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from these registries and cohort, it is difficult to clearly
distinguish between diabetic nephropathy and primary
kidney disease in a general clinical setting. This is a lim-
itation of these studies. Moreover, the JRBR and JKDR had
no follow-up data. In contrast to these two cross-sectional
registries, the JDNCS is a prospective cohort study to
evaluate cardiovascular events and progression of kidney
dysfunction. Future analysis of data from these two regis-
tries and one cohort will provide valuable clinical and
pathological information of type 2 diabetes in Japan.

In conclusion, there are few national registries of dia-
betic nephropathy to evaluate prognosis in Japan. Future
analysis of prospective cohort studies, such as the JDNCS,
will provide clinical information on epidemiology, and
renal and cardiovascular outcomes of type 2 diabetic
patients in Japan.
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OBJIECTIVE-—We 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 DESIGN AND METHODS —Japanese 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.

RESULTS—The factors associated with albuminuria (proteinuria) regardless of eGFR were hematu-
ria, diabetic retinopathy, low hemoglobin, and glomerular lesions. The factors associated with low eGFR
regardless of albuminuria (proteinuria) were age and diffuse, nodular, tubulomnterstitial, 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-cause mortality. The major clinical
determinant for renal events and all-cause mortality was macroalbuminuria (severe proteinuria).

CONCLUSIONS —Our 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.

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,
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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

PETHODS —A 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,
electron microscopy, 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 and hematuria),
serum creatinine, estimated GFR (eGFR),
duration of diabetes, presence of diabetic
retinopathy, HbA ., 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 m?) = 194 X
serum creatinine” %% X age ™%2%7 (if
female, X0.739) (13). HbA,. 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 Al]), 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 Al]),
mild proteinuria (=0.15 and <0.5 g/day
or urine dipstick + [category A2]), and
severe proteinuria (=0.5 g/day or urine
dipstick =2+ [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 results—in that order.
In addition, eGFR at baseline was catego-
rized as =60 mL/min/1.73 m” (categories
G1-2) and <60 mL/min/1.73 m? (cate-
gories G3a-5) for categorical analyses
comparing risks.

Qutcomes

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 pm 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 O 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
0to 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 O to 3
according to the description by Takazakura
etal. (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-]). 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 * 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 x*
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 m?
were served as the reference group in
the analyses. A multivariate Cox propor-
tional hazard regression model was used
to select factors that significantly affected
the incidence of each outcome and to es-
timate the risks. The following variables
were incorporated as covariates: age, sex,
microalbuminuria (mild proteinuria), mac-
roalbuminuria (severe proteinuria), eGFR,
duration of diabetes, presence of diabetic
retinopathy, HbA;., BMI, systolic blood
pressure, total cholesterol, and hemoglobin
as clinical covariates or diffuse lesions, nodu-
lar lesions, exudative lesions, mesangjolysis,
[FTA, 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 nor-
moalbuminuria (A1), 31 (32.6%) showed
microalbuminuria (A2), and 54 (56.8%)
showed macroalbuminuria (A3). Among
the 231 patients for whom daily urinary
protein excretion measurements were
available, 31 (13.4%) showed normal
proteinuria (Al), 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 (Al), 42 (16.4%)
showed + (A2), 63 (26.4%) showed 2+
(A3), and 79 (30.9%) showed =3+ (A3).
The mean serum creatinine was 1.4 mg/dL,
and the mean eGFR was 58.0 mL/min/
1.73 m”. 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 m? 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

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

Age (years)

Macroalbuminuria (=300)

Severe proteinuria (=0.5)

60-89

' Diabetes duration (years)

Data are means * SD or n (%).

582 =114

54 (56.8)

156 (67.5)

79 (30.9)

67 (25.8)

112 81

Shimizu and Associates
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 m* were 40.8% (106 of 260) and
59.2% (154 of 260), respectively. The
proportions of patients with normoal-
buminuria (normal proteinuria), micro-
albuminuria (mild proteinuria), and
macroalbuminuria (severe proteinuria)
among those with eGFR =60 ml/min/
1.73 m* were 26.4% (28 of 106), 29.2%
(31 of 106), and 44.3% (47 of 106), re-
spectively. The proportions of patients
with normoalbuminuria (normal protein-
uria), microalbuminuria (mild protein-
uria), and macroalbuminuria (severe
proteinuria) among those with eGFR
<60 mL/min/1.73 m* 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 <60 mL/min/1.73 m’
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 <60 mlL/min/1.73 m?>
categories. In the eGFR =60 ml/min/
1.73 m” 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 m* 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
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Table 2—Baseline 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 m* mi/min/1.73 m*

eGFR <60 eGFR =60

ml/min/1.73 m*

eGFR <60
ml/min/1.73 m* mU/min/1.73 m?> mUmin/1.73 m?

eGFR =60 eGFR <60

1.2 + 0.4%%

Nodular lesion

Mesangiolysis 0.0

Artenosc erosi; (O;ZS)M o

0706

0.0 29.6

1.0 + 0.4 12+07

0.2 <0.01

<0.05

<0.01 <0.05

Data are means = SD or % unless otherwise indicated. Differences among albuminuria (proteinuria) and eGFR categories are compared by Mann-Whitney U test for
continuous variables and x> test for categorical variables. micro, mlcroalbummuna macro, macroalbuminuria; normo, normoalbuminuria. **P < 0.01 vs. nor-
moalbummuna (normal proteinuria) and eGFR =60 mL/min/1.73 m? group. 1P < 0.01 vs. mlcro—/macroalbummuna (mild/severe proteinuria) and eGFR =60 mL/
min/1.73 m? group. *P < 0.05 vs. normoalbumlnurla (normal proteinuria) and eGFR 260 ml/min/1.73 m* group. P < 0.05 vs. micro-/macroalbuminuria (mild/
severe proteinuria) and eGFR =60 mL/min/1.73 m? group.

