However, the clinical impact of
UACR levels in combination with eGFR on outcomes in
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Japanese patients with diabetic nephropathy needs to be
confirmed. Therefore, deeper clinical insights of UACR
along with GFR are required to provide a key for the
pathogenesis and outcomes of progressive renal compli-
cations, and associated cardiovascular events in type 2
diabetic patients.

Here we examined the prognostic value of UACR and
eGFR for renal events, cardiovascular events and all-cause
mortality in Japanese patients with type 2 diabetes. Fur-
thermore, we proposed a diabetic nephropathy score for
predicting prognosis in diabetic patients.

Subjects and methods
Subjects

This study was a historical cohort consisting of 4814 Jap-
anese patients with type 2 diabetes who were treated by
trained physicians at 10 centers between 1985 and 2010.
Four hundred and fifty-nine patients were excluded because
of age <18 (n = 6), follow-up <1 year (n = 151) and no
measurement of urinary albumin or HbAlc or blood
pressure (BP) (n = 329), leaving 4328 Japanese patients to
be enrolled in this study. Patients with secondary diabetes,
renal transplantation or dialysis were also excluded.

This study was conducted according to the ethical
guidelines for epidemiological research designed by the
Japanese Ministry of Education, Culture, Sports, Science and
Technology and Ministry of Health, Labour, and Welfare
(http://www lifescience.mext.go.jp/files/pdf/n796_01.pdf).

The study design was included in a comprehensive
protocol of retrospective study at the Division of
Nephrology, Kanazawa University Hospital approved by
Kanazawa University ethical committee (approval number

815).
Follow-up and assessments

Type 2 diabetes was defined according to the Japan Dia-
betes Society (JDS) criteria [9]. In this historical cohort
study, UACR and eGFR were also determined. Measure-
ment of UACR, by a turbidimetric immunoassay at each
laboratory, was performed on spot urine samples at base-
line. Serum creatinine was measured at baseline, at sub-
sequent yearly intervals, and at the end of follow-up.
Serum and urinary concentrations of creatinine were
measured by an enzymatic method, and eGFR was esti-
mated using the equation proposed by the Japanese Society
of Nephrology [10]. Both UACR and serum creatinine
were measured at local laboratories. At each study visit,
blood pressure (BP) was measured in the sitting position.
Hypertension was defined as BP > 140/90 mmHg or
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current use of antihypertensive drugs. Non-fasting blood
samples were obtained for measurements of HbAlc and
lipid levels at local laboratories. HbAlc was measured and
standardized by the JDS (normal range 4.3-5.8 %) and
certified by the US National Glycohemoglobin Standardi-
zation Program (National Glycohemoglobin Standardiza-
tion Program, NGSP; NGSP = IDS + 0.4) [9].

UACR and GFR categories

Based on the new classification of CKD [8], the albumin-
uria category was classified at baseline as normoalbumin-
uria (<30 mg/g), microalbuminuria (=30 and <300 mg/g),
and macroalbuminuria (>300 mg/g). In addition, baseline
eGFR levels were divided into six categories: >90, 60-89,
45-59, 30-44, 15-29 and <I5 ml/min per 1.73 m”.
Patients examined in this study were categorized and
assessed based on the above classifications.

Outcomes

The main outcomes of this study were renal events
(requirement for dialysis or transplantation, or half
reduction in eGFR), cardiovascular events (cardiovascular
death, nonfatal myocardial infarction, or nonfatal stroke),
and all-cause mortality death. These conditions corre-
sponded to the International Classification of Diseases,
11th version (http://www.who.int/classification/icd/en/).
Definitions for nonfatal myocardial infarction and non-
fatal stroke are given elsewhere [11]. Patients were
referred to cardiologists, neurosurgeons, neurologists or
else to confirm diagnoses. Only the first event of the
relevant outcome type was included in each analysis and
the last day of the observation period was also noted if
there were no incidences.

Statistical analysis

Data are expressed as mean & SD or median (interquartile
range). Incidence rates of renal events, cardiovascular
events, and all-cause death for different categories were
calculated. Cox proportional hazards analysis was used to
compute hazard ratios and 95 % confidence intervals (CI)
to assess the impact of albuminuria and eGFR on the
outcomes by using the group with eGFR >60 ml/min per
173 m? and/or the group with normoalbuminuria
(<30 mg/g) as the reference [8]. In multivariate analysis,
adjustment for risk factors for renal events, cardiovascular
events, or all-cause mortality included age, gender, HbAlc,
and systolic BP. A p value <5 % was considered signifi-
cant. p values for trend tests examined whether UACR and
eGFR levels were associated with increased hazard ratios.
Trend tests across increasing risks for renal, cardiovascular

events and all-cause mortality are stratified by factors for
diabetic nephropathy score.

All analyses were performed with the statistical software
package SPSS (SPSS Japan, Tokyo, Japan).

Results
Baseline characteristics

Table 1 shows the baseline characteristics of patients
examined in this study. The 4328 patients were distributed
according to CKD stage and were followed until the onset
of the first event or the end of the observation period
(Table 1).

Incidence of numbers of patients of each event

During a median follow-up of 7.0 years (interquartile
range 3.0-8.0 years), 419 renal events, 605 cardiovascular
events and 236 deaths occurred, which were stratified by
stages of renal function and levels of UACR with each
event (Table 2). The incidence rates of each outcome per
1000 person-years were 19.8 for renal events, 23.3 for
cardiovascular events and 8.4 for all-cause mortality. The
incidence of each event increased with worsening of
UACR levels and eGFR stages. Of importance, high
incidence rates were noted in patients with macroalbu-
minuria plus reduced eGFR, especially for renal events
(Table 2).

