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Abstract
Objective  The predictive value of diabetic retinopathy 
on end-stage kidney disease (ESKD) has not been fully 
addressed in patients with type 2 diabetes and diabetic 
kidney disease.
Research design and methods  We studied 232 patients 
with type 2 diabetes and biopsy-proven diabetic kidney 
disease who were screened for diabetic retinopathy during 
the 1 month of kidney biopsy. We examined the association 
between retinopathy progression and renal lesions. We 
used Cox regression analyses to explore the risk of ESKD 
adjusting for known risk demographic and clinical variables. 
We assessed the incremental prognostic value of ESKD by 
adding diabetic retinopathy to the clinical variables.
Results  The diabetic retinopathy progression positively 
correlated with all scores of renal lesions, especially with 
the glomerular-based classification (r=0.41), scores of 
interstitial fibrosis (r=0.41) and diffuse lesion (r=0.48). 
During a median follow-up of 5.7 years, 114 patients 
developed ESKD. Adjusting for known risk factors of ESKD, 
the HR for ESKD (patients with no apparent retinopathy as 
a reference) were 1.96 (95% CI 0.62 to 6.17) for patients 
with mild non-proliferative diabetic retinopathy (NPDR), 
3.10 (95% CI 1.45 to 6.65) for patients with moderate 
NPDR, 3.03 (95% CI 1.44 to 6.37) for patients with severe 
NPDR, and 3.43 (95% CI 1.68 to 7.03) for patients with 
proliferative diabetic retinopathy, respectively. Addition 
of the retinopathy grading to the clinical model alone 
improved the prognostic value (the global χ2 statistic 
increased from 155.2 to 164.5; p<0.001), which is an 
improvement equivalent to the addition of the renal lesion 
grading to the clinical model.
Conclusions  Retinopathy progression appeared to be 
associated with renal lesions and the development of 
ESKD. Our findings suggest that diabetic retinopathy and 
kidney disease share the same magnitude of disease 
progression, and therefore diabetic retinopathy may be useful 
for prognosticating the clinical course for diabetic kidney 
disease.

Introduction
Diabetes is now a global epidemic with 
multiple complications.1 Diabetic kidney 

disease, one of the major complications of 
diabetes, affects about 25%–40% of patients 
with diabetes,2 3 and is now the leading cause 
of end-stage kidney disease (ESKD) world-
wide.3–5 It is also associated with increased 
rates of cardiovascular disease (CVD) and all-
cause death.6 This predicament highlights the 
need for prognostic tools for these outcomes, 
helping physicians to decide on the intensity 
of multifactorial therapies in patients with 
diabetic kidney disease so as to ultimately alter 
their prognosis. However, methods to predict 

Significance of this study

What is already known about this subject?
►► Epidemiological studies in diabetes revealed that the 
concordance prevalence is high between diabetic 
retinopathy and renal dysfunction.

What are the new findings?
►► Diabetic retinopathy progression positively correlat-
ed with all scores of renal lesions.

►► The risk for end-stage kidney disease (ESKD) in-
creased in a stepwise fashion, from mild non-
proliferative diabetic retinopathy (NPDR) to moderate 
NPDR, to severe NPDR, to proliferative diabetic reti-
nopathy, even after adjusting for known risk factors 
for ESKD.

►► Addition of the retinopathy grading to the clinical 
model alone improved the prognostic value, which 
is an improvement equivalent to the addition of the 
renal lesion grading to the clinical model.

How might these results change the focus of 
research or clinical practice?

►► Extensive screening for diabetic retinopathy may be 
a powerful tool in prognosticating the clinical course 
for diabetic kidney disease in patients with type 2 
diabetes.

http://drc.bmj.com/
http://orcid.org/0000-0003-3264-9691
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2019-000726&domain=pdf&date_stamp=2019-10-01
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these adverse outcomes currently rely exclusively on 
urine albumin and estimated glomerular filtration rate 
(eGFR).7 Some pathological markers of diabetic kidney 
disease have shown to be of incremental prognostic value 
in patients with diabetic kidney disease.8 9 Renal biopsy 
is a valuable research tool; however, it is too laborious 
for routine use. In addition, traditionally, diabetic kidney 
disease has been clinically diagnosed without kidney 
biopsy unless patients were suspected to have another 
kidney disease.

