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PURPOSE. To determine the risk factors for and relationship between diabetic retinopathy (DR)
and diabetic nephropathy (DN), including microalbuminuria and overt nephropathy, in a
population-based study of diabetes mellitus (DM) patients in Korea.

METHODS. This was a population-based, cross-sectional study. From the fifth (2011, 2012)
Korea National Health and Nutrition Examination Survey (KNHANES), 971 participants with
type 2 DM were included. The prevalence of DR and DN was determined. Multivariate logistic
regression was performed to determine risk factors, including DR, associated with DN in the
Korean population.

RESULTS. In DM patients, we observed a prevalence of 20.0% for any DR and 3.8% for
proliferative diabetic retinopathy (PDR). Microalbuminuria prevalence was 19.3% and overt
nephropathy prevalence was 5.5%. The risk factors of microalbuminuria were presence of
hypertension; higher systolic blood pressure, serum hemoglobin A1c (HbA1c), and serum
blood urea nitrogen level; as well as the presence of PDR. The risk factors of overt
nephropathy were long duration of DM; high levels of HbA1c, systolic blood pressure, total
cholesterol, and serum creatinine; as well as the presence of DR

CONCLUSIONS. Proliferative diabetic retinopathy is associated with microalbuminuria and DR is
associated with overt nephropathy in Korean DM patients. Our findings suggest that when an
ophthalmologist finds the presence of DR or PDR, timely evaluation of the patient’s renal
status should be recommended.

Keywords: diabetic nephropathy, diabetic retinopathy, epidemiological study, KNHANES,
microalbuminuria, overt nephropathy

Recent epidemiological studies have shown a significant rise
in the prevalence of diabetes mellitus (DM) worldwide.1,2

The prevalence of DM in Korea also has increased 6- to 7-fold,
from 1.5% to 9.9%, over the past 40 years.3,4 This global
increase in the prevalence of DM will inevitably lead to
increases in the prevalence of diabetic microvascular (predom-
inantly retinopathy, nephropathy, and neuropathy) and macro-
vascular complications. These complications will be significant
burdens for these individuals and on our health care systems.5,6

The retina and the kidney complications of DM both result
from damage to small vessels in these organs. These diabetic
microvascular complications may have devastating consequenc-
es, including blindness and end-stage renal disease. Some
authors have identified associations between the complications
themselves, and one complication can serve as a risk factor for
another. Recently, studies have shown that the presence of
diabetic retinopathy (DR) itself may leave patients at risk for
diabetic nephropathy (DN).7–10 However, studies about the
relationship between DR and DN are limited for Korean
patients and, furthermore, population-based studies of this
association have not been performed yet in Korea. It is possible

that ethnic/racial differences may lead to varying susceptibil-
ities to diabetic microvascular complications.

We hypothesized that the presence of DR could suggest
there is concomitant injury to renal small vessels and an
increased risk of DN in the Korean population. To test this, we
examined which risk factors, including DR, were associated
with DN in the Korea National Health and Nutrition Examina-
tion Survey (KNHANSE V-2, 3) data.

SUBJECTS AND METHODS

This study was reviewed and approved by the institutional
review board of the Korean Centers for Disease Control and
Prevention (Institutional Review Board Number: 2011-02CON-
06-C, 2012-01EXP-01-2C), and all participants provided written
informed consent.

Design and Study Population

The KNHANES is a nationwide population-based survey of the
health and nutritional status of noninstitutionalized Korean
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people. It began in 1998, and surveys were conducted in 1998,
2001, 2005, 2007 to 2009, and 2010 to 2012. A stratified
multistage clustered probability design was used to select a
representative sample of civilian, noninstitutionalized Korean
adults. The KNHANES consisted of three parts: (1) the Health
Interview Survey, (2) the Health Examination Survey, and (3)
the Nutritional Survey. The Health Interview Survey was
administered to all study participants, but the Health Exami-
nation Survey and Nutritional Survey were administered to
approximately a third of the participants randomly selected
from the participants of the Health Interview Survey. The
subjects included in our analysis were 30 years and older; had
participated in the 2011, 2012 KNHANES V-2, 3 surveys; and
completed the Health Interview Survey and Health Examina-
tion Survey. Urine albumin level was not measured in
KNHANES V-1 (2010), so we used only the data from
KNHANES V-2, 3. Diabetes mellitus was defined as a previous
diagnosis of DM made by a physician, use of insulin or oral
hypoglycemic agents, and/or a fasting blood glucose (FBG) of
126 mg/dL or higher. Participants were considered to have
type 1 DM if they were younger than 30 years when diagnosed
with DM and were receiving insulin therapy. Otherwise, DM
was considered type 2 DM. In this study, we included only
patients with type 2 DM.