Risk for renal events, cardiovascular events, and all-
cause mortality stratified by albuminuria and eGFR

Risks for renal events, cardiovascular events and all-cause
mortality were evaluated by Cox proportional hazards
analysis. The estimates were adjusted for age, gender,
HbAlc, and systolic BP. The adjusted hazard ratios for
renal events were 3.21 (95 % CI 2.31-4.47) for microal-
buminuric patients and 21.86 (95 % CI 16.15-29.59) for
macroalbuminuric patients as compared to normoalbu-
minuric patients as reference. Similarly, the adjusted haz-
ard ratios for cardiovascular events and all-cause mortality
were 1.38 (95 % CI 1.14-1.67) and 1.37 (95 % CI
0.99-1.89) for microalbuminuric patients and 2.05 (95 %
CI 1.61-2.58) and 3.60 (95 % CI 2.53-5.20) for macroal-
buminuric patients as compared to reference, respectively.
Interestingly, UACR levels had the most significant impact
on renal events. In addition to the effects of UACR levels,
eGFR stages significantly increased the adjusted hazard
ratios for renal events in patients with macroalbuminuria
(Table 3). In Table 3, hazard ratios for cardiovascular
events increased in patients with a higher UACR. In
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Table 1 Baseline characteristics of participants (n = 4328)

Variable All Normoalbuminuria ~ Microalbuminuria ~ Macroalbuminuria p For trend
N 4328 2679 1115 534
Age (years; mean [SD]) 60.2 (11.6) 59.5(11.4) 61.9 (11.5) 59.8 (12.0) <0.001
Male (n [%]) 2546 (58.8) 1531 (57.1) 656 (58.8) 359 (67.2) <0.001
Kidney factors
UACR (mg/g; median [IQR]) 18.2 (8.6-66.6) 10.2 (6.5-16.4) 66.6 (42.6-121.3)  994.8 (518.5-2272.5) <0.001
eGFR (ml/min/1.73 m?; mean [SD)) 77.0 (25.9) 81.3 (23.8) 76.4 (25.3) 56.9 (28.0) <0.001
eGFR >90 (n [%]) 1201 (27.7) 839 297 65
eGFR 60-89 (n [%]) 2051 (47.4) 1371 530 150
eGFR 45-59 (n [%]) 642 (14.8) 345 174 123
eGFR 30-44 (n [%]) 311 (7.2) 109 100 102
eGFR 15-29 (n [%]) 117 2.7) 15 14 88
eGFR <15 (n [%]) 6 (0.1) 0 0 6
BP (mmHg)
Systolic BP (mean [SD]) 131.0 (18.6) 127.2 (16.6) 134.2 (18.4) 143.0 (22.0) <0.001
Diastolic BP (mean [SD]) 74.3 (18.0) 73.3 (20.7) 74.8 (11.8) 78.1 (13.1) <0.001
Other major risk factors
HbAlc (%; mean [SD]) 7.6 (1.7) 7.5 (L.7) 7.8 (1.7) 7.9 (1.8) <0.001
Total cholesterol (mg/dL; mean [SD])  205.2 (35.9) 205.3 (34.1) 202.2 (33.9) 214.2 (50.2) 0.925
Body mass index (kg/mz; mean [SD])  25.3 (4.2) 25.1 (4.2) 25.5 (4.2) 254 (4.8) 0.098
Table 2 Number of patients and incidence rates of each outcome stratified by stages of eGFR and albuminuria
UACR eGFR (ml/min/1.73 m?)
>90 60-89 45-59 30-44 15-29 <15
Renal events (RRT or halving reduced eGFR)
Normoalbuminuria 58 (4.2) 4 (2.3) 3(6.9) 1(21.3) 0
Microalbuminuria 31 (17.2) 41 (13.1) 15 (18.0) 10 (21.0) 1 (25.6) 0
Macroalbuminuria 20 (59.5) 62 (87.7) 56 (126.7) 54 (193.5) 61 (309.6) 2 (250.0)
Cardiovascular events
Normoalbuminuria 229 (16.2) 40 (23.1) 14 (33.0) 1 (18.9) 0
Microalbuminuria 31 (16.1) 95 (28.7) 33 (32.6) 28 (56.1) 2 (43.5) 0
Macroalbuminuria 7(17.2) 41 (44.6) 30 (44.3) 30 (64.2) 23 (57.9) 1 (100.0)
All-cause mortality
Normoalbuminuria 70 (4.7) 26 (13.8) 4 (8.2) 4 (67.8) 0
Microalbuminuria 11 (54) 32 (8.9) 13 (11.9) 5(8.5) 6 (117.6) 0
Macroalbuminuria 6 (14.4) 13 (12.3) 19 (24.6) 13 (23.6) 12 (26.8) 2 (1429)

Number of patients (incidence rates per 1000 person-years)
RRT renal replacement therapy

addition, our results showed that there was a slight increase
in the hazard ratios of cardiovascular events based on
UACR levels plus co-existing reduced eGFR, especially in
patients with microalbuminuria based on p for trend. In
contrast, all-cause mortality was strongly associated with
reduced eGFR <30 ml/min per 1.73 m?, and the presence
of macroalbuminuria even with preserved eGFR. The
present study also revealed that normoalbuminuric renal
insufficient diabetic patients did not have relatively poor

@ Springer

outcomes for renal events. Table 4 highlights the impact of
low GFR and/or UACR on three distinct outcomes.

The clinical significance of diabetic nephropathy score
in predicting the prognoses of renal events,
cardiovascular events, and all-cause mortality

Considering the results of univariable and multivariable
analyses, weighted arbitrary scores were allocated to each
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Table 3 Hazard ratios based on CKD stages for each outcome

UACR ¢GFR (ml/min/1.73 m?) p for
trend
=90 60-89 45-59 30-44 1529 <15 (eGFR)

Renal events (RRT or halving reduced eGFR)
Normoalbuminuria  1.00 (Reference) 100 {Reference) 0.69 (0.24--1.98) 1.83 (0.33-6.31) 11.59 (1.43-93.78) NA 0.85
Microalbuminuria ~ 3.31 (2.07-5.28) 3.04 (1.98-4.68) 3.36 (1.63-6,93) 3.10 (1.41-6.83) 3.60 (0.42-31.28) NA 0.60
Macroalbuminuria 11,14 (5.87-21.17) 1564 (10.30-23.74)  33.37 (20.58-50.91)  41.36 (25.09-68.16) 7158 (4041-126.80) NA <0.01
p for trend <0.01 <0.01 =<0,01 <0.0t 0.06 NA

(albuminuria)

