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ABSTRACT

Aim: To elucidate clinical features in patients with type 2 diabetes with advanced retinopathy but without nephropathy.
Methods: This study examined 1324 patients (784 males and 540 females) with type 2 diabetes mellitus. Diabetic reti-
nopathy was graded according to the International Clinical Classification of Diabetic Retinopathy as no diabetic reti-
nopathy, mild or moderate non-proliferative diabetic retinopathy, severe non-proliferative diabetic retinopathy, and
proliferative diabetic retinopathy. Diabetic nephropathy was classified into four stages of severity according to the
Guideline Committee of the Japan Diabetes Society. Each patient was examined for retinopathy grade and nephropathy
stage. Clinical features of patients with proliferative diabetic retinopathy were compared with regard to the four grades
of diabetic nephropathy. Results: Fifty-two patients with type 2 diabetes (3.9% of the whole series of 1324 patients with
type 2 diabetes and 25.7% of patients with proliferative diabetic retinopathy) had proliferative diabetic retinopathy
without the presence of nephropathy. Multiple statistical analysis using a proportional odds model revealed that pa-
tients with proliferative diabetic retinopathy without nephropathy had a significantly lower systolic blood pressure (p <
0.001) than those who did and were preponderantly female (p < 0.05). Conclusions: A possible susceptibility of dia-
betic females to proliferative advanced retinopathy without nephropathy encourages further studies on the role of hor-
mones and blood coagulation in the pathogensis of proliferative diabetic retinopathy.
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1. Introduction However, Agardh et al. [6] reported that 35% of their

diabetic patients with proliferative retinopathy did not
have nephropathy and suggested that the underlying eti-

Randomized controlled trials have provided evidence
that intensive blood glucose control and tight blood

pressure control delay the onset and prevent the progres-
sion of microvascular complications in patients with type
1 and type 2 diabetes mellitus [1-3]. Specifically, long-
term poorly controlled blood glucose levels and systemic
hypertension have been implicated in major microvascu-
lar complications such as retinopathy and nephropathy,
with concordance of the two relatively common [4,5].
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ology of diabetic microvascular complications differs
between retinopathy and nephropathy. Chavers et al. [7]
reported that several cases of advanced diabetic reti-
nopathy had normal urinary albumin excretion, low-level
microalbuminuria, and normal glomerular structure
measures. Kanauchi et al. [8] reported that 4.1% of pa-
tients with type 2 diabetes with advanced diabetic neph-
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ropathy did not have concomitant retinopathy to demon-
strate a discordant association between retinopathy and
nephropathy. These reports indicate inconsistency in the
severity of diabetic microvascular complications, but the
underlying mechanism for the discordant association
between the 2 complications has not been defined. Most
previous reports on the association between retinopathy
and nephropathy examined patients with type 1 diabetes
mellitus, and few studies have examined a large series of
patients with type 2 diabetes mellitus. It, therefore, would
be useful to study patients with type 2 diabetes mellitus
presenting with discordance between retinopathy and
nephropathy to improve our understanding of the risk
factors of diabetic microvascular complications. We ex-
amined a large series of patients with type 2 diabetes
mellitus and defined the clinical features of those with
proliferative retinopathy without nephropathy.

2. Materials and Methods

Studied were a series of 1324 consecutive patients (784
males and 540 females) with type 2 diabetic mellitus who
were hospitalized between 1998 and 2005 in the third
Department of Internal Medicine, Yokohama City Uni-
versity, and Chigasaki Tokushukai Medical Center. Sub-
jects with relatively severe disease were excluded from
this study. Patient characteristics were as follows: age,
59.8 + 12.6 years (mean + S.D.); diabetes duration, 125.7
+ 105.7 months; body mass index (BMI), 24.0 + 4.3
kg/m?; systolic blood pressure (SBP), 133.6 = 20.4 mm
Hg; diastolic blood pressure (DBP) , 77.6 £ 16.1 mm Hg;
and HbA1c, 8.6 + 2.2%.

