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Purpose: To investigate the risk factors of diabetic nephropathy in patients with diabetic retinopathy requiring
panretinal photocoagulation (PRP) and the visual prognosis.

Methods: A retrospective review of electronic medical records was conducted at Seoul St. Mary’s Hospital,
comprising 103 patients with type 2 diabetes mellitus and diabetic retinopathy who underwent PRP from
1996 to 2005. Patients with type 1 diabetes mellitus, non-diabetic renal disease, non-diabetic retinal dis-
ease, visually significant ocular disease, high-risk proliferative diabetic retinopathy, and advanced diabetic
retinopathy were excluded. The patients were divided into three groups: no nephropathy (group 1, n = 45),
microalbuminuria (group 2, n = 16), and advanced nephropathy (group 3, n = 42). Duration of diagnosis of ret-
inopathy and nephropathy, glycosylated hemoglobin, visual acuity, complications, and treatment history were
investigated.

Results: The mean glycosylated hemoglobin of group 3 (8.4 + 1.2) was higher than that of group 1 (7.7 + 1.0)
or group 2 (7.7 £ 1.0) (p = 0.04). Mean interval from PRP to diagnosis of nephropathy was 8.8 + 6.0 years in
group 2 and 8.7 + 4.9 years in group 3. The significant decrease in visual acuity in group 3 (28 eyes, 35.9%)
was significantly higher than that in group 1 (15 eyes, 18.1%, p = 0.01) or group 2 (6 eyes, 20.7%, p = 0.03).
Only vitreous hemorrhage showed a significantly higher incidence in groups 2 and 3 than in group 1 (o = 0.02).
Multivariate regression analysis revealed that female sex and lower glycosylated hemoglobin were significant-

ly associated with a protective effect on development of nephropathy.
Conclusions: In the clinical setting, many patients with PRP-requiring diabetic retinopathy develop nephropa-
thy an average of 8 to 9 years after PRP. Male sex and higher glycosylated hemoglobin could be risk factors

of nephropathy.
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Diabetes mellitus (DM) is a chronic disease requiring
continuous care and management. Complete cure is ex-
ceedingly rare. One of the microvascular complications of
DM, diabetic retinopathy, is a major cause of visual loss [1].
About 4% of patients with type 1 DM and 1.6% of patients
with type 2 DM lose their vision due to progression of dia-
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betic retinopathy. Although the rate of blindness in patients
with type 2 DM is lower than that of type 1 DM, more pa-
tients with type 2 DM suffer from diabetic retinopathy be-
cause of its higher incidence compared with type 1 DM [2].

Diabetic nephropathy is also a major microvascular
complication of DM. In the United States, the incidence of
diabetic nephropathy is 20% to 30% in patients with type 1
DM and <20% in patients with type 2 DM. Although pa-
tients with type 2 DM show a lower incidence of diabetic
nephropathy, about 60% of diabetic end-stage renal disease
patients have type 2 DM because of the higher incidence
of type 2 DM [3].

Panretinal photocoagulation (PRP) is a major treatment
of severe diabetic retinopathy and reduces the risk of se-
vere visual loss by 50% or more, especially for patients
with high-risk proliferative diabetic retinopathy (neovascu-
larization with pre-retinal or vitreous hemorrhage, neovas-
cularization at disc) [4,5]. PRP-requiring diabetic retinopa-
thy could be a possible indicator of progression of diabetic
microvascular complications.

Diabetic retinopathy, especially at the proliferative stage,
could be a useful tool for diagnosis and screening of dia-
betic nephropathy [6]. Also, the presence and severity of
diabetic retinopathy are closely associated with markers of
diabetic kidney disease, especially lower estimated glo-
merular filtration [7]. The Korea National Health and Nu-
trition Examination Survey of the Korean population re-
vealed the association of diabetic retinopathy and diabetic
nephropathy [8]. However, the cross-sectional design hin-
dered the understanding of the natural history of diabetic
retinopathy and diabetic nephropathy.

The aims of this study were to investigate the incidence,
time to diagnosis of diabetic retinopathy, and risk factors
of diabetic nephropathy in patients with PRP-requiring di-
abetic retinopathy and to explore an association among di-
abetic nephropathy, retinal complications, and visual prog-
nosis.