Cardiovascular events
Normoalbuminuria 1,00 (Reference) 1.00 (Reference) 1.05 (0.73-1.49) 1.30 {0.74-2.28) 0.42 (0.06-3.06) NA 0.46
Microalbuminuria 101 (0.69-1.49) 1.48 (1.15-1.90) 1.33 (0.89-2.00) 1.85 (1.20-2.85) 0.47 (0.11-1.97) NA 0.04
Macroalbuminuria  1.28 (0.56-2.94) 2,10 (1.46-3.02) 1.85 (1.23-2.78) 2.37 (1.55-3.63) 209 (1.26-3.45) 12.76 (0.95-171.19) 0.20
p for trend 0.81 <0.01 0.09 0.45 0.17 NA

(albuminuria)

All-cause mortality
Normoalbuminuria  1.00 (Reference) 1.00 (Reference) 1.67 (1.02-2.74) 1.22 (0.43-3.46) 8.19 (2.65-25,34) NA <0.01
Microalbuminuria ~ 1.51 (0.78-2.95) 1.44 (0.92-2.24) 1.22 (0.63-2.35) 0.84 (0.31--2.26) 8.36 (2.81-24.90) NA 0.04
Macroalbuminuria  4.37 (1.70-11.24)  1.92 (0.97-3.79) 4.84 (2.72-8.62) 4.09 (2.00-8.34) 6.16 (2.80-13.56) 70.57 (3.65-1363.68)  0.06
p for trend 0.01 0.01 0.01 0.02 0.80 NA

(albuminuria)

The estimates are adjusted for age, gender,

HbAlc, systolic BP

RRT renal replacement therapy, NA not available

Table 4 Hazard ratios based on
levels of UACR and eGFR for
each outcome

The estimates are adjusted for
age, gender, HbA lc, systolic BP

UACR

eGFR (ml/min/1.73 m?)

>60

30-59

<30

Renal events (RRT or halving reduced eGFR)

Normoalbuminuria
Microalbuminuria
Macroalbuminuria
Cardiovascular events
Normoalbuminuria
Microalbuminuria
Macroalbuminuria
All-cause mortality
Normoalbuminuria
Microalbuminuria
Macroalbuminuria

1.00 (Reference)
3.26 (2.34-4.55)
13.6 (9.3-20.0)

1.00 (Reference)
1.40 (1.16-1.69)
1.90 (1.36-2.65)

1.00 (Reference)
1.30 (0.93-1.81)
2.34 (1.35-4.04)

33.0 (22.7-48.2)

2.09 (1.54-2.84)

4.59 (2.90-7.25)

49.82 (29.9-83.0)

1.54 (1.00-2.39)

7.08 (4.16-12.05)

selected variable on the basis of each odds ratio (OR), and
we defined a summation of scores as a new risk scoring
system as the diabetic nephropathy score. We evaluated the
diabetic nephropathy score for predicting the prognoses of
renal events, cardiovascular events, and all-cause mortality.
Each prognostic factor has a score and the maximum
score 18 6—microalbuminuria = 1, macroalbuminuria = 2,
eGFR <45 ml/min per 1.73 m*> = 1, age >60 years = 1,
systolic BP >130 mmHg =1, and HbAlc (NGSP)
>6.9 % = 1. This score put stress on amounts of UACR.

Importantly, this simple score well predicted the incidence
rates per 1000 patient/year for each event (Table 5).

Discussion
In this study we examined the clinical impact of UACR as
well as the evaluation of GFR on outcomes in diabetic

patients. We now report that increased urinary albumin
excretion was strongly associated with risks for renal
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patient-years

incidents

patients

patient-years

incidents

patients

incidents patient-years

patients

0.0
2.1

204
954

0.2-5.1

1.4
9.7

214

204
954
1,310

0.0

204
902

1.1-3.6

6.3-10.3
7.2-12.0
9.8-18.0

13
71

7.4-12.6

58
174
161

1.9-5.0
5.2-9.0

3.1

18
54

8.1

1310

1017
532
238

18.4-24.9

6.9

1228
952
471

2

9.4

62

22.3-30.6
32.2-46.8
47.3-76.3

26.2

1,017

13.4-20.0

16.6

96

134

45

39.0

38.5-56.0 532 116
238

83.8-127.0

46.6

118
93
40

17.7-35.4
13.5-51.7

25.5

35

60.5

71

103.8
216.2

213
61
p for trend

28.1

10

51.0-120.7 73

80.4

73 23

154.5-294.0

<0.001

<0.001

<0.001

events, cardiovascular events and deaths in Japanese
patients with type 2 diabetes. Of note, eGFR stages sig-
nificantly increased the adjusted hazard ratios for renal
events, especially when co-existing with macroalbuminu-
ria, while patients with normoalbuminuria had relatively
low risks for renal events. All-cause mortality was strongly
associated with reduced eGFR <30 ml/min per 1.73 m?
and the presence of macroalbuminuria even with preserved
eGFR. However, the association between normoalbumin-
uria and reduced eGFR showed relatively low risks for
cardiovascular events in the cohort of the Japanese popu-
lation with type 2 diabetes. These findings suggested that
diabetic patients with macroalbuminuira and low GFR had
risks for adverse outcomes, even though UACR levels and
eGFR had distinct clinical impacts on each event, respec-
tively. Finally, the diabetic nephropathy score based on our
present study may be useful for predicting the prognoses of
outcomes in diabetic patients.

The present study has clearly shown that renal insuffi-
ciency plus the presence of macroalbuminuria accelerated
risks for adverse outcomes, especially renal events.
Recently, KDIGO reported the definition, classification and
prognosis of CKD based both on estimated GFR and uri-
nary levels of albumin excretion, emphasizing that a
decrease in GFR as well as macroalbuminuria is important
for renal outcomes of CKD [8]. In addition, the Action in
Diabetes and Vascular disease: preterAx and diamicro-
N-MR Controlled Evaluation (ADVANCE) study reported
that reduced eGFR with macroalbuminuria was associated
with a higher risk for renal events [6]. Interestingly, the
Casale Monferrato study revealed that macroalbuminuira
was the main predictor of mortality, independently of both
eGFR and cardiovascular risk factors [12]. In contrast,
reduced eGFR did not increase the adjusted hazard ratio for
renal events even in patients with microalbuminuria. This
may be partly because the number of microalbuminuric
patients with reduced GFR having renal events was rela-
tively small as shown in Table 2. Collectively, these find-
ings suggest that the assessment of macroalbuminuria as
well as levels of eGFR may enable us to predict high risk
for renal events.

