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OBJECTIVEdWe evaluated the structural-functional relationships and the prognostic factors
for renal events, cardiovascular events, and all-cause mortality in type 2 diabetic patients with
biopsy-proven diabetic nephropathy.

RESEARCH DESIGNANDMETHODSdJapanese type 2 diabetic patients with biopsy-
proven diabetic nephropathy (n = 260) were enrolled. Patients were stratified by albuminuria
(proteinuria) and estimated glomerular filtration rate (eGFR) at the time of renal biopsy. The
outcomes were 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.

RESULTSdThe factors associated with albuminuria (proteinuria) regardless of eGFR were hematu-
ria, diabetic retinopathy, low hemoglobin, and glomerular lesions. The factors associatedwith low eGFR
regardless of albuminuria (proteinuria) were age and diffuse, nodular, tubulointerstitial, and vascular
lesions. The glomerular, tubulointerstitial, and vascular lesions in patients with normoalbuminuria
(normal proteinuria) and low eGFR were more advanced compared to those in patients with normoal-
buminuria (normal proteinuria) and maintained eGFR. In addition, compared to patients with micro-/
macroalbuminuria (mild/severe proteinuria) and low eGFR, their tubulointerstitial and vascular lesions
were similar or more advanced in contrast to glomerular lesions. The mean follow-up period was 8.1
years. There were 118 renal events, 62 cardiovascular events, and 45 deaths. The pathological determi-
nants were glomerular lesions, interstitial fibrosis and tubular atrophy (IFTA), and arteriosclerosis for
renal events, arteriosclerosis for cardiovascular events, and IFTA for all-causemortality.Themajor clinical
determinant for renal events and all-cause mortality was macroalbuminuria (severe proteinuria).

CONCLUSIONSdOur study suggests that the characteristic pathological lesions as well as
macroalbuminuria (severe proteinuria) were closely related to the long-term outcomes of biopsy-
proven diabetic nephropathy in type 2 diabetes.
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D iabetic nephropathy occurs in 20–
40% of patients with diabetes (1).
The prevalence of diabetic ne-

phropathy is increasing in proportion to

the increase in prevalence of diabetes, and
it has been predicted to continue to in-
crease in future (2). Diabetes is a risk fac-
tor of cardiovascular disease and death,

and diabetic nephropathy further increa-
ses these risks (3). In addition, diabetic
nephropathy is the leading cause of end-
stage renal disease requiring dialysis or
transplantation in developed countries
(4–6).

In recent years, many clinical studies
have suggested strict glycemic control
and blood pressure management by use
of appropriate medication to suppress the
onset and progression of diabetic ne-
phropathy. Thus, it is important to iden-
tify patients at risk in the early stages to
improve prognosis in patients with di-
abetic nephropathy (1). Albuminuria and
glomerular filtration rate (GFR) are rec-
ommended for use as clinical markers of
diabetic nephropathy (1,7–9). On the
other hand, selection of pathological
markers is complicated because a variety
of renal lesions can be found in diabetic
nephropathy in addition to factors such as
obesity, hypertension, dyslipidemia, and
aging, which are frequently complicated
in type 2 diabetes, causing a wide variety
of pathological changes (10).

We previously reported on the clini-
cal factors related to the development and
progression of renal lesions in diabetic
nephropathy by the evaluation of serial
renal biopsies or autopsy (11). In this re-
port, we demonstrated a significant rela-
tionship between the progression of
diabetic glomerulosclerosis and clinical
factors such as the control of blood glu-
cose, type of diabetes, age at onset, type of
treatment, and degree of obesity.

After this study, we conducted a long-
term retrospective study to evaluate the
structural-functional relationships and
the predictive impacts of clinicopatholog-
ical parameters for renal events, cardio-
vascular events, and all-cause mortality
among Japanese patients with biopsy-
proven diabetic nephropathy in type 2
diabetes.

RESEARCH DESIGN AND
METHODSdA total of 260 patients
who were diagnosed with diabetic ne-
phropathy in type 2 diabetes at Kanazawa
University Hospital or Kanazawa Medical
Center between 1985 and 2010 were
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included in this study. The diagnosis of
diabetes was based on the criteria of the
Japanese Diabetic Society (12). The diag-
nosis of diabetic nephropathy was con-
firmed by histological characteristics,
such as glomerular hypertrophy, thick-
ened capillary basement membranes, dif-
fuse mesangial expansion (sclerosis),
nodular mesangial sclerosis, exudative le-
sions such as capsular drop or fibrin cap,
mesangiolysis, capillary microaneurysm,
or hyalinosis of afferent and efferent arte-
rioles, using appropriate standards for re-
nal biopsy including light microscopy,
electronmicroscopy, and immunofluores-
cence examination. Patients with other
glomerular diseases concomitant with di-
abetic nephropathy were excluded from
this study. Renal biopsy was performed
for precise diagnosis of renal lesions with
the consent of each patient. The study pro-
tocol was approved by the medical ethics
committee of Kanazawa University and
Kanazawa Medical Center.

