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OBJECTIVEdTo examine the interactive relationship between diabetic retinopathy (DR) and
diabetic nephropathy (DN) in type 2 diabetic patients and to elucidate the role of DR and microalbuminuria on the onset of macroalbuminuria and renal function decline.
RESEARCH DESIGN AND METHODSdWe explored the effects of DR and microalbuminuria on the progression of DN from normoalbuminuria and low microalbuminuria (,150
mg/gCr) to macroalbuminuria or renal function decline in the Japan Diabetes Complications
Study (JDCS), which is a nationwide randomized controlled study of type 2 diabetic patients
focusing on lifestyle modiﬁcation. Patients were divided into four groups according to presence
or absence of DR and MA: normoalbuminuria without DR [NA(DR2)] (n = 773), normoalbuminuria with DR [NA(DR+)] (n = 279), microalbuminuria without DR [MA(DR2)] (n = 277), and
microalbuminuria with DR [MA(DR+)] (n = 146). Basal urinary albumin-to-creatinine ratio and
DR status were determined at baseline and followed for a median of 8.0 years.
RESULTSdAnnual incidence rates of macroalbuminuria were 1.6/1,000 person-years (9 incidences), 3.9/1,000 person-years (8 incidences), 18.4/1,000 person-years (34 incidences), and
22.1/1,000 person-years (22 incidences) in the four groups, respectively. Multivariate-adjusted
hazard ratios of the progression to macroalbuminuria were 2.48 (95% CI 0.94–6.50; P = 0.07),
10.40 (4.91–22.03; P , 0.01), and 11.55 (5.24–25.45; P , 0.01) in NA(DR+), MA(DR2), and
MA(DR+), respectively, in comparison with NA(DR2). Decline in estimated glomerular ﬁltration
rate (GFR) per year was two to three times faster in MA(DR+) (21.92 mL/min/1.73 m2/year) than
in the other groups.
CONCLUSIONSdIn normo- and low microalbuminuric Japanese type 2 diabetic patients,
presence of microalbuminuria at baseline was associated with higher risk of macroalbuminuria in
8 years. Patients with microalbuminuria and DR showed the fastest GFR decline. Albuminuria
and DR should be considered as risk factors of renal prognosis in type 2 diabetic patients. An
open sharing of information will beneﬁt both ophthalmologists and diabetologists.
Diabetes Care 36:2803–2809, 2013