Risk Factor Measurement

Possible risk factors for DN, including sex, age, hypertension
(presence, duration, systolic blood pressure, diastolic blood
pressure), the duration of DM, FBG, HbA1c, lipid profile
(triglyceride, total cholesterol, low density lipoprotein [LDL]
cholesterol), blood urea nitrogen (BUN), creatinine, estimated
glomerular filtration rate (eGFR), urine albumin-creatinine
ratio, history of smoking (ever smoker/current smoker), and
presence of DR, proliferative DR (PDR), and clinically
significant macular edema (CSME) were evaluated. From the
KNHANES V-2, 3 databases, we collected data regarding
various factors obtained through direct interviews using
standardized questionnaires.

Blood Pressure and Diabetes Duration. Blood pressure
was measured three times on the right arm while the individual
was in a seated position after at least 5 minutes of rest using a
mercury sphygmomanometer (Baumanometer; W.A. Baum Co.,
Copiague, NY, USA). The final blood pressure value was
obtained by averaging the second and third blood pressure
measurements. Subjects were defined as hypertensive if
systolic pressure was 140 mm Hg or higher or diastolic
pressure was 90 mm Hg or higher, according to the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
(JNC 7).11

The duration of DM was estimated through the interviews,
and the duration of the newly diagnosed DM discovered via
blood sampling as part of the study is regarded as ‘‘0.’’

Biochemical Measurements. Blood samples were collect-
ed in the morning after the participant had fasted for at least 8
hours. Fasting blood samples and spot urine samples collected
from each participant were processed, refrigerated immediate-
ly, and transported in cold storage to the central laboratory
(Neodin Medical Institute, Seoul, Korea). All samples were
analyzed within 24 hours after transportation.

Ophthalmic Examinations and Grading of DR. Non-
mydriatic fundus photography (TRC-NW6S; Topcon, Tokyo,
Japan) was performed in all KNHANES participants. In
participants with history of DM or a random blood glucose
level of 200 mg/dL or higher and/or suspicion of DR on
nonmydriatic photography, seven standard field photographs
as per the Early Treatment for Diabetic Retinopathy Study

(ETDRS) protocol were obtained from each eye after pharma-
cological pupil dilation.12,13

Diabetic retinopathy was identified if any characteristic
lesion as defined by the ETDRS severity scale was present:
microaneurysms, hemorrhages, hard exudates, cotton wool
spots, intraretinal microvascular abnormalities, venous beading,
and retinal new vessels. A DR severity score was assigned to
each eye according to the modification of the Airlie House
Classification system (see Supplementary Material S1).12–15 The
level of retinopathy was graded based on the worse eye. Eyes
were graded according to the following criteria: no DR (level 10-
13), non-PDR (NPDR) (level 14–51), and PDR (level > 60).12–15

Clinically significant macular edema was defined according
to ETDRS criteria (see Supplementary Material S2).16

Each fundus image was graded twice. Preliminary grading
was done onsite by ophthalmologists trained by the National
Epidemiologic Survey Committee of the Korean Ophthalmo-
logic Society (KOS). Second, 13 retinal specialists with
expertise in the grading of DR performed detailed grading.
The retinal specialists resolved any discrepancies between
preliminary and detailed grading. The quality of the survey was
verified by the Epidemiologic Survey Committee of the KOS.
Grading agreement between the preliminary graders and the
retinal specialists ranged from 98.2% to 98.4%. Training of
participating residents was periodically performed by the
National Epidemiologic Survey Committee of the KOS.

Determination of DN and Estimation of GFR

Patients were classified into three renal status groups:
microalbuminuria, overt nephropathy, and no-diabetic ne-
phropathy (no-DN). We compared clinical data and ophthal-
mologic results among the microalbuminuria, overt
nephropathy, and no-DN groups. Presence of microalbumin-
uria was defined as protein excretion of 30 to 300 mg per 24
hours or albumin/creatinine ratio of 30 to 300 lg/mg. Presence
of overt nephropathy was defined as protein excretion of more
than 300 mg per 24 hours or albumin/creatinine ratio greater
than 300 lg/mg. Presence of overt DN is defined as
microalbuminuria or overt nephropathy, in the absence of
other renal disease.17

The level of kidney function was ascertained by using an
abbreviated equation developed using data from the Modifica-
tion of Diet in Renal Disease study18 to estimate the GFR as
follows: eGFR¼ 186.3 3 (serum creatinine)�1.154 3 age�0.203 3
(0.742 for women). We defined chronic kidney disease (CKD)
as eGFR less than 60 mL/min/1.73m2.19,20

Statistical Analysis

Descriptive statistical methods were used to delineate the basic
characteristics of the study population: number and percent-
ages were reported for each variable. Results were expressed
as mean 6 SD, and a P value less than 0.05 was considered to
indicate statistical significance. Differences between the
groups were analyzed using the independent-sample t-test for
continuous variables, such as age or FBG. For the categorical
variables, such as presence of DR or sex, we used the v2 test.

A two-step, multidimensional approach was used to identify
the factors associated with DN. First, to identify factors
associated with DN occurrence, odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated using univariate
logistic regression analysis. Second, multivariate logistic
regression was used to determine independent risk factors.
All the risk factors that were identified as affecting DN
occurrence by univariate analysis (P < 0.1) were included in
the multivariate analysis to determine which factors were most
associated with DN. For the relationship between DR and CKD,
we used univariate logistic regression. All statistical tests were
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performed using the PASW Statistics 18 (SPSS, Chicago, IL,
USA).