Materials and Methods

This study was performed with approval of the institu-
tional review board of Seoul St. Mary’s Hospital, College
of Medicine, The Catholic University of Korea (KC16RI-
S10402), and was conducted in adherence with the guide-
lines of the Declaration of Helsinki. Informed consent was
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obtained from all patients.

Designed as a retrospective single center study, electron-
ic medical records of patients with type 2 DM were re-
viewed. Patients diagnosed with diabetic retinopathy who
underwent PRP from 1996 to 2005 were included. Patients
with type 1 DM, non-diabetic renal disease, non-diabetic
retinal disease, visually significant ocular disease in both
eyes except cataract, or more than a year of follow-up loss
period were excluded. Also, patients diagnosed with ad-
vanced diabetic retinopathy with complications requiring
immediate surgical treatment [5,9], such as vitreous hem-
orrhage or tractional retinal detachment at the first oph-
thalmologic visit, were excluded because of the absence of
regular ophthalmologic check-ups and their far advanced
disease stage compared with other patients with PRP-re-
quiring diabetic retinopathy patients.

All patients were diagnosed with DM according to the
criteria in the Expert Committee on Diagnosis and Classi-
fication of Diabetes Mellitus [10,11]. Treatment comprised
either hypoglycemic agents or insulin therapy after their
confirmed diagnosis of diabetes. Patients regularly fol-
lowed up with endocrinologists; follow-up procedures in-
cluded annual checks of blood chemistry, urine chemistry,
and glycosylated hemoglobin. Also, the patients had regu-
lar funduscopic exams by retina specialists without follow-
up loss from first diagnosis of diabetes to 2015.

For evaluation of diabetic retinopathy, patients reported
to the ophthalmology department and underwent compre-
hensive ophthalmologic examinations including fundus
exam with a wide-field contact lens, fundus photography,
and optical coherence tomography if needed. The stage of
diabetic retinopathy was determined by comparison with
standard photographs from the Early Treatment Diabetic
Retinopathy Study (ETDRS) [12]. If proliferative diabetic
retinopathy or progression of severe non-proliferative dia-
betic retinopathy was suspected in the fundus photogra-
phy, fluorescein angiography was conducted. Indications
of PRP were defined as proliferative diabetic retinopathy,
very severe non-proliferative diabetic retinopathy [12], or
aggravation of severe non-proliferative diabetic retinopa-
thy.

Any visual threatening complications of diabetic reti-
nopathy, including vitreous hemorrhage, macular edema,
tractional retinal detachment, or neovascular glaucoma,
were treated appropriately by periocular or intravitreal in-
jection or steroid or anti-vascular endothelial growth factor
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(VEGF) agents, pars plana vitrectomy, intraocular pres-
sure lowering agents, or glaucoma surgery. For the patients
with a visually significant cataract and significant decrease
of visual acuity (over 2 lines in the Snellen chart) that
could not be explained by significant retinal complications
or with blurred fundus imaging, cataract surgery was per-
formed.

Included patients were divided into three groups accord-
ing to nephropathy status. Patients without diabetic ne-
phropathy who showed no albuminuria and a normal glo-
merular filtration rate were classified as group 1 (no
nephropathy group). Patients with microalbuminuria (mi-
croalbuminuria group) were classified as group 2. Patients
with overt proteinuria, chronic kidney disease, or end-
stage renal disease (advanced nephropathy group) were
classified as group 3. Microalbuminuria was defined as
urine albumin excretion between 30 and 299 ng in a 24-
hour collection of urine, between 20 and 199 pg/min in a
timed urine collection, or between 30 and 299 pg/g of spot
urine albumin/creatinine ratio [13].