Likewise, diabetic retinopathy is one of the microvas-
cular complications in diabetes and affects about 30% 
of patients with diabetes.10–12 Clinically, the diagnosis of 
diabetic retinopathy is screened with a funduscopy, which 
is a relatively handy, non-invasive method, compared with 
kidney biopsy. Diabetic retinopathy can be classified by 
severity, according to the International Clinical Diabetic 
Retinopathy Disease Severity Scale.13 This classification 
addresses disease stages and provides patients with an 
opportunity for early interventions to prevent blindness. 
Previous epidemiological studies have shown the coexis-
tence of diabetic retinopathy and diabetic kidney disease 
in both type 1 and type 2 diabetes.14–17 In addition, 
glycemic and blood pressure control reduces the inci-
dence and progression of both retinopathy and kidney 
disease in patients with diabetes, suggesting a common 
pathogenesis of these two complications.18–24

We postulate that diabetic retinopathy and kidney 
disease share the common pathogenic mechanisms, 
resulting in the simultaneous initiation and concurrent 
progression of both complications, and thus the Inter-
national Clinical Diabetic Retinopathy Disease Severity 
Scale13 could be useful for prognosticating the clinical 
course for diabetic kidney disease. The objectives of 
our study were to (1) evaluate the association between 
clinical findings in the retina and pathological lesions 
in kidney biopsy specimens; and (2) quantify the risk 
for ESKD, according to the severity of diabetic retinop-
athy, in patients with type 2 diabetes and biopsy-proven 
diabetic kidney disease.

Methods
Study design and population
This is a longitudinal, retrospective study of patients with 
type 2 diabetes aged 32–76 years who underwent clinical 
kidney biopsy between 1985 and 2015 at the Toranomon 
Hospital and the Toranomon Hospital Kajigaya and had 
a pathological diagnosis with diabetic kidney disease as 
the only glomerular disease diagnosis and were screened 
for diabetic retinopathy with a funduscopic examination 
during the 1 month of kidney biopsy. The majority of 
study patients, mainly inhabiting in Tokyo Metropolis and 
suburban areas (Kanagawa, Saitama, and Chiba Prefec-
tures), were under the care of the two hospitals or satel-
lite clinics, and they were followed up until December 
2017. We excluded patients with a diagnosis of concomi-
tant kidney diseases with diabetic kidney disease, patients 

who underwent a protocol transplant kidney biopsy, or 
patients who were lost to follow-up within 3 months.

Measurements
Clinical data were collected from the medical records 
at the time of kidney biopsy. Clinical data included age, 
gender, body mass index (BMI), known duration of 
diabetes, medical history of CVD, ever having smoked, 
use of renin-angiotensin-aldosterone system (RAAS) 
blockade, use of glucose-lowering agents, use of statin, 
use of erythropoietin stimulating agents, systolic blood 
pressure, diastolic blood pressure, hemoglobin, hemo-
globin A1c, total cholesterol, triglycerides, low-density 
lipoprotein cholesterol, high-density lipoprotein choles-
terol, uric acid, serum creatinine, eGFR (calculated by 
the Modification of Diet in Renal Disease study equation 
for Japanese25), and urine albumin to creatinine ratio 
(UACR). Type 2 diabetes was defined as having diabetes 
onset after the age of 30 years and not taking insulin at 
the baseline visit to our hospitals. Diabetes duration was 
defined as the time from the date of diabetes onset to the 
date of kidney biopsy.