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 mlL/min/1.73 m? categories (vs.

normoalbuminuria [normal protelnurla]
and eGFR =60 mL/min/1.73 m?, P <
0.01; vs. microalbuminuria [mild protem—
uria] and eGFR =60 mL/min/1.73 m?

P < 0.01; vs. normoalbuminuria [normal
protemuna} and eGFR <60 ml/min/1.73
m?, P < 0.01; and vs. microalbuminuria
[mlld protelnurla] and eGFR <60 mL/
min/1.73 m”, 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 mlL/
min/1.73 m? categories. Event-free rate
of all-cause mortality in patients with mac-
roalbuminuria (severe proteinuria) was
significantly lower than in those with
normoalbuminuria (normal proteinuria)
or microalbuminuria (mild protemurla)
in the eGFR <60 mL/min/1.73 m? cate-
gory (vs. normoalbuminuria [normal

protemurla] and eGFR <60 mL/min/
1.73 m?, P < 0.05; vs. microalbuminuria
[mild protemuma] and eGFR <60 mL/
min/1.73 m?, 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 m?
were significantly lower than in those
with eGFR =60 mL/min/1.73 m* 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
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Figure 1—Event-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/
1.73m? category according to the Kaplan~Meler method. Blue line, normoalbuminuria (normal
proteinuria) and eGFR =60 mL/min/1.73 m” , group (n=24); green line, microalbuminuria (mild
proteinuria) and eGFR =60 mL/min/1.73 m* group (n=27); red line, macroalbuminuria (severe
proteinuria) and eGFR =60 mL/min/1.73 m* group (n = 37). Differences between groups were
compared by a log-rank test. B: Event- free rate of renal events stratified by albuminuria (pro-
teinuria) in the eGFR <60 mL/min/1.73 m® category according to the Kaplan-Meler method. Blue
line, normoalbuminuria (normal proteinuria) and eGFR <60 mL/min/1.73 m” group (m=14);

green line, microalbuminuria (mild proteinuria) and eGFR <60 mL/min/1.73 m” group (m=21);

red line, macroalbuminuria (severe proteinuria) and eGFR <60 mL/min/1.73 m* 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 260 mL/min/1.73 m? cat-
egory according to the Kaplan-Meler method. Blue line, normoalbuminuria (normal proteinuria)
and eGFR =60 mL/min/1.73 m* , group (n=25); green line, microalbuminuria (mild proteinuria)
and eGFR =60 mL/min/1.73 m* group (n=27); red line, macroalbuminuria (severe proteinuria)
and eGFR =60 mL/min/1.73 m* group (n = 38). Differences between groups were compared by
alog-rank test. D: Event-free rate of all-cause mortality stratified by albuminuria (proteinuria) in
the eGFR <60 mL/min/1.73 m” category according to Kaplan-Meler method. Blue line, nor-
moalbuminuria (normal proteinuria) and eGFR <60 mL/min/1.73 m* group (n=14); greenline,

microalbuminuria (mild proteinuria) and eGFR <60 mL/min/1.73 m group (n = 22); red line,

macroalbuminuria (severe proteinuria) and eGFR <60 mL/min/1.73 m® group (n = 107). Dif-
ferences between groups were compared by a log-rank test.

by albuminuria (proteinuria) and eGFR
categories after adjustment for age and sex
(Supplementary Table 2). The group of
patients with normoalbuminuria (normal

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

Shimizu and Associates
with macroalbuminuria (severe protem—
uria) and eGFR =60 mL/min/1.73 m?
and 20.82-fold higher risk (95% CI
7.12-60.85) in patients with macroalbu-
minuria (severe protemuna) and eGFR
<60 mL/min/1.73 m*. HRs of cardiovas-
cular events was 3.11-fold higher risk
(95% CI1.15-8.39) in patients with mac-
roalbuminuria (severe protemurla) and
eGFR <60 mL/min/1.73 m”. HRs of all-
cause mortality was 5.87-fold higher risk
(95% CI 1.62-21.25) in patients with
macroalbuminuria (severe protemurla)
and eGFR <60 mL/min/1.73 m”. 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 hazard 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
[FTA were the independent risk factors for
all-cause mortality.

CONCLUSIONS —The 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) and maintained eGFR.
In addition, compared to patients with
micro-/macroalbuminuria (mild/severe
proteinuria) and low eGFR, their tubuloin-
terstitial and vascular lesions were similar
or more advanced in contrast to glomerular
lesions.

Furthermore, we showed that the
evaluation of renal pathology provides

care.diabetesjournals.org

— 261 —

DiaBeTES CARE 5



Outcomes of biopsy-proven diabetic nephropathy

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

Parameters

HR 95% CI P

pressmckt&l() mmHg)
“Hemoglobln( : 1 g/dL)

" IFTA (score +1)

1.92 (1 20-3. 09) <0.01

HRs are adjusted for clinical covariates(age, sex, microalbuminuria [mild proteinurial,

macro-

albuminuria [severe proteinuria], eGFR, duration of diabetes, presence of diabetic retinopathy, HbA;,
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).

