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Background: Despite the recent increasing trend in the prevalence of type 2 diabetes among older individuals, the relationship be-
tween diabetic retinopathy (DR) and chronic kidney disease (CKD) in these patients remains unclear. This study investigated the severi-
ty of renal dysfunction according to the degree of DR in older patients with type 2 diabetes.

Methods: A total of 116 patients with diabetes and CKD stage 23 who visited both the nephrology and ophthalmology outpatient
departments between July 2021 and January 2022 were screened. There were 53 patients in the no DR group, 20 in the nonprolifera-

tive DR (NPDR) group, and 43 in the proliferative DR (PDR) group.

Results: DR severity was related to the deterioration of renal function. The proportion of patients with advanced CKD significantly in-
creased with DR severity (p for trend <0.001). In the multivariate regression model adjusted for age of >80 years, male sex, poorly
controlled diabetes, macroalbuminuria, insulin use, diabetes duration of > 10 years, cerebrovascular accident, hypertension, hyperlipid-
emia, and cardiovascular disease history, the odds ratio compared with the no DR group was approximately 4.6 for the NPDR group
and approximately 11.8 for the PDR group, which were both statistically significant (p=0.025 and p<0.001, respectively).

Conclusion: DR severity in older patients with diabetes may be associated with deterioration of renal function and high prevalence of
advanced CKD. Therefore, periodic examination for DR in older patients with diabetes is important for predicting renal function deteri-

oration and CKD progression.
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Introduction

Diabetic nephropathy and diabetic retinopathy (DR) are major
microvascular complications of diabetes mellitus (DM) with a
similar pathogenesis. They also share risk factors such as smoking,

poorly controlled blood glucose levels, hypertension (HTN), and
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hyperlipidemia [ 1,2]. As a microvascular complication of type 1
DM, the correlation between DR and chronic kidney disease
(CKD) has been well established; however, in type 2 DM, the cor-
relation between these two conditions remains relatively unclear
[34].

Meanwhile, with global increases in life expectancy and long-
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term exposure to metabolic risk factors, there has been a rapid in-
crease in the prevalence of DM among older adults [5,6]. The
global prevalence of type 2 DM in this population was reported to
be approximately 22% in 2017 [5]. Korea is also an aging society,
and a survey conducted from 2016 to 2018 reported a DM preva-
lence of approximately 28% among individuals aged > 65 years,
which is higher than the global average [7]. Furthermore, aging it-
self is associated with the pathogenesis of DM owing to a decrease
in pancreatic beta cell function and impaired regulation of various
hormones [8].

Despite the recent increasing trend in the prevalence of DM
among older individuals, the relationship between DR and CKD
in older patients with DM is still uncertain. A recent large cohort
study indicated that the severity of DR s also related to CKD pro-
gression [9]. However, these large-scale studies were not conduct-
ed exclusively in older patients with DM. Therefore, to confirm the
relationship between DR and CKD in this subpopulation, a fol-
low-up analysis of older individuals in a large-scale study or addi-
tional studies tailored to those greater than a cutoff age are needed.
The present study was conducted to investigate renal function and
the proportion of advanced CKD cases with respect to the degree
of DR in older patients with DM. The present study also examined
whether there are additional factors influencing the relationship
between advanced CKD and the degree of DR, and in particular,
whether the degree of DR and proteinuria have an additive effect
on advanced CKD.

Methods

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Daegu Catholic University
Hospital (IRB No: CR-22-022) with an exemption from in-
formed consent. Personal data related to patient information
were used and personally identifiable information was pro-
tected. This was a retrospective cross-sectional study that did
not include personally identifiable information. All study
methods were performed in compliance with relevant guide-
lines and regulations.