By retrospective clinical chart review, we investigated
mean age, sex ratio, duration of DM at diagnosis of diabet-
ic retinopathy and nephropathy, mean glycosylated hemo-
globin (HbAc), and morbidity of hypertension (repeatedly
measured systolic blood pressure over 140 mmHg or dia-
stolic blood pressure over 90 mmHg in a resting state, ex-
cluding patients with prophylactic prescription of angio-
tensin converting enzyme inhibitor, beta blocker, or other
anti-hypertensive agents). These measurements were clini-
cal signs predicting diabetic nephropathy in diabetic reti-
nopathy patients. Mean age, mean HbAlc, and morbidity
of hypertension were investigated at the time of diagnosis
of diabetes, retinopathy, and nephropathy, respectively.
Additionally, we investigated the secondary outcome mea-
sures, visual acuity at the time of PRP and last follow-up,
ocular complications (macular edema, vitreous hemor-
rhage, tractional retinal detachment, neovascular glauco-
ma), and treatment history. If a patient had a non-diabetic
retinal disease, corneal opacity, or advanced glaucoma not
associated with complications of diabetes in a single eye,
then data of visual acuity, ocular complications, and treat-
ment history were investigated for only the other eye. Col-
lected data were analyzed and compared by group.

The statistical analysis was performed with IBM SPSS
Statistics ver. 19.0 (IBM Corp., Armonk, NY, USA). A
p-value < 0.05 was defined as statistical significance.
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Results

The 103 patients were divided into group 1 (n = 45, 84
eyes), group 2 (n = 16, 29 eyes), and group 3 (n = 42, 78
eyes). There were no statistically significant differences
among the groups in mean age at diagnosis of diabetes (44.7
+9.2, 414 +10.7,45.3 + 8.6 years, respectively) or mean age
at the time of PRP (56.6 + 8.4, 52.3 £ 10.5, 58.6 + 9.3 years,
respectively) by ANOVA test (p = 0.349 and p = 0.063, re-
spectively). Also, the mean age at diagnosis of diabetes ne-
phropathy in group 2 (61.0 + 11.7 years) and group 3 (67.3 +
9.4 years) was not statistically different (p = 0.067,
Mann-Whitney U-test). There were no statistically signifi-
cant differences in age among groups 1, 2, and 3. The pro-
portions of males in groups 1, 2, and 3 were statistically sig-
nificantly different (9 out of 45, 5 out of 16, 13 out of 42,
respectively) by the Kruskal-Wallis test (p = 0.001). Group 1
showed a lower proportion of males than groups 2 and 3 (p
<0.001 and p < 0.001, respectively, Mann-Whitney U-test).

Mean duration of diabetes (24.7 + 4.7, 24.1 + 4.4, 259 +
5.0 years, respectively), mean follow-up period after PRP
(12.8 £ 4.9, 13.3 £ 5.0, 12.6 = 4.6 years, respectively), and
mean duration of DM at PRP (11.9 + 6.0, 10.8 = 4.8, 13.3 +
5.1 years, respectively) were similar among the three
groups (p = 0.248, p = 0.846, and p = 0.222 respectively,
Kruskal-Wallis test) (Table 1). Mean intervals from the
time of PRP to diagnosis of nephropathy in groups 2 (8.8 =
6.0 years) and 3 (8.7 + 4.9 years) were not significantly dif-
ferent (p = 0.972, Mann-Whitney U-test). One patient in
group 2 and three patients in group 3 were diagnosed with
diabetic nephropathy at or before PRP. Of 58 patients with
diabetic nephropathy, 27 were diagnosed with nephropathy
6 to 10 years after PRP (Fig. 1). In groups 1, 2, and 3, mean
HbAlc at DM diagnosis (7.73 + 1.0, 7.70 + 1.0, 8.37 £1.2, re-
spectively) and mean HbAlc at diabetic retinopathy diag-
nosis (7.6 £ 1.3,9.8 £ 2.5, 8.1 + 2.0, respectively) were statis-
tically difference (p = 0.04, p = 0.008, respectively,
ANOVA test). However, mean HbAlc at the time of diabet-
ic nephropathy diagnosis in groups 2 and 3 (9.6 + 1.8, 8.2 +
1.3, respectively) was not statistically different (p = 0.128,
Mann-Whitney U-test). Proportions of patients with hyper-
tension (35.5%, 31.3%, 33.3%, respectively) showed no sta-
tistical difference (p = 0.947, Kruskal-Wallis test). Mean
visual acuity at PRP and last follow-up did not differ
among the three groups (p > 0.05 for all, Kruskal-Wallis
test) (Table 2).
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Table 1. Baseline characteristics of the patients in the three groups