All kidney biopsy specimens were evaluated by (1) light 
microscopy with H&E, periodic acid-Schiff, and Masson 
trichrome stain; (2) immunofluorescence microscopy 
with IgG, IgA, IgM, direct fast scarlet, λ light chains, κ 
light chains, C3, and C1q; and (3) electron microscopy. 
Patients with at least 5 years’ duration of diabetes and 
proven glomerular basement membrane thickening on 
electron microscopy (glomerular basement membrane 
>430 nm in men or >395 nm in women26) were classified 
as having diabetic kidney disease, and pathological find-
ings were evaluated according to the Renal Pathology 
Society (RPS) Diabetic Nephropathy Classification.27 
Briefly, diabetic kidney disease was classified based 
on glomerular changes as follows: (1) class I: glomer-
ular basement thickening and only mild, non-specific 
changes on light microscopy; (2) class II: mild (IIa) or 
severe (IIb) mesangial expansion without either nodular 
lesions or global sclerosis in >50% of the glomeruli; 
(3) class III: nodular lesions without global sclerosis in 
>50% of the glomeruli; and (4) class IV: global sclerosis 
in >50% of the glomeruli. Pathological findings other 
than glomerulus were also evaluated as follows: inter-
stitial lesions (interstitial fibrosis and tubular atrophy 
(IFTA) (grades 0–3) and interstitial inflammation 
(grades 0–2)) and vascular lesions (arteriolar hyalinosis 
(grades 0–2) and arteriosclerosis (grades 0–2)). We also 
evaluated diffuse lesion (grades 0–3), subendothelial 
space widening (grades 0–1), exudative lesion (grades 
0–1), mesangiolysis/microaneurysm (grades 0–1), and 
perihilar neovascularization (grades 0–1). Patients were 
excluded if immunofluorescence and electron micros-
copy confirmed concomitant kidney diseases, such as IgA 
nephropathy, membranous nephropathy, or light chain 
deposition diseases. These procedures were conducted 
by three pathologists.
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Diabetic retinopathy was defined as having any of the 
following retinal microvascular lesions: microaneurysm, 
retinal dot, blot hemorrhage, or neovascularization.12 
With the review of medical records on retinal examination 
or funduscopic examination, diabetic retinopathy was 
graded on the International Clinical Diabetic Retinopathy 
Disease Severity Scale13 as follows: (1) no apparent reti-
nopathy; (2) mild non-proliferative diabetic retinopathy 
(NPDR): microaneurysms only; (3) moderate NPDR: any 
of microaneurysms, retinal dot and blot, hemorrhages, 
hard exudates or cotton wool spots, but no signs of severe 
NPDR; (4) severe NPDR: any of intraretinal hemorrhages 
(≥20 in each of four quadrants), definite venous beading 
(in two quadrants) or intraretinal microvascular abnor-
malities (in one quadrant), but no signs of proliferative 
diabetic retinopathy (PDR); and (5) PDR: one or more of 
neovascularization, vitreous or preretinal hemorrhages. 
Patients were also evaluated whether they had diabetic 
macular edema (DME), defined as having retinal thick-
ening or hard exudates in the posterior pole. These eval-
uations were conducted by several ophthalmologists and 
reviewed by a chief ophthalmologist.

The outcomes of interest were ESKD, CVD, and all-
cause death events, until the end of 2017. The primary 
outcome, ESKD, was defined as initiation of any hemo-
dialysis, peritoneal dialysis, or renal transplantation, or 
death from uremia, and occurrence of ESKD was ascer-
tained by reviewing the database of the Japanese Society 
for Dialysis Therapy (JSDT). Since 1968, the JSDT has 
kept a complete annual renal data registry (JSDT Renal 
Data Registry) that covers patients on dialysis.28 The 
secondary outcomes of this study were CVD and all-cause 
mortality. The event of CVD and death was ascertained 
from the medical records. Patients who did not reach the 
outcome of interest or who were lost to follow-up were 
censored at their last follow-up visit.