RESULTS

Prevalence of DR and DN in KNHANES V-2, 3

In the 971 DM patients who met inclusion criteria, we
observed a prevalence of 20.0% (n ¼ 194) for DR and 3.8%
(n¼37) for PDR. Microalbuminuria prevalence was 19.3% (n¼
187) and overt nephropathy prevalence was 5.5% (n ¼ 53).

The Figure shows the distribution of degrees of DN among
different DR grades. Patients with both PDR and NPDR were
more likely to have DN than patients without DR.

Table 1 provides the comparison of characteristics between
the no-DN group and the microalbuminuria and overt
nephropathy groups. Patients with microalbuminuria were
more likely to have hypertension (73.0% in the microalbumin-
uria versus 57.7% in the no-DN group, P ¼ 0.002), higher
systolic blood pressure (132.7 6 17.8 mm Hg vs. 126.6 6 16.0
mm Hg, P < 0.001), and higher BUN levels (17.2 6 5.5 mg/dL
vs. 15.8 6 4.5 mg/dL, P¼0.011) than the patients without DN.
Patients with microalbuminuria were more likely to be older
(64.51 6 11.47 vs. 61.91 6 10.97 years, P ¼ 0.004), have
longer duration of DM (8.2 6 8.4 vs. 6.2 6 7.5 years, P ¼
0.003), and higher HbA1c levels (7.56% 6 1.50% vs. 7.32% 6
1.39%, P¼ 0.041) than the patients without DN. Patients with
microalbuminuria were more likely to have DR (27.8% vs.
16.3%, P < 0.001) and PDR (8.0% vs. 2.3%, P < 0.001) than the
patients without DN. Other characteristics showed no
significant differences.

Most of the characteristics that showed significant differ-
ence between the no-DN group and the microalbuminuria
group also revealed significant difference between the no-DN
group and the overt nephropathy group (Table 1). Additionally,
patients with overt nephropathy were more likely to have
higher levels of FBG (153.1 6 54.3 vs. 139.5 6 41.1 mg/dL, P

¼0.023), higher total cholesterol levels (200.4 6 41.1 vs. 185.2
6 42.1 mg/dL, P ¼ 0.011), and higher serum creatinine levels
(1.07 6 0.45 vs. 0.86 6 0.21 mg/dL, P ¼ 0.002) than patients
without DN. Patients with overt nephropathy were more likely
to be current smokers (35.8% vs. 20.7%, P ¼ 0.010) than the
patients without DN. Other characteristics showed no
significant differences.

Risk Factors Associated With Microalbuminuria in
Korean DM Patients

Table 2 shows the risk factors for microalbuminuria deter-
mined by multivariate logistic regression. The presence of

FIGURE. Distribution of stages of nephropathy (DN) among patients
with different degrees of DR.

TABLE 1. Comparison of Characteristics Among No-DN, MA, and ON Groups in DM Patients

No-DN, n = 731 MA, n = 187 ON, n = 53

P Value

(1) (2)

Men, % 51.3 48.7 60.4 0.244 0.202

Age, y 61.91 (10.97) 64.51 (11.47) 64.74 (10.92) 0.004 0.070

HTN, % 57.7 73.0 79.2 <0.001 0.002

Duration of HTN, y 8.00 (7.90) 8.53 (8.10) 8.71 (8.74) 0.506 0.582

SBP, mm Hg 126.6 (16.0) 132.7 (17.8) 137.3 (21.4) <0.001 0.001

DBP, mm Hg 75.7 (9.9) 76.3 (13.2) 76.6 (11.7) 0.571 0.605

Duration of DM, y 6.2 (7.5) 8.2 (8.4) 10.3 (9.1) 0.003 0.002

FBG, mg/dL 139.5 (41.1) 144.8 (43.6) 153.1 (54.3) 0.116 0.023

HbA1c, % 7.32 (1.39) 7.56 (1.50) 8.04 (1.68) 0.041 0.004

Triglycerides, mg/dL 169.6 (143.6) 180.3 (127.9) 217.3 (174.1) 0.353 0.056

Total cholesterol, mg/dL 185.2 (42.1) 186.3 (37.8) 200.4 (41.1) 0.752 0.011

LDL cholesterol, mg/dL 111.4 (38.6) 105.2 (33.9) 126.5 (32.1) 0.292 0.168

BUN, mg/dL 15.7 (4.4) 17.2 (6.7) 18.8. (6.2) 0.005 0.001

Creatinine, mg/dL 0.86 (0.21) 0.93 (0.45) 1.07 (0.45) 0.069 0.002

eGFR, mL/min/1.73m2 87.21 (18.33) 83.36 (22.70) 77.02 (26.09) 0.033 0.007

ACR, lg/mg 8.00 (7.37) 86.94 (65.67) 1213.98 (166.75) <0.001 <0.001

Ever smoker* 48.3 44.4 56.6 0.341 0.242

Current smoker 20.7 18.7 35.8 0.545 0.010

DR, % 16.3 27.8 43.4 <0.001 <0.001

PDR, % 2.3 8.0 9.4 <0.001 0.002

CSME, % 0.5 2.1 1.9 0.059 0.296

Values are expressed as mean (SD) or percentage. ACR, urine albumin creatinine ratio; DBP, diastolic blood pressure; HTN, hypertension; MA,
microalbuminuria; ON, overt nephropathy; SBP, systolic blood pressure. (1) Comparison between no-DN and MA groups. (2) Comparison between
no-DN and ON groups.