iabetic retinopathy (DR) and nephropathy (DN) are two major
chronic microvascular complications in long-standing type 1 and type 2
diabetic patients. However, it is still unclear whether these 2 complications are
related to or affect each other or whether
both of them progress simultaneously
after their onset, although many epidemiological studies have shown the coexistence of DR and DN (1,2). In fact, we
sometimes see proteinuric diabetic patients without DR or normoalbuminuric
patients with proliferative DR, which is
the most advanced stage of DR. For example, it was shown that only 36% had no
DR, while 53% had nonproliferative, 9%
moderate to severe, and 2% severe DR in
285 normoalbuminuric Caucasian type 1
diabetic patients (3). In addition, there
was marked discordance between DR
and DN, especially in normoalbuminuria
or low-level microalbuminuria, while advanced renal histological severity has
been related to advanced DR severity in
Caucasian type 1 diabetic patients (4). On
the other hand, diabetic patients treated
by diabetologists sometime miss their visits to ophthalmologists; therefore, the relationships or detailed clinical courses of
DR and DN can hardly be analyzed in
most clinical sites.
All over the world, DN is a major
cause of end-stage renal disease, which
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RESEARCH DESIGN AND
METHODSdThis study is a part of the
JDCS, a Japanese nationwide multicentered randomized trial (15). In 1996,
2,205 patients aged 40–70 years with previously diagnosed type 2 diabetes and
HbA1C levels of .6.5% were recruited
and registered from 59 hospitals specializing in diabetes care. The protocol for the
study, which is in accordance with the
Declaration of Helsinki and the Ethical
Guidelines for Clinical/Epidemiological
Studies of the Japanese Ministry of
Health, Labor and Welfare, received ethics approval from the institutional review
boards of all the participating institutes.
Written informed consent was obtained
from all patients enrolled. The inclusion
criteria for participating patients have
previously been described (15). Those
who had impaired glucose tolerance and
major ocular disease including glaucoma,
dense cataract, or history of cataract surgery were excluded. A ﬁnal total of 2,033
patients aged 58.5 6 6.9 (mean 6 SD)
years were included in the study, and
their known diabetes duration was
10.9 6 7.2 years.
The protocol originally speciﬁed that
patients with nondiabetic nephropathy,
macroalbuminuria, serum creatinine levels .120 mmol/L, and mean values of two
spot urine examinations for an albumin
excretion rate of .150 mg/g creatinine
were excluded in the analysis of nephropathy, making up the analysis population
of 1,558 patients (9). We excluded the
patients with high microalbuminuria
(150–300 mg/gCr) because the INNOVATION
(Incipient to Overt: Angiotensin II Receptor Blocker, Telmisartan, Investigation on
Type 2 Diabetic Nephropathy) trial
showed a higher transition rate from
high microalbuminuria to macroalbuminuria (18). After exclusion of 83 patients
without DR assessment, the remaining
1,475 patients were divided into four
groups according to the absence or presence of DR and microalbuminuria as
follows: normoalbuminuria without DR
[NA(DR2)] (n = 773), normoalbuminuria
with DR [NA(DR+)] (n = 279), microalbuminuria without DR [MA(DR2)] (n =
277), and microalbuminuria with DR
[MA(DR+)] (n = 146).
Assessment of DR
The presence and severity of DR were determined annually by qualiﬁed ophthalmologists at each institute by mydriatic indirect
ophthalmoscopic examination and slit lamp
biomicroscopic fundus examination using
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precorneal lens with the international DR
and diabetic macular edema disease scales
including minor modiﬁcations (17,19).
To validate the consistency of staging between study sites, we cross-examined fundus images and evaluated the agreement
in staging between local ophthalmologists
and retinal specialists (17). Severity of DR
was categorized following the international clinical diabetic retinopathy severity
scales into ﬁve categories as “no retinopathy” (equivalent to the Early Treatment of
Diabetic Retinopathy Study [ETDRS] scale
level 10), “mild nonproliferative DR” (stage
1; equivalent to ETDRS level 20), “moderate nonproliferative DR” (stage 2; equivalent to ETDRS levels 35, 43, and 47),
“severe nonproliferative DR” (stage 3;
equivalent to ETDRS levels 53A–53E),
and “proliferative DR” (stage 4; equivalent
to ETDRS levels $61) (19). History of ocular surgery (e.g., cataract, glaucoma, and
vitreoretinal surgery) was also surveyed.
Measures of kidney function
We followed up these groups for 8 years
and measured their body weight and blood
pressure at least twice a year. HbA1c, fasting
plasma glucose, serum lipids, and serum
creatinine levels were also determined twice
a year. Spot urinary albumin-to-creatinine
ratio (UACR) was also determined at least
twice a year using the turbidmetric immunoassay to measure the urinary albumin
concentration. We deﬁned normoalbuminuria as a UACR ,30 mg/gCr and low
microalbuminuria as a UACR of 30–150
mg/gCr. Estimated GFR (eGFR) was calculated using serum creatinine levels and
ages according to the Modiﬁcation of Diet
in Renal Disease formula modiﬁed for the
Japanese population (20).
Statistical analysis
The annual increase rate of UACR and
decline rate of eGFR in each group was
determined by linear mixed models. The
transition from normo- or low microalbuminuria to macroalbuminuria ($300
mg/gCr) was determined in two consecutive urine samples. Transition to macroalbuminuria was summarized by the
annual transition rate to macroalbuminuria, and the remission proportion was deﬁned by patients whose mean value of
UACR at the ﬁnal two visits was ,30
mg/gCr. Hazard ratios of the NA(DR+),
MA(DR2), and MA(DR+) groups compared
with the NA(DR2) group as a reference
adjusted for age, sex, HbA1c, known duration of diabetes, SBP, and current smoking
were estimated by Cox regression. All
care.diabetesjournals.org
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requires renal replacement therapy such
as hemodialysis or renal transplantation
(5,6). In Japan, the number of patients
requiring renal replacement therapy has
increased threefold in the last 15 years.
Therefore, it is absolutely necessary to
stop the progression of DN and to ﬁnd biomarkers or easily available factors that represent the exact clinical course or prognosis
of DN. However, it is not exactly known
what factors affect an increase of urinary
albumin excretion (UAE) or glomerular ﬁltration rate (GFR) decline, which are typical clinical changes in DN.
Microalbuminuria is well known as a
risk factor resulting in macroalbuminuria
in type 1 and type 2 diabetic patients (7–
9). In addition, some Caucasian type 2
diabetic patients with microalbuminuria
showed rapid decline of GFR, although
it was unclear whether these patients
had more frequent DR compared with
the patients without rapid GFR decline
(10). On the other hand, DR was shown
to be a risk factor of microalbuminuria
and macroalbuminuria (2,11). In addition, proliferative DR was shown to be a
predictor of macroalbuminuria in Caucasian type 1 diabetic patients (13), but this
association has not been investigated in
Asian populations. Although DR and glomerulosclerosis seemed to be parallel to
progress using the investigation of serial
renal biopsy specimens (14) when the
blood glucose control was fair to poor,
detailed interaction between two complications are still obscure in a large number
of patients. Whether DR can predict renal
functional decline in type 1 and type 2
diabetic patients remains to be clariﬁed.
The Japan Diabetes Complications
Study (JDCS) is a nationwide randomized
controlled study of type 2 diabetic patients focusing on lifestyle modiﬁcation
(15,16). We have reported the extremely
low transition rate from normoalbuminuria and low microalbuminuria in this Japanese cohort (9), as well as incidence and
progression rates of DR that were also
lower than in Caucasian populations
(15). In addition, we have also shown
that the incidence and progression rate
of DR were lower than those in Caucasian
populations and that glycemic control,
duration of diabetes, and systolic blood
pressure (SBP) were related to DR in the
JDCS cohort (17). Here, we elucidated the
relationships between DN and DR, and
the risk factors of the UAE increase and
GFR decline according to the presence or
absence of microalbuminuria or DR in the
JDCS cohort.