1. Study design

A total of 272 patients with DM and CKD stage >3 who visited
both the nephrology and ophthalmology outpatient departments
from July 2021 to January 2022 were screened. Patients with a fol-
low-up period of fewer than 6 months and those who were not
screened periodically were excluded. Patients aged < 60 years and
those with overt or past cancer, autosomal dominant polycystic

kidney disease (ADPKD), or solid organ transplantation were also
excluded. The World Health Organization has defined old age as
> 60 years [ 10]. In this study, an older patient was considered at
least 60 years old; therefore, the inclusion and exclusion criteria for
the study were established. Laboratory test results, such as those
assessing renal function and albuminuria, were examined in all pa-
tients who met the inclusion criteria. Patients were also evaluated
for DR by dilated fundus examination with wide-field fundus pho-
tography.

Basic patient information, including age, sex, insulin use, DM
duration, HTN, hyperlipidemia, past cerebrovascular accident
(CVA), and history of cardiovascular disease (CVD), was collect-
ed through an electronic chart review. CVD was clarified as myo-
cardial infarction (MI), acute coronary syndrome (ACS), conges-
tive heart failure (CHF), arrhythmia, or valvular heart disease
(VHD). CVD history was diagnosed by a cardiologist. If echocar-
diography was performed within 6 months, relevant reports were
reviewed. Data pertaining to creatinine (Cr), glycated hemoglobin
(HbA1c), cholesterol, and serum albumin levels and random urine
albumin-Cr ratio were collected from laboratory tests. Albumin-
uria included both microalbuminuria (30 mg/g Cr<random
urine albumin-Cr ratio < 300 mg/g Cr) and macroalbuminuria
(random urine albumin-Cr ratio of >300 mg/g Cr).

We compared renal function and the distribution of CKD stages
according to the degree of DR. Cr levels and the estimated glomer-
ular filtration rate (e GFR) were used to compare renal function.
eGFR was calculated using the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation [11]. CKD stage was
defined according to the CKD Evaluation and Management crite-
ria reported in 2012 in the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines. Moreover, we investigated
whether there were risk factors for advanced CKD, including the
degree of DR. Advanced CKD was defined as CKD stages 4 and 5.
To analyze the impact of DR on the prevalence of advanced CKD,
we used several factors, such as very old age, male sex, poorly con-
trolled DM, macroalbuminuria, insulin use, DM duration of > 10
years, history of CVA, HTN, hyperlipidemia, CVD, MI, ACS,
CHE, arrhythmia, and history of VHD. In previous research, in-
cluding the 2018 European Society of Cardiology/European Soci-
ety of Hypertension (ESC/ESH) blood pressure guidelines, age of
> 80 years was defined as very old, and we adopted this definition
in our study [12]. Although the definition of poorly controlled
DM differs among studies, we defined it as an HbAlc level of
> 8% in our study.

2. Fundus examination
Patients who visited the ophthalmology department underwent
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wide fundus photography and fundus examination after pupil dila-
tion. Fluorescein angiography was performed on all patients sus-
pected of having a new vessel in the fundus examination to distin-
guish proliferative DR (PDR) from severe nonproliferative DR
(NPDR). No DR, NPDR, and PDR were classified according to
the Early Treatment Diabetic Retinopathy Study severity scale, and
all patients who had undergone panretinal photocoagulation or
pars plana vitrectomy for treatment of PDR were included in the
PDR group [13,14]. In this examination, even if one eye was nor-
mal and the contralateral eye was diagnosed with NPDR, the pa-
tient was included in the NPDR group. If only one eye was diag-
nosed with PDR, the patient was included in the PDR group.