Statistical analyses
Baseline (at the time of kidney biopsy) clinical and 
pathological characteristics were quantified using 
median and IQR for continuous variables and percent-
ages for categorical variables. Then, these character-
istics were compared across the International Clinical 
Diabetic Retinopathy Disease Severity Scale, with p 
values for trend calculated by Kruskal-Wallis test for 
continuous variables and Fisher’s exact test for cate-
gorical variables. Kaplan-Meier curves for time-to-
event endpoints (ESKD, CVD and all-cause mortality) 
for each group in the International Clinical Diabetic 
Retinopathy Disease Severity Scale, taking time 0 as 
the date of kidney biopsy, were constructed. We used 
log-rank test to determine whether there was a differ-
ence in survival rate. The risks of ESKD, CVD and 
all-cause death for each group in the International 
Clinical Diabetic Retinopathy Disease Severity Scale, 
compared with the group with no apparent diabetic 
retinopathy as a reference, were estimated as the 
adjusted HRs with 95% CIs using multivariable Cox 

proportional hazards model adjusted for age, gender, 
known duration of diabetes, baseline eGFR and 
UACR. Variables with more than 20% missing values 
were not included in the analysis.

Global χ2 (likelihood ratio), Akaike’s information crite-
rion (AIC), and Bayesian information criterion (BIC) 
were used to assess the incremental prognostic value of 
the International Clinical Diabetic Retinopathy Disease 
Severity Scale and the RPS Diabetic Nephropathy Classifi-
cation over standard clinical assessment of established risk 
factors for ESKD (age, gender, BMI, diabetic duration, 
systolic blood pressure, hemoglobin A1c, triglycerides, 
eGFR, and UACR29).

Statistical tests were considered significant at p<0.05 
(two-sided). All statistical analyses were conducted using 
Stata V.14.1.

Results
Baseline clinical and pathological characteristics stratified by 
retinopathy severity scale
Baseline (at the time of kidney biopsy) clinical and 
pathological characteristics among different grades of 
diabetic retinopathy in this study are listed in table 1. 
The median age of the total 232 patients was 59 years 
old, 78% were male, with BMI of 24, known duration 
of diabetes of 14 years, hemoglobin A1c of 7.3% (56 
mmol/mol), baseline eGFR of 39 mL/min/1.73 m2, 
and UACR of 1.4 g/g.

According to the International Clinical Diabetic Reti-
nopathy Disease Severity Scale, 55 patients were clas-
sified as no diabetic retinopathy, 23 patients as mild 
NPDR, 42 patients as moderate NPDR, 41 patients as 
severe NPDR, and 71 patients as PDR. There were signif-
icant differences in age, gender, use of RAAS blockade, 
use of glucose-lowering agents, systolic blood pressure, 
triglycerides, eGFR, UACR, and scores of renal lesions 
across the severity scale of diabetic retinopathy.

Baseline clinical and pathological characteristics among 
patients with and without DME
There were significant differences in age, gender, systolic 
blood pressure, total cholesterol, eGFR, and UACR; 
however, all renal lesions except exudative lesions were 
not different between those with and those without DME 
(shown in online supplementary table S1).

Correlation between severity scale of diabetic retinopathy and 
renal lesions
Table 2 shows the correlation between the severity scales 
of diabetic retinopathy with renal lesions. The severity 
scale of diabetic retinopathy positively correlated with 
the class of RPS Diabetic Nephropathy Classification 
(r=0.40) and with all scores of renal lesions, especially 
with scores of IFTA (r=0.41) and diffuse lesion (r=0.48). 
For further details about the association between each of 
retinal finding and renal finding, the results are available 
in online supplementary table S2.

https://dx.doi.org/10.1136/bmjdrc-2019-000726
https://dx.doi.org/10.1136/bmjdrc-2019-000726
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Event-free survival of ESKD, CVD, and all-cause death 
according to the International Clinical Diabetic Retinopathy 
Disease Severity Scale
During a median follow-up of 5.7 years, 114 patients 
developed ESKD, 45 patients developed CVD, and 42 
patients died. Figure 1 shows the Kaplan-Meier curves for 
time-to-event endpoints, according to the severity scale of 
diabetic retinopathy, taking time 0 as the date of kidney 
biopsy. The higher the severity scale of diabetic retinop-
athy went up, the poorer the ESKD prognosis became 
(log-rank test p<0.001). However, the severity scale of 
diabetic retinopathy was not shown to be a significant risk 
for CVD and all-cause mortality.