The association between UACR and reduced eGFR
showed relatively low risks for cardiovascular events, even
though the incidence rate of cardiovascular events was
23.3, which was almost comparable to that observed in the
Japan Diabetes Complications Study (JDCS) [13]. Our
results also demonstrated that UACR was closely associ-
ated with cardiovascular events in patients with eGFR
60-89 ml/min per 1.73 m? and that reduced eGFR was
important in microalbuminuric patients based on p values
for trend. Of note, Yokoyama et al. recently reported that
the risk for cardiovascular events was associated with
progression of UACR stage in type 2 Japanese diabetic
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patients [14]. In contrast, reduced eGFR was a high risk for
developing cardiovascular endpoints (cardiovascular death,
new admissions due to to angina, myocardial infarction,
stroke, revascularization or heart failure) and all-cause
mortality independent of UACR [15]. Interestingly, the
Second Nord-Trendelag Health (HUNT 1I) study [16]
reported that reduced eGFR with higher UACR was asso-
ciated with a higher risk for cardiovascular events. This
discrepancy compared to our present study may be partly
because the number of patients with cardiovascular events
in the present study was relatively small as shown in
Table 2. Further studies will be required to examine this
discrepancy.

This study also revealed that normoalbuminuric renal
insufficient diabetic patients did not have relatively poor
renal outcomes. In fact, the percentage of diabetic patients
with normoalbuminuria and low eGFR is supposed to be
relatively common in clinical settings. In this aspect, Yo-
koyama et al. [17] described that the proportion of subjects
with low eGFR (<60 ml/min per 1.73 m*) and normoal-
buminuria was 11.4 % of type 2 diabetic patients examined
(262/2,298). Supporting our notion, Rigalleau et al. [18]
reported that risk for renal progression in such patients with
type 1 or type 2 diabetes is lower. On the contrary, all-
cause mortality, not cardiovascular events, was strongly
associated with reduced eGFR <30 ml/min per 1.73 m* in
normoalbuminuric diabetic patients in this present study.
Supporting this notion, hazard ratios for all-cause mortality
as well as cardiovascular mortality increased in normoal-
buminuric diabetic patients with low GFR [19]. The FIELD
study also revealed that normoalbuminuric patients with
eGFR 30-59 ml/min per 1.73 m* had a higher risk of
cardiovascular events, cardiovascular death, non-coronary
heart disease deaths, death from any cause than normoal-
buminuric patients with eGFR >60 ml/min per 1.73 m?
[7]. Interestingly, in the ADVANCE study, patients with
normoalbuminuria and eGFR <60 ml/min/1.73 m* had a
3.95-fold higher risk for renal events, a 1.33-fold higher
risk for cardiovascular events and a 1.85-fold higher risk
for cardiovascular death [6]. In contrast, Vlek et al. [20]
reported that eGFR <60 ml/min per 1.73 m”> without
UACR mainly influenced the risk of vascular events
(hazard ratio 1.50; 1.05-2.15), but did not affect all-cause
mortality. Furthermore, in type 2 diabetic patients, eGFR
provided no further information for all-cause mortality and
cardiovascular mortality in normoalbuminuric patients
[14]. Therefore, further studies are needed to determine
renal outcomes as well as all-cause mortality in normoal-
buminuric diabetic patients with low eGFR.

We proposed a novel diabetic nephropathy score to
predict incidence rates per 1000 patient/year for each
event. To date, few studies have addressed individual
prognostic factors/scores to predict outcomes of diabetic

complications in clinical settings. Couchoud et al. {21]
reported development and validation of a prognostic score
for 6-month mortality in elderly patients starting dialysis
for ESKD. Nine risk factors were selected and points
assigned for the score were body mass index <18.5 kg/m”
(2 points), diabetes (1 point), congestive heart failure
stages HI to IV (2 points), peripheral vascular disease
stages III to IV (2 points), dysrhythmia (1 point), active
malignancy (1 point), severe behavioral disorder (2 points),
total dependency for transfers (3 points) and unplanned
dialysis (2 points). These scores effectively predict short-
term prognosis among elderly patients, in which approxi-
mately 20 % of the patients had diabetic nephropathy. In
contrast to this previous study, our simple prognostic
scoring system may clearly predict cardiovascular events
and all-cause mortality as well as renal events for patients
of any age. Even though validation of this score system
will be required for other cohorts, this system seems simple
and useful for predicting clinical aspects.

To date, UACR levels and reduced eGFR have inde-
pendently been reported to predict cardiovascular and real
outcomes in diabetes [6]. Previously, diabetic patients with
microalbuminuria/macroalbuminuira had a risk for adverse
outcomes, including cardiovascular events, cardiovascular
death, and renal events as reported by the ADVANCE
study [6]. Importantly, the present study, consisting of
4328 Japanese patients with type 2 diabetes, was critically
different from the ADVANCE study in terms of (1) being a
historical cohort study consisting of 10 centers, (2) longer
observation period (median 7.0 years), (3) including the
assessment of all-cause mortality, (4) including assessment
of each event based on the new classification CKD stages,
and (5) providing a diabetic nephropathy score to predict
the prognoses of renal events, cardiovascular events, and
all-cause mortality. Therefore, our present study further
revealed the clinical significance of UACR and eGFR on
adverse outcomes in diabetic patients.

There are several limitations to this study. First, the lack
of histologically proven diabetic nephropathy should be
discussed, even though diabetic nephropathy is clinically
diagnosed by the presence of microalbuminuria. Second,
the low incidence of cardiovascular events may result in a
relatively weak statistical power. Furthermore, the lack of
data regarding whether enrolled patients have predisposing
cardiovascular diseases must be considered. However, this
multicenter observational study of 4328 diabetic patients
over 7 years may strengthen the present results and
increase the accuracy of risk estimation and establishment
of a prognostic diabetic nephropathy score.