3. Statistical analysis

The three groups classified according to the degree of DR were
compared using independent two-sample t-tests or one-way analy-
sis of variance (ANOVA) for continuous variables and chi-square
or Fisher exact tests for nominal variables. Bonferroni and Tukey
methods were used for post-hoc analysis of one-way ANOVA re-
sults. Receiver operating characteristic (ROC) curve analysis was
used to confirm the cutoff value of renal function for NPDR or
PDR. The cutoff value was defined as the value that maximized
the sensitivity and specificity of the ROC curve (Youden index).
The trend in the proportion of advanced CKD according to the
degree of DR was analyzed using a linear-by-linear association.
The forward conditional method and binary logistic regression
analysis were used to select variables regarding risk factors to com-
pare advanced CKD among the three groups. Very old age, male
sex, poorly controlled DM, macroalbuminuria, insulin use, DM
duration of > 10 years, past CVA, HTN, hyperlipidemia, CVD,
MI, ACS, CHF, arrhythmia, and history of VHD were considered
confounding variables in the multivariate analysis. As mentioned
in the introduction, these confounding factors are widely known
risk factors for diabetic nephropathy [ 1,2]. In the next section, we
present the results of multivariate binary logistic regression using
the three models. CVD is a broad term for many diseases, includ-
ing M1, ACS, CHEF, arrhythmia, and VHD; when CVD was used
for adjustment, the individual diseases were not considered con-
founding factors. Even when individual CVD diseases were used as
confounding factors, regression analysis was not performed by se-
lecting duplicates because Ml is a subset of ACS. In addition, a hi-
erarchical regression analysis was conducted using Baron and Ken-
ny method for mediation to analyze the interaction between the
degree of DR and level of proteinuria in advanced CKD [15]. The
level of statistical significance was set at p < 0.0S. All statistical anal-
yses were performed using IBM SPSS version 19.0 (IBM Corp.,
Armonk, NY, USA).
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Results

1. Basic characteristics

Of the 272 patients, 33 who had a follow-up period of fewer than 6
months or for whom serial laboratory tests were not performed
were excluded. Of the remaining 239 patients, 81 aged < 60 years,
14 with cancer, three with ADPKD, 15 who received liver trans-
plantation, and 10 who received kidney transplantation were ex-
cluded, and 116 patients were finally analyzed. Based on the de-
gree of DR, these 116 patients were classified into the no DR
group (53 patients), NPDR group (20 patients), and PDR group
(43 patients) (Fig, 1).

The basic characteristics of the patients included in this study are
summarized in Table 1. No significant difference was observed in
age and sex among the three groups classified according to the de-
gree of DR. A significant difference was detected in the serum al-
bumin concentration between the no DR and PDR groups. How-
ever, the respective mean levels were 4.10 and 3.95 g/dL, which
were higher than the standard hypoalbuminemia cutofflevel of 3.5
g/dL. The prevalence of albuminuria was significantly higher in
the PDR group than in the other two groups. In particular, the
prevalence of macroalbuminuria was significantly higher in the
PDR group than in the other two groups, whereas that of microal-
buminuria was not statistically different. Insulin use was signifi-
cantly higher in the NPDR and PDR groups than in the no DR
group. The NPDR group showed the highest rate, but no signifi-
cant difference was observed between the NPDR and PDR
groups. The duration of DM was longer in the NPDR and PDR

239 DM patients with CKD stage >3
screened who visited nephrology and
ophthalmology outpatient department
(follow-up period, 26 mo)

Excluded
Age <60 yr (n=81)
Cancer (n=14)
"] ADPKD (n=3)
Liver transplantation (n=15)
Kidney transplantation (n=10)

A

116 Subjects
included in the analysis
I
v v v
No DR group NPDR group PDR group
(n=53) (n=20) (n=43)

Fig. 1. Distribution of patients included in this study. DM,
diabetes mellitus; CKD, chronic kidney disease; ADPKD, autosomal
dominant polycystic kidney disease; DR, diabetic retinopathy;
NPDR, nonproliferative DR; PDR, proliferative DR.
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Table 1. Basic characteristics of the three groups classified according to the degree of DR