* A person who has smoked ‡100 cigarettes during the course of his or her life.
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hypertension (adjusted OR [aOR] 1.53; 95% CI 1.01–2.32), the
presence of systolic arterial hypertension (aOR 1.02; 95% CI
1.01–1.03), high HbA1c (aOR 1.18; 95% CI 1.05–1.32), high
serum BUN level (aOR 1.04, 95% CI 1.01–1.08), and the
presence of PDR (aOR 3.03, 95% CI 1.44–6.40) were
significantly associated with microalbuminuria.

Risk Factors Associated With Overt Nephropathy

in Korean DM Patients

Table 3 shows the risk factors for overt nephropathy
determined by multiple logistic regression analysis. Presence
of systolic arterial hypertension (aOR 1.03, 95% CI 1.01–1.05),

long duration of DM (aOR 1.04, 95% CI 1.00–1.08), high HbA1c
(aOR 1.30, 95% CI 1.07–1.57), high total cholesterol level (aOR
1.01, 95% CI 1.00–1.02), high serum creatinine level (aOR
8.54, 95% CI 3.13–23.34), and the presence of DR (aOR 2.11,
95% CI 1.04–4.26) were significantly associated with overt
nephropathy.

Risk for CKD in Patients With Presence of DR and

PDR Relative to Those With No-DR

We also investigated DR and PDR as risk factors for CKD in DM
patients. Diabetic retinopathy and PDR are associated with
CKD in the microalbuminuria group (univariate logistic