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 panents with low
eGFR (<60 ml/min/1.73 m?) 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 with micro-/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
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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, and mesangiolysis were identified
as the pathological determinants in this
study. Previous reports have found that
diffuse lesions, nodular lesions, and me-
sangiolysis are associated with 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,
and major 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 diagnesis 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. Thirdly, there
was the lack of quantitative structural

Shimizu and Associates
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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Introduction

The prevalence of diabetes is increasing globally, and manage-
ment of diabetic complications is particularly important. [1,2,3]
Diabetic nephropathy, resulting in end-stage renal events requir-
ing renal replacement therapy, is one of the most common
complications. Furthermore, in the course of diabetic nephropa-
thy, patients have higher rates of mortality from cardiovascular
disease. [4] Albuminuria is an early marker of diabetic nephrop-
athy, and previous reports described the association between
albuminuria and risks of adverse cardiovascular and kidney events.
[5,6] Albuminuria is often used as a surrogate marker for the risk
of fatal and non-fatal events in clinical trials of antihyperglycemic
medications or in antihypertensive therapy. [7,8,9] Similarly, low
eGFR, which is a common manifestation of progressed diabetic
nephropathy, has also been demonstrated to be an independent

PLOS ONE | www.plosone.org

risk factor for cardiovascular events and death. [10,11] Recent
evidence suggests that both high albuminuria and low eGFR are
independent risk factors for progressive kidney failure and
cardiovascular disease. [10] In addition, the magnitudes of risk
for progressive kidney failure, cardiovascular disease, and all-cause
mortality were different between studies, and the unevenness may
have been due to differences in study design or characteristics of
participants. It is important to clarify these problems to apply this
evidence to individuals.

To manage diabetic nephropathy, it is necessary to clarify the
precise magnitude of the risks for cardiovascular mortality, all-
cause mortality, and renal events according to the status of the
patient. These observations may be useful for the screening of
high-risk patients or considering interventions. Therefore, we
conducted a systematic review and meta-analysis of published
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studies on diabetic nephropathy to provide an accurate estimation
of the influence of albuminuria and low eGFR.

Methods

Data Sources and Searches

We conducted a systematic review of discase prognosis. A
systematic review of the available literature according to MOOSE
(meta-analysis of observational studies on epidemiology) guidelines
was ‘conducted. MEDLINE (http://ovidsp.ovid.com/), EMBASE
(http://www.embase.com/), and  CINHAL  (http://www.
ebscohost.com/cinahl/) from 1950 until December 2010 were
searched, and the related literature were identified. Search
strategies consisted of medical subject headings and text words,
including all spellings of proteinuria, albuminuria, microalbumin-
uria, macroalbuminuria, and glomerular filtration rate combined
with cardiovascular discases, mortality, renal events (Table 1), and
limited to cohort studies of diabetic patients. References from
identified studies were also screened manually.

Study Selection

Studies were included if they were cohort studies on diabetic
patients that estimated the relative risk (RR) and 95% confidence
intervals (Cls) of albuminuria or low e¢GFR on cardiovascular
mortality, all-cause mortality, or renal events, and the estimates
were derived from Cox proportional hazard models. The
definitions of albuminuria were pre-specified (Table 2). Studies
were included if they met the definitions of albuminuria in Table 2.
Cardiovascular mortality was defined as death from coronary
events and/or stroke, which may be on the basis of International
Classification of Diseases codes. Renal events were defined as renal

Table 1. Search Strategies.

Impacts of Albuminuria and Low eGFR in Diabetes

replacement therapy, renal transplantation, or loss of renal
function. Loss of renal function is defined as sustained eGFR or
creatinine clearance below 60 ml/min/1.73 m” or less, halving of
e¢GIR, or doubling of serum creatinine.

Data Extraction and Quality Assessment

The literature search and screening were performed by two of
the authors (T'T' and MS). Authors independently judged the
contents of abstracts and full papers in duplicate using standard-
ized data collection form. Additional data were not collected from
authors of literature. To eliminate the potential influences of
specific disease, studies were excluded if their cohorts included
patients with specific complications. Studies were also excluded if
they reported estimates of influences without any information
about standard exror, and if they did not yield an estimate that was
not adjusted at least by age.

Data Synthesis and Analysis

Random-effects model were used to obtain summary estimates
of RR and 95% CI. Summary estimates were obtained separately
according to the level of albuminuria (microalbuminuria, macro-
albuminuria, any level of albuminuria). If only subgroups of the
estimate were reported (e.g., by gender), these were pooled by
fixed-effects model as a within-study summary estimate. We also
investigated studies providing RR associated with low eGFR
according to the level of albuminuria. If the study population was
representative of a particular level of ¢GFR (e.g., eGFR >60), it
was handled as stratified. To evaluate the influences of albumin-
uria and low eGFR, compare the relative risks pooled by fixed-
effects model according to stratified category of albuminuria
(micro- and macroalbuminuria), low ¢GFR (< 60 mL/min/

6: (cohort studies) OR (case-control studies)

terms associated with Medical Subject Headings.
doi:10.1371/journal.pone.0071810.t001

Table 2. Definitions of Albuminuria.

Measurement Method Microalbuminuria

(proteinuria) N/A

N/A

(proteinuria, N/A

Abbreviation: N/A, not available.
Based on Sarnak et al. [12].
doi:10.1371/journal.pone.0071810.t002
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Macroalbuminuria

Any level of albuminuria

N/A

N/A

>0.3-0.5 g/l N/A
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1.73 m? and normal ¢GFR (= 60 mL/min/1.73 m? regardless
of the reference category of eGFR. Heterogeneity between studies
was assessed using Cochran Q test and I? value. Potential sources
of heterogeneity were examined by subgroup analysis comparing
summary estimates from subset of studies categorized by
characters of participants or study design. Univariate meta-
regression was used to compare the subgroups. Begg’s test [13]
and Egger’s test [14] were used to evaluate possible publication
bias (where P<<0.05 was taken to indicate statistical significance).
To evaluate an influence of a single study, sensitivity analysis is
performed to examine the exclusion of any single study altered the
magnitude of relative risk or test for heterogeneity. All analyses
were performed using Stata (release 11.2; Stata Corporation,
College Station, TX). For all tests, a two-sided p-value below 0.05
was considered significant.