Clinical examinations
Age, sex, 24-h urinary albumin excretion,
24-h urinary protein excretion, urine dip-
stick test results (proteinuria andhematuria),
serum creatinine, estimated GFR (eGFR),
duration of diabetes, presence of diabetic
retinopathy, HbA1c, BMI, systolic blood
pressure, diastolic blood pressure, total
cholesterol, and hemoglobin were used
as baseline clinical parameters at the time
of renal biopsy. eGFR for Japanese patients
was calculated using the following equa-
tion: eGFR (mL/min/1.73 m2) = 194 3
serum creatinine21.094 3 age20.287 (if
female, 30.739) (13). HbA1c levels
were presented as National Glycohemo-
globin Standardization Program values
according to the recommendations of
the Japanese Diabetic Society (12) and
International Federation of Clinical
Chemistry values.

Based on the new classification of
chronic kidney disease, albuminuria at
baseline was categorized as normoalbu-
minuria (,30 mg/day [category A1]), mi-
croalbuminuria ($30 and ,300 mg/day
[category A2]), and macroalbuminuria
($ 300 mg/day [category A3]) (7,8). We
classified proteinuria among patients for
whom albuminuria was not evaluated as
normal proteinuria (,0.15 g/day or urine
dipstick negative or trace [category A1]),
mild proteinuria ($0.15 and ,0.5 g/day
or urine dipstick1 [category A2]), and
severe proteinuria ($0.5 g/day or urine
dipstick $21 [category A3]) (7,8).
When results were inconsistent, we gave

priority to 24-h urinary albumin excre-
tion, 24-h urinary protein excretion, and
urine dipstick test resultsdin that order.
In addition, eGFR at baseline was catego-
rized as$60 mL/min/1.73 m2 (categories
G1–2) and ,60 mL/min/1.73 m2 (cate-
gories G3a-5) for categorical analyses
comparing risks.

Outcomes
The outcomes for this study were the first
occurrence of renal events (requirement
of dialysis or a 50% decline in eGFR from
baseline), cardiovascular events (cardio-
vascular death, nonfatal myocardial infarc-
tion, coronary interventions, or nonfatal
stroke), and all-cause mortality. The pa-
tients were followed up until the end of
2011 or death.

Pathological examinations
For light microscopic examination, renal
biopsy specimens were fixed in 10%
phosphate-buffered formalin (pH 7.2),
embedded in paraffin, and sliced into
sections 4 mm thick. These specimens
were stained with periodic acid Schiff
(PAS) reagent, periodic acid silver methe-
namine, hematoxylin-eosin, and Mallory-
Azan and examined by light microscopy.
The severity of diffuse lesions of glomeruli
was graded on a scale of 0 to 4 according
to the description by Gellman et al. (14) as
follows: grade 0, all glomeruli appear nor-
mal; grade 1, local lesions present within
each glomerulus and focal lesions present
within the kidney; grade 2, mesangial
thickening is diffuse within the glomerulus
and generalized throughout the kidney;
grade 3, capillary lumina are narrowed
and obliterated only locally; and grade 4,
the lumen is generally narrowed and the
entire glomerulus is ischemic and appears
to be hyalinized (14–17) (Supplementary
Fig. 1A–D). Nodular lesions, exudative le-
sions, and mesangiolysis were simply
shown as their presence or absence in
each specimen (15–17) (Supplementary
Fig. 1E–G). The severity of interstitial
fibrosis and tubular atrophy (IFTA) and
interstitial inflammation was scored ac-
cording to the description by Tervaert
et al. (18). The severity of IFTA was eval-
uated and graded on a scale from 0 to 3:
grade 0, no IFTA; grade 1,,25%; grade 2,
25–50%; and grade 3, .50% (18). The
severity of interstitial inflammation was
evaluated and graded on a scale from
0 to 2: grade 0, absent; grade 1, infiltration
only in relation to IFTA; and grade 2,
infiltration in areas without IFTA (18).
The severity of arteriolar hyalinosis was

evaluated and graded on a scale from 0 to 3
according to the description by Takazakura
et al. (11) as follows: grade 0, normal ap-
pearance without PAS-positive deposit;
grade 1, a light PAS-positive thickening
is observed but at less than half the cir-
cumference of the arteriole in many arte-
rioles; grade 2, most vessel walls are
moderately thickened with PAS-positive
deposition without apparent luminal nar-
rowing; and grade 3, a heavy thickening of
the majority of the vessel walls is seen with
luminal narrowing or obliteration (Sup-
plementary Fig. 1H–J). The severity of ar-
teriosclerosis was evaluated and graded
on a scale from 0 to 2 according to the
description by Tervaert et al. (18) as fol-
lows: grade 0, no intimal thickening;
grade 1, intimal thickening less than
thickness of media; and grade 2, intimal
thickening greater than thickness of me-
dia (Supplementary Fig. 1K and L). Renal
tissue specimens were examined by four
nephrologists.