. p-value
Characteristic No DR group NPDR group PDR group No DR vs NPDRNo DR vs. PDR  NPDR vs. PDR
No. of patients 53 20 43
Age (yr) 71.6218.743 70.65%8.887 68.95+8.679 0.906 0.301 0.754
Very old agea) 12 (22.6) 5(25.0) 7 (16.3) >0.999 0.437 0.496
Male sex 23 (43.4) 11 (55.0) 15 (34.9) 0.375 0.396 0.131
HbA1c (%) 7.28111.343 7.660%1.515 7.781£1.934 0.645 0.290 0.958
Total cholesterol (mg/dL) 147.360%40.484 151.150+28.722 147.910+38.531 0.924 0.997 0.947
Serum albumin (g/dL) 4.098+0.459 4.0000.511 3.851£0.473 0.710 0.033 0.478
Albuminuria” 26 (49.1) 14 (70.0) 40 (93.0) 0.109 <0.001 0.023
Microalbuminuria® 3(5.7) 2 (10.0) 3(7.0) 0.177 <0.001 0.012
Macroalouminuria® 23 (43.4) 12 (60.0) 37 (86.0) 0.177 <0.001 0.012
Insulin use 11 (20.8) 17 (85.0) 19 (44.2) <0.001 0.014 0.002
DM duration (yr) 13.496+7.726 17.810£8.644 20.230+8.320 0.110 <0.001 0.514
Hypertension 39 (73.6) 18 (90.0) 36 (83.7) 0.205 0.232 0.706
Hyperlipidemia 39 (73.6) 18 (90.0) 24 (55.8) 0.205 0.068 0.007
Past CVA 5(9.4) 6(30.0) 12 (27.9) 0.060 0.018 0.864
CVvD 30 (56.6) 10 (50.0) 14 (32.6) 0.613 0.019 0.185
Ml 6(11.3) 6(30.0) 4(9.3) 0.077 >0.999 0.061
ACS 14 (26.4) 6(30.0) 6(14.0) 0.759 0.135 0.172
CHF 24 (45.3) 10 (50.0) 9(20.9) 0.719 0.012 0.019
Arrhythmia 9(17.0) 2 (10.0) 4(9.3) 0.716 0.274 >0.999
VHD 2(3.8) 2 (10.0) 4(9.3) 0.301 0.403 >0.999
CABG history 5(9.4) 0(0) 2(4.7) 0314 0.454 >0.999

Values are expressed as number only, mean £ standard deviation, and number (%).
DR, diabetic retinopathy; NPDR, nonproliferative DR; PDR, proliferative DR; HbA1c, glycated hemoglobin; DM, diabetes mellitus; CVA, cerebrovascular
accident; CVD, cardiovascular disease; M|, myocardial infarction; ACS, acute coronary syndrome; CHF, congestive heart failure; VHD, valvular heart dis-

ease; CABG, coronary artery bypass graft surgery.

7> 80 years. YAlbuminuria includes both microalbuminuria and macroalbuminuria. “Microalbuminuria is defined as 30 mg/g Cr<random urine albu-
min-creatinine ratio <300 mg/g Cr. “Macroalbuminuria is defined as random urine albumin-creatinine ratio of =300 mg/g Cr.

groups than in the no DR group, but the difference was signifi-
cant only between the no DR and PDR groups. Past CVA inci-
dence was significantly higher in the PDR group than in the no
DR group.

2. Comparison of renal function according to degree of
diabetic retinopathy

In the comparison of renal function among the three groups, the
mean serum Cr level was 2.13 mg/dL in the no DR group, 3.19
mg/dL in the NPDR group, and 3.71 mg/dL in the PDR group.
With the severity of DR, the mean serum Cr level tended to be
higher, and it was significantly higher in the NPDR and PDR
groups than in the no DR group. Among the three groups, the
mean eGFR was 34.0 mL/min/1.73 m” in the no DR group, 24.5
mL/min/1.73 m in the NPDR group, and 20.3 mL/min/1.73 m’
in the PDR group. Corresponding to the trend in serum Cr levels,
the mean eGFR decreased with the severity of DR, and a signifi-
cant difference was observed when comparing the NPDR and

PDR groups to the no DR group. However, no significant differ-
ence was observed in the mean eGFR between the NPDR and
PDR groups (Fig. 2).