Results

Literature Search and Characteristics of Studies

The systematic database search yielded 6546 studies, of which
326 papers were reviewed in full (Figure 1). Finally, 31 studies that
fulfilled the criteria were included in the analysis, including
information for 148350 participants. The crude incidence rates
were 19.1 deaths from cardiovascular disease, 35.7 deaths, and
11.7 renal events (per 1000 person-years, respectively). The
process of study identification is shown in the flow chart, and
the study characteristics are listed in Table 3 and Table 4. Studies
consisted of four studies of type 1 diabetic patients, 23 studies of
type 2 diabetic patients, one study of type 1 and type 2 diabetic
patients, and 3 studies of unknown type of diabetic patients. The

Overall results of database search (n = 6546)
MEDLINE n=4016
EMBASE n=2149
CINAHL n = 381
] Duplicates (n = 1812) |
v

Abstract review (n = 4734) I

Not observational studies or no
relevant outcomes (n = 4408)

h 4

A4
Full paper review (n = 326) I

Impacts of Albuminuria and Low eGFR in Diabetes

study size was in the range of 146 to 94934, and the average
follow-up period was in the range of 3 to 19 years. Regarding
cardiovascular mortality, Asian population study was not included
according to the criteria. We pooled the risk of two studies [15,16]
reporting only subgroups of the estimate.

Micro- and macroalbuminuria were defined as risk factors in 25
studies. Any level of albuminuria (i.e., micro- or macroalbumin-
uria) was defined as a risk factor in 7 studies. In these studies,
various means of expression of albuminuria were adopted. The
magnitude of microalbuminuria was expressed as urinary albumin
excretion rate (n?12), urinary albumin-creatinine ratio on spot
urine samples (#?10), spot urinary albumin concentration (n?6),
qualitative test of albuminuria (z?2), or urinary protein excretion
rate (n?1). Almost all of the estimates were adjusted for multiple
risk factors including age. In one study [17], the estimate was not
adjusted for age because age was not a statistically significant risk.

Association of Albuminuria with Risk of Cardiovascular

Mortality

Microalbuminuria was associated with 1.76 (95% confidence
interval [CI] 1.38-2.25) times greater risk of cardiovascular
mortality as compared with normoalbuminuria (Figure 2), with
strong heterogeneity among studies (I>=66%, p=0.003 for
heterogeneity). We found no significant evidence of publication
bias. Subgroup analysis did not determine the suspected source of
heterogeneity (Figure S1). Age stratified analysis showed no trends
neither micro- nor macroalbuminuria (Figure S2). Macroalbu-
minuria was associated with about 2.96 (95%CI 2.44-3.60) times
greater risk of cardiovascular mortality compared with normoal-

.

N4
»

Not cohort study (n = 1)
Overlapping cohort (n = 1)
No adjusted estimate (n=7)

*

-

Association of albuminuria/eGFR reduction with CRF/CVD mortality/All-
cause mortality not examined (n = 269)

No reasonable cut-off value of albuminuria/eGFR (n = 17)

N4
31 studies included

Cardiovascular mortality (n = 14)
All-cause mortality (n = 23)
Renal events (n=7)
148,350 individuals

N/A (n = 3)

Type 1 diabetes (n = 4)
Type 2 diabetes {n = 23)
Type 1 and type 2 diabetes (n = 1)

Figure 1. Process for identification of eligible studies Abbreviation: N/A, not available.

doi:10.1371/journal.pone.0071810.g001
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Table 3. Characteristic of Studies Reporting on the Association between Albuminuria or low eGFR and Subsequent Risk of Adverse Outcomes.

No. of CV
Author Year Country Study size  %male Y%white Endpoints® mortality

O'Hare[16] 2010 us 94,934 98.0 87.0 All-cause mortality
2010 us 1,439 52.5 N/A Renal events

2009 Finland 4,201 518 N/A All-cause mortality

Viek[6] 2008 Netherlands 759 76.5 N/A CV mortality All-cause mortality 49

All-cause mortality

Roy[24] 2006 us 725 4.7 0.0 All-cause mortality

CV mortality

Stehouwer[32] 2002 Netherlands 328 61.6 N/A All-cause mortality

de Grauw[34] 2001 Netherlands 262 N/A All-cause mortality

Casiglia[36] 2000 683 N/A 68

Hanninen[38] 1999 Finland 252 N/A All-cause mortalit;

Beilin[40] 1996 Australia 666 47.1 N/A CV mortality All-cause mortality 80

No. of
No. of all-causerenal
mortality events

25481

131

113

57

167
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Table 3. Cont.

No. of
No. of CV No. of all-cause renal
Author Year Country Study size  %male %white Endpoints® mortality mortality events

Gall[42] 1995 Denmark 328 61.5 N/A CV mortality 29

Follow- mean eGFR
Up Mean age Type of Duration of (ml/min/ sBP dBP Study Use of RASS  Adjustment Stratification of eGFR
(years) (years) DMP DM (years) 1.73m?) (mmHg) (mmHg) type® inhibitors (%) of BP or HT (ml/min/1.73m?) Level of Adjustment"

6.4 66.6 N/A N/A 753 139 74 Obs 60.7 YES =090, 89-60, 59-45, 44-30, Age, sex, BMI, sBP, dBP, race, eGFR, comorbidity,
29-15 medication use

19.3 271 T1DM 58 112.6 114 72 Trial 51.0 NO N/A Mean arterial pressure, ACE inhibitor use

7 33.0 T1DM 23.2 75.9 134 80 Obs 28.9 NO N/A Age, duration of DM, HbA1c, eGFR, macrovascular disease