Moriya and Associates
P values are two sided, and the signiﬁcance
level is 0.05. All statistical analyses and data
management were conducted at a central
data center using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS

Cox regression analysis for baseline
albuminuria/retinopathy and
incidence of macroalbuminuria
During the follow-up of a median of
8.0 years, a total of 73 progressions to

with NA(DR2) were 2.56 (0.95–6.90,
P = 0.06), 2.38 (0.30–18.85, P = 0.41),
10.41 (4.92–22.01, P , 0.01), 10.06
(4.36–23.21, P , 0.01), and 21.30
(7.84–57.87, P , 0.01), respectively, using the same adjustment variables.
Clinical course of urinary albumin
and eGFR among four groups >8
years old
Figure 1A and B show the UACR and
eGFR over 8 years. The UACR had a trend
toward an increase over time, and eGFR
were decreased over time in all four groups.
Annual increase rates of UACR in NA
(DR+), MA(DR2) and MA(DR+) were
6.76 mg/gCr/year (95% CI 4.53–8.99,
P , 0.01), 16.35 mg/gCr/year (13.97–
18.74, P , 0.01), and 25.27 mg/gCr/year
(22.13–28.41, P , 0.01), respectively, and
they were signiﬁcantly higher than in NA
(DR2), which was 3.05 mg/gCr/year
(1.72–4.39, P , 0.01). GFR decline per
year in MA(DR+) was 21.92 mL/min/
1.73 m2/year (22.28 to 21.55, P , 0.01)
and was signiﬁcantly faster than in NA
(DR2), NA(DR+), and MA(DR2), which
were 20.54 mL/min/1.73 m2/year (20.70
to 20.39, P , 0.01), 20.69 mL/min/1.73
m2/year (20.96 to 20.42, P , 0.01), and

Table 1dBaseline characteristics of the 1,475 type 2 diabetic patients
NA(DR2)

NA(DR+)

MA(DR2)

MA(DR+)