In conclusion, these results conclude that the presence of
microalbuminuria/macroalbuminuria is closely related to
the increase in risks for adverse outcomes in Japanese
diabetic patients, whereas the association between
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macroalbuminuria and reduced eGFR was a strong pre-
dictor for renal events. Further studies will be required to
validate the prognostic factors and related diabetic
nephropathy score by using other cohorts together with
future perspectives.
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Abstract  Diabetic nephropathy is a leading cause of
end-stage renal disease in Japan. Microalbuminuria has
been considered as the first clinical sign of diabetic
nephropathy. However, recent studies demonstrated that
normoalbuminuric renal insufficiency is not uncommon
for diabetic patients, especially in type 2 diabetes.
Although the pathogenesis of normoalbuminuric renal
insufficiency in diabetic nephropathy remains to be fully
elucidated, distinct clinical and pathological features of
diabetic patients with this finding have been reported as
compared to those in diabetic patients with a typical
clinical course. In type 1 diabetes, more advanced glo-
merular lesions were found in patients with normoalbu-
minuric renal insufficiency than in patients with
normoalbuminuric preserved renal function. In contrast,
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disproportionately advanced tubulointerstitial and vascular
lesions, despite minor diabetic glomerular lesions, which
denote the presence of diabetic kidney lesions as well as
nephrosclerosis, were likely to be related to the devel-
opment of normoalbuminuric renal insufficiency in some
type 2 diabetic patients. In addition, long-term outcomes
of diabetic patients with normoalbuminuric renal insuffi-
ciency remain controversial. Further studies to gain a
better understanding of the structural-functional relation-
ships and natural history of diabetic patients with nor-
moalbuminuric renal insufficiency may improve the

benefits of therapeutic interventions for diabetic
nephropathy.
Keywords Diabetic nephropathy -

Normoalbuminuric renal insufficiency - Kidney
lesions - Nephrosclerosis - Comprehensive medicine -
Humans

Introduction

Diabetic nephropathy is a leading cause of end-stage renal
disease in Japan [1]. The percentage of patients with dia-
betic nephropathy was 44.1 % among new dialysis
patients, and 37.1 % among all dialysis patients at the end
of 2012 based on the latest annual report of the Japanese
Society for Dialysis Therapy.

Albuminuria and glomerular filtration rate (GFR) are
recommended for use as clinical markers of diabetic
nephropathy, and microalbuminuria has been considered as
the first clinical sign of diabetic nephropathy [2-5]. How-
ever, recent studies demonstrated that reduction in GFR
may precede the development of microalbuminuria in some
diabetic patients [6~14].
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On the other hand, pathological markers of diabetic
nephropathy are complicated because a variety of renal
lesions can be found in diabetic nephropathy. In addition,
factors such as obesity, hypertension, dyslipidemia, and
aging, which are frequent complications in type 2 diabetes,
cause a wide variety of pathological changes [15-17].
Currently, renal biopsy is not always applicable for diabetic
patients with a typical clinical course. The latest committee
report by the Japan Renal Biopsy Registry (J-RBR) and the
Japan Kidney Disease Registry (J-KDR) indicated that the
percentage of diabetic nephropathy was 5.1 % (376/7442)
in the pathological diagnoses as classified by pathogenesis
in J-RBR 2009 and 2010 [18]. Therefore, the structural—
functional relationships of diabetic nephropathy remain to
be fully investigated.

Previously, Takazakura et al. [19] reported the clinical
factors related to the development and progression of renal
lesions in diabetic nephropathy by evaluation of serial renal
biopsies or autopsy. In this study, significant relationships
were found between progression of diabetic glomerulo-
sclerosis and clinical factors such as the control of blood
glucose, type of diabetes, age at onset, type of treatment,
and degree of obesity. Subsequently, we conducted a long-
term retrospective study to evaluate the structural-func-
tional relationships and prognostic impacts of clinicopath-
ological parameters for renal events, cardiovascular events,
and all-cause mortality among 260 Japanese type 2 diabetic
patients with biopsy-proven diabetic nephropathy [20]. Our
study suggested that the characteristic pathological lesions
and macroalbuminuria (severe proteinuria) were closely
related to the long-term outcomes of diabetic nephropathy
in type 2 diabetes. Based on our results, it is reasonable to
predict renal prognosis of diabetic nephropathy by a
combination of clinical and pathological parameters. Fur-
thermore, we speculate that the evaluation of renal
pathology provides a key note to have deeper insights for
‘Comprehensive Medicine in Humans’ including renal
events and cardiovascular events in patients with diabetic
nephropathy.

Here, we focus on the clinical characteristics, renal
lesions, and outcomes of diabetic nephropathy with
normoalbuminuric renal insufficiency, and describe
future perspectives for clinical research on diabetic
nephropathy.

Prevalence of normoalbuminuric renal insufficiency
in diabetes

The prevalence of normoalbuminuria among type 1 dia-
betic patients with low GFR (<60 ml/min/1.73 m?) was
23.6 % (21/89) in the Diabetes Control and Complications
Trial (DCCT) and Epidemiology of Diabetes Interventions

@ Springer

and Complications (EDIC) study conducted in 1982-2006
[6].

In contrast, the prevalence of normoalbuminuria among
type 2 diabetic patients with low GFR (<60 ml/min/
1.73 m? was 32 % in the Developing Education on
Microalbuminuria for Awareness of Renal and Cardio-
vascular Risk in Diabetes (DEMAND) study conducted in
2002-2005 [71, 35.1 % (60/171) in the Third National
Health and Nutrition Examination Survey (NHANES III)
conducted in 1988-1994 [8], 50.8 % (575/1132) in the
United Kingdom Prospective Diabetes Study (UKPDS)-74
study conducted in 1977-1991 [9], 51.8 % (262/506) in the
Japan Diabetes Clinical Data Management (JDDM) study
conducted in 2004-2005 [10], 55.0 % (506/920) in the
National Evaluation of the Frequency of Renal Impairment
cO-existing with Non-insulin-dependent diabetes (NE-
FRON) study conducted in 2005 [11], 56.5 % (1673/2959)
in the Renal Insufficiency And Cardiovascular Events
(RIACE) study conducted in 2007-2008 [12], 61.6 %
(1252/2033) in the Action in Diabetes and Vascular dis-
ease: preterAx and diamicroN-MR Controlled Evaluation
(ADVANCE) study conducted in 2001-2003 [13], and
71.3 % (290/407) in the Swedish National Diabetes Reg-
ister conducted in 2002-2007 [14]. These results suggest
that normoalbuminuric renal insufficiency is not uncom-
mon among diabetic patients, especially in type 2 diabetes.