4 59.7 N/A N/A 113.3 142 82 Obs 224 YES >60, <60 Age, sex, sBP, dBP, HDL, LDL, vascular history, smoking

34 57.6 T2DM 53 1103 135 77 Obs 93 YES N/A Renal failure: Age, waist circumference, sBP; All-cause
mortality: Age, sex, BMI

3 29 T1DM 8.0 N/A N/A N/A Obs N/A YES N/A Age, BMI, dBP, diabetic retinopathy severity level, socio
economic status, macroangiopathy, heavy alcohol
consumption

N/A YES N/A Age, sex, ethnicity, Cr, smoking, waist,
retinopathy

15 524 T2DM 0 82.3 135 83 , height, sBP,

5 53.4 T1+T2DM 14.3 N/A N/A N/A Obs N/A YES N/A Age, sex, BMI, mean BP, duration of DM, TCHO, smoking,
type of DM, baseline cardiovascular history, rate of change
of albuminuria over 1 year
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Table 3. Cont.

53 60.8 T2DM 5.1 N/A 161 88 Obs N/A YES Age, sex, HT, DM duration, HbATc, TCHO, sCr, race, pre-
existing 1HD ’

9.0 53.8 T2DM 6.4 67.6 151 86 Obs N/A YES N/A Age, sex, BMI, sBP, DM duration, HbA1c¢, TCHOL, prior
cardiovascular disease

6 66 T2DM 5 N/A 155 82 Obs N/A NO Age, sex, duration of DM

6 63.2 T2DM N/A N/A 156 90 Obs N/A YES mean -25.D. >60 Age, coronary artery disease, sustained arterial
hypertension

5 58 T2DM

N/A 145 90 Obs N/A NO N/A Age, sex, coronary heart disease

4.8 63 T2DM 13 N/A 154 82 Obs N/A YES N/A Age, sex, DM duration, HbAlc, BMI, sBP, dBP, retiinopathy,
TCHO, HDL, TG, age at diagnosis, smoking, fasting glucose,
urea, loss of pinprick sensation, leg dlaudication, number of

abscent foot pulses, CHD, carebrovascular disease

53 55.9 T2DM 6.3 N/A 151 86 Obs N/A YES N/A Age, HbA1c, sBP, coronary heart disease

2Endpoints: CV mortality, cardiovascular mortality.

Type of DM: N/A, type of DM is not documented; T1DM, population with type 1 DM; T2DM, population with type 2 DM.

Study type: Obs, based on the cohort of observational study; Trial, based on the cohort of clinical trial.

dLevel of Adjustment: ACE, angiotensin converting enzyme; Apo, apolipoprotein; BMI, body mass index; CVD, cardiovascular disease; dBP, diastolic blood pressure; DM, diabetes mellitus; ECG, electrocardiogram; HbA1c,
glycosylated hemoglobin Alc; HDL, high-density lipoproteins; HT, hypertension; IHD, ischemic heart disease; LDL, low-density lipoproteins; PVD, peripheral vascular disease; RAAS, Renin-Angiotensin-Aldosterone System; sBP,
systolic blood pressure; sCr, serum creatinine TCHO, total cholesterol; TG, triglycerides;

€Cohort of American Indians.

Other abbreviations: N/A, not available; CV mortality, cardiovascular mortality; sBP, systolic blood pressure; dBP, diastolic blood pressure.

doi:10.1371/journal.pone.0071142.t003
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Table 4. Definitions of Albuminuria, eGFR categories and Outcomes.

Urine Definition of any
measurement Definition of Definition of level of Definition of CV
Author method® microalbuminuria macroalbuminuria  albuminuria eGFR categories Criteria of renal failure Criteria of CV mortality disease®

O’Hare [16] ACR 30~-299 mg/gCr =300 mg/gCr

- = SR

Molitch [18] AER 30-300 mg/24 h >300 mg/24 h sustained eGFR<60

AER 20-200 pg/min >200 pg/min

-~

- o ~ . @ i g & 2
Viek [6] ACR >3 mg/mmol >60, <60 Vascular death, Stroke, Heart/Brain
Myocardial infarction

A R

Tong [22] ACR 3.5-25 mg/mmol =25 mg/mmol eGFR halving, eGFR <15 ml/min/
1.73 m?, death as a result of renal causes
or need for dialysis

Roy [24] AER 20-200 pg/min >200 pg/min

Retnakaran [26] spot 50-299 mg/L =300 mg/L Creatinine clearance <60 ml/min per
173 m?

Jude [36] PER ' » - - Urine protein =0.5 g/ from death certificates Heart/Brain
24 h
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Table 4. Cont.

Urine Definition of any
measurement Definition of Definition of level of Definition of CV
Author method® microalbuminuria macroalbuminuria  albuminuria eGFR categories Criteria of renal failure Criteria of CV mortality disease®

Stehouwer [32] AER 30-299 mg/24 h =300 mg/24 h

de Grauw [34] spot 20-200 mg/L >200 mg/L

Casiglia [36] AER 30-300 mg/24 h >300 mg/24 h >60, =60 from the hospital of physicians’Heart/Brain
files

Hénninen [38] AER =20 pug/min

spot 30-300 mg/L =300 mg/L 1CDY codes 390 to 458, 410 to Heart/Brain
414

R
Gall [42] AER 30~-299 mg/24 h AER =300 mg/24 h from death certificates Heart/Brain