Statistical analysis
Data are expressed as means 6 SD. Com-
parisons of continuous variables among
groups were performed using the Mann-
Whitney U test for nonparametric data.
Comparisons of categorical variables
among groups were performed using x2

test. The survival curves were obtained
using the Kaplan-Meier method and com-
pared by log-rank test. The influence of
different categories of albuminuria (pro-
teinuria) and eGFR on each outcome was
evaluated with the use of the Cox propor-
tional hazards model after adjustment for
age and sex. The results are presented as
hazard ratios (HRs) and 95% CI. Patients
with normoalbuminuria (normal protein-
uria) and eGFR $60 mL/min/1.73 m2

served as the reference group in the anal-
yses. A multivariate Cox proportional
hazards regression model was used to se-
lect factors that significantly affected the
incidence of each outcome and to estimate
the risks. The following variables were
incorporated as covariates: age, sex, micro-
albuminuria (mild proteinuria), macroal-
buminuria (severe proteinuria), eGFR,
duration of diabetes, presence of diabetic
retinopathy, HbA1c, BMI, systolic blood
pressure, total cholesterol, and hemoglobin
as clinical covariates or diffuse lesions, nodu-
lar lesions, exudative lesions, mesangiolysis,
IFTA, interstitial inflammation, arteriolar
hyalinosis, and arteriosclerosis as patho-
logical covariates. All analyses were car-
ried out using SPSS, version 19 (SPSS,
Tokyo, Japan). Two-sided P , 0.05
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was considered indicative of statistical
significance.

RESULTS

Baseline characteristics
The baseline characteristics of 260 pa-
tients are shown in Table 1. In the clinical
parameters, the mean age was 58.2 years,
and 63.1% of the patients were male.
Among the 95 patients for whom daily
urinary albumin excretion measurements
were available, 10 (10.5%) showed
normoalbuminuria (category A1), 31
(32.6%) showed microalbuminuria (cate-
gory A2), and 54 (56.8%) showed macro-
albuminuria (category A3). Among the
231 patients for whom daily urinary
protein excretion measurements were
available, 31 (13.4%) showed normal
proteinuria (A1), 44 (19.0%) showed

mild proteinuria (A2), and 156 (67.5%)
showed severe proteinuria (A3). Among
the 256 patients for whom urinary dip-
stick protein test results were available,
53 (20.7%) showed negative (A1), 19
(7.4%) showed trace (A1), 42 (16.4%)
showed 1 (A2), 63 (26.4%) showed 21
(A3), and 79 (30.9%) showed$31 (A3).
Themean serum creatinine was 1.4mg/dL,
and the mean eGFR was 58.0 mL/min/
1.73 m2. The proportions with eGFR
$90 (G1), 60–89 (G2), 45–59 (G3a),
30–44 (G3b), 15–29 (G4), and ,15
(G5) mL/min/1.73 m2 were 15.0%,
25.8%, 21.9%, 18.5%, 12.7%, and 6.2%,
respectively.

The proportions of patients stratified
by albuminuria (proteinuria) and eGFR
categories are demonstrated in Supple-
mentary Table 1. The proportions of pa-
tients with normoalbuminuria (normal

proteinuria), microalbuminuria (mild
proteinuria), and macroalbuminuria (se-
vere proteinuria) were 16.5% (43 of 260),
21.2% (55 of 260), and 62.3% (162 of
260), respectively. The proportions of pa-
tients with eGFR $60 and ,60 mL/min/
1.73 m2 were 40.8% (106 of 260) and
59.2% (154 of 260), respectively. The pro-
portions of patients with normoalbuminuria
(normal proteinuria), microalbuminuria
(mild proteinuria), and macroalbuminuria
(severe proteinuria) among those with
eGFR $60 mL/min/1.73 m2 were 26.4%
(28 of 106), 29.2% (31 of 106), and 44.3%
(47 of 106), respectively. The proportions of
patients with normoalbuminuria (normal
proteinuria), microalbuminuria (mild pro-
teinuria), and macroalbuminuria (severe
proteinuria) among those with eGFR ,60
mL/min/1.73 m2 were 9.7% (15 of 154),
15.6% (24 of 154), and 74.7% (115 of
154), respectively.

Clinical and pathological features
associated with albuminuria
(proteinuria) and low eGFR
The baseline clinical and pathological fea-
tures were compared among subgroups
stratified by albuminuria (proteinuria)
and eGFR categories (Table 2). Clinical
and pathological factors associated with
micro-/macroalbuminuria (mild/severe
proteinuria) regardless of eGFR categories
were hematuria, diabetic retinopathy, low
hemoglobin, and glomerular lesions. On
the other hand, clinical and pathological
factors associated with low eGFR regard-
less of albuminuria (proteinuria) catego-
ries were age, diffuse lesions, nodular
lesions, tubulointerstitial lesions, and vas-
cular lesions. Glomerular lesions in pa-
tients with normoalbuminuria (normal
proteinuria) were less advanced for both
eGFR$60 and eGFR,60mL/min/1.73m2

categories. On the other hand, as to tubu-
lointerstitial and vascular lesions in patients
with normoalbuminuria (normal protein-
uria), there were different trends between
eGFR$60 and eGFR,60mL/min/1.73m2

categories. In the eGFR $60 mL/min/
1.73 m2 category, tubulointerstitial and
vascular lesions in patients with normoal-
buminuria (normal proteinuria) were less
advanced compared with those in patients
with micro-/macroalbuminuria (mild/
severe proteinuria). However, in the eGFR
,60 mL/min/1.73 m2 category, tubuloin-
terstitial and vascular lesions in patients
with normoalbuminuria (normal pro-
teinuria) were similar or more advanced
compared with those in patients with
micro-/macroalbuminuria (mild/severe