N
773
279
277
146
Age (years)
57.9 6 6.9
58.6 6 6.9
59.2 6 7.0
59.4 6 6.5
Mild nonproliferative DR (%)
0 (0)
239 (85.7)
0 (0)
117 (80.1)
Moderate nonproliferative DR (%)
0 (0)
28 (10.0)
0 (0)
16 (11.0)
Severe nonproliferative DR (%)
0 (0)
4 (1.4)
0 (0)
4 (2.7)
Proliferative DR (%)
0 (0)
8 (2.9)
0 (0)
9 (6.2)
Women, n (%)
348 (45.0)
149 (53.4)
134 (48.4)
69 (47.3)
HbA1c (%) (mmol/mol)
8.1 6 1.3 (66 6 14) 8.3 6 1.2 (67 6 13) 8.3 6 1.3 (68 6 15)
8.7 6 1.4 (71 6 15)
Known diabetes duration (years)
9.7 6 7.0
13.1 6 7.4
9.5 6 6.5
12.6 6 6.3
BMI (kg/m2)
22.9 6 3.0
22.6 6 2.5
23.6 6 3.1
23.9 6 2.9
SBP (mmHg)
129.3 6 15.5
132.2 6 15.6
136.5 6 16.9
136.4 6 16.9
Diastolic BP (mmHg)
76.4 6 9.9
75.9 6 9.8
79.7 6 10.0
77.5 6 9.5
LDL cholesterol (mg/dL)
122.2 6 32.4
119.9 6 31.7
125.8 6 31.8
119.3 6 33.9
HDL cholesterol (mg/dL)
54.4 6 16.6
58.0 6 18.0
53.1 6 15.9
52.8 6 14.3
Triglyceride (mg/dL)
101.5 (74.0)
90.5 (60.0)
107.5 (85.0)
104.0 (78.0)
Spot UACR (mg/gCr)
11.2 (0.05–30.0)
11.5 (0.01–29.9)
52.3 (30.0–148.9)
55.6 (30.0–147.4)
eGFR (mL/min/1.73 m2)
87.3 6 28.7
86.0 6 25.2
89.9 6 33.5
87.5 6 29.7
Treated by insulin (%)
108 (14.0)
87 (31.2)
33 (11.9)
38 (26.0)
Treated by OHA without
insulin (%)
504 (65.2)
195 (69.9)
170 (61.4)
107 (73.3)
Current smoker (%)
213 (27.6)
57 (20.4)
82 (29.6)
28 (19.2)
Treated by antihypertension
agents
161 (20.8)
73 (26.2)
103 (37.2)
54 (37.0)
Treated by lipid-lowering agents
179 (23.2)
76 (27.2)
71 (25.6)
37 (25.3)

ANOVA P
,0.01
ND

,0.01
,0.01
,0.01
,0.01
,0.01
,0.01
0.12
,0.01
,0.01
ND
0.45
,0.01
0.04
0.01
,0.01
0.55

Data are n (%), n, or means 6 SD unless otherwise indicated. Triglyceride is expressed as median (interquartile range). UACR is expressed as median (range). ND, not
done for the selection criteria; OHA, oral hypoglycemic agents.
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Baseline clinical characteristics
between four diabetic groups
LDL cholesterol, eGFR, and treatment of
dyslipidemia did not differ between the
four groups. Age, sex, HbA1c, known duration of diabetes, BMI, blood pressure,
HDL cholesterol, triglyceride, percent of
current smokers, or treatment of diabetes
and hypertension were different among the
four groups at the baseline. UACR did not
show any difference between NA(DR2)
and NA(DR+) at normoalbuminuric levels
or between MA(DR2) and MA(DR+) at microalbuminuric levels. The majority of the
DR-positive patients had mild nonproliferative DR (stage 1) (Table 1).

macroalbuminuria were observed. The
follow-up rate at 8 years was 78%. The
numbers of death were 58 (3.9%) during
the observation. Annual incidence rates of
macroalbuminuria were 1.6/1,000 personyears (9 incidences), 3.9/1,000 personyears (8 incidences), 18.4/1,000 person-years
(34 incidences), and 22.1/1,000 personyears (22 incidences) in the NA(DR2),
NA(DR+), MA(DR2), and MA(DR+)
groups, respectively. Table 2 shows
multivariate-adjusted hazard ratios for the
progression to macroalbuminuria. As
shown, the hazard ratio of NA(DR+) compared with NA(DR2) was 2.48 (95% CI
0.94–6.50, P = 0.07). However, hazard ratios in MA(DR2) and MA(DR+) were
10.40 (4.91–22.03, P , 0.01), 11.55
(5.24–25.45, P , 0.01), and signiﬁcantly
higher than NA(DR2). These results also
indicate that the hazard ratio for the direct
comparisons between MA(DR+) and MA
(DR2) is 0.90 (0.51–1.56, P = 0.72). Further, quantitatively similar trends are observed across severity of DR and
microalbuminuria; hazard ratios of normoalbuminuria with stage 1, normoalbuminuria with stage 2–4, MA(DR2),
microalbuminuria with stage 1 and microalbuminuria with stage 2–4 compared

Diabetic retinopathy and microalbuminuria in the JDCS
Table 2dCox regression analysis for the incidence of macroalbuminuria by presence or
absence of baseline albuminuria/retinopathy and other risk characteristics
95% CI