2Urine measurement method: ACR, albumin creatinine ratio; AER, albumin excretion rate; PER, protein excretion rate; spot, spot urinary albumin concentration; qualitative, qualitative detection of albumin in urine.
PDefinition of CV disease: Heart, ischemic heart disease; Brain, cerebrovascular disease.
doi:10.1371/journal.pone.0071810.t004
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Cardiovascular moriality All-cause mortality Renal events
Author (Yeat) RR (05%C1) Author {Year) RR{S5%CN Author (Vears RR{95%C)
Hicroatbuminuris Microalouminania Microalbuminuda
Graustond (2010} 173 1,44 (075 - 2.78) Groustund (2010} [17) 1.32 (069 - 2.54) Moitch (20103 [183 e 3.30(4.79- 6.07)
Niriomiys (2009)110] —p 2.81 (200~ 341) OHare {2010) {16] 3 1,34 (1,30~ 1,38} R
Bruno (20073 (23]~ 1.06 (0.80 - 140} Graop (2009} {19 T — 280(1.67 - 471 inomiya £2009) {10] | 5.2 294~ 11.19)
Xu £2005) [27] et 1480101 - 2.17) fnomiya (2009) {10} -2 1.99.(1.88 - 2.39) Lok (2008} [21] - 248 LTI 288
Valmadrid (2000} 1873 e 1:84 (1,42 - 239} Teng (20073 {221 1.25(0.80 - 1.94)
Casigis (20003 [38) P 2010112 - 3807 Bruno (2007) (23} ~B- 1300.08- .57 Tong (2007 122 aaa 5.00(3.00-834)
Mattock (1998) [36] 1.83.{0,56~ B.013 Rw {2008) {24} ——— 224 (1,18~ 4:21) Bruro 12002) 1283 1.860.08-372)
Beilin {1988} {20} D — 234{1.38- 3.98) Xu{2008) 27 e 142 (1.Y4 - 1,78} " <t 321 (2055,
Rosaing {1996) [41} 187 (103 - 3.40) Ostgren 2002) [31] P 18027 298 vera 21 {2.05 - 6.02)
Overals <> 1,76 {138 - 2.26) Stehouwer £2002) {323 e o 1784012 2.83) (=185, ¥+ 76%, 0 = 0,002}
(@ =237, = 85%, p = 0.003) de Graave (2001) £34] 1.20(0.63 -2.30) Macrostbymingria
Macrostbuminuria Niimadng G000 01 s o Haa-20 oliteh (2010 {183 e 1530081 - 20285
P R S8 i Beilin (1896) 14 . — 17741.22-257) Niomiva (2000) (163 e 1532 (13- 920
WNisemiyz (2009) [16] e 542(305 - 840) Neif (18031 [43] e 2315027388 S
Bruno (2007} 123} i 200 (148 - 2,708 Overalt Pe 1600142 18D Luk (2008) 21} - 5.82(4.75- 218>
g%?) fa?:g - om— 347;*‘(12«;3 - g;g Q= 40,18, "= 85%, p €0.001) Tong (2007} (221 e 2747 (1781 < 62.38)
siglie (2000} e 2.97(1.86~ PO
Beilin (1308) 40 e 347 (1,54 ~8.56) e et (4050 (17 2400130~ 443 B (2003) 124 BERGED- 1045
Roasing (1996) I41] e 287 (1 68 - 5.26) i ® YAl Overalt I 163(68-2389
9 ©Hare {2010} [15} » 1.7341.63 - 1.84) "
Gall {1895 [423 2,50 {1.08 - 5.74) Nionniys (2008 115 | b hprapat (@=51.08, = 92%, p < 0.001)
Ovorai < donizde- 280 Groop (2009 (15] e 383{208-630 e
(@ 1279, = 45.3%, 9 = 0.077) Torg 2007 1221 o 241(155-3.78) L i) L
fny level of abupinaria o1 {158 2 S (2008) (25 -+ 287 (11 - 10,69
ooy 3 Bruno (20073 {231 g 191 {154 - 230 Overal *‘d‘:«*
foninioie Roy {2008) {241 e 334 (182-8.12) 987211~ 13.68)
Joger 2010 1153 e .68 (174 = 18.52) Xe (2005} (27} - 439 (271~ 425
de Boer (2009) 201 e o 186 {1.40 - 2.74) sméwgoo?cw e fg? g; 4 :32) 0.2 50 100 200 400
. Slude (2602} £30] et 487 (1,76~ Risk ratis ¥
WViek (2008) 6] 0;— 2.69(1.43 - 507 Velmadi (2000) 127 P 288310 (85%C1)
Overalt =3 ., 2susT-38n Belin (1998) {40] e 358218 586
(Q=33, ¥ = 40%, p=0.180) HAtOD . - p 1190041 - 3,95
P Oversll 254 £2.43 - 329
05 18 20 49
N {Q=T78.00, 1= 84%, p < 0.001)
Risk ratio {95%C1} Any level of fbumingria .
{micro-imacroalbuminuda) i
de Boer (2008} 1201 = o 178138 - 2,16)
Viek (2008) (6} S g 154301 -268)
Gerstein (2001) (331 E 5148 - 215}
Forkems (2001) (05) e 158 1,09 - 2.28)
{1999 g} 109 047 - 259)
Overst) <> 1594048 - 133}
Q=135 1= 0%, .= 0.853)
05 1 20 40
Risk ratio (35%C1}

Figure 2. Risk ratio for the association between albuminuria and cardiovascular mortality, all-cause mortality, and renal events
compared with normoalbuminuria. Abbreviations: Cl, confidence interval; RR, risk ratio.

doi:10.1371/journal.pone.0071810.g002

buminuria, and there was no significant evidence of heterogeneity
among studies. These findings suggest that there is a dose-
dependent association between albuminuria and the risk of
cardiovascular mortality: the influence of macroalbuminuria was
significantly higher than that of microalbuminuria (p=0.026). In
the three studies for which information was available, any level of
albuminuria was associated with about 2.48 times (95%CI 1.57—
3.91) greater risk of cardiovascular mortality compared with
normoalbuminuria, without any evidence of heterogeneity in the