Table 1dClinical characteristics of patients at the time of renal biopsy (n = 260)

Age (years) 58.2 6 11.4
Male 164 (63.1)
Kidney-related parameters
Urine albumin category (mg/day), n = 95
Normoalbuminuria (,30) 10 (10.5)
Microalbuminuria (30–299) 31 (32.6)
Macroalbuminuria ($300) 54 (56.8)

Urine protein category (g/day), n = 231
Normal proteinuria (,0.15) 31 (13.4)
Mild proteinuria (0.15–0.49) 44 (19.0)
Severe proteinuria ($0.5) 156 (67.5)

Dipstick test results, n = 256
2 53 (20.7)
6 19 (7.4)
+ 42 (16.4)
2+ 63 (24.6)
$3+ 79 (30.9)

Serum creatinine (mg/dL) 1.4 6 1.3
eGFR (mL/min/1.73 m2) 58.0 6 31.7
$90 39 (15.0)
60–89 67 (25.8)
45–59 57 (21.9)
30–44 48 (18.5)
,30 49 (18.8)

Hematuria (%) 39.1
Diabetes parameters
Diabetes duration (years) 11.2 6 8.1
Diabetic retinopathy (%) 79.5
HbA1c (%) 8.2 6 2.3
HbA1c (mmol/mol) 61.6 6 24.7

Other major risk factors
BMI (kg/m2) 23.2 6 3.7
Systolic blood pressure (mmHg) 142.1 6 21.4
Diastolic blood pressure (mmHg) 76.8 6 12.0
Total cholesterol (mg/dL) 218.9 6 83.2
Hemoglobin (g/dL) 12.1 6 2.4

Data are means 6 SD or n (%).
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proteinuria) in contrast to glomerular le-
sions (Supplementary Fig. 2A–C).

Prognosis of renal events,
cardiovascular events, and all-cause
mortality
Follow-up data were available for renal
events in 229 patients and for cardiovas-
cular events and all-cause mortality in
233 patients. The mean duration of
follow-up was 8.1 years (range 5–9,739
days) during 1985–2011. There were a to-
tal of 118 renal events, 62 cardiovascular
events, and 45 deaths (Supplementary Ta-
ble 2). Event-free rate of renal events in
patients with macroalbuminuria (severe
proteinuria) was significantly lower than
in those with normoalbuminuria (normal
proteinuria) or microalbuminuria (mild
proteinuria) for both eGFR $60 and
,60 mL/min/1.73 m2 categories (vs.

normoalbuminuria [normal proteinuria]
and eGFR $60 mL/min/1.73 m2, P ,
0.01; vs. microalbuminuria [mild protein-
uria] and eGFR $60 mL/min/1.73 m2,
P , 0.01; vs. normoalbuminuria [normal
proteinuria] and eGFR,60 mL/min/1.73
m2, P , 0.01; and vs. microalbuminuria
[mild proteinuria] and eGFR ,60 mL/
min/1.73 m2, P , 0.01) (Fig. 1A and B).
Event-free rate of cardiovascular events
showed no significant differences be-
tween albuminuria (proteinuria) catego-
ries for both eGFR $60 and ,60 mL/
min/1.73 m2 categories. Event-free rate
of all-causemortality in patients withmac-
roalbuminuria (severe proteinuria) was
significantly lower than in those with
normoalbuminuria (normal proteinuria)
or microalbuminuria (mild proteinuria)
in the eGFR ,60 mL/min/1.73 m2 cate-
gory (vs. normoalbuminuria [normal

proteinuria] and eGFR ,60 mL/min/
1.73 m2, P , 0.05; vs. microalbuminuria
[mild proteinuria] and eGFR ,60 mL/
min/1.73 m2, P , 0.01) (Fig. 1C and D).
Event-free rates of renal events, cardiovas-
cular events, and all-cause mortality in pa-
tients with eGFR ,60 mL/min/1.73 m2

were significantly lower than in those
with eGFR $60 mL/min/1.73 m2 only
among patients with macroalbuminuria
(severe proteinuria) (renal events P ,
0.01, cardiovascular events P , 0.05, all-
cause mortality P , 0.01).

Risks of renal events, cardiovascular
events, and all-cause mortality
stratified by albuminuria
(proteinuria) and eGFR categories
HRs of renal events, cardiovascular
events, and all-cause mortality were cal-
culated in subgroups of patients stratified

Table 2dBaseline clinical and pathological features of patients stratified by albuminuria (proteinuria) and eGFR categories

Normoalbuminuria
(normal proteinuria)

Micro-/macroalbuminuria
(mild/severe proteinuria)