Pathogenesis of normoalbuminuric renal insufficiency
in diabetes

There are several possible pathogenic mechanisms that
may account for the development of normoalbuminuric
renal insufficiency in diabetes. One possibility is that renal
ischemia due to intrarenal arteriosclerosis may be related to
the development of normoalbuminuric renal insufficiency.
A negative correlation between GFR and the intrarenal
arterial resistance index was found in type 2 diabetes,
regardless of albuminuria stage [21, 22]. In addition, car-
otid intimal medial thickness, carotid stiffness, and silent
cerebral infarction were also reported to be associated with
impaired kidney function in type 2 diabetes, independent of
microalbuminuria [21, 23].

The other possibility is that genetic susceptibility may
contribute to the development of normoalbuminuric renal
insufficiency. Polymorphisms of the protein kinase C-B
gene were reported to be associated with accelerated
decline of estimated GFR (eGFR) in type 2 diabetes
without overt proteinuria [24].

Although the increasing use of renin—angiotensin sys-
tem (RAS) blockade may be related to the increasing
prevalence of normoalbuminuric renal insufficiency, the
RIACE study showed that the use of RAS blockade was
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more common in patients with albuminuric renal insuffi-
ciency than in those with normoalbuminuric renal insuffi-
ciency [12].

Clinical characteristics associated
with normoalbuminuric renal insufficiency in diabetes

The reported clinical characteristics of diabetic patients
with normoalbuminuric renal insufficiency include a higher
proportion of females, a shorter duration of diabetes, lower
prevalence of hypertension, smoking, retinopathy, neu-
ropathy, previous cardiovascular disease, and antihyper-
tensive agents including RAS blockade, lower levels of
hemoglobin Alc and triglycerides, and higher levels of
hemoglobin and high-density lipoprotein cholesterol, as
compared to patients with albuminuric renal insufficiency
[10, 12, 25]. In addition, compared to patients with nor-
moalbuminuric preserved renal function, those with nor-
moalbuminuric renal insufficiency are older, more
frequently females and non-smokers, and have a higher
prevalence of hypertension, dyslipidemia, metabolic syn-
drome, and previous cardiovascular disease, and higher
levels of homeostasis model assessment of insulin resis-
tance [10, 26].

Although our study of 260 type 2 diabetic patients with
biopsy-proven diabetic nephropathy (96 females, 106
males; age 58.2 == 11.4 years) included negative protein-
uria as well as trace proteinuria in the normoalbuminuria
(normal proteinuria) category based on the new classifi-
cation of chronic kidney disease [3, 4], 154 (59.2 %) of the
260 patients showed low eGFR (<60 ml/min/1.73 m?), and
15 (9.7 %) of the 154 patients with low eGFR were not
associated with albuminuria (proteinuria) [20]. Table |
presents the baseline clinical and pathological findings of
fifteen patients with normoalbuminuria (normal protein-
uria) and low eGFR [7 males, 8 females; an average age
62.5 years (range 49-72 years)] at the time of renal biopsy.

The mean eGFR was 46.0 ml/min/1.73 m* (range
25.6-57.2 ml/min/1.73 mz), the mean duration of diabetes
was 7.5 years (range 0-21 years), and the mean hemo-
globin Alc level (NGSP) was 7.8 % (range 4.5-11.9 %).
The prevalence of diabetic retinopathy, hypertension,
dyslipidemia, and history of cardiovascular disease were
50.0 % (6/12), 35.7 % (5/14), 27.3 % (3/11), and 14.3 %
(2/14), respectively. Our study demonstrated lower preva-
lence of hematuria and retinopathy, shorter duration of
diabetes, lower systolic blood pressure, and higher hemo-
globin level in patients with normoalbuminuria (normal
proteinuria) and low eGFR as compared to patients with
micro/macroalbuminuria (mild/severe proteinuria) and low
eGFR. In addition, when compared to patients with nor-
moalbuminuria (normal proteinuria) and preserved eGFR,

those with normoalbuminuria (normal proteinuria) and low
eGFR were older. Our findings were consistent with pre-
vious reports, and provided additional information on the
prevalence of hematuria. Furthermore, our study showed
that aging was associated with low eGFR regardless of
albuminuria (proteinuria) category, and that hematuria,
diabetic retinopathy, and low hemoglobin were associated
with the progression of albuminuria (proteinuria) regard-
less of eGFR category [20].

Pathological characteristics associated
with normoalbuminuric renal insufficiency in diabetes

There have been few studies regarding the pathological
characteristics of diabetic nephropathy with normoalbu-
minuric renal insufficiency. A study of 8 long-standing
type 1 diabetic women with normoalbuminuria and low
GFR (75 4+ 10 ml/min/1.73 m?), as measured by creati-
nine clearance, found that these patients had more
advanced glomerular lesions, such as higher volume frac-
tion of mesangium, greater index of arteriolar hyalinosis,
and higher percentage of global glomerular sclerosis than
19 normoalbuminuric women with preserved GFR
(115 & 15 ml/min/1.73 m?) [27]. Similarly, another study
indicated that 23 long-standing type 1 diabetic patients
with normoalbuminuria and low GFR (<90 ml/min/
1.73 m?), as measured by either iothalamate clearance or
creatinine clearance, had more advanced glomerular
lesions, such as more increased glomerular basement
membrane width and greater fractional volume of glo-
merulus occupied by mesangium, when compared with 82
normoalbuminuric patients with preserved GFR (>90 ml/
min/1.73 m?) [28]. In addition, the Cohen diabetic rat, an
animal model of type 2 diabetes which shows progressive
depression of renal function without proteinuria or hyper-
tension, was reported to show classical diabetic glomeru-
losclerosis, including mesangial matrix expansion,
thickened basement membranes, and increased deposition
of type IV collagen [29].