1
2.48

Ref.
0.94–6.50

10.40
11.55
1.13
0.80

4.91–22.03
5.24–25.45
0.78–1.61
0.46–1.38

,0.01
,0.01
0.52
0.42

1.10
1.34
1.10

0.76–1.60
1.15–1.56
0.96–1.27

0.61
,0.01
0.17

1
1.90

Ref.
1.12–3.25

d
0.02

20.69 mL/min/1.73 m2/year (20.96 to
20.42, P , 0.01), respectively.
Course of UAE according to baseline
diabetic retinopathy
As we found in the multivariate analysis in
Table 2, patients with DR progressed
from normoalbuminuria to high microalbuminuria (UACR; 150–300 mg/gCr) or
macroalbuminuria (UACR .300 mg/
gCr) more frequently than those without
DR. However, remission rates of MA
(DR2) and MA(DR+) groups from low
microalbuminuria (UACR; 30 to 150
mg/gCr) at baseline to normoalbuminuria
at the 8-year follow-up were 32.1 and
25.3%, respectively, showing no signiﬁcant difference (P = 0.18) (Table 3).
CONCLUSIONSdIn the previous report about DN in JDCS (9), we showed that
the progression rate to macroalbuminuria
from normoalbuminuria and low microalbuminuria was very low, and remission,
i.e., normalization of low microalbuminuria
to normoalbuminuria, was observed in
30.3% of patients. In the current study,
we have shown that progression to macroalbuminuria was 2.48, 10.40, and 11.55
times faster than DR-free normoalbuminuria if patients had NA(DR+), MA(DR2), or
MA(DR+), respectively. Of interest is the observation that the presence of both DR and
microalbuminuria might be an important
predictor of GFR decline in normoalbuminuric and low microalbuminuric type 2 diabetic patients during 8 years of follow-up.
Microalbuminuria, a phenotype of
early DN, is one of the risk factors of
2806

d
0.07

macroalbuminuria (7,8). In addition,
macroalbuminuria itself is known to be a
risk factor resulting in renal function decline. In fact, a subset of microalbuminuric
patients showed a rapid deterioration of
renal function, which was evaluated with
cystatin C–based eGFR (10). Another report (21) showed that normoalbuminuric
type 2 diabetic patients had a decline in
GFR similar to that in normal control subjects, while microalbuminuric patients
showed more GFR loss for a 10-year
follow-up. However, these reports
(10,21) showed little information regarding DR. Microalbuminuria was indicated
as a risk factor of DR in type 1 diabetic
patients but not in type 2 diabetic patients
(1). Thus, whether microalbuminuria itself or DR itself results in GFR decline
must be examined to elucidate the exact
and detailed clinical course of DN including both UAE and GFR changes (1).
Recently, DR has become known as a
risk factor for all-cause mortality (22),
cardiovascular event, and subclinical atherosclerosis (23) or cardiovascular disease
(24). However, it is still obscure whether
DR had some effects on UAE increase or
GFR decline, especially in normoalbuminuric and low microalbuminuric diabetic
patients. Thirty-eight Caucasian type 2 diabetic patients with macroalbuminuria
showed higher rates of GFR decline during 6 years of observation when the patients had DR compared with the
patients without DR (25). On the other
hand, 25 Danish type 1 diabetic
patients without macroalbuminuria
revealed higher transition rates to
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Normoalbuminuria
Retinopathy absent
Retinopathy present
Microalbuminuria
Retinopathy absent
Retinopathy present
Age, +10 years
Sex, male/female
Known duration of
diabetes, +10 years
HbA1c, +1%
SBP, +10 mmHg
Smoking status
Past or never smoker
Current smoker

P

Hazard ratio

macroalbuminuria when the patients had
proliferative DR (13). In the current study,
microalbuminuric patients with DR obviously revealed GFR decline, while normoalbuminuric patients with DR had a
trend toward increase of UAE. In addition,
hazard ratio was increased according to
DR severity grade, especially in microalbuminuric patients. Therefore, we need to
perform ophthalmological examination
to detect DR carefully, especially in the
patients with normo- or microalbuminuria, to identify persons at higher risk of
developing macroalbuminuria. It has not
been shown that DR itself is related to
renal function decline, although some
reports have shown that urinary abnormalities, microalbuminuria, or macroalbuminuria predicts DR (26), and
microalbuminuria has been indicated to
have a greater impact on predicting DR
than GFR decline in type 2 diabetic patients (27).
There are few reports that both microalbuminuria and DR predict renal
function loss. In Chinese populations,
the reduction of eGFR of .50% or progression to eGFR ,15 mL/min/1.73 m2
or end-stage renal disease was predicted
in the type 2 diabetic patients with microalbuminuria or DR compared with the patients with no complications (28). The
risk of the renal outcome was obviously
increased when both DR and microalbuminuria or macroalbuminuria were present (28). However, the report (28) did not
show that the slope of GFR decline was
related to the presence of microalbuminuria and DR. Therefore, the current study
demonstrates for the ﬁrst time that the
rate of GFR decline was faster in patients
with microalbuminuria and DR at the
early stage of DN.
One of the reasons why UAE trended
to be increased in normoalbuminuric
patients with DR or GFR decreased in
microalbuminuric patients with DR in the
current study might be related to the
severity of the renal histological changes
including glomerular basement membrane (GBM) thickening and mesangial
expansion. In fact, in normoalbuminuric
type 1 diabetic patients, abnormal values
of GBM thickness and mesangial expansion were more frequently seen in the
patients with DR, and these histological
changes aggravated according to DR
grade (3). Another report (29) revealed
that type 2 diabetic patients with macroalbuminuria showed more frequent
Kimmelstiel-Wilson nodular lesions
when the patients had proliferative DR.