P for normo (normal) vs.
micro (mild)/macro (severe)

eGFR $60
mL/min/1.73 m2

eGFR ,60
mL/min/1.73 m2

eGFR $60
mL/min/1.73 m2

eGFR ,60
mL/min/1.73 m2

eGFR $60
mL/min/1.73 m2

eGFR ,60
mL/min/1.73 m2

n 28 15 78 139
Clinical parameters
Age (years) 48.8 6 13.8 62.5 6 6.2** 53.8 6 10.8 62.1 6 9.6†† 0.10 0.74
Male 53.6 46.7 65.4 65.5 0.27 0.15
Serum creatinine (mg/dL) 0.7 6 0.1 1.2 6 0.4** 0.7 6 0.2 1.9 6 1.5†† 0.95 ,0.01
eGFR (mL/min/1.73 m2) 86.0 6 16.4 46.0 6 10.6** 89.0 6 26.4 36.4 6 15.5†† 0.81 ,0.05
Hematuria 4.2 7.7 32.8 51.9† ,0.01 ,0.01
Diabetes duration (years) 8.0 6 7.4 7.4 6 6.4 9.6 6 6.6 13.1 6 8.8†† 0.21 ,0.05
Diabetic retinopathy 41.7 50.0 81.7 87.9 ,0.01 ,0.01
HbA1c (%) 8.5 6 2.4 8.3 6 2.2 8.4 6 2.5 7.4 6 2.0†† 0.53 0.35
HbA1c (mmol/mol) 65.0 6 26.2 64.1 6 25.1 68.8 6 27.1 57.1 6 22.3†† 0.53 0.35
BMI (kg/m2) 23.5 6 2.2 22.2 6 2.2 22.9 6 4.8 23.5 6 3.4† 0.07 0.34
Systolic blood pressure
(mmHg) 132.0 6 17.1 129.3 6 14.3 138.8 6 22.1 146.9 6 21.0†† 0.31 ,0.01

Diastolic blood pressure
(mmHg) 75.0 6 11.2 75.6 6 10.0 77.6 6 12.0 76.8 6 12.4 0.26 0.91

Total cholesterol (mg/dL) 192.7 6 37.4 196.6 6 51.5 215.0 6 54.4 227.6 6 100.6 0.07 0.31
Hemoglobin (g/dL) 14.2 6 1.6 13.0 6 1.8 13.2 6 2.1 11.1 6 2.2†† ,0.05 ,0.01

Pathological parameters
Diffuse lesion (0–4) 0.9 6 0.6 1.5 6 0.9* 2.0 6 0.9 2.4 6 0.8† ,0.01 ,0.01
Nodular lesion 0.0 20.0* 44.7 65.1†† ,0.01 ,0.01
Exudative lesion 0.0 6.7 25.0 44.1†† ,0.01 ,0.01
Mesangiolysis 0.0 0.0 29.6 30.2 ,0.01 ,0.05
IFTA (0–3) 1.1 6 1.0 2.3 6 0.7** 1.6 6 0.9 2.1 6 0.9†† ,0.05 0.41
Interstitial inflammation (0–2) 0.9 6 0.8 1.5 6 0.5** 0.9 6 0.5 1.2 6 0.5†† 0.61 ,0.05
Arteriolar hyalinosis (0–3) 1.4 6 1.1 2.4 6 0.8** 1.8 6 1.0 2.2 6 0.8†† 0.07 0.33
Arteriosclerosis (0–2) 0.7 6 0.6 1.9 6 0.4** 1.2 6 0.7 1.5 6 0.5†† ,0.01 ,0.05

Data are means6 SD or % unless otherwise indicated. Differences among albuminuria (proteinuria) and eGFR categories are compared by Mann-Whitney U test for
continuous variables and x2 test for categorical variables. micro, microalbuminuria; macro, macroalbuminuria; normo, normoalbuminuria. **P , 0.01 vs. nor-
moalbuminuria (normal proteinuria) and eGFR$60mL/min/1.73m2 group. ††P, 0.01 vs. micro-/macroalbuminuria (mild/severe proteinuria) and eGFR$60mL/
min/1.73 m2 group. *P, 0.05 vs. normoalbuminuria (normal proteinuria) and eGFR$60 mL/min/1.73 m2 group. †P, 0.05 vs. micro-/macroalbuminuria (mild/
severe proteinuria) and eGFR $60 mL/min/1.73 m2 group.
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by albuminuria (proteinuria) and eGFR
categories after adjustment for age and sex
(Supplementary Table 2). The group of
patients with normoalbuminuria (normal

proteinuria) and eGFR $60 mL/min/
1.73 m2 served as a reference group.
HRs of renal events were 8.99-fold higher
risk (95% CI 3.07–26.37) in patients

with macroalbuminuria (severe protein-
uria) and eGFR $60 mL/min/1.73 m2

and 20.82-fold higher risk (95% CI
7.12–60.85) in patients with macroalbu-
minuria (severe proteinuria) and eGFR
,60 mL/min/1.73 m2. HRs of cardiovas-
cular events was 3.11-fold higher risk
(95% CI 1.15–8.39) in patients with mac-
roalbuminuria (severe proteinuria) and
eGFR ,60 mL/min/1.73 m2. HRs of all-
cause mortality was 5.87-fold higher risk
(95% CI 1.62–21.25) in patients with
macroalbuminuria (severe proteinuria)
and eGFR ,60 mL/min/1.73 m2. Re-
duced eGFR was not predictive of renal
events, cardiovascular events, and all-
cause mortality except in patients with
macroalbuminuria (severe proteinuria).