3. Cutoff value of renal function to predict comorbidities

of nonproliferative and proliferative diabetic retinopathies
In the ROC curve analysis of renal function for NPDR, the area
under the curve (AUC) was statistically significant at 0.732 for Cr
level and 0.716 for eGFR (p=0.002 for Cr and p=0.005 for
eGFR). The cutoff value of Cr and eGFR predicting NPDR were
2.25 mg/dL and 27.41 mL/min/1.73 m’, respectively, and the
sensitivity and specificity for NPDR were 70.0% and 71.7%, re-
spectively, at a Cr level of 2.25 mg/dL and 70.0% and 73.6%, re-
spectively, at an eGFR of 27.41 mL/min/1.73 m®. In the ROC
curve analysis of renal function for PDR, the AUC was 0.771 for
Crlevel and 0.769 for eGFR, and the cutoft values were 2.65 mg/
dL and 21.27 mL/min/1.73 m’ for Cr and eGFR, respectively.
The sensitivity and specificity for predicting PDR were 79.1% and
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Fig. 2. Comparison of renal function according to the degree of DR in older patients with type 2 diabetes mellitus. As the degree
of DR progresses, the mean Cr level increases and the mean eGFR tends to decrease. However, in the post-hoc analysis, there is
a significant difference only between the no DR and NPDR groups and between the no DR and PDR groups. Meanwhile, in the
Spearman correlation analysis, Cr level and eGFR show positive and negative correlations with the degree of DR, respectively.
(A) Comparison of Cr according to the degree of DR. (B) Comparison of eGFR according to the degree of DR. Cr, creatinine; eGFR,
estimated glomerular filtration rate; DR, diabetic retinopathy; NPDR, nonproliferative DR; PDR, proliferative DR.

26.0%, respectively, at a Cr level of 2.65 mg/dL and 72.1% and
75.3%, respectively; at an eGFR of 21.27 mL/min/1.73 m” (Fig. 3).

4. Comparison of the distribution of chronic kidney
disease stages and proportion of advanced chronic kidney
disease cases

Regarding the distribution of CKD stages > 3 in the no DR group,
64.2%, 30.2%, and 5.7% of patients were categorized as stages 3, 4,
and S, respectively, with the proportions being statistically signifi-
cantly different between CKD stages 3 and 5. The distribution of
CKD stages in the PDR group was as follows: CKD stage 3, 14.0%;
CKD stage 4, 44.2%; and CKD stage S, 41.8%. A statistically signif-
icant difference was detected between CKD stages 3 and S in the
PDR group, as observed in the no DR group. When the trend in
the proportion of advanced CKD was analyzed according to DR
severity via linear-by-linear association, the proportion of ad-
vanced CKD was found to significantly increase with the severity
of DR (p for trend < 0.001) (Fig. 4).

S. Association between diabetic retinopathy degree and
proportion of advanced chronic kidney disease

In the univariate binary logistic regression analysis, the proportion
of patients with CKD stage >3 having advanced CKD was ap-
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proximately 4.2 times higher in the NPDR group and approxi-
mately 11.0 times higher in the PDR group than in the no DR
group, and both differences were statistically significant. Moreover,
in the same analysis, the odds ratio for the advanced CKD propor-
tion was approximately 4.4 for macroalbuminuria, 5.5 for DM dura-
tion of > 10 years, 3.0 for HTN, 5.5 for MI, and 2.3 for CHE. These
results were found to be statistically significant. These results of the
univariate binary logistic regression analysis of the proportion of pa-
tients with advanced CKD are summarized in Table 2.

Even in the multivariate binary logistic regression analysis, the
odds ratio for advanced CKD proportion was higher than that in
the no DR group as the degree of DR progressed, even after adjust-
ing for various factors. Multivariate regression model 1 was adjust-
ed for the following factors: very old age, male sex, poorly con-
trolled DM, macroalbuminuria, insulin use, DM duration of > 10
years, past CVA, HTN, hyperlipidemia, and history of CVD. The
odds ratio compared with the no PDR group was approximately
4.6 for the NPDR group and approximately 11.8 for the PDR
group, and both differences were statistically significant. Next, mul-
tivariate regression model 2 was adjusted for the following factors:
old age, male sex, poorly controlled DM, macroproteinuria, insulin
use, DM duration of > 10 years, past CVA, HTN, hyperlipidemia,
MI, CHEF, arrhythmia, and history of VHD. The odds ratio com-
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Fig. 3. ROC curves of renal function for NPDR and PDR in older patients with type 2 diabetes mellitus (DM). The degree of renal
function deterioration in older patients with type 2 DM may be helpful in predicting the presence of NPDR or PDR. (A) ROC curve
of Cr level for NPDR. (B) ROC curve of eGFR for NPDR. (C) ROC curve of Cr level for PDR. (D) ROC curve of eGFR for PDR. AUC,
area under the curve; Cl, confidence interval; ROC, receiver operating characteristic; Cr, creatinine; eGFR, estimated glomerular
filtration rate; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.