TABLE 2. Risk Factors Associated With MA in Korean DM Patients

Variable

Univariate Multivariate

OR 95% CI P Value aOR 95% CI P Value

Men 0.83 0.60–1.14 0.244

Age, y 1.02 1.01–1.04 0.004 1.01 0.99–1.03 0.318

HTN 1.98 1.39–2.83 <0.001 1.53 1.01–2.32 0.043

Duration of HTN, y 1.01 0.98–1.03 0.505

SBP, mm Hg 1.02 1.01–1.03 <0.001 1.02 1.01–1.03 <0.001

DBP, mm Hg 1.01 0.99–1.02 0.504

Duration of DM, y 1.03 1.01–1.05 0.002 1.01 0.99–1.03 0.453

FBG, mg/dL 1.00 1.00–1.01 0.117

HbA1c, % 1.12 1.00–1.24 0.042 1.18 1.05–1.32 0.006

Triglycerides, mg/dL 1.00 1.00–1.00 0.359

Total cholesterol, mg/dL 1.00 1.00–1.01 0.751

LDL cholesterol, mg/dL 1.00 0.99–1.00 0.291

BUN, mg/dL 1.06 1.02–1.09 0.001 1.04 1.01–1.08 0.013

Creatinine, mg/dL 2.06 1.13–3.76 0.018 1.55 0.49–4.85 0.455

eGFR, mL/min/1.73m2 0.99 0.98–1.00 0.016 1.01 0.99–1.02 0.453

Ever smoker 0.86 0.62–1.18 0.341

Current smoker 0.88 0.59–1.33 0.545

DR 1.98 1.36–2.88 <0.001 1.18 0.74–1.88 0.488

PDR 3.66 1.79–7.48 <0.001 3.03 1.44–6.40 0.004

CSME 3.97 0.98–16.04 0.053 2.61 0.55–12.29 0.225

TABLE 3. Risk Factors Associated With ON in Korean DM Patients

Variable

Univariate Multivariate

OR 95% CI P Value aOR 95% CI P Value

Men 1.45 0.82–2.56 0.204

Age, y 1.03 1.00–1.05 0.071 1.01 0.97–1.05 0.576

HTN 2.80 1.42–5.53 0.003 2.24 0.94–5.35 0.070

Duration of HTN, y 1.01 0.97–1.05 0.581

SBP, mm Hg 1.04 1.02–1.05 <0.001 1.03 1.01–1.05 0.001

DBP, mm Hg 1.01 0.98–1.04 0.548

Duration of DM, y 1.06 1.03–1.09 <0.001 1.04 1.00–1.08 0.029

FBG, mg/dL 1.01 1.00–1.01 0.025 1.00 0.99–1.01 0.804

HbA1c, % 1.31 1.12–1.53 0.001 1.30 1.07–1.57 0.007

Triglycerides, mg/dL 1.00 1.00–1.00 0.041 1.00 1.00–1.00 0.177

Total cholesterol, mg/dL 1.01 1.00–1.01 0.012 1.001 1.00–1.02 0.008

LDL cholesterol, mg/dL 1.01 1.00–1.02 0.171

BUN, mg/dL 1.12 1.07–1.18 <0.001 1.07 1.00–1.14 0.067

Creatinine, mg/dL 9.00 3.70–21.88 <0.001 8.54 3.13–23.34 <0.001

eGFR, mL/min/1.73m2 0.97 0.96–0.99 <0.001 1.01 0.97–1.04 0.720

Ever smoker 1.40 0.80–2.45 0.244

Current smoker 2.14 1.19–3.86 0.011 1.90 0.91–3.96 0.085

DR 3.94 2.21–7.03 <0.001 2.11 1.04–4.26 0.038

PDR 4.38 1.55–12.37 0.005 1.48 0.39–5.59 0.561

CSME 3.50 0.38–31.84 0.267
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regression, OR 2.95 [P ¼ 0.009] and OR 4.32 [P ¼ 0.011],
respectively) and DR and PDR are associated with CKD in the
overall group of DM patients (univariate logistic regression, OR
2.02 [P¼ 0.004] and OR 4.07 [P < 0.001], respectively) (Table
4).

DISCUSSION

In the current study, the prevalence of DR, PDR, microalbu-
minuria, and overt nephropathy among type 2 DM patients
were 20.0%, 3.8%, 19.3%, and 5.5%, respectively. In a nationally
representative sample of US adults with diabetes aged 40 years
and older, the prevalence of DR and PDR were 28.5% and
1.5%.21 In cross-sectional analyses of the National Health and
Nutrition Examination Survey from 2005 to 2008 in the United
States, the prevalence of albuminuria (urine albumin/creati-
nine ratio higher than 30 mg/g) was 23.7%.22 The results of the
current study are largely consistent with a similar epidemio-
logic study performed in Spain, which showed the prevalence
of DR, microalbuminuria, and overt nephropathy to be 26.11%,
17.78%, and 6.74%, respectively, in type 2 DM.23

The prevalence of microvascular complications varied
somewhat from that found in other previous studies in Korean
and Western populations. The prevalence of DR has ranged
between 7.0% and 38.3% in other Korean studies.24–27 In a
previous investigation in a Korean outpatient type 2 DM cohort
performed in 1995, 20% of patients had microalbuminuria and
14% had overt proteinuria.28 In 2006, 30.3% of diabetic
patients were found to have microalbuminuria in a Korean
nationwide survey.27 The prevalence of DR in Western
countries has ranged between 10.6% and 36.0%.29–34 These
differences may be due to the methodology used, differences
in participants’ inclusion criteria, and study design (popula-
tion-based studies versus clinical-setting studies).

Several risk factors appear to influence susceptibility to the
microvascular complications of DM, but the roles of genetic
and environmental factors are not yet completely understood.
Diabetes mellitus duration, poor glycemic control, arterial
hypertension, and poor lipid control have consistently been
shown to correlate with DR and DN, but to date, the
relationship of one diabetic microvascular complication with
another has not been clearly described in the Korean
population.35–37

A number of studies provide evidence that DR may be
independently associated with the development of microalbu-
minuria and hence be a powerful predictor for the progression
of renal damage in DM patients.7–10 However, those have
primarily been conducted in Western populations. This is the
first study evaluating the relationship between DR and DN
(both microalbuminuria and overt nephropathy) in a Korean
population.

In the current study, an association between DR (both DR
itself and PDR) and DN (both microalbuminuria and overt
nephropathy) is significant in the univariate v2 test. In the
multiple logistic regression analyses, the presence of DR shows
significant association with overt nephropathy and the

presence of PDR shows significant association with microal-
buminuria.

Several studies have shown that the presence of DR itself
may reveal patients at risk of DN. El-Asrar et al.7 conducted a
cross-sectional study that enrolled type 1 and type 2 DM
patients. Multivariate logistic regression analyses indicated that
patients with DR were 4.37 times more likely to have DN as
those without DR. Schmechel and Heinrich38 indicated that
patients with DR exhibited proteinuria more frequently than
did those without DR. Villar et al.8 also demonstrated that DR
was one of the most important risk factors for the development
of incipient nephropathy in normoalbuminuric, normotensive
patients with either type 1 or type 2 DM. In the EURODIAB
Complications Study, DR in association with increased blood
pressure was an important risk factor for the progression of
DN.9 Rossing et al.10 demonstrated that DR may predict the
development of microalbuminuria in a 10-year prospective,
observational study. But these two studies enrolled patients
with type 1 DM only.

Several studies have shown the prevalence of PDR, rather
than DR itself, is a risk factor for DN (microalbuminuria23,37,39

and overt nephropathy23,39). El-Asrar et al.7 indicated that the
prevalence of DN was found to rise with increasing severity of
DR. Schmechel and Heinrich38 also indicated that the
prevalence of proteinuria increased relative to the severity of
DR in type 1 and type 2 DM.