Clinical and pathological parameters
associated with renal events,
cardiovascular events, and all-cause
mortality
The results of multivariate Cox propor-
tional hazards regression analysis are
shown in Table 3. Young age, macroalbu-
minuria (severe proteinuria), low eGFR,
presence of diabetic retinopathy, high
systolic blood pressure, low hemoglobin,
advanced diffuse lesions, presence of nod-
ular lesions, presence of exudative lesions,
presence of mesangiolysis, advanced IFTA,
and advanced arteriosclerosis were the in-
dependent risk factors for renal events.
High systolic blood pressure and advanced
arteriosclerosis were the independent risk
factors for cardiovascular events. High age,
macroalbuminuria (severe proteinuria),
high systolic blood pressure, and advanced
IFTA were the independent risk factors for
all-cause mortality.

CONCLUSIONSdThe present retro-
spective study is the first report to describe
the pathological features with accompany-
ing long-term clinical outcomes among the
patients with normoalbuminuria (normal
proteinuria) and low eGFR in type 2 di-
abetes. The glomerular, tubulointerstitial,
and vascular lesions in patients with nor-
moalbuminuria (normal proteinuria) and
low eGFR were more advanced compared
to those in patients with normoalbuminuria
(normal proteinuria) andmaintained eGFR.
In addition, compared to patients with
micro-/macroalbuminuria (mild/severe
proteinuria) and low eGFR, their tubuloin-
terstitial and vascular lesions were similar
ormore advanced in contrast to glomerular
lesions.

Furthermore, we showed that the
evaluation of renal pathology provides

Figure 1dEvent-free rate stratified by albuminuria (proteinuria) and eGFR categories. A:
Event-free rate of renal events stratified by albuminuria (proteinuria) in the eGFR$60 mL/min/
1.73 m2 category according to the Kaplan-Meier method. Blue line, normoalbuminuria (normal
proteinuria) and eGFR $60 mL/min/1.73 m2 group (n = 24); green line, microalbuminuria
(mild proteinuria) and eGFR$60 mL/min/1.73 m2 group (n = 27); red line, macroalbuminuria
(severe proteinuria) and eGFR$60 mL/min/1.73 m2 group (n = 37). Differences between groups
were compared by a log-rank test. B: Event-free rate of renal events stratified by albuminuria
(proteinuria) in the eGFR,60 mL/min/1.73 m2 category according to the Kaplan-Meier method.
Blue line, normoalbuminuria (normal proteinuria) and eGFR,60 mL/min/1.73 m2 group (n = 14);
green line, microalbuminuria (mild proteinuria) and eGFR,60 mL/min/1.73 m2 group (n = 21);
red line, macroalbuminuria (severe proteinuria) and eGFR,60mL/min/1.73 m2 group (n = 106).
Differences between groups were compared by a log-rank test. C: Event-free rate of all-cause
mortality stratified by albuminuria (proteinuria) in the eGFR $60 mL/min/1.73 m2 category
according to the Kaplan-Meier method. Blue line, normoalbuminuria (normal proteinuria) and
eGFR $60 mL/min/1.73 m2 group (n = 25); green line, microalbuminuria (mild proteinuria)
and eGFR$60mL/min/1.73m2 group (n = 27); red line, macroalbuminuria (severe proteinuria)
and eGFR$60 mL/min/1.73 m2 group (n = 38). Differences between groups were compared by
a log-rank test. D: Event-free rate of all-cause mortality stratified by albuminuria (proteinuria)
in the eGFR ,60 mL/min/1.73 m2 category according to Kaplan-Meier method. Blue line,
normoalbuminuria (normal proteinuria) and eGFR,60 mL/min/1.73 m2 group (n = 14); green
line, microalbuminuria (mild proteinuria) and eGFR,60 mL/min/1.73 m2 group (n = 22); red
line, macroalbuminuria (severe proteinuria) and eGFR ,60 mL/min/1.73 m2 group (n = 107).
Differences between groups were compared by a log-rank test.
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practical information concerning overall
management including renal events and
cardiovascular events of diabetic ne-
phropathy in type 2 diabetes. Glomerular
lesions, IFTA, and arteriosclerosis were
identified as the pathological determinants
for renal events. In addition, arteriosclero-
sis was identified as the pathological de-
terminant for cardiovascular events, and
IFTA was identified as the pathological
determinant for all-cause mortality.

Clinically, we revealed that macro-
albuminuria (severe proteinuria) has a
higher impact for renal events and all-
cause mortality than low eGFR, whereas
the impact of low eGFR on clinical out-
comes was observed only in patients with
macroalbuminuria (severe proteinuria).

First, we evaluated the structural-
functional relationships of diabetic ne-
phropathy in type 2 diabetes. As to the
renal lesions related to albuminuria (pro-
teinuria), our results showed that hema-
turia, diabetic retinopathy, low hemoglobin,
and glomerular lesions were increased and
more advanced with progression of albu-
minuria (proteinuria) categories regard-
less of eGFR. Previous studies in type 1
and type 2 diabetes have shown that the

major renal pathological changes of diabetic
nephropathy associated with increasing
urinary albumin (protein) excretion are
mesangial expansion and glomerular
basement membrane thickening (19).
Further, previous reports in type 2 diabe-
tes have found that nodular lesions and
mesangiolysis are correlated with urinary
albumin (protein) excretion consistently
with our results (15,20–23). Although
the presence of hematuria has been con-
sidered one of the atypical features indi-
cating the presence of nondiabetic renal
disease, several studies have suggested a
positive association between the severity
of albuminuria and the development of
hematuria in patients with diabetic ne-
phropathy, in accordance with our results
(24). Our results suggest that the presence
of hematuria is associated with more ad-
vanced histological alterations in diabetic
nephropathy. However, previous studies
of biopsy-proven diabetic nephropathy
did not correlate the pathological changes
with the presence of hematuria (24).