Our study of 260 type 2 diabetic patients also demon-
strated that diffuse lesions, nodular lesions, tubulointersti-
tial lesions, and vascular lesions in patients with
normoalbuminuria (normal proteinuria) and low eGFR
(<60 ml/min/1.73 m*) were more advanced compared to
those in patients with normoalbuminuria (normal protein-
uria) and preserved eGFR (>60 ml/min/1.73 m?) in type 2
diabetes [20].

Fioretto et al. [15, 16] proposed a classification system
including three major categories based on renal biopsy
lesions in type 2 diabetic patients with microalbuminuria
and proteinuria—category I with normal or near-normal
renal structure (35 % of patients with microalbuminuria
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Table 1 Clinicopathological findings at the time of renal biopsy and outcomes in type 2 diabetic patients with normoalbuminuria (normal proteinuria) and low eGFR <60 ml/min/1.73 m?

Case Clinical and pathological findings at the time of renal biopsy Outcomes
no. Gender Age eGFR (ml/ Diabetes Hemoglobin Diabetic Hypertension Dyslipidemia History — Category of  Follow- Renal CVD  All-cause
(years) min/ duration Alc (%) retinopathy of CVD  renal lesions up events events mortality
1.73 mz) (years) (NGSP) (years)
1  Male 69 25.6 2 nd.® n.d. n.d. n.d. n.d. I n.d. n.d. n.d. n.d.
2 Female 71 31.7 4 4.5 (=) (=) (=) (=) I 4.6 (=) (=) -)
3 Male 56 32.1 15 7.1 n.d. (-) (=) (-) I 164 (-) (=) (=)
4 Female 61 36.1 1 6.5 ) ) =) ) 111 5.1 (=) = =
5 Female 64 392 21 8.0 =) (+) n.d. (=) 1I 14.5 +) (=) (=)
6 FPemale 53 413 6 7.5 +) ) ) () I 7.0 (=) =) -)
7 Female 61 494 10 6.5 (=) (=) +) +) I 21.8 =) (CD) )
8 Male 72 51.2 17 11.9 ) =) G =) I 3.6 (-) (=) (=)
9 Male 65 52.7 5 59 (=) (=) (=) (=) 111 53 (=) (=) -+
10 Male 64 53.0 2 7.0 (=) (=) (=) (=) 11 5.6 =) (=) (=)
11  Male 61 53.7 o° 6.0 (=) (=) n.d. =) 1L 13.7 (=) (-) (=)
12 Female 64 55.5 10 11.8 ) H =) ) 111 2.7 =) + )
13 Female 63 55.7 10 9.9 -+ =) ) =) I 5.3 (=) (=) (-)
14  Female 65 56.0 1 8.0 (+) (+) (+) (=) 1I 2.1 (=) (=) (=)
15 Male 49 57.2 8 83 G =) n.d. (=) 1I 134 (-) +) (=)

Presence of diabetic retinopathy, hypertension, dyslipidemia, and history of CVD are indicated by (+). Category of renal lesions was evaluated according to the classification proposed by
Fioretto et al. [15, 16]

eGFR estimated glomerular filtration rate, CVD cardiovascular disease, n.d. no data, NGSP National Glycohemoglobin Standardization Program
4 This patient had poorly controlled type 2 diabetes, which was followed at another hospital
® This patient was diagnosed for the first time with type 2 diabetes by a random blood glucose test and an oral glucose tolerance test at the time of renal biopsy
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Fig. 1 Representative microscopic findings in type 2 diabetic
patients with normoalbuminuria (normal proteinuria) and low eGFR
(<60 ml/min/1.73 m>). a Severe diffuse lesions in a patient classified
as typical lesions of diabetic nephropathy (category II) (Case no. 3,
Table 1; periodic acid-Schiff (PAS) stain x200). b Mild diffuse

and 10 % of patients with proteinuria); category II with
typical diabetic lesions with an approximately balanced
severity of glomerular, tubulointerstitial, and arteriolar
changes similar to type 1 diabetes (30 % of patients with
microalbuminuria and 55 % of patients with proteinuria);
and category III with disproportionately advanced tubulo-
interstitial lesions, vascular lesions, and global glomeru-
losclerosis, despite minor diabetic glomerulopathy (35 %
of patients with microalbuminuria and 35 % of patients
with proteinuria). We categorized the renal lesions of 15
patients with normoalbuminuria (normal proteinuria) and
low eGFR according to this classification (Table 1). As a
result, no patients were classified as having almost normal
biopsies (category 1), 6 patients (40 %) were classified as
having typical lesions of diabetic nephropathy (category
IT), and 9 patients (60 %) were classified as having atypical
patterns (category IlI). Representative microscopic findings
of renal biopsies from type 2 diabetic patients with nor-
moalbuminuria (normal proteinuria) and low eGFR are
shown in Fig. |. Figure la shows severe diffuse lesions in
a patient classified as category II (Case no. 3, Table 1).
Figure 1b shows mild diffuse lesions associated with glo-
bal glomerular sclerosis and disproportionately advanced
arteriosclerosis, which denotes the presence of diabetic
kidney lesions as well as nephrosclerosis, in a patient
classified as category III (Case no. 12, Table 1). Another
study of type 2 diabetic patients with low eGFR (<60ml/
min/1.73 m?) by research biopsy also indicated that the
typical glomerular changes of diabetic nephropathy were
less common in normoalbuminuric (3/8) patients than in
microalbuminuric (5/6) or macroalbuminuric (17/17)
patients [30].