Group 1: no nephropa-  Group 2: microalbu- Group 3: advanced

R thy (n = 45) minuria (n = 16) nephropathy (n = 42) p-value
Age at diagnosis of DM (yr) 447+£9.2 41.4+10.7 453 +£8.6 0.349
Age at PRP (yr) 56.6 + 8.4 52.3+10.5 58.6+93 0.063
Age at diagnosis of DN (yr) - 61.0+11.7 673+94 0.067
Sex ratio (male : female) 9:36 5:11 13:29 0.001°
Duration of DM at diagnosis of DN (yr) 24.7+4.7 24.1+£44 26.9+5.0 0.248
Follow-up after PRP (yr) 12.8+4.9 133+£5.0 12.6 £4.6 0.846
Duration of DM at PRP (yr) 11.9+6.0 10.8£4.8 13.3£5.1 0.222

Values are presented as mean + standard deviation or number.
DM = diabetes mellitus; PRP = panretinal photocoagulation; DN = diabetic nephropathy.
'p <0.05.

Microalbuminuria
B Advanced nephropathy

Fig. 1. Distribution of patients by time-taken

No. of diabetic nephropathy patients

for diagnosis of nephropathy after panretinal
2 photocoagulation (PRP). In the microalbumin-
uria group and advanced nephropathy group,
one and three patients, respectively, were di-
I I I I I I I agnosed as diabetic nephropathy at or before
0 T T T ! ! ! ! ! ! ! ! the time of PRP. In 58 patients with diabetic
0 2 4 6 8 10 12 14 16 18 20 2 nephropathy, 27 were diagnosed nephropathy
Time-taken for diagnosis of nephropathy after PRP (yr) 6 to 10 years after PRP.
Table 2. Factors associated with diabetic nephropathy
Group 1: no nephropa-  Group 2: microalbu- Group 3: advanced value
thy (n =45) minuria (n = 16) nephropathy (n = 42) p
Time from PRP to diagnosis of DN (yr) - 8.8+6.0 8.7+49 0.972
HbAlc at diagnosis of DM 73+1.0 7.7+1.0 84+12 0.004"
HbAlc at diagnosis of DR 7.6+1.3 9.8+2.5 8.1+£2.0 0.008"
HbAlc at diagnosis of DN - 9.6+1.8 82+13 0.531
Hypertension at DM 16 /45 (35.5) 5/16(31.3) 14 /42 (33.3) 0.947
Hypertension at DR 23 /45 (51.1) 6/16(37.5) 22/42 (52.4) 0.577
Visual acuity at PRP (logMAR)
Better eye 0.11+0.13 0.07 £0.07 0.11+0.13 0.199
Worse eye 0.16£0.19 0.14 £0.18 0.17 £0.28 0.722
Visual acuity at last follow-up (logMAR)
Better eye 0.63 £3.0 0.20 +0.21 0.20 +£0.28 0.755
Worse eye 0.30+0.32 0.34 £0.43 0.42 £0.48 0.782

Values are presented as mean + standard deviation or number (%).

PRP = panretinal photocoagulation; DN = diabetic nephropathy; HbAlc = glycosylated hemoglobin; DM = diabetes mellitus; DR = dia-
betic retinopathy; logMAR = logarithm of the minimum angle of resolution.

*p <0.05.
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Of the group 3 eyes, 35.9% (28 of 78 eyes) showed a sig-
nificant decrease in visual acuity, which was significantly
higher than the 18.1% (15 of 83 eyes) of group | and 20.7%
(6 of 29 eyes) of group 2 (p = 0.029). Ocular complication
rates except vitreous hemorrhage and number of treatments
did not differ among the three groups (p > 0.05 for all).
Only vitreous hemorrhage showed a significantly higher
incidence in groups 2 (7 eyes, 24.1%) and 3 (15 eyes, 19.2%)
than in group 1 (3 eyes, 3.6%) (p = 0.017, Kruskal-Wallis
test). The rate of significant visual loss (more than two lines
in the Snellen chart) showed a statistical difference among
the three groups (p = 0.02, Kruskal-Wallis test). More cases
of pars plana vitrectomy were found in groups 2 and 3 than
in group 1, though the difference was not significant (p =
0.265, Kruskal-Wallis test) (Table 3).