As to the renal lesions related to low
eGFR with micro-/macroalbuminuria
(mild/severe proteinuria), our results
showed that more advanced diffuse,

nodular, exudative, tubulointerstitial,
and vascular lesions compared to those
related to maintained eGFR with micro-/
macroalbuminuria (mild/severe protein-
uria). In type 1 diabetes, previous studies
evaluating structural-functional relation-
ships in diabetic nephropathy among
patients ranging from normoalbuminuria
to proteinuria demonstrated that the main
lesions that determine low GFR shift from
glomerular lesions to interstitial lesions
(19,25). Our results demonstrate similari-
ties to those in patients with type 1 diabetes
and more severe vascular lesions, perhaps
reflecting older age and hypertension.

Remarkably, we confirmed the path-
ological features related to low eGFR
without albuminuria (proteinuria). In
our study, 9.7% of patients with low
eGFR (,60 mL/min/1.73 m2) were not
associated with albuminuria (protein-
uria). The frequencies of normoalbumi-
nuria observed in patients with low GFR
have been reported to be 22–24% in type
1 diabetes and 32–71% in type 2 diabetes
(25,26). These results suggest that nor-
moalbuminuric renal insufficiency is not
uncommon among diabetic patients, es-
pecially in type 2 diabetes. This study
revealed that the glomerular, tubuloin-
terstitial, and vascular lesions in patients
with normoalbuminuria (normal protein-
uria) and low eGFR were more advanced
compared to those in patients with nor-
moalbuminuria (normal proteinuria) and
maintained eGFR. In addition, compared
to patients withmicro-/macroalbuminuria
(mild/severe proteinuria) and low eGFR,
the tubulointerstitial and vascular lesions
in patients with normoalbuminuria (nor-
mal proteinuria) and low eGFR in type 2
diabetes were similar or more advanced in
contrast to glomerular lesions. Our results
suggest that tubulointerstitial lesions ob-
served among patients with normoalbu-
minuria (normal proteinuria) and low
eGFR are strongly affected by vascular le-
sions rather than by glomerular lesions. A
previous study in type 1 diabetes showed
that the pathological features among the
patients with normoalbuminuria and low
GFR included more advanced diabetic
glomerular lesions compared to those
among the patients with normoalbumin-
uria and maintained GFR (25). An ani-
mal model of type 2 diabetes, the Cohen
diabetic rat, which shows progressive
depression of renal function without
proteinuria, was also reported to show
typical diabetic glomerulosclerosis (27).
Therefore, further examinations are required
to determine the pathophysiological

Table 3dParameters identified by multivariate Cox proportional hazards regression
analysis associated with renal events, cardiovascular events, and all-cause mortality

Parameters HR 95% CI P

Renal events
Age (210 years) 1.37 (1.01–1.05) ,0.01
Macroalbuminuria (severe proteinuria) 3.89 (2.15–7.05) ,0.01
eGFR (210 mL/min/1.73 m2) 1.11 (1.00–1.02) ,0.05
Retinopathy 2.49 (1.23–5.04) ,0.01
Systolic blood pressure (+10 mmHg) 1.12 (1.00–1.02) ,0.05
Hemoglobin (21 g/dL) 1.42 (1.26–1.59) ,0.01
Diffuse lesion (score +1) 1.39 (1.01–1.91) ,0.05
Presence of nodular lesion 1.82 (1.02–3.25) ,0.01
Presence of exudative lesion 1.89 (1.15–3.11) ,0.05
Presence of mesangiolysis 1.55 (0.95–2.53) ,0.05
IFTA (score +1) 1.49 (1.13–1.97) ,0.01
Arteriosclerosis (score +1) 1.70 (1.18–2.43) ,0.01

Cardiovascular events
Systolic blood pressure (+10 mmHg) 1.17 (1.00–1.03) ,0.05
Arteriosclerosis (score +1) 1.90 (1.17–3.08) ,0.05

All-cause mortality
Age (+10 years) 2.55 (1.05–1.15) ,0.01
Macroalbuminuria (severe proteinuria) 4.21 (1.77–10.01) ,0.01
Systolic blood pressure (+10 mmHg) 1.22 (1.00–1.04) ,0.05
IFTA (score +1) 1.92 (1.20–3.09) ,0.01

HRs are adjusted for clinical covariates (age, sex, microalbuminuria [mild proteinuria], macroalbuminuria
[severe proteinuria], eGFR, duration of diabetes, presence of diabetic retinopathy, HbA1c, BMI, systolic
blood pressure, total cholesterol, and hemoglobin) or pathological covariates (diffuse lesions, nodular
lesions, exudative lesions, mesangiolysis, IFTA, interstitial inflammation, arteriolar hyalinosis, and
arteriosclerosis).
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conditions of patients with normoalbumin-
uria and low GFR in type 2 diabetes.