Moriya and Associates
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Figure 1dThe annual increase rate of UACR and decline rate of eGFR in each group. Dotted line,
both normal; dash-dot line, retinopathy only; dashed line, albuminuria only; solid line, both
abnormal. A: Two microalbuminuric groups showed a striking increase in UACR during the
8-year observation, although UACR in the two normoalbuminuric groups gradually increased
more or less. B: The eGFR decline rate in the MA(DR+) group was signiﬁcantly faster than that in
the other three groups.

The patients with nodular glomerulosclerosis frequently had an increase of serum
creatinine within 5 years of follow-up
(30). In addition, it was shown that renal
histological changes were heterogeneous
in microalbuminuric type 2 diabetic patients, and three histological categories of
renal injury patterns were previously indicated (31). In the report (31), DR was
present in all the patients with typical diabetic glomerular sclerosis. No proliferative DR was seen in the patients with a
normal/near-normal pattern or atypical
renal histological injury, while background DR was observed in 50 and 57%
of patients, respectively. More recently, a
link between quantitative assessment of
the retinal vessel caliber size and change
in glomerulopathy index including mesangial expansion and GBM thickening
during 5 years follow-up was reported
in normotensive normoalbuminuric Caucasian type 1 diabetic patients (32).
Change in the retinal vessel caliber size
has been speculated to be reﬂecting inﬂammation, endothelial dysfunction,
and prevalence and incidence of DR
(33). Therefore, DR might reﬂect renal
histological severity as diabetic glomerulosclerosis regardless of albuminuria. In
microalbuminuric Caucasian type 1 diabetic patients, the rate of annual GFR decline was related to renal histological
change (34). In addition, in normo- and
microalbuminuric Japanese type 2 diabetic patients, it was shown that UAE increased 5.6 years after the renal biopsy
when renal histological changes, including mesangial expansion, were more severe (35). Thus, the patients with DR have
more severe diabetic glomerular changes,
which are followed by UAE increase or
GFR decline compared with the patients
without DR. Further examinations will be
warranted to conﬁrm the difference of
histological changes among the four
groups shown in the current study.
In the JDCS cohort, both blood pressure and glycemic control were risk
factors of the occurrence of DR and the
transition from normo- and low microalbuminuria to macroalbuminuria,
whereas the duration of diabetes was a
predictor for DR and smoking was a predictor for DN (9,17). In the previous
study (9), progression to macroalbuminuria was independently associated with
higher baseline HbA1c and SBP levels in
addition to an elevated baseline UACR;
and smoking was a signiﬁcant predictor
of macroalbuminuria as well. These factors were also signiﬁcant predictors of

Diabetic retinopathy and microalbuminuria in the JDCS
Table 3dCourse of UAE according to baseline diabetic retinopathy
Final ACR (mg/gCr)
,30
No retinopathy
Basal ACR ,30 mg/gCr (n = 773)
Basal ACR 30–150 mg/gCr (n = 277)
Retinopathy
Basal ACR ,30 mg/gCr (n = 279)
Basal ACR 30–150 mg/gCr (n = 146)

30–150

150–300

$300

n

%

n

%

n

%

n

%

593
89

76.7
32.1

158
124

20.4
44.8

13
30

1.7
10.8

9
34

1.2
12.3

188
37

67.4
25.3

69
64

24.7
43.8

14
23

5.0
15.8

8
22

2.9
15.1

ACR, albumin-to-creatinine ratio.
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acquired information regarding DN and
DR, even if it is at milder stages.
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