Because the results of previous studies were diverse, the
results of the current study are consistent with some previous
studies but not with others. This finding may be partially
explained by differences in the study design and the smaller
sample size compared with the previous studies. Differences in
DM complications due to ethnic/racial differences between
East Asian and Western populations might also explain the
disparate results.

It is difficult to explain why the more severe form of DR
(PDR) is not the risk factor for more severe form of DN (overt
nephropathy). In our study, we defined DN by the presence of
proteinuria. Proteinuria has been generally considered a
hallmark of DN. However, the concept of nonproteinuric
diabetic kidney disease (DKD) is emerging by several
investigations published during the past decade, reporting
that impaired eGFR can occur without substantial albuminuria
and that DKD can manifest solely as impaired eGFR. A
considerable number, between one-third and one-half, of
patients with type 2 DM and impaired eGFR do not have
proteinuria.40–44 Traditionally, it was regarded that the severity
of proteinuria was strongly associated with the severity of DN.
With the paradigm shift, the severity of DN cannot be
explained only with the severity of proteinuria.

In the current study, there was no significant association
between CSME and DN. This result is inconsistent with some
previous studies that have shown the prevalence rates of DN to
be significantly higher among patients with DME when
compared with those without DR.7 This finding may be
partially explained by the smaller sample size, especially in
patients with CSME.

TABLE 4. Risk of CKD in Patients With Presence of DR and PDR Relative to Those With No-DR

ORs for CKD (P Value)

No-DN, n ¼ 731 MA, n ¼ 187 ON, n ¼ 53 All, n ¼ 971

No-DR 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

DR 1.35 (0.441) 2.95 (0.009) 1.80 (0.356) 2.02 (0.004)

PDR 2.13 (0.325) 4.32 (0.011) 1.80 (0.546) 4.07 (<0.001)
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There also have been some previous studies that have not
found an association between DR and DN.45 It has been
reported that DR and DN can occur in isolation, which
suggests that there may be some fundamental differences in
some patients and in some aspects of the pathogenesis. Further
experimental studies, rather than epidemiological studies,
would be needed to investigate the exact differences in the
pathophysiology of these microvascular complications.46

The relationship between systolic blood pressure and DN
(both microalbuminuria and overt nephropathy) is significant
both in the univariate and multiple logistic regression analyses.
The level of HbA1c is significantly higher in DN (both
microalbuminuria and overt nephropathy). High level of
HbA1c and long duration of DM are significant risk factors
for overt nephropathy both in the univariate and multiple
logistic regression analyses. These results are consistent with
previous investigations, which have shown that, along with
DM duration, HbA1c levels and blood pressure are the most
important risk factors for appearance of DN.39

Diabetes mellitus is one of the leading causes of CKD,1 and
we hypothesized that DR could be associated with CKD. We
found that DR and PDR were associated with CKD in the
microalbuminuria group, and DR and PDR were risk factors for
CKD in the overall group of all DM patients. However, we
investigated this association only with univariate logistic
regression. The results suggest that DR could be associated
not only with DN but also with CKD. Few studies have
demonstrated that CKD is associated with DR and it is not clear
if CKD in the absence of albuminuria is associated with
DR.47–49 Sabanayagam et al.47 demonstrated that CKD is
associated with DR only in the presence of albuminuria,
suggesting that CKD is more likely related to diabetes in the
presence of albuminuria. Lee et al.48 demonstrated that
ischemic DR characterized with extensive capillary nonperfu-
sion is a possible prognostic factor for the progression of CKD.
Additional studies are needed to explore the relationship
between DR and CKD further.

Our study has several limitations. First, the relationship
between the two major microvascular complications in DM
patients may vary depending on the DM treatment regimen,
especially in type 2 DM patients.37,38 We did not investigate the
influence of treatment modalities, such as insulin. Second,
although we excluded the participants who were younger than
30 years when diagnosed with DM and were receiving insulin
therapy in the current study, it is possible that the sample does
not uniformly consist of type 2 DM patients. Third, some
factors, including dyslipidemia and hypertension, are not only
risk factors for DN but also consequences of renal damage.
Therefore, causality between these factors is impossible to
infer. Fourth, the sample size here is smaller compared with
some previous studies that have been carried out on this
subject. In particular, the number of patients with PDR was
only 37.

Despite these limitations, the current study used represen-
tative nationwide, population-based data, which enabled us to
investigate the relationship between DR and DN in the Korean
DM population for the first time. We found that PDR is
associated with microalbuminuria and DR itself is associated
with overt nephropathy. Presence of DR or PDR could be an
indicator for the presence of DN in Korean patients. When an
ophthalmologist finds the presence of DR or PDR, communi-
cation with an internist and/or referral to a nephrologist should
be considered.

Acknowledgments

HC had full access to the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis.
The authors alone are responsible for the content and writing of

the paper. This research received no specific grant from any
funding agency.