Event-free survival of ESKD, CVD, and all-cause death among 
patients with and without DME
Online supplementary figure S1 shows the Kaplan-Meier 
curves for time-to-event endpoints among patients with 
and without DME, taking time 0 as the date of kidney 
biopsy. DME was associated with ESKD, but not with CVD 
or all-cause death.

HR of ESKD, CVD, and all-cause death, according to the 
International Clinical Diabetic Retinopathy Disease Severity 
Scale
Table  3 shows the crude and adjusted HRs for the 
outcomes, according to the severity scale of diabetic 
retinopathy, among patients with type 2 diabetes and 
diabetic kidney disease. As compared with no diabetic 
retinopathy, the HR for ESKD increased in a stepwise 
fashion, from mild NPDR to moderate NPDR, to severe 
NPDR, to PDR, both in univariable and multivariable 
analyses: crude analyses: HR 1.35, 95% CI 0.49 to 3.76 
for patients with mild NPDR; HR 2.89, 95% CI 1.42 to 
5.86 for patients with moderate NPDR; HR 5.00, 95% 
CI 2.63 to 9.52 for patients with severe NPDR; HR 5.32, 
95% CI 2.89 to 9.78 for patients with PDR; fully adjusted 
analyses: HR 1.96, 95% CI 0.62 to 6.17 for patients with 
mild NPDR; HR 3.10, 95% CI 1.45 to 6.65 for patients 
with moderate NPDR; HR 3.03, 95% CI 1.44 to 6.37 for 
patients with severe NPDR; HR 3.43, 95% CI 1.68 to 7.03 
for patients with PDR, respectively. However, the univari-
able and multivariable Cox proportional hazard analyses 
showed no association between the severity of diabetic 
retinopathy and CVD as well as all-cause death.

HR of ESKD, CVD and all-cause death, among patients with 
DME
HRs for the outcomes among patients with DME as 
compared with patients with no DME are presented 
in online supplementary table S3. Similar to the find-
ings with the severity of diabetic retinopathy, there was 
a higher risk of ESKD in those with DME in crude and 
demographic characteristics adjusted model. However, 
there was no association between DME and ESKD in the 
fully adjusted model. Likewise, the results showed no 
association between DME and CVD as well as all-cause 
death.

https://dx.doi.org/10.1136/bmjdrc-2019-000726
https://dx.doi.org/10.1136/bmjdrc-2019-000726
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Incremental prognostic value of the International Clinical 
Diabetic Retinopathy Disease Severity Scale, RPS Diabetic 
Nephropathy Classification, and DME results over clinical 
information by global χ2, AIC, and BIC
Figure  2 shows the statistics showing the incremental 
prognostic value of the International Clinical Diabetic 
Retinopathy Disease Severity Scale and the RPS Diabetic 
Nephropathy Classification over standard established 
clinical risk factors. The global χ2 statistic (likelihood 
ratio) increased from 155.21 to 164.48 (p<0.001) with the 
addition of the International Clinical Diabetic Retinop-
athy Disease Severity Scale to the clinical model alone, 
which showed an equivalent value of adding the RPS 
Diabetic Nephropathy Classification to the clinical model 
alone (global χ2 statistic increased from 155.21 to 164.51; 
p<0.001). Likewise, addition of the International Clinical 
Diabetic Retinopathy Disease Severity Scale to the clin-
ical model alone improved the AIC value from 897.46 to 
890.19, which is also an improvement equivalent to the 
addition of the RPS Diabetic Nephropathy Classification 
to the clinical model alone (AIC improved from 897.46 
to 890.16). Conversely, adding DME to the clinical model 
did not show the incremental values (global χ2 statistic 
went from 155.21 to 155.80 (p=0.44), and AIC went from 
897.46 to 898.87). Similar to the AIC statistics, the BIC 
statistics also improved when the International Clinical 
Diabetic Retinopathy Disease Severity Scale was added to 
the clinical model alone.