Diabetic retinopathy was assessed by ophthalmologists
and graded according to the International Clinical Classi-
fication of Diabetic Retinopathy [9] into 4 stages: no
diabetic retinopathy, mild or moderate non-proliferative
diabetic retinopathy, severe non-proliferative diabetic
retinopathy, and proliferative diabetic retinopathy. Se-
verity of diabetic nephropathy was classified according
to the Japan Diabetes Society Guidelines [10] as follows:
stage 1, albumin-to-creatinine ratio (ACR) < 30 mg/g
creatinine; stage Il, ACR = 30 mg/g and < 300 mg/g
creatinine (i.e.,, microalbuminuria); stage IlIA, ACR
=300 mg/g creatinine and/or persistent proteinuria with
creatinine clearance = 60 ml/min; and Stage IIIB to
Stage V, creatinine clearance < 60 ml/min. First, reti-
nopathy grade was compared with nephropathy stage to
determine if there was a correlation in the stage of pro-
gression between retinopathy and nephropathy. Secondly,
cases with proliferative diabetic retinopathy were
grouped as follows according to their stage of nephropa-
thy: stage | nephropathy, P1; stage Il nephropathy, P2;
stage I11A nephropathy, P3; and stage 111B nephropathy
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or higher, P4. A statistical analysis of the 4 groups was
performed for variables that included age, diabetes dura-
tion, BMI, systolic blood pressure, HbAlc, and gender
ratio.

All data are expressed as mean value £ S.D. The rela-
tionship between any two variables was analyzed by
standard correlation analysis using the software StatView,
version 5.0 (SAS, Inc., Cary, NC, USA). Analyses of
variance were applied for group comparisons, followed
by Student’t-test for confirmation of statistical associa-
tions. The relationship between nephropathy stage in
proliferative retinopathy and other relevant covariates
was determined by multiple regression analysis and a
proportional odds model. Correlation in the stage of pro-
gression between retinopathy and nephropathy was tested
by regression analysis. Statistical significance was as-
sumed at P values < 0.05.

This study project was approved by the Research Eth-
ics Committee, Yokohama City University (#6-7). In-
formed consent was obtained from each study patient.

3. Results

Comparison of the stage of progression of retinopathy
with that of nephropathy showed that cases without reti-
nopathy mostly had nephropathy stage 1 (no overt kidney
disease) (67.4%); those with mild or moderate
non-proliferative diabetic retinopathy mostly had neph-
ropathy stage 1 (no overt kidney disease) or stage 2 (mi-
croalbuminuria) (71.8%); and those with proliferative
diabetic retinopathy had nephropathy stage 111B or higher
and had decreased creatinine clearance (32.3%) (Figure
1). Statistical analysis showed a significant correlation in
the progression between retinopathy and nephropathy (p
<0.001).

However, 52 of the 1324 subjects in the series (3.9%)
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Figure 1. Relationship between Retinopathy and Neph-
ropathy White squares, males; Gray squares, females. Each
square represents 5 patients.
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had proliferative diabetic retinopathy without nephropa-
thy (stage 1); these 52 cases accounted for 25.7% of the
202 cases with proliferative diabetic retinopathy. Table 1
shows clinical information on the four stages of neph-
ropathy, consisting of group P1 (52 cases), P2 (45 cases),
P3 (43 cases), and P4 (62 cases). Multiple analyses using
a proportional odds model with age, diabetes duration,
BMI, systemic blood pressure, HbAlc levels, and gender
are shown in Table 2. The data reveal that group P1,
with proliferative diabetic retinopathy but without neph-
ropathy, had a significantly lower systolic blood pressure
than the other three groups, p < 0.001 (group P1: 134.7 £
17.1 mm Hg; P2: 138.5 + 21.6 mm Hg; P3: 143.9 + 20.4
mm Hg; P4: 153.7 £ 25.9 mm Hg). With regard to gen-
der (Table 2), the P1 group had a significant female pre-
ponderance, p<0.05 (group P1: male 20/female 32; group
P2: male 22/female 23; group P3: male 24 /female 19;
group P4: male 39 /female 23.). Other variables, includ-
ing age, diabetic duration, BMI, and HbAlc levels, did
not differ among the four groups.

4. Discussion

Concordance is usually present between retinal and renal
microvascular complications in patients with diabetes
mellitus [4,5]. This was supported by results of the pre-
sent study showing a consistent progression of diabetic
retinopathy and nephropathy in many of the study pa-
tients. However, it was remarkable that 3.9% of all study
patients and 25.7% of those with proliferative diabetic
retinopathy had proliferative diabetic retinopathy but not

nephropathy and that the cases with proliferative reti-
nopathy without overt nephropathy were characterized
by a significantly lower systolic blood pressure and fe-
male preponderance.