Multivariate regression analysis determined that female
sex and lower mean HbAlc had a protective effect on de-
velopment of diabetic nephropathy (p < 0.001, p = 0.043,
respectively). Duration of diabetes, duration of treatment
for retinopathy, and hypertension at the time of DM and
diabetic nephropathy diagnoses did not significantly influ-
ence development of diabetic nephropathy (p = 0.644, p =
0.742, and p = 0.484, respectively) (Table 4).

Discussion

We investigated the natural history of diabetic microvas-
cular complications. In patients with PRP-requiring diabet-
ic retinopathy, many developed diabetic nephropathy an

average of 8 to 9 years later than in those without PRP.
Several risk factors have been found to influence suscepti-
bility to the microvascular complications of DM. DM dura-
tion, poor glycemic control, and arterial hypertension have
consistently been shown to be correlated with diabetic reti-
nopathy and diabetic nephropathy. In our study, male sex
and poor control of blood glucose (higher HbAlc) were sta-
tistically significant for diabetic nephropathy development.
A number of studies has demonstrated that level of HbAlc,
diabetes duration, and high blood pressure are important
risk factors for diabetic nephropathy [14]. However, in our
study, high blood pressure and duration of diabetes were
not statistically significant.

Table 4. Multivariate logistic analysis results of risk factors
associated with development and progression of diabetic ne-
phropathy

Multivariate logistic analysis

(R>=0.305) B p-value
Sex, female -0.502 0.000"
Age at DM diagnosis -0.188 0.238
Age at PRP 0.040 0.653
Duration of DM at diagnosis of DR 0.464 0.644
Duration of DM at PRP -0.033 0.742
HbA1c at DM diagnosis 0.098 0.359
HbA1c at DR diagnosis 0.212 0.043"
Hypertension at DM diagnosis 0.068 0.484
Hypertension at DR diagnosis -0.299 0.766

DM = diabetes mellitus; PRP = panretinal photocoagulation; DR
= diabetic retinopathy; HbAlc = glycosylated hemoglobin.
*p <0.05.

Table 3. Factors associated with visual prognosis and complications of diabetic retinopathy and history of treatment in the study

groups
Group 1: no nephropathy ~ Group 2: microalbumin- Group 3: advanced
(83 eyes) uria (29 eyes) nephropathy (78 eyes) PED
Significant visual loss -
(ogver 2 lines in Snellen chart) 1538.1) 6(20.7) 28(359) 0.029
Complication
Macular edema 11 (13.3) 3(10.3) 16 (20.5) 0.629
Vitreous hemorrhage 3(3.6) 7(24.1) 15(19.2) 0.017°
Tractional retinal detachment 4(4.8) 2(6.9) 4(5.1) 0.949
Neovascular glaucoma 4(4.8) 2(6.9) 2(2.6) 0.918
Mean number of treatments
Intravitreal injection 0.58 0.34 0.64 0.738
Pars plana vitrectomy 0.10 0.17 0.19 0.255

Values are presented as number (%) unless otherwise indicated.
*p < 0.05.
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The natural history of microvascular complications of
type | diabetes, retinopathy, and nephropathy are well-
known because of their relatively precise onset time com-
pared with type 2 DM. For patients with type 1 DM, the
incidence of diabetic retinopathy (prevalence of 50% at
about 7 years of treatment) seems to rise earlier than that of
diabetic nephropathy (first incidence peak at 16 years)
[15,16]. In addition, it is difficult to know the exact onset
time of type 2 DM compared with type 1 DM. Patients first
diagnosed with type 2 DM could have any stage of micro-
vascular complications, retinopathy, and nephropathy.
Though inclusion criteria were very limited, the results of
this study partially show the clinical history of microvas-
cular complications of diabetes.