Conclusions
This study demonstrated that diabetic retinopathy 
was correlated with changes in renal pathology, and a 
powerful predictor of ESKD, independent of established 
risk factors for ESKD, in patients with type 2 diabetes and 
biopsy-proven diabetic kidney disease. The study indi-
cates that both microvascular complications—diabetic 
retinopathy and diabetic kidney disease—may simulta-
neously initiate and concurrently progress, and hence 
the International Clinical Diabetic Retinopathy Disease 
Severity Scale could be useful for prognosticating the 
clinical course for diabetic kidney disease. However, the 
degree of diabetic retinopathy was not associated with 
the excess risk of CVD (macrovascular complications) 
and all-cause death in our analysis.

The concordance prevalence between diabetic reti-
nopathy and diabetic kidney disease has been investi-
gated in previous cross-sectional studies both in type 1 
and type 2 diabetes.14–17 However, studies implementing 
concrete analysis based on the correlation of anatomic 
measures of diabetic retinopathy and kidney disease are 
scarce. Only a couple of studies in type 1 diabetes investi-
gated this and reported that anatomic changes of retina 
are correlated with structural changes of glomerulus.30 31 
Our study showed, in accordance with previous anatomic 
studies, even though our study did not investigate struc-
tural changes of glomerulus, that there was a significant 
association between the severity of diabetic retinopathy 
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Figure 2  Incremental prognostic value of the International Clinical Diabetic Retinopathy Disease Severity Scale, the Renal 
Pathology Society Diabetic Nephropathy Classification, and diabetic macular edema results over clinical information by global 
χ2, AIC, and BIC. Model 1: standard clinical assessment of established risk factors for ESKD model (age, gender, BMI, diabetic 
duration, systolic blood pressure, hemoglobin A1c, triglycerides, eGFR, and UACR). Model 2: model 1 + DKD. Model 3: model 
1 + DR. Model 4: model 1 + DME. AIC, Akaike’s information criterion; BIC, Bayesian information criterion; BMI, body mass 
index; DME, diabetic macular edema; DKD, diabetic kidney disease; DR, diabetic retinopathy; eGFR, estimated glomerular 
filtration rate; ESKD, end-stage kidney disease; UACR, urine albumin to creatinine ratio.

and changes of renal pathology in patients with type 2 
diabetes. The severity scale of diabetic retinopathy posi-
tively correlated with all scores of renal lesions, especially 
with the class of RPS Diabetic Nephropathy Classifica-
tion based on glomerular damage, and scores of IFTA 
and diffuse lesion, all of which are major predictors of 
progression of diabetic kidney disease.32–35 Although the 
majority of the study population had both diabetic reti-
nopathy and kidney disease to the same degree, a small 
number of the study population showed the discrepancy 
of the severities between diabetic retinopathy and kidney 
disease. For example, there were nine patients who had 
severe NPDR or PDR but had no kidney disease (class 
I) or mild kidney disease (class IIa). The percentage of 
men was higher in those nine patients than in the rest 
of the population (100% vs 77%, p=0.10), and also the 
prevalence of smoker was higher in those nine patients 
compared with the rest of the population (89% vs 60%, 
p=0.08), suggesting that male gender and smoking may 
have a detrimental effect on retina but less effect on 
kidney in patients with type 2 diabetes, although there 
were marginal significant differences between those nine 
patients and the remaining population. Conversely, there 
were 21 patients who had no retinopathy or mild NPDR 

but had advanced kidney disease (class III or IV). The 
prevalence of medical history of CVD was 57% in those 
21 patients and 20% in the rest of the study population 
(p<0.001), indicating that medical history of CVD had a 
negative impact on kidney but had less impact on retina 
in patients with type 2 diabetes.