pared with the no PDR group was approximately 9.4 for the
NPDR group and approximately 25.7 for the PDR group, and
both differences were statistically significant. Finally, multivariate
regression model 3 was adjusted for the following factors: old age,
male sex, poorly controlled DM, macroproteinuria, insulin use,
DM duration of > 10 years, past CVA, HTN, hyperlipidemia,
ACS, CHEF, arrhythmia, and history of VHD. The odds ratio com-
pared with the no PDR group was approximately S.5 for the

NPDR group and approximately 20.2 for the PDR group, and
both differences were statistically significant. The results of the
multivariate binary logistic regression analysis of the proportion of
patients with advanced CKD are summarized in Table 3.

Discussion

Previous studies have documented that the natural course of dia-
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Fig. 4. Comparison of advanced CKD proportion according to
the degree of DR among older patients with type 2 diabetes
mellitus (DM) and CKD stage >3. The proportion of advanced
CKD cases among older patients with type 2 DM and CKD stage
>3 increases significantly with the severity of DR. DR, diabetic
retinopathy; NPDR, nonproliferative DR; PDR, proliferative DR;
CKD, chronic kidney disease.

Table 2. Univariate binary logistic regression analysis of advanced
chronic kidney disease

Univariate regression model

Variable OR (95% Cl) p-value
No DR Reference
NPDR 4.175(1.377-12.657) 0.012
PDR 11.035 (3.943-30.885) <0.001
Very old age” 2.308 (0.809-6.347) 0.105
Male sex 0.591 (0.278-1.256) 0.172
HbA1c >8% 1.500 (0.671-3.353) 0.323
Macroalbuminuria® 4.430 (1.987-9.878) <0.001
Insulin use 1.740 (0.802-3.779) 0.161
DM duration =10 yr 5.454 (2.127-13.984) <0.001
Hypertension 2.965 (1.158-7.594) 0.023
Hyperlipidemia 0.721 (0.316-1.647) 0.438
Past CVA 1.295 (0.500-3.358) 0.594
CVvD 1.421 (0.671-3.011) 0.359
MI 5.500 (1.187-25.484) 0.029
ACS 2.667 (0.978-7.268) 0.055
CHF 2.252 (1.002-5.061) 0.049
Arrhythmia 1.357 (0.435-4.293) 0.593
VHD 1.103 (0.250-4.855) 0.897
CABG history 1.692 (0.314-9.115) 0.540

OR, odds ratio; Cl, confidence interval; DR, diabetic retinopathy; NPDR,
nonproliferative DR; PDR, proliferative DR; DM, diabetes mellitus; CVA,
cerebrovascular accident; CVD, cardiovascular disease; MI, myocardial
infarction; ACS, acute coronary syndrome; CHF, congestive heart failure;
VHD, valvular heart disease; CABG, coronary artery bypass graft surgery.
?>80 years. "Macroalbuminuria is defined as a random urine albu-
min-creatinine ratio of =300 mg/g Cr.
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betic nephropathy in most cases of type 1 DM is consistent and
typical [ 16-20]. In type 1 DM that is not appropriately treated, mi-
croalbuminuria commonly appears 10 to 15 years after disease on-
set and overt proteinuria appears 20 years after disease onset, re-
sulting in a decrease in glomerular filtration rate [ 16]. Further-
more, the natural course of DR in type 1 DM occurs in approxi-
mately half of patients 7 years after disease onset. It has also been
reported that DR precedes diabetic nephropathy in most cases
[21,22].