Disclosure: W.J. Lee, None; L. Sobrin, None; M.J. Lee, None;
M.H. Kang, None; M. Seong, None; H. Cho, None

References

1. Keane WF, Brenner BM, de Zeeuw D, et al. The risk of
developing end-stage renal disease in patients with type 2
diabetes and nephropathy: the RENAAL study. Kidney Int.
2003;63:1499–1507.

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence
of diabetes: estimates for the year 2000 and projections for
2030. Diabetes Care. 2004;27:1047–1053.

3. Kim DJ. The epidemiology of diabetes in Korea. Diabetes

Metab J. 2011;35:303–308.

4. Choi YJ, Kim HC, Kim HM, et al. Prevalence and management
of diabetes in Korean adults: Korea National Health and
Nutrition Examination Surveys 1998-2005. Diabetes Care.
2009;32:2016–2020.

5. Girach A, Vignati L. Diabetic microvascular complications—
can the presence of one predict the development of another? J

Diabetes Complications. 2006;20:228–237.

6. Harris MI. Diabetes in America: epidemiology and scope of the
problem. Diabetes Care. 1998;21:C11–C14.

7. El-Asrar AM, Al-Rubeaan KA, Al-Amro SA, Moharram OA,
Kangave D. Retinopathy as a predictor of other diabetic
complications. Int Ophthalmol. 2001;24:1–11.

8. Villar G, Garcia Y, Goicolea I, Vazquez JA. Determinants of
development of microalbuminuria in normotensive patients
with type 1 and type 2 diabetes. Diabetes Metab. 1999;25:
246–254.

9. Stephenson JM, Fuller JH, Viberti GC, Sjolie AK, Navalesi R.
Blood pressure, retinopathy and urinary albumin excretion in
IDDM: the EURODIAB IDDM Complications Study. Diabetolo-

gia. 1995;38:599–603.

10. Rossing P, Hougaard P, Parving HH. Risk factors for develop-
ment of incipient and overt diabetic nephropathy in type 1
diabetic patients: a 10-year prospective observational study.
Diabetes Care. 2002;25:859–864.

11. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report
of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: the JNC 7
report. JAMA. 2003;289:2560–2572.

12. Diabetic Retinopathy Study Coordinating Center. Diabetic

Retinopathy Study: Manual of Operations. Baltimore, MD:
Diabetic Retinopathy Study Coordinating Center; 1972.

13. Early Treatment Diabetic Retinopathy Study Research Group.
Grading diabetic retinopathy from stereoscopic color fundus
photographs: an extension of the modified Airlie House
classification. ETDRS report number 10. Ophthalmology.
1991;98:786–806.

14. Klein R, Klein BE, Moss SE, Cruickshanks KJ. The Wisconsin
Epidemiologic Study of diabetic retinopathy. XIV. Ten-year
incidence and progression of diabetic retinopathy. Arch

Ophthalmol. 1994;112:1217–1228.

15. Diabetic Retinopathy Study Group. Diabetic retinopathy study.
Report Number 6. Design, methods and baseline results.
Report Number 7. A modification of the Airlie House
classification of diabetic retinopathy. Invest Ophthalmol Vis

Sci. 1981;21:1–226.

16. Early Treatment Diabetic Retinopathy Study Research Group.
Detection of diabetic macular edema. Ophthalmoscopy versus
photography. ETDRS report number 5. Ophthalmology. 1989;
96:746–751.

17. American Diabetes Association. Report of the Expert Com-
mittee on the diagnosis and classification of diabetes mellitus.
Diabetes Care. 1997;20:1183–1201.

Relationship Between DR and DN in Korea IOVS j October 2014 j Vol. 55 j No. 10 j 6552

Downloaded From: http://iovs.arvojournals.org/pdfaccess.ashx?url=/data/Journals/IOVS/933256/ on 04/20/2016



18. National Kidney Foundation. K/DOQI clinical practice guide-
lines for chronic kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis. 2002;39:S1–S266.

19. Nickolas TL, Frisch GD, Opotowsky AR, et al. Awareness of
kidney disease in the US population: findings from the
National Health and Nutrition Examination Survey (NHANES)
1999 to 2000. Am J Kidney Dis. 2004;44:185–197.

20. Coresh J, Astor BC, Greene T, et al. Prevalence of chronic
kidney disease and decreased kidney function in the adult US
population: Third National Health and Nutrition Examination
Survey. Am J Kidney Dis. 2003;41:1–12.

21. Zhang X, Saaddine JB, Chou CF, et al. Prevalence of diabetic
retinopathy in the United States, 2005-2008. JAMA. 2010;304:
649–656.

22. de Boer IH, Rue TC, Hall YN, et al. Temporal trends in the
prevalence of diabetic kidney disease in the United States.
JAMA. 2011;305:2532–2539.

23. Pedro RA, Ramon SA, Marc BB, Juan FB, Isabel MM. Prevalence
and relationship between diabetic retinopathy and nephrop-
athy, and its risk factors in the north-east of Spain, a
population-based study. Ophthalmic Epidemiol. 2010;17:
251–265.