Beyond the association of diabetic retinopathy with 
diabetic kidney disease, there are only a couple of longi-
tudinal studies investigating the impact of diabetic reti-
nopathy on the prognosis of ESKD, CVD, and mortality 
in patients with diabetes.36–40 However, most of these 
studies did not take the severity of diabetic retinopathy 
into account. Further, the study population may have 
other kidney diseases other than diabetic kidney disease 
or concomitant kidney diseases because they were not 
biopsy-proven diabetic kidney diseases, which may distort 
the facts on each outcome. Our study provided a more 
indepth analysis of both the severity of diabetic retinop-
athy and diabetic kidney disease. We found that the risk 
for ESKD increased in a stepwise fashion, from mild NPDR 
to moderate NPDR, to severe NPDR, to PDR, even after 
adjusting for known risk factors for ESKD. Furthermore, 
we found that adding diabetic retinopathy to known risk 
factors for ESKD improved the prognostic value of ESKD, 
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and also this incremental value was equivalent to the value 
of adding diabetic kidney scores to known risk factors. We 
believe that our finding may provide a profound impact 
on clinical practice because funduscopy examination is 
more convenient, less invasive, and less time-consuming, 
contrary to kidney biopsy. Our findings provide evidence 
that extensive screening of diabetic retinopathy may 
provide a powerful tool in predicting the risk of ESKD in 
patients with type 2 diabetes and diabetic kidney disease. 
Regarding the impact of diabetic retinopathy on CVD 
and death events, however, our analysis did not show a 
significant impact of diabetic retinopathy on CVD and 
all-cause mortality, which goes against previous studies 
that reported that diabetic retinopathy is a risk of CVD 
death in patients with diabetic kidney disease.38–40 These 
studies included a fairly large population of patients with 
a relatively long follow-up period, which can detect the 
statistical differences in CVD mortality in patients with 
diabetes. On the contrary, in our study, the number of 
outcomes may be too small to detect differences in CVD 
and all-cause death events across the retinopathy grading 
study.

Similar to the findings with the severity of diabetic reti-
nopathy, there was a higher risk of ESKD in those with 
DME, although there was no association between DME 
and ESKD in the fully adjusted model. DME can occur 
at any stage of diabetic retinopathy, and if untreated it 
may cause visual loss.12 Our findings have clinical impli-
cations that screening for DME even in patients with 
mild diabetic retinopathy is a useful tool that provides 
an opportunity to prevent visual loss and predicts renal 
prognosis in patients with type 2 diabetes and diabetic 
kidney disease.

The strengths of our study are the use of longitudinal 
design rather than cross-sectional design, well valida-
tion of the grading of diabetic retinopathy and diabetic 
kidney disease, and the precise ascertainment of the 
outcomes, all of which enabled robust analysis of the 
risk of ESKD, CVD, and all-cause mortality in patients 
with type 2 diabetes and diabetic kidney disease. Several 
limitations of this study, however, should be mentioned. 
First, because of the nature of retrospective studies, 
there is inherent selection bias. For example, there is a 
possibility that study population was biopsied because 
they were suspected to have any kidney diseases other 
than diabetic kidney disease. On the contrary, however, 
we believe that the use of biopsy-proven rather than 
inaccurate clinical diagnosis of diabetic kidney disease 
provides a clear picture of the clinical course of diabetic 
kidney disease. Second, we did not consider changes 
in clinical variables and interventions as well during 
the follow-up period. Although considering them may 
have some advantages, we believe that the approach we 
adopted minimizes the risk of reverse causation in the 
interpretation of the results. Furthermore, we believe 
that the approach we used can rather see the clinical 
course of diabetic kidney disease as this is a daily prac-
tice cohort study. Finally, the study population was all 

Japanese, hence we cannot assure its generalizability to 
other populations.

In conclusion, the severity of diabetic retinopathy was 
highly correlated with changes in renal pathology, and 
a handy-yet-powerful predictor of ESKD, independent 
of known risk factors for ESKD, in patients with type 2 
diabetes and biopsy-proven diabetic kidney disease. These 
findings imply that extensive screening for diabetic reti-
nopathy may be a powerful tool in prognosticating the 
clinical course for diabetic kidney disease in patients with 
type 2 diabetes.
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