These results suggest that multifactorial pathogenesis in
addition to diabetic conditions may contribute to the kidney
lesions in type 2 diabetic patients with normoalbuminuric
renal insufficiency.

lesions (asterisk) associated with global glomerular sclerosis (arrow)
and disproportionately advanced arteriosclerosis, which denotes the
presence of diabetic kidney lesions as well as nephrosclerosis, in a
patient classified as atypical patterns (category III) (Case no.12,
Table 1; PAS stain x100)

Outcomes of diabetic patients with normoalbuminuric
renal insufficiency

Although the outcome of diabetic patients with normoal-
buminuric renal insufficiency remains controversial, it is
likely to be better than that of diabetic patients with
albuminuria, even with preserved renal function. In a study
of 89 diabetic patients with eGFR <60 ml/min/1.73 m* (22
type 1 diabetes, 67 type 2 diabetes), 15 (17 %), 36 (40 %),
and 38 (43 %), were found to be normoalbuminuric,
microalbuminuric, and macroalbuminuric at baseline,
respectively. During the 38-month follow-up, none of the
normoalbuminuric patients started dialysis (microalbu-
minuric patients 2/36, macroalbuminuric patients 10/38),
and their albumin excretion rates and serum creatinine
levels were stable. Furthermore, none of the normoalbu-
minuric patients died (microalbuminuric patients 3/36,
macroalbuminuric patients 7/38) during the follow-up
period [25]. In a population-based study of 1,538 people
with type 2 diabetes, 51, 32, and 17 %, were found to be
normoalbuminuric, microalbuminuric, and macroalbumin-
uric at baseline, respectively. During the 11-year follow-
up, increasing trends of hazard rate ratios for all-cause
mortality and cardiovascular mortality by decreasing eGFR
values were observed in macroalbuminuric people only
[31]. In addition, our study also showed similar results
[20]. In our study, the outcomes were defined as the first
occurrence of renal events (requirement of dialysis, or a
50 % decline in eGFR from baseline), cardiovascular
events (cardiovascular death, nonfatal myocardial infarc-
tion, coronary interventions, or nonfatal stroke), and all-
cause mortality. The mean follow-up period was 8.1 years
(range 5-9,739 days), and there were 118 renal events,
62 cardiovascular events, and 45 deaths during the follow-
up period. The hazard ratios for renal events, cardiovas-
cular events, and all-cause mortality were increased by
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Fig. 2 Event-free rates of a renal events, b cardiovascular events,
and ¢ all-cause mortality in type 2 diabetic patients with normoal-
buminuria (normal proteinuria) stratified by eGFR categories accord-
ing to Kaplan-Meier method. Differences between groups were

decreasing eGFR levels in patients with macroalbuminuria
(severe proteinuria) only, and macroalbuminuria (severe
proteinuria) was a major clinical determinant of renal
events and all-cause mortality. Fifteen patients with nor-
moalbuminuria (normal proteinuria) and low eGFR had 1
renal event, 3 cardiovascular events, and 1 death during the
follow-up period (Table 1). One patient who developed
end-stage renal disease was positive for anti-hepatitis C
virus (HCV) antibody, although renal biopsy showed typ-
ical diabetic glomerular lesions, such as diffuse and exu-
dative lesions, without HCV-related glomerulonephritis
(Case no. 5, Table 1). Event-free rates of renal events,
cardiovascular events, and all-cause mortality in patients
with normoalbuminuria (normal proteinuria) were not
significantly different between eGFR categories (Fig. 2).

In contrast to the previous results outlined above,
including our report, several studies showed that higher
levels of urinary albumin excretion within the normal range
predict faster decline in GFR and higher incidence of
cardiovascular disease in diabetic patients [32, 33]. Fur-
thermore, some studies demonstrated that albuminuria and
renal function independently or respectively predict renal
events, cardiovascular events, and death in diabetic patients
[13, 34-36]. Therefore, further studies on clinical impacts
of low GFR without albuminuria and new biomarkers for
early and definitive diagnosis of diabetic nephropathy are
required in clinical settings.

In this sense, the newly established prospective registry
system, the Japan Diabetic Nephropathy Cohort Study
(JDNCS), may provide key insights for future perspectives
[37]. The Japanese Society of Nephrology established a
nationwide, web-based, and prospective registry system
including two basic registries— the J-RBR and the J-KDR
[18, 38]. In addition to the two basic registries, the JDNCS
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compared by the log-rank test. Solid line normoalbuminuria (normal
proteinuria) and eGFR >60 ml/min/1.73 m?> group, dotted line
normoalbuminuria (normal proteinuria) and eGFR <60 ml/min/
1.73 m* group

enrolled Japanese diabetic patients with broad-ranging
albuminuria (proteinuria) stage and GFR levels. The aims
of the JDNCS are to obtain clinical data and urine samples
for revising the clinical staging of diabetic nephropathy,
and to develop new diagnostic biomarkers for early
detection or prediction of diabetic nephropathy. The
prevalence of normoalbuminuria in patients with low
eGFR (<60 ml/min/1.73 m?) at baseline was 19.8 % in the
JDNCS. Interestingly, the JDNCS is now prospectively
collecting clinical data annually. Moreover, participants
with diabetes are also enrolled in the J-RBR and the J-KDR
[37]. Therefore, the combined data of the three registries
will allow evaluation of the natural course and long-term
outcomes of diabetic nephropathy, including patients with
normoalbuminuric renal insufficiency, in the near future.

Conclusion

We focused on the structural-functional relationships and
outcomes of diabetic nephropathy with normoalbuminuric
renal insufficiency. Although the pathogenesis of normo-
albuminuric renal insufficiency in diabetic nephropathy
remains to be fully elucidated, disproportionately advanced
tubulointerstitial lesions, vascular lesions, and global glo-
merulosclerosis, despite minor diabetic glomerular lesions,
which denote the presence of diabetic kidney lesions as
well as nephrosclerosis, are likely to be related to the
development of normoalbuminuric renal insufficiency in
some type 2 diabetic patients. However, other processes
may contribute to the development of normoalbuminuric
renal insufficiency with advanced diabetic glomerular
lesions. Furthermore, long-term outcomes of diabetic
patients with normoalbuminuric renal insufficiency remain
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controversial. Further studies to gain a better understanding
of the structural-functional relationships and natural his-
tory of diabetic patients with normoalbuminuric renal
insufficiency may provide insights for the development of
therapeutic strategies for diabetic nephropathy.
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