Association of Albuminuria with Risk of All-cause
Mortality

Summary estimates of the influences of microalbuminuria and
macroalbuminuria on all-cause mortality were 1.60 (95%CI 1.42—
1.81) and 2.64 (95%CI 2.13-3.27), respectively (Figure 2): the
associations were heterogeneous among studies for both (I = 65%
and 84%, both $<<0.001 for heterogeneity). There was some
evidence of publication bias in microalbuminuria and macroal-
buminuria (Egger’s test 770.014 and P?0.015, respectively), which

association. may have overestimated the strength of the association. Subgroup

analysis did not determine the suspected source of heterogeneity.
As to the racial difference, relative risks were not significantly
different between Asians and non-Asians. A study in veterans

Cardiovascular mortality l l All-cause mortality l I Renal events
No. of No. of No. of
N b + 6GER<60 studies studies studies
ormoaib + & <
(vs. normoalb + normal eGFR) 3 B E—— 1,70 (0.85 - 3.49) 4 <> 1.42 (1.06 - 1.90) 2 e T 2.27 (0.52 - 9.89)
Alb + GFR 260
(vs. notmoalb + normal eGFR) 3 < 246(1.96-307) 3 <> 1.68(1.32-214) 2 =TT 10,00 (3.01 - 33.23)
Alb + GFR <60
{vs. normoalb + normal @GFR) 2 <> 4.20(3.11- 5.68) 3 <> 278(281-335 2 <0465 (16.78 - 36.34)
65 10 20 40 80 05 10 20 40 8D 02 1.0 5.0 10.020.040.0
Risk ratio (35%CI) Risk ratio (95%Cl) Risk ratio (95%Cl)

Figure 3. Risk ratio for the association of low eGFR with the risk of each outcome according to the presence of albuminuria,
compared with normal eGFR and normoalbuminuria. Albuminuria was defined as any level of albuminuria or pooled estimate of
microalbuminuria and macroalbuminuria. Abbreviations: normoalb, normoalbuminuria; alb, albuminuria.

doi:10.1371/journal.pone.0071810.g003
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(O’Hare et al.) [18] yiclded a lower risk of all-cause mortality (HR
1.34 [95%CI 1.30-1.38] for microalbuminuria, HR 1.73 [95%CI
1.63~1.84] for macroalbuminuria), but the source of heterogeneity
was not apparent (Figure S1). In age-stratified analysis, there was
no significant difference between younger and older age (Figure
S2). Sensitivity analysis excluding this study [18], with the highest
weight in this meta-analysis, showed a similar relative risk in
microalbuminuria (HR 1.65 [95% CI 1.46 - 1.87]) and macro-
albuminuria (HR 2.77 [95% CI 2.34 - 3.27]); the test for
heterogeneity was insignificant in microalbuminuria (I?41.0%,
P?0.06), and was stll significant for macroalbuminuria (I*?51.1%,
P20.02). The summary estimate of the influence of any level of
albuminuria for the risk of all-cause mortality was 1.69 (95%CI
1.48-1.93).

Association of Albuminuria with Risk of Renal Events

Summary estimates of the influences of microalbuminuria and
macroalbuminuria on renal events were 3.21 (95%CI 2.05-5.02)
and 11.63 (95%CI 5.68-23.83), respectively (Figure 2): the risk
estimates of micro- and macroalbuminuria were diverse across
studies (I2=76% and 92%, p=0.02 and $p<<0.001 for heteroge-
neity). We found no significant evidence of publication bias.
Subgroup analysis did not show any significant differences
between characteristics of participants or study design (Figure
S1). Asians have almost the same risk for renal events as non-
Asians in both micro- and macroalbuminuria. Age stratified
analysis showed no trends in microalbuminuric or macroalbumi-
nuric patients (Figure S2). One study evaluating the influences of
any level of albuminuria showed the same trend.

Combined Impacts of Low eGFR on Albuminuria

A few studies [6,10,19,20] evaluated the combined influence of
low eGFR on albuminuria in terms of the risk for the outcomes. As
compared to those with normoalbuminuria, the risk of cardiovas-
cular mortality tended to increase by 1.70-fold (95%CI 0.83-3.49)
in subjects with normoalbuminuria and ¢eGFR of <60 mL/min/
1.73 m? (Figure 3). Similarly, the presence of albuminuria was
significantly associated with 2.46-fold (95%CI 1.96-3.07) in-
creased risk of cardiovascular mortality. Furthermore, subjects
with both albuminuria and eGFR <60 mL/min/1.73 m? were at
4.20 times (95%CI 3.11-5.68) higher risk of cardiovascular
mortality compared to those with neither of these risk factors.

Discussion

This study explored the influences of albuminuria and low
eGFR on cardiovascular mortality, all-cause mortality, and renal
events in diabetic patients using meta-analysis methods with
148350 cases. Microalbuminuria and macroalbuminuria are
significant risk factors for each outcome. Similar to the influences
of albuminuria, low eGFR also increased the risk of each adverse
outcome.