Several studies reported discordance as well as con-
cordance between diabetic retinopathy and nephropathy.
Agardh et al. [6] performed a retrospective study of 100
patients with insulin-dependent diabetes mellitus to ex-
amine the association between retinopathy and neph-
ropathy and found that a high proportion (35%) of pa-
tients with proliferative retinopathy did not have detect-
able signs of nephropathy and that nephropathy did not
develop during an observation period of up to 9 years
among these patients. Their data suggested that factors
underlying the development of diabetic retinal and renal
microangiopathy might be of different origins pathoge-
netically. Chavers et al. [7] investigated the relationship
between retinal structural lesions and quantitative meas-
ures of glomerular structure in 86 patients with insu-
lin-dependent diabetes mellitus and found a marked dis-
cordance between retinopathy and nephropathy, as illus-
trated by patients with normal urinary excretion or
low-level microalbuminuria, normal glomerular struc-
tural measures, and advanced retinopathy. On the other
hand, Kanauchi et al. [8] studied 5 out of 122 patients
with advanced nephropathy but without retinopathy,
summarizing clinical, therapeutic, biochemical and his-
tological data linked to the nephropathy. The divergence
between this advanced nephropathy and the concomitant
lack of retinopathy led these authors to hypothesize that

Table 1. Clinical background according to nephropathy stage in patients with type 2 diabetes with advanced retinopathy.

Clinical background P1(52) P2(45) P3(43) P4(62)
Age (y) 62.6 +11.6 60.1+9.7 583+126 61.7+111
Gender (M/F) 22/47 24/36 28/25 57/33
Duration (mo) 189.5+120.7 171.8+92.6 160.8+83.6 223.9+112.4
BMI (kg/m?) 224+35 242+4.0 253+38 233+26
SBP (mmHg) 1347+17.1 1385+21.6 143.9+204 153.8+259
DBP (mmHg) 747+11.8 76.3+15.8 79.2+143 80.9+19.0
HbAlc (%) 85+19 9.0+17 9.3+20 81+20
Neuropathy

motor nerve conduction study (m/s) 414+6.2 39.0+4.9 38.1+5.6 33.9+8.0
Sensory nerve conduction velocity (m/s) 46.1+£6.7 425+7.0 420+4.6 354+£9.7
Smoking (yes/no) 14/38 19/26 24/19 28/34
Treatment (diet/OHA/insulin) 2/18/32 0/13/32 2/14/27 3/10/49

BMI,body mass index; SBP,systolic blood pressure; DBP,diastolic blood pressure; OHA,oral hypoglycemic agent.

Table 2. Multiple analysis using a proportional odds model with age, duration, body mass index (BMI), systolic blood pres-

sure (SBP), HbAlc and gender as explanatory variables.

Variables Odds ratio 95%confidenceinterval p value
Age 0.999 0.973-1.026 0.9503
Duration 1.002 1.000-1.005 0.0954
BMI 1.032 0.955-1.114 0.4250
SBP 1.027 1.014-1.039 <0.001
HbAlc 0.907 0.792-1.038 0.1560
Gender(F/M) 0.536 0.315-0.912 <0.05
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there are important differences in some aspects of the
pathogenesis of retinopathy and nephropathy. Sussa et al.
[11] noted that all 5 cases with advanced nephropathy but
without retinopathy described by Kanauchi et al. [8]
were smokers and suggested that the discordance be-
tween the complications is due to environmental factors.
Recently, Wolf et al. [12] examined 323 patients with
type 1 diabetes mellitus and 1906 patients with type 2
diabetes mellitus and found that many patients with type
2 diabetes with renal abnormalities showed, in contrast to
those with type 1 diabetes, no signs of retinopathy and
recommended renal biopsy in these patients.

Thus, several investigations have indicated the exis-
tence of discordance in the development and progression
between diabetic retinopathy and nephropathy, but the
underlying factors in the absence of association remain
undefined. Data in the present study provide new infor-
mation that female diabetic patients are more likely to
present with proliferative diabetic retinopathy without
nephropathy. This is in contrast with the widely prevalent
view that there is no significant gender preponderance in
the development and progression of diabetic retinopathy
[13-15]. Mendesohn et al. [16] suggested protective ef-
fects of estrogen on cardiovascular diseases. Gender dif-
ferences in the development and progression of advanced
diabetic retinopathy without associated renal disease, as
observed in the present study, might be attributed to
hormonal influences in females. Diabetic retinopathy has
been shown to progress during pregnhancy [17-19]. Dia-
betic retinopathy has been aggravated due to sex hor-
mone administration, followed by return to baseline after
its cessation [20]. Further studies are justified to evaluate
the influence of blood coagulation and sex hormones in
relation to gender with regard to progression of diabetic
retinopathy as well as diabetic duration and blood glu-
cose control to understand the mechanism of progression
of diabetic retinopathy.
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