In contrast, in type 2 DM, the natural course of diabetic ne-
phropathy is atypical and inconsistent; therefore, it is common to
have a varied range of proteinuria at the time of diagnosis [17,23].
Moreover, it is controversial whether DR precedes diabetic ne-
phropathy in type 2 DM, and in some reports, diabetic nephropa-
thy was confirmed by renal biopsy, even in the absence of DR
[24,25]. In previous large cohort studies, the overall prevalence of
diabetic nephropathy in patients with type 2 DM was reported to
be approximately 17% to 58% [26,27]. In particular, a multination-
al multicenter cohort study indicated that the prevalence of diabet-
ic nephropathy in patients with type 2 DM tended to be higher in
Asia than in Europe, and in Korea, it was 58%, the highest preva-
lence in Asia [27]. Furthermore, it is important to consider the sig-
nificantly higher prevalence of type 2 DM than type 1 DM [5,28].
The Diabetes Prevalence Trend Report indicated that the global
prevalence of DM is expected to increase from 8.4% in 2017 to
9.9% in 2045, with the prevalence of DM in older individuals
reaching almost 20% as of 2017 [29]. Therefore, we focused on
the correlations between various microvascular complications in
older patients with type 2 DM.

In addition, studies have established that DR and diabetic ne-
phropathy can act as risk factors for each other in patients with
type 1 DM [3,18,30]. Relatively few studies have investigated the
relationship between DR and diabetic nephropathy in type 2 DM,
but there have been reports that the mutual effect of DR and dia-
betic nephropathy is small compared with that in type 1 DM
[3,31,32]. El-Asrar et al. [32] reported that the risk of diabetic ne-
phropathy was higher in patients with type 2 DM according to the
severity of DR, but lower than the increased risk in patients with
type 1 DM. Parving et al. [31] also reported that the rate of DR
was higher in patients with overt proteinuria than in patients with-
out proteinuria. In our study, the degree of DR was associated with
deterioration of renal function in older patients with type 2 DM
and CKD stage > 3. Moreover, the proportion of patients with ad-
vanced CKD was significantly higher when the degree of DR was
higher. These results are consistent with those of previous studies.
Nevertheless, previous studies did not target older individuals ex-
clusively or they set the exclusion criterion for age to > 66 years;
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Table 3. Multivariate binary logistic regression analysis of advanced chronic kidney disease

Multivariate regression model 1

Multivariate regression model 2

Multivariate regression model 3

Variable OR (95% Cl) p-value OR (95% Cl) p-value OR (95% ClI) p-value
No DR Reference Reference Reference

NPDR 4.643 (1.211-17.792) 0.025 9.375 (1.514-58.048) 0.016 5.461 (1.313-22.718) 0.020
PDR 11.479 (3.294-40.001) <0.001 25.668 (5.339-123.414) <0.001 20.228 (5.332-76.737) <0.001

Multivariate regression model 1 is adjusted for the degree of DR, very old age, male sex, poorly controlled DM, macroalbuminuria, insulin use, DM du-
ration of 210 years, history of CVA, HTN, hyperlipidemia, and history of CVD. Multivariate regression model 2 is adjusted for the degree of DR, very old
age, male sex, poorly controlled DM, macroalbuminuria, insulin use, DM duration of 210 years, history of CVA, HTN, hyperlipidemia, MI, CHF, arrhythmia,
and history of VHD. Multivariate regression model 3 is adjusted for the degree of DR, very old age, male sex, poorly controlled DM, macroalbuminuria,
insulin use, DM duration of 2 10 years, history of CVA, HTN, hyperlipidemia, ACS, CHF, arrhythmia, and history of VHD.

Poorly controlled DM is defined as an HbA1c level of >8.0%. Macroalbuminuria is defined as a random urine albumin-creatinine ratio of >300 mg/g Cr.
OR, odds ratio; Cl, confidence interval; DR, diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy;
DM, diabetes mellitus; HTN, hypertension; CVA, cerebrovascular accident; CVD, cardiovascular disease; MI, myocardial infarction; CHF, congestive heart
failure; VHD, valvular heart disease; ACS, acute coronary syndrome; HbA1c, glycated hemoglobin.

therefore, these studies cannot explain the relationship between
DR and diabetic nephropathy in older patients with type 2 DM.
Our study was different from these previous studies, as we targeted
older patients with type 2 DM aged > 60 years.