This meta-analysis suggested that low eGFR and albuminuria
may be independent risk factors for cardiovascular mortality, all-
cause mortality, and renal events. Recent published new CKD
staging from Kidney Disease: Improving Global Outcomes
(KDIGO) was defined by these two factors, eGFR and albumin-
uria. [44,45] However, conventional staging of diabetic nephrop-
athy was classified only by degree of albuminuria. [46] Many
reports and meta-analysis indicated albuminuria as one of the
main risk factors for cardiovascular mortality and all-cause
mortality in diabetic patients. [47] Although the number of
reports was limited, some indicated the influences of low eGFR on
the risk of each outcome in diabetic nephropathy. [10,19,20]

PLOS ONE | www.plosone.org
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However, other reports concluded that low eGFR was not always
a significant risk factor for these outcomes. [6,25] Thus, the
influences of albuminuria and low ¢GIR are not consistent among
studies adjusted for ecach other. Further large prospective studies
are neceded to clarify the independent influences of albuminuria
and low ¢GIR on the three outcomes in diabetic nephropathy.

The interaction between ¢GFR and albuminuria may be
important in considering the possibility of albuminuria and low
eGIR as independent risk factors for the three outcomes. Previous
meta-analyses of general and high-risk cohorts indicated no
interaction between ¢GFR and albuminuria on the risks of
cardiovascular mortality, all-cause mortality, and renal events.
[48,49] Similarly, in our results of diabetic nephropathy consisting
of 4 data or less, stratified analysis demonstrated that the
magnitudes of relative risks of these events with low ¢GFR and
albuminuria were almost equivalent to those obtained by
multiplying each risk rate of low ¢GFR and albuminuria. These
results suggested that there is no interaction between ¢GIR and
albuminuria in each adverse outcome. In our meta-analysis, only
two studies evaluated the interaction between eGFR and
albuminuria. [10,25] One of these studies that included stratified
analysis indicated that increasing risk of cardiovascular mortality
and all-cause mortality in low eGIR were significantly higher in
patients with macroalbuminuria but not those with normoalbu-
minuria. [25] Moreover, in a previous meta-analysis, one of eight
general and high-risk cohorts showed significant interaction
between eGFR and albuminuria for the risk of ESRD. [49] Based
on these studies, the significance of the interaction between eGFR
and albuminuria is still variable. Detailed analysis of cohort
studies, including an unusual case of diabetic nephropathy, such as
low ¢eGFR with normoalbuminuria and high GFR with macro-
albuminuria, are needed to resolve the precise interaction of them.

There was heterogeneity among studies for cardiovascular
mortality, all-cause mortality, and renal events in the presence of
microalbuminuria or macroalbuminuria. There are some possible
causes of the heterogeneity in this study. One of the possible
reasons is a large cohort with different results from the others.
Another possible reason is the diversity of study design. A large
study with an exceptional setting [18] may lead to heterogeneity of
the outcome. The report by O’Hare et al. had the highest weight
in this meta-analysis, and its relative risk was even lower than the
pooled risk of all-cause mortality. [18] Therefore, this large cohort
study of veterans should have some different setting from other
studies. The multiplicity of study design is an unavoidable
limitation of meta-analyses, which is another possible reason of
heterogeneity. The entry criteria, treatment, or adjustment for
confounders were different between studies, and the different
settings may affect results to uneven extents. Although some other
factors, such as blood pressure control or use of ACE inhibitors for
renal events, are possible factors for heterogeneity, these factors
were not fully evaluated in the studies included in this analysis.
[50,51] Based on these results, standardization of study design is
needed, including treatment strategy or adjustment of confound-
ers.

As diabetes is a common disease with high risk of macrovascular
and microvascular complications, we focused on diabetic patients.
In this sense, we excluded patients without diabetes from this
study. Due to this restriction of subjects, our study precisely
compared the outcomes of the studies of diabetic cohorts. On the
other hand, out study was not able to describe the risk of patients
with diabetes compared to those without diabetes.

The strength of this study is the listing of all studies allowing
readers to see the inconsistency across cohorts. The limitations of
this study should also be noted. First, the numbers of studies
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regarding the associations between low eGFR and cardiovascular
mortality, all-cause mortality, and renal events were small.
Although low eGFR was considered as a risk factor for
cardiovascular events according to the guidelines developed by
KDIGO in 2002, there were few studies from this viewpoint prior
to this time. [44] Second, each study had its own definition of
normal eGFR as the reference category for multivariate analysis.
Some studies [10,19] defined normal ¢GFR as >90 mL/min/
1.73 m?, while others [6,20] used a definition of >60 mL/min/
1.73 m% The difference in definition may have affected the
magnitude of pooled risk ratio for each outcome. Third, there
were differences in measurement and expression of albuminuria,
such as daily excretion of albumin, or the ratio of urinary albumin
to creatinine. Moreover, measurement of urinary albumin was still
not standardized. [52,53,54] A standardized method for measure-
ment of albuminuria is essential for comparing data across studies.
Furthermore, collection of urine was also not standardized. Spot
urine sample collection in the morning or daily collection of urine
would lead to different magnitudes of risk ratio.’ [55] With regard
to expression of urinary albumin, some guidelines [56,57,58] use
albumin/creatinine ratio. However, other expressions were also
used in different studies, such as 24-h excretion or concentration of
urinary albumin. Fourth, there may be problems associated with
reporting bias, especially for renal events. Some studies measuring
serum creatinine at baseline did not report renal outcome. The
outcome reporting bias may have increased the influence of renal
outcome, which is a very large risk ratio compared with
cardiovascular or all-cause mortality. Fifth, the numbers of studies
reporting the influence of low eGFR were small. Our search
strategy limited objects as “diabetes with albuminuria/protein-
uria” or “diabetic nephropathy.” Therefore, studies of diabetic
patients with low eGFR may not have been included in our
systematic review due to our search strategy. Sixth, making the
best use of information about study design or baseline character-
istics, the threshold of study size was not used as a limitation in
study selection. These selection criteria resulted in more than half
of the selected studies consisted of less than 1000 participants.
With regard to the effects of albuminuria and eGFR in diabetic
patients, the Chronic Kidney Disease Prognosis Consortium
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