24. Kim JH, Kim DJ, Jang HC, Choi SH. Epidemiology of micro- and
macrovascular complications of type 2 diabetes in Korea.
Diabetes Metab J. 2011;35:571–577.

25. Rhee SY, Chon S, Kwon MK, et al. Prevalence of chronic
complications in Korean patients with type 2 diabetes mellitus
based on the Korean National Diabetes Program. Diabetes

Metab J. 2011;35:504–512.

26. Jee D, Lee WK, Kang S. Prevalence and risk factors for diabetic
retinopathy: the Korea National Health and Nutrition Exam-
ination Survey 2008-2011. Invest Ophthalmol Vis Sci. 2013;
54:6827–6833.

27. Lim S, Kim DJ, Jeong IK, et al. A nationwide survey about the
current status of glycemic control and complications in
diabetic patients in 2006: the Committee of the Korean
Diabetes Association on the epidemiology of diabetes mellitus.
Korean Diabetes J. 2009;33:48–57.

28. Lee KU, Park JY, Kim SW, et al. Prevalence and associated
features of albuminuria in Koreans with NIDDM. Diabetes

Care. 1995;18:793–799.

29. Liebl A, Neiss A, Spannheimer A, et al. Complications, co-
morbidity, and blood glucose control in type 2 diabetes
mellitus patients in Germany—results from the CODE-2 study.
Exp Clin Endocrinol Diabetes. 2002;110:10–16.

30. Van Acker K, Weyler J, De Leeuw I. The Diabetic Foot Project
of Flanders, the northern part of Belgium: implementation of
the St Vincent consensus. Sensibilisation and registration in
diabetes centres. Acta Clin Belg. 2001;56:21–31.

31. Le Floch JP, Thervet F, Desriac I, Boyer JF, Simon D.
Management of diabetic patients by general practitioners in
France 1997: an epidemiological study. Diabetes Metab. 2000;
26:43–49.

32. Lundman B, Engstrom L. Diabetes and it’s complications in a
Swedish county. Diabetes Res Clin Pract. 1998;39:157–164.

33. Detournay B, Cros S, Charbonnel B, et al. Managing type 2
diabetes in France: the ECODIA survey. Diabetes Metab. 2000;
26:363–369.

34. Henricsson M, Nilsson A, Groop L, Heijl A, Janzon L.
Prevalence of diabetic retinopathy in relation to age at onset

of the diabetes, treatment, duration and glycemic control.
Acta Ophthalmol Scand. 1996;74:523–527.

35. Diabetes Control and Complications Trial Research Group.
Progression of retinopathy with intensive versus conventional
treatment in the diabetes control and complications trial.
Ophthalmology. 1995;102:647–661.

36. Aldington SJ, Kohner EM, Meuer S, Klein R, Sjolie AK.
Methodology for retinal photography and assessment of
diabetic retinopathy: The EURODIAB IDDM complications
study. Diabetologia. 1995;38:437–444.

37. Romero-Aroca P, Mendez-Marin I, Baget-Nernaldiz M, Fernen-
dez-Ballart J, Santos-Blanco E. Review of the relationship
between renal and retinal microangiopathy in diabetes
mellitus patients. Curr Diabetes Rev. 2010;6:88–101.

38. Schmechel H, Heinrich U. Retinopathy and nephropathy in
insulin-treated diabetic patients in relation to the type of
diabetes. Diabetes Metab. 1993;19:138–142.

39. Romero P, Salvat M, Fernández J, Baget M, Martinez I. Renal
and retinal microangiopathy after 15 years of follow-up study
in a sample of Type 1 diabetes mellitus patients. J Diabetes

Complications. 2007;21:93–100.

40. Kramer HJ, Nguyen QD, Curhan G, Hsu CY. Renal insufficiency
in the absence of albuminuria and retinopathy among adults
with type 2 diabetes mellitus. JAMA. 2003;289:3273–3277.

41. Retnakaran R, Cull CA, Thorne KI, Adler AI, Holman RR;
UKPDS Study Group. Risk factors for renal dysfunction in type
2 diabetes. UK Prospective Diabetes Study 74. Diabetes. 2006;
55:1832–1839.

42. Thomas MC, Macisaac RJ, Jerums G, et al. Nonalbuminuric
renal impairment in type 2 diabetic patients and in the general
population (national evaluation of the frequency of renal
impairment co-existing with NIDDM [NEFRON] 11). Diabetes

Care. 2009;32:1497–1502.

43. de Boer IH, Rue TC, Hall YN, Heagerty PJ, Weiss NS,
Himmelfarb J. Temporal trends in the prevalence of diabetic
kidney disease in the United States. JAMA. 2011;305:2532–
2539.

44. Bhalla V, Zhao B, Azar KM, et al. Racial/ethnic differences in
the prevalence of proteinuric and nonproteinuric diabetic
kidney disease. Diabetes Care. 2013;36:1215–1221.
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