Development of nephropathy and its severity showed a
significant relationship with more frequent retinal compli-
cations and poor visual outcomes. Patients with nephropa-
thy in this study showed a higher rate of compromised vi-
sual acuity (20.7% and 35.9% in groups 2 and 3,
respectively) than the no-nephropathy group 1 (18.1%) and
a higher incidence of vitreous hemorrhage (40% and 36%
in groups 2 and 3, respectively) than the no-nephropathy
group (5%). It is difficult to explain why the severe form of
diabetic retinopathy occurred.

As a retrospective observational study, this study has
some limitations, like uncontrolled demographic factors
and limited number (103) of subjects. There could be a bias
in the included patients because they all underwent regular
retinopathy and nephropathy follow-up, and patients with
poor compliance as well as those without retinopathy were
excluded. In the real world, development and progression
of nephropathy could be faster and more severe, and the
relationship between nephropathy and ocular complications
or its treatment could differ from the results of this study
[17].

Because this study included long-term follow-up, a max-
imum 20-year follow-up period, there were changes in the
diagnostic criteria of diabetes (e.g., HbAlc level) [18] and
treatment tools (e.g., intravitreal injection of anti-VEGF
agents) over time [19]. Development of an intravitreal injec-
tion treatment including anti-VEGF agents changed the
treatment modality for diabetic retinopathy [19]. Changes
in diagnosis criteria and treatment modality could be con-
siderable confounding factors when interpreting the results
of this study. Cataract, which was not fully controlled in
this study, also could be a confounding factor for visual
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acuity. To control these factors, well controlled future stud-
ies with consistent diagnosis and treatment criteria should
be conducted for investigation of the natural history of
type 2 DM complications.

It has not been long since clinicians realized the impor-
tance of microalbuminuria for the study of diabetic ne-
phropathy [20]. Since the period of inclusion and follow-up
was about 20 years, the detailed diagnostic or screening
criteria were changed during the study [20,21]. It is possible
that the change in diagnostic criteria for diabetic nephropa-
thy played a role as a confounding factor [22]. The change
in criteria made it difficult to evaluate the progression of
diabetic nephropathy, and a smaller portion of microalbu-
minuria compared with advanced nephropathy could have
been affected by the change. Further research is needed on
the natural history of diabetic nephropathy.

It was accepted previously that development of retinopa-
thy preceded a development of nephropathy in the majority
of cases [23,24]. Diabetic retinopathy was a possible clini-
cal marker for diabetic nephropathy [6,7]. Recently, there
were some reports introducing patients with diabetic ne-
phropathy without retinopathy [25,26], and there were 2
patients with simultaneous diagnosis of diabetic retinopa-
thy and nephropathy in this study. Because this study ex-
cluded patients without diabetic retinopathy, it does not ad-
dress the clinical findings of nephropathy without diabetic
retinopathy.

Cortes and Mogensen [27] showed genetic differences
affecting the susceptibility to damage of each system for a
given level of exposure to high blood pressure, hyperglyce-
mia, and other risk factors. Inflammation, oxidative stress,
and coagulability may also have effects on both retinopa-
thy and nephropathy complications. Identification of genet-
ic polymorphisms associated with risk for one or both
complications may lead to newer preventive treatments in
diabetic persons at risk of developing the earlier preclinical
stages of the disease [28]. A lack of consideration of genetic
differences could be one of the limitations of this study. To
investigate the natural history of microvascular complica-
tions of type 2 diabetes, a field study design with wider in-
clusion criteria, more subjects, and control of confounding
factors will be necessary.

Despite these limitations, this study showed that many
patients with PRP-requiring diabetic retinopathy developed
diabetic nephropathy during long-term follow-up. Higher
HbAlc was the most significant feature of advanced ne-
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phropathy, which may imply an uncontrolled blood sugar
level in patients. Because development of diabetic nephrop-
athy is associated with higher incidence of ocular compli-
cations, ophthalmologists should carefully consider control
of blood glucose and development of diabetic nephropathy.
Consultation with a physician should not be delayed, espe-
cially in male patients with high HbAlc and a long-term
follow-up period after PRP.
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