Meanwhile, by analyzing 1,583 patients with CKD in the Chronic
Renal Insufficiency Cohort (CRIC) Study, Grunwald et al. [9]
reported that exacerbation of retinopathy was related to the severi-
ty of CKD. However, in their study, the mean age was 60 years, and
there were 680 patients with DM (43.0%). Moreover, when only
the patients with DM were analyzed, the exacerbation of retinopa-
thy did not significantly affect CKD severity [9]. Although these
results are inconsistent with our results, it may be essential to con-
sider the age difference of subjects between the two studies and
that their study included patients without DM. Hence, there is a
need for larger, well-designed studies investigating the relationship
between DR and CKD in older patients with type 2 DM in the fu-
ture.

Finally, in the univariate regression analysis, we found that the
degree of DR in older patients with type 2 DM was associated with
a high proportion of advanced CKD cases. Interestingly, these ef-
fects were consistent even after adjusting for various factors such as
very old age, sex, poorly controlled DM, macroalbuminuria, insu-
lin use, DM duration of > 10 years, and various underlying diseas-
es such as past CVA, HTN, hyperlipidemia, and CVD. These are
widely reported risk factors for diabetic nephropathy in several pre-
vious studies [1,2,33]. Our results suggest that DR is associated
with a higher rate of advanced CKD as well as well-known risk fac-
tors in older patients with type 2 DM. It has been reported that the
relationship between DR and diabetic nephropathy in patients
with insulin-treated type 2 DM was similar to that in patients with
type 1 DM [34,35]. Among our study participants, the rate of insu-
lin use was 40.5%, and a higher insulin-use rate in patients with DR
or advanced CKD might have affected the results of this study:.

Recently, retinal vessels have been identified noninvasively in the
ophthalmic field using optical coherence tomography angiography
(OCTA). Studies have confirmed the relationship between retinal
microvascular changes in DR and diabetic nephropathy. Cankur-
taran et al. [36] reported that vessel densities in the superficial cap-
illary plexus, whole disc, and peripapillary area were significantly
different depending on the presence of diabetic albuminuria, even
in the absence of DR. In other studies, patients with either type 1
or type 2 DM showed a decrease in the quantitative parameters
identified by OCTA in diabetic nephropathy [37,38]. Although
our study did not evaluate OCTA quantitative parameters and sim-
ply confirmed the relationship between DR severity and diabetic
nephropathy, meaningful results can be expected if such OCTA pa-
rameters are used in the analysis in future studies.

This study has several limitations. First, a selection bias may have
occurred. Since the participants were patients who presented at
both the nephrology and ophthalmology departments at a tertiary
medical institution, the basic characteristics of older patients with
type 2 DM in the real world may be different, and there may be dif-
ferences in treatment adherence. Second, owing to the retrospec-
tive cross-sectional study design, changes over time were not re-
flected. In particular, the rate of severity of DR or CKD can vary
among people; therefore, even if they are classified in the same cat-
egory cross-sectionally, their prognosis may vary over time. There-
fore, retrospective or prospective longitudinal observational stud-
ies are required to evaluate follow-up changes. Third, this was a
small-scale, single-institution study, and the results must be inter-
preted carefully considering the basic characteristics of the study.

In conclusion, the severity of DR in older patients with type 2
DM may be associated with deterioration of renal function and a
higher proportion of advanced CKD. However, this study was
small, and it is difficult to clearly elucidate the relationship between
DR and CKD in older patients with DM. Therefore, larger,
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well-designed, longitudinal studies are needed in the future. Never-
theless, ophthalmology and renal function follow-up tests may be
underestimated due to reduced mobility or lack of independence
in older individuals; therefore, attention may be required to ad-

dress this potential shortcoming.
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