Next, we evaluated the pathological
impact of glomeruli, tubulointerstitium,
and vessels on renal events, cardiovascu-
lar events, and all-cause mortality. As to
glomerular lesions related to renal events,
diffuse lesions, nodular lesions, exudative
lesions, andmesangiolysis were identified
as the pathological determinants in this
study. Previous reports have found that
diffuse lesions, nodular lesions, and me-
sangiolysis are associatedwith renal outcome
in accordance with our results (15,21–23).

In addition to glomerular lesions,
IFTA was identified as the pathological
determinant for renal events and all-cause
mortality in this study. There are numer-
ous studies suggesting that tubulointer-
stitial damage, as well as glomerular
damage, contributes to a decline in renal
function (21,28). However, this is the first
report identifying IFTA as the predictor of
all-cause mortality in diabetic nephropa-
thy. In IgA nephropathy, a Japanese scor-
ing system consisting of clinical findings
and histological grades has been reported
to predict 10-year risk of end-stage renal
disease as well as all-cause mortality risk
(29). Even though the histological eval-
uation is not commonly applied in pa-
tients with diabetic nephropathy and we
are unable to assess sufficiently how
confounding factors influenced our re-
sults, the evaluation of renal lesions in
addition to clinical findings may improve
mortality risk prediction in diabetic
nephropathy.

Furthermore, arteriosclerosis in renal
biopsy specimens was identified as the
pathological determinant for renal events
and cardiovascular events in this study.
Arteriosclerosis included in the evalua-
tion proposed by the Renal Pathology
Society in the U.S. has been shown to
worsen glomerular lesions in diabetic
nephropathy (18,28). In addition, several
autopsy-based studies have shown that
intimal thickness of small renal arteries
and renal arteriolar hyalinization are
strongly associated with atherosclerotic
lesions in the coronary arteries, aorta,
andmajor cerebral vessels (30–32). These
data support our results.

Considering these findings, various
pathological lesions in glomeruli, tubuloin-
terstitium, and vessels were orchestrated to
promote and escalate diabetic kidney in-
juries, resulting in renal failure. It is impor-
tant to determine whether pathological
information from renal biopsy improves
the predictive power when added to

albuminuria and renal dysfunction. Based
on our results, it is reasonable to predict
renal prognosis of diabetic nephropathy
by combination of clinical and patholog-
ical parameters. Prospective studies to
develop a prognostic model by research
biopsy may be useful for addressing this
issue. Furthermore, we speculate that the
evaluation of renal pathology provides a
key for overall management including
renal events and cardiovascular events in
patients with diabetic nephropathy.

Finally, our study highlighted the
impact of albuminuria (proteinuria) on
clinical outcomes of patients with biopsy-
proven diabetic nephropathy in type 2
diabetes. Patients with macroalbuminuria
(severe proteinuria) had higher incidence
of renal events and all-cause mortality
than patients with normoalbuminuria
(normal proteinuria) or microalbuminu-
ria (mild proteinuria). In addition, mac-
roalbuminuria (severe proteinuria) was a
major clinical determinant of renal events
and all-cause mortality in this study.
Supporting our notion, previous studies
have found that the renal outcome of pa-
tients with normoalbuminuria and low
GFR is better than that of patients with
albuminuria, even with maintained GFR
(33–35). These results suggest that albu-
minuria has a greater impact than low
GFR on predicting the development and
progression of diabetic nephropathy.How-
ever, recent studies showed that the higher
levels of urinary albumin excretion within
the normal range predict faster decline in
GFR and higher incidence of cardiovascu-
lar disease in type 2 diabetic patients
(36,37). In addition, our study shows his-
tological alterations even in the normoalbu-
minuria (normal proteinuria) category,
although it is possible that including nega-
tive proteinuria as well as trace proteinuria
in the normoalbuminuria (normal protein-
uria) category affected the results. Further,
some previous studies have found that al-
buminuria and renal function indepen-
dently predict renal events, cardiovascular
events, and death in diabetic patients (38–
40). Therefore, further studies on clinical
impacts of low GFR with or without albu-
minuria and new biomarkers for early and
definitive diagnosis of diabetic nephropa-
thy are required.

There are some limitations in this
study. First, this study had a retrospective
design that was dependent on collectable
data. Second, there was likely an influ-
ence of bias through limitation of subjects
to patients with renal biopsy. Third, there
was the lack of quantitative structural

measurements. Fourth, the data for pro-
teinuria including dipstick test results
were used when data for albuminuria
were not available. Finally, treatment con-
tents were not evaluated. These limitations
may have placed significant constraints on
the interpretation of the results, particularly
related to differences in renal and cardio-
vascular outcomes. However, clinical ex-
amination by long-term observation in
260 patients with biopsy-proven diabetic
nephropathy is of importance for under-
standing the pathophysiology of diabetic
kidney lesions and clinical outcomes.

In conclusion, the current study of
Japanese type 2 diabetic patients with
biopsy-proven diabetic nephropathy sug-
gest that the characteristic pathological
lesions and macroalbuminuria (severe
proteinuria) are closely related to the
long-term outcomes of diabetic nephrop-
athy in type 2 diabetes.
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